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Abstract 

 Evidence from various sources suggests that schizophrenia may result from 

altered brain development.  The adult olfactory epithelium provides an available 

"window" on neuronal development because new neurons are formed there throughout 

life.  This thesis set out to test the neurodevelopmental hypothesis of psychotic 

disease.  Two cell-based models, skin fibroblast and olfactory mucosa culture, were 

employed to investigate this hypothesis.  In order to first demonstrate the utility of 

olfactory mucosa culture as a model of neurodevelopment, and to allow the candidate 

to gain proficiency in the culture of this tissue, an investigation of the mitogenic and 

differentiating properties of insulin-like growth factor-I within this system was 

undertaken.  Insulin-like growth factor-I has multiple effects within the developing 

nervous system but its role in neurogenesis in the adult nervous system is less clear.  

The adult olfactory mucosa is a site of continuing neurogenesis that expresses insulin-

like growth factor-I, its receptor, and its binding proteins.  The action of insulin-like 

growth factor-I was assayed in several serum-free culture systems combined with 

bromodeoxyuridine labelling of proliferating cells and immunochemistry for specific cell 

types. 

Once proficiency in olfactory mucosa culture was gained, this model was 

applied to biopsied olfactory mucosa from schizophrenia and bipolar disorder patients 

in order to test the developmental parameters of adhesion, cell proliferation, and cell 

death in a neural tissue.  It was previously shown that olfactory cultures from 

individuals with schizophrenia had increased cell proliferation and attached less 

frequently than cultures from healthy controls suggesting disrupted neurogenesis.  An 

aim of this study was to replicate those observations in individuals with schizophrenia 

and and extend them to individuals with bipolar disorder.  After completion of the cell 

and tissue culture assays, microarray analysis of these cell-based models was used to 

reveal gene expression differences present between patients and healthy controls.  



 iii

Microarray analysis is a complicated technique and the limited amounts of RNA that 

can be extracted from a single nasal biopsy further compounds this issue.  In order to 

obtain enough material for microarray hybridization RNA samples underwent antisense 

amplification.  Therefore, with the aim of allowing the candidate to gain proficiency in 

both these techniques prior to microarray analysis of olfactory biopsies from patients 

with schizophrenia and bipolar disorder, a pilot microarray study of cultured skin 

fibroblasts from schizophrenia patients and healthy controls was performed.   

The present findings show that insulin-like growth factor-I and its receptor were 

expressed by globose basal cells (the neuronal precursor), by neurons and by olfactory 

ensheathing cells, the special glia of the olfactory nerve.  Insulin-like growth factor-I 

reduced the numbers of proliferating neuronal precursors, induced their differentiation 

into neurons, and promoted morphological differentiation of neurons.  In contrast, this 

growth factor was mitogenic for olfactory ensheathing cells.  The evidence suggests 

that insulin-like growth factor-I is an autocrine/paracrine signal that induces neuronal 

precursors to differentiate into olfactory sensory neurons and induces olfactory 

ensheathing cells to proliferate and that olfactory mucosa culture is valuable in 

modelling neurodevelopmental processes.  When the olfactory musoca culture model 

was applied to patients with psychosis, a two-fold increase in proliferation of neural 

cells was found in schizophrenia compared to controls and bipolars.  In bipolar cultures 

there was a 3-fold increase in cell death compared to controls and schizophrenia. 

Microarray analysis of cultured skin fibroblasts revealed differential expression 

of over 1000 genes between patients and controls.  Inspection of the significant data 

showed alterations to gene expression between groups in the cell cycle, oxidative 

phosphorylation, TCA cycle and oxidative stress pathways.  Gene expression in each 

of these pathways was predominately decreased in schizophrenia.  Quantitative PCR 

analysis of selected differentially expressed genes involved with cell cycle regulation 

validated the increased expression of vitamin D receptor, and decreased expression of 
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proliferating cell nuclear antigen and DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 in 

skin fibroblasts from patients with schizophrenia. 

Microarray analysis of biopsied olfactory mucosa showed 146 and 139 

differentially expressed genes in schizophrenia and bipolar disorder respectively, 

compared to controls.  Consistent with increased mitosis in schizophrenia biopsy 

cultures three genes that function to positively influence cell cycle had increased 

expression.  In the bipolar disorder group a dysregulation of the phosphatidylinositol-

signalling pathway was seen; five genes that either directly function within or interact 

with this pathway had decreased expression.  There is speculation that the therapeutic 

effect of psychotropic drugs acting upon this pathway in bipolar disorder involves 

reduction of neuronal cell death.  Increased mitosis of neural cells has now been 

observed in two separate groups of schizophrenic patients indicating a robust finding. 

The use of fibroblast and olfactory mucosal tissue can be used to study 

biological and genetic aspects of neurodevelopment in living humans both with and 

without psychotic disease.  Biopsied olfactory mucosa provides benefits over the use of 

autopsied material for study of psychotic disease because post-mortem duration and 

agonal factors that lead to tissue, protein and nucleic acid degradation are not an 

issue.  This study provides evidence for a neurodevelopmental aetiology of 

schizophrenia and bipolar disorder acting at the level of cell cycle control.  Subtle 

changes in the timing of cell cycle regulation could account for the brain pathologies 

observed in these diseases.  Olfactory mucosa culture is a valuable model of 

neurodevelopmental processes. 
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1.1 Schizophrenia and bipolar disorder 

1.1.1 History 

1.1.1.1 Schizophrenia and bipolar disorder in ancient times 

 Humankind has known the concept of psychotic disease since ancient times.  

While some cases of ‘madness’ were attributed to possession by demonic or other 

mischievous spirits by the ancients, evidence for non-supernatural forms of mental 

illness consistent with modern-day descriptions of schizophrenia exists within ancient 

Egyptian texts (250).  However, early descriptions of schizophrenia-like mental illness 

are quite rare, and were not found in a recent review of ancient Greek and Roman 

literature (97).  In fact, the lack of ancient descriptions of schizophrenia have led some 

authors to suggest that this disorder was far less common than it is today (321).  On 

the other hand, states of ‘raving madness’ with exalted mood followed by melancholia 

were described by the ancient Greeks (205), consistent with modern-day descriptions 

of bipolar disorder.  Why descriptions of bipolar disorder are more prevalent in ancient 

history than schizophrenia remains unclear, especially in light of suggestions that these 

disorders are part of a continuum or spectrum (70, 297, 322) of psychotic disease.  

While it is difficult to deduce the nature of psychiatric disorders from the written record 

(especially differentiating psychoses from delirium related to general medical 

conditions), it is informative to reflect on how different societies have described mental 

illness.  Certain cultures may have regarded hallucinations as being divine or magical, 

and stigma associated with mental illness is by no means unique to modern, western 

civilisations.  Depictions of psychotic disorders can be found throughout records of 

medieval times (22, 363) - indeed these disorders may have impacted on key historical 

figures.  Both Henry VI, the King of England (21), and Joan of Arc (6) are reputed to 

have suffered from schizophrenia.  The illness of Henry VI led to the loss of his 

personality, his family, and ultimately his crown in the War of the Roses, which resulted 

in a new English dynasty (21).  In the case of Joan of Arc, hallucinations may have lead 

to heroic actions.  Unfortunately for Joan, the Church eventually saw her ‘gift’ as 
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threatening and sentenced her to death by fire as a heretic (6).  Interestingly, 

canonisation was sought for both King Henry VI and Joan of Arc but only the latter was 

granted sainthood.  Bipolar disorder has also been linked to historical figures.  The 

’madness of King George III’ (41), previously suggested to be the result of porphyria, 

and the eccentric and unstable personality of Vincent van Gogh (35) have recently 

been attributed to disease processes having symptoms consistent with bipolar 

disorder.  Regardless of their exact nature, psychotic disorders can be found in the 

written records of many societies over the last two millennia.  

 

1.1.1.2 Contemporary history of schizophrenia and bipolar disorder  

 During the 19th century, classification of psychotic disorders was imprecise and 

poorly operationalised.  Psychosis was regarded as a single phenomenon with stages 

of severity through which the individual might progress.  The French psychiatrist, 

Falret, who termed it folie circulaire in 1851, described a clinical syndrome not 

dissimilar to modern day bipolar disorder.  Around the same time, Baillarger used the 

term folie à double forme to describe the cyclic (manic-depressive) episodes (11).  Emil 

Kraepelin, a leading figure in German psychiatry, proposed that manic-depressive 

illness and schizophrenia (which he termed dementia praecox) should be regarded as 

separate nosological and disease entities (205).  Soon after, Bleuler coined the term 

‘schizophrenia’ and dementia praecox faded from general usage (137).  Kraepelin 

meticulously noted the myriad of clinical features psychotic patients exhibited and 

proposed clinical syndromes on the basis of his astute clinical observations.  So 

influential was Kraepelin’s approach that the separation of schizophrenia and manic-

depressive illness still forms the basis for their current classification in both the 

American Psychiatric Association's Diagnostic and Statistical Manual, 4th Edition (8), 

and the World Health Organisation's International Classification of Disease, 10th 

Edition (354).  However, while modern operationalized criteria are reliable (i.e. different 

clinicians can usually agree on a diagnostic classification), there is widespread 



Chapter 1 4

agreement that these categories do not describe discrete, etiologically pure disorders 

(i.e. they lack validity).  

1.1.2 Epidemiology and key features of schizophrenia 

 Schizophrenia has a lifetime prevalence rate of approximately 1.0% of the 

world’s population, with an incidence rate between 7.7 and 43.0 cases per 100,000 

people (224).  While most textbooks suggest that the sex ratio of schizophrenia is 

equal, recent systematic reviews have suggested that males are more likely to develop 

schizophrenia (male:female risk ratio = 1.4) (5, 224).  Males who develop 

schizophrenia tend to do so 3-5 years earlier than do females.  Generally, onset of 

schizophrenia occurs in late adolescence through the early twenties in males where in 

females onset occurs in the twenties (177, 274).  Classically, the symptoms of 

schizophrenia have been divided into two clusters, positive and negative symptoms (9, 

71, 72).  Positive symptoms included auditory and visual hallucinations, delusions, 

incoherence of speech, and bizarre behaviour, while the negative symptoms included 

poverty of content of speech and thought, inability to initiate and maintain interpersonal 

relationships, lack of motivation, apathy, poor self-care, and eventually social 

withdrawal and isolation.  However, a more recent classification of the symptoms of 

schizophrenia isolated a third cluster of symptoms, disorganization (25, 184, 185).  This 

updated system of classifying the symptoms of schizophrenia segregates them into 

three syndromes: psychomotor poverty (poverty of speech, blunted affect, decreased 

spontaneous movement), reality distortion (hallucinations and delusions) and 

disorganization (inappropriate affect and disorders of the form of thought).  Supporting 

this newer symptomatology, brain-imaging studies show these symptoms can be 

correlated with specific neural pathways.  Hyperactivation of the parietal and cingulate 

cortices, as shown by positron emission tomography, was correlated with delusions of 

passivity (alien control) (300).  Using functional magnetic resonance imaging, Kircher 

and colleagues (163), demonstrated an inverse correlation of positive formal thought 

disorder (disorganization), with activity levels in the Wernicke area, a region implicated 
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in the production of speech located in the superior temporal gyrus.  How ever the 

disabling symptoms of schizophrenia are categorized, their impact is the same.  

Individuals with schizophrenia suffer a tremendous emotional and psychological 

burden, which influences every aspect of their daily routines. 

1.1.3 Epidemiology and key features of bipolar disorder 

 Estimates of the prevalence of bipolar disorder range from 0.5 to 2.0 percent of 

the worldwide population (74, 320).  However, the incidence rate can vary widely from 

0.3 to 15 cases per 1000 people dependent upon the genetic diversity and geographic 

location of the population of concern (320).  Like schizophrenia, the age of onset of the 

first symptoms of bipolar disorder (either depression or hypomania/mania) is usually 

during early adulthood (11, 205).  The sex ratio of individuals suffering from bipolar 

disorder is equal but there is evidence suggesting that males experience more manic 

episodes while females exhibit more depressive and mixed episodes (205).  Generally, 

a manic or depressive attack is followed by a euthymic, or normal mood, state.  

However, ‘switching’ of mania into depression or vice-versa without an intervening 

period of euthymia can occur.  Precipitation of mania after the use of antidepressant 

medication has also been described (11).  The manic phase of this disorder is 

characterized by elevated mood, insomnia, increased energy and activity, grandiosity, 

poor judgment, irritability, racing thoughts and pressure of speech.  In sharp contrast, 

the depressive phase is characterized by depressed mood, worry, self-reproach and 

negativity, fatigue, loss of interest, discouragement, social withdrawal, and suicidal 

tendencies (205, 299).   

1.1.4 The burden of psychoses on society 

The socio-economic burden of schizophrenia and bipolar disorder is enormous.  

According to the WHO and the World Bank (353), in 1990 schizophrenia accounted for 

2.3% of the total burden of disease (in disability adjusted life years) in the established 

market economies and for 0.8 percent in the demographically developing regions.  In 
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OECD countries, the direct costs of schizophrenia amount to 1.4% - 2.8% of national 

health care expenditure and up to 20% of the direct costs of all mental disorders. 

When factors such as: direct health care costs (e.g. inpatient and outpatient 

costs, costs of medication and community care etc), administrative costs of income 

assistance plans, and the value of lost productivity are considered, the annual cost of 

schizophrenia to Australia is between $1.4 – 2.3 billion (52).  Similarly, the cost of 

schizophrenia to Canadian society in 1996 was CAN$ 2.4 billion (AUS$ 2.6 billion) 

(118).  In the case of bipolar disorder, recent estimates indicate that the annual total 

cost to society was US$ 45 billion (AUS$ 64.2 billion) in the United States (352) and £ 

2 billion (AUS$ 5.2 billion) in the United Kingdom (74).  Of these total costs, 14-17 

percent were attributable to direct health care expenses and the remaining 83-86 

percent were due to lost productivity from unemployment, family/caregiver burden, 

suicide, and crime (74, 352).  However, it is the cost to human life and dignity, which 

cannot be conveyed in economic terms that is most concerning.  People with psychotic 

disorders often have unmet needs in vocational rehabilitation and accommodation 

(152).  Approximately 15 percent of people with schizophrenia (137) and 8 percent of 

people with bipolar disorder (11) commit suicide.   

Recent findings from health services research have provided a sobering 

reminder of the unmet needs of people with schizophrenia (10).  It is estimated that 

with the current mix of treatment we can only reduce 13% of the burden of disability 

associated with this disorder.  If we improve efficiencies within the current services, we 

can do somewhat better (22%).  However, even if we had unlimited funding, three 

quarters of the burden of schizophrenia would remain unavoidable.  This statistic is a 

powerful argument for investing in research. 

1.2 Genetic susceptibility 

 Schizophrenia and bipolar disorder are complex genetic disorders that have a 

tendency for familial segregation.  As stated previously the lifetime risk of 

schizophrenia in the general population is approximately 1 %, and that of bipolar 
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disorder is 0.5-2.0 %.  However, the approximate lifetime risk to an individual with a 

schizophrenia-affected first-degree relative is 4-9 % and to a monozygotic twin, 58 % 

(137).  Similarly, the risk to a first-degree relative of a bipolar disorder proband is 5-10 

%, and to a monozygotic twin, 40-70 % (69). 

1.2.1 Schizophrenia linkage studies 

 Several genome-wide scans of schizophrenia have been performed giving a 

multitude of linkage findings with schizophrenia-associated loci on several different 

chromosomal regions (166).  The data have been confusing with some studies giving 

significant results that have not been replicated and others with results of suggestive 

linkage but not significant due to small sample size.  However, a recent meta-analysis 

of published findings has shown a greater consistency of linkage results across studies 

than has been previously recognized (179).  Ten chromosomal regions were 

recognized as strong schizophrenia candidate regions and a further seven as potential 

candidate regions.  These regions are: the ten strongest, 2p12-q22.1, 5q23.2-q34, 

3p25.3-p22.1, 11q22.3-q24.1, 6pter-p22.3, 2q22.1-q23.3, 22pter-q12.3, 8p22-p21.1, 

6p22.3-p21.1, 20p12.3-p11, 14pter-q13.1, and the remaining seven putative candidate 

regions, 16p13-q12.2, 18q22.1-qter, 10pter-p14, 1q23.3-q31.1, 15q21.3-q26.1, 6q15-

q23.2, and 17q21.33-q24.3 9.  The analysis method used in the above study did not 

consider sex chromosome data, but evidence does exist for a schizophrenia candidate 

region at Xp11 (166). 

1.2.2 Bipolar disorder linkage 

 Concomitant with the meta-analysis of schizophrenia linkage, a meta-analysis 

of linkage data for bipolar disorder was performed (295).  However, all bipolar disorder-

associated linkages were considered to be weak, but significant associations were 

found on chromosomal regions 9p22.3-p21.1, 10q11.21-q22.1 and 14q24.1-q32.12.  

Nominally significant linkage was also found on region 8q24.21-qter.  These authors 

noted that meta-analysis provides support for linkage, but cannot disprove it, and thus 

a previous meta-analysis showing linkage on 13q and 22q could not be discounted.  It 
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is possible that the diagnostic definitions used in this study were confounding because 

three separate disease models were employed; ‘very-narrow’ included patients with 

bipolar I disorder and schizoaffective disorder, ‘narrow’ added bipolar II disorder, and 

‘broad’ included all previous psychoses plus recurrent major depression (295).  As in 

the schizophrenia meta-analysis (179), no sex chromosomal linkage was tested, but a 

bipolar disorder candidate region on Xq24-26 is known (69).  Furthermore, data from a 

recent genome-wide scan for susceptibility loci for both schizophrenia and bipolar 

disorder was not included in the meta-analysis.  This study showed shared 

susceptibility loci for both disorders on chromosomal regions 3q and 6q (18). 

In summary, schizophrenia and bipolar disorder are psychotic illnesses that 

have a substantial genetic contribution to their etiology.  This is evidenced through their 

tendency to segregate in families and the multitude of linkage studies showing 

chromosomal associations.  However, the lack of 100% concordance in affected 

monozygotic twins is also powerful evidence of the importance of nongenetic factors 

operating in these diseases.   

1.3 Neurodevelopmental hypothesis of schizophrenia 

The neurodevelopmental hypothesis of schizophrenia proposes that genetic 

and epigenetic factors alter early brain development leaving the affected individual at 

increased risk of developing schizophrenia (223, 345).  It has been suggested that 

disruptions in key events during brain development related to neuronal proliferation, 

migration, differentiation and cell death may underlie some of the subtle 

neuroanatomical and cytoarchitectural features associated with schizophrenia (155, 

344).  The following sections will discuss some of these anatomical features and their 

implication in the aetiology of schizophrenia. 

1.3.1 Developmental abnormalities 

 Early last century, Kraepelin observed that a high palate and low set ears were 

more common in patients with schizophrenia (344).  Since then, other Minor Physical 

Anomalies (MPAs) have been noted and examined in schizophrenia and other psychiatric 
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disorders (169, 221).  MPAs are subtle variations in soft-tissue, cartilaginous and bony 

structures that are the result of an uncertain mix of genetic and environmental factors 

that operate prenatally.  They include variations in the shape and proportions of the head, 

face, mouth, fingers, hands and toes and aberrant dermatoglyphics (124).  Minor physical 

anomalies are of interest because they may represent persistent evidence of fetal 

maldevelopment, and may also serve as markers of early events influencing brain 

development (191).  They may arise from teratogenic or genetic factors.  The latter may 

result from a general vulnerability to developmental disruption, or to more specific genes 

underlying infrequent phenotypic variants.  The nature of the MPAs may provide clues to 

the timing of the disruption (e.g. the major features of the palate are essentially complete 

by 16-17 weeks).  

1.3.1.1 Craniofacial abnormalities 

 In order to assess craniofacial abnormalities in schizophrenia a new 

anthropometric scale for the evaluation of dysmorphic features was developed by Lane 

and colleagues (169).  They reported an overall narrowing and elongation of the mid- 

and lower face, a widening of the skull base and numerous MPAs in the eyes, ears and 

mouth within the patient group.  These findings were independently replicated in a 

group of 310 subjects with psychotic disorders and 303 healthy controls (221).  The 

probability (odds ratio; 95% confidence interval) of having a psychotic disorder was 

increased in those with wider skull bases (1.40; 1.02-1.17), lower facial heights (0.57; 

0.44-.075), protruding ears (1.72; 1.05-2.82), and shorter (2.29; 1.37-3.82) and wider 

palates (2.28; 1.45-3.65).  The ratio of skull width/skull length was significantly larger in 

those individuals with psychotic disorders compared to the healthy controls (221). 

 Recently, Waddington and colleagues have drawn attention to the close links 

between brain growth and development of the face, providing a developmental-

progressive basis to the relationship between craniofacial dysmorphogenesis and 

schizophrenia (337, 338).  Epigenetic exposures that can impact on the bony structures 

of the face and cranium include prenatal viral exposures, obstetric complications (301), 
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protein malnutrition (232), maternal contact (139), hyper-vitamin A (314), and low 

prenatal vitamin D (91-93).  Some uncommon genetic disorders are also associated 

with the increased presence of MPAs.  Velocardiofacial syndrome (VCFS), or 22q11 

deletion syndrome, is associated with an increased frequency of schizophrenia (23, 

120) and bipolar mood disorder (51).  However, MPAs in affective disorders 

(encompassing bipolar disorder) are less severe than those found in nonaffective 

disorders (i.e. schizophrenia) (226), which may help explain why a previous group 

found no difference in MPAs between healthy controls and bipolar disorder patients 

(124).  

1.3.1.2 Dermatoglyphic abnormalities 

 There is reasonable evidence showing significant group differences between 

schizophrenia patients and well controls on various dermatoglyphic measures (99, 137, 

229, 344).  In twin studies, ridge dissociation and abnormalities of palmar flexion creases 

were significantly increased in the affected monozygotic twin of pairs discordant for 

psychosis (279). 

 In summary, the excess of MPAs and dermatoglyphic abnormalities in 

schizophrenia provide indirect evidence of disrupted early development in schizophrenia.  

Developmental abnormalities producing MPAs provide may also have impact on the 

orderly development of the brain.  However, attempts to link MPAs to adult brain structure 

and function have been disappointing, with no associations found between MPAs and 

selected measures derived from computerised tomography (226) or differences in brain 

volume as measured by MRI (280).  Nevertheless, a relationship between abnormalities in 

a dermatoglyphic ridge count and ventricular volume as measured on MRI scans has 

been reported (330). 

1.3.1.3 Brain anatomical features 

 Morphological differences in anatomical features of schizophrenic brain have 

been well documented (36).  However, many of these studies implicate different brain 

regions to varying extents.  Nevertheless, the most recent reviews of MRI studies have 
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collated the most replicated findings of altered global and regional neuroanatomy in 

schizophrenia (173, 355).  Brains from schizophrenia patients have reductions in 

overall size, volume, weight and are shorter through the anterior-posterior axis as 

compared to brains from healthy controls.  Other alterations in brain anatomy included 

increased ventricular size, currently the most accepted hallmark of schizophrenia brain 

pathology, but also volume reductions of limbic system structures such as the 

hippocampus, amygdala, parahippocampus (173, 355) and olfactory bulb (325).  

Furthermore, reductions in hippocampal cell size and volume and a disrupted 

architecture of the cingulate and entorhinal cortices are present in schizophrenia.  

Moreover, these limbic and paralimbic brain regions are highly organized association 

and integration areas and are key structures in sensory information processing, context 

analysis, sensory gating, and past/present experience comparisons.  The problems 

experienced by schizophrenia patients in the higher integrative and associative brain 

functions, for example speech and thought disorders, hallucinations and poor 

motivation, are associated with these structural and functional deficits (36).  Another 

interesting structural feature associated with schizophrenia is the reduction of normal 

asymmetry (36, 173, 355, 364).  The normal structural asymmetry includes a longer 

Sylvian fissure, and larger right frontal and temporal lobes, differences that are absent 

in schizophrenia patients. 

Important findings have recently emerged about the timing of brain changes in 

schizophrenia.  While the brain volume changes associated with schizophrenia do not 

seem to correlate with duration of the illness (173), longitudinal studies have suggested 

that there is significantly greater ventricular enlargement in schizophrenia in the years 

after onset (81).  Recently, studies have reported on brain volume changes in 

individuals at high risk of developing schizophrenia (e.g. those with an affected family 

member and/or those with mild subclinical symptoms) (174, 254).  Early results 

suggest that these individuals have altered brain involution compared to healthy 

controls, and that those who have developed psychotic disorders at follow-up have 
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changes in hippocampal volume.  Thus, brain volume may be changing around the 

time of onset.  While the evidence suggests that early life events contribute to the 

structural brain changes in schizophrenia, recent studies highlight that more 

sophisticated models are required to understand the trajectory of brain development 

and involution in schizophrenia (225).  

 Regional brain volume differences in patients with bipolar disorder have 

recently been the subject of numerous MRI studies.  Many of the differences found are 

similar to the findings in schizophrenia (113).  These include reductions in total cerebral 

volume (80), amygdala (34, 80) and hippocampal (34) volumes and an enlarged 

putamen (80).  Furthermore, bipolar patients had smaller volumes of temporal, 

cingulate, and frontoparietal cortical structures (189).  Bipolar disorder frontal lobe 

pathology involves abnormalities of phospholipid metabolism (55).  Proton magnetic 

resonance spectroscopy showed reduced levels of the grey matter metabolites N-

acetyl aspartate and choline but increased white matter composite amino acid 

concentrations in the frontal lobes of patients.  The brain anatomical differences in 

bipolar disorder were also seen in adolescent patients as young as 12 years of age and 

in first episode patients (34, 80) suggesting, as in schizophrenia, a neurodevelopmental 

component to this disorder. 

1.3.2 Season of birth 

 Perhaps the most consistently reported epidemiological feature of 

schizophrenia is the excess of winter-spring births in both Northern and Southern 

Hemispheres (318).  However, a recent meta-analysis of Southern Hemisphere season 

of birth data found that the increase in winter-spring births was not significant (227).  

Nevertheless, a number of candidate factors which correlate with the seasonality of 

schizophrenia births have been investigated.  A trend for increased winter-spring births 

is also present in bipolar disorder, however this evidence remains inconclusive (324). 
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1.3.2.1 Exposure to infectious agents 

 Most infectious agents have seasonal fluctuations in their incidence and many 

schizophrenia researchers have suggested that the excess of schizophrenia winter 

births may be related to infectious exposure.  An increase in schizophrenia births was 

seen after the 1957 influenza epidemic in Japan (151) and the Finland polio epidemics 

(304).  However, recent reviews and meta-analyses show the association between 

exposure to infectious agents and schizophrenia births to be equivocal (24, 318). 

1.3.2.2 Ambient temperature 

 The association of cooler ambient temperatures and increased schizophrenia 

births has been reviewed.  However, only one study found a positive association while 

all others failed to replicate this finding (318). 

1.3.2.3 Vitamin D 

Apart from infectious diseases, vitamin D is also know to fluctuate across 

seasons.  Vitamin D is a steroid hormone that is synthesized in the skin upon sunlight 

exposure and can also be obtained through the diet.  In presenting his hypothesis of 

low prenatal vitamin D as a risk factor for schizophrenia McGrath (220), suggests that 

the increased prevalence of schizophrenia in the offspring of dark-skinned migrants to 

colder climates is linked to hypovitaminosis D.  Interestingly, vitamin D has been 

implicated in nervous tissue function and development (40, 116).  Furthermore, rats 

born to vitamin D deficient mothers had brain differences reminiscent of those seen in 

schizophrenia patients.  These brains were longer in the rostral-caudal direction, had a 

thinner cortex, and enlarged ventricles (98). 

1.4 Cellular models 

Researchers interested in linking altered neurodevelopment with 

neuropsychiatric disorders face several major hurdles.  Firstly, many of the key 

processes underlying early brain development are not open to scrutiny in vivo.  In 

addition, by the time schizophrenia becomes clinically apparent, most of the central 

processes in brain development are long finished.  While neurogenesis in the adult 
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human brain (94) might theoretically be used to investigate fundamental aspects of the 

neurodevelopmental hypothesis, harvesting neural precursors from the living human 

brain is ethically unjustifiable, dangerous, and technically difficult.  Animal models (e.g. 

transgenic mice, early life brain lesions or exposure to infection, toxins etc) can provide 

an indirect window on what may be happening in neurodevelopmental disorders, 

however the validity of these models remains suboptimal (186).  Fortunately, tissue and 

cell culture models exist in which the developmental and neurodevelopmental aspects 

of psychosis can be readily investigated in living human subjects. 

1.4.1 Utility of skin fibroblast culture to study psychotic disease  

Non-neuronal cells have been used to investigate mechanisms associated with 

neurodevelopmental and neurodegenerative brain disorders.  The use of non-neuronal 

cells to study brain pathophysiology (in this instance, psychotic disease) carries two 

assumptions (200).  The first is that these diseases are systemic disorders caused by a 

biochemical or metabolic defect that has no overt clinical consequence in any tissue 

other than the brain.  Hence, this ‘defect’ is detectable in peripheral tissues outside the 

nervous system.  While this idea fits with the neurodevelopmental hypothesis it is not 

an identical concept as it encompasses all tissues of the body and not just the brain.  

The second assumption is that the fundamental molecular mechanisms involved in 

abnormal neural cell physiology and function are universal amongst cell types (e.g. 

DNA synthesis and repair, oxidative phosphorylation, membrane phospholipid 

metabolism, and receptor-mediated signal transduction) (200, 202). 

One non-neural cell model used to investigate brain pathology is cultured skin 

fibroblasts.  Fibroblast cultures have been used to confirm diagnoses of late-onset 

cobalamin C disease, a metabolic disorder which has a neurological and 

neuropathological manifestation (282), and to detect the expression of an affected 

chromosomal site in individuals with, or carriers of, fragile X syndrome (153, 302).  

Furthermore, the 113-pS tetraethylammonium-sensitive K+ channel is absent from skin 

fibroblasts of individuals affected with Alzheimer’s disease (96).  Loss of this K+ 
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channel is induced in healthy control skin fibroblasts by treatment with β-amyloid 

protein, suggesting a putative mechanism by which the known long-term changes of K+ 

channels effect memory loss in individuals with Alzheimer’s disease (95).  While the 

previous examples above only present a brief glimpse of the many studies using skin 

fibroblasts to analyse the biological and genetic aspects of mental disorders, they 

demonstrate the utility of these cells to study molecular mechanisms affecting brain 

development and function. 

Cultures of skin fibroblasts have also been used in studies of schizophrenia.  

When skin biopsies from schizophrenia patients were cultured, the outgrowth of skin 

fibroblasts showed a slower initial growth, and had a prolonged doubling time 

compared to skin biopsies from healthy controls (202).  A longer doubling time of 

schizophrenia skin fibroblast cultures was found to be indicative of a poorer premorbid 

history in schizophrenia patients because longer doubling times accurately predicted a 

previously measured lower childhood social functioning score (237).  Furthermore, 

attachment to the culture dish of the schizophrenia skin biopsies was poor, and the 

outgrowing cells had altered morphological features which encompassed random cell 

size, irregular orientation, and short stubby projections as opposed to the uniformly 

long and spindle-like morphology with unidirectional orientation characteristic of 

cultured healthy control fibroblasts (202).  In a follow-up study, culture of previously 

generated skin fibroblast cell line stocks (202) demonstrated a much lower rate of 

adhesion (48 %) in schizophrenia than in healthy controls (90 %) up to one hour after 

cells were re-plated (203).  Consistent with this finding of reduced adhesion, a 

concomitant immunocytochemical examination of fibronectin distribution showed higher 

levels of intracellular fibronectin in healthy control fibroblasts than in those from 

schizophrenia patients (203).  However, proteomic analysis of cultured skin fibroblasts 

by 2-D gel electrophoresis did not show any protein expression differences between 

schizophrenia and healthy controls, although the small sample size may have lacked 

the power needed to detect any differences (65).   
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Data from skin fibroblast culture also supports the membrane hypothesis of 

schizophrenia.  The membrane hypothesis states that the structure and metabolism of 

membrane phospholipids are abnormal in schizophrenia, not only in nervous tissues 

but in all tissues throughout the body (143, 144).  By extension then, any membrane 

abnormalities that exist within the brain cells of schizophrenia patients would also be 

present in any tissue, or cell type including skin fibroblasts.  When membrane 

components were examined from cultured skin fibroblasts of schizophrenia patients, 

researchers found lower total phospholipid levels as compared to healthy controls 

(201).  Specifically, the phospholipids phosphatidylserine, phosphatidylinositol, and 

phosphatidylethanolamine were present at lower levels while levels of the most 

abundant membrane phospholipid, phosphatidylcholine, did not change.  Furthermore, 

total levels of cholesterol esters were also lower in schizophrenia.  These findings were 

detected in drug-naïve, first-episode schizophrenia patients, suggesting that these 

membrane changes are not a consequence of medication. 

Taken together, this evidence suggests that culture of skin fibroblasts can be 

useful in investigating or modelling molecular phenomena, biologically relevant to the 

etiology of schizophrenia.  If differences can be detected in fibroblast cultures in 

individuals with schizophrenia, then perhaps these features could help identify 

individuals at increased risk of developing the disorder (prior to the onset of classical 

symptoms).  The ability to identify premorbid changes of cellular composition and 

functionality, plus differences in protein and/or gene expression, may provide an early 

diagnosis of this disease. 

1.4.2 Olfactory epithelium 

 Another model for neurodevelopmental disorders is the adult olfactory 

epithelium, which is a neuroepithelium that provides access to developing neural tissue 

in living patients.  Cultures of olfactory neuroepithelium have been investigated in 

healthy individuals, in schizophrenia and in Alzheimer’s disease (107, 239, 351).  A 

post-mortem histological study of olfactory epithelium demonstrated a dysregulation of 
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olfactory neuron lineage in individuals with schizophrenia (13).  The olfactory 

neuroepithelium is capable of regeneration and there is continual renewal of the 

sensory neurons (123).  As a model for neurodevelopment the olfactory 

neuroepithelium is pertinent because all the elements of neuronal cell lineage, 

migration, and survival, are regulated by the same growth factors that act on the 

developing brain (195).  Olfactory neuroepithelium can be grown in primary cultures in 

defined, serum-free medium yielding a mixture of neuronal precursors and developing 

neurons, making it a useful model for investigating molecular and cellular aspects of 

neurogenesis (108, 192, 239, 242).  Like neurogenesis in the developing nervous 

system, neurogenesis in the adult olfactory neuroepithelium is tightly regulated (193, 

195).  It is similar to the developing nervous system in that there is an overproduction 

of immature neurons, limited neuronal survival dependent on factors from axonal 

target, neuronal survival dependent on activity, neuronal precursor proliferation and cell 

survival dependent on thyroxine and on autocrine and paracrine growth factors and 

cytokines. 

While precise experiments defining the roles of various growth factors in the 

growth, maturation and survival of cells within the olfactory epithelium can be and have 

been performed, there are still important gaps in the knowledge base regarding the 

regulation of neurogenesis and gliogenesis in this tissue.  For example, insulin-like 

growth factor-I (IGF-I) stimulated an increase in neuron number when infused into the 

nostril of adult rats (259), but this study did not differentiate between the direct effect of 

IGF-I on specific cell types or a possible indirect effect through the stimulation of 

surrounding cells to produce mitogenic factors.  Therefore, in order to elucidate the 

cell-specific effects of IGF-I and to demonstrate the utility of the olfactory 

neuroepithelium as a model of neurodevelopment, an investigation of the effects of 

IGF-I on specific cell types within the olfactory neuroepithelium was undertaken (see 

Chapter 2).  While such an investigation is not directly related to psychotic disease it 
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provided an opportunity for the candidate to develop expertise in the culture of this 

tissue and added to the current understanding of olfactory cell development.  

When olfactory neuroepithelium is cultured in explanted slices of olfactory 

mucosa, in serum-free medium, cells leave the explant and form a sheet of epithelioid 

cells around it.  These cells are born in vitro and express markers of the olfactory basal 

cells, presumptive neuronal precursors, as well as markers of developing neurons (47, 

192, 242).  Some neurons born in these cultures take a bipolar morphology and 

express proteins of mature olfactory sensory neurons (192, 239).  Some of the bipolar 

cells express markers of olfactory ensheathing cells, the glia of the olfactory nerve 

(192, 258).  These cultures of olfactory neuroepithelium from adults thus provide a 

convenient and informative model for studying key features of neural development.  In 

particular, properties of olfactory neuroepithelium cultures in individuals with psychotic 

disorders may have heuristic value with respect to unravelling functions related to both 

early brain development and to current brain function.  

In a previous study of olfactory neuroepithelium cultures, explants of olfactory 

mucosa from patients with schizophrenia were less likely to attach to the culture dish, 

compared to explants from healthy controls.  Once attached, there was significantly 

more proliferation of the epithelioid neuronal precursors surrounding the explants in 

schizophrenia compared to control (107) (Figure 1.1).  The reduction of attachment to  

A      B  

Figure 1.1.  Cell division and cell death in olfactory mucosa culture. A) The proportion of cells undergoing mitosis was 
approximately 2.5 times greater in schizophrenia than controls (open bars).  Dopamine treatment (shaded bars) reduced 
the number of mitoses but the proportion remained higher in schizophrenia patients.  B) A trend exists for increased cell 
death in patients but this did not reach significance.  Dopamine reduced cell death in schizophrenia but increased it in 
controls.  Adapted from Féron et al. (107). 
 
 



Chapter 1 19

the plastic culture wells in the schizophrenia group suggested decreased cellular 

adhesion, a finding in accordance with two studies that reported reduced adhesion in 

skin fibroblasts in schizophrenia compared to healthy controls (203, 230).  Altered 

cellproliferation in cultured olfactory mucosa (107) is consistent with changes in the 

numbers of neuronal precursors and developing olfactory neurons in post-mortem 

olfactory epithelium, observations that also suggest dysregulation of olfactory 

neurogenesis (13).   

Like schizophrenia, disruption of brain development has also been implicated in 

bipolar disorder (26, 262).  Interestingly, medications widely used to treat psychosis 

and depression promote neurogenesis and are neuroprotective in the rat brain.  These 

include: lithium (58), valproate (136), olanzapine and risperidone (339), fluxoetine, and 

tranylcypromine (86).  These interesting properties of psychotropic medications have 

led some researchers to speculate that disrupted neurogenesis in the adult brain may 

be implicated in the pathogenesis of affective disorders (86, 209).  Additionally, there is 

speculation that the therapeutic effect of lithium and valproate is related to their 

reduction of neuronal cell death or neurogenic properties in bipolar disorder (136, 207). 

The ability to examine cell proliferation and cell death in olfactory 

neuroepithelium cultures from individuals with bipolar disorder lends itself to exploring 

these hypotheses.  Furthermore, the recent development of DNA microarray 

technology and its ability to determine gene expression differences within treatment or 

patient groups will enable researchers to determine what genes or genetic pathways 

have altered function in disease.  These new technologies are especially suited to cell-

based models that could be applied to cellular investigations of developmental disease 

(17). 

1.4.3 Gene expression studies 

 Gene expression studies have been extensively used to investigate psychiatric 

disorders.  As with genetic linkage studies, where suggestive linkages to schizophrenia 

have been identified on several chromosomal loci (289, 349), microarrays have 
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identified numerous genes with altered expression in schizophrenia across the 

genome.  Most microarray studies of psychotic disease have been performed on 

samples of post-mortem prefrontal cortex.  However, other brain regions such as the 

ventral tegmental area, substantia nigra (104), and hippocampus (62) have also been 

examined with microarray analysis.  Such studies have identified increased expression 

of the apolipoproteins L1, L2 and L4 in schizophrenia patients (15, 233) and 

apolipoprotein L2 in individuals with bipolar disorder (15).  Other studies of 

schizophrenia prefrontal cortex, found differences in the expression levels of genes 

related to presynaptic function (234), myelination, development/plasticity, 

neurotransmission, signal transduction, cytoskeleton, receptors/ion 

channels/transporters and transcription factors (131, 331), plus various metabolic 

pathways (231, 264).  In contrast, a separate study of 1128 genes relevant to human 

brain function, found no changes in myelin-related genes in schizophrenia (332). 

 Few microarray gene expression studies have been performed in tissues from 

individuals with bipolar disorder.  As with schizophrenia most microarray studies in 

bipolar disorder have been performed on post-mortem frontal cortex.  Again these 

studies do not display an overlap of findings.  Differential expression was found in 

genes related to neuroprotection (30), receptor/transport, stress response, signal 

transduction, transcription factors (150), and myelination and oligodendrocytes (317).  

However, none of the differentially expressed genes found by any microarray study of 

bipolar disorder were differentially expressed in any other microarray study of this 

disease. 

 There are many possible reasons why these microarray studies of 

schizophrenia and bipolar disorder have produced such varying data, with very little 

correlation between them.  Current diagnostic methods, whilst reliable, are based on 

symptoms and course of illness rather than more objective biological markers.  The 

diagnosis of schizophrenia or bipolar disorder does not account for the etiological and 

genetic heterogeneity of these illnesses.  Other discrepancies may be: differences in 
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tissue heterogeneity, anatomical localization, post-mortem interval (45, 261) and more 

importantly, agonal factors.  Agonal factors, factors present at the time of death 

include, hypoxia, pyrexia, dehydration, seizures, hypoglycemia, multiple organ failure, 

head injury and ingestion of neurotoxic factors (319).  Many agonal factors induce brain 

acidosis and hence may influence gene transcription and mRNA stability (16, 45, 261, 

319).  In a recent study relating agonal factors to microarray expression levels, low 

mean signal intensities were highly correlated between individuals with a high level of 

agonal factors (319).  Microarray signal intensity was most highly correlated with brain 

tissue pH.  The quality of RNA can also be negatively affected by multiple freeze-thaw 

cycles and prolonged storage.  It is essential that RNA be stored below – 70 °C, 

preferably in a pH buffered solution because ionic degradation of RNA can occur.  

Furthermore, DNA is a much more stable nucleic acid and consequently it has been 

suggested that RNA samples be converted to cDNA for prolonged storage and 

preservation of transcript sequences (45). 

 Tissues or cells other than brain have also been screened using microarray 

analysis.  Kakiuchi and colleagues (157) in an investigation of lymphoblastoid cells 

found a polymorphism in the gene XBP1, an important gene in the endoplasmic 

reticulum stress response, to be a contributing risk factor for bipolar disorder.  In 

patients with schizophrenia, the expression levels of nine genes were significantly 

altered in a recent microarray study of cultured lymphocytes from (333).  Some of the 

differentially expressed genes found in the latter study, such as neuropeptide Y (333), 

are known to be involved in normal brain function and development (135, 214).  These 

data are consistent with the neurodevelopmental hypothesis as a systemic 

phenomenon and that brain-relevant changes in gene expression can be identified in 

non-neural tissues.  Studies of non-neural or peripheral tissues can be performed in 

living subjects, eliminating potential confounding factors associated with agonal state.  

Furthermore, it is possible to monitor gene expression levels in living subjects through 

the course of the illness or in ‘at risk’ individuals without the disease.  
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1.5 Summary 

 Schizophrenia and bipolar disorder are psychotic illnesses having a substantial 

genetic contribution to their aetiology as illustrated by a clear tendency for familial 

segregation and chromosomal linkage associations.  An increased incidence of minor 

physical anomalies and subtle, non-progressive brain anatomical differences point to a 

developmental component for these diseases.  The neurodevelopmental hypothesis 

proposes that genetic and epigenetic factors alter early brain development leaving the 

affected individual at increased risk of developing psychotic disease.  Disruptions of 

brain development related to neuronal proliferation, migration, differentiation and cell 

death might underlie some of the subtle neuroanatomical features associated with 

schizophrenia and bipolar disorder. 

 Cellular models of psychotic disease have shed light on the 

neurodevelopmental aetiology of these disorders.  Alterations of adhesion and 

membrane abnormalities have been noted in cultured skin fibroblasts from 

schizophrenia patients.  Dysregulated neurogenesis, and cell cycle alterations are seen 

in the olfactory mucosa of patients with schizophrenia.  Gene expression analysis of 

brain tissues and immortalized non-neuronal cell lines in both schizophrenia and 

bipolar disorder have revealed dysregulation of various molecular pathways that 

underlie the pathophysiology of these disorders.  Systemic gene expression alterations 

with relevance to brain function have been found, providing validity to the use of non-

neuronal tissues in studies of psychotic disease.  

 The work presented in this thesis investigates the neurodevelopmental nature 

of schizophrenia and bipolar disorder through the use of cellular models. 
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1.6 Hypotheses and Aims 

 The guiding research model behind this thesis is that schizophrenia and bipolar 

disorder are neurodevelopmental diseases and that careful examination of convenient 

tissue cultures from affected individuals may detect subtle disruptions in cellular 

function.  Based on previous studies of fibroblast and olfactory epithelial cultures in 

schizophrenia, features related to attachment, cell proliferation, programmed cell death, 

and differentiation warrant closer scrutiny.  Two cell-based models are explored in this 

thesis: skin fibroblast culture and olfactory neuroepithelium.   

 In addition to the studies of psychiatric disorder, access to olfactory 

neuroepithelium allowed a parallel study into the impact of IGF-I on cultures of olfactory 

mucosa and purified cultures of precursor and glial cells from the rodent and human 

(Chapter 2).  The primary aim of Chapter 2 was to show the functionality of the 

olfactory system as a model of neurodevelopment.  Secondary aims were to elucidate 

the direct effects of IGF-I on olfactory neural progenitor and glial cells.  Based on 

current data it was hypothesized that IGF-I would induce the proliferation of both these 

cell types. 

 In Chapter 3 cell cycle alterations in biopsied olfactory mucosa from 

schizophrenia patients are revisited to illustrate neurodevelopmental abnormalities in 

this disease.  This model was applied to patients with bipolar disorder to investigate if 

dysregulated neurodevelopment could also be detected in this disorder.  It was 

hypothesized that olfactory mucosa cultures would reveal reduced adhesion and 

increased cell proliferation in patients with schizophrenia and increased cell death in 

patients with bipolar disorder.   

The primary aim of Chapter 4, was to prepare the candidate for an investigation 

of gene expression in biopsied olfactory mucosa from schizophrenia and bipolar 

disorder by performing a microarray analysis on skin fibroblasts from patients with 

schizophrenia.  It was hypothesized that any differences in the biology of these cell-

based models would be revealed by differences in gene expression.  It was also 
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hypothesized that any differentially expressed genes found by microarray analysis 

would be confirmed by quantitative PCR. 

 The need to describe an adequate ‘housekeeping’ or reference gene for 

quantitative PCR (qPCR) verification led to the primary aim of Chapter 5; to 

demonstrate the stable expression of such a gene across diagnostic groups.  It was 

hypothesized that qPCR would show stable expression of at least one gene described 

by the literature to be a reference gene and that also exhibited stable expression in the 

microarray data (from Chapter 4).  Furthermore, a novel method of qPCR data 

analysis, that enables researchers to perform their experiments in a more cost and time 

efficient manner was compared to the current ‘gold standard’ of data analysis.  It was 

hypothesized that this new method of analysis would yield equivalent and hence valid 

results as compared to the ‘gold standard’. 

 In Chapter 6, previously biopsied olfactory mucosa (see Chapter 3), from 

schizophrenia and bipolar disorder patients and healthy controls was analysed by 

microarray hybridisation.  The aim of this chapter was to search for any differences in 

gene expression that may exist between the psychoses and healthy controls.  More 

specifically this chapter was aimed at finding underlying genetic signals consistent with 

the differences in cell biology, namely cell cycle, seen in Chapter 3.  It was 

hypothesized that the known differences in the biology of these cell-based models 

would be revealed by differences in gene expression, detected by microarray analysis. 
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2.1 Introduction 

The olfactory epithelium is capable of neuronal precursor proliferation and 

neuronal regeneration.  The main parameters of this self-renewing potential - 

proliferation, differentiation and migration - are understood to be associated with an 

ever-lengthening list of growth factors and their receptors, many of which are found 

within the olfactory system.  Since the olfactory epithelium retains a near-embryonic 

state of growth and is easily accessible, it lends itself as an ideal model for the study of 

normal neurodevelopment.  Not only that, this ‘window on brain development’ can be 

utilized to explore the neurobiological correlates of various neuropsychiatric disorders 

such as schizophrenia and bipolar affective disorder.   

The olfactory epithelium, the nervous tissue responsible for our sense of smell, 

is unlike other nervous tissues of the body in that it is directly exposed to the external 

environment.  As such, it is highly susceptible to pathogenic, chemical, and other 

noxious insults.  A necessity of any tissue exposed to such conditions, especially of 

one so intimately connected to survival, is the capacity for self-renewal or repair.  

Indeed, it has long been known that the olfactory epithelium retains such ability.  More 

importantly, regenerating olfactory sensory neurons are capable of re-establishing 

functional connections within the adult central nervous system (66).  This chapter will 

introduce the olfactory epithelium in more detail and demonstrate its utility as a model 

of neurodevelopment.  To this end, the cellular localization of insulin-like growth factor-I 

and its receptor within the olfactory epithelium will be shown and the impact this growth 

factor has on olfactory cell proliferation and differentiation will be investigated. 

2.1.1 Organization of olfactory mucosa 

 The fully developed olfactory epithelium (Figure 2.1) is a pseudo-stratified 

epithelium consisting of three cell types: sustentacular or supporting cells, the olfactory 

sensory neuron and basal cells.  The basal cells can be subdivided into a relatively 

apical globose basal cell and a more basal, horizontal basal cell.  From 

autroradiographic studies it is known that these basal cells are a proliferative 
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population, which give rise, through asymmetric division, to the olfactory sensory 

neuron (49, 198).  Subsequently, the globose basal cell has been identified as the 

direct neuronal precursor (47).  But recent evidence shows that the horizontal basal cell 

may also play a role in the generation of olfactory neural cells both directly and 

indirectly through differentiation into globose basal cells (54). 

 

Figure 2.1.  Diagrammatic representation of olfactory mucosa.  Adapted from Gray’s Anatomy (122). 

 

2.1.2 Development and regenerative capacity of olfactory epithelium 

The capability of the olfactory neurons for self-renewal is not a short-lived 

phenomenon, because it has been shown to extend past maturity and well into old age 

(239).  While the discovery of a cell population capable of continuous neuronal renewal 

is intriguing, perhaps more exciting is the ability of such a population to differentiate in 

an unrestricted manner.  After injecting a dissociated cell suspension of olfactory 

epithelium constitutively expressing the LacZ gene into the developing rat brain 

Magrassi and Graziadei (199) observed β-galactosidase positive neurons and glia with 

a central nervous system phenotype.  This finding suggests that the olfactory epithelial 

precursor cells are of a non-restricted lineage and that the local environment can 

influence their fate.  In agreement with this, evidence has been presented suggesting 
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that this multipotent cell may be the globose basal cell; its fate determined (149), but 

not restricted (48), by the requirements of the olfactory epithelium.   

Neurogenesis in the olfactory epithelium can be induced in vivo by destruction 

of the existing olfactory sensory neurons, either by ablation of the olfactory bulb (53) or 

by creating a chemical lesion (140).  Similarly, mechanical stress can also induce 

olfactory neurogenesis (106).  However, these studies do little else than to tell us that 

the olfactory epithelium is a remarkably resilient tissue, they do not tell us what factors 

control this regeneration or how it is accomplished.  In order to elucidate how the 

olfactory epithelium maintains successful neurogenesis throughout life it needs to be 

studied in isolation.   

2.1.3 Growth factor expression and function within the olfactory 

epithelium 

There are numerous studies that investigate the olfactory epithelium in vitro, 

however only a pertinent few will be briefly discussed here.  The impetus to investigate 

specific growth factors in the olfactory epithelium comes from their description as 

mitogens in other epithelial tissues.  Farbman and Bucholz observed the mitogenic 

effects of eight different growth factors, including: transforming growth factor-α (TGF-

α), epidermal growth factor (EGF), basic fibroblast growth factor (bFGF), transforming 

growth factor- β1 (TGF- β1), transforming growth factor- β2 (TGF-β2), platelet-derived 

growth factor-AB (PDGF-AB), and insulin-like growth factor-I (IGF-I) within the olfactory 

epithelium.  Of these, TGF-α and EGF were shown to be the most potent, by at least 2-

fold, in upregulating cell division of olfactory neuronal progenitors and supporting cells.  

In similar yet less encompassing studies FGF2 has been identified as an olfactory 

neurogenesis promoting factor (79, 192).  However, the major limitation in each one of 

the above studies is their method of tissue culture.  Although each used a serum-free 

medium to eliminate the introduction of endogenous factors that influence the cell 

cycle, all three investigations utilized intact olfactory epithelium.  One study (100) even 

cultured tissue with the nasal septum intact.  The issue with investigations of intact 
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olfactory epithelium is that it and the underlying lamina propria are mixed tissues with 

unspecified autocrine/paracrine influences.  Considering this, specific actions of growth 

factors in such a culture system may be misrepresented or even concealed by the 

actions of any endogenous protein produced.  Therefore, these tissues need to be 

separated and a purified cell culture created, before the specific function of each 

growth factor can be clarified.  A non-neural cell culture system enriched for basal cells 

has been developed to study olfactory neurogenesis (106).  Using this system by 

culturing a cell suspension of dissociated olfactory epithelium in the presence of EGF 

for five days, Newman et al. (242), noted that the primary effect of FGF2 was to 

stimulate globose basal cell proliferation and not induce neurogenesis as previously 

reported (192).  Also, TGF-β2 induced globose basal cells to differentiate into olfactory 

neurons and PDGF-AB promoted the survival of these newly formed neurons (242).  

Further exploitations of this system have enabled researchers to produce enriched or 

purified populations of the predominant cell types in the olfactory mucosa, namely, 

basal cells (106), neurons (242) and olfactory ensheathing cells (32). 

In conclusion, the olfactory epithelium is a tissue capable of life-long 

neurogenesis and contains cells with a mutipotent cell fate.  Additionally, this tissue can 

be readily manipulated for investigation of growth factor involvement in neuronal 

development.  As such, the olfactory epithelium can be considered to be a ’window on 

early brain development’. 

2.2.1 Insulin-like growth factor-I in olfactory neurogenesis 

During brain development, insulin-like growth factor-I (IGF-I) affects neural 

precursor proliferation, differentiation, and survival (12, 114, 243) and induces 

proliferation of oligodendrocytes (20, 154) while protecting them from toxic injury (361).  

In the adult brain, IGF-I affects neurogenesis in the hippocampus and lateral 

subventricular zones.  Infusion of IGF-I into the dentate gyrus of the adult rat, increased 

progenitor cell proliferation (2, 183) and ameliorated the age-related decline of 

hippocampal neurogenesis (281).  In contrast, there was no change in proliferation of 
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neuronal precursors in the hippocampus (260).  Such seemingly contradictory findings 

underscore the pleiotropic nature of IGF-I and suggest regional, or even cell-specific 

effects, but the interpretation of these results in vivo is complicated by the confounding 

of direct versus indirect effects of IGF-I on the cells of interest.  For example, in vivo 

application of IGF-I may affect precursor proliferation indirectly via actions on 

neighbouring cells rather than via a direct action on the proliferating precursors.  In 

order to directly assess cell-specific effects of IGF-I it is necessary to study simpler cell 

populations in vitro using defined growth conditions and serum-free media.    

 Within the olfactory epithelium, IGF-I, its receptor, and binding proteins, are 

expressed in several species (89, 215, 259, 266, 307).  In vivo studies have shown 

IGF-I reduces axotomy-induced apoptosis (215) and enhances basal cell proliferation 

and differentiation in the neonate (215, 259).  These studies do not resolve the issue of 

direct versus indirect effects of IGF-I on the cells of interest.  Therefore, it was 

hypothesized that using dissociated and enriched cultures of olfactory cells could 

elucidate the direct and cell-specific effects of IGF-I on cell proliferation, survival, and 

differentiation. 
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2.2.2 Aims 

 The aim of the present study was to demonstrate the utility of olfactory mucosa 

culture systems as models of neurodevelopment.  The value of this model was 

illustrated by elucidating the roles of IGF-I in its regulation of proliferation and/or 

differentiation in the basal, neural and glial cells of the olfactory mucosa.  The cell 

specific expression of IGF-I and its receptor was investigated.  It was hypothesized that 

IGF-I and its receptor was expressed in the precursor, neural and glial cell populations 

of the olfactory mucosa.  It was further hypothesized that by separately culturing 

purified populations of basal and glial cells in the presence of IGF-I, its direct effects on 

proliferation and differentiation on these cells types would be shown. 



Chapter 2 32

2.3 Methods 

2.3.1 Animals 

All animals were obtained from Griffith University Animal Facilities.  Animals 

were killed either by CO2 asphyxiation or lethal injection (pentobarbitone sodium) in 

accordance with the guidelines and recommendations of the National Health and 

Medical Research Council of Australia and the Griffith University Animal Ethics 

Committee approved the protocol.  Adult H-OMP-lacZ-6 mice approximately 4 months 

old were used for the insulin-like growth factor-I (IGF-I) neuronal proliferation and 

neurite extension assays.  Adult, outbred 4-month-old Sprague-Dawley rats were used 

for all other experiments.  After death, animals were decapitated and the olfactory 

mucosa was removed from the septum and placed in serum-free Dulbecco’s Modified 

Eagles’ Medium (DMEM, GibcoBRL; Rockville, MD), supplemented with insulin, 

transferrin, selenium (ITS, 1%; GibcoBRL), plus penicillin and streptomycin (1%; 

GibcoBRL).  Under these conditions neuronal precursors and their neuronal progeny 

migrate out of and away from the tissue slice and can be quantified (108, 192).  These 

serum-free culture conditions do not favour growth of contaminating fibroblasts or cells 

from the respiratory epithelium (106, 107, 192).  All cell culture assays were repeated 

three times and data analysed as described below (Section 2.3.11). 

2.3.2 Human subjects 

Human olfactory mucosa was biopsied from participants as described 

previously (107, 108).  Written informed consent was obtained prior to biopsy and the 

West Moreton Ethics Committee approved the protocol.  Tissue was placed in serum-

free media containing 2.5 μg/ml Fungizone™ (amphotericin B, GibcoBRL) and 

transported to the laboratory on ice.  The olfactory epithelium and the underlying 

lamina propria were then separated and the lamina propria was cultured as the source 

of olfactory ensheathing cells as described below. 
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2.3.3 Isolation & identification of mRNA 

For RT-PCR analysis, rat olfactory mucosa was dissected out of the nasal 

cavity, placed into RNAlaterTM (Ambion; Austin, TX) and stored at 4 °C until RNA 

extraction.  RNA extraction was performed using the guanidinium thiocyanate-phenol-

chloroform method (60) and stored at -80 °C until RT-PCR analysis.  Rat basal cells 

and olfactory ensheathing cells were extracted from the mucosa (see below for 

description) and cultured under enriching conditions (32, 106).  RNA was extracted 

using an RNeasy® kit (Qiagen; Clifton Hill, Australia).  RNA (5 μg) was reverse-

transcribed by using a SuperScript III RNase H- Reverse Transcriptase Kit (Invitrogen) 

with oligo (dT12-18) primers (Invitrogen), and the resulting cDNA was then treated 

with1U RNase H (Invitrogen) for 30 minutes at 37°C.  All cDNA reactions were 

subjected to an initial denaturing cycle of 5 minutes at 95 °C and a final elongation step 

of 10 minutes at 72 °C.  PCR on rat and human samples was performed using a Taq 

DNA polymerase kit (Invitrogen; Melbourne, Australia) with a 100 mM dNTP set 

(Invitrogen) and AmpliTaq Gold® (Roche; Mannheim, Germany), respectively.  The final 

concentrations of the PCR reagents used for both rat and human were as follows: 1X 

PCR Buffer, 2.0 mM MgCl2, 0.2 mM dNTP mix, 0.5 μM of both forward and reverse 

primers for IGF-I and IGF-IR (E@sy OligoTM, Genset Oligos; Lismore, Australia), plus 1 

Unit Taq DNA polymerase (Invitrogen).  Primer sequences and PCR conditions are 

presented in Table 2.1.  The PCR products were electrophoresed through a 2 % 

agarose gel and visualized by ethidium bromide staining.  Product bands of appropriate 

length were excised and extracted using QIAquick® gel extraction kit (Qiagen).  Purified 

cDNA was then prepared for sequencing with Big Dye® Terminator Cycle Sequencing 

Kit (Applied Biosystems, Foster City, CA).  Half-reactions were prepared under the 

following conditions: 12 μl of cDNA template, 4 μl Big Dye® Terminator, 4 μl 2.5X 

sequencing buffer (200 mM Tris-HCl, 5 mM MgCl2; pH 9.6) and 0.33 μl each of the 

appropriate forward and reverse primers (described above).  The thermal cycler 

sequencing program was as follows: 25 cycles of 30 seconds at 96 °C, 15 seconds at 
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50 °C, 4 minutes at 60 °C, with 1 °C/second ramping between each step of the cycle.  

Sequencing was then performed using an ABI Model 377 DNA sequencer at the Griffith 

University sequencing facility. 

Gene Accession 
# Sense Primer Antisense 

Primer 
Melt 

Temp/Time
Annealing 
Temp/Time

Extension 
Temp/Time 

PCR 
Cycles 

mRNA 
Range

Product 
Size 

 Rat 

IGF-I M17335 
5’-TGTGGACC 
AAGGGGCTT
TTAC-3’  

5’-TTTGTAGGC
TTCAGCGGAG
CAC-3’  

95 °C/30 sec 59 °C/1 min 72 °C/1.5 
min 32 376-

527 152 bp 

IGF-IR NM_052807 
5’-TCGCACCA 
ACGCTTCAGT
TC-3’ 

5’-TTTTAGGAC
AGGCACAGCA
CGG-3’  

95 °C/30 sec 62 °C/30 sec 72 °C/3 min 30 1860-
2161 302 bp 

 Human 

IGF-I* AY260957 
5’-GTATTGCG 
CACCCCTCA
A-3’  

5’-TTGTTTCCT 
GCACTCCCTC
T-3’ 

95 °C/30 sec 60 °C/1 min 72 °C/1 min 40 487-
612 126 bp 

IGF-IR NM_000875 
5’-GTCACAGA 

 

GTATGATGG
GCAGGA-3’  

5’-CAGCCTTGA
CGTAAACGGC
GTACTG-3’ 

95 °C/30 sec 62 °C/30 sec 72 °C/1 min 35 1648-
1795 148 bp 

Table 2.1.  Primer sequences and RT-PCR conditions. 
 
 

2.3.4 Neuronal proliferation and neurite extension assays 

Adult mouse olfactory mucosa was dissected out, chopped at 200 μm and 

slices placed into individual wells of 8-well slides, coated with fibronectin (5μg/cm2, 

Boehringer Mannheim; Mannheim, Germany).  Culture medium was removed from 

each well and slices were incubated for 2 hours at 37 °C in 5 % CO2 to facilitate slice 

adhesion to the culture dish surface.  After this, culture medium was replaced and 

slices were incubated for 5 days at 37 °C in 5 % CO2 with media changes every 48 

hours.  Unattached slices were discarded.  Attached slices were then cultured for 5 

more days in the presence of one of: IGF-I (0.0 ng/ml, 0.1 ng/ml, 0.5 ng/ml, 1 ng/ml, 5 

ng/ml, 10 ng/ml, 50 ng/ml, or 100 ng/ml; GibcoBRL), anti-IGF-I antibody (α-IGF-I, 50 

ng/ml; Santa Cruz; Santa Cruz, CA), anti-IGF-I Receptor-α antibody (α-IGF-IRα, 50 

ng/ml; Santa Cruz).  Cultured mouse olfactory mucosa slices were fixed for 5 minutes 

with 4 % paraformaldehyde then washed with HBSS and stored in HBSS at 4 °C and 

processed for β-tubulin Type III immunohistochemistry (Figure 2.2 A).  All nuclei of 

bipolar neurons immunopositive for β-tubulin Type III that had migrated away from the 

mucosal slice and epitheloid sheet were counted in every well.  Using the image 

analysis software Optimas 6.0 (Optimas Corporation; somewhere, WA), cell length for 
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each neuron in every well was measured by tracing the cursor over the length of the 

neuron (Figure 2.2 B-D).  Measurements were taken ‘live’ so the focus could be 

manipulated in order to differentiate between two or more crossing neurites. 

2.3.5 Basal cell differentiation assay  

After removal from the nasal septum, the olfactory epithelium was separated 

from the underlying lamina propria as previously described (106).  Briefly, the olfactory 

mucosa was incubated for 45 min at 37 °C in 5 % CO2 in a 2.4 U/ml dispase II solution 

(Roche).  The olfactory epithelium was then carefully dissected away from the lamina 

propria.  Following this, the olfactory epithelium was gently triturated approximately 15 

times to separate the cells.  Cells were then plated in plastic 24-well tissue culture 

plates (Nunc; Naperville, IL), which had been coated with 5 μg/cm2 collagen type IV 

(Sigma; St. Louis, MO) and dried overnight under sterile conditions with UV exposure.  

Cells were plated at a density of approximately 65 300 cells per 1.9-cm2 well in 250 μl 

of serum-free DMEM-ITS containing 25 ng/ml of epidermal growth factor (EGF, 

GibcoBRL).  Cells were cultured for 5 days at 37 °C in 5 % CO2 and then rinsed 3 

times in 37 °C Hank’s Buffered Saline Solution (HBSS, GibcoBRL) prior to incubation 

for a further 48 hours and cultured with one of: IGF-I (0.0 ng/ml, 0.5 ng/ml, 1 ng/ml, 5 

ng/ml, 10 ng/ml, or 50 ng/ml, GibcoBRL), α-IGF-I antibody (50 ng/ml; Santa Cruz), α-

IGF-IRα antibody (50 ng/ml; Santa Cruz), or transforming growth factor-β2 (TGF- β2, 

50 ng/ml; Sigma) as a positive control for neuronal differentiation (242).  After 48 hours 

in the presence of growth factor cells were fixed for 5 minutes in 4 % paraformaldehyde 

and processed for anti-β-tubulin Type III immunocytochemistry and viewed at 40 X 

power (Figure 2.2 E).  All cells both positive and negative for β-tubulin Type III were 

counted in every well. 

2.3.6 Basal cell proliferation assay 

 Cells were prepared and cultured as above in plastic 96-well tissue culture 

plates (Nunc) at a density of approximately 8 250 cells per 0.33-cm2 well in 50 μl of 

serum-free DMEM-ITS (25 ng/ml EGF, GibcoBRL) in the presence of 
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bromodeoxyuridine (BrdU; 2 mM, Sigma).  Cells were processed for BrdU 

immunocytochemistry, viewed at 800 X and all positive nuclei in every well were 

counted.  A cell was considered positive if its nucleus was darker than background 

cytoplasmic staining (Figure 2.2 F). 

2.3.7 Neuronal differentiation and maturation assay 

Dissociated olfactory epithelial cells were plated in LAB-TEK®  (Nunc) 8-well 

glass chamber slides coated with 5 μg/cm2 fibronectin and cultured in serum-free 

DMEM/F12-ITS for 5 days in the presence of 25 ng/ml EGF followed by 3,4,5 & 6 days 

in 0 ng/ml or 10 ng/ml IGF-I.  Cells were fixed with 2 % paraformaldehyde (Sigma) and 

0.2 % glutaraldehyde (Sigma) for 5 min at 4 °C.  Cells were then processed for 

olfactory marker protein expression a marker for mature olfactory sensory neurons 

(213, 235, 269).   

2.3.8 Olfactory ensheathing cell proliferation assay 

After separation of the olfactory epithelium from the underlying lamina propria 

as described above, the latter was subjected to treatment with 0.25 % collagenase type 

IA (Sigma) for 5–10 minutes at 37 °C/5 % CO2 and the tissue was mechanically 

dissociated.  Olfactory ensheathing cells were then purified as described elsewhere 

(32).  Briefly, cells were plated onto poly-L-lysine (1 μg/cm2; Sigma) treated flasks in 

DMEM/F12 containing 10 % fetal calf serum plus penicillin/streptomycin.  Forty-eight 

hours after the initial plating, the serum-containing medium was removed and cells 

were fed with DMEM/F12-ITS culture medium supplemented with neurotrophin-3 (NT3, 

50 ng/ml; GibcoBRL).  Ensheathing cells were further purified by up to five additional 

cell passages and re-plating on poly-L-lysine-coated dishes in NT3-containing medium.  

This procedure is known to produce a culture containing at least 95 % ensheathing 

cells (32).  After the final passage cells were grown for 5 days in a 175 cm2 flask in 10 

ml DMEM/F12 containing 10 % fetal calf serum prior to RNA extraction.  Purified cells 

for BrdU assays were plated in LAB-TEK®  (Nunc) 8-well glass chamber slides and 

cultured in serum-free DMEM/F12-ITS for 48 hours in the presence of BrdU (2 mM,  
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Figure 2.2.  Neuronal proliferation and differentiation assays.  A, Olfactory mucosa (OM) slice culture treated with 10 
ng/ml IGF-I showing multiple outgrowing neurons.  Bar represents 100 μm. B-D Neurite extension assays B, control, C, 
5 ng/ml IGF-I, D, 50 ng/ml α-IGF-IR.  Bar represents 10 μm.  E, Basal cell neuronal differentiation assay.  Β-tubulin III 
immunoreactivity observed in flat cells (large arrows) representing recently differentiated cells and bipolar cells (small 
arrows) more mature neurons.  Bar represents 20 μm.  F, Basal cell proliferation assay showing BrdU 
immunocytochemistry (black nuclei). Bar represents 50 μm. 
 
Sigma) and one of: IGF-I (0.0 ng/ml, 1 ng/ml, 5 ng/ml, or 10 ng/ml; GibcoBRL).



Chapter 2 38

  

2.3.9 Immunostaining 

2.3.9.1 IGF-I and IGF-I receptor immunohistochemistry 

Sacrificed adult rats were perfused with 0.2 % parabenzoquinone (Merck; 

Kilsyth, Australia) and 2 % paraformaldehyde.  The nasoseptal region of the nasal 

cavity was dissected out, embedded in TissueTek® O.C.T.  Embedding Medium 

(Sakura FineTek; Torrance, CA), cryosectioned at 8 μm and stored at – 80 °C until 

immunohistochemistry processing.  Sections were tested for the presence of IGF-IRα 

and IGF-I with chicken polyclonal α-IGF-IRα (1:25, Upstate; Lake Placid, N.Y.) and 

mouse monoclonal α-IGF-I (1:100, Upstate) antibodies.  Sections were incubated at 4 

°C overnight or 1 hour at 37 °C with the primary antibody (α-IGF-I or α-IGF-IRα) in 

blocking solution (2 % BSA, 10 % normal rabbit serum, and 0.01 % triton X-100 in 

PBS), followed by three 5-minute washes in PBS (pH 7.4) and then incubated in PBS 

with a horseradish peroxidase-conjugated secondary antibody (goat-α-mouse IgG, 

1:200, BioRad; Hercules, CA; rabbit-α-chicken IgG, 1:200; Sigma).   

2.3.9.2 BrdU and β-tubulin III immunochemistry 

Mouse olfactory mucosa cultures plus rat and human olfactory cell cultures 

were fixed for 5 minutes with 4 % paraformaldehyde.  Fixed cultures were washed with 

HBSS and stored in HBSS at 4 °C until immunocytochemistry was begun.  

Immunocytochemistry was performed with the neuronal specific anti-β-tubulin Type III, 

(1:100, Sigma) mouse monoclonal antibody or anti-BrdU (1:100, Sigma) mouse 

monoclonal antibody (Figure 2.1 E & F respectively).  Cells were incubated at 4 °C 

overnight with the primary antibody in blocking solution (2 % BSA, 10 % normal goat 

serum, 5 % non-fat dried milk, and 0.01 % triton X-100 in PBS), followed by three 5-

minute washes in PBS (pH 7.4) and then incubated in PBS with a goat-α-mouse IgG-

horseradish peroxidase-conjugated secondary antibody (1:200, BioRad; Hercules, CA), 

for 1 hour at room temperature.   
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All antibody reactions were visualized by a 5 minute room temperature 

incubation with 0.05% diaminobenizidene (Sigma) and 0.003 % H2O2 followed by three 

5-minute washes in PBS.  Negative controls were performed without primary antibody. 

2.3.10 Immunofluorescence 

Cells were fixed for 5 minutes with 4 % paraformaldehyde.  Fixed cultures were 

washed with HBSS and stored in HBSS at 4 °C until immunocytochemistry processing.  

Cells were incubated for 1 hour at room temperature in blocking solution (2 % BSA, 10 

% normal goat serum, or 10 % normal rabbit serum in PBS) and then for one hour at 

room temperature or overnight at 4 °C with the primary antibody.  Primary antibodies 

used were: chicken polyclonal α-IGF-IRα (1:25, Upstate), mouse monoclonal α-p75 

(1:100, Santa Cruz), mouse monoclonal α-IGF-I (1:50, Upstate), rabbit polyclonal α-

GFAP (1:1000, Dako; Carpinteria, CA), goat polyclonal α-OMP (1:1000, gift of Dr. F. 

Margolis), or mouse monoclonal α-GBC-1 (1:50, gift of Dr. J.E. Schwob) in blocking 

solution.  Cells were then washed 3 X 5 minutes in PBS and incubated for 1 hour at 

room temperature with the appropriate secondary antibody in blocking solution.  

Secondary antibodies used were: FITC-conjugated rabbit α-chicken IgY (1:20, Zymed; 

San Francisco, California), AlexaFluor® 568 goat α-mouse IgG (1:200, Molecular 

Probes; Eugene, Oregon), AlexaFluor® 594 goat α-rabbit IgG (1:100), TRITC-

conjugated rabbit α-goat (1/50, Sigma), AlexaFluor® 594 goat α-mouse IgM (1:200), or 

AlexaFluor® 488 goat α-mouse IgG (1:100).  After incubation with secondary antibody, 

cells were washed 3 times for 5 minutes each in PBS.  Nuclei were stained with 1μM 

bisBenzimide (Sigma) in PBS for 10 minutes at room temperature followed by three 5-

minute washes in PBS.  

2.3.10.1 Neuronal differentiation and maturation assay 

Endogenous peroxidase was blocked by 0.3 % H2O2 incubation for 30 min at 

room temperature.  Cells were incubated for 1 hour at room temperature in blocking 

solution (2 % BSA, 10 % normal goat serum, and 0.01 % triton X-100 in PBS) and then 

for one hour at room temperature with goat α-rodent OMP antisera (1:1000, gift of Dr. 
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Frank Margolis) followed by three 5-minute washes in PBS (pH 7.4).  A biotin 

conjugated rabbit α-goat IgG (1:200; Vector) was used as a secondary antibody.  The 

reaction complex was then visualized using a tyramide signal amplification kit (NEN™ 

Life Science Products, Boston).   

2.3.11 Quantitative analysis 

All cell counting & measuring was performed after the cells were fixed and 

stained with the investigator blind to experimental condition.  Data are expressed as 

Mean ± S.E.M. and were compared by one-way analysis of variance.  The groups were 

examined for linear trends and post-hoc group comparisons were performed with 

Bonferroni’s correction.  Results were considered statistically significant if the alpha-

level fell below 0.05. 
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2.4 Results 

2.4.1 Insulin-like growth factor-I and insulin-like growth factor-I 

receptor expression in the olfactory mucosa 

Immediately after extraction, rat olfactory mucosa mRNA was subjected to 35-

cycle RT-PCR.  Amplified products of the expected sizes were found for IGF-I (152 

nucleotides, Figure 2.3A) and IGF-IR (302 nucleotides, Figure 2.3 B).  To ensure 

specificity of these findings, product bands were isolated and the cDNA was 

sequenced.  At least 98 % homology was found between the amplified products and 

their corresponding gene sequences.  The same procedure was performed on enriched 

cultures of rat olfactory ensheathing cell and rat basal cells.  Each cell type was found 

to express both IGF-I and IGF-IR mRNA (Figure 2.3 C).  When mRNA from human 

olfactory ensheathing cells was subjected to RT-PCR, amplified products of the 

expected sizes were found for IGF-IR (148 nucleotides, Figure 2.3 D) and IGF-I (126 

nucleotides, Figure 2.3 E).  Product bands were isolated and the cDNA sequenced.  

Amplified products had 100 % homology with their corresponding gene sequences.  

Sections of rat olfactory mucosa were subjected to IGF-I and IGF-IRα 

immunohistochemistry.  IGF-IRα was expressed throughout the olfactory epithelium but 

most strongly in the basal cell layer, the dendritic knobs at the surface of the olfactory 

epithelium (Figure 2.4 A) and in the axon bundles of the lamina propria (Figure 2.4 A & 

D).  IGF-I had a diffuse pattern of expression throughout the olfactory epithelium with 

the heaviest staining in the apical region and sporadic staining in the basal cell 

compartment (Figure 2.4 B).  Rat and human olfactory ensheathing cell cultures 

showed a strong perinuclear IGF-IRα immunofluorescence.  Olfactory ensheathing 

cells, identified with anti-p75 immunofluorescence, were also IGF-IRα 

immunofluorescent, although p75-positive, IGF-IRα-negative cells were observed 

(Figures 2.5 A & B).  Immunoreactivity for IGF-I in rat and human olfactory ensheathing 

cell cultures had a diffuse pattern of expression IGF-I (Figures 2.5 C & D), with some 

cells double-labelled with GFAP.   
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Figure 2.3.  IGF-I and receptor mRNA expression in olfactory mucosa, basal cell and ensheathing cell cultures.  RT-
PCR for A, insulin-like growth factor-I (152 bp) and B, insulin-like growth factor-I receptor (302 bp) in rat olfactory 
mucosa. C, RT-PCR with same primers on purified cultures of rat olfactory ensheathing cells (OEC) and basal cells 
(BC) D, RT-PCR human olfactory ensheathing cell mRNA for IGF-IR (148 bp) and E, IGF-I (126 bp).  The estimated 
sizes of these PCR products match their expected sizes.  A 100-bp molecular weight marker is shown in the first lane of 
A, B, D, & E and in the last lane of A, & C. 
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Figure 2.4.  IGF-I and receptor expression in olfactory mucosa. A, IGF-IRα is present throughout the olfactory 
epithelium (OE) and lamina propria (LP) with the heaviest staining occurring at the epithelial surface (small black 
arrows), and basal cell layer (large black arrows). B, Heavy IGF-I staining occurred at the epithelial surface (small black 
arrows), fainter but still heavy staining occurred throughout the OE, notably in the basal cell layer (large black arrows) 
and immature neuron layer (white arrows). Within the lamina propria C, IGF-I is present throughout in presumed 
ensheathing cells (arrows) and axon bundles (a). D, Negative control with no staining. Bars represent 10 μm. 
 
 
  In rat olfactory epithelial cultures, globose basal cells were identified as GBC-1 

positive cells.  These cells were also positive for IGF-IRα and IGF-I (Figures 2.5 E & F).  

As for other cell types, the IGF-IRα staining was clearly perinuclear whereas the IGF-I 

immunoreactivity was more diffuse.  Olfactory sensory neurons were identified with 

anti-OMP immunofluorescence and these were also immunopositive for IGF-IRα 

(Figure 2.5 G). 

 

2.4.2 Insulin-like growth factor-I stimulated an increase in the 

number of olfactory neurons  

Slices of mouse olfactory mucosa were cultured for 5 days in serum-free 

DMEM-ITS without any additional growth factor and then treated with various 

concentrations of IGF-I for a further 5 days.  After treatment with IGF-I, slices were 

fixed and then immunostained with anti-β-tubulin III.  IGF-I had a dose-dependent  
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Figure 2.5.  In vitro localization of IGF-IRα and IGF-I in purified olfactory cell cultures. A, rat olfactory ensheathing cells 
triple-labelled for IGF-IRα (green), p75 (red) and bisBenzimide (nucleus, blue) B, same staining in adult human. C, 
Triple-labelling for IGF-I (green), GFAP (red) and bisBenzimide (blue) in rat olfactory ensheathing cells. D, IGF-I (red) 
immunoreactivity in human olfactory ensheathing cells. IGF-I staining was heaviest amongst mitotic cells (white arrows) 
E, Triple-labelling for IGF-IRα (green), GBC-1 (red), and bisBenzimide (blue) and F, triple-labelling for IGF-I (green), 
GBC-1 (red), and bisBenzimide (blue) in rat basal cell culture.  When present, IGF-IRα demonstrates a strong 
perinuclear staining in both cell types. G, IGF-I stimulated basal cell culture differentiated in mature olfactory neurons 
expressing OMP (red) and IGF-IR (green). Note the receptor staining is primarily perinuclear and absent but also seen 
in the most distal portion (arrow). Bar represents 10 μm. 
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effect on the numbers of β-tubulin III positive bipolar neurons produced from the slice 

(Figure 2.6 A).  Analysis of variance showed a significant effect due to IGF-I 

concentration (F5,107 = 2.89; P < 0.005).  While these data demonstrate that IGF-I is 

implicated in olfactory neurogenesis, the mechanism cannot be determined - more 

neurons could result from more proliferation of precursors, more differentiation of 

precursors, or less death of differentiating neurons. 

2.4.3 Insulin-like growth factor-I reduced olfactory precursor cell 

proliferation  

The olfactory epithelium can be separated from the underlying lamina propria, 

dissociated in a single cell suspension and cultured.  When grown for 5 days in a 

serum-free medium supplemented with epidermal growth factor, these cultures 

contained mainly globose basal cells (neuronal progenitors), horizontal basal cells and 

some supporting cells but no neurons (107, 242).  Dissociated mouse olfactory 

epithelial cell cultures were grown for 5 days in EGF (25 ng/ml) after which the EGF 

was removed and the cells grown for 2 days in the same medium supplemented with 

BrdU and all IGF-I treated cultures had fewer BrdU-positive cells compared to controls 

(Figure 2.6 B).  Analysis of variance showed a significant effect due to IGF-I 

concentration (F4,29 = 4.91; P < 0.0005).  As a positive control, some cultures were 

treated with TGF-β2 (50 ng/ml) because it is known to induce differentiation of olfactory 

neuronal precursors (204, 242).  TGF-β2 reduced the numbers of BrdU-positive cells 

(0.300 ± 0.012; t = 5.129, P < 0.001).  To determine if the IGF-I effect was receptor 

mediated, some cultures were treated with the receptor-activating antibody, anti-IGF-

IR-α (50 ng/ml); this also reduced the numbers of BrdU-positive cells (0.354 ± 0.031; t 

= 3.866, P < 0.01) compared to controls (0.521 ± 0.050, Figure 2.6 B).  Finally to test 

whether proliferation in the control cultures was affected by secreted IGF-I some 

cultures were grown in the presence of anti-IGF-I antibody.  There was no significant 

difference between the proportion of BrdU positive cells in the anti-IGF-I and control 

wells (Figure 2.6 B).  These observations indicate that IGF-I is not a mitotic agent for 
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Figure 2.6.  Differentiating properties of IGF-I in rodent olfactory epithelium. A, Average number of β-tubulin III positive 
neurons induced by IGF-I treatment in mouse olfactory mucosa slice culture. IGF-I concentrations of 1 and 5 ng/ml 
significantly increased neuron production (p < 0.05, for both). B, Ratio of BrdU positive cells in dissociated rat olfactory 
epithelium culture treated with IGF-I. IGF-I treatment caused a significant decrease in the number of dividing cells in a 
dose-dependent manner (p < 0.005). This decrease in cell division was repeated by an IGF-I receptor-stimulating 
antibody (α-IGF-IR) and TGF-β (p < 0.001, for both). C, Average neurite length of IGF-I differentiated neurons. 
Treatment with 5 ng/ml IGF-I and 50 ng/ml of an IGF-I receptor-stimulating antibody resulted in a significant increase in 
neurite length (p < 0.001, for both) above control (0 ng/ml). Blocking endogenous IGF-I with an antibody to IGF-I (α-IGF-
I) resulted in significantly shorter neurites (p < 0.01). D, Ratio of β-tubulin III positive neurons in dissociated rat olfactory 
epithelium culture treated with IGF-I. IGF-I treatment significant increased neuron number in a dose-dependent manner 
(p < 0.005); 50 ng/ml of α-IGF-IR replicated this result (p < 0.01). 
 
 
olfactory epithelial basal cells.  On the contrary, it appears to be "anti-mitotic", although 

fewer proliferating precursors could also result from loss of these cells from the 

proliferating pool, that is, through differentiation, as suggested by the increased 

numbers of neurons after IGF-I treatment of slice cultures, discussed above. 

 
 

2.4.4 Insulin-like growth factor-I stimulated neurite growth 

Mouse olfactory mucosa slice cultures were cultured for 5 days in DMEM-ITS 

and then for a further 5 days in this medium supplemented with one of: IGF-I (5 ng/ml), 

α-IGF-I antibody (50 ng/ml), α-IGF-IRα antibody (50 ng/ml) or no additional factor 
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(CONTROL).  IGF-I stimulated a nearly two-fold difference in neurite length IGF-I 

(327.51 ± 21.32 μm) compared to controls (171.27 ± 12.92 μm, t = 8.977, P < 0.001, 

Figure 2.6 C).  Similarly, treatment with an IGF-I receptor-stimulating antibody (358), 

anti-IGF-IRα, also caused a significant increase in neurite length (271.07 ± 11.22 μm, t 

= 5.734, P < 0.001, Figure 2.6 C).  In order to determine if endogenous IGF-I was at 

least in part responsible for the length of the control neurites we added anti-IGF-I 

antibody in an attempt to bind any endogenously produced IGF-I and block any ligand-

receptor interactions.  Addition of anti-IGF-I to these cultures resulted in neurites 

significantly shorter than controls (118.30 ± 4.32 μm, t = 3.384, P < 0.01, Figure 2.6 C). 

2.4.5 Insulin-like growth factor-I induced differentiation of olfactory 

neural precursor cells 

Neural differentiation was assessed in the dissociated mouse olfactory epithelial 

cell cultures by counting the numbers of β-tubulin III-positive cells.  Cultures were 

grown for 5 days in serum-free medium with EGF (25ng/ml) and then for a further 2 

days with IGF-I (0-10 ng/ml).  Expression of the neural marker, β-tubulin III, was 

induced by IGF-I in a dose-dependent manner (Figure 2.6 D).  Analysis of variance 

showed a significant effect due to IGF-I concentration (F4,18 = 7.37; P < 0.0001).  

Similarly, there were significantly more β-tubulin III-positive neurons in cultures treated 

with the receptor-activating antibody, anti-IGF-IR-α (50 ng/ml), (0.194 ± 0.008) 

compared to the Control wells (0.113 ± 0.024; t = 2.942, P < 0.05). 

 Finally, as a further measure of neuronal differentiation the numbers of cells 

immuno-positive for olfactory marker protein (OMP) were counted.  Cultures treated for 

3-6 days with 10 ng/ml of IGF-I contained OMP-positive cells (Figure 2.7 A-C).  Control 

cultures did not contain any OMP-positive cells.  In addition to differentiation, IGF-I acts 

as a survival factor because serum-free medium does not support the survival of newly 

differentiated olfactory neurons in agreement with a previous study (242). 
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Figure 2.7. IGF-I permits survival of newly differentiated olfactory receptor neurons. A, OMP (green) positive cells on 
periphery of epithelial sheet after 6 days in 10 ng/ml IGF-I. B, Nomaski optics showing light microscopy detail of A. C, 
OMP positive olfactory neurons with obvious bipolar morphology induced by 10 ng/ml IGF-I. Bar represents 50 μm. 
 
 

2.4.6 Insulin-like growth factor-I stimulated olfactory ensheathing 

cell proliferation 

Olfactory ensheathing cells were grown from human and rat lamina propria and 

cultured in serum-free media containing IGF-I (0 - 10 ng/ml).  IGF-I induced 

proliferation of human (Figure 2.8 A) and rat (Figure 2.8 B) olfactory ensheathing cells 

in a dose-dependent manner.  Analysis of variance showed a significant effect of IGF-I 

concentration in both human and rat cultures (F3,15 = 8.54; P < 0.005; F3,15 = 4.74; P < 

0.05, respectively). 
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Figure 2.8.  Proliferative properties of IGF-I in olfactory ensheathing cell culture. A, Ratio of BrdU positive cells in 
purified rat olfactory ensheathing cell culture. A dose-dependent increase in olfactory ensheathing cell division was 
induced by IGF-I treatment (p < 0.05). B, A similar dose-dependent increase was seen in human olfactory ensheathing 
cell culture (p < 0.05). 
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2.5 Discussion 

These data suggest that IGF-I is an autocrine/paracrine regulator that plays a 

pleiotropic role in olfactory neurogenesis and neuronal development.  In this study, it 

was shown that mRNA and protein for both IGF-I and its receptor, IGF-IRα, are present 

within the olfactory epithelium and the olfactory lamina propria.  The growth factor and 

receptor were identified in specific cell types: sensory neurons, globose basal cells, 

and olfactory ensheathing cells.  Functional assays of IGF-I action demonstrated that it 

could regulate proliferation in a cell-specific manner by reducing proliferation of the 

basal cell (the olfactory neuron precursor cell), while stimulating proliferation of 

olfactory ensheathing cells, the olfactory nerve glial cell.  Furthermore, IGF-I induced 

differentiation of the neuronal precursors, stimulated neurite extension of the 

developing neurons, promoted their differentiation into olfactory sensory neurons, and 

promoted survival of the differentiated neurons.    

2.5.1 IGF-I signalling in adult olfactory epithelium 

In the adult olfactory epithelium, basal precursor proliferation, neuronal survival, 

differentiation and cell death are known to be regulated by several growth factors and 

cytokines but a specific role for IGF-I is not yet delineated (100, 101, 193, 195).  IGF-I 

is present in the mucus of the human olfactory epithelium (105) and the IGF-I receptor 

is expressed in the adult rat olfactory epithelium (259).  The present study confirms the 

expression of IGF-I receptor mRNA and protein in the adult olfactory epithelium in vivo, 

and identifies the IGF-I receptor specifically on globose basal cells and neurons in vitro.  

Furthermore, IGF-I mRNA and protein was also identified in the adult olfactory 

epithelium and this may explain its presence in the mucus.  Globose basal cells and 

neurons also expressed IGF-I and the IGF-I receptor in vitro.  These observations are 

consistent with autocrine/paracrine regulation of neurogenesis by IGF-I. 

The method of culturing dissociated olfactory epithelial cells in EGF used in this 

study produces cultures composed of globose basal cells and horizontal basal cells, 

with a few supporting cells and no neurons (242).  This simplifies the analysis of growth 
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factor action because precursor proliferation can be distinguished from neuronal 

differentiation and survival (106, 242).  With this culture system it was clear that the 

direct action of IGF-I was to induce neuronal differentiation.  This included 

differentiation of neuronal precursors (indicated by the appearance of β-tubulin III-

positive cells), differentiation into "mature" olfactory neurons (indicated by expression 

of olfactory marker protein) and induction of neurite growth.  It should be noted here 

that the olfactory mucosa used in these experiments arose from two separate species, 

thus the possibility of species-specific responses exists.  However, unpublished 

observations from our laboratory indicate few, if any, differences exist between mouse 

and rat (and human) olfactory cell responses to specific culture conditions.  IGF-I 

reduced the numbers of proliferating basal cells, presumably by stimulating their 

differentiation into neurons and reducing the pool of dividing cells.  The differentiating 

effect of IGF-I was mediated via the IGF-IRα because a receptor-activating antibody 

reduced basal cell proliferation, induced neuronal precursor differentiation and 

promoted neurite outgrowth of developing neurons.  Endogenous IGF-I seemed to play 

a role in vitro because an anti-IGF-I antibody reduced neurite length, although it failed 

to increase basal cell proliferation.  

 The present observations are at odds with previous observations in vivo (215, 

259).  In both situations IGF-I increased the numbers of differentiated neurons but 

when applied in vitro IGF-I failed to stimulate basal cell proliferation.  The cellular 

complexity of the olfactory mucosa and the complexity of the dynamics of proliferation, 

differentiation and survival, make it difficult to be certain of the mechanism of action of 

a growth factor when applied intranasally, even when the observations are very clear - 

IGF-I led to more proliferating cells and more neurons.  Therefore, in the absence of 

the in vitro data, the observations in vivo suggest a logical mechanism whereby 

increased precursor proliferation leads directly to increased numbers of neurons.  In 

contrast, the in vitro observations indicate that IGF-I acts as a differentiating signal and 

not a mitogen for basal cell neuronal precursors.  If IGF-I is not mitogenic for basal 



Chapter 2 51

cells then the increased proliferation seen after nasal infusion must arise indirectly, for 

example, IGF-I may stimulate another cell in the olfactory mucosa to release the 

mitogen.  Conversely, there may be other growth factors present in vivo that modulate 

the basal cell response to IGF-I.  Such indirect actions remain to be demonstrated.  

Nonetheless the present in vitro observations demonstrate a direct, differentiating 

action of IGF-I and lack of mitogenic effect in olfactory epithelial cultures.   

 It is widely accepted that the globose basal cell is the olfactory sensory neuron 

precursor (47, 49, 198, 293, 306).  The GBC-1-positive, globose basal cell (119) 

proliferates in response to FGF2 and induced to differentiate by TFGβ2 (Figure 2.6 B) 

(242).  The majority of cells in the dissociated cell cultures were immunopositive with 

the GBC-1 antibody (Figures 2.5 E & F).  Most of these co-expressed IGF-I receptor, 

indicating that these were the targets of IGF-I and leading to the conclusion that IGF-I 

directly stimulates globose basal cells to differentiate into neurons.  Some of the GBC-

1-positive cells did not co-express the IGF-I receptor.  This is consistent with the 

hypothesis that the globose basal cells are heterogeneous, representing distinct 

precursor stages of unique cell lineages (119).  It is possible that the IGF-I receptor is 

expressed only at later stages of globose basal cell lineage such that as it matures it 

becomes responsive to IGF-I and thus able to differentiate via autocrine stimulation.  

Autocrine stimulation of the IGF-I receptor by secretion of IGF-I (73) represents a likely 

scenario for initiation of differentiation and this is supported by IGF-I immunostaining in 

the basal cell compartment of the olfactory epithelium.  The expression of the IGF-I 

receptor by immature neurons and their continuing expression of IGF-I is consistent 

with a continuing responsiveness, as indicated by the IGF-I-dependent increase in 

neurite length and the expression of olfactory marker protein.  However, in the basal 

cell enriched culture system used in the present study, neuronal differentiation is not 

spontaneous and it requires the addition of growth factors to the culture medium (242).  

Therefore in vitro concentrations of IGF-I may not reach high enough levels for 

autocrine-induced differentiation. 
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IGF-I is available via autocrine/paracrine routes within the epithelium as well as 

in the mucus at the surface (105).  This mucus source of IGF-I may act as a target-

derived factor that stimulates axon growth and promotes the survival of neurons whose 

dendrites have found the limited space at the epithelial surface (193, 194).  Consistent 

with this hypothesis, the IGF-I receptor is particularly dense at the surface (Figure 2.4 

A).  Similarly, IGF-I may act as a target-derived factor for olfactory axons as they leave 

the olfactory epithelium and enter the lamina propria because the olfactory ensheathing 

cells express IGF-I.  Finally, the olfactory bulb is another rich source of IGF-I (3, 109, 

115) providing a further survival signal for the developing sensory neuron axons upon 

reaching their destination. 

In summary, these in vitro data demonstrate that IGF-I has cell-specific 

differentiating effects supporting a model of olfactory receptor neuron development 

involving IGF-I activity as the primary catalyst for neuronal differentiation of the globose 

basal cell.  IGF-I initiates globose basal cell differentiation and neurite extension that is 

further promoted by the high IGF-I concentration in the mucus.  As the axons of the 

olfactory neurons extend into the lamina propria, ensheathing cells surround them and 

provide further IGF-I trophic support allowing the axon to reach the olfactory bulb (see 

Figure 2.9).  Although other factors are obviously implicated in this process the 

candidate suggests that IGF-I is a central player involved in olfactory sensory neuron 

differentiation and survival. 

2.5.2 IGF-I signalling in lamina propria 

As axons of the olfactory sensory neuron enter the lamina propria from the 

overlying olfactory epithelium they are surrounded by olfactory ensheathing cells that 

are believed to provide guidance and trophic support for olfactory sensory axons during 

the transition from the peripheral nervous system, through the cribriform plate, into the 

olfactory bulb (61, 167, 187, 292, 326).  Olfactory ensheathing cells have a 

demonstrated ability to promote olfactory neurite extension in vitro (316) and a 

diffusible factor is, at least in part, responsible for the neurite extension (156).  It is 
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Figure 2.9.  Proposed model of IGF-I function within the olfactory mucosa.  IGF-I promotes differentiation of globose 
basal cell to neuronal phenotype, most likely through autocrine stimulation of the IGF-I receptor.  Continual stimulation 
of the IGF-I receptor via IGF-I in the mucus and from the ensheathing cells allows for neurite extension to the epithelial 
surface and to the olfactory bulb respectively.  Olfactory ensheathing cells are promoted to proliferate via IGF-I 
stimulation allowing for proper ensheathing and guidance of newly formed olfactory receptor axons. 
 

shown here that IGF-I is a good candidate for this diffusible factor because it induces 

neurite extension and is expressed by olfactory ensheathing cells.   

 IGF-I also directly regulates olfactory ensheathing cell proliferation.  These cells 

express the IGF-I receptor, are induced to proliferate in a dose-dependent manner by 

IGF-I, and are induced to proliferate by a receptor-activating antibody.  Similar 

observations were made for cultures of rat and human olfactory ensheathing cells 

derived from the lamina propria.  In contrast, IGF-I failed to promote proliferation of 

olfactory ensheathing cells isolated from the rat olfactory bulb (359).  This difference 

could result from previously unknown differences between olfactory ensheathing cells 

from lamina propria versus the olfactory bulb or it could result from differences in 

culture conditions (335). 
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2.5.3 IGF-I signalling in the brain 

These observations in adult olfactory epithelium closely reflect known IGF-I 

actions in the developing brain.  IGF-I enhanced neuronal differentiation and promoted 

neuronal survival in cultures of developing rat olfactory bulb IGF-I (284, 346) and 

increased the length of pyramidal cell neurites in cultures of developing rat 

somatosensory cortex (243).  The finding of IGF-I as a glial mitogen is also supported 

by evidence from the anterior commissure of transgenic rats that over-express IGF-I.  

These animals have thicker myelin sheaths, an increased number of oligodendrocytes 

and more myelinated axons (360).  More directly, IGF-I induced proliferation of 

oligodendrocytes from developing rat cortex (154).  IGF-I produced by 

oligodendrocytes mediates survival of developing neurons and neurite growth (348). 

 IGF-I plays a role in postnatal neurogenesis in the hippocampus consistent with 

its action in the adult olfactory epithelium where it reduces precursor proliferation and 

induces neuronal differentiation and survival.  IGF-I null mice have a decreased 

number of cells in the dentate gyrus but cell proliferation and cell death were both 

increased (59).  In mice over-expressing IGF-I, the total number of neurons in the 

dentate gyrus was increased and the total number of synapses was increased (247).  

Peripheral infusion of IGF-I into adult rats induced an increase in newly-formed 

neurons in the dentate gyrus and an increase in the number of proliferating precursors 

(2), consistent with observations in neonatal olfactory epithelium after nasal application 

of IGF-I (259).  As in olfactory mucosa, the observations of IGF-I actions in the 

developing and adult brain do not easily allow conclusions about the 

autocrine/paracrine mechanisms responsible.  The present study demonstrates that 

olfactory mucosa can be most instructive in this regard. 
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3.1 Introduction  

The neurodevelopmental hypothesis of schizophrenia proposes that genetic 

and epigenetic factors alter early brain development leaving the affected individual at 

increased risk of developing schizophrenia (223, 345).  It has been suggested that 

disruptions in key events during brain development related to neuronal proliferation, 

migration, differentiation and cell death may underlie some of the subtle 

neuroanatomical and cytoarchitectural features associated with schizophrenia (155, 

344).  However, researchers interested in linking altered neurodevelopment with 

neuropsychiatric disorders face several major hurdles.  Firstly, many of the key 

processes underlying early brain development are not open to scrutiny in vivo.  In 

addition, by the time schizophrenia becomes clinically apparent, most of the central 

processes in brain development are long finished.  While neurogenesis in the adult 

human brain (94) might theoretically be used to investigate fundamental aspects of the 

neurodevelopmental hypothesis, harvesting neural precursors from the living human 

brain is ethically unjustifiable, dangerous, and technically difficult.  Animal models (e.g. 

transgenic mice, early life brain lesions or exposure to infection, toxins etc.) can 

provide an indirect window on what may be happening in neurodevelopmental 

disorders, however the validity of these models remains suboptimal (186).  

Chapter 2 presents a neurodevelopmental model, the olfactory epithelium, in 

which the above difficulties can be overcome.  Application of this model successfully 

demonstrated the function of IGF-I in olfactory neuro-, and gliogenesis.  A previous 

investigation of olfactory mucosa culture demonstrated decreased adhesion, cell death 

and increased proliferation in patients with schizophrenia (107).  Therefore it was 

hypothesized that olfactory mucosa cultures would reveal reduced adhesion and 

increased cell proliferation in patients with schizophrenia.  Additionally, the speculation 

that the therapeutic effect of some antipsychotics is related to their reduction of 

neuronal cell death in bipolar disorder (136, 207), led to the hypothesis that olfactory 

mucosa cultures would reveal increased cell death in patients with bipolar I disorder. 
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3.1.1 Aims 

The present study had two aims.  The first was to confirm the findings of 

increased cell proliferation and reduced attachment in schizophrenia versus controls 

from a previous study (107) and the second was to examine cell proliferation and cell 

death in biopsied olfactory mucosa cultures from patients with bipolar I disorder.   
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3.2 Methods 

3.2.1 Participants 

Participants were recruited from consumer groups and through a research 

participant register maintained by the Queensland Centre for Schizophrenia Research.  

All participants were interviewed with a modified Schedule for Clinical Assessment in 

Neuropsychiatry (SCAN) (350).  In addition, the hospital records for the patients were 

examined in order to confirm diagnoses according to DSM IV criteria.  All participants 

provided written informed consent prior to their involvement in the study.  All subjects 

with affective psychosis met criteria for Bipolar I Disorder, and were euthymic at the 

time of consent and at the time of biopsy.  In order to allow comparability between the 

current study and that of Féron et al. (1999), the DSM-IV diagnosis of schizophrenia 

was not subdivided.  Full clinical details according to the Diagnostic Interview for 

Psychosis are available on request.  All procedures were carried out in accordance 

with National Health and Medical Research Council Code of Practice for Human 

Experimentation and approved by both the Griffith University Human Experimentation 

Ethics Committee and the Wolston Park Hospital Institutional Ethics Committee.  

Biopsies were performed as an outpatient procedure as described previously (108) 

from conscious participants under a 10% cocaine local anesthetic.  Biopsies of 

olfactory mucosa were originally taken from eleven patients with schizophrenia, eleven 

patients with bipolar I disorder, and ten healthy controls.  Explants from two of the 

subjects (both bipolar I disorder) failed to attach, and cell counts were not available on 

a further three subjects (one from each group) because the explants and all outgrowing 

cells washed off during immunocytochemistry processing.  Thus, the samples available 

for mitosis and cell death analyses consist of ten individuals with schizophrenia (7 

males, 3 females, mean age in years (standard deviation); 39.9 (± 9.0)), eight 

individuals with bipolar I disorder  (4 males, 4 females; mean age (S.D.); (40.4 (± 

10.0)), and nine healthy controls (5 males, 4 females, mean age (S.D.); 36.9 (± 11.8)).   

Nine of the ten individuals with schizophrenia and four of the eight individuals with 
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bipolar I disorder were taking antipsychotic medications at the time of the biopsy.  None 

of the healthy controls was on psychotropic medication.  Antipsychotic medications 

were converted to chlorpromazine equivalent (CPE) doses (75).  The mean (and 

standard deviation) CPE for the schizophrenia group was 277.5 (223.7), and 112.5 

(138.9) for the bipolar I disorder group.  Concerning smoking status, 8 from the 

schizophrenia group, 2 from the bipolar group and 1 healthy control were smokers.  

Only two of the bipolar subjects were on lithium.  There were no significant group 

differences for age or sex (demographic data is shown in Table 3.1).  The nasal 

biopsies were collected without serious adverse events, although approximately one 

third of the subjects experienced mild, self-limiting bleeding and/or discomfort after the 

biopsy procedure.  

Sex Age Smoker Sex Age Smoker Sex Age Smoker
M 23 Y M 52 N M 25 N
F 48 Y F 28 Y F 62 N
M 49 Y M 35 N M 45 N
F 45 Y M 28 N F 29 N
M 30 Y F 55 N F 39 N
M 50 N M 35 Y M 25 N
M 39 Y F 49 Y M 39 N
M 32 Y F 29 N F 39 N
F 46 Y F 45 N M 55 Y
M 47 Y M 47 N M 29 Y
M 39 N M 40 Y

8/3 40.7 ± 2.7 9/2 6/5 40.3 ± 3.0 4/7 6/4 38.7 ± 4.0 2/8

Healthy ControlSchizophrenia Bipolar I Disorder

 
Table3.1.  Demographic information of participant groups.  Bottom row expresses age as mean ± SEM, the ratios of 
males versus females and smokers versus non-smokers. 
 
 

As an aside, each participant was administered the University of Pennsylvania 

Smell Identification Test (UPSIT)(85) prior to and after biopsy, to ensure that the 

biopsies did not adversely impact on the sense of smell.  The latter test confirmed that 

the sense of smell is not affected by nasal biopsy (171).  An interesting paradox was 

also observed.  Patients who smoked scored higher on the UPSIT than patients who 

did not smoke, while healthy control smokers scored worse than non-smokers (228). 
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3.2.2 Tissue culture and attachment 

Biopsies were taken from the posterior regions of the superior turbinate laterally 

and the nasal septum medially, regions which are rich with olfactory epithelium (108).  

The biopsies (up to 3 per subject) were chopped at 200 μm, 32 slices plated and 

cultured as previously described (107, 108), except that the present study used glass 

chamber-slides and not plastic chamber-slides.  Cell adhesion was indirectly 

investigated by measuring the percentage of biopsy slices that attached to culture 

slides after fourteen days of culture (Attachment Ratio).   

Once attached, the olfactory mucosa explant slices were cultured for one week 

in the serum-free media, DMEM (Dulbecco’s Modified Eagle Medium, Invitrogen), 

supplemented with ITS (Insulin, Transferrin, Selenium, Invitrogen), plus penicillin, 

streptomycin, and glutamine, followed by one week in DMEM-ITS supplemented with 

basic fibroblast growth factor (50 ng/ml, Sigma-Aldrich), followed by one week in 

standard DMEM-ITS.  All tissue culturing was performed at 37 ºC and 5% CO2.  Under 

these conditions neuronal precursors and their neuronal progeny migrate out of and 

away from the tissue slice and can be quantified (107, 108).  These serum-free culture 

conditions do not favor growth of contaminating fibroblasts or cells from the respiratory 

epithelium (106, 192).  During cell culture, and subsequent analysis, the primary 

investigator was blind to participant group status.  

3.2.3 Cell staining and counting 

After 3 weeks of growth, cultures were fixed in 4% paraformaldehyde for 5 

minutes and some were processed for anti-β-tubulin III immunoreactivity (1:200, 

Sigma-Aldrich) to ensure neuronal differentiation had occurred (Figure 3.1 A).  All 

cultures were then stained with the nuclear marker bisbenzimide  (1µM, Sigma-Aldrich) 

for 10-20 minutes.  Cultures were viewed at 400 X magnification and cells in up to five 

non-intersecting fields (two at the periphery of the explant, two at the periphery of the 

epithelial sheet and one field randomly chosen within the epithelial sheet) per well were 

counted.  Cell counts were taken from every possible well (range 3-27 wells per 
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participant) and the data analyzed.  A trained observer can readily distinguish cell 

proliferation, indicated by mitotic figures, and cell death, indicated by apoptotic and 

necrotic patterns of nuclear fragmentation / condensation.  This method of categorizing 

cells as dividing, dying or quiescent mirrors the method used by Féron et al. (107) in 

their analysis of olfactory mucosa in schizophrenia.  According to their pattern of 

nuclear staining, cells were assigned to one of the following categories: 1) Mitotic cells, 

all cells in anaphase/prophase with a clear chromosome condensation (Figure 3.1 B); 

2) Dying cells, which consist of both necrosis and apoptosis, have a condensed or 

fragmented nucleus (Figure 3.1 C); and 3) Quiescent cells, all remaining cells.   

 
Figure 3.1.  Neurogenesis and cell death in olfactory neuroepithelial cultures.  A) Olfactory neurons at varying 
developmental stages growing on top of the epithelial sheet (E) 3 weeks after attachment.  Very immature neurons 
(large arrows) with an epithelioid morphology and more mature bipolar neurons (small arrows).  Neurons were 
visualized with anti-ß-tubulin III. Bar represents 20 µm.  B) Epithelial nuclei stained with bisbenzimide showing mitotic 
figures (arrows) 3 weeks after attachment.  Bar represents 20 µm. C) Epithelial nuclei stained with bisbenzimide 
showing necrotic/apoptotic cells with condensed or fragmented nuclei (arrows) 3 weeks after attachment in vitro.  Bar 
represents 20 µm. 

 

In total 475,444 cells were counted.  Quantification was performed blind as to 

participant group status (patient versus healthy control). This fluorescent marker 
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method of quantifying cell proliferation and cell death was chosen over other methods 

because both cellular processes can be observed simultaneously.  This reduces tissue 

processing, decreasing the risk of processing-induced cell loss, and thus maintaining 

statistical power, an important issue when access to tissues is limited. 

3.2.4 Statistical analysis 

The statistical procedure Proc Mixed in SAS 8 (SAS Institute, Cary, NC) was 

used to compare the measurements of interest (attachment ratio, mitosis, and cell 

death) between the three groups, with planned comparisons (t-tests) between the 

schizophrenia versus healthy control groups (in order to replicate our previous study) 

and bipolar I disorder versus healthy control groups (in order to explore our cell death 

hypothesis).  Prior to analysis the distribution of the data were assessed and found to 

be suitable for parametric analyses.  Mixed model analysis was used to investigate the 

relationships, and the results were adjusted as appropriate for smoker status, and 

CPE.  Statistical tests used an alpha level of 0.05 and tests were two tailed. 

3.3 Results  

3.3.1 Attachment of explants 

The probability of attachment of the explants varied between subjects (in two 

subjects in the bipolar I disorder group, none of the 32 explant slices attached, whereas 

some individuals had over 90% attachment.  The Attachment Ratio was not 

significantly different at the group level (mean percentage, (standard deviation, range); 

schizophrenia 31.4% (4.11, 12.5-51.6); bipolar I disorder 44.7% (12.33, 0.0–96.8); 

healthy control 40.6% (7.60, 18.8–77.4);  (F = 0.66, df 2,25, p = 0.52) (Figure 3.2).  

Apart from the two bipolar I disorder patients who were excluded from further assay 

because no slices attached, one participant from each group (bipolar I disorder, 

schizophrenia, healthy control) was excluded from further assay, because their 

explants and outgrowing cells were washed off during immunocytochemistry 

processing. 
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Figure 3.2.  Attachment of olfactory mucosa explants to glass culture surface.  No statistically significant differences in 
attachment ratios were seen between groups. 
 
 

3.3.2 Mitosis 

Cultures from participants with schizophrenia had the highest proportion of 

mitotic cells: schizophrenia (mean (standard deviation) 0.65% (0.54)), bipolar I disorder 

(0.25% (0.23)), healthy control (0.29% (0.19)), although the overall 3-group comparison 

was not significant (F = 3.17, df = 2,23, p = 0.06) (Figure 3.3).  In planned pair-wise 

tests, there was significantly more mitosis in schizophrenia compared to control (t = -

2.08, df= 16, p = 0.048) and bipolar I disorder (t = -2.25, df = 15, p = 0.03).  There was 

no significant difference in mitosis in bipolar I disorder and healthy control (t = -0.04, df 

= 15, p = 0.82).  
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Figure 3.3. Increased mitosis in olfactory mucosa cultures from schizophrenia patients.  Olfactory cultures from 
schizophrenia patients increased mitosis compared to those from patients with bipolar I disorder or healthy 
controls.   

 

3.3.3 Cell death 

 Cultures from participants with bipolar I disorder had the highest proportion of 

dying cells: bipolar I disorder (mean (standard deviation) 6.12% (4.11)), schizophrenia 

(2.90 (2.44)), healthy control (1.80 (1.36)) and the overall 3-group comparison was 

significant (F = 5.3, df = 2,23, p = 0.01) (Figure 3.4).  In planned pair-wise tests, there 

was significantly more cell death in bipolar I disorder compared to control (t = 3.17, df = 

16, p = 0.004) and schizophrenia (t = 2.37, df = 15, p = 0.03).  There was no significant 

difference in cell death in schizophrenia and healthy control (t = -0.83, df = 15, p = 

0.42).  
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Figure 3.4.  Increased cell death in olfactory mucosa cultures from patients with bipolar I disorder.  

 

3.3.4 Effects of smoking and medication 

There was a trend for non-smokers to have a higher attachment ratio than 

smokers (F (1,26) = 4.02, p = 0.06), but no significant associations were found between 

smoking and mitosis or cell death (data not shown).  Neither the dose of antipsychotic 

medication (as measured by CPE) nor the presence of lithium were significantly related 

to attachment ratios, mitosis or cell death (data not shown).   
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3.4 Discussion 

This study has demonstrated increased cell proliferation in olfactory 

neuroepithelium cultures in schizophrenia and increased cell death in olfactory 

neuroepithelium cultures in bipolar I disorder.  These findings are consistent with 

dysregulated neurodevelopment and suggest different pathways of dysregulation in 

these psychoses.  The present study confirmed a trend for olfactory explants in 

schizophrenia to attach less frequently to the culture well surface but the difference 

between patients and controls was not statistically significant, as reported previously 

(107).  This may be due to differences in the culture surfaces, glass (present study) 

versus plastic (previous study).  Plastic culturing surfaces are acknowledged to be 

more adherent to cells (132, 206) even in the presence of  added cell matrix proteins 

(206), such as fibronectin, used in both our studies.  The numbers of proliferating cells 

and dying cells reported here are probably underestimates.  Cell proliferation, 

assessed by the number of mitotic figures would underestimate the total number of 

proliferating cells because only nuclei with a clear pattern of chromosome 

condensation were counted and the period of chromosome condensation is very short 

(minutes) compared to the period of the cell cycle (about 20 hours).  Similarly, the 

numbers of dying cells would be underestimated because the period of clear nuclear 

condensation is very short.  Nevertheless, the numbers of proliferating and dying cells 

can be compared across the groups because the same limitations apply to all groups.    

3.4.1 Increased cell proliferation in schizophrenia 

In agreement with a previous study (107), there was significantly more cell 

proliferation in olfactory cultures from persons with schizophrenia versus healthy 

controls in olfactory cultures.  Because the proliferating cells in these cultures are 

predominately neuronal (106, 192, 239, 242) differences in their proliferation can be 

expected to alter the dynamics of neurogenesis and thus alter the balance of cells in 

the developing tissue, olfactory epithelium in this case or, by extension the brain.  A 

similar conclusion was drawn in a recent post-mortem study of the olfactory epithelium 
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in which olfactory neuroepithelium in the schizophrenia group had a lower density of 

basal cells (the presumptive neuronal precursor) and more developing neurons than 

the healthy control group (13).  Although consistent conclusions can be drawn from 

these studies, one should be cautious when inferring the exact relationship between 

observations in elderly patients post-mortem and in a younger group in vitro but it is 

instructive that both studies observed changes consistent with alterations in the early 

developmental events of neuronal precursor cell proliferation and neuronal 

differentiation.  Interestingly, the numbers of sensory neurons were similar in patient 

and control groups in vitro (107) and in post-mortem tissue (13).  Neurogenesis is a 

dynamic process and both studies provide observations only at a single time point.  

Clearly a time series is required to fully interpret the observed "dysregulation".  

Cultures of olfactory neuroepithelium can provide the model in which to explore this 

dynamic process in more detail.  

3.4.2 Increased cell death in bipolar I disorder 

Bipolar I disorder is also suggested to be a disorder of neurodevelopment (262, 

268, 340).  Increased cell death, as observed in these olfactory cultures, is consistent 

with this hypothesis.  The increase in cell death in bipolar I disorder was marked with 

approximately three-fold increase in dying cells in the bipolar group over the other 

groups.  These findings support the hypothesis that the balance between neurogenesis 

and cell death may be altered in bipolar I disorder (37, 67, 68).    

The increased cell death in olfactory cultures in bipolar I disorder is consistent 

with the recent evidence showing that medications used in the treatment of affective 

psychoses are neurogenesis-inducing and neuroprotective in animal models (210).  

Olfactory cultures provide direct evidence for increased cell death in neuronal tissue in 

bipolar I disorder and could be used to test the effects of medications on neurogenesis.  

It is unlikely that the present observations were affected by medications because they 

were made after at least 3 weeks in vitro and had frequent changes of culture medium 

that would wash out any residual drugs from the tissues.  The ability to examine 
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neurogenesis, neuronal precursor cell proliferation and cell death in olfactory cultures 

opens up new ways to directly examine the mechanisms of action of medications on 

neuronal tissues from a variety of patients.  

  One cannot be certain of the relationship between adult olfactory neurogenesis 

in cultured neuroepithelium and neurogenesis in the intact developing, or adult, brain.  

Nevertheless, adult olfactory epithelium provides access to a neural tissue in which 

fundamental neurodevelopmental processes can be observed and manipulated in adult 

persons with neurodevelopmental disorders.  This study has confirmed differences in 

cell proliferation in schizophrenia, and for the first time, identified a difference in cell 

death in bipolar I disorder compared to healthy controls.  If present in fetal or adult 

brain these would alter the timing and balance of neuronal birth, differentiation and 

death and could consequently affect the timing and success of synaptic connectivity 

leading to fundamental differences in brain function in these disorders.  The ability to 

examine in vitro, the dynamic process of neuronal birth, differentiation and death in 

neuroepithelium from individuals with psychosis provides a powerful tool for 

understanding neurobiological sequelae of schizophrenia and bipolar I disorder.  It also 

provides measurable neurobiological factors associated with affective and nonaffective 

psychoses that may serve as informative endophenotypes for future genetic studies 

(121).  The observed differences in cell biology in the olfactory neuroepithelium in 

psychosis also lend themselves to exploration using gene and protein expression 

arrays.  Pertinent to this are recent attempts to investigate the genetic bases of 

neurogenesis, determination of cell fate and differentiation during development (33), 

procedures which could be applied to olfactory neuroepithelium cultures.  With these 

technologies one could compare the differential expression of genes and proteins 

between control and patient groups (131, 234, 331) and one could investigate the 

effects of psychotropic agents on the expression of genes or proteins such as the 

impact of lithium on the anti-apoptotic protein Bcl-2 (210).  



Chapter 3 69

3.4.3 Summary 

 Olfactory mucosa culture is a valuable model with which to study 

neurodevelopmental parameters which may help to provide insights into normal CNS 

development and the aetiology of psychiatric disease.  Using this model, the present 

study found an increase of cell proliferation in schizophrenia and an increased cell 

death in bipolar I disorder.  Culture of olfactory mucosa biopsies can reveal biological 

cellular phenotypes in psychotic disease not obvious from the general pathology of the 

disease itself.  These phenotypic differences have relevance to the 

neurodevelopmental nature of psychosis. 
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4.1 Introduction 

Chapter 2 demonstrated the functionality of olfactory mucosa culture as a 

model of neurodevelopment and this model was successfully used to investigate 

selected neurodevelopmental parameters in psychotic disease (Chapter 3).  The 

findings of increased mitosis and cell death in olfactory cultures from patients with 

schizophrenia and bipolar I disorder respectively (Chapter 3, Section 3.3), provide 

insight into the developmental etiology of these diseases but lack descriptive 

information about what genetic and molecular pathways underlie these phenotypic 

changes.  The next section of the thesis applies gene array technology to the fibroblast 

(Chapter 4) and olfactory mucosal biopsy (Chapter 6) in order to further explore 

differences in (a) schizophrenia versus control, and (b) bipolar versus control (Chapter 

6 only).  It was hypothesized that gene expression analysis of olfactory mucosa would 

reveal alterations to genetic pathways involved in the cell cycle in patients with 

psychosis.  Furthermore, as outlined in Chapter 1, Section 1.4.3, microarray analyses 

have revealed alterations in gene pathways regulating development, signal 

transduction, transcription factors, polyamine metabolism and mitochondrial function 

encompassing the TCA cycle, malate shuttle and electron transport chain (131, 231, 

331) in schizophrenia.  Such microarray analyses have supplied numerous candidate 

genes and genetic pathways that can be tested in the olfactory cultures.  Thus, it was 

further hypothesized that gene expression analysis in the present study would also 

reveal alterations in the aforementioned pathways. 

Due to the limited availability of biopsied tissue, and hence mRNA, it was 

decided that the extracted mRNA would undergo an amplification procedure (257, 329) 

in order to provide enough sample for microarray hybridizations.  However, the 

amplification process is not without risk because it destroys the original RNA, and was 

not a procedure known to this laboratory.  Therefore it was decided that the candidate 

would gain experience in the technique using cultured skin fibroblasts and once 

competent, perform a microarray analysis on the amplified skin fibroblast RNA prior to 
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proceeding with the olfactory mucosa biopsies.  Our group is the first to perform 

microarray analysis on skin fibroblasts (Jennifer Taylor, Ph.D. thesis) and olfactory 

mucosa (this thesis) from patients with psychosis. 

Non-neuronal cells were used to investigate mechanisms associated with 

neurodevelopmental and neurodegenerative brain disorders.  As discussed in Chapter 

1, Section 1.4.1, fibroblast cultures have been used to investigate cobalamin C 

disease, (282), fragile X syndrome (302), Alzheimer’s disease (96), and schizophrenia 

(200), proving to be a useful tool for investigating aspects of the pathology that may 

extend beyond the brain in these disorders.  The relevance of skin fibroblast culture as 

a model for mechanisms operating within nervous tissue development is further 

supported by the embryonic origin of these cells.  The epidermis (the tissue in which 

skin fibroblasts reside) and all neural tissues are derived from the ectodermal layer of 

the early embryo (246).  Developmentally speaking, skin fibroblasts are closer to their 

embryological origins than are nerve cells, as the key parameters of developmental 

growth (cell proliferation, attachment, migration, and cell death), are still operational.  

Therefore, study of skin fibroblasts may provide insight into mechanisms involved with 

brain development. 

Microarray analyses of tissues from patients with psychosis offer researchers 

the potential to see, on an unprecedented scale, the genetic mechanisms operating 

within the disease.  Also, microarray analyses offer the possibility of novel and 

unhypothesized insights into the etiology of disease at a molecular level.  However, 

these analyses generate a wealth of data that can overwhelm the researcher and 

generate new hypotheses in excess.  This, and the consideration that microarray data 

are susceptible to variation from numerous sources (323), demands that caution be 

taken during interpretation.   

Furthermore, validation of microarray data is also required; generally this is 

accomplished through quantitative PCR or proteomic studies.  Due to the large amount 

of data generated, practical constraints only allowed quantitative PCR validation for a 
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few genes.  In keeping with the primary goal of this thesis only those differentially 

expressed genes involved with cell cycle regulation were selected for verification.  The 

RNA for microarray analysis in the present study underwent an amplification 

procedure.  A recent study has suggested that RNA abundances can be selectively 

altered during an aRNA amplification process (182), making comparisons between 

RNA species difficult (i.e. mRNA versus aRNA).  Therefore, it was hypothesized that 

genes found to be differentially expressed in schizophrenia by microarray analysis 

would be confirmed as being differentially expressed by qPCR analysis using samples 

of unamplified RNA. 
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4.1.1 Aims 

 The primary aim of the present study was to investigate gene expression in 

individuals with schizophrenia.  Skin fibroblasts were chosen for investigation for the 

reasons mentioned previously and because of their accessibility and abundance.  

Gene expression analysis of the olfactory mucosa is the subject of a later study 

(Chapter 5).  More specific aims were to: 1) determine the genetic involvement of cell 

cycle pathways resulting in the observed phenotypic differences, 2) test gene 

candidates and pathways from previously published microarray studies of 

schizophrenia, 3) develop new hypotheses from the data that can be directly related to 

structural and functional data from current literature, 4) validate, by means of 

quantitative PCR (qPCR), any cell cycle related genes that are differentially expressed 

in schizophrenia using unamplified skin fibroblast RNA and 5) test for differential 

expression of genes that are of recent interest to the schizophrenia research 

community through qPCR analysis. 
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4.2 Methods 

4.2.1 Introduction to microarrays and gene expression analysis 

The new wealth of genome sequence data in multiple species has made it 

possible to query gene expression levels by microarray analysis.  Hybridization arrays 

involve the following four steps (Figure 4.1), 1) RNA isolation, 2) purchase or 

construction of an array, 3) creation of labeled targets from RNA usually with one 

colour fluorophore for each condition to be tested, and 4) competitive hybridization of 

the target to the probes on the array (111).  The general operating principle behind a 

microarray experiment is that the expression of a gene equates to the amount of 

labeled target and thus the output signal (fluorescence).  Differential amount of target 

leads to a differential fluorescence level between fluorophores, which can be quantified 

and expressed as a fold-change in gene expression levels.  

 
 

Figure 4.1). Four steps of a hybridization microarray.  Adapted from Freeman et al. (111). 
 
 

Today, gene expression profiles for thousands of genes can now be examined 

simultaneously through the use of cDNA or oligonucleotide microarrays.  The gene 

expression data generated by microarray experiments has enabled researchers to 
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assess biological differences and their underlying molecular mechanisms at an 

unprecedented rate.  However, the manner by which these experiments are performed 

yields several unique technical challenges, and when the experiments are completed, 

the data must be collated, analyzed and presented in a manner that yields accurate 

results allowing data-mining and direct comparison to the results of other researchers.  

Systematic methods for data acquisition, analysis and presentation are required.  

Recently, standards have been published (38) which have improved the quality of 

reporting gene arrays studies, thus facilitating between-study comparisons.  The 

principles outlined by Minimum Information About a Microarray Experiment or MIAME 

(38) form the basis for the presentation of the analysis presented here.   

4.2.1.1 Experimental design 

As with any experiment, the design of a microarray experiment is of paramount 

importance.  The most important aspect of experimental design is to control, or at least 

attempt to control for, any variation that is inherent in the sampling and analysis 

methods or within the samples themselves.  Variation in microarray experiments has 

been assigned to 3 levels (63).  The first level of variation is biological variation, or the 

variation of gene expression inherent between individuals.  This variation between 

individuals can be controlled to some degree by matching participants by age, sex, 

lifestyle factors, and perhaps, ethnic background.  The second level of variation is 

technical variation, which is variation introduced by the experimenter in how samples 

were handled, treated etc.  For example, if more than one sample was derived from 

one individual (i.e. two microarrays for an individual) the expected correlation in 

expression levels between the two arrays is only 60-80% as opposed to the 95% 

correlation if the samples were alternately labeled and applied to the same microarray 

(63).  The final level of variation is measurement error, which generally arises from 

differences in reading fluorescence values.  The two fluorescent dyes predominately 

used in microarray experiments, Cy3 and Cy5, are relatively unstable and may 

differentially influence incorporation efficiencies during labeling.  Furthermore, these 
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dyes are detected by the scanner with different efficiencies (323).  These differences in 

dye incorporation and detection can influence experimental outcome and as such, can 

be a source of consternation to the researcher, especially when reproducibility of 

results is desired. 

Generally the latter two levels of variation (technical and measurement error) 

are considered to represent the smaller source of variance in the data (218), and 

therefore it is not always necessary to discriminate between the two.  Cost is often a 

factor in microarray experimental design.  To help maintain cost-effectiveness it is 

preferable to use multiple individual samples rather than sample replicates, because 

increasing the number of individuals helps to ensure that any observed statistically 

significant effects are real and reproducible (63).  Another method to improve data 

validity is by using multiple spots per gene on the microarray.  These extra spots do 

add an additional level of variance, but function to increase the precision of the data 

(63).  However, multiple spotting would require more arrays per individual sample for 

the same number of genes investigated and this increases costs.  A further issue for 

consideration in microarray experimental design is the low dynamic range of 

microarrays (240).  Low levels of gene expression lead to low levels of fluorescence, 

which can be removed from the data after accounting for background levels of 

fluorescence.  The converse is also true.  High levels of fluorescence (i.e. gene 

expression) may surpass the maximal detectable level of the scanner and therefore 

also be filtered out from the data set.  Loss of this data can unfortunately lead to small 

yet significant under-representations of data.  Validation of microarray data by another 

method is therefore necessary.  A useful tool for validation of the observed trends in 

microarray gene expression levels is qPCR which has a wide dynamic range of 

detection (141, 272).  It is also important to note the relationship between mRNA and 

its expressed protein is not always linear (78) so care must be taken when interpreting 

microarray or real-time PCR data since conclusions can be made about mRNA 

expression that do not apply to protein expression. 
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4.2.1.2 Array design 

Gene arrays can come in many different probe and surface types.  The 

surfaces of gene arrays can be glass slides (83) or nylon or nitrocellulose membranes 

(125).  Membrane-based arrays can be likened to large scale Northern blotting 

experiments although in a condensed format (125), while glass slides represent the 

‘classic’ microarray.  Probes can be cDNA clones, PCR products, synthesized 

oligonucleotides (111), printed by pin-spotting or ‘ink-jet’ printing (261).  Another type of 

probe is used by the Affymetrix Gene Chip, where high density oligonucleotides are 

synthesized in situ on the array surface (240).  Of primary importance for the utility of 

the array is careful probe design.  Probes must be organism-, and gene-specific to 

reduce non-specific hybridization.  In the case where homologous gene family probes 

are required, they must be constructed to regions of low sequence conservation 

amongst other members of the gene family (111).  Probe sets can be developed ‘in-

house’ with genes of interest defined by the experimenter, or many commercially-

developed probe sets that range in magnitude from pathway-specific subsets of genes 

to genome-wide sets. 

4.2.1.3 Samples 

 After species-, tissue-, and cell-type of the samples used in a microarray 

experiment, the primary factor influencing reproducibility and validity of output data is 

the treatment of the samples prior to hybridization.  This includes RNA extraction 

techniques, method of reverse transcription to prepare a cDNA target, or even 

amplification of RNA (111, 329, 341) in the case of low amounts of starting material.  

Target must be labeled in order to measure the amount of hybridization.  This is usually 

performed during the reverse transcription process or RNA amplification reaction in 

which one of the nucleotides contains a fluorescent or aminoallyl label to which a 

fluorescent tag (e.g. cyanine dye) can later be bound (Figure 4.2). 
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Figure 4.2.  Amino-allyl – Cy5 labeling reaction.  Adapted from Ambion® MessageAmp™ instruction manual (7). 

 

Antisense RNA (aRNA) is the product of RNA amplification (Figure 4.3), which 

can be directly hybridized to the probes on the microarray slide.  This technique can 

provide up to a 1000-fold equivalent increase in available mRNA transcripts after a 

single round of amplification (329).  The advantage of aRNA amplification compared to 

other amplification methods, such as PCR, is that it linearly amplifies the genetic 

material (in this case the mRNA population), which maintains relative levels of gene 

expression (87, 257, 329).  However, aRNA amplification has some identified 

shortcomings.  Multiple rounds of amplification caused 5’-end truncation of target 

sequences and probe sets designed from sequences further from the 3’-end become 

undetectable (218).  Although amplified samples had greater levels of noise 

(background fluorescence), this variability did not affect the outcome of the analysis 

when only a single round of RNA amplification was used (218). 
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Figure 4.3.  Synthesis and amplification of antisense RNA. Adapted from Ambion® MessageAmp™ instruction manual 
(7). 

 
4.2.1.4 Hybridization procedures and parameters 

The goal of any hybridization experiment is to match probe and target 

sequences so they bind specifically to each other.  Presentation of target must be 

equally distributed over the array surface.  Thus, the target-containing hybridization 

solution must be evenly mixed and dispersed over the surface-bound probes.  

Furthermore, the volume of hybridization solution, duration of hybridization and 

temperature fluctuations must be controlled for if valid comparisons between separate 

microarrays are to be achieved (111).  Hybridization chambers, into which known 

volumes of hybridization solution can be added and then placed into water baths, can 

control for volume and temperature between arrays.  Wash solutions must also be 
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evenly applied to remove non-hybridized targets, reduce non-specific hybridization and 

minimize background fluorescence.  

4.2.1.5 Measurements: images, quantification and specifications 

Upon completion of hybridization and washing microarrays, generally a confocal 

laser scanner is then used to detect the resulting level of dye incorporation.  The 

fluorophore tags are compounds whose electrons are excited by light of a certain 

wavelength and then emit light (photons) at a different wavelength.  The emitted light 

follows a linear relationship with the amount of dye present, so the amount of signal 

equates into the amount of labeled target (111).  Differences in detection levels of 

fluorophores of different colours for a single gene product therefore represent a 

differential expression of that target between experimental conditions.  However, the 

relative instability of the cyanine dyes (102) may result in different quantum efficiencies 

of the fluorophores and hence different efficiencies by which they are detected by the 

scanner.  Such a differential detection could skew the data in one direction, causing 

smaller or larger differences in gene expression between conditions based on the 

actual initial proportions of gene product.  The possibility of gene-label interactions (i.e. 

one dye being incorporated more readily into a specific nucleic acid sequence than 

another) is another potential source of data contamination.  However, variance 

introduced by these types of contamination appears to be insignificant in magnitude 

when compared with the other sources of variation in a microarray experiment (323).  

After a scanned image is taken, image analysis software packages are used to assign 

the appropriate gene identifiers to each spot and remove background noise.  

Background subtraction removes non-specific fluorescence from each spot allowing for 

a more valid comparison between signal intensities.  A potential complication to a 

global background subtraction is that variations in background fluorescence levels can 

occur across the surface of the microarray.  Therefore, a general background removal 

may actually change true spot intensities (111).  However, most new image analysis 

packages provide a discriminatory localized background subtraction.  
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4.2.1.6 Normalization controls, values and specifications 

While variable efficiencies in dye labeling and detection have little effect within a 

single array (323), they still need to be controlled for between arrays.  Experiment 

normalizations are used to standardize microarray data allowing the experimenter to 

differentiate between real (biological) variations in gene expression levels and 

variations arising from the measurement process.  The normalization of fluorescence 

intensities adjusts for differences in labeling and detection efficiencies and for 

differences in the initial mRNA quantity.  Normalizing also scales the data so that 

relative gene expression levels can be compared between arrays.  There are several 

methods available to normalize microarray data.  The variety of normalization 

techniques includes total-intensity, ratio-based, and both linear and non-linear 

regression methods (323).  Typically, microarray data are normalized per-array 

together with a per-gene normalization or a per-spot normalization with a per-slide 

normalization.  The latter technique takes the sum of intensities for all spots and 

equilibrates them (111), and then equilibrates the sum intensities of all microarray 

slides.  Furthermore, the per-spot normalization can be used to filter out contaminated 

spots or spots of poor quality (323) increasing the validity of the remaining data.  The 

per-gene normalization is only applicable in the instance where each microarray slide 

contains replicate spots for each gene. 

 The final stage of a microarray experiment (excluding validation) is the analysis 

of the normalized data to generate a comparison of expression levels between 

experimental conditions.  This comparison is stated as the expression ratio, which is 

the normalized value of the expression level for a particular gene in the experimental 

sample divided by the normalized value of the expression level for the control sample 

(265).   

4.2.1.7 Analysis 

Large data sets are generated by these analyses and currently the most 

efficient method to query these data is by employing clustering algorithms to find 
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groups of genes that behave similarly across experimental conditions (111).  Briefly, 

cluster analysis methods can be divided into supervised and unsupervised methods.  

Unsupervised methods group genes solely on the basis of similar expression patterns 

without knowledge of experimental condition and aid the researcher in determine co-

regulated genes or pathways.  Examples of unsupervised clustering are hierarchical 

clustering, self-organizing maps, k-means clustering, and principal component analysis 

(126, 265).  Determination of statistical significance of microarray data is still a hotly 

debated area with multiple analysis methods available (39, 129, 159, 178, 252, 288, 

313).  Many studies have selected an arbitrary point of 2-fold difference in expression, 

as a cut-off level for significance.  However, there is no valid theoretical basis for 

selecting that point (265), and lower fold changes (1.4-fold) are reported (333).  Most 

microarray analysis software packages offer more classical parametric and non-

parametric statistical analysis methods.  While many researchers find the wide array of 

available microarray data analysis methods disquieting one must accept that often 

there is no ‘correct’ way to analyze microarray data, but by utilizing various techniques 

of analysis, different and potentially hidden features of the data set can be revealed 

(265). 

4.2.2 Skin biopsy collection and cell culture 

Participants were recruited from consumer groups and through a research 

participant register maintained by the Queensland Centre for Mental Health Research.  

All participants (10 with schizophrenia, 7 with bipolar I disorder, and 11 healthy 

controls) were interviewed with a modified Schedule for Clinical Assessment in 

Neuropsychiatry (SCAN) (350).  In addition, the hospital records for the patients were 

examined in order to confirm diagnoses according to DSM IV criteria.  All participants 

provided written informed consent prior to their involvement in the study, which was 

approved by the West Moreton Ethics Committee.   

A preliminary analysis of the initial microarray data demonstrated significant 

differences in data quality (number of spots counted as present, mean array signal 
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intensity) for four of the schizophrenia arrays and five of the healthy control arrays.  

The remaining microarrays had consistent data of good quality.  Therefore, the poor 

quality arrays were excluded from data analysis, leaving six microarrays each for both 

the schizophrenia and healthy control groups.  This meant that age-matching and sex-

matching was lost in the remaining subjects, but between groups there was no 

significant difference in age (two-tailed t-test; p = 0.72) (Table 4.1).   

Healthy Control Schizophrenia 
ID Age Sex ID Age Sex 
C21 25 M S21 48 F 
C22 62 F S23 30 M 
C23 42 M S24 23 M 
C24 29 F S28 32 M 
C25 45 M S31 39 M 
C28 39 M S38 50 M 
 40.3±1.7   37±1.8  

 

                               Table 4.1 Demographic data for subjects included in final microarray analysis. 

 
Skin biopsies of approximately 1 mm2 in size were excised from the upper 

inside arm, using 1% Xylocaine intradermally as a local anaesthetic, and a 5 mm 

disposable biopsy punch.  Biopsies were placed on ice in Dulbecco’s Modified Eagle 

Medium (DMEM, GibcoBRL; Rockville, MD) supplemented with 10 % fetal bovine 

serum (JRH Biosciences; Lenexa, KS), penicillin and streptomycin (1 %; GibcoBRL).  

The tissue was then incubated for 30 min at 37° C in a 2.4 U/ml dispase II solution 

(Boehringer Mannheim; Mannheim, Germany).  The dermis was separated from the 

epidermis under the dissection microscope and sliced at 200 μm using a McIlwain tissue 

chopper.  Each slice of dermis was plated separately in Petri dishes, covered with a 

sterile 13 mm-diameter glass coverslip and fed with a serum-containing DMEM.  Two 

to three days later, fibroblasts started to grow out of the explant and to proliferate.  

When the culture reached confluency, cells were passaged and grown in large 

quantities in 75 cm2 flasks (Nunc; Naperville, IL).  Fibroblasts were then harvested and 

cryogenically stored in liquid nitrogen.  When required for analysis, skin fibroblasts 

were thawed for 5 minutes and cultured in DMEM, supplemented with 10 % fetal 

bovine serum, penicillin and streptomycin (1 %; GibcoBRL) plus 0.2 % Fungizone™ 
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(amphotericin B, GibcoBRL) at 37°C under 5% CO2, using 500 cm2 Nunclon™ Triple 

flasks (Nunc).  Cultures were checked for confluency every day using an inverted 

microscope for 5-7 days until 80 % confluency was reached.  Cultures were then 

harvested by washing 3 times in Hank’s Buffered Saline Solution (HBSS, GibcoBRL) 

followed by a five-minute incubation at 37 °C in 0.025 % trypsin (GibcoBRL). Trypsin 

was inactivated by suspending the cells in 50 ml of serum-containing media (described 

above), pelleting the cells by centrifugation, aspiration of supernatant and resuspension 

in 50 ml HBSS (GibcoBRL) followed by another centrifugation.  The supernatant was 

removed and cells were prepared for RNA extraction. 

4.2.3 Extraction & purification of RNA 

Total RNA was extracted by homogenizing the cells with a T8 Ultra-Turrax® 

disperser (IKA® Works; Selanger, Malaysia) for 45 seconds and then using an 

RNeasy® kit (Qiagen; Clifton Hill, Australia) with an on-column RNase-Free DNase Set 

(Qiagen) as per the manufacturer’s instructions.  Integrity of RNA was determined by 

an optical density (OD) reading and by 2% agarose gel electrophoresis.  The OD260/280 

ratios were greater than 1.75, and the 18S and 28S ribosomal RNA band integrity was 

visually verified by ethidium bromide staining.  Total RNA was stored at – 80 °C until 

required. 

4.2.4 Amplification & aminoallyl labelling of sample aRNA  

Extracted RNA was amplified using MessageAmpTM aRNA Kit (Ambion; Austin, 

TX).  For each sample two micrograms of total RNA was mixed with a T7 Oligo(dT) 

primer and hybridized to the mRNA for 10 minutes at 70 °C, then cooled to 42°C.  First-

strand cDNA was synthesized using SuperScript III RNase H- Reverse Transcriptase 

Kit (200 U; Invitrogen; Melbourne, Australia) in a 1X reverse transcriptase buffer 

containing 5 mM DTT, 40 U RNase OutTM  (Invitrogen) plus reverse transcriptase buffer 

(Invitrogen) and incubated for 2 hours at 50 °C then placed on ice.  Samples were then 

subjected to second strand cDNA synthesis, aRNA amplification, aminoallyl labeling, 

and purification as per the MessageAmpTM aRNA kit instructions (Ambion).  Integrity of 



Chapter 4                            86

aRNA was checked using an OD reading of greater than 1.80 and visualization on an 2 

% agarose gel with the aRNA appearing as a smear between 250-5000 nucleotides in 

length (manufacture’s recommendation).  Amplified antisense RNA samples were 

divided into 5 μg/10μl aliquots and stored at – 80 °C until required. 

4.2.5 Reverse transcription and aminoallyl labelling of reference 

RNA 

 Individual experimental and control samples were hybridized against a common 

reference.  This method is advantageous over direct hybridizations of a matched 

control versus experimental pair as it does not require performing an additional dye-

swap hybridization to compensate for dye-incorporation bias and allows comparisons 

between arrays (261).  For each sample to be hybridized, 10 μg of Universal Human 

Reference RNA (Stratagene; La Jolla, CA) in 16 μl water, was mixed with 1μl each of: 

RNase Inhibitor (40 U/μl, Invitrogen), Oligo d(T15) (2 μg/μl, Roche; Mannheim, 

Germany), and Random Hexamer Primers (3 μg/μl, Promega; Madison, WI).  Samples 

were heated to 70 °C for 10 minutes, then cooled on ice for 2 minutes to break RNA 

secondary structure and then re-heated for 10 minutes at 42 °C.  An ice-cold master 

mix solution consisting of 8.0 μl of 5X first strand buffer (Invitrogen), 3.0 μl of mixed 

dNTPs (dATP, dGTP, dCTP at 6.67mM each, Invitrogen), 3.0 μl dTTP (2mM; 

Invitrogen), 3.0 μl AminoAllyl dUTP (10 mM, Sigma; St. Louis, MO), and 4.0 μl DTT 

(0.1 M; Invitrogen) was then added to the samples.  Samples were mixed thoroughly 

and heated to 50 °C, then 2.5 μl of Superscript III (200U/μl, Invitrogen) was added and 

samples incubated for 1.5 hours.  An extra 1 μl of Superscript III (Invitrogen) was 

added to the reaction, and samples were incubated for a further 1 hour at 50 °C.  The 

enzyme was inactivated by heating reactions to 95 °C for 5 minutes and then samples 

were placed on ice for up to 2 minutes.  Remaining RNA was hydrolyzed by heating the 

samples to 65 °C for 15 minutes in the presence of 2 μl 0.5 M EDTA and 8 μl of 1 M 

NaOH.  Adding 8 μl of 1 M HCl neutralized the solution.  Aminoallyl-labeled reference 
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target was then purified using a Micron-PCR centrifugation filter chamber (Millipore; 

Billerica, MA) and washing two times with water.  Samples were eluted in 10μl of MiliQ 

water.  In order to ensure consistency amongst hybridizations, all labeled reference 

samples were mixed together and divided into 10 μg/10μl aliquots, then stored at – 80 

°C until required. 

4.2.6 Microarray hybridization 

 Amplified aRNA and labeled reference samples were retrieved from – 80 °C 

storage and thawed.  A sampling procedure was designed to reduce sampling bias 

where the hybridizations were performed in sets of three.  Each hybridization round 

was performed alternately on two healthy control samples plus one schizophrenia 

sample or two schizophrenia samples plus one healthy control sample.  All samples 

were randomly selected; with the above pattern of selection alternating each time 

hybridizations were performed.  To both the experimental and reference samples, 4 μl 

of freshly made 0.3 M Sodium Bicarbonate Buffer (pH 9.0) was added.  Cyanine dyes 

(Cy3 and Cy5, 2 μl in 100% DMSO; Amersham Biosciences, Buckinghamshire, 

England) were added separately to the samples (Cy5 to aRNA sample, Cy3 to 

reference cDNA) and incubated in the dark at room temperature for 1 hour.  In order to 

remove any unincorporated dye, labeled samples were purified with components of the 

QIAquick® PCR purification kit (Qiagen).  Briefly, 35 μl of 100 mM Sodium Acetate 

Buffer (pH 5.2) and 49 μl MilliQ water followed by 500 μl PB buffer (Qiagen) were 

added to each sample.  The sample-buffer mix was applied to the column and washed 

with 75 % ethanol.  Samples were eluted with 300 μl EB buffer (Qiagen).  The two 

differently labeled samples were then mixed together and 60 μl of 3 M Sodium Acetate 

Buffer plus 6 μl of glycogen (20ug/uL; Invitrogen) were added.  Samples were 

precipitated by adding one volume (666 μl) of cold 95 % ethanol, and incubating at - 20 

°C for 30 minutes, followed by centrifugation at 4 °C for 15 minutes.  Pellets were 

washed with cold 70 % ethanol and resuspended in 2.5 μl of MilliQ water.  
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Hybridization solution was made up with 40 μl of DIG Easy Hyb Solution (Roche), 2 μl 

COT-1 DNA (20 μg/μl; Invitrogen) and 2μl poly dA (20 μg/μl, Amersham Biosciences) 

and incubated at 65 °C for 5 minutes.  Hybridization solution was cooled to room 

temperature then 37.5 μl of the hybridization solution was mixed with the 2.5 μl sample 

and incubated at 65 °C for 5 minutes.  Samples were then cooled on ice for 5 - 10 

seconds and collected at the bottom of the tube by centrifugation prior to being loaded 

onto microarray slides (Ramaciotti Centre; University of New South Wales, Sydney, 

Australia).  The microarray gene set provided on the slides was the Compugen human 

19K set (Compugen; Jamesburg, USA).  A glass coverslip was placed over the sample 

and microarray slides were incubated on a level surface sealed inside a humidified 

hybridization cassette (TeleChem International; Santa Clara, CA) in a 37 °C water bath 

for 16 hours.  After the hybridization period, microarray slides were washed 2 X 10 

minutes in a 50 °C, 1 X SSC, 0.1% SDS solution and then sequentially rinsed in 1 X 

SSC and 0.1 X SSC solutions in order to remove any unbound nucleotides and reduce 

background staining.  Microarray slides were dried by a room temperature 

centrifugation at 1000 rpm for 5 minutes.  

4.2.7 Array scanning and image analysis 

After washing and drying, microarrays were immediately scanned using a GMS 

418 confocal array scanner (Genetic MicroSystems; Woburn MA) at appropriate 

wavelengths for Cy3 and Cy5.  Resultant images were loaded into ImaGene™ 5.0 

(BioDiscovery; El Segundo, CA), and spot quality was assessed.  Poor quality spots, 

those with signal intensities too low or too high (outside the effective range of the 

scanner); spots that had ‘bled’, that were grossly asymmetrical, or were obscured by 

background fluorescence were flagged to be removed from further analysis.  The 

ImaGene™ 5.0 software also generated a grid with a co-ordinate for each spot on the 

microarray slide.  This grid enabled the application of appropriate gene identifications 

to each spot on the array.  A raw fluorescence value was generated for each spot and 
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this data was imported into the microarray analysis software package, GeneSpring 6.2 

(Silicon Genetics; Redwood City, CA).   

4.2.7.1 Data normalization 

Two normalization methods, a per-spot and per-array normalization (Lowess) 

and a 50th percentile per-array normalization, were employed (Figure 4.4).  A Lowess 

curve was fit to the log-intensity versus log-ratio plot.  Twenty percent of the data was  

  

Figure 4.4.  Raw versus normalized microarray data. A, Distribution of gene expression levels (raw data) from each 
subject. B, Normalized values of A. 

 

used to calculate the Lowess fit at each point.  This curve was used to adjust the 

control value for each measurement.  If the control channel raw fluorescence value was 

lower than 10 then 10 was used instead.  Furthermore, each measurement was divided 

by the 50th percentile of all measurements in that sample.  The percentile was 

calculated with all raw measurements above 10.  The percentile was calculated using 

only genes marked present.  For samples where the bottom tenth percentile was less 

than the negative of the 50th percentile, it was used as a background, and subtracted 

from all the other genes first. 

4.2.7.2 Data filtering 

 Data were filtered according to expression levels and poor quality spots 

removed.  Selected genes also had to satisfy the criterion of being detected on all 

twelve (6 schizophrenia, 6 healthy control) microarray slides from each channel (Cy3 
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and Cy5).  These data were then subjected to statistical analysis, after retaining only 

those genes with statistically significant differences when grouped by disease state 

remaining.  The statistical test was a parametric test, variances not assumed equal 

(Welch t-test), with an α-level of 0.05, and with the application of the Benjamini and 

Hochberg False Discovery Rate multiple testing correction.  These filtering methods 

generated a very large list of genes (Gene List A).  Therefore, in an attempt to reduce 

the number of differentially genes for post-hoc analysis, another gene list was 

generated from the expression level-filtered normalized data with a more stringent 

statistical test (α-level 0.01).  Because this removed more than 80 % of the genes from 

the list, the criterion that each gene must be present on all twelve arrays was relaxed, 

allowing representation on eleven of the twelve arrays (Gene List B).  The robustness 

of the latter gene list was increased by accepting only those genes whose range of 

normalized values in the schizophrenia group did not overlap with the range of 

normalized values in healthy control group (exclusive range; Gene List C). 

The finalized gene lists were subjected to functional profiling using the web-

based microarray data analysis programs: Database for Annotation, Visualization, and 

Integrated Discovery (DAVID) (82); http://david.niaid.nih.gov/david) and Expression 

Analysis Systematic Explorer (EASE) (145); http://david.niaid.nih.gov/david/ease.htm). 

4.2.8 Quantitative PCR 

Verification of microarray data was performed by quantitative real time PCR 

analysis.  Real-time PCR is a widely used, automated method for deriving quantitative 

estimates of the expression of a gene of interest compared to a reference gene.  In real 

time PCR, a fluorescent dye binds to the double-stranded DNA as it is formed to 

provide continuous monitoring of the level amplified cDNA levels over the course of the 

PCR (141).   

4.2.8.1 Reverse transcription of RNA for qPCR analysis 

Extraction and purification of RNA samples was described in Section 4.2.3.  

The RNA samples for qPCR analysis were not amplified.  Five micrograms (5 μg) of 

http://david.niaid.nih.gov/david
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total RNA from each participant was thawed and then reverse-transcribed using a 

SuperScript III RNase H- Reverse Transcriptase Kit (300 U; Invitrogen; Melbourne, 

Australia) with 0.5 U oligo (dT12-18) primers (Invitrogen) for 90 minutes at 50 °C.  The 

resulting cDNA was treated with 1U RNase H (Invitrogen) for 30 min at 37 °C.  

4.2.8.2 Primers 

Primers sets (20-21 bases in length) were initially designed using Primer3 

software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi/) with the criteria of: 

product size range 90-150 bases, GC-content 45-60 %, and a primer melting 

temperature (Tm) of 57-61 °C.  Selection of primer sets generated by the software 

matching these criteria were restricted to those that encompassed an amplicon 

spanning known exon/exon boundaries within the gene-coding domain.  Most primer 

sets had a minimal difference in Tm (range 0.01-0.5 °C) between primers.  Querying 

the NCBI BLAST database ensured the specificity of primer set sequences.  

Furthermore, primers had few or no complementary sequences between them to avoid 

dimerization.  Primer sequences are presented in Table 4.2.  All primer sets were 

  

Gene 
Name 

Accession 
Number Sense Primer Antisense Primer mRNA 

Range 
Product 

Size 

JAK1 NM_002227 5'-CCAATCAGAGGCCTTTCTTC-3' 5'-AAATGTGTGGGGTCCACTTC-3' 2534-2651 127 

GHR NM_000163 5'-GACTTTTTCATGCCACTGGAC-3' 5'-TCAGGGCATTCTTTCCATTC-3' 229-351 123 

NFKB1 NM_003998 5'-ACTCTGGCGCAGAAATTAGG-3' 5'-TGACTGTACCCCCAGAGACC-3' 2970-3078 109 

CDK6 NM_001259 5'-GCATCGCGATCTAAAACCAC-3' 5'-CTGTACCACAGCGTGACGAC-3' 541-672 132 

CDK4 NM_000075 5'-TCAGCACAGTTCGTGAGGTG-3' 5'-TACCTTGATCTCCCGGTCAG-3' 379-494 116 

CCNB1 BC006510 5'-TGTGGATGCAGAAGATGGAG-3' 5'-GTGACTTCCCGACCCAGTAG-3' 560-688 129 

PCNA NM_002592 5'-CTGAGGGCTTCGACACCTAC-3' 5'-GCGTTATCTTCGGCCCTTAG-3' 400-526 127 

CCND1 BC014078 5'-TCTACACCGACAACTCCATCC-3' 5'-GGCATTTTGGAGAGGAAGTG-3' 520-649 130 

GADD45A NM_001924 5'-GATCACTGTCGGGGTGTACG-3' 5'-TGCAGAGCCACATCTCTGTC-3' 400-510 111 

SSTR3 NM_001051 5'-GTGTCCACGACCTCAGAACC-3' 5'-AGGTAGACCAGGGGGATCAG-3' 27-153 131 

DDX5 NM_004396 5'-CTCCAGAGGGCTAGATGTGG-3' 5'-GTATGCTGTGCCTGTTTTGG-3' 1373-1496 124 

HDAC6 NM_006044 5'-CCCAATCTAGCGGAGGTAAAG-3' 5'-GTGCTTCAGCCTCAAGGTTC-3' 226-340 115 

HDAC4 NM_006037 5'-AGATCCTCATCGTGGACTGG-3' 5'-GAAGTTCCCATCGTCGTAGC-3' 3290-3302 113 

CALM1 NM_006888 5'-AGCTGACCGAAGAACAGATTG-3' 5'-GGTTCTGACCCAGTGACCTC-3' 213-332 120 

ITGAE NM_002208 5'-AGACCCATGCTTTCAAGGTG-3' 5'-CTGGTAGTGAAGGGCGTCTC-3' 972-1078 113 

CCNDBP1 NM_012142 5'-AGGATGCACATGAAGAAATGG-3' 5'-GAAACCCCAACACATCATCC-3' 711-833 123 

VDR NM_000376 5'-GCCCACCATAAGACCTACGA-3' 5'-AGATTGGAGAAGCTGGACGA-3' 526-729 203 

GAPD NM_002046 5'-TGCACCACCAACTGCTTAGC-3' 5'-GGCATGGACTGTGGTCATGAG-3' 529-615 87 

CAPON NM_014697 5'-ACATCTCCCTGCTGGTCAAG-3' 5'-GAAGGTGATCTCCAGCAAGC-3' 1463-1669 98 
 

Table 4.2.  Primer sequences of genes to be tested by qPCR analysis. 
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synthesized by Genset Oligos (E@sy OligoTM; Lismore, Australia).  PCR reactions 

were performed on a PTC-200 Peltier Thermal Cycler (MJ Research) using a 

HotStarTaq® DNA polymerase kit (Qiagen) according the manufacturer’s instructions. 

Annealing temperatures for each primer set were optimized by evaluating a 

temperature gradient of 57-61 °C in 1 °C increments.  An optimal annealing 

temperature was defined as the temperature that gave the largest quantity of specific 

amplified product without accumulation of primer-dimer, as determined by agarose gel 

visualization.  The PCR products were electrophoresed through a 2 % agarose gel and 

visualized by ethidium bromide staining.  Product bands of appropriate length were 

excised and extracted using QIAquick® gel extraction kit (Qiagen).  Purified cDNA was 

then prepared for sequencing with Big Dye® Terminator Cycle Sequencing Kit (Applied 

Biosystems, Foster City, CA).  Half-reactions were prepared under the following 

conditions: 12 μl of cDNA template, 4 μl Big Dye® Terminator, 4 μl 2.5X sequencing 

buffer (200 mM Tris-HCl, 5 mM MgCl2; pH 9.6) and 0.33 μl each of the appropriate 

forward and reverse primers.  The thermal cycler sequencing program was as follows: 

25 cycles of 30 sec. at 96 °C, 15 sec. at 50 °C, 4 min. at 60 °C, with 1 °C / sec. 

ramping between each step of the cycle.  Sequencing was then performed using an 

ABI Model 377 DNA sequencer at the Griffith University sequencing facility.  Primer 

sets producing amplified sequences with a minimum of 90 % homology to their 

corresponding DNA sequences and without similarities to any other gene, as per the 

NCBI BLAST database, were deemed acceptable for use. 

4.2.8.3 Quantitative PCR 

 Quantitative PCR requires a comparison gene against which gene expression is 

compared, in order to normalise for differences in the quantity of mRNA starting 

material.  Commonly, the normalising gene is a so-called ‘housekeeping gene’ whose 

expression is thought to be similar in all cells.  Glyceraldehyde-3-phosphate 

dehydrogenase (GAPD) is a commonly used ‘housekeeping gene’ but its expression 

was seen to vary consistently among schizophrenia and control samples, so a separate 
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analysis was performed to identify a normalising gene appropriate to these samples.  

This analysis is covered separately in Chapter 5.  Chapter 5 also compares two 

methods of qPCR analysis. 

Quantitative PCR was performed using a Rotor-Gene 2000 fluorometric thermal 

cycler (Corbett Research; Sydney, Australia).  Samples of cDNA (5 μl, diluted 1/10) 

were made up into 20 μl reactions using a QuantiTect™ SYBR® Green PCR Kit 

(Qiagen) containing HotStar Taq®, QuantiTect™ SYBR® Green PCR buffer, dNTP mix, 

SYBR Green I, and 5 mM MgCl2.  To minimize pipetting error and maintain volume 

consistency between samples, mastermixes and individual samples were aliquotted 

with a CAS-1200 robotic liquid handling system (Corbett Robotics; Brisbane, Australia).  

The Rotor-Gene real time PCR program was as follows: 15 min. at 95 °C to activate 

the Taq polymerase and then 40 cycles of 30 sec. at 95 °C, 30 sec. at 58 °C, and 30 

sec. at 72 °C.  A melt curve analysis with a temperature range of 65 °C to 95 °C 

ramping at 0.5 °C / 5 sec. was performed to determine product specificity for each 

sample (275).  PCR reaction efficiency was determined by generating relative standard 

curves with five quadruplicate 10-fold serial dilutions of control cDNA. 
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4.3 Results 

4.3.1 Altered gene expression in schizophrenia patients 

Concerning differences between the schizophrenia and control groups, the 

statistical tests with α-levels of 0.05 and 0.01, generated gene lists of 2395 genes 

(Gene List A; Appendix 1A) and 1168 genes (Gene List B; Appendix 1B) respectively.  

Applying the exclusive range criterion (see subsection 4.2.7.2), the latter list was 

reduced to 1016 genes (Gene List C; Appendix 1C) differentially expressed in 

schizophrenia.  When the normalized data was subjected to an unsupervised 

hierarchical cluster analysis (Figure 4.5) visually striking differences in gene expression 

patterns between schizophrenia and healthy controls were seen.  
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Figure 4.5.  Unsupervised hierarchical clustering of gene expression data.  Expression levels are represented by 
‘heatmap’ colouring (blue = low expression, red = high expression).  Columns represent individual subjects and rows 
(denoted by green lines at left) are genes.  Vertical green lines connecting the rows indicate gene relationships.  Note 
that there appears to be less variation in gene expression levels amongst the schizophrenia patients than healthy 
controls.  Individual participants are identified by ID number and coloured boxes at bottom of hierarchical map (C, yellow 
= healthy control; S, red = schizophrenia).  Image generated by GeneSpring 6.2 software. 
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4.3.2 Multiple gene families and molecular pathways are 

dysregulated in schizophrenia  

Gene lists B and C were subjected to functional profiling using the web-based 

microarray data analysis programs (DAVID) (82) and (EASE) (145).  EASE generated 

a list of 111 gene categories each containing 3 or more genes, in which the microarray 

data demonstrated significant ‘overrepresentation’.  However, many of these categories 

were redundant because all the genes they contained were represented within another 

category.  Removal of the redundant categories left 53 functional gene categories with 

significant overrepresentation in the exclusive range gene list (Table 4.3).  The EASE 

score provides a ranking of gene families based on whether the number of genes in 

each family is ‘overrepresented’ in the gene list from the microarray compared to the 

total number of genes in each gene family on the microarray itself (145).  The EASE 

score is calculated using the distribution of the Jackknife Fisher exact probability 

distribution, which is a conservative adjustment of the Fisher Exact Probability.  This 

method provides a more robust analysis of gene categories.  The most 

overrepresented gene category in schizophrenia was that related to mitochondria 

structure and function, including oxidative phosphorylation and the electron transport 

chain (Table 4.3).  Other notable overrepresented gene categories include those 

involving: ion transport, nucleic acid & protein metabolism, energy (ATP) metabolism, 

and cell cycle.  

Categorization of genes in such large data sets helps clarify what systems may 

be dysregulated in a given disorder, further enabling the researcher to generate 

testable hypotheses of how these functional changes transpire.  However, this level of 

categorization falls short of demonstrating what specific cellular pathways may be 

significantly altered by changes in the expression levels of the genes involved.  This 

can be accomplished by using web-based databases such as DAVID.  DAVID is used 

to identify cellular pathways in which differentially expressed genes operate.  DAVID 

accomplishes this by linking uploaded microarray data to the Kyoto Encyclopedia of 
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Gene Category List Hits Population 
Hits EASE score Median System 

false positives 
mitochondrion 84 661 5.34E-09 0 
ion transporter activity 39 248 4.72E-07 0 
oxidoreductase activity\, acting on NADH or 
NADPH 15 55 6.80E-06 0 

primary active transporter activity 30 192 1.43E-05 0 
ribonucleoside triphosphate metabolism 12 38 2.12E-05 0 
purine nucleotide metabolism 14 54 3.40E-05 0 
nucleoside triphosphate metabolism 12 40 3.61E-05 0 
ribonucleotide metabolism 14 57 6.26E-05 0 
inner membrane 23 141 0.000129434 0 
structural constituent of ribosome 28 195 0.000129501 0 
RNA binding 49 440 0.000214061 0 
endoplasmic reticulum 43 363 0.000243378 0 
proteasome complex (sensu Eukarya) 11 44 0.000462637 0 
ribosome 33 263 0.000550651 0 
oxidoreductase activity 52 510 0.00106444 0 
ATP metabolism 8 27 0.001425096 0 
macromolecule biosynthesis 77 837 0.002109238 0 
DNA metabolism 49 493 0.003753261 0 
carrier activity 41 402 0.003894482 0 
ribonucleoprotein complex 42 414 0.005626366 0 
protein transport 41 405 0.006148567 0 
coenzyme biosynthesis 10 52 0.006214234 0 
DNA repair protein 5 13 0.007630868 0 
pepsin A activity 4 7 0.007650955 0 
protein metabolism 172 2208 0.007870554 0 
oxidative phosphorylation 7 28 0.008517033 1 
DNA packaging 20 162 0.009829454 1 
nucleic acid binding 197 2636 0.010317087 0 
hydrogen transport 11 67 0.011557257 1 
ubiquitin cycle 13 88 0.01211284 1 
proton-transporting two-sector ATPase complex 5 15 0.014220675 0 
regulation of cell cycle 34 339 0.014794573 1 
protein transporter activity 27 260 0.016784346 1 
cellular respiration 4 9 0.017574529 2 
negative regulation of transcription\, DNA-
dependent 11 72 0.018652292 2 

cell cycle 55 621 0.019883919 2 
energy pathways 22 198 0.020051051 3 
nucleoside-diphosphate kinase activity 4 10 0.022683284 2 
chaperone activity 17 145 0.024166881 2 
coenzyme and prosthetic group biosynthesis 12 87 0.026613247 4 
sulfur metabolism 8 46 0.029191329 4 
hydrogen-translocating F-type ATPase complex 4 11 0.031563137 1 
nucleotidyltransferase activity 12 93 0.036153219 4 
establishment and/or maintenance of chromatin 
architecture 17 150 0.037213461 6 

negative regulation of transcription from Pol II 9 59 0.037964138 6 
vacuolar membrane 4 12 0.040070777 2 
electron transporter activity 28 295 0.04071678 5 
macromolecule catabolism 50 582 0.042159185 7 
virion 9 61 0.045763145 2 
ubiquitin conjugating enzyme activity 8 52 0.047806634 6 

 

Table 4.3.  Gene Categories (families) overrepresented in schizophrenia fibroblasts (Gene List C).  List Hits = number 
of genes in the gene list that belong to the Gene Category.  Population Hits = number of genes on the microarray chip 
that belong to the specific Gene Category.  Only those categories having an Ease score ≤ 0.05 are displayed.  
Redundant categories have been removed. 
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Genes and Genomes (KEGG).  The application of the two gene lists, Gene List C and 

the more permissive Gene List B, to the KEGG pathway function in DAVID generated 

64 and 88 known pathways respectively.  Approximately 15 % of the genes in each list 

were classified as belonging to a specific pathway.  The pathway analysis was 

consistent with the categories described above as ‘overrepresented’, with oxidative 

phosphorylation, cell cycle, ATP synthesis, and purine metabolism pathways falling 

within the top ten pathways shown to have a significant proportion of genes 

differentially expressed in schizophrenia (Table 4.4).  A comparison of the top twenty 

pathways generated from each gene list showed strong agreement because 17 of the 

20 pathways were shared between lists (Table 4.4).  According to the KEGG pathway 

analysis, the overall pattern of gene expression did not change between each gene list.   

KEGG Pathways  Gene List C   KEGG Pathways  Gene  List B 

Pathway Number 
of Genes   

Pathway Number 
of Genes

Oxidative phosphorylation 34   Oxidative phosphorylation 50

Cell cycle 13   Cell cycle 25

Proteasome 12   Pyrimidine metabolism 18

ATP synthesis 10   ATP synthesis 16

Ribosome 8   Purine metabolism 16

Purine metabolism 7   Phosphatidylinositol signaling system 15

Phosphatidylinositol signaling system 7   Proteasome 13

Ubiquitin mediated proteolysis 6   Integrin-mediated cell adhesion 12

Pyruvate metabolism 5   Ubiquitin mediated proteolysis 12

Butanoate metabolism 4   Ribosome 11

Citrate cycle (TCA cycle) 4   Citrate cycle (TCA cycle) 10

Glutamate metabolism 4   Aminoacyl-tRNA biosynthesis 8

Glutathione metabolism 4   Apoptosis 8

Glycolysis / Gluconeogenesis 4   Glycolysis / Gluconeogenesis 8

Integrin-mediated cell adhesion 4   Pyruvate metabolism 8

N-Glycans biosynthesis 4   Fatty acid metabolism 7

Pyrimidine metabolism 4   RNA polymerase 7

RNA polymerase 4   Tryptophan metabolism 7

Aminosugars metabolism 3   Aminosugars metabolism 6

Apoptosis 3   Butanoate metabolism 6

Table 4.4.  Top twenty KEGG-defined pathways containing differentially expressed genes between schizophrenia and 
healthy controls.   
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http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04120+23291+7428+7323+8881+6923+54926+51434+29945+11065+8453+7322+6500
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00650+622+3028+5162+223
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03010+6224+6157+7311+6134+6173+6208+3921+6156+6139+6139+6141
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00020+6390+6389+4191+4190
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00020+48+3420+6392+6389+3419+4191+4190+6390+1738
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00251+2937+2673+9945+8833
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00970+16+7453+4677+10056+23438+10667+5917+2617
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00480+2937+2947+51064+4257
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04210+4170+1676+8772+842+839+837+4790+54205
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00010+223+98+669+5162
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00010+1738+5315+5223+669+98+5162+223+5160
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04510+388+5879+10580+5879
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00620+1738+4191+4190+5315+98+5162+223+5160
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00510+4124+8813+11320+6184
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00071+1543+1892+3028+1588+1588+223+3032
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00240+4830+7083+4833+29922
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03020+51082+5438+25885+5437+5441+30834+5431
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03020+51082+5437+5441+5431
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00380+1543+1588+1892+7453+1588+3028+223
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00530+2673+55907+9945
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00530+2673+9945+10020+55907+6675+2673
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04210+4790+8772+839
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00650+622+223+5162+3028+1892+5160
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Basically, the same pathways were represented in the more permissive list (Gene List 

B) with only more genes represented, but in roughly similar proportions, in each 

pathway compared to the more stringent list (Gene List C). 

4.3.3 Altered expression of cell cycle gene transcripts 

The two pathways containing the highest proportion of differentially expressed 

genes in both gene lists were the oxidative phosphorylation and the cell cycle pathways 

(Table 4.3).  The fact that the cell cycle pathway contained a high proportion of 

differentially expressed genes was of particular interest, because of the increased 

mitosis in olfactory mucosa cultures from schizophrenia patients (Chapter 2) and other 

evidence indicating alterations of cell proliferation and growth in schizophrenia (107, 

202, 203, 237).  Analysis of KEGG pathways by DAVID found 13 genes differentially 

expressed in the cell cycle pathway (Table 4.5).  Nine of these 13 genes directly 

involved in cell cycle regulation had decreased expression and 4 had increased 

expression (Table 4.5; Figure 4.6).  Of note, the cyclin-related genes comprised the 

most highly represented cell cycle functional category of gene transcripts with 

decreased expression.  Cyclins B1, B2, & D1 (CCNB1, CCNB2, CCND1), cyclin D-type 

binding-protein 1 (CCNDBP1) and the cyclin-dependent kinases, CDK4 and CDK6, all 

had significantly decreased expression.  Other cell cycle genes with decreased 

expression in schizophrenia were: growth arrest and DNA-damage-inducible, alpha 

(GADD45A), proliferating cell nuclear antigen (PCNA), pituitary tumor-transforming 

1(PTTG1), and budding uninhibited by benzimidazoles 3 homolog (BUB3).  The four 

cell cycle genes with increased expression were: histone deacetylase 4 and 6 (HDAC4 

& HDAC6), mothers against decapentaplegic homolog 3 (SMAD3), and ataxia 

telangiectasia mutated (ATM) (Figure 4.6; Table 4.5).  

A number of other differentially expressed genes were also seen whose 

functions impact upon cell cycle regulation.  Transcripts for janus kinase 1 (JAK1), 

growth hormone receptor (GHR), calmodulin (CALM1) and DEAD (Asp-Glu-Ala-Asp) 

box polypeptide 5 (DDX5) were expressed at lower levels, whereas transcripts  
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 The gene category most highly represented in the present study was the 

mitochondrion category, with 84 differentially expressed genes and an EASE score of 

5.34 x10-9 (Table 4.3).  Furthermore, after completion of the analyses, an independent 

group published a strong finding of mitochondrial dysfunction in the brains of 

schizophrenia patients (264).  Both the oxidative phosphorylation pathway and citrate 

cycle were dysregulated.  The citrate (TCA) cycle has also been shown to be 

dysregulated in schizophrenia by a previous microarray study of post-mortem dorsal 

prefrontal cortex (231) and most recently by another microarray analysis of 

 
4.3.4 Dysregulation of mitochondrial gene expression 

encoding nuclear factor of kappa light polypeptide gene enhancer in B-cells (NFKB1), 

somatostatin receptor (SSTR3), and vitamin D receptor (VDR) had increased 

expression (Table 4.5).   

 

Table 4.5.  Some of the differentially expressed genes in schizophrenia that have an impact on cell cycle function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Accession  Gene ID Fold Change P-Value 

NM_000051 ATM 1.7 0.003 
NM_004725 BUB3 -3.0 0.004 
NM_006888 CALM1 -2.1 0.002 
NM_031966 CCNB1 -14.3 0.003 
NM_004701 CCNB2 -7.1 > 0.001 
NM_001758 CCND1 -4.4 0.001 
NM_012142 CCNDBP1 1.7 0.004 
NM_000075 CDK4 -3.6 0.004 
NM_001259 CDK6 -4.4 0.007 
NM_004396 DDX5 -7.5 0.006 
NM_001924 GADD45A -3.2 0.002 
Z11802 GHR -5.3 0.003 
NM_006037 HDAC4 3.6 0.008 
NM_006044 HDAC6 2.5 0.009 
NM_002208 ITGAE 1.9 0.007 
NM_002227 JAK1 -1.9 0.009 
NM_003998 NFKB1 3.0 0.005 
NM_002592 PCNA -7.7 > 0.001 
NM_004219 PTTG1 -7.6 0.009 
NM_005902 SMAD3 2.2 0.01 
NM_001051 SSTR3 2.1 0.006 
NM_000376 VDR 5.9 0.006 
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Figure 4.6).  Differentially expressed 
genes of the KEGG-defined cell cycle 
pathway.  Genes with decreased 
expression are highlighted in blue, 
while genes with increased 
expression are highlighted in red.  
Fold changes are noted to the right of 
each gene.  Adapted from GenMAPP 
1.0.
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an immortalized lymphocyte cell line (333).  In the present study, DAVID analysis of 

KEGG defined pathways demonstrated dysregulation of mitochondrial pathways, 

specifically, the oxidative phosphorylation and TCA cycle pathways (Table 4.4).  

Therefore, it was decided to further investigate the observed gene expression changes 

in both the oxidative phosphorylation and citrate cycle pathways. 

4.3.4.1 Alterations of the oxidative phosphorylation pathway  

The oxidative phosphorylation pathway was significantly down regulated (Figure 

4.7).  There was decreased transcript expression in the electron transport chain of 

eleven subunits of complex I, two subunits of complex II, three subunits of complex III, 

and six subunits of complex IV in cultured skin fibroblasts from schizophrenia patients 

versus healthy controls (Figure 4.7).  Furthermore, within the ATP synthase complex 

(electron transport chain complex V), seven subunit transcripts had reduced expression 

in schizophrenia.  Only two transcripts in the oxidative phosphorylation pathway had 

increased expression: the expression of the cytochrome c oxidase transcript, COX7a 

and the cytochrome c oxidase complex biogenesis protein, surfeit 1 (SURF1) transcript 

of electron transport chain complex IV were both significantly increased.  Twenty-eight 

of the thirty (93 %) affected gene transcripts had decreased expression in the oxidative 

phosphorylation pathway.  This bias to under-expression (93 % of affected genes) is 

different from that expected by chance (roughly 50 % of affected genes).  These 

findings were similar to those reported recently  in postmortem prefrontal cortex (264) 

demonstrating the utility and validity of skin fibroblast culture as a model for cellular 

differences in schizophrenia. 
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Figure 4.7.  Dysregulation of the 
oxidative phosphorylation pathway 
in skin fibroblasts from 
schizophrenia patients.  Gene 
transcripts in blue boxes are 
expressed at lower level in patients 
with schizophrenia. Gene 
transcripts in red boxes are 
expressed at a higher level.  Fold 
changes are noted to the right of 
each differentially expressed gene 
name.  All complexes of the 
electron transport chain are 
obviously down regulated.  Four of 
the genes reported by DAVID in this 
pathway are involved with 
lysosomal ATP synthase and as 
such are not represented here. The 
diagrammatic representation of the 
electron transport chain was 
adapted from the KEGG pathway 
website (http://www. genome.jp 
/kegg/pathway/map/map00190 
.html).  The list of gene transcripts 
was generated by GenMAPP 1.0 
software.  Cytochrome C Oxidase 
(COX) proteins are labeled with 
Roman numerals.  ISP= Rieske 
Iron-Sulfur Protein. 
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4.3.4.2 Alterations of the TCA cycle in schizophrenia 

Each complex of the TCA cycle contained genes with reduced transcript 

expression in schizophrenia (Figure 4.8).  Transcripts of the cytosolic malate 

dehydrogenase isoform (MDH1) and the mitochondrial isoform (MDH2) of the malate 

shuttle were decreased 6.5-, and 6.0-fold respectively.  Within the pyruvate 

dehydrogenase complex, pyruvate dehydrogenase E1 alpha and beta were reduced 

6.1- and 5.6-fold respectively.  Gene expression within the α-ketogluterate 

dehydrogenase complex was strongly inhibited because isocitrate dehydrogenase 

(IDH3) alpha was decreased 2.5-fold; IDH3 beta was decreased 3.9-fold (Table 4.8, 

Figure 4.8), while dihydrolipamide dehydrogenase and α-ketogluterate dehydrogenase 

had 1.8- and 3.7-fold reductions respectively.  The succinate dehydrogenase complex 

also demonstrated severe inhibition since the flavoprotein, iron-sulfur protein and the 

cytochrome b subunits had 4.7-, 5.2-, 2.8-fold reductions in expression respectively 

(Figure 4.8). 
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Figure 4.8. Inhibition of TCA cycle in 
schizophrenia.  Decreased expression i
represented by blue boxes and fold 
changes are noted to the right of each 
differentially expressed gene.  All 
complexes of the TCA cycle are down-
regulated.  * Reduced stringency of 
criteria to 11 of 12 and an alpha level of 
0.05. This figure was generated by 
GenMAPP 1.0 software 
 

s 
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4.3.5 Quantitative PCR 

 Eighteen genes were selected from the microarray data for validation by qPCR.  

Genes selected for qPCR verification are presented in Table 4.5.  Genes selected for 

verification were chosen on the basis of being differentially expressed in cultured skin 

fibroblasts between healthy controls and schizophrenia patients, having a function in 

cell cycle regulation and/or being of recent interest to the schizophrenia research 

community. 

Gene Name Fold Change P-Value 
VDR 5.89 0.006 
JAK1 -1.89 0.009 
GHR -5.26 0.003 
NFKB1 2.97 0.005 
GADD45A -3.23 0.002 
CCND1 -4.35 0.001 
PCNA -7.76 < 0.001 
CCNB1 -14.41 0.003 
CDK4 -3.61 0.004 
CDK6 -4.37 0.007 
CCNDBP1 1.73 0.004 
ITGAE 1.90 0.007 
CALM1 -2.12 0.002 
HDAC4 3.62 0.008 
HDAC6 2.46 0.009 
DDX5 -7.52 0.006 
GAPD*  
CAPON**  

 
Table 4.6.  Differentially expressed genes selected for Real Time PCR verification.  * GAPD was investigated because a 
post-hoc observation of GAPD expression levels showed an overall decrease in each schizophrenia patient. ** Filtered 
out from microarray data based on present in all arrays criterion, recently identified as candidate gene in schizophrenia 
(44). 
 
 

Analysis by qPCR data demonstrated significant differences in the expression 

levels of five of eighteen genes tested and a statistical trend for difference in one other 

gene (Table 4.7).  Only three of the genes found to have significant differences in 

expression had directional agreement (increase vs. decrease) with the microarray data.  

Vitamin D receptor mRNA expression was increased 1.3-fold in schizophrenia, which is 

in agreement with the 5.9-fold increase seen in the microarray data.  PCNA and DEAD 

(Asp-Glu-Ala-Asp) box polypeptide 5 (DDX5) had significantly decreased mRNA 

expression levels, consistent with the microarray data.  Expression HDAC4 mRNA had 
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a trend for increased expression in the real time data, which is consistent with its 

increase in the microarray data.  On the other hand, HDAC6 transcript expression 

disagreed with the microarray data because it was significantly decreased in the real 

time data. 

MICROARRAY REAL TIME PCR 

Gene Name Fold Change P-Value Fold Change P-Value   Direction
VDR 5.89 0.01 1.260 0.038 * Agree 
JAK1 -1.89 0.01 -1.147 0.144   Agree 
GHR -5.26 0.01 -1.411 0.099   Agree 
NFKB1 2.97 0.01 -1.270 0.023 * Disagree
GADD45A -3.23 0.01 -1.035 0.536   Agree 
CCND1 -4.35 0.01 1.015 0.747   Disagree
PCNA -7.76 0.01 -1.385 0.039 * Agree 
CCNB1 -14.41 0.01 1.084 0.420   Disagree
CDK4 -3.61 0.01 -1.070 0.390   Agree 
CDK6 -4.37 0.01 -1.033 0.907   Agree 
CCNDBP1 1.73 0.01 -1.032 0.772   Disagree
ITGAE 1.90 0.01 -1.184 0.821   Disagree
CALM1 -2.12 0.01 1.007 0.626   Disagree
HDAC4 3.62 0.01 1.323 0.055 Trend Agree 
HDAC6 2.46 0.01 -1.218 0.041 * Disagree
GAPD Decreased   -1.021 0.826   Agree 
DDX5 -7.52 0.01 -1.291 0.007 * Agree 
CAPON Decreased   -1.109 0.389   Agree 

 
Table 4.7.  Quantitative PCR validation of microarray gene expression data.  Genes that have a significantly different 
expression level in the qPCR analysis are denoted by *.  Genes with significantly different expression levels in both the 
microarray and real time data that agree in direction are highlighted in yellow. 
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4.4 Discussion 

The present study found significant changes of transcript expression levels in 

cultured skin fibroblasts between schizophrenia patients and healthy controls.  The 

overall gene expression patterns provided a feature by which the two groups could be 

distinguished from one another.  The largest differences in gene expression between 

schizophrenia and healthy controls were seen in genes associated with cell cycle 

regulation, mitochondrial function (especially the oxidative phosphorylation and TCA 

pathways), and nucleic acid metabolism.  The primary focus of this thesis was to 

investigate what level of genetic involvement was responsible for the observed 

alterations of cell cycle in olfactory mucosa cultures from individuals with schizophrenia 

and significant alterations in cell cycle genes were observed.  However, as this 

discussion will show, cell cycle regulation and the expression levels of many cell cycle-

related genes are heavily influenced by the oxidative state of the cell.  Therefore, this 

discussion will explore the relationship between oxidative stress and cell cycle 

regulation.  As such, the differential expression of cell cycle-related genes provides 

insights into the pathogenesis of schizophrenia.  Furthermore, a number of the 

dysregulated genes found in this study have been recently shown by other microarray 

studies to be altered in schizophrenia brain.  Since this ‘replication’ adds strength to the 

present findings, these commonalities will be discussed first. 

4.4.1 Agreement with published schizophrenia microarray studies  

 A total of 53 differentially expressed genes were shared between the present 

study and previously published microarray studies of brain tissues (150, 231, 233, 234, 

244, 264, 331, 332, 334) and cultured immortalized lymphocytes (333) from patients 

with schizophrenia (Table 4.8).  Of these, 33 were shared exclusively with the study by 

Prabakaran and colleagues (264), and eight of these fell within the oxidative 

phosphorylation/electron transport chain pathway.  Thirteen of the genes 

demonstrating differential expression in the present and published studies differed in 

the direction of expression change (i.e. increased vs. decreased).  However, direction 
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Previous Studies Current Study Accession Gene ID 
FC Tissue FC α-level 

Reference 

TCA Cycle 
NM_005530 IDH3A* -2.5
NM_006899 IDH3B* -3.9
NM_000108 DLD 

DPFC 
-1.8

0.05 Middleton et al. 2002 J. Neurosci. 

NM_005917 MDH1 

Down 

DPFC, L -6.5 0.01 
Middleton et al. 2002 J. Neurosci., Vawter et al. 2004 
Schiz. Res., Prabakaran et al. 2004 Mol. Psychiat. 
Vawter et al. 2004 Neurochem. Res. 

Aspartate-Alanine Metabolism 
NM_004539 NARS -2.6
NM_001673 ASNS 

Down DPFC 
-3.0

0.05 Middleton et al. 2002 J. Neurosci. 

Transcription 
NM_003721 RFXANK Up 4.4 0.01 
NM_002702 POU6F1 Down 

PFC 
2.4

Vawter et al. 2001 Brain Res. Bull. 

NM_001207 BTF3 1.3 L -13.3
**0.05 

Vawter et al. 2004 Schiz. Res. 
Signalling, Neurodevelopment 
NM_003656 CAMK1 1.2 L 2.4 Vawter et al. 2004 Schiz. Res. 
NM_015716 MINK -4.7

0.05 

NM_005275 GNL1 
Down PFC 

-2.7 **0.05 
Vawter et al. 2001 Brain Res. Bull. 

Energy Pathways 
NM_002654 PKM2 -1.3 to -1.6 -6.8 0.05 
NM_014601 EDH2 1.3 3.5
NM_022126 LHPP -1.3 3.5

Prabakaran et al. 2004 Mol. Psychiat.  

NM_001695 ATP6V1C1 Down 

PFC 

-4.3 Mirnics et al. 2000 Neuron  
NM_001889 CRYZ 1.2 L -4.0

0.01 

Vawter et al. 2004 Schiz. Res. 
Cytoskeleton 
NM_003405 YWHAH PFC, MTG -4.3 Vawter et al. 2001 Brain Res. Bull. 
MGC4083 TUBB-5 

Down 
-6.9

0.01 

NM_005720 ARPC1B -1.6
PFC 

-4.3 0.05 
Prabakaran et al. 2004 Mol. Psychiat.  

NM_002740 PRKCI 1.3 L -3.1 **0.05 Vawter et al. 2004 Schiz. Res. 
Oxidative Phosphorylation/Electron Transport Chain 
NM_001696 ATP6V1E1 -1.3 -4.3
NM_003365 UQCRC1 -1.4 -8.2
NM_001697 ATP5O -4.9
NM_004373 COX6A1 -4.9
NM_005003 NDUFAB1 -5.9
NM_001865 COX7A2 -10.2

0.01 

NM_005174 ATP5C1 

Down 

-2.1 0.05 
NM_000903 NQO1 Up

PFC 

-5.3 0.01 

Prabakaran et al. 2004 Mol. Psychiat.  

Heat Shock Proteins/Oxidative Stress 
NM_005346 HSPA1A -1.2 to -1.6 -5.1
NM_002574 PRDX1 -1.6 -22.0
NM_005347 HSPA5 -1.2 to -1.6 -9.3

**0.05 

NM_002046 GAPD -1.3 to -1.5 DOWN   
NM_005527 HSPA1L -1.2 to -1.6 2.9
NM_032704 TUBA6 -1.2 to -1.5 -6.6
NM_000284 PDHA1 -1.5 -6.1

0.05 

NM_006597 HSPA8 -1.2 to -1.6 -18.5
NM_000849 GSTM3 -1.2 -4.5
NM_003102  SOD3 7.6
NM_002450 MT1L 

Up 

PFC 

-9.0

0.01 

Prabakaran et al. 2004 Mol. Psychiat.  

Miscellaneous 
NM_001932 MPP3 1.42 L -2.7 Vawter et al. 2004 Schiz. Res. 
NM_003869 CES2 Up Cb 2.3 Vawter et al. 2001 Brain Res. Bull. 
NM_002629 PGAM1 -1.2 -2.7
NM_000320 QDPR -1.4 -4.1

0.05 

NM_001984 ESD -1.4 3.1
S68954 MT-1G Up -10.0
NM_004569 PIGH 2.6
NM_004891 MRPL33 -3.6
NM_002791 PSMA6 -4.6
NM_005715 UST 2.2
NM_002947 RPA3 

PFC 

-3.5

Prabakaran et al. 2004 Mol. Psychiat.  

NM_005340 HINT DLPFC -3.1

0.01 

Vawter et al. 2001 Brain Res. Bull., Vawter et al. 2002 
Schiz. Res., Vawter et al. 2004 Neurochem. Res. 

NM_005151 USP14 

Down 

DPFC -4.4 0.05 Middleton et al. 2002 J. Neurosci. 
 
 
Table 4.8.  Summary of microarray findings in schizophrenia that are in common with the present study.  Fold Change 
(FC) is given when reported, otherwise only the direction of the change is given.  Fold changes in opposite directions 
between previously published data and present results are highlighted in red.  DPFC= dorsal prefrontal cortex, L = 
lymphocyte culture, PFC = prefrontal cortex, MTG = medial temporal gyrus, Cb = cerebellum, DLPFC = dorsal lateral 
prefrontal cortex. * Published study did not differentiate between alpha and beta isoforms but both were differentially 
expressed in present data set.  ** Gene List A (genes that were counted as present in 11 of 12 subjects with an α-level 
of 0.05), genes from the other 0.05 α-level list also had the criterion of being present in 12 of 12 subjects. ‡ GAPD was 
filtered out of the present data set because the control signal expression was above cutoff, nevertheless a post-hoc 
observation of GAPD expression levels showed an overall decrease in each schizophrenia patient. 
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was similar in 76 % of the shared genes.  Also of interest was the decreased 

expression of GAPD in schizophrenia (Table 4.8).  GAPD is a so-called ‘housekeeping 

gene' that has been used extensively in gene expression comparisons.  ‘Housekeeping 

genes’ are assumed to have constant expression across cell and tissue types, 

experimental treatment and disease state and as such represent ideal candidates to 

‘normalize’ gene expression levels between samples.  This will be discussed further in 

Chapter 5. 

Consistent with the present findings, the comprehensive study by Prabakaran 

and colleagues of 54 schizophrenia patients and 50 matched healthy controls 

demonstrated strong evidence from the transcriptome (mRNA) and proteome (10 

schizophrenia and 10 healthy controls) to implicate mitochondrial dysfunction and 

oxidative stress in the pathophysiology of schizophrenia.  Samples consisted of both 

white and grey matter taken from Brodmann’s area 9 in the prefrontal cortex of 

postmortem brain.  As discussed in Chapter 1, Section 1.4.3, microarray analysis of 

postmortem tissues, especially brain, is very susceptible to agonal factors that may 

influence gene transcription and mRNA stability (16, 45, 261, 319).  The work 

presented in this thesis used biopsied samples from healthy living participants and thus 

avoided the potentially confounding effect of agonal factors.  The process of culturing 

this tissue would remove any residual medication and its effects, giving a clearer 

indication of gene expression not influenced by neuroleptics, a factor that must be 

considered when interpreting data from postmortem tissues.  Also, the present study 

used a single cell type (cultured skin fibroblasts), which would provide a more 

consistent gene expression profile than using samples containing multiple neuronal 

and glial cell types.  These differences may help explain why the present study found a 

greater number of differentially expressed genes in the oxidative phosphorylation and 

TCA cycle pathways.  The Prabakaran study (264) provided a large list of differentially 

expressed genes against which the present data was compared.  In order to increase 

the confidence in the validity of their data these authors (264) added the extra criterion 
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of a false discovery rate.  The false discovery rate basically removes those genes 

whose expression difference could have been introduced by chance (in other words 

falsely discovered).  However, the false discovery rate criterion carries the caveat that 

the genes it excludes may be representative of real differences.  Regardless, since the 

reported gene list in the Prabakaran et al. study (264) was very large, only those genes 

reported to pass the false discovery rate criterion were considered in the present 

comparison.  Furthermore, in spite of the potential for confounding agonal factors in 

autopsied brain tissue, and the fact that skin fibroblasts have little in common with 

brain, the number of genes shared between the Prabakaran et al. study (264) and the 

present study serves to illustrate the usefulness of non-neural models to study 

underlying genetic differences in schizophrenia. 

Commonalities of gene expression differences were also found between the 

present study and several published microarray studies of individuals with 

schizophrenia.  These similarities are seen in a wide variety of cellular components and 

pathways, including cytoskeleton, TCA cycle, aspartate-alanine metabolism, oxidative 

stress, transcription, signaling and neurodevelopment, hydrolysis, and oxidative 

phosphorylation (Table 4.8).  However, there are few consistencies between these 

studies which report differing gene families and pathways.  Some findings have failed 

to replicate, for example the dysregulation of myelination-related genes by Hakak et al. 

(131, 332), but many of these ‘inconsistencies’ can be attributed to the use of different 

tissues or different probe sets between microarrays.  Nevertheless, independent 

groups have replicated the expression differences of some genes.  The most 

consistently reported finding is differential expression of gene transcripts involved with 

the citrate cycle.  In four studies, malate dehyrogenase (MDH1) had decreased 

expression in individuals with schizophrenia (231, 264, 333, 334).  This finding is 

consistent with the present data where transcripts for both the cytosolic and 

mitochondrial isoforms of malate dehyrogenase, MADH1 and MADH2 respectively, 
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were decreased in cultured skin fibroblasts from patients with schizophrenia (Appendix 

1C).   

4.4.2 Mitochondrial abnormalities in schizophrenia 

 Defects in mitochondrial function and disruptions of energy metabolism have 

been linked to neuronal pathology in disorders such as Parkinson’s disease, 

Alzheimers’s disease, bipolar I disorder and schizophrenia (4, 27, 28, 161).  Recently, 

microarray studies have shown a dysregulation of genes related to mitochondrial 

structure and function in schizophrenia (231, 264) and many of these findings are 

replicated in the present study.  Abnormal expression of mitochondrial related genes 

has implications on the normal function of many energetic pathways including oxidative 

phosphorylation and ATP synthesis, TCA cycle, oxidative stress response and even 

calcium regulation.   

4.4.2.1 Genetic studies indicate mitochondrial changes in schizophrenia 

An increased distribution of a mitochondrial DNA variant occurs in 

schizophrenia (211).  This variant encodes a NADH-ubiquone complex I subunit of the 

oxidative phosphorylation pathway and is manifested by a threonine-isoleucine amino 

acid substitution.  Isoleucine is more hydrophilic than threonine and hence more 

permissive to aqueous environment exposure allowing for charge leakage, which can 

compromise metabolic energy production and lead to an oxidative state.  One could 

speculate that the present findings suggesting increased oxidative stress and 

decreased oxidative phosphorylation in schizophrenia are consistent with the 

expression of such mitochondrial DNA variants.  The occurrence of mitochondrial DNA 

variants should not be surprising.  Mitochondrial DNA (mtDNA) is attached to the inner 

membrane, lacks histones, introns and has less complete repair mechanisms than 

nuclear DNA so is therefore much more prone to oxidative damage (148).  As such 

mtDNA damage is more extensive, rapid and persistent than nuclear DNA damage.  Of 

relevance to psychotic disease, cells of various brain cortical regions (including 

integration and association areas) accumulate the most mtDNA damage throughout life 
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second only to cells of the basal nuclei (148).  The oxidized DNA product, 8-OHdG is 

also indicative of mtDNA damage (303) hence studies using 8-OHdG to indicate 

oxidative damage in schizophrenia (245), should consider the possibility of mtDNA 

involvement.   

Neutrophils (241) and dendrites of prefrontal cortical neurons (328) contain 

swollen, enlarged mitochondria while oligodendrocytes of the caudate and prefrontal 

cortex (327) contain smaller mitochondria in individuals with schizophrenia.  In an 

electron microscopic study of the caudate and putamen neuropil from postmortem 

brains of 7 patients with schizophrenia and 4 healthy controls, Kung and Roberts found 

mitochondrial ultrastructure differences between the two groups (168).  Neurons in the 

basal nuclei neuropil of schizophrenia patients had fewer mitochondria than healthy 

controls and these changes were also present in the axon terminals of schizophrenia 

patients not on medication (off-drug) compared to those currently on medication or in 

healthy controls.  As well, there was a trend-level increase of mitochondrial size in off-

drug patients compared to either of the other groups, indicating a possible normalizing 

effect of neuroleptic treatment on mitochondrial density and size (168).  The 

mechanism behind altered mitochondrial profiles in schizophrenia is unknown, but may 

represent functional differences and lower energy production leading to an increased 

oxidative state. 

Any mechanism resulting in a disrupted oxidative stress response, which the 

present data indicates is present, could cause inappropriate cell death and 

interruptions to the timing of the cell cycle.  A parallel mechanism occurring within the 

developing brain could have profound effects on adult brain anatomy and function 

because cell cycle timing in brain development can determine cortical distribution (and 

hence function) of newly formed neurons (219).  The brain has a high oxygen demand 

in order to fulfill the energy requirement of neurons via mitochondrial oxidative 

phosphorylation.  This is especially important for maintaining neuronal ion 

concentration gradients.  Also, the brain is relatively poor in antioxidant enzymes and 
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as such, is particularly vulnerable to oxidative damage, factors that are consistent with 

altered mitochondrial function in the pathogenesis of schizophrenia. 

4.4.3 Dysregulation of reactive oxygen species metabolism 

 The present study found alterations in transcript expression of genes involved in 

the metabolism of ROS.  Superoxide dismutase (SOD) 3 transcripts were increased 

7.6-fold (Table 4.8) while SOD1 transcripts were decreased 14.4-fold (Appendix 1A) in 

schizophrenia patients.  Programmed cell death 8 (PDCD8), glutathione synthetase 

(GSS, an essential enzyme in the metabolic production of glutathione) and glutathione 

peroxidase 4 (GPX4) also had decreased expression levels (Appendices 1A & C) in 

schizophrenia skin fibroblasts.  Altered expression of these enzymes can lead to an 

increased oxidative state. 

A state of oxidative stress in cells generates free radicals by aerobic 

metabolism at a level exceeding the antioxidant defense capacity.  Oxidative damage 

can occur to a wide variety of macromolecules, including proteins, lipids and nucleic 

acids, which may result in a loss of the functionality of these molecules.  Accumulation 

of these oxidized products is thought to be a major component of aging (148).   

Antioxidant defense is present in mammalian cells primarily through the enzymatic 

activities of superoxide dismutase, catalase and glutathione peroxidase.  Superoxide 

(O2
-) is a highly reactive free radical by-product of the oxidative phosphorylation 

pathway, which is converted to hydrogen peroxide (H2O2) and molecular oxygen by the 

enzymatic activity of superoxide dismutase (SOD).  Furthermore, O2
- can react with NO 

to form peroxynitrite (ONOO-), another highly reactive oxygen species (ROS).  

Accumulation of any of these reactive oxygen species can lead to oxidative damage of 

membrane lipids, proteins and nucleic acids.  H2O2 can react with reduced transition 

metals to form the highly reactive free radical hydroxyl ion OH-.  As a protective 

measure, the cell reduces H2O2 to O2 and H2O via the antioxidant enzymes glutathione 

peroxidase (GPX), glutathione (GSH), glutathione reductase (GSR) and catalase 

(CAT).  Another molecule with a potential role in the removal of cellular H2O2 is 



Chapter 4 115

apoptosis-inducing factor (AIF), otherwise known as programmed cell death 8 

(PDCD8).  PDCD8 is located in the intermembrane space of mitochondria and is 

translocated to the nucleus during apoptosis. PDCD8 is structurally similar to GSR and 

may play a role in modulating levels of reactive oxygen species by indirect regulation of 

H2O2. 

Consistent with the present results, a reduction in the activity levels of the three 

main antioxidant defense enzymes, SOD, CAT, and GPX were observed in hemolysate 

samples from patients with schizophrenia, while patients with bipolar I disorder had 

lower levels of SOD and CAT only (271).  Furthermore, mice carrying an X-linked 

mutation in the PDCD8 allele, have an 80-90% reduction of PDCD8 mRNA and protein 

(165).  Cells from these animals are more sensitive to H2O2-induced apoptosis, and 

express more markers of oxidative stress (increased levels of the oxidized DNA 

marker, 8-OHdG) (164, 165). 

It is unlikely that the observed dysregulation of redox enyzme transcripts in the 

present study was due to antipsychotic treatment because these cells were subjected 

to multiple passages and media changes over a period of up to 3 weeks prior to being 

stored in liquid nitrogen and then thawed and grown for a further week.  Any residual 

medication would most likely have been washed away and any remaining effects 

lessened or removed with each round of cell proliferation.  It is also doubtful that a 

differential oxidative state was introduced by experimental methods.  All samples (both 

healthy control and schizophrenia) used in this study were retrieved from liquid nitrogen 

and thawed at the same time.  All cells from both groups were grown in an atmosphere 

of 5 % CO2 and a temperature of 37 °C, in the same incubator over the same calendar 

period of time.  Cell harvesting and RNA extraction were also performed systematically 

with no differences in handling between groups, nor was sample processing performed 

by group.  Thus, the observed alterations in the oxidative stress pathways suggest 

differences in schizophrenia rather than the oxidative state of the cultures. 



Chapter 4 116

4.4.4 Dysregulation of the cell cycle 

 Inspection of the exclusive range list (Appendix 1C) by EASE analysis revealed 

differential expression of 55 genes that had a cell cycle related function (Table 4.3) and 

indicated the cell cycle gene category was overrepresented in the differentially 

expressed genes.  Thirteen of these genes are involved in the regulation of the cell 

cycle and were represented in the KEGG-defined cell cycle pathway (Figure 4.6).  

Alterations in the expression of cell cycle regulatory genes are consistent with the 

observed cell cycle alterations seen in the olfactory mucosa cultures (107) (Chapter 3, 

Section 3.3).   

It should be emphasized here that the altered cell cycle phenotype was 

observed in olfactory cells (neuronal precursors) and the observation of altered gene 

expression was made in cultured skin fibroblasts.  Factors acting within one culture 

system may not be present, or have as great an influence, in another.  Skin fibroblasts 

cultures consisted of one cell type, but the olfactory cultures contained neurons, glia, 

supporting, gland, vascular, and precursor cells.  Paracrine influences from different 

cell types may provide proliferative cues.  Furthermore, the olfactory cultures contained 

10 % serum while the fibroblasts were grown in serum-free media, a factor that impacts 

on cell proliferation. 

It is unknown if the differentially expressed cell cycle gene transcripts represent 

a primary pathophysiological condition of schizophrenia or a compensatory mechanism 

due to some as yet unknown factor.  Nevertheless, both the olfactory and fibroblast 

models have suggested that cell cycle regulation may be disrupted in schizophrenia. 

4.4.5 Oxidative stress and cell cycle regulation 

Levels of reactive oxygen species, including hydrogen peroxide, have a 

regulatory effect on cell cycle progression.   Reactive oxygen species increase with cell 

cycle progression in a phase-specific fashion from G1 to S-phase to the G2/M 

transition phase.  Elimination of ROS permits cell cycle progression through mitosis 

(309).  Moderate H2O2 exposure leads to cell cycle arrest, high exposure leads to 
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apoptosis, and low exposure can stimulate cell proliferation (164).  The latter may be 

accomplished by oxidative stress reducing histone deacetylase activity, leading to 

global inactivation of transcriptional repressors and resulting in gene activation. 

Within the cell cycle regulation pathway (Figure 4.6, Table 4.5) there were 

increased mRNA expression levels of nuclear factor of kappa light polypeptide gene 

enhancer in B-cells (NFKB1) and ataxia telangiectasia mutated (ATM).  NFKB1 is a 

regulator of transcription.  Its expression can be induced by increased H2O2 levels, as a 

result of GSH depletion (181).  NFKB1 has been implicated in apoptotic and cell 

proliferation pathways, suggesting a putative mechanism for regulation of the cell cycle 

by oxidative stress.  Cells of an ATM-/- chicken B-cell line generated more intracellular 

ROS and were more susceptible to apoptotic cell death induced by oxidative stress 

than wild type cells (310).  Since ATM expression confers a protective effect from 

oxidative stresses it may be possible that the observed increase of ATM transcript 

expression (Figure 4.6, Table 4.5) is a compensatory mechanism in response to the 

oxidative stresses occurring within schizophrenia patients rather than an underlying 

cause.  Conversely, PCNA expression was decreased.  PCNA is involved in oxidative 

DNA damage repair and its expression is induced by H2O2
- induced oxidative DNA 

lesions (19).  In light of the present results pointing to an increased oxidative state, the 

decreased expression of PCNA transcripts along with decreased antioxidant enzyme 

transcripts (see Section 4.4.3) is suggestive of a dysregulated oxidative stress 

response.  However, the present data does not reveal the nature of this dysregulation.  

As with the dysregulation of the cell cycle, a dysregulation of oxidative phosphorylation 

and the oxidative stress response in schizophrenia may represent primary pathology or 

a compensatory response to some unknown insult.  Clearly, this is an area for further 

investigation. 

4.4.6 Validation of microarray data by qPCR 

The expression differences of VDR, PCNA and DDX5 seen in the microarray 

data were confirmed by qPCR analysis.  The activity of each one of these genes 
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impacts upon cell cyle regulation (Table 4.5, Figure 4.6).  Analysis by qPCR revealed a 

significant increase in the levels of VDR expressed transcripts, a trend for increased 

HDAC4, and decreased expression levels of PCNA, NFKB1, HDAC6 and DDX5 in 

cultured skin fibroblasts from schizophrenia patients as compared to healthy controls.  

The decreased expression of NFKB1and HDAC6 was at odds with the microarray data 

and must therefore be deemed as did not replicate.  Other genes, whose expression 

levels were not replicated by the qPCR analysis did not have a significant difference 

between groups. 

While the data presented in this thesis from both the microarray and real time 

PCR studies may be valid, the discrepancies in gene expression levels between the 

microarray data and real time PCR data are more likely due to the different RNA 

species used.  The microarray studies in this thesis used amplified aRNA, while the 

qPCR analysis used mRNA.  RNA abundances can be selectively altered during an 

aRNA amplification process (182).  Li and colleagues (182) point out that the gene 

expression ratio of two samples will not be affected if the same RNA species are used 

(i.e. messenger versus antisense).  Therefore different species of RNAs can be used in 

expression profiling analysis provided the test and reference samples are generated by 

an identical method within a single study (182). 

The significance of gene expression differences in schizophrenia has previously 

been discussed and will not be further discussed here.  It is possible that the 

confirmatory findings of the chosen genes in the qPCR data, represent the only true 

differences present in the microarray data, indicating that the other qPCR-tested genes 

showing no difference between diagnostic groups are false positives.  It may also be 

possible that errors or other problems in sample preparation or processing, lead to few 

confirmatory findings.  The RNA used in the qPCR analysis had been stored at – 80 °C 

for up to two years.  The effect of long-term storage on RNA quality is the subject of a 

later discussion (Chapter 6, Section 6.4.1), but it is possible that degradation occurred 

in the samples used in this study.   A more likely explanation of the disparity between 
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the qPCR and microarray findings is probe-specific effects on reported expression 

levels.  Expression level information provided by different probes to the same gene can 

be highly variable (180).  Since the probes used in this study were different across 

platforms (i.e. microarray vs. qPCR) the disparity of qPCR and microarray expression 

levels may be a function of these probe-specific effects (180). 

The current real time PCR study has found differential expression in gene 

transcripts of VDR, PCNA and DDX5 in skin fibroblasts from patients with 

schizophrenia.  The validation of increased VDR expression is of particular interest 

because perinatal levels of its ligand, vitamin D3, are hypothesized to be a factor in the 

pathogenesis of schizophrenia (196, 197, 220, 222, 251).  Furthermore, none of the 

confirmed differentially expressed genes in the present study have previously been 

implicated in schizophrenia and thus provide interesting new leads for future research.  

However, due to potential confounds that may have been introduced into these data 

(i.e. splice variants, differential amplification, degradation), these findings need to be 

interpreted with caution.  Further confirmatory studies (e.g. real-time PCR, Western 

Hybridization) in fresh samples of skin fibroblasts from the same set or a separate set 

of participants could provide more robust findings. 

4.4.7 Summary 

 The present study is one of the first to investigate gene expression in skin 

fibroblasts from patients with schizophrenia.  New data showing dysregulation of the 

cell cycle at the genetic level was presented.  Quantitative PCR validated the 

differential expression of VDR, PCNA and DDX5 in schizophrenia.  These genes 

represent new candidates for investigation in the study of this disease. 

An unsupervised hierarchical clustering of the data (Figure 4.5) demonstrated 

an obvious group difference in gene expression profiles between schizophrenia 

patients and healthy controls.  A compelling overlap of differentially expressed genes 

was seen with published microarray studies of schizophrenia (Table 4.8), especially in 

relation to mitochondrial dysfunction.  Strong signals were seen in the oxidative 
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phosphorylation and TCA cycle pathways.  These data in concert with recent literature, 

lend themselves to speculation and hypothesis generation.  This thesis will return to the 

microarray data in Chapter 7 and explore the findings further in a more speculative 

manner.   
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Reference Gene Determination and Validation of 
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5.1 Introduction 

PCR-based methods of quantifying gene transcription levels depend on the 

comparison of expression of another gene in the same sample against which the 

expression of the genes of interest is normalised.  These normalising, or reference 

genes, are usually genes thought to be expressed equally in all cells and tissues and 

are often known as "housekeeping" genes giving the impression that they have the 

same function in all cells under all conditions.  The most commonly used reference 

gene is GAPD (glyceraldehyde-3-phosphate dehydrogenase).  In Chapter 4 a 

difference was noted in the expression of GAPD between schizophrenia and healthy 

controls (Table 4.8).  This difference was seen in the microarray analysis of skin 

fibroblasts from this thesis and in an independent investigation of gene expression in 

post-mortem prefrontal cortex (264).   

Differential expression of reference genes across groups can introduce false 

differences, or obscure true differences in the expression of the gene(s) being studied.  

Therefore, it was decided that an alternate reference gene having stable expression 

across participant groups should be found.  The expression level of reference genes 

can be modulated by several factors including: experimental treatment (291, 365), 

pathology (31, 190), individuality (77) and even in vitro cell culturing (134).  Therefore, 

validation of endogenous reference genes for use as normalizers must be carefully 

undertaken to ensure they exhibit stable expression across all individual samples in the 

experimental system under investigation.  Once the stable expression of a normalizing 

gene has been validated it can then be used for comparative quantification assays.  It 

was hypothesized that at least one gene in skin fibroblasts would exhibit stable 

expression between schizophrenia and healthy control groups.  It was also 

hypothesized that qPCR would show stable expression of at least one gene described 

by the literature to be a reference gene and that also exhibited stable expression in the 

microarray data (from Chapter 4).   
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Quantitative PCR is a widely used, automated method for deriving quantitative 

estimates of the expression of a gene of interest compared to a reference gene.  In 

qPCR, a fluorescent dye binds to the double-stranded DNA as it is formed providing 

continuous monitoring  of amplified cDNA levels over the course of the PCR (141).  

Currently, the most widely accepted method for analysing qPCR data is the 

comparative threshold cycle method (255, 256), which is based upon determining a 

fractional cycle number (the threshold cycle;  Ct) during the exponential phase of DNA 

amplification to generate a value for the amount of gene transcript.  One drawback of 

this method is that the efficiency of the real time PCR reaction must be calculated for 

each gene of interest by generating a separate standard curve for each.  This greatly 

increases the time and cost required for real time PCR verification of multiple genes of 

interest generated from microarray expression screening. 

 Recently a new method was proposed by the manufacturers of the Rotor Gene, 

a real time PCR thermal cycler (Rotor Gene 5.0 software, Corbett Research, Australia).  

This method of qPCR analysis, “comparative quantitation”, calculates the efficiencies of 

each gene for each individual PCR reaction and is based on the second differential 

maximum method (272) to calculate single reaction efficiencies.  Because comparative 

quantitation does not require any extra qPCR reactions to calculate efficiencies, it is 

cheaper in reagents and time compared to the comparative threshold cycle method but 

the two methods have not been directly compared on the same samples.  
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5.1.1 Aims 

The main aim of the present study was to identify a reference gene with stable 

expression across all individuals and groups in cultured skin fibroblasts.  Once a gene 

or genes were deemed stably expressed, the most stable would be used in future 

qPCR investigations of cultured skin fibroblasts. 

Another aim of this study was to directly compare comparative quantification 

with the ‘gold standard’ in qPCR data analysis, since the comparative quantification 

method of qPCR analysis confers an advantage in terms of time and cost to users of 

this tool, and its validity has not been independently tested. 
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5.2 Methods 

5.2.1 Selection of normalizing genes for comparison 

Candidate reference genes were selected from those represented on the 

microarray.  These included four widely used references genes and three suggested 

recently as useful, but otherwise not commonly or previously used (146, 175, 342).  

The widely used reference genes were: tyrosine 3-monooxygenase/tryptophan 5-

monooxygenase activation protein, zeta polypeptide (YWHAZ; NM_003406), beta-2-

microglobulin (β2M; NM_004048), H3 histone, family 3A (H3F3A; NM_002107), 

(GAPD; NM_002046).  The three other candidate reference genes were: dullard 

(Xenopus laevis) homolog  (DULLARD; NM_015343), non-POU domain containing, 

octamer-binding (NONO; NM_007363), DnaJ (Hsp40) homolog, subfamily B member 1 

(DNAJB1; NM_006145).  The expression levels of these genes has been shown by 

microarray analysis of cultured skin fibroblasts from schizophrenia patients and healthy 

controls (Chapter 4).  These expression levels are displayed in Figure 5.1. 
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Figure 5.1.  Microarray data showing expression levels of reference genes. Red lines represent the log of normalized 
expression values for each individual participant. Microarray data includes a subpopulation only of subjects included in 
the real time RT-PCR experiments. C = healthy control, S = schizophrenia patient. 
 
 

5.2.2 Primers 

Primers sets (20-21 bases in length; Genset Oligos) were designed and 

sequence specificity verified as in Chapter 4, Section 4.2.8.2.  The PCR products were 

electrophoresed through a 2 % agarose gel and visualized by ethidium bromide 

staining.  Product bands of appropriate length were excised and extracted using 

QIAquick® gel extraction kit (Qiagen).  Purified cDNA was then prepared for 

sequencing as described in Chapter 4, Section 4.2.8.2.  Primer sequences are 

presented in Table 5.1. 
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Gene Accession 
Number Sense Primer Antisense Primer mRNA 

Range 
Product 

Size 
5’-TGAAGCCATTGCTG 5’-CTTCAGCTTCGTCT YWHAZ NM_003406 AACTTG-3’ CCTTGG-3’ 

675-799 126 

5’-TGACTTTGTCACAG 5’-AGCAAGCAAGCAGA β2M  NM_004048 
CCCAAG-3’ ATTTGG-3’ 

374-487 114 

5’-ACTGGAGGGGTGAA 5’-AGCAATTTCTCGCA H3F3A  NM_002107 
GAAACC-3’ CCAGAC-3’ 

212-343 132 

5’-TGCACCACCAACTG 5’-GGCATGGACTGTGG GAPD  NM_002046 
CTTAGC-3’ TCATGAG-3’ 

529-615 87 

5’-CCGAAACCTTCACC 5’-AGGCAGTCCTCACA DULLARD NM_015343 
AACATC-3’ TTGGAC-3’ 

1151-
1277 127 

5’-AGATTCGGATGGGT 5’-CATAGTGGCAGGTC NONO  NM_007363 
CAGATG-3’ CTGGAG-3’ 

1313-
1428 116 

5’-TTCCCCAGACATCA 5’-ACCCTCTCATGGTC DNAJB1  NM_006145 
AGAACC-3’ CACAAC-3’ 

1017-
1152 136 

 
Table 5.1.  Primer sequences for reference genes. 
 
 

5.2.3 Quantitative PCR 

Extraction and purification of RNA samples was described in Chapter 4, Section 

4.2.3.  The RNA samples for qPCR analysis were not amplified.  Reverse transcription 

was performed as described in Chapter 4, Section 4.2.8.1 using a SuperScript III 

RNase H- Reverse Transcriptase Kit (300 U; Invitrogen) 

5.2.4 Reference gene analysis 

Quantitative PCR was performed on all samples with each primer set to 

determine which of the reference genes was stable across control and patient groups.  

All samples, in triplicate, were subjected to real time PCR as outlined above and the 

PCR runs were repeated 3 times.  Data (Ct values) was collected and viewed by using 

Rotor Gene 5.0 software (Corbett Research).  The statistical procedure Proc Mixed in 

SAS 8.02 (SAS Institute, Cary, NC) was used with a nested random effects model for 

subjects, replicate, and run between the two groups, with post-hoc planned 

comparisons (t tests) between the schizophrenia versus healthy control groups for 

each of the seven genes.  Statistical tests used an alpha level of 0.05 and tests were 

two tailed.  Results are expressed as Mean ± S.E.M. (Table 5.2).  Genes with 
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expression levels that were not different between groups (p > 0.05) were deemed 

stably expressed.  The gene with the highest p-value was selected as the reference 

gene for the remainder of the study.   

5.2.5 Comparison of qPCR data analysis methods 

From the skin fibroblast microarray data eighteen genes were selected that 

were expressed differently between the schizophrenia and control groups (Chapter 4, 

Table 4.6).  These genes were quantified by real time PCR.  The relative amount of 

each gene product in each sample was determined using two different quantification 

methods, the comparative threshold cycle method (255) using REST© XL (Relative 

Expression Software Tool) (256) and the Comparative Quantitation (CQ) method 

supplied as part of the Rotor Gene 5.0 software (Corbett Research).  The REST© XL 

method used the Pair Wise Fixed Reallocation Randomisation Test© and 2000 

randomizations were performed as recommended by the authors of this method (256).   

In the comparative threshold cycle method an arbitrary threshold level is set 

within the exponential phase of amplification on a plot of normalized fluorescence 

values to determine a fractional Ct value.  The CQ method differs from this in that it 

uses the second derivative of raw fluorescence values to help calculate the point at 

which the exponential phase of amplification begins.  This point, termed the Take Off 

Point (TOP), is used in the equivalent manner as the Ct value.  The TOP is described 

as the point 80% below the second derivative plot peak (Figure 5.2).  The CQ method 

calculates reaction efficiencies for each individual sample, obviating the need for 

standard curves to generate efficiencies and controlling for efficiency differences 

between reactions.  Real time PCR correlates the fluorescence levels to levels of 

synthesized product.  The increase in fluorescence (R) is represented by the 

exponential growth model during the PCR: Rn+1 = Rn * (A), where n is the cycle number 

and A is the amplification value, a measure of reaction efficiency.  Background 

fluorescence was removed by taking the first differential of the normalized fluorescence 

values.  The fluorescence increase during the exponential phase was monitored by a 
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Figure 5.2.  Plot of the second differential of DNAJB1 raw fluorescent readings taken from all samples (schizophrenia 
and healthy control). The peak is equivalent to the maximum rate of exponential amplification and the take off point 
(TOP) is defined as 20 % of the peak (or 80 % less). The TOP in the CQ method is equivalent to Ct value in other real 
time PCR analysis methods. 
 
 
rearrangement of the above formula to give an observed amplification (An) at each 

point within the exponential phase of a reaction: (An) = Rn+1/Rn.  The average 

amplification over these points produced an amplification value for the sample (As).  

The amount of gene product in any given sample relative to a designated reference 

sample was calculated using the formula: Relative Quantity (RQ) = (As) ^ (Control TOP 

– Sample TOP).  Since each sample was performed in triplicate, the mean RQ of the 

replicates for each sample was determined.  The mean RQ values for the gene of 

interest (RQGOI) were then transformed into a ratio of the normalizing gene (RQNORM) 

values for each individual sample.  Group differences (fold changes) were calculated 

by taking the mean of all RQGOI/RQNORM values for schizophrenia and control samples 

and expressing the schizophrenia values as a ratio of the control value.  Calculated 
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group expression level differences from both the comparative threshold cycle and CQ 

methods were assessed for correlation by linear regression analysis using XLSTAT-

Pro 7.0 (Addinsoft, NY). 
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5.3 Results 

5.3.1 Specificity and linearity of the qPCR reactions 

Specificity of the qPCR reactions for each primer set was analysed on a 2 % 

agarose gel and confirmed by the observation of a single amplified band of the correct 

length.  Nucleotide sequencing of these products demonstrated a minimum 90 % 

homology to their corresponding DNA sequences as per the NCBI BLAST database.  

Furthermore, melt curve analysis of the real time qPCR amplicons, did not detect any 

non-specific amplification products.  Serial dilutions (1/10) of human skin fibroblast 

cDNA over a 10 000 fold range were prepared for each gene.  Standard curves were 

generated using five dilutions of skin fibroblast cDNA.  The Rotor Gene 5.0 software 

calculated correlation coefficients and reaction efficiencies from these curves.  The 

mean correlation coefficient for the seven normalizing genes was 0.998 (SD = 0.001, 

range 0.996 - 0.999), while the correlation coefficient for the eighteen GOIs was 0.992 

(SD = 0.011, range 0.959 - 0.998).  Average efficiency for the normalizing genes was 

93 % (SD = 3.4 %, range 89 – 99 %) while that for the GOIs was 92 % (SD = 10.3 %, 

range 62 – 104 %).  The efficiencies generated by these standard curves were used in 

the comparative threshold cycle calculations. 

5.3.2 Differential expression of reference genes in schizophrenia 

Seven reference genes were chosen for testing their stability of expression in 

patient and control samples.  Four of these genes were selected on the basis of their 

widely accepted use as reference genes, and three were selected on the basis of 

recent evidence suggesting their stability of expression (88, 146, 342).  Expression 

levels of the ‘new’ normalizing genes, as measured by microarray analysis, were not 

significantly different between patient and control groups and were selected from those 

genes having normalized expression level values with low variability (less than 0.03; 

range 0.027-0.004) across all individuals from both groups.  Microarray data for all 

seven normalizing genes tested is presented in Figure 5.1.  A total of 1071 individual 

real time PCR reactions were performed (9 schizophrenia and 8 healthy control 
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samples, by 3 replicates each, by 3 runs, by 7 genes).  Ct values were collected and 

collated by gene and participant and then analysed for differences between gene 

expression level within and between subjects and between groups.  Analysis of 

variance showed significant effects of gene (F6, 960 = 8450.10, P < 0.001), and 

participant group (F1, 18 = 9.48, P = 0.007), plus a strong gene by participant group 

interaction (F6, 960 = 4.46, P < 0.001).  Post-hoc analysis revealed significant differences 

between groups for five of the seven genes tested (Table 5.2).  Of the two genes 

without significant differences between groups, DNAJB1 demonstrated the most stable 

expression level (highest p-value) and as such was selected as the reference gene for 

comparing the quantitation methods (below). 

GENE STATUS MEAN SEM P-VALUE 
SZ 14.34 0.088β2M 
HC 14.80 0.088

< 0.001 

SZ 11.95 0.104H3F3A 
HC 12.41 0.104

0.003 

SZ 15.44 0.087YWHAZ 
HC 15.69 0.087

0.05 

SZ 9.35 0.094GAPD 
HC 9.67 0.094

0.02 

SZ 16.13 0.102DNAJB1 
HC 16.32 0.102

0.19 

SZ 15.10 0.127DULLARD
HC 15.44 0.127

> 0.05 

SZ 13.53 0.116NONO 
HC 13.97 0.116

0.008 

 
Table 5.2.  Mean Ct values (± S.E.M.) for each reference gene listed by group. Differential expression for all but 2 
genes, DNAJB1 and DULLARD, was observed between schizophrenia patients and healthy controls.  The gene with the 
highest p-value; and hence selected as the reference gene for this study is highlighted in yellow. 
 
5.3.3 Comparative quantitation versus comparative threshold cycle 

Eighteen genes were analysed for differential expression between patient and 

control groups to provide ratios of gene expression between the genes of interest and 

the reference gene.  The absolute values of the ratios from each analysis method were 

subjected to linear regression analysis.  The two methods gave very similar results and 

were strongly correlated (R2 = 0.727; Figure 6.3).  The equation of the fitted line is 

Comparative Threshold Cycle Analysis = (0.101 ± 0.133) + (0.899 ± 0.138)*CQ.  The 

fitted line does not differ significantly from a ray through the origin with unit slope (i.e. 
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perfect calibration; F2, 16 = 0.29, p = 0.75).  These data suggest that the CQ method of 

analysis is comparable to the ‘gold standard’ Comparative Threshold Cycle method of 

qPCR data analysis, and hence represents a viable alternative of qPCR data analysis.  

Therefore, the Comparative Quantification method will be used for confirmation of the 

microarray results. 
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Figure 5.3.  Linear regression analysis comparing output of comparative threshold cycle analysis and CQ analysis. 
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5.4 Discussion 

This study shows that commonly used "housekeeping", or reference, genes can 

differ significantly in cDNA samples derived from mRNA from persons with 

schizophrenia and healthy controls.  On the other hand, several genes were found with 

similar expression levels among the groups, providing appropriate reference genes for 

qPCR.  These results emphasise that commonly used "housekeeping" genes are not 

appropriate as normalizing genes for all tissues and suggest that normalizing genes 

should be confirmed for all tissues.  Our data show that some commonly used 

normalizing genes are differentially expressed among individuals with schizophrenia 

and healthy controls.  These findings are consistent with the fact that expression levels 

of certain normalizing genes can be modulated in vivo or in vitro by treatment or 

disease state (46, 291, 305, 312).  Furthermore, this difference in gene expression 

level indicates the necessity to identify a normalizing gene prior to its use as such in 

qPCR.  The best reference gene in our samples was DNAJB1, recently suggested as a 

reference gene (88), but has not yet tested for its stability of expression.  We found that 

DNAJB1 had consistent expression levels between individuals and across groups.   

The second finding of this study is that the Comparative Quantitation method for 

calculating qPCR ratios provides comparable data to that of the well-accepted 

Comparative Threshold Cycle method.  This is important because the cost of the latter 

is considerably greater than the former when multiple genes of interest are under 

analysis, such as in verifying gene expression microarray data. 

5.4.1 Reference gene selection 

DNAJB1, is a mammalian homologue of bacterial heat shock protein 40 (248) 

and belongs to a constitutively expressed family of molecular chaperones (249).  The 

constitutive expression, compact gene length (138, 248), and requirement for cell 

maintenance (1, 103) of DNAJB1, renders it an ideal candidate as a housekeeping 

gene (88).  However, like many heat shock proteins, DNAJB1 expression can be 

modulated by ischemia (311) and heat treatment (1).  Therefore caution must be taken 
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before using DNAJB1 as a reference gene.  Potential homeostatic effects on DNAJB1 

expression were minimized in the culture system used because it maintained constant 

levels of oxygen, carbon dioxide and temperature across all samples in both groups.  

Furthermore, the present microarray and qPCR data demonstrate the expression 

stability of this gene, not just across groups but between individuals as well.  

Expression levels of widely used normalizing genes including GAPD, β-Actin, and β-2 

microglobulin may not be stable across individuals or tissues (31, 77, 134, 175, 291, 

365) and can be modulated in vivo or in vitro by treatment or disease state (46, 291, 

305, 312).  Therefore, it is suggested that whenever possible, experimenters use 

robust methods to validate the expression stability of a normalizing gene prior to its use 

in qPCR. 

5.4.2 Comparison of quantitative PCR analysis methods 

Real time qPCR is becoming the method of choice for quantifying the 

expression of gene transcripts, replacing other laborious methods of quantification such 

as Northern blot and differential display (46, 267, 272).  This method is relatively simple 

to perform, is very sensitive and accurate (141, 272) providing rapid and reliable 

quantification of mRNA transcripts.  In real time qPCR a fluorescent, dsDNA-binding 

dye allows for the continuous monitoring of amplified cDNA levels over the course of 

the PCR.  Increasing fluorescence intensity is proportional to the increasing amount of 

amplification product (141).  Quantification of this amplification product is achieved by 

standardizing mRNA levels to the level of a control (or normalizing) gene.  Preferably 

such a control gene is an endogenous reference, which as part of the original sample, 

has been exposed to the same manipulations and potential RNA degradation during 

processing as the target, or gene of interest.  Process-introduced variances would then 

be consistent across both the gene of interest and normalising gene thereby controlling 

for false expression level differences.   

 Once the stable expression of a normalizing gene has been validated it can 

then be used for comparative quantification assays.  Currently, the most widely 
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accepted method of real time qPCR analysis is the comparative threshold cycle 

method (255, 256), which is based upon determining a fractional cycle number (the 

threshold cycle;  Ct) during the exponential phase of DNA amplification to generate a 

value for the amount of gene transcript.  This method is advantageous over other Ct 

based methods such as the two standard curve and the -ΔΔ Ct methods as it does not 

assume that PCR amplification efficiencies are 100 % and therefore has no need to 

calibrate the assay to obtain equal efficiencies between genes.  The rate of 

amplification of any transcript in PCR is a function of the reaction efficiency of the PCR 

(286).  Efficiency values generated from a standard curve assume that all the serial 

dilutions amplify at the same rate (270).  Furthermore, because the gradient of the line 

of best fit is used to calculate efficiency, it may still generate a gradient equal to 100 % 

efficiency with fluctuating Ct value differences between dilutions.  A dilution series with 

a true 100 % efficiency has constant differences between Ct values for each dilution.  

This means that the comparative cycle threshold method, which requires the use of 

standard curves to calculate efficiencies for each primer set, may not give an accurate 

reflection of amplification rate for each sample because efficiencies can and do change 

between samples due to systematic and random effects in sample preparation (112, 

270).  Recently two methods for calculating the qPCR efficiency of a single reaction 

have been described (188, 315).  The earlier method, described by Liu and Saint (188), 

is based on the experimenter subjectively determining where the amplification is 

occurring at an exponential rate, taking the log of the data and fitting a regression line.  

The slope of the regression line is then considered to be equal to the efficiency of the 

reaction.  The primary disadvantage of this method is its reliance on the subjectivity of 

the researcher.  The second method (315), resists this subjective influence by using 

statistical methods to determine the start (the first statistically significant observation at 

the beginning of a trend of observations falling above a linear plot of the ground phase) 

and the end (the second derivative maximum) of the exponential growth phase.  

Efficiency is then estimated using this portion of the exponential growth curve.  When 
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compared to other methods of calculating efficiency this method was more accurate in 

that the subsequently computed fluorescence thresholds had lower variances than any 

of the other methods (315).  A very similar method of single reaction efficiency 

determination is described and employed by the Rotor Gene 5.0 software (Corbett 

Research).  This method of qPCR analysis accounts for differing amplification 

efficiencies by calculating them for each individual reaction.  Comparative Quantitation 

(CQ) is also based on the second differential maximum method (272) to calculate 

single reaction efficiencies.  However, this method is less complex because it doesn’t 

use a second statistical method to calculate the beginning of the exponential phase, 

instead the beginning is calculated as a percentage of the maximum. 

  A point at 20 % of the second differential maximum maximum is used by CQ to 

define the range of exponential growth in order to calculate reaction efficiencies.  The 

second differential of raw fluorescence values from a qPCR reaction describes a 

parabola with peak as the point of maximum exponential growth of amplified product.  

By directly calculating the amplification efficiencies of different reactions, the Rotor 

Gene 5.0 software ensures that any differences in reaction efficiencies are 

compensated for, circumventing the assumption of a constant efficiency and thus 

provides a more accurate estimation of relative quantity (112, 272, 315).  Also, all 

values used in the efficiency calculations fall within the exponential phase of 

amplification.  This is a necessity because all quantitative information of a qPCR 

reaction is located within this exponential phase (272).  The primary advantage CQ has 

over Ct methods of analysis is it obviates the need to run standard curves (188, 270, 

315), by generating separate reaction efficiencies.  Therefore CQ analysis saves time 

by avoiding the need to perform ‘extra’ runs to generate efficiencies, which is especially 

important when research involves the study of many genes.  Furthermore, CQ reduces 

the amount of reagents used which in turn reduces costs.  Most importantly it reduces 

the amount of nucleic acid required, which is the most valuable commodity when the 

original amounts of starting material are restricted, as in the case of tissue biopsies. 
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5.4.3 Summary 

 Assurance of reference gene stable expression across the groups of interest is 

required for real time PCR normalization.  Validation of such stable expression must be 

achieved with first order experimental evidence in the immediate system to be studied, 

and not solely on the basis of reports in the literature.  An alternate method of qPCR 

analysis, Comparative Quantitation, was described and validated.  This method 

provides an alternative method of analysis to real time PCR researchers who will 

benefit from the time and cost savings inherent in its use. 
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Chapter 6: 

 

Gene Expression Profiling of Biopsied Olfactory 

Mucosa in Schizophrenia and Bipolar I disorder  
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6.1 Introduction 

Chapter 3 showed an increased cell proliferation in biopsied olfactory mucosa 

culture from patients with schizophrenia and an increased cell death in patients with 

bipolar I disorder.  Since the olfactory epithelium is an effective tool to model 

neurodevelopment (Chapter 2), the cell cycle alterations observed provide insight into 

the developmental etiology of these disorders.  Microarray analysis of cultured skin 

fibroblasts from patients with schizophrenia (Chapter 4) demonstrated gene expression 

differences compared to healthy controls.  Obvious differences were seen in the 

expression levels of genes involved with mitochondrial function (especially in the 

oxidative phosphorylation and TCA cycle pathways), and with cell cycle regulation. 

As previously mentioned in Chapter 4, Section 4.1, skin fibroblasts and all 

neural tissues are derived from ectoderm in the early embryo.  The olfactory mucosa is 

a neural tissue that is also derived from this embryonic layer (246).  Since the olfactory 

epithelium retains the capacity to regenerate and continually renew its sensory neurons 

throughout life (198, 239, 343), microarray analysis of this tissue may provide insights 

into the genetic mechanisms operating in early brain development.  As a neural tissue, 

gene expression analysis of the olfactory epithelium may more closely reflect these 

mechanisms than microarray analysis of skin fibroblasts. 

Considering the findings of Chapter 3 and 4 it was hypothesized that gene 

expression analysis of olfactory mucosa would reveal alterations to genetic pathways 

involved in the cell lifecycle in patients with psychosis.  Also, the finding of altered 

oxidative phosphorylation and TCA cycle gene expression (Chapter 4) in led to the 

hypothesis that gene expression of these pathways would be altered in olfactory 

mucosa from schizophrenia patients. 

Increased cell death was seen in olfactory mucosa cultures from bipolar I 

disorder patients (Chapter 3, Section 3.3.3).  Interestingly, there is speculation that the 

therapeutic effect of lithium is related to its reduction of neuronal cell death in bipolar 
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disorder (207).  Lithium treatment in bipolar disorder exerts an influence within the 

phosphatidylinositol pathway by blocking myo-inositol recycling (208).  Microarray 

analysis of the prefrontal cortex of bipolar disorder patients has shown decreased 

transcript expression of phospholipase C (30), an integral component of the 

phosphatidylinositol pathway.  Therefore, it was hypothesized that the present study 

would find altered expression of genes involved in this pathway in patients with bipolar I 

disorder. 

To date, no studies have examined global gene expression in olfactory mucosa.  

Thus, the present study is the first ever to investigate gene expression within the 

olfactory mucosa and to use it to examine gene expression differences in 

schizophrenia and bipolar I disorder.  A strength of this study was that it used biopsied 

tissue from living subjects, hence gene expression was not confounded by agonal 

factors.  However, gene expression studies in biopsied human olfactory mucosa from 

living participants are difficult, because the amount of tissue that can be taken from any 

given individual at any one time is very small.  Consequently, the amount of total RNA 

that can be extracted from each sample is also very limited; hence it requires 

amplification prior to microarray hybridization.  Another issue to consider in gene 

expression analysis of olfactory mucosa is the heterogeneity of the tissue.  Biopsies of 

olfactory mucosa contain neural, vascular, glandular, and connective tissues.  Also, 

while the biopsy procedure has been optimized to select olfactory mucosa (108), 

contamination by respiratory epithelium cannot be ruled out.  Gene expression may 

vary significantly between tissues and therefore may mask real expression differences 

between experimental groups.  However, microarray studies in another mixed tissue, 

the brain, have successfully shown verifiable gene expression differences in psychotic 

disease (see review in Chapter 1, Section 1.4.3) and thus the present study should be 

no different. 
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6.1.1 Aims 

 The primary aim of the present study was to investigate gene expression in 

olfactory mucosa biopsies from individuals with schizophrenia and bipolar I disorder.  

More specific aims were to: 1) determine the genetic involvement of cell cycle 

pathways resulting in the observed phenotypic differences (Chapter 2), 2) test for 

differentially expressed genes found in both olfactory mucosa and skin fibroblasts 

(Chapter 4) in schizophrenia, 3) test gene candidates and pathways from previously 

published microarray studies of schizophrenia and bipolar I disorder and 4) develop 

new hypotheses from the data that can be directly related to structural and functional 

data from current literature. 
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6.2 Methods 

6.2.1 Participants 

Participants were the same individuals who participated in the nasal biopsy 

culture study (Chapter 3, Section 3.2.1).  An additional olfactory mucosa sample was 

collected for microarray analysis during the biopsy procedure.  Biopsies of olfactory 

mucosa from nine patients with schizophrenia, nine patients with bipolar I disorder, and 

six healthy controls were collected for microarray analysis.  Difficulties in extracting 

adequate amounts of RNA from some of these samples meant that samples from only 

seven patients with schizophrenia, five patients with bipolar I disorder and five healthy 

controls were available for microarray analysis.  After these technical limitations age-

matching between groups was lost but sex-matching was maintained between healthy 

control and bipolar I disorder (3 males and 2 females per group).  There was no 

significant difference in age between groups.  The schizophrenia group had 1 female 

and 6 males.  Demographic data is presented in Table 6.1.  Three of the five healthy 

control participants in the nasal biopsy microarray study were also represented in the 

skin fibroblast study.  Similarly, five of seven schizophrenia patients with nasal biopsies 

for microarray analysis were represented in the skin fibroblast study.  

Healthy Control Schizophrenia Bipolar I Disorder 
ID Age Sex ID Age Sex ID Age Sex 

C1 25 Male S1 23 Male B1 52 Male 
C2 62 Female S2 49 Male B2 35 Male 
C3 39 Female S3 45 Female B3 29 Female 
C4 39 Male S4 30 Male B4 45 Female 
C5 55 Male S5 32 Male B5 40 Male 
      S6 47 Male       
      S7 39 Male       
  44±6.5     37.9±3.7     40.2±4.0   
 
Table 6.1 Demographic data for subjects included in final microarray analysis of biopsied olfactory mucosa. 
 
6.2.2 RNA extraction 

 Biopsied olfactory mucosa was homogenized in the presence of a lysis buffer 

(solution D) containing guandinium isothiocyanate and β-mercaptoethanol (BDH 

Laboratory Supplies).  The RNA from some samples was extracted using the 
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guanidinium thiocyanate-phenol-chloroform single-step method (60) of RNA extraction.  

Samples, either as homogenized lysate or extracted RNA, were then stored at – 80 °C 

for 2-3 years.  RNA extraction and precipitation was then completed using the above 

method.  To give a measure of consistency to the RNA extraction procedure between 

samples, resultant RNA was resuspended in 100 μl of RNase-free water and ‘cleaned-

up’ using an RNeasy® kit (Qiagen) with an on-column RNase-Free DNase Set (Qiagen) 

as per the manufacturer’s instructions.  Integrity of RNA was measured by an optical 

density (OD) reading.  Samples had an OD260/280 ratio of 1.4 or greater.  Due to the low 

amount of RNA, gel electrophoresis could not be performed to verify ribosomal RNA 

integrity.  

6.2.3 Amplification and aminoallyl labelling of sample aRNA  

Extracted RNA was amplified using MessageAmpTM aRNA Kit (Ambion; Austin, 

TX) as described in Chapter 4, Section 4.2.3.  Briefly, two micrograms of total RNA 

from each sample was mixed with a T7 Oligo(dT) primer and cDNA synthesized using 

SuperScript III RNase H- Reverse Transcriptase Kit (200 U; Invitrogen).  The remaining 

amplification procedure followed manufacturer’s instructions.  Integrity of aRNA was 

measured using an OD reading of greater than 1.54 and visualization on an agarose 

gel with the aRNA appearing as a smear between 250-5000 nucleotides in length.  

Amplified antisense RNA samples were divided into 5 μg/10μl aliquots, where possible, 

and stored at – 80 °C until required.  

6.2.4 Reverse transcription and aminoallyl labelling of reference 

RNA 

 Individual experimental and control samples were hybridized against a common 

reference as described in Chapter 4, Section 4.2.4.  In order to ensure consistency 

amongst hybridizations, all labeled reference samples were mixed together and divided 

into 10 μg/10μl aliquots, then stored at – 80 °C until required. 
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6.2.5 Microarray hybridization 

 Amplified aRNA and labeled reference samples were retrieved from – 80 °C 

storage and thawed.  Hybridizations were performed exactly as previously described 

(Chapter 4, Section 4.2.5) albeit on a different batch of microarrays slides (Ramiciotti 

Centre), than those used for the skin fibroblasts.  

6.2.6 Array scanning and image analysis 

After washing and drying, microarrays were immediately scanned using a GMS 

418 confocal array scanner (Genetic MicroSystems) at appropriate wavelengths for 

Cy3 and Cy5.  Resultant images were loaded into ImaGene™ 5.0 (BioDiscovery), and 

resultant images analysed by GeneSpring 6.2 (Silicon Genetics) as previously 

discussed (Chapter 4, Section 4.2.6).   

6.2.6.1 Data normalization 

Due to the comparatively lower quality of the nasal biopsy array hybridizations, 

it was not possible to use the same set of normalizations that were performed for the 

skin fibroblast microarray data (Chapter 4, Section 4.2.6.1).  The array data underwent 

a data transformation first, which set to 0.01 all measurements that were less than 

0.01, in order to provide measurements that the software could use to normalize.  

Subsequently, the same two normalizations applied to the skin fibroblast data (Chapter 

4, Section 4.2.6.1) were applied, the Lowess per-spot and per-array normalization and 

a 50th percentile per array normalization (Figure 6.1). 
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Figure 6.1.  Raw versus normalized microarray data. A, Distribution of gene expression levels (raw data) from each 
subject. B, Normalized values of A. B1-B5 = bipolar I disorder, C1-C5 = healthy control, S1-S7 = schizophrenia. 

 

6.2.6.2 Data filtering 

Data were filtered according to expression levels and poor quality spots 

removed.  The selected genes had to satisfy the criterion of being present on four of 

the five healthy control and bipolar I disorder microarray slides and six of the seven 

schizophrenia microarrays from each channel (Cy3 and Cy5).  Recently Vawter and 

colleagues (333) used a ±1.4-fold change as a criterion for selecting differentially 

expressed genes in a microarray analysis of lymphoblastoid cells from schizophrenia 

patients.  Thus, it was decided to use the more conservative ±1.5-fold difference in the 

present study prior to statistical analysis.  A 3-way comparison between all groups was 

not performed; only two-way comparisons between schizophrenia and healthy control, 

and between bipolar I disorder and healthy control were made.  These data were then 

subjected to statistical analysis, with only those genes having statistically significant 

differences when grouped by disease state considered as being differentially 
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expressed between groups.  The statistical test was a parametric test with variances 

not assumed equal (Welch t-test).  The α-level was 0.05, but no False Discovery Rate 

correction was applied as was in the case of the skin fibroblast microarray analysis 

(Chapter 4, Section 4.2.7.2).  Two gene lists were generated (schizophrenia vs. healthy 

control and schizophrenia vs. bipolar I disorder).  The finalized gene lists were queried 

for functional ontological profiling using the web-based microarray data analysis 

programs DAVID (82) and EASE (145). 
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6.3 Results 

6.3.1 Gene expression in schizophrenia 

 A list of 146 genes was generated that identified those that were differentially 

expressed in schizophrenia vs. healthy control (Appendix 2A).  When the normalized 

data was subjected to an unsupervised hierarchical cluster analysis schizophrenia 

samples tended to cluster together within the healthy control range (Figure 6.2). 

 
 
Figure 6.2.  Unsupervised hierarchical cluster analysis of gene expression in samples of olfactory mucosa from patients 
with schizophrenia (indicated by red boxes at the bottom of each column) compared to healthy controls (yellow boxes).  
Note that there is a tendency for the schizophrenia samples to cluster together (middle four samples). 
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6.3.2 Altered RNA processing and cell proliferation in schizophrenia 

 The generated gene list was subjected to functional profiling using DAVID (82) 

and  EASE (145).  Ease generated a list of 109 gene categories in which the 

microarray data demonstrated significant overrepresentation.  However, as in the 

previous skin fibroblast study (Chapter 4, Section 4.3.2), many of these categories 

were redundant since all the genes they contained were represented within another 

category.  Only those gene categories with an EASE score less than 0.05 are 

presented here (Table 6.2).  The most common overrepresented category 

classifications were related to RNA processing and metabolism.   

System Category List Hits Population 
Hits EASE Score 

biological_process RNA processing 7 236 0.0157 
biological_process mRNA processing 5 114 0.0166 
biological_process RNA metabolism 7 257 0.0228 
biological_process mRNA metabolism 5 127 0.0236 

biological_process RNA splicing, via 
transesterification reactions 4 72 0.0239 

biological_process nuclear mRNA splicing, via 
spliceosome 4 72 0.0239 

biological_process positive regulation of cell 
proliferation 4 96 0.0496 

 
Table 6.2.  Gene Categories (families) overrepresented in schizophrenia olfactory mucosa.  List Hits = number of genes 
in the gene list that belong to the Gene Category.  Population Hits = number of genes on the microarray that belong to 
the specific Gene Category.  Only those categories having an Ease score ≤ 0.05 are displayed. 

 
 

Most genes in the ‘RNA metabolism’ category had decreased expression, 

indicating disrupted mRNA processing.  Consistent with altered mitosis in the nasal 

biopsy cultures (Chapter 3, Section 3.3.2), a gene category (‘positive regulation of cell 

proliferation’) containing four genes related to cell proliferation was also found to be 

significantly overrepresented (Table 6.2).  The differentially expressed genes within the 

category ‘positive regulation of cell proliferation’ are listed in Table 6.3.  Aside from 

these genes in Table 6.3, and those in represented in Table 6.5 that can also influence 

cell cycle parameters  (growth hormone receptor, cyclin B1 interacting protein, caspase 

recruitment domain family, member 12), there were two more genes with differentially 

expressed transcripts in schizophrenia olfactory mucosa biopsies that can have a direct 

impact on the life cycle and functionality of neural cells (Appendix 2A).  Neural 
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proliferation, differentiation and control 1(NPDC1; NM_015392) and neurotrophin 5 

(NTF5; also known as neurotrophin 4, NM_006179), were decreased 1.6- and 1.9-fold 

respectively in schizophrenia patients. 

 

Accession Fold 
Change GENENAME LOCUSLINK CLASSIFICATIONS 

NM_002009 -2.4 FGF7 
fibroblast growth factor 7 
(keratinocyte growth 
factor) 

cell proliferation; cell-cell signaling; 
epidermal differentiation; extracellular; 
growth factor activity; positive regulation 
of cell proliferation; regulation of cell 
cycle; response to wounding; signal 
transduction 

NM_002335 1.6 LRP5 low density lipoprotein 
receptor-related protein 5

integral to membrane; lipid metabolism; 
membrane; positive regulation of cell 
proliferation; receptor activity; signal 
transduction 

NM_003581 1.6 NCK2 NCK adaptor protein 2 

T-cell activation; cytoplasm; cytoskeletal 
adaptor activity; intracellular signaling 
cascade; positive regulation of T-cell 
proliferation; positive regulation of actin 
filament polymerization; protein binding; 
receptor signaling complex scaffold 
activity; regulation of epidermal growth 
factor receptor activity; signal complex 
formation 

NM_004624 1.9 VIPR1 vasoactive intestinal 
peptide receptor 1 

G-protein coupled receptor activity; G-
protein signaling, coupled to cyclic 
nucleotide second messenger; 
digestion; immune response; integral to 
plasma membrane; muscle contraction; 
positive regulation of cell proliferation; 
synaptic transmission; vasoactive 
intestinal polypeptide receptor activity 

 
Table 6.3.  Differentially expressed genes in schizophrenia olfactory mucosa belonging to the gene family category of 
‘positive regulation of cell proliferation’. 

 
 
 

Analysis of KEGG pathways by DAVID found no obviously dysregulated 

pathways (Table 6.4), because no more than two genes could be allocated to any 

single pathway.  However, consistent with the skin fibroblast data there was some 

involvement with genes of the TCA cycle.  Transcript expression of Aconitase 2 (ACO2; 

Appendix 2A), a component of the α-ketogluterate dehydrogenase complex, was 

decreased 1.7-fold in schizophrenia patients.  Also, pyruvate dehydrogenase 

phosphatase regulatory subunit (PDPR; Appendix 2A), a mitochondrial matrix protein, 

involved in the activation (phosphorylation) of pyruvate dehydrogenase (147) had a 

1.6-fold decrease in transcript expression in schizophrenia patients. 
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PATHWAY 

Ribosome  1.3% (2)
Amino sugars metabolism  0.6% (1)
Apoptosis  0.6% (1)
Citrate cycle (TCA cycle)  0.6% (1)
Complement and coagulation cascades  0.6% (1)
Fructose and mannose metabolism  0.6% (1)
Galactose metabolism  0.6% (1)
Glutamate metabolism  0.6% (1)
Glycolysis / Gluconeogenesis  0.6% (1)
Glyoxylate and dicarboxylate metabolism  0.6% (1)
N-Glycans biosynthesis  0.6% (1)
Pentose phosphate pathway  0.6% (1)
RNA polymerase  0.6% (1)
Reductive carboxylate cycle (CO2 fixation)  0.6% (1)
Phosphatidylinositol signaling system  0.6% (1) 

 
Table 6.4.  KEGG-defined pathways containing genes differentially expressed in olfactory mucosa from schizophrenia 
patients.  Right column lists percentage of genes present from list that are in each pathway, along with the total number 
of genes present (in parentheses). 

 
 

6.3.3 Comparison of gene expression in skin fibroblasts and 

olfactory mucosa from schizophrenia patients 

  A comparison of the skin fibroblast microarray Gene List A data (Chapter 4, 

Section 4.3; Appendix 1A), and the current olfactory mucosa gene list demonstrated a 

common differential expression of 48 genes (Table 6.5).  Approximately 83 % of the 

genes in common also match in the direction (increase vs. decrease) of the change.  

Forty percent of the common genes in Table 6.5 were either of unknown function or 

had a hypothetical function based on sequence homology to a non-human species 

gene.   

http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03010+6230+51065
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00530+55577
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04210+8772
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00020+50
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04610+5345
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00051+5211
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00052+5211
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00251+55577
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00010+5211
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00630+50
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00510+56052
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00030+5211
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03020+55703
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00720+50
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04070+8503
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Accession Fold Change 
(NB) 

Fold Change 
(SF) Gene Description 

AK026860 -2.8 11.6 hypothetical zinc finger protein MGC2647 
NM_012143 2.2 4.3 tuftelin interacting protein 11 
NM_017637 1.6 4.2 hypothetical protein FLJ20043 

AF320070 2.0 3.9 Homo sapiens hepatocellular carcinoma-associated protein 
HCA10 mRNA, complete cds. 

NM_001089 -2.1 3.6 ATP-binding cassette, sub-family A (ABC1), member 3 
AF086105 -2.3 3.4 Full length insert cDNA clone YZ93G08 
AK021495 -1.4 3.4 CDNA FLJ11433 fis, clone HEMBA1001121 
S83198 -3.5 3.1 proline rich 1 
AB040975 1.4 2.9 CTD-binding SR-like protein rA9 
NM_003824 1.6 2.8 Fas (TNFRSF6)-associated via death domain 
AL389934 2.0 2.8 caspase recruitment domain family, member 12 
NM_017425 3.2 2.4 sperm autoantigenic protein 17 
AK025418 1.6 2.4 KIAA1671 protein 
AK022464 -5.7 2.3 CDNA FLJ12402 fis, clone MAMMA1002807 

AY008271 2.2 1.9 SWI/SNF-related, matrix-associated actin-dependent regulator 
of chromatin, subfamily a, containing DEAD/H box 1 

NM_002077 1.7 1.6 golgi autoantigen, golgin subfamily a, 1 
AF104914 1.9 1.5 Ngg1 interacting factor 3 like 1 binding protein 1 
AF216381 -2.1 -1.9 cyclin B1 interacting protein 1 
NM_001281 -2.6 -2.0 cytoskeleton associated protein 1 
NM_020409 -2.1 -2.0 mitochondrial ribosomal protein L47 
NM_003017 1.9 -2.5 splicing factor, arginine/serine-rich 3 
NM_001122 -2.7 -2.7 adipose differentiation-related protein 
NM_003016 -1.7 -2.8 splicing factor, arginine/serine-rich 2 
AF086255 -1.5 -2.8 Similar to FLJ46354 protein (LOC389694), mRNA 
NM_005994 -1.6 -2.8 T-box 2 
NM_016072 2.0 -2.8 CGI-141 protein 
NM_002009 -2.4 -2.9 fibroblast growth factor 7 (keratinocyte growth factor) 
AJ011980 -1.8 -3.1 MRNA sequence, IMAGE clone 446411 
AK000899 -1.8 -3.3 Homo sapiens cDNA FLJ10037 fis, clone HEMBA1000968. 
NM_001219 -2.1 -3.3 calumenin 
NM_016025 -2.4 -3.5 DORA reverse strand protein 1 
AK022625 -4.8 -3.5 hypothetical protein LOC92270 
J03171 -2.5 -3.5 interferon (alpha, beta and omega) receptor 1 
NM_014501 -3.2 -3.6 ubiquitin-conjugating enzyme E2S 
NM_004853 -2.0 -4.5 syntaxin 8 
NM_020158 -1.8 -4.5 exosome component Rrp46 
AF116657 -1.9 -4.6 PRO1310 mRNA, partial cds 
AK026847 -2.2 -5.2 CDNA: FLJ23194 fis, clone REC00490 
AK000801 -1.8 -5.3 N-acyl-phosphatidylethanolamine-hydrolyzing phospholipase D 
AF147422 -1.7 -6.1 Full length insert cDNA clone YP75C01 

Z11802 -1.8 -6.3 Growth Hormone Receptor; H.sapiens mRNA for growth 
hormone receptor 5'-untranslated region V1. 

AK023966 -2.2 -6.6 similar to RAB7, member RAS oncogene family 
AF070647 -2.5 -8.5 Clone 24438 mRNA sequence 
L23849 -1.8 -10.3 Human (clone Z145) retinal mRNA, repeat region. 
AK021634 -1.8 -10.4 CDNA FLJ11572 fis, clone HEMBA1003373 
AB007973 -3.0 -10.7 MRNA, chromosome 1 specific transcript KIAA0504. 
AF075064 -1.9 -13.4 Full length insert cDNA YP99H09 
AK025109 -2.0 -13.9 KIAA1374 protein 
 
Table 6.5.  Differentially expressed genes in schizophrenia common to both skin fibroblast (SF) and olfactory mucosa 
nasal biopsy (NB) arrays.  Fold changes that disagree in direction (increase vs. decrease) are highlighted in red. 
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6.3.4 Gene expression in bipolar I disorder  

A list of 139 genes was generated that identified those having statistically 

significant differential expression between the bipolar I disorder and healthy control 

groups (Appendix 2B).  When the normalized data, prior to fold change filtering or 

statistical analysis, was subjected to an unsupervised hierarchical cluster analysis  

 
 
Figure 6.3.  Unsupervised hierarchical cluster analysis of gene expression in samples of olfactory mucosa between 
healthy controls (yellow boxes) and patients with bipolar I disorder (red boxes).  Columns represent individual subjects 
and rows (denoted by green lines at left) are genes.  Vertical green lines connecting the rows indicate gene 
relationships. 
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(Figure 6.3) no obvious difference in gene expression patterns between bipolar I 

disorder and healthy controls was seen.   

Regardless, this list was subjected to functional profiling using DAVID (82) and  

EASE (145).  EASE returned a list of 15 functional categories, containing 3 or more 

genes that were significantly overrepresented between bipolar I disorder and healthy 

controls (Table 6.6).   

 

System Category List 
Hits Population Hits EASE 

Score 

biological process acute-phase response 3 17 0.00994 

cellular component ribosome 5 108 0.0131 

molecular function structural constituent of 
ribosome 5 115 0.0242 

biological process protein biosynthesis 8 357 0.0406 

molecular function protein transporter 
activity 6 198 0.0408 

biological process metabolism 48 4397 0.0466 

molecular function structural molecule 
activity 9 421 0.0474 

biological process intracellular transport 8 373 0.0495 

 
Table 6.6.  Gene Categories (families) overrepresented in bipolar I disorder olfactory mucosa.  List Hits = number of 
genes in the gene list that belong to the Gene Category.  Population Hits = number of genes on the microarray chip that 
belong to the specific Gene Category.  Only those categories having an Ease score ≤ 0.05 are displayed. 
 
 

An analysis of KEGG-defined pathways via DAVID, did not demonstrate any 

obviously altered pathways between bipolar I disorder and healthy controls.  

Regardless, consistent with a current hypothesis, the phosphatidylinositol signaling 

system contained two differentially expressed genes (Table 6.7).  Transcripts of these 

two genes, phospholipase C, delta (PLCD1) and inositol 1,4,5-trisphosphate 3-kinase A 

(ITPKA) were both decreased 2.1-fold.  Transcripts of three other genes, that can be 

implicated in phosphatidylinositol signaling through their interactions with G-protein 

family members, had significantly altered expression levels in bipolar I disorder 

compared to healthy controls.  Guanine nucleotide binding protein alpha z (GNAZ) was 
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decreased 3.7-fold, rho/rac guanine nucleotide exchange factor 2 (ARHGEF2) was 

decreased 2.5-fold and adematosis polyposis coli (APC) was decreased 2.2-fold in 

bipolar I disorder patients compared to healthy controls (Appendix 2B). 

  Furthermore, consistent with the EASE analysis (Table 6.6), the KEGG 

analysis (Table 6.7) demonstrated an alteration to nucleic acid metabolism between 

groups.  

Arginine and proline metabolism  1.4% (2) 

Glycine, serine and threonine metabolism  1.4% (2) 

Histidine metabolism  1.4% (2) 

Inositol phosphate metabolism  1.4% (2) 

Phenylalanine metabolism  1.4% (2) 

Ribosome  1.4% (2) 

Tryptophan metabolism  1.4% (2) 

Tyrosine metabolism  1.4% (2) 

Phosphatidylinositol signaling system  1.4% (2) 

Alkaloid biosynthesis II  0.7% (1) 

Alzheimer's disease  0.7% (1) 

Basal transcription factors  0.7% (1) 

Butanoate metabolism  0.7% (1) 

Chondroitin/Heparan sulfate biosynthesis  0.7% (1) 

Complement and coagulation cascades  0.7% (1) 

DNA polymerase  0.7% (1) 

Fatty acid metabolism  0.7% (1) 

Globoside metabolism  0.7% (1) 

Glycerolipid metabolism  0.7% (1) 

Glycolysis / Gluconeogenesis 0.7% (1) 

Huntington's disease  0.7% (1) 

Phospholipid degradation  0.7% (1) 

Propanoate metabolism  0.7% (1) 

Prostaglandin and leukotriene metabolism 0.7% (1) 

Purine metabolism  0.7% (1) 

Pyrimidine metabolism  0.7% (1) 

Pyruvate metabolism  0.7% (1) 

Reductive carboxylate cycle (CO2 fixation)  0.7% (1) 

Valine, leucine and isoleucine degradation  0.7% (1) 

beta-Alanine metabolism  0.7% (1) 
 

Table 6.7.  KEGG-defined pathways containing genes differentially expressed in olfactory mucosa between bipolar I 
disorder patients and healthy controls. 
 

http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00330+4128+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00260+4128+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00340+4128+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00562+3706+5333
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00360+4128+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03010+6141+6154
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00380+4128+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00350+4128+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04070+3706+5333
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00960+314
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa05010+2781
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03022+6908
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00650+35
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00532+64131
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa04610+5345
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa03030+11232
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00071+35
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00603+8706
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00561+5319
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00010+55902
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa05040+1639
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00580+5319
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00640+55902
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00590+5319
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00230+11232
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00240+11232
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00620+55902
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00720+55902
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00280+35
http://www.genome.ad.jp/dbget-bin/show_pathway?hsa00410+314
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6.4 Discussion 

 The present study found gene expression differences in biopsied olfactory 

mucosa from patients with schizophrenia and bipolar I disorder compared to healthy 

controls.  Within the samples from schizophrenia patients, 48 of the genes differentially 

expressed in the nasal biopsies were also differentially expressed in skin fibroblasts.  

Also in keeping with the skin fibroblast study (Chapter 4), the present study found 

differential expression in genes that function in the cell cycle, TCA cycle, and oxidative 

stress pathways in schizophrenia, although fewer genes were identified in the olfactory 

biopsies.  Inspection of the bipolar I disorder data found altered expression of five 

genes involved in the phosphatidylinositol signalling pathway. 

6.4.1 Technical comments 
 
 As mentioned in the introduction to this chapter, RNA procurement for 

microarray analysis was an issue for concern.  The possibility of RNA degradation must 

also be considered due to the extended storage period.  While samples in the current 

study were stored at – 80 °C, it is possible that RNA degradation occurred.  

Degradation of up to 10 % of archived RNA can occur at – 80 °C over a six month 

period (133).  However, RNA degradation can be avoided if it is stored in a guanidine 

thiocyanate buffer (347).  Most RNA used in the present study came from nasal biopsy 

samples that were homogenized and stored in solution D (a guanidium thiocyanate 

buffer).  The other RNA samples used were selected on the basis of having yields and 

OD260/280 ratios comparable to the samples stored in solution D and these were 

distributed roughly evenly amongst groups.  Nevertheless, the potential of lower quality 

RNA used in the present study relative to the fibroblast microarray analysis (Chapter 4) 

requires caution in the interpretation of these results.  

6.4.2 Increased cell proliferation in schizophrenia 

Biopsied olfactory mucosa samples from schizophrenia patients had 4 genes 

with altered expressed in the ‘positive regulation of cell proliferation’ category.  Three of 

these LRP5, NCK2, and VIPR1 had increased expression in schizophrenia, while only 
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FGF7 was decreased.  Increased protein expression of each of these genes is 

implicated in increased cell proliferation (84, 117, 236, 283).  An increase in expression 

of these genes would be consistent with increased cell proliferation, such as was seen 

in the olfactory mucosa cultures from schizophrenia patients (Chapter 3, Section 3.3.2).  

It is also of interest to note here that cyclin B1 expression was decreased in the both 

the skin fibroblast culture and biopsied olfactory mucosa from schizophrenia patients.  

Degradation of cyclin B1 is required for the transition from metaphase to anaphase in 

dividing mammalian cells (56).  A generalized reduction in cyclin B1 could inhibit this 

mitotic checkpoint, allowing cells to progress through mitosis, another possibility 

consistent with increased mitosis in olfactory cultures. 

6.4.3 Oxidative stress in schizophrenia olfactory mucosa 

 The regulatory effect of oxidative stress on cell cycle progression was 

discussed in Chapter 4, Section 4.4.5.  The decreased expression of FGF7 in both skin 

fibroblasts and olfactory mucosa (Table 6.5) potentially represents another contributing 

factor to increased oxidative stress in schizophrenia not previously discussed.  FGF7 

(also called keratinocyte growth factor), inhibits hypoxic-induced cell death in mice lung 

epithelial cells (273), and in gerbil hippocampal neurons (285).  This protective 

mechanism of FGF7 in oxidative stress is poorly understood.  However, the action of 

FGF7 may be involved in a direct response to the presence of reactive oxygen species.  

Intracellular production of reactive oxygen species by UVB irradiation and other oxidant 

stimuli causes FGF7 receptor activation (212).  Also, FGF7 positively regulates a novel 

glutathione peroxidase gene (238).  In the present study a reduction in the expression 

of FGF7 may result in reduced glutathione peroxidase activity.  Activation of the FGF7 

receptor in the presence of ROS may represent a protective feedback mechanism by 

which ROS levels are monitored and subsequently modulated by glutathione 

peroxidases.  Furthermore, decreased FGF7 may present a state of low oxidative 

stress through a slight increase in ROS levels, a state that stimulates cell proliferation 

(164) as discussed in Chapter 4, Section 4.4.5. 
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6.4.4 Phosphatidylinositol signalling in bipolar I disorder 

The analysis of biopsied olfactory mucosa from patients with bipolar I disorder 

found decreased expression of two genes directly involved within the 

phosphatidylinositol signalling pathway (PLCD1 and ITPKA) and decreased expression 

of three more genes (GNAZ, ARHGEF2, and APC) that indirectly affect this pathway.  

Phosphatidylinositol signalling is a well-studied pathway that controls information relay 

in many cells.  This pathway is of particular importance in neurotransmitter signal 

transduction and as such is highly represented in the brain (130, 294).  The potential 

for phosphatidylinositol signalling disruptions to be implicated in brain disorders is 

therefore obvious and this signalling pathway has been implicated in the pathology of 

bipolar disorder (43, 208).   

6.4.4.2 Altered phosphatidylinositol signalling in bipolar I disorder 

 Expression of PLCD1 and ITPKA transcripts were decreased in the olfactory 

mucosa from bipolar patients (Figure 6.4).  Consistent with the former observation, a 

decrease in phospholipase C delta1 activity has been reported in bipolar disorder (253) 

and in Alzheimer’s disease (216).  All phospholipase C family isozymes (beta, gamma, 

delta) catalyze the reaction of phosphatidylinositol 4,5-bisphosphate (PIP2) to 

diacylglycerol (DAG) and inositol-1,4,5-trisphosphate (IP3).  The hydrolysis of PIP2 by 

PLC is Ca2+-dependent but the activity of each isozyme is differentially regulated (253).  

Interference with this reaction could have negatively amplifying effects, resulting in 

decreased IP3 levels, lowering IP3-induced Ca2+-release, which in turn can reduce 

Ca2+-second messenger signalling and Ca2+-dependent hydrolysis of PIP2 and so on.  

A reduction in ITPKA-mediated IP3 – IP4 conversion, from reduced ITPKA expression, 

as in the present data, would compound this effect.  Moreover, DAG-dependent and 

Ca2+-dependent PKC activation would also be inhibited, leading to a potential 

disruption of numerous signalling and transcription signals.  Little is known about the 

mechanisms involved in the regulation of PLCD1; however, it has been implicated in  
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Figure 6.4.  The phosphoinositide cycle in bipolar disorder.  See text for description. Genes that were found to have 
decreased expression are indicated and marked by a red  ‘X’.  ER, endoplasmic reticulum; -p, dephosphorylation; +p, 
phosphorylation; A, receptor agonist; R, G-protein coupled receptor; G, G-protein.  Adapted from Brunello (42). 
 
 
NMDA receptor signalling (296).  Most recently within cerebellar granule neurons, dual 

activation of muscarinic and NMDA receptors has been shown toenhance PLCD1-

mediated phosphorylation of PKC-substrates (362).  Interestingly, patients with bipolar 

disorder have an altered NMDA receptor function (290).  It is thought that abnormalities 

of NMDA receptor function in thalamic neurons from individuals with either 

schizophrenia or bipolar disorder are most likely due to abnormalities of NMDA-linked 

intracellular signalling molecules (64). 

The present olfactory biopsy gene expression data demonstrates a decrease in 

transcript expression of the α-subunit of G-protein Z (GNAZ) in bipolar patients as 

compared to healthy controls (Figure 6.4).  GNAZ is of relevance to brain function 

because it is found in the Purkinje cells of the cerebellum and in most neurons of the 

hippocampus and cerebral cortex (142).  A polymorphism in GNAZ exon 2 has 

increased distribution in patients with bipolar disorder (287).  Whether the observed 

reduction in the present study is due to decreased expression of GNAZ transcripts or 

from inefficient binding during hybridization due to a sequence polymorphism is 
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unknown.  GNAZ has a putative function in neuroprotection since GNAZ deficient mice 

have increased death of superior cervical ganglion neurons when treated by pertussis 

toxin (PTX).  Wild-type animals did not have a PTX-induced increase in neuronal death 

(263).  A similar mechanism in response to an unknown stressor present in tissue 

culture could be responsible for the increased cell death seen in olfactory mucosa 

cultures from bipolar patients (Chapter 3, Section 3.3.3).   

Very recently, a microarray analysis of prefrontal cortex from 15 patients with 

bipolar disorder and 15 healthy controls demonstrated expression differences in genes 

involved in signal transduction, transcription and receptor activity (150).  Genes 

selected as differentially expressed had to satisfy criteria of being detected in at least 

half of the samples from each group, not be associated with aging, post-mortem 

interval or gender, have a ±1.3-fold change or greater, and a p-value of less than 0.05 

in the two-tailed Student’s t-test.  The present study used the more conservative 

criterion of a ±1.5-fold change or greater.  Even so, there were consistent findings 

between the two studies.  Two genes that are intimately involved in G-protein signal 

transduction, ARHGEF2 and APC (Appendix 2B), showed decreased in expression in 

the present study (Figure 6.4) and in the study by Iwamoto and colleagues (150).  

ARHGEF2 belongs to the guanine nucleotide exchange factor (GEF) family of proteins 

that are responsible for GTP/GDP exchange from G-protein subunits but the identity of 

what G-proteins ARGHEF2 interacts with is currently unknown.  However, APC is 

known to interact with at least one GEF family member, ARHGEF4 (162), 

demonstrating a role for APC in G-protein signal transduction.  Furthermore, APC 

interacts with and regulates the degradation of β-catenin, a function which plays a 

central role in the Wnt signalling pathway (336).  Alterations in Wnt signalling pathway 

regulation have been implicated in bipolar disorder (176, 210) and neuronal apoptosis 

(reviewed in (207)).  APC also binds to and stabilizes microtubules forming a complex 

with the kinetochore associated cell cycle checkpoint proteins Bub1 and Bub3 (160).  
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Therefore, alterations in APC expression/regulation can impact upon G-protein-

mediated cell signalling, cell cycle and even cell death. 

Lithium treatment in bipolar disorder is thought to exert its influence by acting 

within the phosphatidylinositol signalling pathway.  Lithium decreases PKC activity by 

inhibiting the stimulation-induced PKC translocation to membrane (130).  Reductions of 

PKC isozymes alpha, beta I and beta II, but not delta or epsilon were seen in lithium 

treated bipolar patients.  PIP2 levels were also decreased (298), consistent with the 

inositol depletion action of lithium hypothesis (42).  However, no changes in the 

expression of PKC transcripts were seen in the present study between bipolar I 

disorder and healthy controls.  More importantly, no patients currently taking lithium 

were included in the present microarray analysis of olfactory mucosa.  Therefore, the 

finding of altered phosphatidylinositol signalling in the present study is more likely to be 

representative of the underlying pathophysiology of bipolar I disorder and not a 

reflection of treatment.   

6.4.5 Summary 

 The present study is the first to investigate gene expression in human olfactory 

mucosa and to use it to explore gene expression in patients with schizophrenia and 

bipolar I disorder.  Alterations of gene expression were found between schizophrenia 

and healthy controls and between bipolar I disorder and healthy controls.  The 

apparent decrease in numbers of genes found to be differentially expressed between 

the skin fibroblast and nasal biopsy microarray studies, may be representative of the 

heterogeneity of the olfactory tissue masking gene expression differences or a lower 

RNA quality in the latter study.  Nevertheless, microarray analysis of olfactory mucosa 

from patients with schizophrenia found increased expression of genes belonging to the 

‘positive regulation of cell proliferation’ category, a finding consistent with the increased 

mitosis seen in cultured olfactory mucosa (Chapter 3, Section 3.3.2).  Subtle evidence 

supporting a role for oxidative stress in cell cycle regulation in schizophrenia was also 
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presented.  Furthermore, dysregulation of the phosphatidylinositol signalling pathway 

was demonstrated in biopsied olfactory mucosa from patients with bipolar I disorder. 

As mentioned in Chapter 4, Section 4.4.6, the microarray findings presented in 

this thesis need to be verified by other methods, in other tissues and more importantly, 

in another group of patients, before they can be deemed as conclusive.  Nevertheless, 

some of the results presented in this chapter are shared with the findings of other 

microarray studies, and all are consistent with current reports regarding the etiology of 

schizophrenia or bipolar disorder.  More importantly, the present microarray findings 

have helped generate or extend hypotheses related to the developmental aspects of 

both bipolar I disorder and schizophrenia (some of which are further discussed in 

Chapter 7).  These hypotheses are readily testable with current techniques (and the 

olfactory model) and are consistent with current literature discussions of psychotic 

disease. 
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The primary aim of this thesis was to explore features of schizophrenia and 

bipolar I disorder model using cultures of fibroblasts and olfactory neuroepithelium.  

The olfactory epithelium is capable of neuronal precursor proliferation and neuronal 

regeneration.  The main parameters of this self-renewing potential - proliferation, 

differentiation and migration - are understood to be associated with an ever-

lengthening list of growth factors and their receptors, many of which are found within 

the olfactory system.  Since the olfactory epithelium retains a ‘embryonic-like’ state of 

growth and is easily accessible, it can provide an informative model for the study of 

normal neurodevelopment.  Olfactory neuroepithelium can be grown in primary cultures 

in defined, serum-free medium yielding a mixture of neuronal precursors and 

developing neurons, making it a platform for experiment to investigate molecular and 

cellular aspects of neurogenesis (108, 192, 239, 242).  Like neurogenesis in the 

developing nervous system, neurogenesis in the adult olfactory neuroepithelium is 

tightly regulated (193, 195).  It is similar to the developing nervous system in that there 

is an overproduction of immature neurons, limited neuronal survival dependent on 

factors from axonal target, neuronal survival dependent on activity, neuronal precursor 

proliferation and cell survival dependent on autocrine and paracrine growth factors and 

cytokines.  Not only that, this ‘window on brain development’ can be utilized to explore 

the neurobiological correlates of various neuropsychiatric disorders such as 

schizophrenia and bipolar affective disorder.  

7.1 Insulin-like growth factor-I in olfactory neurogenesis 

In order to demonstrate the utility of olfactory mucosa culture as a model of 

neurodevelopment, an investigation of the mitogenic and differentiating properties of 

insulin-like growth factor-I within this system was undertaken.  The action of insulin-like 

growth factor-I was assayed in several serum-free culture systems combined with 

bromodeoxyuridine labelling of proliferating cells and immunochemistry for specific cell 

types.  Insulin-like growth factor-I and its receptor were expressed by globose basal 

cells (the neuronal precursor), by neurons and by olfactory ensheathing cells.  Insulin-
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like growth factor-I reduced the numbers of proliferating neuronal precursors, induced 

their differentiation into neurons, and promoted morphological differentiation of 

neurons.  In contrast, this growth factor was mitogenic for olfactory ensheathing cells.  

This evidence suggests that insulin-like growth factor-I is an autocrine/paracrine signal 

having pleiotropic effects within the olfactory mucosa and that olfactory mucosa culture 

is valuable in modelling neurodevelopmental processes. 

7.2 Olfactory mucosa culture as a neurodevelopmental model 

of psychoses 

 A previous study of the olfactory mucosa from individuals with schizophrenia 

showed increased cell proliferation and a less frequent attachment than cultures of 

olfactory mucosa from healthy controls (107).  Consistent with this suggestion of 

disrupted neurogenesis in schizophrenia, a post-mortem histological study of olfactory 

epithelium demonstrated more immature neurons and fewer neuronal progenitors in 

individuals with schizophrenia compared to healthy controls (13).  This thesis 

investigated disrupted neurogenesis in olfactory mucosa from patients with 

schizophrenia and bipolar I disorder.  Biopsies of olfactory mucosa were collected 

under local anaesthesia and cultured in serum-free medium.  Compared to healthy 

controls, there was significantly more cell proliferation in cultures from patients with 

schizophrenia.  In the first study of its kind, significantly more cell death was found in 

the cultures from patients with bipolar I disorder compared to healthy controls.  There 

were no significant group differences in attachment.  These distinct differences in cell 

proliferation and cell death suggest basic differences in the neurobiology of 

schizophrenia and bipolar I disorder compared to healthy controls. 

7.3 Differential gene expression in cultured skin fibroblasts 

from schizophrenia patients 

A pilot microarray study of cultured skin fibroblasts from schizophrenia patients 

and healthy controls was performed in order to help the candidate gain proficiency in 
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RNA amplification and microarray hybridization techniques prior to applying them to 

biopsied nasal mucosa.  Over 1000 genes were differentially expressed between 

patients and controls at an alpha level of 0.01.  Inspection of the significant data 

showed alterations to gene expression between groups in the cell cycle, oxidative 

phosphorylation, TCA cycle and oxidative stress pathways.  Gene expression in each 

of these pathways was predominately decreased in schizophrenia.  Thirteen genes 

were differentially expressed in the cell cycle pathway, nine of which had decreased 

expression.  The oxidative phosphorylation pathway contained 28 genes with 

decreased expression and 2 with increased expression in schizophrenia compared to 

healthy controls.  Eleven genes impacting on every complex of the TCA cycle had 

reduced transcript expression in schizophrenia.  These data suggest mitochondrial 

dysfunction in schizophrenia.  A recent study, by Prabakaran et al. (264) is consistent 

with these data because it showed genomic, proteomic and metabolomic evidence for 

mitochondrial dysfunction in schizophrenia frontal cortex.  Furthermore, 53 differentially 

expressed genes were shared between this thesis and previously published microarray 

studies of brain tissues (150, 231, 233, 234, 244, 264, 331, 332, 334) and cultured 

immortalized lymphocytes (333) from patients with schizophrenia, 33 of which were 

shared exclusively with the study by Prabakaran and colleagues (264).   

Quantitative PCR analysis of selected differentially expressed genes involved 

with cell cycle regulation validated the increased expression of VDR, and the 

decreased expression of PCNA and DDX5 in skin fibroblasts from patients with 

schizophrenia.   

7.4 Quantitative PCR 

A direct inspection of the microarray data revealed a decrease of the widely 

used qPCR reference gene, GAPD, in every schizophrenia patient compared to healthy 

controls.  A study to find an alternate reference gene with stable expression across 

groups was undertaken.  Three widely used reference genes, plus three from recent 

reports suggesting their use as reference genes, and GAPD were tested by qPCR 
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analysis for stable expression between individuals and groups.  Only two genes had 

non-significant differences between groups.  This was considered as an indication of 

stable expression.  DNAJB1 was selected as the reference gene used in the qPCR 

analyses performed in this thesis because it had the highest non-significant p-value.  

Furthermore, a manufacturer of real-time PCR thermal cyclers has recently introduced 

a new method of qPCR data analysis, comparative quantitation.  Since this method had 

not been tested against accepted methods of qPCR analysis, and this method confers 

savings in terms of time and cost, the candidate decided to compare comparative 

quantitation against the ‘gold standard’ of qPCR data analysis.  Quantitative PCR data 

from 18 genes was analysed by each method and the output subjected to linear 

regression analysis.  A strong correlation (R2 = 0.727) between the two methods was 

found, suggesting that comparative quantitation is a valid method of qPCR data 

analysis. 

7.5 Gene expression profiling of biopsied olfactory mucosa in 

schizophrenia and bipolar I disorder 

Finally, this thesis investigated gene expression differences in biopsied 

olfactory mucosa from patients with schizophrenia and bipolar I disorder, and healthy 

controls.  Microarray analysis demonstrated 146 and 139 differentially expressed 

genes in schizophrenia and bipolar I disorder respectively, compared to healthy 

controls.  There was altered expression of a few genes involved with the cell cycle, 

TCA cycle and oxidative stress pathways in schizophrenia but the number of affected 

genes in each pathway was not remarkable.  Curiously, in the microarray analysis of 

bipolar I disorder biopsies, a dysregulation of the phosphatidylinositol signalling 

pathway was seen. 

7.6 Further speculation 

In light of the recent evidence of mitochondrial dysfunction in schizophrenia (264), 

perhaps the most exciting finding from the skin fibroblast arrays was the strong signals 

that were seen in the oxidative phosphorylation and TCA cycle pathways and in the 
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oxidative stress response.  Within the nasal biopsy arrays, a decrease in neurotrophin 

5 (NTF5) in schizophrenia patients was seen.  This finding is of particular interest 

considering the emerging neurotrophin hypothesis of psychotic disease (170).  The 

following discussion will provide further speculation of these findings in regards to cell 

biology and psychotic disease. 

7.6.1 Calcium, mitochondria, and the TCA cycle in schizophrenia  

This thesis demonstrated a reduction in NAD+isocitrate dehydrogenase (IDH3), 

and α-ketoglutarate dehydrogenase (OGDH), pyruvate dehydrogenase (PDH) 

expression in schizophrenia (Figure 4.8, Table 4.8, Appendix 1A).  These TCA cycle 

enzymes directly and indirectly mediate the mechanism of Ca2+ action on nicotinamide 

adenine dinucleotide (NADH) production (50, 128).  NADH is the major electron donor 

in the electron transport chain (oxidative phosphorylation).  Levels of NADH are directly 

correlated with levels of mitochondrial Ca2+, which in turn are directly correlated with 

cytoplasmic Ca2+ levels.  Mitochondrial Ca2+ helps to stimulate oxidative 

phosphorylation and it activates the ATP synthase complex (128).  Therefore, Ca2+ 

regulation plays a major role in the normal functional state of mitochondria energy 

production.  In the interpretation of gene arrays it is important to remain mindful that 

altered expression may represent ‘down-stream’ consequences of a disorder rather 

than ‘up-stream’ causal factors.  Quiescent cells, for what ever reasons, may have less 

energy needs.  However, it is tempting to speculate that the reduced expression of 

TCA cycle enzymes seen in this thesis may be disrupting Ca2+-mediated energy 

production, leading to a reduced cellular functionality, an effect that would have the 

greatest impact in brain due to the high-energy requirements of neurons.  If the 

impaired energy production noted in the cultures was also operating during brain 

development (even in a subtle fashion), then this would have implications for the 

orderly cascade of brain development. 
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7.6.2 Dopamine inhibits oxidative phosphorylation 

Dopamine can affect the activity of the oxidative phosphorylation pathway (27).  

Specifically, dopamine inhibited electron transport chain complex I activity, through a 

reduction of NADH CoQ reductase and NADH ferricyanide reductase activity in a 

human neuroblastoma cell line.  This reduction in complex I activity was associated 

with decreased cell viability (29) a finding which is consistent with dopamine-induced 

cell death in olfactory mucosa cultures (107).  Disorders of the dopaminergic system in 

schizophrenia have been studied extensively.  Differential dopamine activity in the 

prefrontal cortex and mesolimbic system may represent a temporal mode for the 

manifestation of positive and negative symptoms (76).  A state of reduced oxidative 

phosphorylation as suggested by this thesis and observed in other studies (231, 264) 

may compound the dopaminergic effect in schizophrenia. 

7.6.3 VDR, cell cycle, and oxidative stress 

 Expression of the VDR was increased in skin fibroblasts from patients with 

schizophrenia and this was confirmed by quantitative PCR.  Very recently vitamin D 

has become of interest to the schizophrenia research community and it has been 

hypothesized that perinatal levels of this steroid hormone may be a factor in the 

pathogenesis of schizophrenia (196, 197, 220, 222, 251).  The effects of vitamin D3 are 

mediated through the nuclear VDR and it has been shown to affect cell cycle 

parameters in a serum-dependent manner (158), cause mitotic inhibition of 

hippocampal cells (40), and to regulate neurogenesis in the olfactory epithelium (217).  

Physiological concentrations of vitamin D have also been found to protect cell 

membranes and proteins from oxidative stress-related damage (57).  Furthermore, 

vitamin D3 can dose-dependently affect cell proliferation and the regulation of cyclins B 

and D1 (172).  Whether the differential expression of VDR is a causal or compensatory 

mechanism in the pathogenesis of schizophrenia remains to be elucidated. 
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7.6.4 The neurotrophin hypothesis in schizophrenia 

 Perhaps the most interesting finding in the olfactory mucosa biopsies from 

schizophrenia patients was the decrease in the expression of NTF5 transcripts.  

Neurotrophins are involved with embryogenesis and organogenesis, control neuronal 

plasticity, and regulate synaptic activity, neurotransmitter synthesis and even neuronal 

survival.  Neurotrophins specifically bind with high affinity to the members of the 

receptor tyrosine kinase family called TrkA, TrkB, and TrkC and with low affinity to the 

receptor p75.  NTF5 (also called neurotrophin 4, neurotrophin4/5) and brain derived 

neurotrophic factor (BDNF) interact with TrkB (170).  Most discussions on involvement 

of neurotrophins in schizophrenia focus on the effect of BDNF in neurodevelopment or 

on dopamine receptor function (14, 127, 170).  Levels of BDNF are increased in the 

anterior cingulate cortex and hippocampus of schizophrenia patients while expression 

of the TrkB receptor is reduced in the hippocampus and prefrontal cortex (308).  

However, reduced TrkB receptor expression is also consistent with an altered NTF5 

signalling in schizophrenia.   

NTF5-deficent mice develop normally to adulthood, with only minor cellular 

deficits, while knockouts of all other neurotrophins prove lethal early in postnatal 

development (110, 278).  NTF5-deficient mice have deficits in long-term memory and 

hippocampal long-lasting long-term potentiation with normal short-term memory and 

hippocampal decremental long-term potentiation (357).  Studies in synaptic plasticity 

have suggested a role for altered long-term potentiation (LTP) and NMDA receptor 

function in the developmental aetiology of schizophrenia (276).  Altered LTP is thought 

to be related to the reduction of pre-pulse inhibition to acoustic startle seen in patients 

with schizophrenia (277, 356).  Interestingly, diminished LTP has been reported in the 

hippocampal CA1 to subiculum pathway of socially isolated rats (277).  The subiculum, 

and the dopamine pathway it is part of, are known to be abnormal in the brains of 

individuals with schizophrenia.  LTP in the CA1 to subiculum pathway is NMDA-

receptor dependent (277).  This evidence opens up the potential role for altered 
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NMDA-receptor activity in the NTF5-mediated deficits seen in LTP.  Consistent with 

this is the observation of TrKB-mediated GABAA- and NMDA-receptor clustering in 

cultured rat hippocampal neurons (90).  Increased activation of the TrkB receptor 

resulted in increased synaptic localization of both receptors and the TrkB-mediated 

upregulation of NMDA-receptor clustering was dependent upon GABAA receptor 

activation.  Therefore, alterations in NTF5 signalling have the potential to cause 

alterations in NMDA-receptor-mediated LTP and changes in this LTP can be directly 

implicated in some of the behavioural abnormalities present in schizophrenia. 

7.7 Caveats 

 While the data presented in this thesis provides some new and exciting 

findings, there are some limitations and issues that other researchers must consider if 

they wish to conduct similar experiments.  Biopsy of human olfactory mucosa requires 

the specialized expertise of an otorhinolaryngology surgeon, and carries moderate risk 

to the participant.  Also, culture of biopsied olfactory mucosa is very labour intensive 

because the cultures require daily inspection and media changes, sometimes with 

multiple medium formulations dependent upon the first day of biopsy attachment to the 

culture surface.  Furthermore, molecular and genetic studies on human olfactory 

mucosa are difficult as only small amounts of tissue can be biopsed providing very 

small amounts of nucleic acids to perform gene expression studies.  The small sample 

sizes used in this study require that these findings be considered preliminary.  

Nevertheless, as shown in this thesis, studies of olfactory mucosa can be reveal new 

and interesting features of neurodevelopment including neurodevelopmental aspects of 

psychotic disease. 

7.8 Implications for future studies 

There are several important issues regarding the differential expression of genes 

in schizophrenia and bipolar I disorder that remain to be addressed.  Are these 

changes causal or compensatory in the aetiology of schizophrenia?  For example, is 

the mitochondrial dysfunction indicative of a generalized reduced energy production 
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that leads to maldevelopment and altered neural transmission or is it a symptom of the 

disease caused by an unknown mechanism?  How many of the differentially expressed 

genes can be verified by other methods such as qPCR?  Do the observed differences 

in gene expression translate into differences in protein levels?  How relevant are the 

findings to brain development?  Also, there is the remote possiblity that the 

medication(s) the patients were taking could have epigenetically changed gene 

expression in cells and that these changes may have persisted into cell culture.   

 Some of these questions lend themselves to ready investigation.  The use of 

experimental tools such as small interfering RNA to block VDR expression in cell 

culture could determine if altered expression of this nuclear receptor affects expression 

of cell cycle regulatory genes.  Similar investigations blocking the expression of 

oxidative stress response genes (such as superoxide dismutase, and glutathione 

peroxidase) would also be informative.  Quantitative PCR and proteomic studies such 

as 2-D fluorescence difference gel electrophoresis can be readily performed.  Mapping 

the temporal expression of selected differentially expressed genes in the normal 

developing brain of foetal and neonatal animals by in situ hybridisation may provide 

insights into the neurodevelopmental aetiology of schizophrenia and bipolar I disorder.  

Furthermore, the olfactory epithelium contains a stem cell which can be isolated and 

manipulated to differentiate into multiple cell types (Murrell et al. unpublished 

observations).  A study of the lifecycle of these cells and in particular their patterns of 

gene expression during neuronal differentiation in healthy controls and patients with 

psychosis could provide valuable insights into the neurodevelopmental abnormalities 

that exist in these diseases. 

7.9 Implications for clinical practice 

Continued investigations of differentially expressed genes, dysregulated 

metabolic and molecular pathways in schizophrenia and bipolar I disorder may soon 

provide researchers and clinicians with biological markers for these diseases.  While 

the olfactory model is a somewhat unpleasant method to impose upon patients, there 
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are alternatives.  The use of less invasive methods such as skin biopsies or blood 

collection (for lymphoblast culture) can also help in the search for biological markers.  

While much work would need to be done, if in the future these tissues could be used to 

generate biological markers associated with disease, then they could help identify the 

disease in ‘at-risk’ individuals prior to the onset of symptoms.  Treatment regimens 

tailored to the individual based on the presence (or absence) of risk factors could then 

be setup and perhaps even obviate the need for ‘trial and error’ dosage determination.  

Furthermore, new targets for pharmacological intervention may be recognized, opening 

the door for more efficacious and agreeable treatments.   

7.10 Summary 

Biopsy and culture of olfactory mucosa and skin fibroblast provide informative 

tools with which to investigate the neurodevelopmental parameters of psychoses.  

Schizophrenia and bipolar I disorder are complex diseases with genetic and epigenetic 

contributions to their aetiology.  Microarray analysis of olfactory mucosa and skin 

fibroblasts from patients with psychosis can reveal some of this complexity in terms of 

differential gene expression.  This thesis found notable disruptions to cell cycle and 

metabolic pathways in schizophrenia and signalling pathways in bipolar I disorder.  A 

number of differentially expressed genes reported in this thesis have precedents in the 

current literature.  More exciting, this thesis reports new discoveries that may shed 

some light on the pathogenesis of schizophrenia and bipolar I disorder.   
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Appendix 1A 
 
 Appendices 1A - 1C represent lists of differentially expressed genes in skin 

fibroblasts from schizophrenia patients and healthy controls.  Since appendices 1A and 

1B encompass the genes represented in appendix 1C, the shared genes have been 

removed from the former appendices. 

 

Accession 
Number Gene Name Chromosomal 

Location Gene Description Fold 
Change

AK022212 FLJ12150 8q24.3 hypothetical protein FLJ12150 14.81 
AF086106   11 Homo sapiens full length insert cDNA clone YZ94H06. 14.02 
NM_014235 UBL4 Xq28 ubiquitin-like 4 12.49 
AK026860 MGC2647 16q24.3 hypothetical zinc finger protein MGC2647 11.65 
AK024598 AKAP12 6q24-q25 A kinase (PRKA) anchor protein (gravin) 12 11.15 
AB007871 SRGAP2 3p25.3 SLIT-ROBO Rho GTPase activating protein 2 8.10 
NM_003004 SECTM1 17q25 secreted and transmembrane 1 7.88 
AK023038   X CDNA FLJ12976 fis, clone NT2RP2006258 7.76 
AJ252011 ACCN5 4q31.3-q32 amiloride-sensitive cation channel 5, intestinal 7.00 
NM_019012 PEPP2 12p12 phosphoinositol 3-phosphate-binding protein-2 6.80 
AL390183 DEFB109 8p23.1 LOC389632 (LOC389632), mRNA 6.68 
AB011138 ATP10A 15q11-q13 ATPase, Class V, type 10A 6.62 
AK025009   6 CDNA: FLJ21356 fis, clone COL02831 6.57 
NM_017838 NOLA2 5q35.3 nucleolar protein family A, member 2 (H/ACA small nucleolar RNPs) 6.48 
AK026883 GPR157 1p36.22 Similar to RIKEN cDNA F730108M23 gene (LOC400734), mRNA 6.22 
NM_018401 HSA250839 4p16.2 gene for serine/threonine protein kinase 6.20 
AF147339 FLJ13263 10q23.1 hypothetical protein FLJ13263 5.73 
AL137573 LOC283788 15 zinc finger protein 542 5.61 
NM_006051 APBB3 5q31 amyloid beta (A4) precursor protein-binding, family B, member 3 5.56 
NM_001895 CSNK2A1 20p13 casein kinase 2, alpha 1 polypeptide 5.52 
NM_006038 SPATA2 20q13.1-q13.2 spermatogenesis associated 2 5.47 
NM_002620 PF4V1 4q12-q21 platelet factor 4 variant 1 5.42 
AJ010278 TBX18 6q14-q15 T-box 18 5.41 
NM_004466 GPC5 13q32 glypican 5 5.34 
AL359586 DKFZP762H185 17p11.1 transcript expressed during hematopoiesis 2 5.31 
NM_014232 VAMP2 17p13.1 vesicle-associated membrane protein 2 (synaptobrevin 2) 5.23 
NM_003053 SLC18A1 8p21.3 solute carrier family 18 (vesicular monoamine), member 1 5.14 
X57566     Human hy4 Ro RNA (associated with erythrocyte Ro RNP's). 5.10 
AL353948 LYNX1 8q24.3 Ly-6 neurotoxin-like protein 1 5.09 
AB011128 KIAA0556 16p12.2-p12.1 KIAA0556 protein 4.98 
AL137321 RAB2 8q12.1 RAB2, member RAS oncogene family 4.98 
NM_014090       4.97 
AF216077 COL27A1 9q33.1 collagen, type XXVII, alpha 1 4.93 
NM_014214 IMPA2 18p11.2 inositol(myo)-1(or 4)-monophosphatase 2 4.93 
NM_005756 GPR64 Xp22.22 G protein-coupled receptor 64 4.89 
NM_016032 ZDHHC9 9 zinc finger, DHHC domain containing 9 4.85 

NM_000281 PCBD 10q22 6-pyruvoyl-tetrahydropterin synthase/dimerization cofactor of hepatocyte nuclear factor 1 alpha 
(TCF1) 4.82 

NM_018350 CYP19A1 15q21.1 cytochrome P450, family 19, subfamily A, polypeptide 1 4.78 

NM_005247 FGF3 11q13 fibroblast growth factor 3 (murine mammary tumor virus integration site (v-int-2) oncogene 
homolog) 4.67 

L16951   6 Human mRNA sequence. 4.60 
NM_014456 PDCD4 10q24 programmed cell death 4 (neoplastic transformation inhibitor) 4.57 
Z69892   4 H.sapiens mRNA (clone ICRFp507I1077) 4.52 
NM_002475 MLC1SA 12q13.13 myosin light chain 1 slow a 4.52 
NM_000707 AVPR1B 1q32 arginine vasopressin receptor 1B 4.48 
AF279775   2 Clone N5 NTera2D1 teratocarcinoma mRNA 4.46 
NM_018841 GNG12 1p31.2 guanine nucleotide binding protein (G protein), gamma 12 4.45 
NM_001381 DOK1 2p13 docking protein 1, 62kDa (downstream of tyrosine kinase 1) 4.44 
NM_015926 ZSIG11 3p21.31 putative secreted protein ZSIG11 4.39 
NM_005905 MADH9 13q12-q14 MAD, mothers against decapentaplegic homolog 9 (Drosophila) 4.38 
NM_019055 ROBO4 11q24.2 roundabout homolog 4, magic roundabout (Drosophila) 4.29 
NM_004551 NDUFS3 11p11.11 NADH dehydrogenase (ubiquinone) Fe-S protein 3, 30kDa (NADH-coenzyme Q reductase) 4.21 
NM_017637 FLJ20043 9p22.2 hypothetical protein FLJ20043 4.20 
U84510   22q11 Human velo-cardio-facial syndrome 22q11 region mRNA sequence. 4.19 
AK023061   12 CDNA FLJ12999 fis, clone NT2RP3000324 4.18 
AK022000   3 CDNA FLJ11938 fis, clone HEMBB1000586 4.10 
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AK026226 FLJ22573 19q13.13 hypothetical protein FLJ22573 4.10 
AF293366 LOC115294 8q11.22 similar to hypothetical protein FLJ10883 4.09 
AL050007 NUP50 22q13.31 Homo sapiens mRNA; cDNA DKFZp564A043 (from clone DKFZp564A043); partial cds. 4.07 
AK022830 SMP3 3q29 SMP3 mannosyltransferase 4.06 
NM_015425 POLR1A 2p11.2 polymerase (RNA) I polypeptide A, 194kDa 3.99 
NM_016111 KIAA0683 16p13.3 KIAA0683 gene product 3.98 
NM_003412 ZIC1 3q24 Zic family member 1 (odd-paired homolog, Drosophila) 3.98 
AF085848 USP53 4q27 ubiquitin specific protease 53 3.96 
NM_004332 BPHL 6p25 biphenyl hydrolase-like (serine hydrolase; breast epithelial mucin-associated antigen) 3.93 
NM_014223 NFYC 1p32 nuclear transcription factor Y, gamma 3.90 
AF320070     Homo sapiens hepatocellular carcinoma-associated protein HCA10 mRNA 3.88 
AK024488 FLJ21438 19p13.12 hypothetical protein FLJ21438 3.85 
NM_005308 GRK5 10q24-qter G protein-coupled receptor kinase 5 3.77 
AK021554   12 CDNA FLJ11492 fis, clone HEMBA1001939 3.77 
AL050143 FLJ00133 2q37.3 FLJ00133 protein 3.71 
AL359062 COL8A1 3q12.3 collagen, type VIII, alpha 1 3.69 
NM_004846 EIF4EL3 2q37.1 eukaryotic translation initiation factor 4E-like 3 3.69 
AK026788     CDNA: FLJ23135 fis, clone LNG08666 3.66 
NM_001089 ABCA3 16p13.3 ATP-binding cassette, sub-family A (ABC1), member 3 3.63 
AL049460 24B2/STAC2 17q21.2 24b2/STAC2 protein 3.63 
NM_000738 CHRM1 11q13 cholinergic receptor, muscarinic 1 3.61 
NM_005740 DNAL4 22q13.1 dynein, axonemal, light polypeptide 4 3.53 
AB014559 C11ORF11 11q12.3 chromosome 11 open reading frame 11 3.53 
AF274863 SEC31L2 10q24.32 SEC31-like 2 (S. cerevisiae) 3.48 
AF086105 ZNF463 19 Full length insert cDNA clone YZ93G08 3.45 
NM_005005 NDUFB9 8q13.3 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 9, 22kDa 3.43 

M32219     Human DNA/endogenous retroviral long terminal repeat (LTR) junction mRNA, clone lambda-
LTR8. 3.42 

AL117445 DKFZP434L187 15q13.1 DKFZP434L187 protein 3.42 
NM_004110 FDXR 17q24-q25 ferredoxin reductase 3.42 
NM_002101 GYPC 2q14-q21 glycophorin C (Gerbich blood group) 3.41 
AK025950 FHOD3 18q12 formin homology 2 domain containing 3 3.41 
NM_005294 GPR21 9q33 RAB GTPase activating protein 1 3.36 
NM_016255 FAM8A1 6p22-p23 family with sequence similarity 8, member A1 3.33 
NM_014811 KIAA0649 9q34.3 KIAA0649 3.31 
Z21965 FLJ25680 5q15 hypothetical protein FLJ25680 3.29 

S73205 INSAF   This sequence comes from Fig. 1; INSAF; insulin activator factor [human, pancreatic insulinoma, 
mRNA Partial, 2622 nt]. 3.28 

NM_001537 HSBP1 16q23.3 heat shock factor binding protein 1 3.27 
NM_001605 AARS 16q22 alanyl-tRNA synthetase 3.27 
AK023392 FLJ13330   unnamed protein product; Homo sapiens cDNA FLJ13330 fis, clone OVARC1001802. 3.26 
AF088050     Homo sapiens full length insert cDNA clone ZD63D04. 3.26 
AB007916 SLC35E2 1p36.33 solute carrier family 35, member E2 3.24 
NM_006545 TUSC4 3p21.3 tumor suppressor candidate 4 3.24 
AL110290   15 Homo sapiens EST from clone 76558, 5' end. 3.20 
AK022221     Homo sapiens cDNA FLJ12159 fis, clone MAMMA1000524. 3.19 
NM_006567 FARS1 6p25.1 phenylalanine-tRNA synthetase 1 (mitochondrial) 3.19 
NM_016584 IL23A 12q13.13 interleukin 23, alpha subunit p19 3.17 
NM_017604 KIAA1023 7p22.3 Homo sapiens KIAA1023 protein (KIAA1023), mRNA. 3.17 
AK027097 MKI67IP 2q14.3 MKI67 (FHA domain) interacting nucleolar phosphoprotein 3.17 
AK025588 EPS8L2 11p15.5 unnamed protein product; Homo sapiens cDNA: FLJ21935 fis, clone HEP04373. 3.16 
NM_005461 MAFB 20q11.2-q13.1 v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian) 3.16 
NM_020313 LOC57019 16q13-q21 hypothetical protein LOC57019 3.13 
NM_012369 OR2F1 7q35 olfactory receptor, family 2, subfamily F, member 1 3.12 
NM_003339 UBE2D2 5q31.3 ubiquitin-conjugating enzyme E2D 2 (UBC4/5 homolog, yeast) 3.10 
Z21967     H.sapiens partial cDNA for homologue of mPOU homeobox protein. 3.09 
NM_015922 H105E3 Xq28 NAD(P) dependent steroid dehydrogenase-like 3.06 
NM_002570 PACE4 15q26 paired basic amino acid cleaving system 4 3.03 
NM_001541 HSPB2 11q22-q23 heat shock 27kDa protein 2 3.02 
AK021816   2 CDNA FLJ11754 fis, clone HEMBA1005588 3.01 
NM_001945 DTR 5q23 diphtheria toxin receptor (heparin-binding epidermal growth factor-like growth factor) 3.01 
AK026155 C2ORF17 2q36.1 chromosome 2 open reading frame 17 3.01 
NM_015865 SLC14A1 18q11-q12 solute carrier family 14 (urea transporter), member 1 (Kidd blood group) 3.00 
AB033059 KIAA1233 15q25.2 KIAA1233 protein 3.00 
D63477 KIAA0143 8q24.22 KIAA0143 protein 3.00 
NM_017986 FLJ10060 17p13.3 putative G-protein coupled receptor GPCR42 3.00 
NM_013401 RAB3IL1 11q12-q13.1 RAB3A interacting protein (rabin3)-like 1 2.99 
AF038199   3 CDNA clone IMAGE:6503168, partial cds 2.99 
AF086173 LAP1B 1q24.2 lamina-associated polypeptide 1B 2.97 
AB002337 KIAA0339 16p11.2 KIAA0339 gene product 2.95 
X81895 LOC338645 11p14.3 hypothetical protein LOC338645 2.95 
AL110261 C1QTNF5 11q23.3 C1q and tumor necrosis factor related protein 5 2.94 
NM_005527 HSPA1L 6p21.3 heat shock 70kDa protein 1-like 2.93 
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AK021700   13 CDNA FLJ11638 fis, clone HEMBA1004323 2.93 
AK026273 FKBP1B 2p24.1 CDNA: FLJ22620 fis, clone HSI05629 2.92 
NM_004894 C14ORF2 14q32.33 chromosome 14 open reading frame 2 2.92 
AK024681   6 CDNA: FLJ21028 fis, clone CAE07155 2.92 
NM_006659 TUBGCP2 10q26.3 tubulin, gamma complex associated protein 2 2.91 
AF291181 LHX5 12q24 LIM homeobox 5 2.90 
Z36780     H.sapiens (xs122) mRNA, 160bp. 2.89 
NM_016206 FLJ38507 3p12.2 colon carcinoma related protein 2.88 
NM_005638 SYBL1 Xq28 synaptobrevin-like 1 2.87 
NM_003100 SNX2 5q23 sorting nexin 2 2.87 
NM_006790 TTID 5q31 titin immunoglobulin domain protein (myotilin) 2.87 
AF086535 NOR1 1p34.3 oxidored-nitro domain-containing protein 2.86 
NM_002750 MAPK8 10q11.23 mitogen-activated protein kinase 8 2.86 
NM_016293 BIN2 12q13 bridging integrator 2 2.85 
NM_004409 DMPK 19q13.3 dystrophia myotonica-protein kinase 2.84 
AK023656 SERAC1 6q25.3 serine active site containing 1 2.84 
AK025047 FLJ21394 3p21.1-q13.13 hypothetical protein FLJ21394 2.84 
AF086096   9 MRNA; cDNA DKFZp586A0618 (from clone DKFZp586A0618) 2.83 
NM_016015 LCMT1 16p12.3-16p12.1 leucine carboxyl methyltransferase 1 2.82 
AK001638 FLJ11467 7p22.2 hypothetical protein FLJ11467 2.82 
NM_002343 LTF 3q21-q23 lactotransferrin 2.81 
AY007378 GNB1L 22q11.2 hypothetical protein FLJ21125 2.81 
AK022264   3 CDNA FLJ12202 fis, clone MAMMA1000908 2.80 
AK026583 LOC284018 17q24.3 hypothetical protein LOC284018 2.80 
AK022110   5 MRNA; cDNA DKFZp686G03142 (from clone DKFZp686G03142) 2.80 
NM_000236 LIPC 15q21-q23 lipase, hepatic 2.80 
NM_006441 MTHFS 15q24.3 5,10-methenyltetrahydrofolate synthetase (5-formyltetrahydrofolate cyclo-ligase) 2.79 
AK021837   19 MRNA; cDNA DKFZp686E06120 (from clone DKFZp686E06120) 2.79 
NM_017947 MOCOS 18q12 molybdenum cofactor sulfurase 2.78 
AB014516 MECT1 19p13.11 Homo sapiens mRNA for KIAA0616 protein, partial cds. 2.78 
AL353944 NA 6 MRNA; cDNA DKFZp761J1112 (from clone DKFZp761J1112) 2.78 
NM_014593 CXXC1 18q12 CXXC finger 1 (PHD domain) 2.77 
NM_015559 SETBP1 18q21.1 SET binding protein 1 2.76 
NM_002653 PITX1 5q31 paired-like homeodomain transcription factor 1 2.76 
AK025521 TORC3 15q26.1 transducer of regulated cAMP response element-binding protein (CREB) 3 2.76 
AL389934 CARD12 2p22-p21 caspase recruitment domain family, member 12 2.76 
AK023307 SLC13A3 20q12-q13.1 solute carrier family 13 (sodium-dependent dicarboxylate transporter), member 3 2.76 
AF086310   4 Full length insert cDNA clone ZD51F08 2.75 
AB033044 KIAA1218 7q22.1 Start codon is not identified.; Homo sapiens mRNA for KIAA1218 protein, partial cds. 2.75 
AF085941 MGC14276 1p34.3 hypothetical protein MGC14276 2.75 
NM_004354 CCNG2 4q21.22 cyclin G2 2.74 

AK024131 C17ORF31 17p13.3 unnamed protein product; Homo sapiens cDNA FLJ14069 fis, clone HEMBB1001562, weakly 
similar to CYLICIN II. 2.74 

NM_000930 PLAT 8p12 plasminogen activator, tissue 2.74 
AF086023 VIK 7q22.1 vav-1 interacting Kruppel-like protein 2.74 
NM_003440 ZNF140 12q24.32-q24.33 zinc finger protein 140 (clone pHZ-39) 2.73 
AK021539 NCAG1 18q22.1 NCAG1 2.72 
AK022811 FLJ32499 17p13.2 hypothetical protein FLJ32499 2.72 
AK027243 BBS1 11q13.1 Bardet-Biedl syndrome 1 2.71 
AF161342 SF1 11q13 splicing factor 1 2.71 
AK022810 FLJ12748 3q27.3 hypothetical protein FLJ12748 2.71 
AF085932 KIAA1272 20p11.22 KIAA1272 protein 2.71 
NM_015594 DKFZP434O047 17q11.2 DKFZP434O047 protein 2.70 
M77839 RNU5E   Human U5E snRNA sequence. 2.70 
NM_015156 RCOR 14q32.33 REST corepressor 2.69 
NM_003059 SLC22A4 5q31.1 solute carrier family 22 (organic cation transporter), member 4 2.69 
AL110157 DUSP7 3p21 dual specificity phosphatase 7 2.69 
NM_020422 LOC57146 16p12 promethin 2.69 
AK024602 NA 7 CDNA: FLJ20949 fis, clone ADSE01902 2.69 
AF205437 TRIB1 8q24.13 tribbles homolog 1 (Drosophila) phosphoprotein regulated by mitogenic pathways 2.69 
AB046845 SMURF1 7q21.1-q31.1 E3 ubiquitin ligase SMURF1 2.69 
NM_003243 TGFBR3 1p33-p32 transforming growth factor, beta receptor III (betaglycan, 300kDa) 2.68 
NM_017606 DKFZP434K1210 8p21.1 hypothetical protein DKFZp434K1210 2.68 
AF268872 SELB 3q21.3 elongation factor for selenoprotein translation 2.68 
AK022093   1 CDNA FLJ12031 fis, clone HEMBB1001874 2.68 
NM_006675 NET-5 12p13.33 transmembrane 4 superfamily member tetraspan NET-5 2.67 
NM_003952 RPS6KB2 11q13.1 ribosomal protein S6 kinase, 70kDa, polypeptide 2 2.66 
AB033073 SULF2 20q12-q13.2 sulfatase 2 2.66 
NM_017868 TTC12 11q23.2 tetratricopeptide repeat domain 12 2.65 
AL359401 MT 22q13.31 malonyl-CoA:acyl carrier protein transacylase (malonyltransferase) 2.65 
NM_004468 FHL3 1p34 four and a half LIM domains 3 2.65 
AB007962 KIAA0493 1q21.3 Homo sapiens mRNA, chromosome 1 specific transcript KIAA0493. 2.64 
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AK024562 ECHDC3 10p14 enoyl Coenzyme A hydratase domain containing 3 2.63 
NM_005103 FEZ1 11q24.2 fasciculation and elongation protein zeta 1 (zygin I) 2.63 
NM_013352 SART2 6q22 squamous cell carcinoma antigen recognized by T cells 2 2.63 
AK022123   11 CDNA FLJ12061 fis, clone HEMBB1002190 2.62 
AL390136 MGC3260 20p13 Homo sapiens mRNA; cDNA DKFZp547C224 (from clone DKFZp547C224). 2.62 
AK024551 FLJ20898 16p13.3 hypothetical protein FLJ20898 2.62 
AF147336 FLJ32440 8q24.13 hypothetical protein FLJ32440 2.61 
AL050173 C21ORF25 21q22.3 chromosome 21 open reading frame 25 2.61 
NM_003755 EIF3S4 19p13.2 eukaryotic translation initiation factor 3, subunit 4 delta, 44kDa 2.61 
AB012643 ALPL 1p36.1-p34 alkaline phosphatase, liver/bone/kidney 2.61 
AL359591 DKFZP762O076 8q21.3 hypothetical protein DKFZp762O076 2.60 
AF009284   5p15.2 Homo sapiens clone HEA6 Cri-du-chat region mRNA. 2.59 

S94539 ERCC1 19q13.2-q13.3 excision repair cross-complementing rodent repair deficiency, complementation group 1 (includes 
overlapping antisense sequence) 2.59 

NM_015658 DKFZP564C186 1p36.33 DKFZP564C186 protein 2.59 
AK021943 ENPP6 4q35.1 ectonucleotide pyrophosphatase/phosphodiesterase 6 2.59 
AL390128 KIAA1530 4p16.3 KIAA1530 protein 2.59 
NM_001299 CNN1 19p13.2-p13.1 calponin 1, basic, smooth muscle 2.58 
AK022192   4 CDNA FLJ12130 fis, clone MAMMA1000251 2.58 
NM_005737 ARL7 2q37.2 ADP-ribosylation factor-like 7 2.58 
U38442 DEPC-1 11p11.2 prostate cancer antigen-1 2.57 
NM_003369 UVRAG 11q13.5 UV radiation resistance associated gene 2.57 
NM_016265 ZNF325 7p22.2 zinc finger protein 325 2.57 
NM_002020 FLT4 5q34-q35 fms-related tyrosine kinase 4 2.56 
AL122043 C20ORF112 20q11.1-q11.23 hypothetical protein DKFZp566G1424 2.56 
AK026784   13 CDNA: FLJ23131 fis, clone LNG08502 2.56 
AK025975 NA 16 CDNA FLJ43434 fis, clone OCBBF2028055 2.55 
NM_018568 NAP1L4 11p15.5 nucleosome assembly protein 1-like 4 2.54 
X51524   6 Human cortex mRNA containing an Alu repetitive element (clone pHC12) 2.54 
NM_007353 GNA12 7p22-p21 guanine nucleotide binding protein (G protein) alpha 12 2.54 
AF086006 FLJ34154 12q24.13 hypothetical protein FLJ34154 2.53 
AK025045   8 CDNA: FLJ21392 fis, clone COL03505 2.53 
AF026943 IFIT4 10q24 interferon-induced protein with tetratricopeptide repeats 4 2.53 
NM_004761 RAB2L 6p21.3 RAB2, member RAS oncogene family-like 2.53 
AK024275 FLJ14213 11p13 hypothetical protein FLJ14213 2.52 
NM_003378 VGF 7q22 VGF nerve growth factor inducible 2.52 
AK023857 LOC149478 1p34.1 CDNA FLJ13795 fis, clone THYRO1000107 2.49 

NM_003601 SMARCA5 4q31.1-q31.2 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, 
member 5 2.49 

NM_018112 C9ORF87 9q31.3 chromosome 9 open reading frame 87 2.49 
AB018310 KIAA0767 22q13.31 KIAA0767 protein 2.49 
NM_018233 FLJ10826 16q13 hypothetical protein FLJ10826 2.48 
AL137429 FLJ37874 11q13.5-q14.1 hypothetical protein FLJ37874 2.48 
NM_001469 G22P1 22q13.2-q13.31 thyroid autoantigen 70kDa (Ku antigen) 2.48 
NM_014867 KIAA0711 8p23.3 KIAA0711 gene product 2.48 
AK023872   20 CDNA FLJ13810 fis, clone THYRO1000279 2.48 
NM_001274 CHEK1 11q24-q24 CHK1 checkpoint homolog (S. pombe) 2.47 
NM_020314 MGC16824 16p13.11 esophageal cancer associated protein 2.46 
AL049930 GSN 9q33 Homo sapiens mRNA; cDNA DKFZp564C1516 (from clone DKFZp564C1516). 2.46 
AF294629 ALX4 11p11.2 aristaless-like homeobox 4 2.46 
AK000115   3 Homo sapiens cDNA FLJ20108 fis, clone COL05052. 2.46 
NM_017999 RNF31 14q11.2 ring finger protein 31 2.46 
AL109696 NA 15 MRNA full length insert cDNA clone EUROIMAGE 21920 2.46 
AF085949     Full length insert cDNA clone YR76A02 2.46 

AK026438 GALNT4 12q21.3-q22 UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase 4 (GalNAc-
T4) 2.46 

NM_012304 FBXL7 5p15.1 F-box and leucine-rich repeat protein 7 2.46 
AJ011598   p14 Homo sapiens trapped 3' terminal exon, clone B2G5. 2.45 
AF086510 LOC115509 16p11.2 hypothetical protein BC014000 2.45 
U18937 HARSL 5q31.3 histidyl-tRNA synthetase-like 2.44 
NM_005596 NFIB 9p24.1 nuclear factor I/B 2.44 
AK023412   6 CDNA FLJ11496 fis, clone HEMBA1001964 2.44 
NM_003656 CAMK1 3p25.3 calcium/calmodulin-dependent protein kinase I 2.43 
NM_006261 PROP1 5q35.3 prophet of Pit1, paired-like homeodomain transcription factor 2.43 
NM_003613 CILP 15q22 cartilage intermediate layer protein, nucleotide pyrophosphohydrolase 2.43 
AK022317 UCK1 9q34.3 uridine-cytidine kinase 1 2.42 
AK022989 ARG99 12p11.23 ARG99 protein 2.42 
NM_018215 FLJ10781 19q13.33 hypothetical protein FLJ10781 2.42 
AK021482   1 CDNA FLJ11420 fis, clone HEMBA1000986 2.41 
AK025523 FLJ21870 2q13 septin 10 2.41 
NM_001883 CRHR2 7p15.1 corticotropin releasing hormone receptor 2 2.41 
NM_017825 ADPRHL2 1p34.3 ADP-ribosylhydrolase like 2 2.41 
AF086286 CAMTA1 1p36.23 calmodulin binding transcription activator 1 2.41 
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AL133611 ARL8 10p13 ADP-ribosylation factor-like 8 2.40 
AF251684 TBX22 Xq21.1 T-box 22 2.40 
AL050013 DAAM1 14q23.1 dishevelled associated activator of morphogenesis 1 2.40 
AL157465 FLJ20186 16q24.3 hypothetical protein FLJ20186 2.40 
NM_002437 MPV17 2p23-p21 MpV17 transgene, murine homolog, glomerulosclerosis 2.39 
AF085955   6 Full length insert cDNA clone YR86G04 2.39 
NM_018286 FLJ10970 17q23.1 hypothetical protein FLJ10970 2.39 
NM_016473 MUM1 19p13.3 Homo sapiens melanoma associated antigen (mutated) 1 (MUM1), mRNA. 2.39 
AK021992   9 CDNA FLJ11930 fis, clone HEMBB1000441 2.39 
AK001136     Homo sapiens cDNA FLJ10274 fis, clone HEMBB1001169. 2.39 
AL110104 MGC14386 15q26.1 similar to cyclin-E binding protein 1 (H. sapiens) 2.38 
AB002318 TLN2 15q15-q21 talin 2 2.38 
AK022295   19 CDNA FLJ12233 fis, clone MAMMA1001215 2.38 
NM_012436 SPAG8 9p13.3 sperm associated antigen 8 2.38 
AF135422 GMPPA 2q36.1 GDP-mannose pyrophosphorylase A 2.37 
AL133573 RHBDL4 17q12 rhomboid, veinlet-like 4 (Drosophila) 2.37 
AK023922     Homo sapiens cDNA FLJ13860 fis, clone THYRO1001062. 2.37 
D55643 PABL   Human spleen PABL (pseudoautosomal boundary-like sequence) mRNA, clone Sp2. 2.37 
AK025839 TMEM19 12q15 transmembrane protein 19 2.36 
AF147302 IREB2 15q24.1 iron-responsive element binding protein 2 2.36 
AB032990 KIAA1164 15q21.3 hypothetical protein KIAA1164 2.35 
NM_014213 HOXD9 2q31.1 homeo box D9 2.35 
AF086168 TTC8 14q31.3 tetratricopeptide repeat domain 8 2.34 
AK022620 CSMD2 1p34.3 CUB and Sushi multiple domains 2 2.34 
L07265     Human (D2S213E locus) dinucleotide repeat polymorphism. 2.34 
AB033019 KIAA1193 19p13.3 KIAA1193 2.33 
NM_001806 CEBPG 19q13.12 CCAAT/enhancer binding protein (C/EBP), gamma 2.33 
AB046820 KIAA1600 10q26.11 KIAA1600 2.33 
NM_005476 GNE 9p13.1 glucosamine (UDP-N-acetyl)-2-epimerase/N-acetylmannosamine kinase 2.33 
NM_007283 MGLL 3q21.3 monoglyceride lipase 2.33 
AJ008122 FMNL1 17q21 formin-like 1 2.32 
AK022174 LOC285231 3 Similar to hypothetical protein (LOC391537), mRNA 2.32 
NM_004866 SCAMP1 5q13.3-q14.1 secretory carrier membrane protein 1 2.32 
AK021630   13 CDNA FLJ11568 fis, clone HEMBA1003278 2.32 
AK024194     Homo sapiens cDNA FLJ14132 fis, clone MAMMA1002646. 2.32 
AK023616   13 Homo sapiens cDNA FLJ13554 fis, clone PLACE1007478. 2.31 
AL161982   10 Homo sapiens mRNA; cDNA DKFZp761J1224 (from clone DKFZp761J1224). 2.31 
AK022196 ADAM12 10q26.3 a disintegrin and metalloproteinase domain 12 (meltrin alpha) 2.31 
AK026466   5 CDNA: FLJ22813 fis, clone KAIA2964 2.31 
NM_003869 CES2 16q22.1 carboxylesterase 2 (intestine, liver) 2.30 
NM_000110 DPYD 1p22 dihydropyrimidine dehydrogenase 2.30 
AF131772   7 Clone 24993 mRNA sequence 2.30 
NM_002152 HRC 19q13.3 histidine rich calcium binding protein 2.30 
L23851     Human (clone Z177A) retinal mRNA, repeat regions. 2.29 
AK026874 FLJ23221 1q21.3 hypothetical protein FLJ23221 2.29 
NM_007195 POLI 18q21.1 polymerase (DNA directed) iota 2.29 
AK022464   16 CDNA FLJ12402 fis, clone MAMMA1002807 2.29 
AL109713 NA 15 MRNA full length insert cDNA clone EUROIMAGE 687685 2.28 
AK027039     Homo sapiens cDNA: FLJ23386 fis, clone HEP16928. 2.27 
NM_015544 DKFZP564K1964 17q12 DKFZP564K1964 protein 2.27 
AF131846 GFPT1 2p13 glutamine-fructose-6-phosphate transaminase 1 2.27 
AF113008 RPS20 8q12 ribosomal protein S20 2.25 
AK026711 KIAA1447 17q25.3 hypothetical protein FLJ23058 2.25 
NM_016084 RASD1 17p11.2 RAS, dexamethasone-induced 1 2.25 
NM_004622 TSN 2q21.1 translin 2.24 
AK022201 MOBKL2B 9p21.1 Homo sapiens cDNA FLJ12139 fis, clone MAMMA1000339. 2.24 
AK022358 WIG1 3q26.3-q27 p53 target zinc finger protein 2.24 
AK023379 SRP46 11q22 Splicing factor, arginine/serine-rich, 46kD 2.24 
AB040971 ZBTB4 17p13.2 zinc finger and BTB domain containing 4 2.23 
AL122088   1q21.3 MRNA; cDNA DKFZp686L0312 (from clone DKFZp686L0312) 2.23 
AL137513 LOC150568 2q12.2 CDNA FLJ45011 fis, clone BRAWH3013049 2.23 
AL080280   Xp22 Homo sapiens mRNA full length insert cDNA clone EUROIMAGE 85905. 2.23 
NM_001145 ANG 14q11.1-q11.2 angiogenin, ribonuclease, RNase A family, 4 2.23 
AL137407 LOC149420 1p35.3 casein kinase 2.23 
AK022498 FLJ12436 3p21.31 hypothetical protein FLJ12436 2.23 
AL049466 BAG4 8p11.23 Homo sapiens mRNA; cDNA DKFZp586O2022 (from clone DKFZp586O2022). 2.22 
NM_003646 DGKZ 11p11.2 diacylglycerol kinase, zeta 104kDa 2.22 
AL133035 FBLP-1 1p36.13 filamin-binding LIM protein-1 2.21 
AK027111 RPL17 18q21 ribosomal protein L17 2.21 
D87292 TST 22q13.1 thiosulfate sulfurtransferase (rhodanese) 2.21 
AK026367     unnamed protein product; Homo sapiens cDNA: FLJ22714 fis, clone HSI13646. 2.21 
NM_000990 RPL27A 11p15 ribosomal protein L27a 2.20 
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D16468   X Human mRNA, Xq terminal portion. 2.20 
NM_013246 CLC 11q13.3 cardiotrophin-like cytokine 2.20 
AF118224 ST14 11q24-q25 suppression of tumorigenicity 14 (colon carcinoma, matriptase, epithin) 2.20 
AK022127 SCFD1 14q12 Homo sapiens cDNA FLJ12065 fis, clone HEMBB1002249. 2.20 
NM_016516 VPS54 2p13-p14 vacuolar protein sorting 54 (yeast) 2.19 
U00945   X Clone A9A2BRB8 repeat region 2.19 
S79267 CD4 RECEPTOR 12pter-p12 This sequence comes from Fig. 4; CD4 receptor (44) [human, T-lymphocyte, mRNA, 3429 nt]. 2.19 
Z24725 PLEKHC1 14q22.1 pleckstrin homology domain containing, family C (with FERM domain) member 1 2.18 
NM_016534 FLJ39616 12q24.13 apoptosis-related protein PNAS-1 2.18 
NM_017594 DIRAS2 9q22.31 DIRAS family, GTP-binding RAS-like 2 2.18 
NM_002623 PFDN4 20q13 prefoldin 4 2.18 
NM_018379 FLJ11280 1q21.3 hypothetical protein FLJ11280 2.18 
NM_000199 SGSH 17q25.3 N-sulfoglucosamine sulfohydrolase (sulfamidase) 2.18 
D86971 KIAA0217 10p15.3 KIAA0217 protein 2.17 
AL133555 C20ORF108 20q13.31 chromosome 20 open reading frame 108 2.17 
AB018345 KIAA0802 18p11.22 KIAA0802 protein 2.17 
AF255342 VN1R1 19q13.4 vomeronasal 1 receptor 1 2.17 
AK024576   8 CDNA: FLJ20923 fis, clone ADSE00893 2.17 
AK002014 C6ORF70 6q27 chromosome 6 open reading frame 70 2.17 
AK022707 LRRN1 3p26.2 leucine rich repeat neuronal 1 2.17 
AL080135 TTTY15 Yq11.1 Homo sapiens mRNA; cDNA DKFZp434I143 (from clone DKFZp434I143). 2.17 
AL117488   Y MRNA; cDNA DKFZp434M031 (from clone DKFZp434M031) 2.17 
AK024738 PPARA 22q12-q13.1 peroxisome proliferative activated receptor, alpha 2.17 
NM_004434 EML1 14q32 echinoderm microtubule associated protein like 1 2.17 
NM_000878 IL2RB 22q13 interleukin 2 receptor, beta 2.16 
AF017433 ZNF213 16p13.3 zinc finger protein 213 2.16 
AF086406 CUEDC2 10q24.32 CUE domain containing 2 2.16 
AK027213 FLJ23560 12q21.1 hypothetical protein FLJ23560 2.15 
AL110133   3 MRNA; cDNA DKFZp564H052 (from clone DKFZp564H052) 2.15 
AK000425 FLJ25555 17q11.2 hypothetical protein FLJ25555 2.15 
AF085919   12 Full length insert cDNA clone YR23G01 2.15 
NM_007184 NISCH 3p21.1 nischarin 2.15 
AK001853 NA 18 Hypothetical gene supported by BC036588 (LOC400657), mRNA 2.14 
NM_018356 FLJ11193 5p13.3 hypothetical protein FLJ11193 2.14 
AK000079 MGC10854 12q24.12 hypothetical protein MGC10854 2.13 
AK027203 FLJ23550 1q23.3 hypothetical protein FLJ23550 2.13 
AK025068 FLJ21415 12q24.22 hypothetical protein FLJ21415 2.13 
NM_005705 PHEMX 11p15.5 pan-hematopoietic expression 2.13 
NM_012269 HYAL4 7q31.3 hyaluronoglucosaminidase 4 2.12 
NM_007168 ABCA8 17q24 ATP-binding cassette, sub-family A (ABC1), member 8 2.12 
AF241255 PWCR1 15q11.2 small nuclear ribonucleoprotein polypeptide N 2.12 
AB043997 SLC5A7 2q12 solute carrier family 5 (choline transporter), member 7 2.12 
NM_002111 HD 4p16.3 huntingtin (Huntington disease) 2.11 
Y08267 MLL2 12q12-q14 myeloid/lymphoid or mixed-lineage leukemia 2 2.11 
X79986     H.sapiens GB1 mRNA. 2.11 
AL133591 LOC283174 11q25 MRNA; cDNA DKFZp686C19121 (from clone DKFZp686C19121) 2.11 
AK021892 PJA1 Xq13.1 praja 1 2.10 
AL442086 C20ORF81 20p13 chromosome 20 open reading frame 81 2.10 
AK021415   10 Homo sapiens cDNA FLJ11353 fis, clone HEMBA1000042. 2.10 
NM_014205 C11ORF5 11q13 chromosome 11 open reading frame 5 2.10 
NM_012472 TSLRP 8q24.22 testis specific leucine rich repeat protein 2.10 
AK021980 TCF4 18q21.1 transcription factor 4 2.09 
NM_017924 C14ORF119 14q11.2 chromosome 14 open reading frame 119 2.09 
L19362     Human (clone xip1) mRNA sequence. 2.09 
AK025442 MUTED 6p25.1-p24.3 muted homolog (mouse) [Homo sapiens] thioredoxin domain containing 5 2.09 
NM_005173 ATP2A3 17p13.3 ATPase, Ca++ transporting, ubiquitous 2.09 
NM_001948 DUT 15q15-q21.1 dUTP pyrophosphatase 2.09 
AK022965 FLJ12903 1p34.3 hypothetical protein FLJ12903 2.08 
M58510       2.08 
AF231997 GAS7 17p13.1 growth arrest-specific 7 2.08 
NM_007250 KLF8 Xp11.21 Kruppel-like factor 8 2.08 
AK000511 VARS2L 6 valyl-tRNA synthetase 2-like 2.08 
NM_007205 TREX2 Xq28 three prime repair exonuclease 2 2.07 
AB028947 KIAA1024 15q24.2 KIAA1024 protein 2.07 
NM_002984 CCL4 17q12 chemokine (C-C motif) ligand 4 2.07 
AF088025 NA 4 Full length insert cDNA clone ZC19C04 2.06 
AK000645 LOC93432 7q34 hypothetical protein LOC93432 2.06 
NM_002156 HSPD1 2q33.1 heat shock 60kDa protein 1 (chaperonin) 2.06 
AB040900 KIAA1467 12p13.2 KIAA1467 protein 2.06 
AF161429 FIP1L1 4q12 FIP1 like 1 (S. cerevisiae) 2.06 
NM_001303 COX10 17p12-17p11.2 COX10 homolog, cytochrome c oxidase assembly protein, heme A: farnesyltransferase (yeast) 2.05 
NM_013349 SPUF 1q32.3 secreted protein of unknown function 2.05 
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NM_003352 UBL1 2q33 ubiquitin-like 1 (sentrin) 2.05 
AB020691 GARNL1 14q13.2 GTPase activating RANGAP domain-like 1 2.05 
AF086343     Homo sapiens full length insert cDNA clone ZD61C03. 2.05 
NM_006451 PAIP1 5p12 poly(A) binding protein interacting protein 1 2.05 
NM_006517 SLC16A2 Xq13.2 solute carrier family 16 (monocarboxylic acid transporters), member 2 (putative transporter) 2.05 
AK025908 FLJ38663 12q24.31 hypothetical protein FLJ38663 2.04 
AB002363 SFRS14 19p12 splicing factor, arginine/serine-rich 14 2.04 
AL137416 NUT 15q13.2 nuclear protein in testis 2.04 
U47671 LOC255480 12q24.21 hypothetical protein LOC255480 2.04 
AB040901 KIAA1468 18q21.33 KIAA1468 2.04 
AK026821 FLJ32855 15q23 hypothetical protein FLJ32855 2.03 
AL049229   3 MRNA; cDNA DKFZp564O1016 (from clone DKFZp564O1016) 2.03 
AB046858 PWDMP 4p14 WD repeat membrane protein PWDMP 2.03 
U47635 MTMR6 13q12 myotubularin related protein 6 2.03 
NM_000060 BTD 3p25 biotinidase 2.03 
AK025583 SORL1 11q23.2-q24.2 sortilin-related receptor, L(DLR class) A repeats-containing 2.02 
NM_015376 RASGRP3 2p25.1-p24.1 RAS guanyl releasing protein 3 (calcium and DAG-regulated) 2.02 
NM_017823 FLJ20442 1q23.1 hypothetical protein FLJ20442 2.02 
NM_018012 FLJ10157 1q44 hypothetical protein FLJ10157 2.02 
X07695 KRT4 12q12-q13 keratin 4 2.01 
AF067972 DNMT3A 2p23 DNA (cytosine-5-)-methyltransferase 3 alpha 2.01 
AL110138 KIAA1211 4q12 KIAA1211 protein 2.01 
AF070568 COG7 16p12.3 component of oligomeric golgi complex 7 2.01 
NM_004209 SYNGR3 16p13 synaptogyrin 3 2.01 
NM_014132       2.01 
AK001478 RHOU 1q42.11-q42.3 ras homolog gene family, member U 2.01 
NM_017728 FLJ20255 17q25.2 hypothetical protein FLJ20255 2.01 
AL162073   1 MRNA; cDNA DKFZp762K056 (from clone DKFZp762K056) 2.01 
AF086519 FLJ35258 19q13.43 hypothetical protein FLJ35258 2.01 
AF144487 SPATA7 14q31.3 spermatogenesis associated 7 2.01 
AK022664   1 CDNA FLJ12602 fis, clone NT2RM4001437 2.01 
AF264014 M160 12p13.31 scavenger receptor cysteine-rich type 1 protein M160 2.00 
AF079567 RPP38 10p13 ribonuclease P (38kD) 2.00 
NM_001452 FOXF2 6p25.3 forkhead box F2 2.00 
NM_004502 HOXB7 17q21.3 homeo box B7 2.00 
NM_014706 SART3 12q24.1 squamous cell carcinoma antigen recognised by T cells 3 2.00 
AK022114 CYP4V2 4q35.1 hypothetical protein LOC285440 2.00 
AK021568 FLJ11506 15q22.31 hypothetical protein FLJ11506 1.99 
NM_002448 MSX1 4p16.3-p16.1 msh homeo box homolog 1 (Drosophila) 1.99 
AF054589       1.99 
AL117598   12 Clone IMAGE:5312754, mRNA 1.99 
NM_014331 SLC7A11 4q28-q32 solute carrier family 7, (cationic amino acid transporter, y+ system) member 11 1.99 
D16888     Human HepG2 3' region cDNA, clone hmd2c03. 1.99 
AF075092 NA 10 Full length insert cDNA YQ86C01 1.98 
AK026675 FLJ23022 17p11.2 hypothetical protein FLJ23022 1.97 
NM_006454 MXD4 4p16.3 MAX dimerization protein 4 1.97 
AK021556   9 CDNA FLJ11494 fis, clone HEMBA1001942 1.97 
AL110257 MGC26690 15q21.3 hypothetical protein MGC26690 1.97 
NM_001152 SLC25A5 Xq24-q26 solute carrier family 25 (mitochondrial carrier; adenine nucleotide translocator), member 5 1.97 
NM_002676 PMM1 22q13.2 phosphomannomutase 1 1.96 
NM_006556 PMVK 1p13-q23 phosphomevalonate kinase 1.96 
NM_000950 PRRG1 Xp21.1 proline-rich Gla (G-carboxyglutamic acid) polypeptide 1 1.96 
AL133069 FBXO18 10p15.1 F-box only protein, helicase, 18 1.95 
AK024106   8 Homo sapiens cDNA FLJ14044 fis, clone HEMBA1006124. 1.95 
NM_017798 C20ORF21 20q13.33 chromosome 20 open reading frame 21 1.95 
NM_002177 IFNW1 9p22 interferon, omega 1 1.95 
AK026138 HDLBP 2q37 high density lipoprotein binding protein (vigilin) 1.95 
AL442096 DKFZP547I094 22q13.31 hypothetical protein DKFZp547I094 1.94 
AK023623 CRG-L2 15q15.3 likely ortholog of mouse cancer related gene - liver 2 1.94 
X64974 OR5J1P 11q12.3 H.sapiens mRNA HTPCRH02 for olfactory receptor. 1.94 
AL357535 MESP1 15q26.1 mesoderm posterior 1 1.94 
NM_015458 MTMR9 8p23-p22 myotubularin related protein 9 1.94 
AK027238   13 CDNA: FLJ23585 fis, clone LNG14352 1.94 
NM_018555 ZNF331 19q13.3-q13.4 zinc finger protein 331 1.94 
NM_012384 GMEB2 20q13.33 glucocorticoid modulatory element binding protein 2 1.93 
NM_013367 ANAPC4 4p15.31 anaphase promoting complex subunit 4 1.92 
AF032897 KCNH7 2q24.3 potassium voltage-gated channel, subfamily H (eag-related), member 7 1.92 
AJ277587 SPIR-1 18p11.21 Spir-1 protein 1.92 
NM_018431 DOK5 20q13.2 docking protein 5 1.92 
K00627 NA 15q13.3 human kpni repeat mrna (cdna clone pcd-kpni-8), 3' end. 1.91 
NM_020467 LOC57228 12q13.13 hypothetical protein from clone 643 1.91 
U79297 LOC157567 8q22.3 hypothetical protein LOC157567 1.91 
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AK021562 EBF2 8p21.2 early B-cell factor 2 1.91 
AL137672 C21ORF106 21q22.3 chromosome 21 open reading frame 106 1.91 
AL110258     Homo sapiens mRNA; cDNA DKFZp434B238 (from clone DKFZp434B238). 1.91 
AK023967   7 CDNA FLJ13905 fis, clone THYRO1001907 1.91 
NM_018355 ZNF415 19q13.42 zinc finger protein 415 1.91 
AL050116   6 Homo sapiens mRNA; cDNA DKFZp586A131 (from clone DKFZp586A131). 1.91 
NM_017687 FLJ25621 10q26.11 electron transporter activity  1.91 
AF298880 XPO5 6p21.1 exportin 5 1.90 
AF136408 C6ORF4 6q21 Homo sapiens unknown mRNA. 1.90 
NM_003403 YY1 14q YY1 transcription factor 1.90 
AK001164   15 CDNA FLJ10302 fis, clone NT2RM2000042 1.90 

AY008271 SMARCAD1 4q22-q23 SWI/SNF-related, matrix-associated actin-dependent regulator of chromatin, subfamily a, 
containing DEAD/H box 1 1.90 

AK025344   3 CDNA: FLJ21691 fis, clone COL09555 1.90 
NM_020179 FN5 11q13.3-q23.3 FN5 protein 1.90 
AF086114 B4GALT5 7 Full length insert cDNA clone ZA69B09 1.90 
NM_005523 HOXA11 7p15-p14 homeo box A11 1.90 
AL049423   3 MRNA; cDNA DKFZp586B211 (from clone DKFZp586B211) 1.90 
NM_017746 TEX10 9q31.1 testis expressed gene 10 1.90 
AK001829   18 CDNA FLJ10967 fis, clone PLACE1000798 1.90 
AB037788 CPSF2 14q31.1 cleavage and polyadenylation specific factor 2, 100kDa 1.90 
NM_006286 TFDP2 3q23 transcription factor Dp-2 (E2F dimerization partner 2) 1.90 
NM_004545 NDUFB1 14q32.13 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 1, 7kDa 1.89 
AF086474   12 Full length insert cDNA clone ZD88D12 1.89 
NM_004821 HAND1 5q33 heart and neural crest derivatives expressed 1 1.89 
NM_013247 PRSS25 2p12 protease, serine, 25 1.89 
NM_018019 MED25 17p11.2 mediator subunit 25 1.89 
AF055016 C13ORF1 13q14 chromosome 13 open reading frame 1 1.89 
M73799   16 Human cerebellar mRNA. 1.88 
AK021478 ZNF286 17p11.2 zinc finger protein 286 1.88 
U79290   2 Human clone 23908 mRNA sequence 1.88 
AF086372   2 Homo sapiens full length insert cDNA clone ZD67D12. 1.88 
AK021627 ZCWCC2 Xq22.3 zinc finger, CW-type with coiled-coil domain 2 1.88 
NM_020375 C12ORF5 12p13.3 chromosome 12 open reading frame 5 1.88 
NM_002148 HOXD10 2q31.1 homeo box D10 1.88 
NM_018487 HCA112 7q36.1 hepatocellular carcinoma-associated antigen 112 1.88 
NM_014629 ARHGEF10 8p23 Rho guanine nucleotide exchange factor (GEF) 10 1.88 
NM_004420 DUSP8 11p15.5 dual specificity phosphatase 8 1.88 
AL133570   7 MRNA; cDNA DKFZp434L201 (from clone DKFZp434L201) 1.87 
U70772 SCC-S7   Human SCC-S7 mRNA, 3' partial sequence. 1.87 
AB046855 TRALPUSH 3q25.1 TRALPUSH 1.87 
NM_012160 FBXL4 6q16.1-q16.3 F-box and leucine-rich repeat protein 4 1.87 
NM_003781 B3GALT3 3q25 UDP-Gal:betaGlcNAc beta 1,3-galactosyltransferase, polypeptide 3 1.87 
NM_015530 GORASP2 2q31.1-q31.2 golgi reassembly stacking protein 2, 55kDa 1.87 
AK023881 ARPC5L 9q34.11 actin related protein 2/3 complex, subunit 5-like 1.87 
AK022173   2 CDNA FLJ12111 fis, clone MAMMA1000025 1.87 
AJ008121 FMNL1 17q21 formin-like 1 1.86 
NM_013288       1.86 
NM_005012 ROR1 1p32-p31 receptor tyrosine kinase-like orphan receptor 1 1.86 
X72308 MCP-3   Homo sapiens mRNA for monocyte chemotactic protein-3 (MCP-3). 1.86 
AK024963 DKFZP434F0318 12p13.2 hypothetical protein DKFZp434F0318 1.86 
NM_014908 TMEM15 9q34.13 transmembrane protein 15 1.86 
AF086509   1 Full length insert cDNA clone ZE03A06 1.86 
NM_002145 HOXB2 17q21-q22 homeo box B2 1.86 
AF085915   6 Full length insert cDNA clone YR17E12 1.85 
AJ001890   21 Homo sapiens cDNA from cDNA selection, DCR1-27.0. 1.85 
AK025977 C20ORF7 20p12.1 chromosome 20 open reading frame 7 1.85 
AF132201   17 PRO1804 mRNA, complete cds 1.85 
D42044 KIAA0090 1p36.13 KIAA0090 protein 1.85 
AF088056 FLJ13611 5q12.3 hypothetical protein FLJ13611 1.84 
NM_003131 SRF 6p21.1 serum response factor (c-fos serum response element-binding transcription factor) 1.84 
D80010 LPIN1 2p25.1 lipin 1 1.84 
NM_004121 GGTLA1 22q11.23 gamma-glutamyltransferase-like activity 1 1.84 
NM_006795 EHD1 11q13 EH-domain containing 1 1.84 

M32443     Human mRNA containing a unique cellular region, a KpnI repeat, and a U3 + R region of T-
lymphotropic virus type 1. 1.84 

NM_005955 MTF1 1p33 metal-regulatory transcription factor 1 1.83 
AK022396 NA 2 Hypothetical gene supported by AK022396; AK097927 (LOC400946), mRNA 1.83 
AK021462 MGC20741 6p21 ubiquitin specific protease 49 1.83 
NM_001310 CREBL2 12p13 cAMP responsive element binding protein-like 2 1.82 
NM_002563 P2RY1 3q25.2 purinergic receptor P2Y, G-protein coupled, 1 1.82 
AK025056 FLJ13456 1p32.3 hypothetical protein FLJ13456 1.82 
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NM_004968 ICA1 7p22 islet cell autoantigen 1, 69kDa 1.82 
NM_005038 PPID 4q31.3 peptidylprolyl isomerase D (cyclophilin D) 1.82 
D43770   17q24-25 Homo sapiens RNA for differentiation or sex determination. 1.81 
AK025670   12 Homo sapiens cDNA: FLJ22017 fis, clone HEP07429. 1.81 
AL079310 HMG2L1 22q13.1 high-mobility group protein 2-like 1 1.81 
AF086456     Homo sapiens full length insert cDNA clone ZD83H02. 1.81 
AF086046 SBNO1 12q24.31 sno, strawberry notch homolog 1 (Drosophila) 1.81 
AL050214 DKFZP586H2123 11p13 DKFZP586H2123 protein 1.81 
NM_012151 F8A Xq28 coagulation factor VIII-associated (intronic transcript) 1.81 
AK021693 ZNF9 3 CDNA FLJ11631 fis, clone HEMBA1004267 1.81 
AK001825 HSPB8 12q24.23 Homo sapiens cDNA FLJ10963 fis, clone PLACE1000716. 1.80 
NM_001198 PRDM1 6q21-q22.1 PR domain containing 1, with ZNF domain 1.80 
M82882 ELF1 13q13 E74-like factor 1 (ets domain transcription factor) 1.80 
AF131843   18 Clone 24987 mRNA sequence 1.80 
NM_006911 RLN1 9p24.1 relaxin 1 (H1) 1.80 
AK024411 NA 18q21.1 Homo sapiens cDNA FLJ14349 fis, clone THYRO1001637. 1.79 
NM_006089 SCML2 Xp22 sex comb on midleg-like 2 (Drosophila) 1.79 
AF086487   4 MRNA; cDNA DKFZp686N1452 (from clone DKFZp686N1452) 1.79 
AL389941 HAPLN4 19p13.1 transmembrane 6 superfamily member 2 1.79 
AK026202 PTGDR 14q22.1 prostaglandin D2 receptor (DP) 1.79 
AF085996   12 Full length insert cDNA clone YU27A09 1.79 
X52402 HOXC5 12q13.3 Human partial mRNA for homeodomain protein. 1.78 
NM_014177 HSPC154 18q22.3 HSPC154 protein 1.78 
Y16185   10 Homo sapiens partial mRNA, ID band56. 1.78 
AK025082   7 CDNA: FLJ21429 fis, clone COL04205 1.78 
NM_013337 TIMM22 17p13 translocase of inner mitochondrial membrane 22 homolog (yeast) 1.78 
AF085947   14 Full length insert cDNA clone YR73H03 1.77 
AF134802 CFL2 14q12 cofilin 2 (muscle) 1.77 
AK021682 COL9A2 1p33-p32 collagen, type IX, alpha 2 1.76 
NM_005904 MADH7 18q21.1 MAD, mothers against decapentaplegic homolog 7 (Drosophila) 1.76 
AF147311 NT5C 17q25.2 5', 3'-nucleotidase, cytosolic 1.76 
NM_017692 APTX 9p13.3 aprataxin 1.76 
NM_004464 FGF5 4q21 fibroblast growth factor 5 1.76 
NM_014915 KIAA1074 10pter-q22.1 KIAA1074 protein 1.76 
AK026811 FLJ23053 5q35.3 hypothetical protein FLJ23053 1.75 
AK022677 MPP5 14q24.1 membrane protein, palmitoylated 5 (MAGUK p55 subfamily member 5) 1.75 
U79293 NA 15 Human clone 23948 mRNA sequence 1.75 
Y19237 SYT7 11q12-q13.1 Partial mRNA for synaptotagmin 7 (SYT7 gene), exons 3d and 4 1.75 
NM_018217 C20ORF31 20q11.23 chromosome 20 open reading frame 31 1.75 
AL110181 WASL 7q31.3 Wiskott-Aldrich syndrome-like 1.74 
NM_017765 PQLC2 1p36.13 PQ loop repeat containing 2 1.74 
AL049365 MGC50853 9 MRNA; cDNA DKFZp586A0618 (from clone DKFZp586A0618) 1.74 
AF250226 ADCY6 12q12-q13 adenylate cyclase 6 1.74 
AF311324 ANUBL1 10q11.22 AN1, ubiquitin-like, homolog (Xenopus laevis) 1.74 
NM_014058 DESC1 4q13.3 DESC1 protein 1.74 
U79289   1 CDNA FLJ42813 fis, clone BRCAN2012355 1.73 
Z83937   6p22 H.sapiens mRNA; clone CD 218. 1.73 
NM_016033 CGI-90 8q21.2 CGI-90 protein 1.73 
AK026709 FLJ23056 4q28.1 hypothetical protein FLJ23056 1.73 
AK024998   6 Homo sapiens cDNA: FLJ21345 fis, clone COL02694. 1.72 
NM_014021 SSX2IP 1 synovial sarcoma, X breakpoint 2 interacting protein 1.72 
AK025212 NOD27 16q13 nucleotide-binding oligomerization domains 27 1.72 
NM_005883 APC2 19p13.3 adenomatous polyposis coli like 1.72 
Y12022   14q24.3 H.sapiens mRNA within CEPH Mega-YAC 788H12, clone 24. 1.72 
AL133053 FLJ23861 2q34 Homo sapiens mRNA; cDNA DKFZp434H1215 (from clone DKFZp434H1215); partial cds. 1.71 
NM_005853 IRX5 16q11.2-q13 iroquois homeobox protein 5 1.71 
AL133052 C1ORF37 1q32.1 chromosome 1 open reading frame 37 1.71 
NM_001991 EZH1 17q21.1-q21.3 enhancer of zeste homolog 1 (Drosophila) 1.71 
NM_016449 LOC51233 22q11.2 hypothetical protein LOC51233 1.71 
AK000930 PRKAG2 7q35-q36 protein kinase, AMP-activated, gamma 2 non-catalytic subunit 1.70 
AK026362 FLJ22709 19p13.12 hypothetical protein FLJ22709 1.70 
U92024 NA 6q25.3 Human clone 279131 defective mariner transposon Hsmar2 mRNA sequence 1.69 
AK025360   7 Homo sapiens cDNA: FLJ21707 fis, clone COL09953. 1.69 
AF086388   10 Full length insert cDNA clone ZD73D05 1.69 
AK022065     Homo sapiens cDNA FLJ12003 fis, clone HEMBB1001537. 1.69 
AK021736 LOC340085 5q11.2 vasculin 1.68 
NM_012134 LMOD1 1q32 leiomodin 1 (smooth muscle) 1.68 
NM_017691 FLJ20156 15q22.32 hypothetical protein FLJ20156 1.68 
D55644 PABL   Human spleen PABL (pseudoautosomal boundary-like sequence) mRNA, clone Sp3. 1.68 
NM_004765 BCL7C 16p11 B-cell CLL/lymphoma 7C 1.68 
U90905   13 Human clone 23574 mRNA sequence. 1.67 
NM_015696 GPX7 1p32 glutathione peroxidase 7 1.67 
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AK023554 WASL 7q31.3 Wiskott-Aldrich syndrome-like 1.67 
NM_014187 HSPC171 16q22.1 HSPC171 protein 1.67 
NM_014397 NEK6 9q33.3-q34.11 NIMA (never in mitosis gene a)-related kinase 6 1.67 
AF113688   4 Clone FLB4630 1.67 
AF088053 KIAA1970 16p12.3 KIAA1970 protein 1.67 
NM_020213 LOC56965 15q22.33 hypothetical protein from EUROIMAGE 1977056 1.67 
NM_004749 TBRG4 7p14-p13 transforming growth factor beta regulator 4 1.67 
AK021796   8 CDNA clone IMAGE:30352956, partial cds 1.67 
NM_018633       1.66 
AL157449 PPP1R9B 17q21.33 protein phosphatase 1, regulatory subunit 9B, spinophilin 1.66 

U42379     splice site C of hPMCA4 pre-mRNA; Homo sapiens cardiac plasma membrane Ca2+-ATPase 
pre-mRNA, containing exon/intron junction sequence of splice site C of the hPMCA4 gene 1.66 

AF085898   3 Full length insert cDNA clone YQ07F12 1.66 
AL049675   1 Human gene from PAC 886K2, chromosome 1 1.65 
AF086069   3 Full length insert cDNA clone YZ35C05 1.65 
AK026340 ARIH1 15q24 ariadne homolog, ubiquitin-conjugating enzyme E2 binding protein, 1 (Drosophila) 1.65 
AF289485 C12ORF10 12q13 chromosome 12 open reading frame 10 1.64 
AB011116 MGRN1 16p13.3 mahogunin, ring finger 1 1.64 
M94065 DHODH 16q22 dihydroorotate dehydrogenase 1.64 
AK026318     unnamed protein product; Homo sapiens cDNA: FLJ22665 fis, clone HSI08219. 1.64 
AK000584 RAB40C 16p13.3 RAB40C, member RAS oncogene family 1.64 
NM_020149 MEIS2 15q13.3 Meis1, myeloid ecotropic viral integration site 1 homolog 2 (mouse) 1.64 
NM_012331 MSRA 8p23.1 methionine sulfoxide reductase A 1.64 
AF086164   2 CDNA: FLJ21531 fis, clone COL06036 1.64 
U79271 SDCCAG8 1q43-q44 serologically defined colon cancer antigen 8 1.64 
NM_012071 COMMD3 10pter-q22.1 COMM domain containing 3 1.64 
NM_006537 USP3 15q22.3 ubiquitin specific protease 3 1.64 
AK026372 NA 7 CDNA: FLJ22719 fis, clone HSI14307 1.63 
AF095771 B1 7p14 parathyroid hormone-responsive B1 gene 1.63 
AK002025 LOC151963 3q29 similar to BcDNA:GH11415 gene product 1.62 
AB037852 ZFP28 19 zinc finger protein 28 homolog (mouse) 1.62 
AL080110 PAQR3 4q21.23 progestin and adipoQ receptor family member III 1.62 
AK022362 NA 2 CDNA FLJ12300 fis, clone MAMMA1001854 1.61 
AJ270693   12 Partial unknown mRNA from drug-resistant melanoma cells, 3'UTR, clone DMS-9 1.61 
NM_003678 C22ORF19 22q12.2 Homo sapiens chromosome 22 open reading frame 19 (C22orf19), mRNA. 1.61 
L02867 HUMPPA 17q25.2 paraneoplastic antigen 1.60 
AB020637 KIAA0830 11q21 KIAA0830 protein 1.60 
AK025844 ZNF435 6p21.33 zinc finger protein 435 1.60 
AL157484   11 MRNA; cDNA DKFZp762M127 (from clone DKFZp762M127) 1.60 
AB002379 DAAM2 6p21.1 dishevelled associated activator of morphogenesis 2 1.60 
AL080092 MR-1 2q35 myofibrillogenesis regulator 1 1.59 
NM_002077 GOLGA1 9q34.11 golgi autoantigen, golgin subfamily a, 1 1.59 
S67970 ZNF75 Xq26.3 zinc finger protein 75 (D8C6) 1.59 
NM_018652 GOLGA6 15q22.33 sHomo sapiens golgi autoantigen, golgin subfamily a, member 6 (GOLGA6), mRNA. 1.58 
AK026598 CYB561 17q11-qter cytochrome b-561 1.58 
NM_017457 PSCD2 19q13.3 pleckstrin homology, Sec7 and coiled-coil domains 2 (cytohesin-2) 1.58 
AF070617 DKFZP564D172 5q15 hypothetical protein DKFZp564D172 1.58 
NM_018216 PANK4 1p36.32 pantothenate kinase 4 1.57 
AK024631 CHCHD5 2q13 coiled-coil-helix-coiled-coil-helix domain containing 5 1.57 
NM_015980 HMP19 5q35.2 HMP19 protein 1.57 
AK026192   2 CDNA: FLJ22539 fis, clone HRC13227 1.56 
NM_001190 BCAT2 19q13 branched chain aminotransferase 2, mitochondrial 1.56 
AK022068   20 CDNA FLJ12006 fis, clone HEMBB1001585 1.56 
AL137303 KIAA1055 15q24.1 KIAA1055 protein 1.56 
AK022272   2 CDNA FLJ12210 fis, clone MAMMA1000968 1.56 
AK022297 TUB 11p15.5 tubby homolog (mouse) 1.55 
NM_004629 FANCG 9p13 Fanconi anemia, complementation group G 1.55 
K03191 CYP1A1 15q22-q24 cytochrome P450, family 1, subfamily A, polypeptide 1 1.54 
NM_001412 EIF1A Xp22.13 eukaryotic translation initiation factor 1A 1.54 
AF104914 NIF3L1BP1 3p21.1 Ngg1 interacting factor 3 like 1 binding protein 1 1.54 
AF086294   5 Full length insert cDNA clone ZD49G09 1.54 
AK025640 SESN2 1p35.2 sestrin 2 1.53 
AL161960 C21ORF97 21q22.3 chromosome 21 open reading frame 97 1.53 
NM_007222 ZHX1 8q24.13 zinc fingers and homeoboxes 1 1.53 
NM_002871 RABIF 1q32-q41 RAB interacting factor 1.53 
NM_018246 FLJ10853 8p21.1 hypothetical protein FLJ10853 1.53 
D17018 MGAT3 7q22.1 acyl coenzyme A:monoacylglycerol acyltransferase 3 1.52 
NM_014643 KIAA0222 18q23 KIAA0222 gene product 1.52 
NM_013312 HOOK2 19p13.2 hook homolog 2 (Drosophila) 1.51 
NM_004215 EBAG9 8q23 estrogen receptor binding site associated, antigen, 9 1.51 
AF086538   3 Full length insert cDNA clone ZE08G04 1.51 
NM_016010 CGI-62 8q21.11 CGI-62 protein 1.50 
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NM_001157 ANXA11 10q23 annexin A11 1.49 
U09197   19 Human 5.5 kb mRNA upregulated in retinoic acid treated HL-60 neutrophilic cells. 1.48 
NM_017652 ZNF586 19q13.43 zinc finger protein 586 1.48 
NM_015853 LOC51035 11q12.3 ORF 1.46 
AK001781   2 CDNA FLJ10919 fis, clone OVARC1000347 1.44 
NM_014828 C14ORF92 14q11.2 chromosome 14 open reading frame 92 1.43 
AK024612   10 Homo sapiens cDNA: FLJ20959 fis, clone ADSE02064. 1.39 
NM_007070 GLMN 1p22.1 glomulin, FKBP associated protein 1.39 

AF060169     mRNA upregulated in the androgen-induced proliferative shutoff of prostate cancer cells; Homo 
sapiens AS11 protein mRNA, partial cds. 1.38 

NM_005526 HSF1 8q24.3 heat shock transcription factor 1 1.37 
NM_000309 PPOX 1q22 protoporphyrinogen oxidase 1.37 
NM_003686 EXO1 1q42-q43 exonuclease 1 1.37 
NM_005118 TNFSF15 9q32 tumor necrosis factor (ligand) superfamily, member 15 1.36 
NM_002398 MEIS1 2p14-p13 Meis1, myeloid ecotropic viral integration site 1 homolog (mouse) 1.34 
AK025271   7 CDNA: FLJ21618 fis, clone COL07487 1.34 
NM_002429 MMP19 12q14 matrix metalloproteinase 19 1.34 
AJ133439 GRIP1 12q14.2 glutamate receptor interacting protein 1 1.33 
AK022009   3 CDNA FLJ11947 fis, clone HEMBB1000726 1.31 
AF056448   5p15.2 Homo sapiens clone TEA12 Cri-du-chat critical region mRNA. 1.29 
AK022364   12 CDNA FLJ12302 fis, clone MAMMA1001864 -1.16 
NM_019041 MTRF1L 6q25-q26 mitochondrial translational release factor 1-like -1.31 
AF086128   2 Full length insert cDNA clone ZA82A05 -1.34 
NM_003160 AURKC 19q13.43 aurora kinase C -1.39 
AL050082 WWP1 8q21 WW domain-containing protein 1 -1.39 
NM_006416 SLC35A1 6q15 chromosome 6 open reading frame 165 -1.42 
NM_012199 EIF2C1 1p35-p34 eukaryotic translation initiation factor 2C, 1 -1.42 
NM_002085 GPX4 19p13.3 glutathione peroxidase 4 (phospholipid hydroperoxidase) -1.43 
NM_016940 C21ORF6 21q22.11 chromosome 21 open reading frame 6 -1.44 
NM_018391 USP48 1p36.12  Homo sapiens ubiquitin specific protease 48 (USP48), mRNA. -1.45 
AY008301 LOC80298 12q24.1 transcription termination factor-like protein -1.45 
NM_017800       -1.46 
AL049688 CAMK1G 1q32-q41 calcium/calmodulin-dependent protein kinase IG -1.48 
NM_005671 D8S2298E 8p12-p11.2 reproduction 8 -1.48 
NM_018952 HOXB6 17q21.3 homeo box B6 -1.49 
AL137390   8 MRNA; cDNA DKFZp434P0626 (from clone DKFZp434P0626) -1.49 
AK026365 FLJ32001 1 CDNA: FLJ22712 fis, clone HSI13435 -1.49 
L39061 TAF1B 2p25 TATA box binding protein (TBP)-associated factor, RNA polymerase I, B, 63kDa -1.50 
NM_002692 POLE2 14q21-q22 polymerase (DNA directed), epsilon 2 (p59 subunit) -1.52 
NM_001698 AUH 9q22.31 AU RNA binding protein/enoyl-Coenzyme A hydratase -1.52 
AK027200 FLJ14888 15q25.2 hypothetical protein FLJ14888 -1.53 
AF248650 BRUNOL4 18q12 bruno-like 4, RNA binding protein (Drosophila) -1.53 
NM_004330 BNIP2 15q21.3 BCL2/adenovirus E1B 19kDa interacting protein 2 -1.53 
AB011157 PTDSR 17q25 phosphatidylserine receptor -1.54 
AF272035 RRAGC 1p34 Ras-related GTP binding C -1.54 
NM_003675 PRPF18 10p14 PRP18 pre-mRNA processing factor 18 homolog (yeast) -1.56 
NM_016001 CGI-48 17q21.33 CGI-48 protein -1.57 
AK000954 C13ORF10 13q22.2 chromosome 13 open reading frame 10 -1.57 
NM_004699 DXS9928E Xq28 DNA segment on chromosome X (unique) 9928 expressed sequence -1.57 
NM_018061 FLJ10330 1p13.3 hypothetical protein FLJ10330 -1.58 
AF085835   12 Full length insert cDNA clone YI41B09 -1.58 
NM_000310 PPT1 1p32 palmitoyl-protein thioesterase 1 (ceroid-lipofuscinosis, neuronal 1, infantile) -1.59 
NM_014107       -1.59 
NM_018376 NIPSNAP3B 9q31.3 nipsnap homolog 3B (C. elegans) -1.59 
AK025750 DKFZP761A078 1p21.3 hypothetical protein DKFZp761A078 -1.60 
NM_001233 CAV2 7q31.1 caveolin 2 -1.60 
NM_005605 PPP3CC 8p21.2 protein phosphatase 3 (formerly 2B), catalytic subunit, gamma isoform (calcineurin A gamma) -1.60 
AK026103 MGC5242 7q33 hypothetical protein MGC5242 -1.62 
NM_007271 STK38 6p21 serine/threonine kinase 38 -1.63 
D31887 SLC39A14 8p21.2 solute carrier family 39 (zinc transporter), member 14 -1.63 
NM_001687 ATP5D 19p13.3 ATP synthase, H+ transporting, mitochondrial F1 complex, delta subunit -1.65 
AL050137 DKFZP586L151 1q23.1 DKFZP586L151 protein -1.65 
AF086551   17 Full length insert cDNA clone ZE12G01 -1.65 
NM_005402 RALA 7p15-p13 v-ral simian leukemia viral oncogene homolog A (ras related) -1.65 
NM_002229 JUNB 19p13.2 jun B proto-oncogene -1.65 
NM_012405 ICMT 1p36.21 isoprenylcysteine carboxyl methyltransferase -1.67 
AJ011129 C9ORF19 9p13-p12 chromosome 9 open reading frame 19 -1.67 
AF083255 DDX42 17q24.2 DEAD (Asp-Glu-Ala-Asp) box polypeptide 42 -1.67 
NM_004159 PSMB8 6p21.3 proteasome (prosome, macropain) subunit, beta type, 8 (large multifunctional protease 7) -1.67 
NM_014864 FAM20B 1p36.13-q41 family with sequence similarity 20, member B -1.67 
NM_003584 DUSP11 2p13.1 dual specificity phosphatase 11 (RNA/RNP complex 1-interacting) -1.67 
NM_015456 COBRA1 9q34 cofactor of BRCA1 -1.68 
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NM_002430 MN1 22q11 meningioma (disrupted in balanced translocation) 1 -1.68 
NM_018196 TMLHE Xq28 trimethyllysine hydroxylase, epsilon -1.69 
AK024812 FLJ21159 4q31.3 hypothetical protein FLJ21159 -1.69 
AK000554 ABHD2 15q26.1 abhydrolase domain containing 2 -1.69 
NM_002904 RDBP 6p21.3 RD RNA binding protein -1.69 
AK023325 FLJ13263 10q23.1 hypothetical protein FLJ13263 -1.69 
AK025684 FRAS1 4q21.21 Fraser syndrome 1 -1.69 
NM_004577 PSPH 7p15.2-p15.1 phosphoserine phosphatase -1.70 
AL049461   6 CDNA clone IMAGE:5286266, partial cds -1.71 
AF055027 CARM1 19p13.2 coactivator-associated arginine methyltransferase 1 -1.71 
NM_000326 RLBP1 15q26 retinaldehyde binding protein 1 -1.71 
AJ278018 CLSTN2 3q23-q24 calsyntenin 2 -1.71 

NM_003076 SMARCD1 12q13-q14 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily d, 
member 1 -1.71 

AF071569 CAMK2D 4q26 calcium/calmodulin-dependent protein kinase (CaM kinase) II delta -1.72 
NM_006284 TAF10 11p15.3 TAF10 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 30kDa -1.72 
NM_005015 OXA1L 14q11.2 oxidase (cytochrome c) assembly 1-like -1.72 
NM_007108 TCEB2; SIII 16p12.3 transcription elongation factor B (SIII), polypeptide 2 (18kDa, elongin B) -1.73 
NM_006019 TCIRG1 11q13.4-q13.5 T-cell, immune regulator 1, ATPase, H+ transporting, lysosomal V0 protein a isoform 3 -1.73 
NM_002006 FGF2 4q26-q27 fibroblast growth factor 2 (basic) -1.73 
AJ272212 PSKH1 16q22.1 protein serine kinase H1 -1.73 
NM_018192 MLAT4 3q29 myxoid liposarcoma associated protein 4 -1.73 
NM_005859 PURA 5q31 purine-rich element binding protein A -1.74 
NM_004095 EIF4EBP1 8p12 eukaryotic translation initiation factor 4E binding protein 1 -1.74 
NM_004180 TANK 2q24-q31 TRAF family member-associated NFKB activator -1.74 
NM_006590 USP39 2p11.2 ubiquitin specific protease 39 -1.75 
NM_014040 PTD015 11q13.4 synonyms: MGC3367, FLJ21035; Homo sapiens PTD015 protein (PTD015), mRNA. -1.75 
NM_002818 PSME2 14q11.2 proteasome (prosome, macropain) activator subunit 2 (PA28 beta) -1.75 
NM_003144 SSR1 6p24.3 signal sequence receptor, alpha (translocon-associated protein alpha) -1.76 
AF294326 CBFB 16q22.1 core-binding factor, beta subunit -1.77 
NM_005226 EDG3 9q22.1-q22.2 endothelial differentiation, sphingolipid G-protein-coupled receptor, 3 -1.77 
AJ012490 COMMD7 20q11.22 Homo sapiens mRNA activated in tumor suppression, clone TSAP10. -1.77 
NM_005655 TIEG 8q22.2 TGFB inducible early growth response -1.77 
NM_006510 RFP 6p22 ret finger protein -1.77 
NM_002759 PRKR 2p22-p21 protein kinase, interferon-inducible double stranded RNA dependent -1.78 
NM_003330 TXNRD1 12q23-q24.1 thioredoxin reductase 1 -1.78 
AF217187 PPA2 4q25 inorganic pyrophosphatase 2 -1.78 
NM_016200 LSM8 7q31.1-q31.3 LSM8 homolog, U6 small nuclear RNA associated (S. cerevisiae) -1.78 
AK025112     unnamed protein product; Homo sapiens cDNA: FLJ21459 fis, clone COL04714. -1.78 
NM_002742 PRKCM 14q11 protein kinase C, mu -1.79 
AK021519 FLJ11457 2q24.3-q31.1 hypothetical protein FLJ11457 -1.79 
AK024734 MTAP 9p21 CDNA: FLJ21081 fis, clone CAS02959 -1.79 
AK023256 MAK3P 3q13.31 likely ortholog of mouse Mak3p homolog (S. cerevisiae) -1.79 

NM_000108 DLD 7q31-q32 dihydrolipoamide dehydrogenase (E3 component of pyruvate dehydrogenase complex, 2-oxo-
glutarate complex, branched chain keto acid dehydrogenase complex) -1.79 

AK026667 LOC159110 Yq11.221 LOC389919 (LOC389919), mRNA -1.80 
NM_017801 CKLFSF6 3p22.3 chemokine-like factor super family 6 -1.80 
Y11681       -1.81 
NM_014570 ARFGAP3 22q13.2-q13.3 ADP-ribosylation factor GTPase activating protein 3 -1.81 
NM_000215 JAK3 19p13.1 Janus kinase 3 (a protein tyrosine kinase, leukocyte) -1.81 
NM_012433 SF3B1 2q33.1 splicing factor 3b, subunit 1, 155kDa -1.82 
AF131859 PLDN 15q15.1 sulfide quinone reductase-like (yeast) -1.82 
NM_000904 NQO2 6pter-q12 NAD(P)H dehydrogenase, quinone 2 -1.82 
NM_006364 SEC23A 14q13.3 Sec23 homolog A (S. cerevisiae) -1.82 
NM_005499 UBA2 19q12 SUMO-1 activating enzyme subunit 2 -1.82 
NM_002887 RARS 5q35.1 arginyl-tRNA synthetase -1.83 
NM_005644 TAF12 1p35.2 TAF12 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 20kDa -1.83 
NM_006387 CHERP 19p13.1 calcium homeostasis endoplasmic reticulum protein -1.83 
NM_006233 POLR2I 19q12 polymerase (RNA) II (DNA directed) polypeptide I, 14.5kDa -1.83 
AK023178 DKFZP564I1171 5p15.33 SEC6-like 1 (S. cerevisiae) -1.83 

NM_003079 SMARCE1 17q21.2 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily e, 
member 1 -1.84 

L31408 BFGF   corresponds to exons 3 and 4 of the previously identified Xenopus laevis antisense transcript; 
Human basic fibroblast growth factor antisense mRNA, partial cds. -1.84 

AL109783 NA 21 MRNA full length insert cDNA clone EUROIMAGE 163507 -1.84 
X53281 BTF3B   H.sapiens BTF3b mRNA. -1.85 
D28476 TRIP12 2q37.1 thyroid hormone receptor interactor 12 -1.85 
NM_017656 ZNF562 19p13.2 Homo sapiens zinc finger protein 562 (ZNF562), mRNA. -1.85 
AB033092 MTA3 2p22.1 metastasis associated family, member 3 -1.85 
NM_005338 HIP1 7q11.23 huntingtin interacting protein 1 -1.86 
NM_006330 LYPLA1 8q11.23 lysophospholipase I -1.86 
U90549 HMGN4 6p21.3 Human non-histone chromosomal protein (NHC) mRNA, complete cds. -1.87 
NM_000304 PMP22 17p12-p11.2 peripheral myelin protein 22 -1.87 
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X98834 SALL2 14q11.1-q12 sal-like 2 (Drosophila) -1.88 
NM_016053 CGI-116 12q23.3 CGI-116 protein -1.88 
AL080190   8 MRNA; cDNA DKFZp434A202 (from clone DKFZp434A202) -1.88 
NM_000285 PEPD 19q12-q13.2 peptidase D -1.89 
NM_018266 FLJ10902 3q13.33 hypothetical protein FLJ10902 -1.90 
NM_018476 BEX1 Xq21-q23 brain expressed, X-linked 1 -1.90 
AF161371 C6ORF153 6p21.1 chromosome 6 open reading frame 153 -1.90 
NM_019896 POLE4 2p12 polymerase (DNA-directed), epsilon 4 (p12 subunit) -1.90 

NM_003071 SMARCA3 3q25.1-q26.1 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, 
member 3 -1.91 

NM_003244 TGIF 18p11.3 TGFB-induced factor (TALE family homeobox) -1.92 
AK023936 HSPA12A 10 unnamed protein product; Homo sapiens cDNA FLJ13874 fis, clone THYRO1001365. -1.92 
AL357205 MYADM 19q13.42 myeloid-associated differentiation marker -1.92 
X85325 CAG40 12 H.sapiens mRNA for non polymorphic CAG repeat (CAG40). -1.93 
U79249 LOC152185 3q13.2-q13.31 hypothetical protein AY099107 -1.93 
NM_020412 CHMP1.5 18p11.21 Homo sapiens CHMP1.5 protein (CHMP1.5), mRNA. -1.93 
D17187   5 Human HepG2 3' region MboI cDNA, clone hmd3a03m3. -1.93 
NM_016121 KCTD3 1q41 potassium channel tetramerisation domain containing 3 -1.93 
NM_014911 AAK1 2p24.3-p14 AP2 associated kinase 1 -1.94 
AF216381 CCNB1IP1 14q11.2 cyclin B1 interacting protein 1 -1.94 
NM_003089 SNRP70 19q13.3 small nuclear ribonucleoprotein 70kDa polypeptide (RNP antigen) -1.95 
AK026143 FLJ22490 8q13.1 hypothetical protein FLJ22490 -1.95 
NM_016475 C14ORF100 14q23.1 chromosome 14 open reading frame 100 -1.95 
NM_018464 C10ORF70 10q21.3 chromosome 10 open reading frame 70 -1.95 
AF086155 MGC2776 3p25.2 hypothetical protein MGC2776 -1.96 
NM_002526 NT5E 6q14-q21 5'-nucleotidase, ecto (CD73) -1.96 
NM_016489 NT5C3 7p14.3 5'-nucleotidase, cytosolic III -1.97 
AF077036 NICE-3 1q21.2 NICE-3 protein -1.97 
NM_015999 ADIPOR1 1p36.13-q41 adiponectin receptor 1 -1.97 
NM_000318 PXMP3 8q21.1 peroxisomal membrane protein 3, 35kDa (Zellweger syndrome) -1.97 
AL050107 TAZ 3q23-q24 transcriptional co-activator with PDZ-binding motif (TAZ) -1.97 
NM_001281 CKAP1 19q13.11-q13.12 cytoskeleton associated protein 1 -1.98 
NM_020409 MRPL47 3q27.1 mitochondrial ribosomal protein L47 -1.98 
AF088022 LOC400713 19q13.41 CDNA clone IMAGE:6668270, partial cds -1.98 
AL137722 WARP 1p36.33 von Willebrand factor A domain-related protein -1.98 
AK002193 FLJ11331 4q26 hypothetical protein FLJ11331 -1.98 
NM_006952 UPK1B 3q13.3-q21 uroplakin 1B -1.98 
AK026653 C14ORF168 14q24.3 chromosome 14 open reading frame 168 -1.99 
NM_017946 FKBP14 7p15.1 FK506 binding protein 14, 22 kDa -1.99 
NM_005887 DLEU1 13q14.3 deleted in lymphocytic leukemia, 1 -1.99 
NM_003197       -1.99 
AL133117 THOC2 Xq25-q26.3 THO complex 2 -2.00 
NM_003174 SVIL 10p11.2 supervillin -2.00 
NM_014039 PTD012 11q21 PTD012 protein -2.00 
AL137730 FLJ25070 1p21 hypothetical protein FLJ25070 -2.00 
AK022667 FLJ11712 13q14.13 hypothetical protein FLJ11712 -2.00 
AL133577   17 MRNA; cDNA DKFZp434G0972 (from clone DKFZp434G0972) -2.01 
NM_002893 RBBP7 Xp22.22 retinoblastoma binding protein 7 -2.01 
NM_016299 HSP70-4 10p14 likely ortholog of mouse heat shock protein, 70 kDa 4 -2.02 
NM_004182 UXT Xp11.23-p11.22 ubiquitously-expressed transcript -2.02 
AF132734 SEC8L1 7q31 SEC8-like 1 (S. cerevisiae) -2.02 
NM_005328 HAS2 8q24.12 hyaluronan synthase 2 -2.03 
NM_004404 NEDD5 2q37 neural precursor cell expressed, developmentally down-regulated 5 -2.03 
NM_005775 SCAM-1 8p21.2 vinexin beta (SH3-containing adaptor molecule-1) -2.03 
NM_014390 SND1 7q31.3 staphylococcal nuclease domain containing 1 -2.04 
AK022681 C6ORF62 6p22.1 chromosome 6 open reading frame 62 -2.04 
AK025133 NUCKS 1q32.1 nuclear ubiquitous casein kinase and cyclin-dependent kinase substrate -2.04 
NM_012474 UMPK 1q23 uridine monophosphate kinase -2.04 
NM_006026 H1FX 3q21.3 H1 histone family, member X -2.05 
NM_014489 FRAG1 11p15.5 FGF receptor activating protein 1 -2.05 
NM_001424 EMP2 16p13.2 epithelial membrane protein 2 -2.05 
AK023448 FLJ13386 3q22.1 hypothetical protein FLJ13386 -2.05 
NM_014260 HKE2 6p21.3 HLA class II region expressed gene KE2 -2.05 
NM_005506 SCARB2 4q21.21-q21.22 scavenger receptor class B, member 2 -2.05 
NM_006002 UCHL3 13q21.33 ubiquitin carboxyl-terminal esterase L3 (ubiquitin thiolesterase) -2.06 
NM_014516 CNOT3 19q13.4 CCR4-NOT transcription complex, subunit 3 -2.06 
NM_001262 CDKN2C 1p32 cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) -2.07 
NM_002706 PPM1B 2p22.1 protein phosphatase 1B (formerly 2C), magnesium-dependent, beta isoform -2.07 
NM_006667 PGRMC1 Xq22-q24 progesterone receptor membrane component 1 -2.07 
NM_017458 MVP 16p13.1-p11.2 major vault protein -2.08 
AF238083 SPHK1 17q25.2 sphingosine kinase 1 -2.08 
AK023029 PHC3 3q26.31 polyhomeotic like 3 (Drosophila) -2.08 
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M62896 ANXA2P1 4q21-q31 Human lipocortin (LIP) 2 pseudogene mRNA, complete cds-like region. -2.08 
NM_006627 POP4 19q13.11 POP4 (processing of precursor , S. cerevisiae) homolog -2.08 
NM_001704 BAI3 6q12 brain-specific angiogenesis inhibitor 3 -2.08 
NM_014944 CLSTN1 1p36.22 calsyntenin 1 -2.09 
NM_003168 SUPT4H1 17q21-q23 suppressor of Ty 4 homolog 1 (S. cerevisiae) -2.09 
NM_015938 CGI-07 3q26.1 CGI-07 protein -2.09 
NM_006810 PDIR 3q21.1 for protein disulfide isomerase-related -2.09 
NM_001641 APEX1 14q11.2-q12 APEX nuclease (multifunctional DNA repair enzyme) 1 -2.09 
NM_007116       -2.09 
AB046776 OBSCN 1q42 obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF -2.09 
NM_014596 ZNRD1 6p21.3 zinc ribbon domain containing, 1 -2.09 
NM_006626 ZNF482 9q34.11 zinc finger protein 482 -2.10 
NM_016589 C3ORF1 3q13.33 chromosome 3 open reading frame 1 -2.10 
M93056 SERPINB1 6p25 serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 1 -2.10 
NM_013385 PSCD4 22q12.3-q13.1 pleckstrin homology, Sec7 and coiled-coil domains 4 -2.10 
AK024756 FLJ21103 11q24.2 hypothetical protein FLJ21103 -2.10 
NM_001930 DHPS 19p13.2-p13.1 deoxyhypusine synthase -2.11 
NM_001690 ATP6V1A 3q13.31 ATPase, H+ transporting, lysosomal 70kDa, V1 subunit A -2.12 
AK022157   1 CDNA FLJ12095 fis, clone HEMBB1002610 -2.12 
NM_004792 PPIG 2q31.1 peptidyl-prolyl isomerase G (cyclophilin G) -2.12 
NM_001348 DAPK3 19p13.3 death-associated protein kinase 3 -2.12 
D38491 KIAA0117 1q42.3 KIAA0117 protein -2.12 
NM_004515 ILF2 1q22 interleukin enhancer binding factor 2, 45kDa -2.12 
NM_006791 MORF4L1 15q24 mortality factor 4 like 1 -2.13 
AF155654 PP784 4p16.1 PP784 protein -2.13 
AK000561     Homo sapiens cDNA FLJ20554 fis, clone KAT11807. -2.13 
NM_004470 FKBP2 11q13.1-q13.3 FK506 binding protein 2, 13kDa -2.13 
NM_005174 ATP5C1 10q22-q23 ATP synthase, H+ transporting, mitochondrial F1 complex, gamma polypeptide 1 -2.13 

NM_003078 SMARCD3 7q35-q36 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily d, 
member 3 -2.14 

AK024843 XTP3TPA 16p12.1 XTP3-transactivated protein A -2.14 
AL355708 NEO1 15q22.3-q23 neogenin homolog 1 (chicken) -2.14 
NM_015523 DKFZP566E144 11q23.1-q23.2 small fragment nuclease -2.15 
NM_003199 TCF4 18q21.1 transcription factor 4 -2.16 
NM_020188 DC13 16q23.2 DC13 protein -2.16 
AK027121 KLIP1 4q35.1 KSHV latent nuclear antigen interacting protein 1 -2.16 
AL080118 C14ORF109 14q32.13 chromosome 14 open reading frame 109 -2.16 
NM_006703 NUDT3 6p21.2 nudix (nucleoside diphosphate linked moiety X)-type motif 3 -2.16 
AL117485 DKFZP434K191 22q11.2 CDNA clone IMAGE:4824423, with apparent retained intron -2.16 
NM_004582 RABGGTB 1p31 Rab geranylgeranyltransferase, beta subunit -2.17 
AB043007 SDF2L1 22q11.21 stromal cell-derived factor 2-like 1 -2.17 
AF112207 EIF2B4 2p23.3 eukaryotic translation initiation factor 2B, subunit 4 delta, 67kDa -2.17 
AL049287   7 Homo sapiens mRNA; cDNA DKFZp564M043 (from clone DKFZp564M043). -2.19 
NM_004214 FIBP 11q13.1 fibroblast growth factor (acidic) intracellular binding protein -2.19 
NM_006633 IQGAP2 5q13.3-q14.1 IQ motif containing GTPase activating protein 2 -2.19 
AK023173 FLJ13111 16q22.1 hypothetical protein FLJ13111 -2.19 
AF064848 VIAAT 20q11.23 vesicular inhibitory amino acid transporter -2.20 
AL049251   3 MRNA; cDNA DKFZp564D123 (from clone DKFZp564D123) -2.20 
NM_003715 VDP 4q21.21 vesicle docking protein p115 -2.20 
AL133073 FLJ14904 1q23.3 hypothetical protein FLJ14904 -2.20 
NM_018607 PRO1853 2p22.3 hypothetical protein PRO1853 -2.20 
NM_014288 ITGB3BP 1p31.3 integrin beta 3 binding protein (beta3-endonexin) -2.20 
AB033113 KIAA1287 17q23.3 KIAA1287 protein -2.20 
NM_014769 KIAA0087 7p15.2 KIAA0087 gene product -2.21 
NM_012345 NUFIP1 13q14 nuclear fragile X mental retardation protein interacting protein 1 -2.21 
NM_001311 CRIP1 7q11.23 cysteine-rich protein 2 -2.21 
NM_002047 GARS 7p15 glycyl-tRNA synthetase -2.21 
AF088007   10 Full length insert cDNA clone YY74A01 -2.21 
AK000543 C18ORF10 18q12.2 chromosome 18 open reading frame 10 -2.22 
AF022913 PIGK 1p31.1 phosphatidylinositol glycan, class K -2.22 
AK026291 RPP21 6p21.32 chromosome 6 open reading frame 135 -2.22 

NM_000183 HADHB 2p23 hydroxyacyl-Coenzyme A dehydrogenase/3-ketoacyl-Coenzyme A thiolase/enoyl-Coenzyme A 
hydratase (trifunctional protein), beta subunit -2.22 

NM_003161 RPS6KB1 17q23.2 ribosomal protein S6 kinase, 70kDa, polypeptide 1 -2.22 
U00946 PRKWNK1 12p13.3 protein kinase, lysine deficient 1 -2.22 
NM_014273 ADAMTS6 5pter-qter a disintegrin-like and metalloprotease (reprolysin type) with thrombospondin type 1 motif, 6 -2.23 
NM_006453 TBL3 16p13.3 transducin (beta)-like 3 -2.23 
NM_004935 CDK5 7q36 cyclin-dependent kinase 5 -2.23 
AB044661 XAB1 2p23.3 XPA binding protein 1 -2.24 
NM_003720 DSCR2 21q22.3 Down syndrome critical region gene 2 -2.24 
NM_002707 PPM1G 2p23.3 protein phosphatase 1G (formerly 2C), magnesium-dependent, gamma isoform -2.25 
NM_018240 KIRREL 1q21-q25 kin of IRRE like (Drosophila) -2.25 
U80743 EP400 12q24.33 E1A binding protein p400 -2.25 
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U97060 SNAI2 8q11 zinc-finger protein; Homo sapiens Slug mRNA, partial cds. -2.26 
NM_007017 SOX30 5q33 SRY (sex determining region Y)-box 30 -2.26 
AK001499 FLJ10637 12p12.1 hypothetical protein FLJ10637 -2.26 
NM_001760 CCND3 6p21 cyclin D3 -2.26 
NM_004096 EIF4EBP2 10q21-q22 eukaryotic translation initiation factor 4E binding protein 2 -2.26 
AK026490   6 CDNA: FLJ22837 fis, clone KAIA4417 -2.27 
NM_001658 ARF1 1q42 ADP-ribosylation factor 1 -2.27 
NM_016081 KIAA0992 4q32.3 palladin -2.27 
AK000184 SMPDL3A 6q22.32 sphingomyelin phosphodiesterase, acid-like 3A -2.27 
NM_006571 DCTN6 8p12-p11 dynactin 6 -2.27 
NM_004899 BRE 2p23.3 brain and reproductive organ-expressed (TNFRSF1A modulator) -2.28 
AK021894   4 CDNA FLJ11832 fis, clone HEMBA1006566 -2.28 
NM_019849 SLC7A10 19q13.1 solute carrier family 7, (neutral amino acid transporter, y+ system) member 10 -2.28 
NM_012383 OSTF1 9q13-q21.2 osteoclast stimulating factor 1 -2.28 
AL137286 SF4 19p13.11 splicing factor 4 -2.28 
NM_017921 NPL4 17qter hypothetical protein FLJ20657 -2.28 
AK025768 C20ORF99 20p13-p12.2 chromosome 20 open reading frame 99 -2.29 
AK025863 MGC4707 11p11.2 hypothetical protein MGC4707 -2.29 
NM_004282 BAG2 6p12.3-p11.2 BCL2-associated athanogene 2 -2.29 

NM_014158 C1GALT2 Xq25 Homo sapiens core 1 UDP-galactose:N-acetylgalactosamine-alpha-R beta 1,3-
galactosyltransferase 2 (C1GALT2), mRNA. -2.29 

NM_017815 C14ORF94 14q11.2 chromosome 14 open reading frame 94 -2.30 
NM_004184 WARS 14q32.31 tryptophanyl-tRNA synthetase -2.30 
NM_014576 ACF 10q21.1 apobec-1 complementation factor -2.30 
NM_018263 ASXL2 2p24.1 additional sex combs like 2 (Drosophila) -2.30 
NM_003015 SFRP5 10q24.1 secreted frizzled-related protein 5 -2.30 

AL353943 SNX13 7p21.1 KIAA0713 (Homo sapiens); Homo sapiens mRNA; cDNA DKFZp761E0611 (from clone 
DKFZp761E0611). -2.30 

AK027068 BPIL1 20q11.22 bactericidal/permeability-increasing protein-like 1 -2.31 
AJ272057 MIG12 Xp11.4 hypothetical protein STRAIT11499 -2.31 
NM_004671 MIZ1 18q21.1 Msx-interacting-zinc finger -2.31 
NM_006189 OMP 11q13.5 olfactory marker protein (calpain 5? AS LISTED IN GENE SPRING) -2.31 
NM_002755 MAP2K1 15q22.1-q22.33 mitogen-activated protein kinase kinase 1 -2.33 
AY005822 ZAP128 14q24.3 peroxisomal long-chain acyl-coA thioesterase -2.33 
AF086009     Homo sapiens full length insert cDNA clone YU72D10. -2.33 
AK024155     Homo sapiens cDNA FLJ14093 fis, clone MAMMA1000279. -2.34 
AF086017 LOC286148 8q22.1 hypothetical protein LOC286148 -2.34 
AB002321 KIAA0323 14q11.2 KIAA0323 -2.34 
AK026302 FLJ22649 4q34.2 hypothetical protein FLJ22649 similar to signal peptidase SPC22/23 -2.35 
NM_018291 FLJ10986 1p32.1 hypothetical protein FLJ10986 -2.35 
NM_004236 TRIP15 15q21.2 thyroid receptor interacting protein 15 -2.35 
NM_004517 ILK 11p15.5-p15.4 integrin-linked kinase -2.35 
NM_003115 UAP1 1q23.2 UDP-N-acteylglucosamine pyrophosphorylase 1 -2.36 
AK024825 FLJ21172 18q23 hypothetical protein FLJ21172 -2.37 
L09247 PTPRG 3p21-p14 protein tyrosine phosphatase, receptor type, G -2.37 
NM_013369 DNMT3L 21q22.3 DNA (cytosine-5-)-methyltransferase 3-like -2.37 
NM_017807 OSGEP 14q11.2 O-sialoglycoprotein endopeptidase -2.38 
NM_004865 TBPL1 6q22.1-q22.3 TBP-like 1 -2.38 
NM_016645 NEUGRIN 15q26.1 mesenchymal stem cell protein DSC92 -2.38 
AF182423 C6ORF75 6q11.1-q22.33 chromosome 6 open reading frame 75 -2.38 
AK027046 ZNF322A 6p22.1 zinc finger protein 322A -2.38 
NM_003020 SGNE1 15q13-q14 secretory granule, neuroendocrine protein 1 (7B2 protein) -2.39 
NM_005008 NHP2L1 22q13.2-q13.31 NHP2 non-histone chromosome protein 2-like 1 (S. cerevisiae) -2.39 
NM_003826 NAPG 18p11.21 N-ethylmaleimide-sensitive factor attachment protein, gamma -2.39 
NM_014905 GLS 2q32-q34 glutaminase -2.39 
NM_013450 BAZ2B 2q23-q24 bromodomain adjacent to zinc finger domain, 2B -2.39 
AB040956 PHF12 17q11.2 PHD finger protein 12 -2.40 
S96437 CYP19A1 15q21.1 cytochrome P450, family 19, subfamily A, polypeptide 1 -2.40 
NM_002583 PAWR 12q21 PRKC, apoptosis, WT1, regulator -2.40 
AK001022 ISL2 15q23 ISL2 transcription factor, LIM/homeodomain, (islet-2) -2.40 
NM_020155 C11ORF4 11cen-q22.3 chromosome 11 hypothetical protein ORF4 -2.40 
NM_001033 RRM1 11p15.5 ribonucleotide reductase M1 polypeptide -2.40 
J03210 MMP2 16q13-q21 matrix metalloproteinase 2 (gelatinase A, 72kDa gelatinase, 72kDa type IV collagenase) -2.41 
NM_016169 SUFU 10q24.33 suppressor of fused homolog (Drosophila) -2.42 
AY007166 FLJ11730 1p35.3-p33 hypothetical protein FLJ11730 -2.42 
NM_006811 TDE1 20q13.1-13.3 tumor differentially expressed 1 -2.42 
NM_015415 DKFZP564B167 1q24 DKFZP564B167 protein -2.42 
AK025052   12 CDNA: FLJ21399 fis, clone COL03627 -2.43 
NM_007173 SPUVE 11q14.1 protease, serine, 23 -2.43 
AF291673 GAN 16q24.1 giant axonal neuropathy (gigaxonin) -2.44 
NM_012129 CLDN12 7q21 claudin 12 -2.44 
NM_015679 TRUB2 9q34.13 TruB pseudouridine (psi) synthase homolog 2 (E. coli) -2.44 
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Z48633     H.sapiens mRNA for retrotransposon. -2.45 
NM_005032 PLS3 Xq24 plastin 3 (T isoform) -2.45 
NM_006294 UQCRB 8q22 ubiquinol-cytochrome c reductase binding protein -2.45 
NM_016586 MBIP 14q13.2 MAP3K12 binding inhibitory protein 1 -2.45 
NM_003017 SFRS3 6p21 splicing factor, arginine/serine-rich 3 -2.46 
AF052160   3 Clone 24629 mRNA sequence -2.46 
NM_018103 LRRC5 1p22.2 leucine rich repeat containing 5 -2.47 
AB014595 CUL4B Xq23 cullin 4B -2.47 
NM_004544 NDUFA10 2q37.3 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 10, 42kDa -2.48 
NM_002796 PSMB4 1q21 proteasome (prosome, macropain) subunit, beta type, 4 -2.48 
AK025092 FLJ21439 15q14 hypothetical protein FLJ21439 -2.48 
NM_005530 IDH3A 15q25.1-q25.2 isocitrate dehydrogenase 3 (NAD+) alpha -2.49 
NM_018132 C6ORF139 6p12.3 chromosome 6 open reading frame 139 -2.49 
NM_003254 TIMP1 Xp11.3-p11.23 tissue inhibitor of metalloproteinase 1 (erythroid potentiating activity, collagenase inhibitor) -2.49 
AF230904 SH3KBP1 Xp22.1-p21.3 SH3-domain kinase binding protein 1 -2.49 
AK001903   7 CDNA FLJ11041 fis, clone PLACE1004405 -2.50 
NM_014019 HSPC009 17q21 HSPC009 protein -2.50 
AJ223353 HIST1H2BD 6p21.3 histone 1, H2bd -2.50 
NM_017813 FLJ20421 8q11.23 hypothetical protein FLJ20421 -2.50 
AK022850 FLJ12788 2p13.1 hypothetical protein FLJ12788 -2.50 
AK000155 LOC92906 2p22.3 hypothetical protein BC008217 -2.51 
D28364 ANXA2 15q21-q22 annexin A2 -2.51 
NM_006346 C13ORF24 13q21.33 progesterone-induced blocking factor 1 -2.51 
NM_007375 TARDBP 1p36.22 Homo sapiens TAR DNA binding protein (TARDBP), mRNA. -2.51 
NM_002435 MPI 15q22-qter mannose phosphate isomerase -2.51 
AK002028   1 CDNA FLJ11166 fis, clone PLACE1007242 -2.52 
NM_014458 AB026190 1q24.1-q24.3 Kelch motif containing protein -2.52 
AF130079 PRO2852 9 hypothetical protein PRO2852 -2.53 
NM_014520 MYBBP1A 17p13.3 MYB binding protein (P160) 1a -2.53 
NM_017960 FLJ20808 9q21.2 hypothetical protein FLJ20808 -2.54 
AK021668 NA 1 Hypothetical gene supported by AL832786 (LOC400762), mRNA -2.55 
NM_004521 KIF5B 10pter-q22.1 kinesin family member 5B -2.55 
AF055009 CREB3L1 11p11.2 cAMP responsive element binding protein 3-like 1 -2.55 
NM_006265 RAD21 8q24 RAD21 homolog (S. pombe) -2.56 
NM_016580 PCDH12 5q31 protocadherin 12 -2.56 
NM_003288 TPD52L2 20q13.2-q13.3 tumor protein D52-like 2 -2.56 
NM_000895 LTA4H 12q22 leukotriene A4 hydrolase -2.56 
AJ012502 RAC1 7p22 ras-related C3 botulinum toxin substrate 1 (rho family, small GTP binding protein Rac1) -2.56 
NM_017688 BSPRY 9q33.1 B-box and SPRY domain containing -2.56 
NM_004539 NARS 18q21.2-q21.3 asparaginyl-tRNA synthetase -2.58 
NM_001980 EPIM 12q24.33 epimorphin -2.58 
NM_004401 DFFA 1p36.3-p36.2 DNA fragmentation factor, 45kDa, alpha polypeptide -2.58 
NM_001725 BPI 20q11.23-q12 bactericidal/permeability-increasing protein -2.59 
NM_000462 UBE3A 15q11-q13 ubiquitin protein ligase E3A (human papilloma virus E6-associated protein, Angelman syndrome) -2.59 
NM_003902 FUBP1 1p31.1 far upstream element (FUSE) binding protein 1 -2.59 
NM_002552 ORC4L 2q22-q23 origin recognition complex, subunit 4-like (yeast) -2.60 
NM_015607 DKFZP547E1010 1q22 DKFZP547E1010 protein -2.60 
AF052159 PTPLB 3q21.1 protein tyrosine phosphatase-like (proline instead of catalytic arginine), member b -2.60 
NM_001229 CASP9 1p36.3-p36.1 caspase 9, apoptosis-related cysteine protease -2.61 
NM_004318 ASPH 8q12.1 aspartate beta-hydroxylase -2.61 
NM_020357 PCNP 3q12.3 PEST-containing nuclear protein -2.62 
AF182417 MRPS21 1 mitochondrial ribosomal protein S21 -2.63 
NM_003296 CRISP2 6p21-qter cysteine-rich secretory protein 2 -2.63 
NM_005439 MLF2 12p13 myeloid leukemia factor 2 -2.63 
NM_001165 BIRC3 11q22 baculoviral IAP repeat-containing 3 -2.63 
NM_005102 FEZ2 2p21 fasciculation and elongation protein zeta 2 (zygin II) -2.63 
NM_003252 TIAL1 10q TIA1 cytotoxic granule-associated RNA binding protein-like 1 -2.64 
NM_018150 FLJ10597 1p34.1 hypothetical protein FLJ10597 -2.65 
NM_003241 TGM4 3p22-p21.33 transglutaminase 4 (prostate) -2.65 
D87684 UBXD2 2q21.3-q22.1 UBX domain containing 2 -2.65 
NM_006367 CAP1 1p34.2 CAP, adenylate cyclase-associated protein 1 (yeast) -2.65 
NM_001694 ATP6V0C 16p13.3 ATPase, H+ transporting, lysosomal 16kDa, V0 subunit c -2.66 
NM_016561 BFAR 16p13.13 bifunctional apoptosis regulator -2.67 
NM_001932 MPP3 17q12-q21 membrane protein, palmitoylated 3 (MAGUK p55 subfamily member 3) -2.67 
M73547 DP1 5q22-q23 Human polyposis locus (DP1 gene) mRNA, complete cds. -2.68 
NM_001102 ACTN1 14q24.1-q24.2 actinin, alpha 1 -2.68 
AK022955 RAM2 7p15.3 transcription factor RAM2 -2.68 
AK024474 UNC13D 17q25.3 unc-13 homolog D (C. elegans) -2.69 
NM_006263 PSME1 14q11.2 proteasome (prosome, macropain) activator subunit 1 (PA28 alpha) -2.69 
NM_016495 TBC1D7 6p23 TBC1 domain family, member 7 -2.70 
AF250924 NGLY1 3p24.1 N-glycanase 1 -2.70 
NM_019597 HNRPH2 Xq22 heterogeneous nuclear ribonucleoprotein H2 (H') -2.70 
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NM_006819 STIP1 11q13 stress-induced-phosphoprotein 1 (Hsp70/Hsp90-organizing protein) -2.70 
NM_002455 MTX1 1q21 metaxin 1 -2.71 
NM_001064 TKT 3p14.3 transketolase (Wernicke-Korsakoff syndrome) -2.71 
NM_004708 PDCD5 19q12-q13.1 programmed cell death 5 -2.71 
AJ011596   p14 Homo sapiens trapped 3' terminal exon, clone B2E8. -2.71 
NM_017712 PGPEP1 19p13.11 pyroglutamyl-peptidase I -2.72 
D26067 KIAA0033 11p15.3 KIAA0033 protein -2.72 
AK023255 PHAX 5q23.3 likely ortholog of mouse phosphorylated adaptor for RNA export -2.73 
NM_019853 PPP4R2 3p14.1 Homo sapiens protein phosphatase 4, regulatory subunit 2 (PPP4R2), mRNA. -2.74 
NM_014637 CHPPR 8q12.3 likely ortholog of chicken chondrocyte protein with a poly-proline region -2.74 
NM_002527 NTF3 12p13 neurotrophin 3 -2.74 
NM_014399 TM4SF13 7p21.2 transmembrane 4 superfamily member 13 -2.74 
NM_002629 PGAM1 10q25.3 phosphoglycerate mutase 1 (brain) -2.74 
NM_015955 CGI-27 2p23.2 C21orf19-like protein -2.75 
AF085892     Full length insert cDNA clone YP93A03 -2.75 
NM_003016 SFRS2 17q25.3 splicing factor, arginine/serine-rich 2 -2.76 
AF086255 LOC286073 8q24.3 Similar to FLJ46354 protein (LOC389694), mRNA -2.76 
D83782 SCAP 3p21.31 SREBP CLEAVAGE-ACTIVATING PROTEIN -2.77 
NM_001814 CTSC 11q14.1-q14.3 cathepsin C -2.77 
NM_018844 BCAP29 7q22-q31 B-cell receptor-associated protein 29 -2.77 
NM_015984 UCHL5 1q32 ubiquitin carboxyl-terminal hydrolase L5 -2.78 
NM_018091 ELP3 8p21.1 elongation protein 3 homolog (S. cerevisiae) -2.78 
NM_007260 LYPLA2 1p36.12-p35.1 lysophospholipase II -2.78 
NM_005994 TBX2 17q23 T-box 2 -2.79 
NM_003002 SDHD 11q23 succinate dehydrogenase complex, subunit D, integral membrane protein -2.79 
NM_005494 DNAJB6 7q36.3 DnaJ (Hsp40) homolog, subfamily B, member 6 -2.79 
NM_014062 NOB1P 16q22.3 likely ortholog of mouse nin one binding protein -2.79 
NM_003150 STAT3 17q21 signal transducer and activator of transcription 3 (acute-phase response factor) -2.79 
NM_006570 RRAGA 9p22.1 Ras-related GTP binding A -2.80 
NM_016732 RALY 20q11.21-q11.23 RNA binding protein (autoantigenic, hnRNP-associated with lethal yellow) -2.80 
NM_004092 ECHS1 10q26.2-q26.3 enoyl Coenzyme A hydratase, short chain, 1, mitochondrial -2.80 
D61704     Human mRNA for Ets-like protein (clone 713). -2.81 
NM_003137 SRPK1 6p21.3-p21.2 SFRS protein kinase 1 -2.81 
AK001011   12 CDNA FLJ10149 fis, clone HEMBA1003380 -2.82 
AL049281     Homo sapiens mRNA; cDNA DKFZp564L243 (from clone DKFZp564L243). -2.83 
NM_001225 CASP4 11q22.2-q22.3 caspase 4, apoptosis-related cysteine protease -2.83 
NM_005007 NFKBIL1 6p21.3 nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor-like 1 -2.84 
NM_019607 FLJ11267 8q13.1 hypothetical protein FLJ11267 -2.85 
AB018264 TSPYL4 6q22.31 TSPY-like 4 -2.87 
AF282264 C19ORF10 19p13.3 chromosome 19 open reading frame 10 -2.87 
NM_019067 FLJ10613 Xp11.22 hypothetical protein FLJ10613 -2.87 
AK022437 C14ORF82 14q21.3 CDNA FLJ12375 fis, clone MAMMA1002475 -2.88 
NM_000113 DYT1 9q34 chromosome 9 open reading frame 78 -2.89 
NM_001968 EIF4E 4q21-q25 eukaryotic translation initiation factor 4E -2.89 
NM_000126 ETFA 15q23-q25 electron-transfer-flavoprotein, alpha polypeptide (glutaric aciduria II) -2.90 
NM_002009 FGF7 15q15-q21.1 fibroblast growth factor 7 (keratinocyte growth factor) -2.91 
NM_014888 FAM3C 7q22.1-q31.1 family with sequence similarity 3, member C -2.92 
NM_001827 CKS2 9q22 CDC28 protein kinase regulatory subunit 2 -2.92 
NM_019060 NICE-1 1q21 NICE-1 protein -2.94 
NM_017426 NUP54 4q21.21 nucleoporin 54kDa -2.95 
NM_002766 PRPSAP1 17q24-q25 phosphoribosyl pyrophosphate synthetase-associated protein 1 -2.95 
NM_001067 TOP2A 17q21-q22 topoisomerase (DNA) II alpha 170kDa -2.95 
NM_012087 GTF3C5 9q34 general transcription factor IIIC, polypeptide 5, 63kDa -2.96 
AK022588 RNF122 8p12 ring finger protein 122 -2.97 
NM_005821 NBR2 17q21 neighbor of BRCA1 gene 2 -2.98 
U05597     c1 exon; Human anion exchanger 3 cardiac isoform (cAE3) mRNA, partial cds. -3.00 
X97303 FLJ31121 5q31.3 hypothetical protein FLJ31121 -3.00 
NM_003276 TMPO 12q22 thymopoietin -3.01 
NM_002717 PPP2R2A 8p21.1 protein phosphatase 2 (formerly 2A), regulatory subunit B (PR 52), alpha isoform -3.02 
AB032969 KIAA1143 3p21.32 Start codon is not identified.; Homo sapiens mRNA for KIAA1143 protein, partial cds. -3.02 
NM_000416 IFNGR1 6q23-q24 interferon gamma receptor 1 -3.03 
NM_004697 PRPF4 9q31-q33 PRP4 pre-mRNA processing factor 4 homolog (yeast) -3.03 
NM_001533 HNRPL 19q13.2 heterogeneous nuclear ribonucleoprotein L -3.03 
NM_001673 ASNS 7q21.3 asparagine synthetase -3.03 
NM_014495 ANGPTL3 1p31.1-p22.3 angiopoietin-like 3 -3.04 
AK001731 MGC17943 12q24.11 hypothetical protein MGC17943 -3.05 
NM_004627 WRB 21q22.3 tryptophan rich basic protein -3.05 
NM_001493 GDI1 Xq28 GDP dissociation inhibitor 1 -3.05 
AK021744   12 Homo sapiens cDNA FLJ11682 fis, clone HEMBA1004880. -3.07 
U41387 DDX21 10q21 DEAD (Asp-Glu-Ala-Asp) box polypeptide 21 -3.08 
NM_006923 SDF2 17q11.2 stromal cell-derived factor 2 -3.09 
NM_003870 IQGAP1 15q26.1 IQ motif containing GTPase activating protein 1 -3.10 
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NM_001812 CENPC1 4q12-q13.3 centromere protein C 1 -3.11 
NM_015641 TES 7q31.2 testis derived transcript (3 LIM domains) -3.11 
AF100756 COPG 3q21.3 coatomer protein complex, subunit gamma -3.11 
AK001758 THOC2 Xq25-q26.3 THO complex 2 -3.11 
NM_006842       -3.12 
NM_014358 CLECSF9 12p13.31 Calcium dependent, carbohydrate-recognition domain lectin, superfamily member 9 -3.13 
AJ011980   7 MRNA sequence, IMAGE clone 446411 -3.13 
NM_003531 HIST1H3C 6p21.3 histone 1, H3c -3.13 
NM_003217 TEGT 12q12-q13 testis enhanced gene transcript (BAX inhibitor 1) -3.15 
NM_000190 HMBS 11q23.3 hydroxymethylbilane synthase -3.15 
NM_016062 CGI-128 16q22.1-q22.3 CGI-128 protein -3.16 
NM_006443 C6ORF108 6p21.1 chromosome 6 open reading frame 108 -3.17 
NM_016185 HN1 17q25.2 hematological and neurological expressed 1 -3.17 
NM_016579 8D6A 19p13.3-p13.2 8D6 antigen -3.18 
NM_003345 UBE2I 16p13.3 ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast) -3.18 
NM_005729 PPIF 10q22-q23 peptidylprolyl isomerase F (cyclophilin F) -3.18 
AF263537 FGF23 12p13.3 fibroblast growth factor 23 -3.19 
2HG       -3.20 
NM_020235 BBX 3q13.1 bobby sox homolog (Drosophila) -3.20 
NM_007278 GABARAP 17p13.2 GABA(A) receptor-associated protein -3.20 
AB029020 USP33 1p31.1 ubiquitin specific protease 33 -3.20 
NM_018037 RALGPS2 1q24.3 Ral-A exchange factor RalGPS2 -3.21 
NM_016130 DDX46 5q31.2 Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 46 (DDX46), mRNA. -3.22 
NM_018639 WSB2 12q24.23 WD repeat and SOCS box-containing 2 -3.23 
NM_006086 TUBB4 16q24.3 tubulin, beta, 4 -3.23 
AF086184   11 Full length insert cDNA clone ZC30C07 -3.23 
NM_001761 CCNF 16p13.3 cyclin F -3.24 
D00265 CYCS 7p15.2 cytochrome c, somatic -3.24 
NM_006097 MYL9 20q11.23 myosin, light polypeptide 9, regulatory -3.24 
NM_014741 KIAA0652 11p11.2 KIAA0652 gene product -3.25 
AK001357 MGC45556 19q13.41 CDNA clone IMAGE:6668270, partial cds -3.25 
NM_007178 UNRIP 12p13.1 unr-interacting protein -3.26 
AK000899     Homo sapiens cDNA FLJ10037 fis, clone HEMBA1000968. -3.26 
NM_014153 HSPC055 16p13-p12 zinc-finger protein AY163807 -3.27 
AK024016 APG10L 5q14.1 unnamed protein product; Homo sapiens cDNA FLJ13954 fis, clone Y79AA1001145. -3.28 
NM_018368 C6ORF209 6q13 chromosome 6 open reading frame 209 -3.28 
NM_018486 HDAC8 Xq13 histone deacetylase 8 -3.30 
NM_003829 MPDZ 9p24-p22 multiple PDZ domain protein -3.30 
AF142421 QKI 6q26-27 quaking homolog, KH domain RNA binding (mouse) -3.30 
NM_006428 MRPL28 16p13.3 mitochondrial ribosomal protein L28 -3.31 
NM_017671 C20ORF42 20p12.3 chromosome 20 open reading frame 42 -3.32 
NM_002490 NDUFA6 22q13.2-q13.31 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6, 14kDa -3.32 
AL137318   5 Clone IMAGE:5299070, mRNA -3.32 
NM_004357 CD151 11p15.5 CD151 antigen -3.33 
NM_014322 OPN3 1q43 opsin 3 (encephalopsin, panopsin) -3.33 
NM_001822 CHN1 2q31-q32.1 chimerin (chimaerin) 1 -3.33 
NM_002345 LUM 12q21.3-q22 lumican -3.34 
NM_000251 MSH2 2p22-p21 mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) -3.34 
NM_006759 UGP2 2p14-p13 UDP-glucose pyrophosphorylase 2 -3.35 
NM_006400 DCTN2 12q13.2-q13.3 dynactin 2 (p50) -3.36 
NM_004814 HPRP8BP 1p35.1 U5 snRNP-specific 40 kDa protein (hPrp8-binding) -3.37 
AF151109 MRPL36 5p15.3 mitochondrial ribosomal protein L36 -3.37 
NM_005717 ARPC5 1q25.2 actin related protein 2/3 complex, subunit 5, 16kDa -3.37 
D17271     Human HepG2 3' region MboI cDNA, clone hmd6a04m3. -3.37 
NM_002914 RFC2 7q11.23 replication factor C (activator 1) 2, 40kDa -3.37 
NM_003135 SRP19 5q21-q22 signal recognition particle 19kDa -3.38 
NM_004939 DDX1 2p24 DEAD (Asp-Glu-Ala-Asp) box polypeptide 1 -3.38 
NM_001985 ETFB 19q13.3 electron-transfer-flavoprotein, beta polypeptide -3.38 
NM_004199 P4HA2 5q31 procollagen-proline, 2-oxoglutarate 4-dioxygenase (proline 4-hydroxylase), alpha polypeptide II -3.39 
U81002 FLJ14502 15q14 TRAF4 associated factor 1 -3.40 
M22538 NDUFV2 18p11.31-p11.2 NADH dehydrogenase (ubiquinone) flavoprotein 2, 24kDa -3.42 
NM_014623 MEA 6p21.3-p21.1 male-enhanced antigen -3.42 
AF118124 MCL1 1q21 myeloid cell leukemia sequence 1 (BCL2-related) -3.42 
NM_015675 GADD45B 19p13.3 growth arrest and DNA-damage-inducible, beta -3.42 
NM_002743 PRKCSH 19p13.1-p13.2 protein kinase C substrate 80K-H -3.43 
NM_007021 C10ORF10 10q11.21 chromosome 10 open reading frame 10 -3.43 
NM_005796 NUTF2 16q22.1 nuclear transport factor 2 -3.44 
NM_004280 EEF1E1 6p24.3-p25.1 eukaryotic translation elongation factor 1 epsilon 1 -3.45 
NM_020153 FLJ21827 11q23.3 hypothetical protein FLJ21827 -3.45 
NM_005507 CFL1 11q13 cofilin 1 (non-muscle) -3.47 
AK022625 LOC92270 5q14.1 hypothetical protein LOC92270 -3.49 
AF161451 NSE1 16p12.2 non-SMC (structural maintenance of chromosomes) element 1 protein -3.50 
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NM_016294 PPP6C 9q34.11 Homo sapiens protein phosphatase 6, catalytic subunit (PPP6C), mRNA. -3.52 
NM_000358 TGFBI 5q31 transforming growth factor, beta-induced, 68kDa -3.54 
AF086565   2 Full length insert cDNA clone ZE16D09 -3.56 
NM_004965 HMGN1 21q22.3 high-mobility group nucleosome binding domain 1 -3.56 
AF164794 TDE2 6q22.32 tumor differentially expressed 2 -3.57 
AF121856 SNX6 14q13.1 sorting nexin 6 -3.59 
NM_003821 RIPK2 8q21 receptor-interacting serine-threonine kinase 2 -3.59 
NM_002593 PCOLCE 7q22 procollagen C-endopeptidase enhancer -3.59 
NM_014501 UBE2S 19q13.43 ubiquitin-conjugating enzyme E2S -3.59 
NM_004766 COPB2 3q23 coatomer protein complex, subunit beta 2 (beta prime) -3.59 
NM_002131 HMGA1 6p21 high mobility group AT-hook 1 -3.61 
NM_020230 PPAN 19p13 peter pan homolog (Drosophila) -3.63 
NM_004800 TM9SF2 13q32.3 transmembrane 9 superfamily member 2 -3.66 
NM_004549 NDUFC2 11q13.4 NADH dehydrogenase (ubiquinone) 1, subcomplex unknown, 2, 14.5kDa -3.68 
NM_004596 SNRPA 19q13.1 small nuclear ribonucleoprotein polypeptide A -3.71 
NM_012177 FBXO5 6q25-q26 F-box only protein 5 -3.71 
AF147325     Homo sapiens full length insert cDNA clone YB22D05. -3.71 
M73837 ARID5B 10q21.3 AT rich interactive domain 5B (MRF1-like) -3.72 
AB007959 NHLH2 1p12-p11 nescient helix loop helix 2 -3.76 
NM_014764 DAZAP2 12q12 DAZ associated protein 2 -3.76 
NM_006716 ASK 7q21.3 activator of S phase kinase -3.77 
NM_001792 CDH2 18q11.2 cadherin 2, type 1, N-cadherin (neuronal) -3.78 
AL050210 MALAT-1 11q13.1 PRO1073 protein -3.81 
NM_012319 SLC39A6 18q12.2 solute carrier family 39 (zinc transporter), member 6 -3.84 
AF317550 PERP 6q24 PERP, TP53 apoptosis effector -3.85 
NM_002086 GRB2 17q24-q25 growth factor receptor-bound protein 2 -3.87 
NM_004912 CCM1 7q21-q22 cerebral cavernous malformations 1 -3.87 
AK026140 FAM20C 7p22.3 family with sequence similarity 20, member C -3.89 
NM_006899 IDH3B 20p13 isocitrate dehydrogenase 3 (NAD+) beta -3.93 
NM_007208 MRPL3 3q21-q23 mitochondrial ribosomal protein L3 -3.93 
NM_005216 DDOST 1p36.1 dolichyl-diphosphooligosaccharide-protein glycosyltransferase -3.96 
NM_003359 UGDH 4p15.1 UDP-glucose dehydrogenase -3.97 
NM_020217 DKFZP547I014 2p16.3 spectrin, beta, non-erythrocytic 1 -3.99 
NM_001357 DHX9 1q25 DEAH (Asp-Glu-Ala-His) box polypeptide 9 -4.00 
AB046861 KIAA1641 2q11.2 KIAA1641 protein -4.02 
NM_016126 LOC51668 1p32.1-p33 HSPCO34 protein -4.03 
AF161522 C3ORF4 3p11-q11 chromosome 3 open reading frame 4 -4.03 
AK024969 VMP1 17q23.2 likely ortholog of rat vacuole membrane protein 1 -4.04 
NM_006904 PRKDC 8q11 protein kinase, DNA-activated, catalytic polypeptide -4.07 
NM_012245 SNW1 14q24.3 SKI-interacting protein -4.07 
NM_003314 TTC1 5q32-q33.2 tetratricopeptide repeat domain 1 -4.08 
NM_000320 QDPR 4p15.31 quinoid dihydropteridine reductase -4.11 
NM_006818 AF1Q 1q21 ALL1-fused gene from chromosome 1q -4.11 
AK025270 EDRF1 10q26.2 erythroid differentiation-related factor 1 -4.15 

X07979 ITGB1 10p11.2 unnamed protein product; integrin beta 1 subunit precursor; Human mRNA for integrin beta 1 
subunit. -4.20 

NM_003591 CUL2 10p11.22 cullin 2 -4.24 
NM_014878 KIAA0020 9p24.2 KIAA0020 -4.26 
NM_005720 ARPC1B 7q22.1 actin related protein 2/3 complex, subunit 1B, 41kDa -4.26 
NM_007317 KIF22 16p11.2 kinesin family member 22 -4.29 
AK022909 FLJ12847 8p23.1 hypothetical protein FLJ12847 -4.31 
NM_005151 USP14 18p11.32 ubiquitin specific protease 14 (tRNA-guanine transglycosylase) -4.39 
AK022310   13 CDNA FLJ12248 fis, clone MAMMA1001408 -4.39 
NM_015642 ZNF288 3q13.2 zinc finger protein 288 -4.42 
NM_004736 XPR1 1q25.1 xenotropic and polytropic retrovirus receptor -4.42 
NM_006379 SEMA3C 7q21-q31 sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3C -4.42 
NM_002973 SCA2 12q24.1 spinocerebellar ataxia 2 (olivopontocerebellar ataxia 2, autosomal dominant, ataxin 2) -4.42 
NM_006389 HYOU1 11q23.1-q23.3 hypoxia up-regulated 1 -4.43 
AB011167 PPRC1 10q24.32 peroxisome proliferative activated receptor, gamma, coactivator-related 1 -4.46 
NM_017828 COMMD4 15q23 COMM domain containing 4 -4.51 
NM_020158 EXOSC5 19q13.1 exosome component Rrp46 -4.51 
NM_001071 TYMS 18p11.32 thymidylate synthetase -4.55 
AJ227894 RAP1B 12q14 Partial mRNA; ID ED166-12B -4.59 
NM_020156 C1GALT1 7p14-p13 core 1 UDP-galactose:N-acetylgalactosamine-alpha-R beta 1,3-galactosyltransferase -4.64 
NM_015716 MINK 17p13.3 misshapen/NIK-related kinase -4.64 
NM_001679 ATP1B3 3q22-q23 ATPase, Na+/K+ transporting, beta 3 polypeptide -4.71 
NM_001627 ALCAM 3q13.1 activated leukocyte cell adhesion molecule -4.73 
NM_003340 UBE2D3 4q24 ubiquitin-conjugating enzyme E2D 3 (UBC4/5 homolog, yeast) -4.74 
NM_012381 ORC3L 6q14.3-q16.1 origin recognition complex, subunit 3-like (yeast) -4.82 
NM_002959 SORT1 1p21.3-p13.1 sortilin 1 -4.86 
AB033093 LOC284058 17q21.32 hypothetical protein LOC284058 -4.89 
NM_018172 FLJ10661 11q13.3 hypothetical protein FLJ10661 -4.91 
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NM_003864 SAP30 4q34.1 sin3-associated polypeptide, 30kDa -4.92 
NM_002916 RFC4 3q27 replication factor C (activator 1) 4, 37kDa -4.93 
AK025248 FLJ13220 4p13 hypothetical protein FLJ13220 -4.94 
NM_016019 LUC7L2 7q34 LUC7-like 2 (S. cerevisiae) -4.94 
NM_001809 CENPA 2p24-p21 centromere protein A, 17kDa -5.06 
NM_003714 STC2 5q35.2 stanniocalcin 2 -5.07 
NM_007126 VCP 9p13-p12 valosin-containing protein -5.16 
NM_006965 ZNF24 18q12 zinc finger protein 24 (KOX 17) -5.17 
NM_017566 DKFZP434G0522 16q24.3 hypothetical protein DKFZp434G0522 -5.21 
NM_015895 GMNN 6p22.1 geminin, DNA replication inhibitor -5.22 
NM_015393 DKFZP564O0823 4q13.3-q21.3 DKFZP564O0823 protein -5.35 
X78262 G3BP 5q33.1 H.sapiens mRNA for TRE5. -5.41 
NM_004872 C1ORF8 1p36-p31 chromosome 1 open reading frame 8 -5.46 
NM_004331 BNIP3L 8p21 BCL2/adenovirus E1B 19kDa interacting protein 3-like -5.53 
U96131 TRIP13 5p15.33 thyroid hormone receptor interactor 13 -5.63 
NM_007019 UBE2C 20q13.12 ubiquitin-conjugating enzyme E2C -5.88 
NM_001237 CCNA2 4q25-q31 cyclin A2 -5.92 
NM_006925 SFRS5 14q24 splicing factor, arginine/serine-rich 5 -6.07 
NM_000284 PDHA1 Xp22.2-p22.1 pyruvate dehydrogenase (lipoamide) alpha 1 -6.07 
NM_016061 CGI-127 2p23.3 yippee protein -6.43 
D28390 TUBA6 12q12-q14 tubulin alpha 6 -6.57 
NM_004511 IK 5q31.3  Homo sapiens IK cytokine, down-regulator of HLA II (IK), mRNA. -6.62 
NM_001786 CDC2 10q21.1 cell division cycle 2, G1 to S and G2 to M -6.67 
NM_002654 PKM2 15q22 pyruvate kinase, muscle -6.81 
AB009282 CYB5-M 16q22.1 cytochrome b5 outer mitochondrial membrane precursor -6.90 
D17082 LOC283820 16p13.12 hypothetical protein LOC283820 -6.99 
NM_014269 ADAM29 4q34 a disintegrin and metalloproteinase domain 29 -7.12 
AF086547   21 Full length insert cDNA clone ZE12B03 -7.16 
NM_001034 RRM2 2p25-p24 ribonucleotide reductase M2 polypeptide -7.18 
NM_013282 UHRF1 19p13.3 ubiquitin-like, containing PHD and RING finger domains, 1 -7.45 
NM_002901 RCN1 11p13 reticulocalbin 1, EF-hand calcium binding domain -7.54 
NM_003878 GGH 8q12.2 gamma-glutamyl hydrolase (conjugase, folylpolygammaglutamyl hydrolase) -7.80 
NM_006814 PSMF1 20p13 proteasome (prosome, macropain) inhibitor subunit 1 (PI31) -7.87 
NM_005915 MCM6 2q21 MCM6 minichromosome maintenance deficient 6 (MIS5 homolog, S. pombe) (S. cerevisiae) -8.23 
AK000780 EFG1 3q25.1-q26.2 mitochondrial elongation factor G1 -8.65 
AK022489 MYO1B 2q12-q34 myosin IB -8.94 
NM_006528 TFPI2 7q22 tissue factor pathway inhibitor 2 -8.99 
NM_001288 CLIC1 6p22.1-p21.2 chloride intracellular channel 1 -9.49 
AK023250 C10ORF84 10q26.12 hypothetical protein FLJ13188 -9.68 
NM_006222 PIN1L 1p31 densin-180 -10.10 
NM_019887 DIABLO 12q24.31 diablo homolog (Drosophila) -10.93 
NM_018062 FANCL 2p16.1 Fanconi anemia, complementation group L -12.98 
NM_005397 PODXL 7q32-q33 podocalyxin-like -18.43 
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AB007916 SLC35E2 1p36.33 solute carrier family 35, member E2 3.24 
AB011116 MGRN1 16p13.3 mahogunin, ring finger 1 1.64 
AB033019 KIAA1193 19p13.3 KIAA1193 2.33 
AB040901 KIAA1468 18q21.33 KIAA1468 2.04 
AF038199   3 CDNA clone IMAGE:6503168, partial cds 2.99 
AF085949     Full length insert cDNA clone YR76A02 2.46 
AF086009     Homo sapiens full length insert cDNA clone YU72D10. -2.33 
AF086551   17 Full length insert cDNA clone ZE12G01 -1.65 
AF121856 SNX6 14q13.1 sorting nexin 6 -3.59 
AF131846 GFPT1 2p13 glutamine-fructose-6-phosphate transaminase 1 2.27 
AF182423 C6ORF75 6q11.1-q22.33 chromosome 6 open reading frame 75 -2.38 
AF205437 TRIB1 8q24.13 tribbles homolog 1 (Drosophila) phosphoprotein regulated by mitogenic pathways 2.69 
AF250924 NGLY1 3p24.1 N-glycanase 1 -2.70 
AF263537 FGF23 12p13.3 fibroblast growth factor 23 -3.19 
AF279775   2 Clone N5 NTera2D1 teratocarcinoma mRNA 4.46 
AF298880 XPO5 6p21.1 exportin 5 1.90 
AJ011598   p14 Homo sapiens trapped 3' terminal exon, clone B2G5. 2.45 
AJ223353 HIST1H2BD 6p21.3 histone 1, H2bd -2.50 
AJ270693   12 Partial unknown mRNA from drug-resistant melanoma cells, 3'UTR, clone DMS-9 1.61 
AK000184 SMPDL3A 6q22.32 sphingomyelin phosphodiesterase, acid-like 3A -2.27 
AK000561     Homo sapiens cDNA FLJ20554 fis, clone KAT11807. -2.13 
AK001357 MGC45556 19q13.41 CDNA clone IMAGE:6668270, partial cds -3.25 
AK002028   1 CDNA FLJ11166 fis, clone PLACE1007242 -2.52 
AK021668 NA 1 Hypothetical gene supported by AL832786 (LOC400762), mRNA -2.55 
AK022192   4 CDNA FLJ12130 fis, clone MAMMA1000251 2.58 
AK022295   19 CDNA FLJ12233 fis, clone MAMMA1001215 2.38 
AK022396 NA 2 Hypothetical gene supported by AK022396; AK097927 (LOC400946), mRNA 1.83 
AK022588 RNF122 8p12 ring finger protein 122 -2.97 
AK022620 CSMD2 1p34.3 CUB and Sushi multiple domains 2 2.34 
AK023412   6 CDNA FLJ11496 fis, clone HEMBA1001964 2.44 
AK023656 SERAC1 6q25.3 serine active site containing 1 2.84 

AK024131 C17ORF31 17p13.3 unnamed protein product; Homo sapiens cDNA FLJ14069 fis, clone HEMBB1001562, weakly 
similar to CYLICIN II. 2.74 

AK025009   6 CDNA: FLJ21356 fis, clone COL02831 6.57 
AK025052   12 CDNA: FLJ21399 fis, clone COL03627 -2.43 
AK025068 FLJ21415 12q24.22 hypothetical protein FLJ21415 2.13 
AK025270 EDRF1 10q26.2 erythroid differentiation-related factor 1 -4.15 
AK025344   3 CDNA: FLJ21691 fis, clone COL09555 1.90 
AK025839 TMEM19 12q15 transmembrane protein 19 2.36 
AK026202 PTGDR 14q22.1 prostaglandin D2 receptor (DP) 1.79 
AK026226 FLJ22573 19q13.13 hypothetical protein FLJ22573 4.10 
AK026490   6 CDNA: FLJ22837 fis, clone KAIA4417 -2.27 
AK026653 C14ORF168 14q24.3 chromosome 14 open reading frame 168 -1.99 
AK027097 MKI67IP 2q14.3 MKI67 (FHA domain) interacting nucleolar phosphoprotein 3.17 
AK027238   13 CDNA: FLJ23585 fis, clone LNG14352 1.94 
AK027243 BBS1 11q13.1 Bardet-Biedl syndrome 1 2.71 
AL049229   3 MRNA; cDNA DKFZp564O1016 (from clone DKFZp564O1016) 2.03 
AL133573 RHBDL4 17q12 rhomboid, veinlet-like 4 (Drosophila) 2.37 
AL133611 ARL8 10p13 ADP-ribosylation factor-like 8 2.40 
AL137318   5 Clone IMAGE:5299070, mRNA -3.32 
AL137573 LOC283788 15 zinc finger protein 542 5.61 
AL359062 COL8A1 3q12.3 collagen, type VIII, alpha 1 3.69 
AL389941 HAPLN4 19p13.1 transmembrane 6 superfamily member 2 1.79 
AY007166 FLJ11730 1p35.3-p33 hypothetical protein FLJ11730 -2.42 
D00265 CYCS 7p15.2 cytochrome c, somatic -3.24 
D55643 PABL   Human spleen PABL (pseudoautosomal boundary-like sequence) mRNA, clone Sp2. 2.37 
D63477 KIAA0143 8q24.22 KIAA0143 protein 3.00 
D87292 TST 22q13.1 thiosulfate sulfurtransferase (rhodanese) 2.21 
L39061 TAF1B 2p25 TATA box binding protein (TBP)-associated factor, RNA polymerase I, B, 63kDa -1.50 
M73799   16 Human cerebellar mRNA. 1.88 
M73837 ARID5B 10q21.3 AT rich interactive domain 5B (MRF1-like) -3.72 
M93056 SERPINB1 6p25 serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 1 -2.10 
NM_000060 BTD 3p25 biotinidase 2.03 
NM_000126 ETFA 15q23-q25 electron-transfer-flavoprotein, alpha polypeptide (glutaric aciduria II) -2.90 

NM_000281 PCBD 10q22 6-pyruvoyl-tetrahydropterin synthase/dimerization cofactor of hepatocyte nuclear factor 1 alpha 
(TCF1) 4.82 

NM_000930 PLAT 8p12 plasminogen activator, tissue 2.74 
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NM_001165 BIRC3 11q22 baculoviral IAP repeat-containing 3 -2.63 
NM_001225 CASP4 11q22.2-q22.3 caspase 4, apoptosis-related cysteine protease -2.83 
NM_001533 HNRPL 19q13.2 heterogeneous nuclear ribonucleoprotein L -3.03 
NM_001673 ASNS 7q21.3 asparagine synthetase -3.03 
NM_001694 ATP6V0C 16p13.3 ATPase, H+ transporting, lysosomal 16kDa, V0 subunit c -2.66 
NM_001883 CRHR2 7p15.1 corticotropin releasing hormone receptor 2 2.41 
NM_001991 EZH1 17q21.1-q21.3 enhancer of zeste homolog 1 (Drosophila) 1.71 
NM_002430 MN1 22q11 meningioma (disrupted in balanced translocation) 1 -1.68 
NM_002437 MPV17 2p23-p21 MpV17 transgene, murine homolog, glomerulosclerosis 2.39 
NM_002490 NDUFA6 22q13.2-q13.31 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6, 14kDa -3.32 
NM_002620 PF4V1 4q12-q21 platelet factor 4 variant 1 5.42 
NM_002654 PKM2 15q22 pyruvate kinase, muscle -6.81 
NM_002676 PMM1 22q13.2 phosphomannomutase 1 1.96 
NM_002692 POLE2 14q21-q22 polymerase (DNA directed), epsilon 2 (p59 subunit) -1.52 
NM_002755 MAP2K1 15q22.1-q22.33 mitogen-activated protein kinase kinase 1 -2.33 
NM_002766 PRPSAP1 17q24-q25 phosphoribosyl pyrophosphate synthetase-associated protein 1 -2.95 
NM_002871 RABIF 1q32-q41 RAB interacting factor 1.53 
NM_003131 SRF 6p21.1 serum response factor (c-fos serum response element-binding transcription factor) 1.84 
NM_003314 TTC1 5q32-q33.2 tetratricopeptide repeat domain 1 -4.08 
NM_003339 UBE2D2 5q31.3 ubiquitin-conjugating enzyme E2D 2 (UBC4/5 homolog, yeast) 3.10 
NM_003345 UBE2I 16p13.3 ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast) -3.18 
NM_003378 VGF 7q22 VGF nerve growth factor inducible 2.52 
NM_003412 ZIC1 3q24 Zic family member 1 (odd-paired homolog, Drosophila) 3.98 
NM_003440 ZNF140 12q24.32-q24.33 zinc finger protein 140 (clone pHZ-39) 2.73 
NM_004121 GGTLA1 22q11.23 gamma-glutamyltransferase-like activity 1 1.84 
NM_004466 GPC5 13q32 glypican 5 5.34 
NM_004545 NDUFB1 14q32.13 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 1, 7kDa 1.89 
NM_004627 WRB 21q22.3 tryptophan rich basic protein -3.05 
NM_004671 MIZ1 18q21.1 Msx-interacting-zinc finger -2.31 
NM_004708 PDCD5 19q12-q13.1 programmed cell death 5 -2.71 
NM_004800 TM9SF2 13q32.3 transmembrane 9 superfamily member 2 -3.66 
NM_004814 HPRP8BP 1p35.1 U5 snRNP-specific 40 kDa protein (hPrp8-binding) -3.37 
NM_004866 SCAMP1 5q13.3-q14.1 secretory carrier membrane protein 1 2.32 
NM_005103 FEZ1 11q24.2 fasciculation and elongation protein zeta 1 (zygin I) 2.63 
NM_005338 HIP1 7q11.23 huntingtin interacting protein 1 -1.86 
NM_005439 MLF2 12p13 myeloid leukemia factor 2 -2.63 
NM_005461 MAFB 20q11.2-q13.1 v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian) 3.16 
NM_005523 HOXA11 7p15-p14 homeo box A11 1.90 
NM_005717 ARPC5 1q25.2 actin related protein 2/3 complex, subunit 5, 16kDa -3.37 
NM_005796 NUTF2 16q22.1 nuclear transport factor 2 -3.44 
NM_006189 OMP 11q13.5 olfactory marker protein (calpain 5? AS LISTED IN GENE SPRING) -2.31 
NM_006222 PIN1L 1p31 densin-180 -10.10 
NM_006379 SEMA3C 7q21-q31 sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3C -4.42 
NM_006428 MRPL28 16p13.3 mitochondrial ribosomal protein L28 -3.31 
NM_006567 FARS1 6p25.1 phenylalanine-tRNA synthetase 1 (mitochondrial) 3.19 
NM_006626 ZNF482 9q34.11 zinc finger protein 482 -2.10 
NM_006675 NET-5 12p13.33 transmembrane 4 superfamily member tetraspan NET-5 2.67 
NM_006791 MORF4L1 15q24 mortality factor 4 like 1 -2.13 
NM_006810 PDIR 3q21.1 for protein disulfide isomerase-related -2.09 
NM_006899 IDH3B 20p13 isocitrate dehydrogenase 3 (NAD+) beta -3.93 
NM_007195 POLI 18q21.1 polymerase (DNA directed) iota 2.29 
NM_007208 MRPL3 3q21-q23 mitochondrial ribosomal protein L3 -3.93 
NM_007260 LYPLA2 1p36.12-p35.1 lysophospholipase II -2.78 
NM_007278 GABARAP 17p13.2 GABA(A) receptor-associated protein -3.20 
NM_007353 GNA12 7p22-p21 guanine nucleotide binding protein (G protein) alpha 12 2.54 
NM_012381 ORC3L 6q14.3-q16.1 origin recognition complex, subunit 3-like (yeast) -4.82 
NM_012383 OSTF1 9q13-q21.2 osteoclast stimulating factor 1 -2.28 
NM_013282 UHRF1 19p13.3 ubiquitin-like, containing PHD and RING finger domains, 1 -7.45 
NM_014235 UBL4 Xq28 ubiquitin-like 4 12.49 
NM_014273 ADAMTS6 5pter-qter a disintegrin-like and metalloprotease (reprolysin type) with thrombospondin type 1 motif, 6 -2.23 
NM_014623 MEA 6p21.3-p21.1 male-enhanced antigen -3.42 
NM_014769 KIAA0087 7p15.2 KIAA0087 gene product -2.21 
NM_014811 KIAA0649 9q34.3 KIAA0649 3.31 
NM_014828 C14ORF92 14q11.2 chromosome 14 open reading frame 92 1.43 
NM_014867 KIAA0711 8p23.3 KIAA0711 gene product 2.48 
NM_014878 KIAA0020 9p24.2 KIAA0020 -4.26 
NM_015679 TRUB2 9q34.13 TruB pseudouridine (psi) synthase homolog 2 (E. coli) -2.44 
NM_015926 ZSIG11 3p21.31 putative secreted protein ZSIG11 4.39 
NM_016126 LOC51668 1p32.1-p33 HSPCO34 protein -4.03 
NM_016516 VPS54 2p13-p14 vacuolar protein sorting 54 (yeast) 2.19 
NM_016561 BFAR 16p13.13 bifunctional apoptosis regulator -2.67 
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NM_017728 FLJ20255 17q25.2 hypothetical protein FLJ20255 2.01 
NM_017823 FLJ20442 1q23.1 hypothetical protein FLJ20442 2.02 
NM_018286 FLJ10970 17q23.1 hypothetical protein FLJ10970 2.39 
NM_018841 GNG12 1p31.2 guanine nucleotide binding protein (G protein), gamma 12 4.45 
NM_020153 FLJ21827 11q23.3 hypothetical protein FLJ21827 -3.45 
NM_020156 C1GALT1 7p14-p13 core 1 UDP-galactose:N-acetylgalactosamine-alpha-R beta 1,3-galactosyltransferase -4.64 
NM_020235 BBX 3q13.1 bobby sox homolog (Drosophila) -3.20 
NM_020357 PCNP 3q12.3 PEST-containing nuclear protein -2.62 

S79267 CD4 RECEPTOR 12pter-p12 This sequence comes from Fig. 4; CD4 receptor (44) [human, T-lymphocyte, mRNA, 3429 nt]. 2.19 

U00945   X Clone A9A2BRB8 repeat region 2.19 
U79297 LOC157567 8q22.3 hypothetical protein LOC157567 1.91 
X07695 KRT4 12q12-q13 keratin 4 2.01 

X07979 ITGB1 10p11.2 unnamed protein product; integrin beta 1 subunit precursor; Human mRNA for integrin beta 1 
subunit. -4.20 

X79986     H.sapiens GB1 mRNA. 2.11 
X97303 FLJ31121 5q31.3 hypothetical protein FLJ31121 -3.00 
X98834 SALL2 14q11.1-q12 sal-like 2 (Drosophila) -1.88 
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NM_001937 DPT 1q12-q23 dermatopontin 17.61 

AK021543   1 Homo sapiens cDNA FLJ11481 fis, clone HEMBA1001803. 12.47 

AL117468 CLIPR-59 19q13.13 CLIP-170-related protein 11.06 

NM_015960 CGI-32 10q24.31 CGI-32 protein 9.94 

X51779     Human mRNA containing an Alu repeat and its reverse complement. 9.92 

AL080225 LOC152578 4q12 hypothetical protein LOC152578 9.80 

NM_005274 GNG5 1p22 guanine nucleotide binding protein (G protein), gamma 5 9.34 

L77598   17q12-21 Homo sapiens (clone SEL212) 17q YAC (303G8) RNA. 9.13 

NM_006184 NUCB1 19q13.2-q13.4 nucleobindin 1 8.51 

NM_014754 PTDSS1 8q22 phosphatidylserine synthase 1 8.43 

NM_002581 PAPPA 9q33.2 pregnancy-associated plasma protein A 8.43 

AK000947 MYH7B 20q11.23 myosin, heavy polypeptide 7B, cardiac muscle, beta 8.22 

NM_002190 IL17 6p12 interleukin 17 (cytotoxic T-lymphocyte-associated serine esterase 8) 8.02 

NM_000428 LTBP2 14q24 latent transforming growth factor beta binding protein 2 7.90 

NM_002530 NTRK3 15q25 neurotrophic tyrosine kinase, receptor, type 3 7.76 

NM_003102 SOD3 4p16.3-q21 superoxide dismutase 3, extracellular 7.59 

D16935 PSAT1 9q21.32 phosphoserine aminotransferase 1 7.42 

NM_018226 RNPEPL1 2q37.3 arginyl aminopeptidase (aminopeptidase B)-like 1 7.32 

NM_004106 FCER1G 1q23 Fc fragment of IgE, high affinity I, receptor for; gamma polypeptide 7.23 

NM_003820 TNFRSF14 1p36.3-p36.2 tumor necrosis factor receptor superfamily, member 14 (herpesvirus entry mediator) 7.11 

U95646     Homo sapiens drug resistance-associated protein (DRP), cyclophilin-like mRNA sequence. 7.06 

Y16714   22 Homo sapiens immunoglobulin light chain (IGL@) mRNA, partial cds. 6.89 

NM_006861 RAB35 12q24.31 RAB35, member RAS oncogene family 6.80 

NM_006822 RAB40B 17q25.3 RAB40B, member RAS oncogene family 6.47 

U52827   5 Homo sapiens cDNA FLJ31636 fis, clone NT2RI2003481. 6.36 

AF225426 FMN2 1q43 formin 2 6.08 

NM_006094 DLC1 8p22 deleted in liver cancer 1 6.07 

AF130084     Homo sapiens clone FLB8310 PRO2225 mRNA, complete cds 6.02 

NM_002986 CCL11 17q21.1-q21.2 chemokine (C-C motif) ligand 11 5.97 

NM_000476 AK1 9q34.1 adenylate kinase 1 5.93 

NM_002089 CXCL2 4q21 chemokine (C-X-C motif) ligand 2 5.92 

NM_000376 VDR 12q12-q14 vitamin D (1,25- dihydroxyvitamin D3) receptor 5.89 

NM_002256 KISS1 1q32 KiSS-1 metastasis-suppressor 5.87 

AB040920 ATP10D 4p12 ATPase, Class V, type 10D 5.87 

NM_014069 PSORS1C2 6p21.3 psoriasis susceptibility 1 candidate 2 5.74 

AF075082   1 Homo sapiens full length insert cDNA YQ80H06 5.74 

AF070569 MGC14376 17p13.3 hypothetical protein MGC14376 5.61 

NM_014964 EPN2 17p11.2 epsin 2 5.60 

D87446 RW1 2q11.2 RW1 protein 5.54 

AF118274 DNB5 1p36.1-p36.2 deleted in neuroblastoma 5 5.52 

NM_000504 F10 13q34 coagulation factor X 5.44 

AK021818 DNCH2 11q21-q22.1 dynein, cytoplasmic, heavy polypeptide 2 5.42 

AK000028 NA 4q24 LOC90024 5.41 

NM_003006 SELPLG 12q24 selectin P ligand 5.26 

AL137443 NFYA 6p21.1 nuclear transcription factor Y, alpha 5.24 

AK026141 MGC39325 8q12.1 hypothetical protein MGC39325 5.18 

X73079 PIGR 1q31-q41 polymeric immunoglobulin receptor 5.10 

NM_006042 HS3ST3B1 17p12-p11.2 heparan sulfate (glucosamine) 3-O-sulfotransferase 3B1 5.02 

NM_006779 CDC42EP2 11q13 CDC42 effector protein (Rho GTPase binding) 2 5.00 

Y11177 TWIST1 7p21.2 twist homolog 1 (acrocephalosyndactyly 3; Saethre-Chotzen syndrome) (Drosophila) 4.90 

AF010236 SGCD 5q33-q34 sarcoglycan, delta (35kDa dystrophin-associated glycoprotein) 4.89 

NM_006110 CD2BP2 16p12.1 CD2 antigen (cytoplasmic tail) binding protein 2 4.87 

AL096750 OPLAH 8q24.3 5-oxoprolinase (ATP-hydrolysing) 4.86 

AF140710 RPS6KA2 6q27 ribosomal protein S6 kinase, 90kDa, polypeptide 2 4.84 

NM_006884 SHOX2 3q25-q26.1 short stature homeobox 2 4.84 

AL157445   Chromosome 16 Homo sapiens mRNA; cDNA DKFZp434B049 (from clone DKFZp434B049). 4.82 

AK000691 C6ORF85 6p25.2 chromosome 6 open reading frame 85 4.79 

AB033281 FBXW1B 5q35.1 F-box and WD-40 domain protein 1B 4.73 

AK025431 LOC253981 4p14 hypothetical protein LOC253981 4.69 

AK027199   16 Homo sapiens cDNA: FLJ23546 fis, clone LNG08361. 4.67 

NM_015987 HEBP1 12p13.2 heme binding protein 1 4.64 

NM_004787 SLIT2 4p15.2 slit homolog 2 (Drosophila) 4.60 

NM_001037 SCN1B 19q13.1 sodium channel, voltage-gated, type I, beta 4.58 

NM_016446 LOC51754 9p13.1 NAG-5 protein 4.54 
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AB031046 TCF7L1 2p11.2 transcription factor 7-like 1 (T-cell specific, HMG-box) 4.49 

NM_018590 GALNACT-2 10q11.21 chondroitin sulfate GalNAcT-2 4.44 

NM_018137 PRMT6 1p13.3 protein arginine N-methyltransferase 6 4.43 

AK023940   2 Homo sapiens cDNA FLJ13878 fis, clone THYRO1001411. 4.43 

NM_003809 TNFSF12 17p13 tumor necrosis factor (ligand) superfamily, member 12 4.39 

NM_018096 FLJ10458 17q21.1 hypothetical protein similar to beta-transducin family 4.38 

NM_006829 APM2 10q23.31 adipose specific 2 4.38 

NM_016027 CGI-83 8p22-q22.3 lactamase, beta 2 4.35 

AL049965   6 Homo sapiens mRNA; cDNA DKFZp564A232 (from clone DKFZp564A232) 4.33 

NM_013333 EPN1 19q13.43 epsin 1 4.31 

NM_019892 INPP5E 9q34.3 inositol polyphosphate-5-phosphatase, 72 kDa 4.27 

NM_012143 TFIP11 22q12.1 tuftelin interacting protein 11 4.26 

NM_006460 HIS1 17q21.31 HMBA-inducible 4.22 

AK026408 LOC96610 22q11.1-q11.2 hypothetical protein similar to KIAA0187 gene product 4.20 

NM_012460 TIMM9 14q21 translocase of inner mitochondrial membrane 9 homolog (yeast) 4.12 

NM_014726 PROSAPIP2 17q21.32 ProSAPiP2 protein 4.11 

NM_000696 ALDH9A1 1q23.1 aldehyde dehydrogenase 9 family, member A1 4.10 

X82127 HOK2 19q13-2 q13-3 H.sapiens HOK-2 mRNA, 5' region (122 bp). 4.09 

NM_018951 HOXA10 7p15-p14 homeo box A10 4.09 

AL365410 LOC56930 19p13.3 hypothetical protein from EUROIMAGE 1669387 4.08 

AF075027   2 Homo sapiens full length insert cDNA YI37C01 4.07 

NM_006860 RABL4 22q13.1 RAB, member of RAS oncogene family-like 4 4.06 

AK002005 LOC285173 2 hypothetical protein LOC285173 4.05 

NM_003338 UBE2D1 10q11.2-q21 ubiquitin-conjugating enzyme E2D 1 (UBC4/5 homolog, yeast) 4.04 

AF173358 BTBD6 14q32 Homo sapiens glucocorticoid receptor AF-1 coactivator-1 mRNA, partial cds. 4.03 

AL137343 NSE1 2p25.1 NSE1 4.03 

AK022198 GALNT5 2q24.2 UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase 5 
(GalNAc-T5) 4.01 

AJ227878   8 Homo sapiens partial mRNA; ID ED70-2B 4.00 

AF088075     Homo sapiens full length insert cDNA clone ZD98A02. 4.00 

AB045292 TMEM8 16p13.3 transmembrane protein 8 (five membrane-spanning domains) 4.00 

NM_000907 NPR2 9p21-p12 natriuretic peptide receptor B/guanylate cyclase B (atrionatriuretic peptide receptor B) 3.98 

AL359338 CMYA5 5q14.1 cardiomyopathy associated 5 3.91 

X15675 NA 11 hypothetical gene supported by X15675 3.91 

NM_018222 PARVA 11p15.3 parvin, alpha 3.88 

AL035301 PIGC 1q23-q25 phosphatidylinositol glycan, class C 3.87 

AL137474   16 Homo sapiens mRNA; cDNA DKFZp434E2423 (from clone DKFZp434E2423) 3.85 

NM_004914 RAB36 22q11.22 RAB36, member RAS oncogene family 3.83 

AK022836 ALS2CR4 2 amyotrophic lateral sclerosis 2 (juvenile) chromosome region, candidate 4 3.83 

NM_016626 LOC51320 18q21.1 hypothetical protein LOC51320 3.78 

M95929 PMX1 1q24 paired mesoderm homeo box 1 3.77 

M74509     Human endogenous retrovirus type C oncovirus sequence. 3.73 

M93107 BDH 3q29 3-hydroxybutyrate dehydrogenase (heart, mitochondrial) 3.72 

NM_015516 E2IG4 11q13.3 hypothetical protein, estradiol-induced 3.70 

AF086335 FLJ23119 15q26.3 hypothetical protein FLJ23119 3.69 

AL162075   7 Homo sapiens cDNA FLJ11958 fis, clone HEMBB1000996. 3.68 

AB002324 KIAA0326 16p11.2 KIAA0326 protein 3.68 

AF286160 PLEKHA1 10q26.13 pleckstrin homology domain containing, family A (phosphoinositide binding specific) member 1 3.67 

NM_017748 FLJ20291 17q21.2 hypothetical protein FLJ20291 3.67 

M87942     Human carcinoma cell-derived Alu RNA transcript, clone ALU83. 3.66 

AK022077 BAALC 8q22.3 brain and acute leukemia, cytoplasmic 3.66 

AL355720 AGPAT3 21q22.3 1-acylglycerol-3-phosphate O-acyltransferase 3 3.63 

NM_006037 HDAC4 2q37.2 histone deacetylase 4 3.62 

AK021919     unnamed protein product; Homo sapiens cDNA FLJ11857 fis, clone HEMBA1006807, 
moderately similar to Homo sapiens mRNA for SPOP. 3.62 

U46752 OSIL   oxidative stress induced like 3.61 

AK000036 FBN3 19p13 Homo sapiens cDNA FLJ20029 fis, clone ADSE02022. 3.61 

NM_002025 FMR2 Xq28 fragile X mental retardation 2 3.60 

AK024637 ZDHHC14 6q25.3 zinc finger, DHHC domain containing 14 3.58 

NM_052830  GGTL3 20q11.22 Human clone CCA11 locus D20S101 mRNA containing CCA trinucleotide repeat. 3.57 

D17046 LOC221061 10p13 hypothetical protein LOC221061 3.56 

NM_001040 SHBG 17p13-p12 sex hormone-binding globulin 3.55 

NM_014601 EHD2 19q13.3 EH-domain containing 2 3.54 

AK026010 RHBDF1 16p13.3 rhomboid family 1 (Drosophila) 3.54 

AL050367 LOC221061 10p13 hypothetical protein LOC221061 3.52 

AB049629 LHPP 10q26.13 phospholysine phosphohistidine inorganic pyrophosphate phosphatase 3.52 

AK023397 FYCO1 3p21.32 FYVE and coiled-coil domain containing 1 3.48 

NM_001375 DNASE2 19p13.2 deoxyribonuclease II, lysosomal 3.47 
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AF201947 MAP2K1IP1 4q23 mitogen-activated protein kinase kinase 1 interacting protein 1 3.46 

AB023139 KIAA0922 4q31.3 KIAA0922 protein 3.46 

U20648 ZNF154 19q13.4 zinc finger protein 154 (pHZ-92) 3.45 

AL110165   22 Homo sapiens mRNA; cDNA DKFZp586J1824 (from clone DKFZp586J1824). 3.43 

NM_004813 PEX16 11p11.2 peroxisomal biogenesis factor 16 3.43 

L27643     Homo sapiens (DCIS-8) mRNA fragment. 3.42 

NM_018416 FHX 12p13.31 FOXJ2 forkhead factor 3.40 

NM_015871 ZT86 1p35.3 zinc finger protein 3.40 

AK026524 RPC8 22q13.2 RNA polymerase III subunit RPC8 3.40 

NM_017676 FLJ20125 5q21.2 hypothetical protein FLJ20125 3.40 

AB040907 KIAA1474 19q13.11 teashirt 3 3.40 

AK024953 MGC20446 11q12.3 hypothetical protein MGC20446 3.40 

NM_006395 GSA7 3p25.3-p25.2 ubiquitin activating enzyme E1-like protein 3.39 

AK021495   21 Homo sapiens cDNA FLJ11433 fis, clone HEMBA1001121. 3.39 

AF134707 ADAM19 5q32-q33 a disintegrin and metalloproteinase domain 19 (meltrin beta) 3.39 

AB033024 KIAA1198 19p13.2 Homo sapiens KIAA1198 protein (KIAA1198), mRNA 3.38 

NM_138448 ACYP2 2p16.2 acylphosphatase 2, muscle type 3.38 

AL050192 ATF2 2q32 activating transcription factor 2 3.36 

AB002340 KIAA0342 3p22.1 KIAA0342 gene product 3.36 

NM_021029 RPL36A Xq22.1 Human BTK region clone 2f10-rpi mRNA. 3.36 

L77592   17q12-21 Homo sapiens (clone SEL131) 17q YAC (176F3) RNA. 3.35 

NM_012316 KPNA6 1p35.1-p34.3 karyopherin alpha 6 (importin alpha 7) 3.35 

AF208502 EBF 5q34 early B-cell factor 3.35 

AB002296 KIAA0298 11p15.3 KIAA0298 gene product 3.33 

AK025585 DKFZP727A071 1p32.2 similar to tRNA synthetase class II 3.32 

AK021694 MGC4266 Xq26 hypothetical protein MGC4266 3.31 

AK025205 DKFZP564O0823 4q13.3-q21.3 DKFZP564O0823 protein 3.30 

AB032966 TTC7 2p21 tetratricopeptide repeat domain 7 3.29 

NM_015948 C6ORF196 6p24.3 chromosome 6 open reading frame 196 3.28 

NM_004642 CDK2AP1 12q24.31 CDK2-associated protein 1 3.28 

NM_018207 FLJ10759 1p34.3 hypothetical protein FLJ10759 3.27 

AF086468   8 Homo sapiens full length insert cDNA clone ZD86H05 3.27 

NM_005110 GFPT2 5q34-q35 glutamine-fructose-6-phosphate transaminase 2 3.27 

NM_016478 NIPA 7q32.3 nuclear interacting partner of anaplastic lymphoma kinase (ALK) 3.25 

NM_014948 UBCE7IP5 20p13 likely ortholog of mouse ubiquitin conjugating enzyme 7 interacting protein 5 3.25 

AF217986 PP9099 15q22.1 PH domain-containing protein 3.25 

NM_004568 SERPINB6 6p25 serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 6 3.24 

NM_016098 BRP44L 6q27 brain protein 44-like 3.24 

NM_019885 P450RAI-2 2p13.2 cytochrome P450 retinoid metabolizing protein 3.24 

AB037787 NLGN2 17p13.2 neuroligin 2 3.23 

AK025775 LOC284734 20q13.33 hypothetical protein LOC284734 3.23 

AK000907     Homo sapiens cDNA FLJ10045 fis, clone HEMBA1001109. 3.22 

NM_001724 BPGM 7q31-q34 2,3-bisphosphoglycerate mutase 3.21 

NM_002940 ABCE1 4q31 ATP-binding cassette, sub-family E (OABP), member 1 3.21 

NM_006885 ATBF1 16q22.3-q23.1 AT-binding transcription factor 1 3.19 

AK024926 DDAH1 1p22 dimethylarginine dimethylaminohydrolase 1 3.19 

AK026495 SLC2A13 12 solute carrier family 2 (facilitated glucose transporter), member 13 3.18 

NM_003054 SLC18A2 10q25 solute carrier family 18 (vesicular monoamine), member 2 3.18 

AF074987   16 Homo sapiens full length insert cDNA YH77E09 3.16 

NM_005127 CLECSF2 12p13-p12 C-type (calcium dependent, carbohydrate-recognition domain) lectin, superfamily member 2 
(activation-induced) 3.16 

AB011115 KIAA0543 7q36.1 KIAA0543 protein 3.16 

AL117461 MGC21416 Xq12 hypothetical protein MGC21416 3.16 

NM_018950 HLA-F 6p21.3 major histocompatibility complex, class I, F 3.15 

AK025131 NOD9 11q23.3 NOD9 protein 3.14 

AF244088 ZNF16 8q24 zinc finger protein 16 (KOX 9) 3.14 

NM_014846 KIAA0196 8p22 KIAA0196 gene product 3.14 

NM_016021 UBE2J1 6q16.1 ubiquitin-conjugating enzyme E2, J1 (UBC6 homolog, yeast) 3.13 

AK001128   1 Homo sapiens cDNA FLJ10266 fis, clone HEMBB1001024. 3.13 

AL133602 FBXO13 5q21.3 F-box only protein 13 3.12 

NM_005009 NME4 16p13.3 non-metastatic cells 4, protein expressed in 3.12 

AF131855 MGC9850 13q12.2 hypothetical protein MGC9850 3.09 

AF085881 ESD 13q14.1-q14.2 esterase D/formylglutathione hydrolase 3.09 

NM_018499       3.08 

AK022712 FLJ12650 1p35.1 hypothetical protein FLJ12650 3.08 

D42043 RAFTLIN 3p25.1 raft-linking protein 3.08 

AF086448   5q23.3 Homo sapiens full length insert cDNA clone ZD82B02. 3.08 

AK000144   9 Homo sapiens cDNA FLJ20137 fis, clone COL07137. 3.07 
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NM_006553 HFL-EDDG1 18p11.21 erythroid differentiation and denucleation factor 1 3.05 

AK025423 LOC91582 22q13.2 hypothetical protein LOC91582 3.05 

AK021817 BCAS3 17 breast carcinoma amplified sequence 3 3.04 

NM_000286 PEX12 17q21.1 peroxisomal biogenesis factor 12 3.03 

D31886 RAB3GAP 2q21.3 RAB3 GTPase-ACTIVATING PROTEIN 3.00 

AF225422 AD023 17q25.2 Homo sapiens AD023 mRNA, complete cds. 3.00 

AF086366 SPINT1 15q14 serine protease inhibitor, Kunitz type 1 2.99 

AK023407   7 Homo sapiens cDNA FLJ13345 fis, clone OVARC1002082. 2.98 

NM_019048 NS3TP1 2p24.3-q21.3 HCV NS3-transactivated protein 1 2.98 

M58603 NFKB1 4q24 nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (p105) 2.97 

AB040975 KIAA1542 11p15.5 CTD-binding SR-like protein rA9 2.97 

NM_005488 TOM1 22q13.1 target of myb1 (chicken) 2.96 

AF025771 ZNF189 9q22-q31 zinc finger protein 189 2.96 

NM_013381 TRHDE 12q15-q21 thyrotropin-releasing hormone degrading ectoenzyme 2.95 

AB023232 ZFP95 7q22 zinc finger protein 95 homolog (mouse) 2.95 

NM_013330 NME7 1q24 non-metastatic cells 7, protein expressed in (nucleoside-diphosphate kinase) 2.95 

NM_016604 C5ORF7 5q31 chromosome 5 open reading frame 7 2.95 

NM_017956 FLJ20772 8q24.13 hypothetical protein FLJ20772 2.93 

AK024495 MGC35138 11p15.5 hypothetical protein MGC35138 2.92 

AL133019 CDAN1 15q14 congenital dyserythropoietic anemia, type I 2.92 

AL162035 LOC81691 16p13.11 exonuclease NEF-sp 2.90 

AK000063 OTOP2 17q25.2 otopetrin 2 2.90 

AB007861 MGC22014 2p13.1 hypothetical protein MGC22014 2.90 

NM_006693 CPSF4 7q22.1 cleavage and polyadenylation specific factor 4, 30kDa 2.89 

AF055007 MGC48332 5q23.3 hypothetical protein MGC48332 2.88 

AF264622   2 Homo sapiens uncharacterized gastric protein ZA32P mRNA, partial cds 2.88 

NM_014755 TRIP-BR2 2p15 transcriptional regulator interacting with the PHS-bromodomain 2 2.88 

NM_004256 ORCTL3 3p21.3 organic cationic transporter-like 3 2.87 

NM_016064 PILB 10p12 synonyms: CBS-1, CGI-131; go_function: transcription factor activity [goid 0003700] [evidence 
TAS] [pmid 10375640]; Homo sapiens pilin-like transcription factor (PILB), mRNA. 2.87 

NM_017880 FLJ20558 2p13.3 hypothetical protein FLJ20558 2.87 

NM_002828 PTPN2 18p11.3-p11.2 protein tyrosine phosphatase, non-receptor type 2 2.85 

NM_003003 SEC14L1 17q25.1-17q25.2 SEC14-like 1 (S. cerevisiae) 2.84 

NM_014967 KIAA1018 15q13.1 KIAA1018 protein 2.84 

AK001118   6 Homo sapiens cDNA FLJ10256 fis, clone HEMBB1000870. 2.84 

AB033016 KIAA1190 3p21.33 hypothetical protein KIAA1190 2.84 

NM_018051 FLJ10300 7q36.3 hypothetical protein FLJ10300 2.84 

NM_012296 GAB2 11q13.4 GRB2-associated binding protein 2 2.83 

AL390153 MBD3 19p13.3 methyl-CpG binding domain protein 3 2.81 

NM_001384 DPH2L2 1p34 diptheria toxin resistance protein required for diphthamide biosynthesis-like 2 (S. cerevisiae) 2.80 

S83198 PROL1 4q13.3 proline rich 1 2.79 

NM_015916 LOC51063 10pter-q26.12 hypothetical protein LOC51063 2.79 

NM_007241 EAP30 17q21.33 EAP30 subunit of ELL complex 2.79 

NM_014634 PPM1F 22q11.22 protein phosphatase 1F (PP2C domain containing) 2.78 

AF086090 C20ORF116 20p13 chromosome 20 open reading frame 116 2.78 

AF085979 LOC146542 16p11.2 similar to hypothetical protein MGC13138 2.77 

NM_003492 CXORF12 Xq28 chromosome X open reading frame 12 2.77 

AF086485   8 Homo sapiens full length insert cDNA clone ZD93E02 2.77 

AL080085 SLC35E1 19 solute carrier family 35, member E1 2.77 

AK021858 FOXC1 6p25 forkhead box C1 2.77 

NM_004109 FDX1 11q22 ferredoxin 1 2.77 

NM_014509 DJ222E13.1 22q13 kraken-like 2.77 

NM_004257 TGFBRAP1 2q12.2 transforming growth factor, beta receptor associated protein 1 2.76 

AK023380   12 Homo sapiens mRNA; cDNA DKFZp686I04101 (from clone DKFZp686I04101) 2.76 

NM_003824 FADD 11q13.3 Fas (TNFRSF6)-associated via death domain 2.75 

AK022894 DC-UBP 5q35.2 dendritic cell-derived ubiquitin-like protein 2.75 

AK023189 RNAH 6q16.1-q16.3 RNA helicase family 2.74 

AF086471 FLJ39441 11p15.1 hypothetical protein FLJ39441 2.74 

AL080201 MIZF 11q23.3 MBD2 (methyl-CpG-binding protein)-interacting zinc finger protein 2.73 

NM_017634 FLJ20038 8p21.1 hypothetical protein FLJ20038 2.73 

AF086491   15 Homo sapiens full length insert cDNA clone ZD95A07 2.71 

NM_006634 VAMP5 2p11.2 vesicle-associated membrane protein 5 (myobrevin) 2.71 

NM_018996 KIAA1582 17q25.3 KIAA1582 protein 2.71 

NM_017638 FLJ20045 1p35.2 hypothetical protein FLJ20045 2.70 

NM_006323 SEC24B 4q25 SEC24 related gene family, member B (S. cerevisiae) 2.69 

NM_001745 CAMLG 5q23 calcium modulating ligand 2.69 

NM_016536 HSPC059 19q13.13 HSPC059 protein 2.69 

AK000908 LOC256273 11p15.3 hypothetical protein LOC256273 2.68 
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NM_003422 ZNF42 19q13.2-q13.4 zinc finger protein 42 (myeloid-specific retinoic acid- responsive) 2.68 

AK023559   10 Homo sapiens cDNA FLJ13497 fis, clone PLACE1004518. 2.68 

AB040914 SHRML 4q21.22 Shroom-related protein 2.67 

AL359620 DKFZP762P2111 7q36.1 hypothetical protein DKFZp762P2111 2.67 

AK025157 DC-TM4F2 10q23.1 tetraspanin similar to TM4SF9 2.67 

NM_005418 ST5 11p15 suppression of tumorigenicity 5 2.66 

AK024728 FLJ21075 7p12.3 hypothetical protein FLJ21075 2.65 

L08440     Human autonomously replicating sequence (ARS) mRNA. 2.65 

AF217971 WBSCR21 7q11.23 Williams Beuren syndrome chromosome region 21 2.64 

AB014514 KIAA0614 12q24.13 KIAA0614 protein 2.64 

AK023221 SMAP1 6q12-q13 stromal membrane-associated protein 1 2.63 

NM_003325 HIRA 22q11.2 HIR histone cell cycle regulation defective homolog A (S. cerevisiae) 2.62 

AY007128 PAX8 2 paired box gene 8 2.61 

U66561 ZNF184 6p21.3 zinc finger protein 184 (Kruppel-like) 2.61 

U69645 ZNF32 10q22-q25 zinc finger protein 32 (KOX 30) 2.60 

NM_018230 NUP133 1q42.13 nucleoporin 133kDa 2.60 

NM_005231 EMS1 11q13 ems1 sequence (mammary tumor and squamous cell carcinoma-associated (p80/85 src 
substrate) 2.59 

AK024563   19 Homo sapiens cDNA: FLJ20910 fis, clone ADSE00492. 2.58 

AF086279   14 Homo sapiens full length insert cDNA clone ZD45F06 2.58 

AK021431   20 Homo sapiens cDNA FLJ11369 fis, clone HEMBA1000338. 2.58 

AK027019 MGC45731 1p11.2 hypothetical protein MGC45731 2.58 

AF183412 CYP20A1 2q33.3 cytochrome P450, family 20, subfamily A, polypeptide 1 2.57 

AK023525 FLJ35867 15q15.1 hypothetical protein FLJ35867 2.57 

AF075032     Homo sapiens full length insert cDNA YN48C03. 2.56 

NM_001913 CUTL1 7q22.1 cut-like 1, CCAAT displacement protein (Drosophila) 2.56 

S75755 KLK3 19q13.41 kallikrein 3, (prostate specific antigen) 2.56 

NM_004569 PIGH 14q11-q24 phosphatidylinositol glycan, class H 2.55 

U50529 LOC88523 13q12.3 CG016 2.55 

AK026702 FLJ23049 3q26.2 hypothetical protein FLJ23049 2.55 

AF143331 TECTA 11q22-q24 tectorin alpha 2.55 

AF086377 AD24 10q23.33 AD24 protein 2.54 

AK025371 ASAHL 4q21.1 N-acylsphingosine amidohydrolase (acid ceramidase)-like 2.53 

NM_001910 CTSE 1q31 cathepsin E 2.52 

NM_017425 SPA17 11q24.2 sperm autoantigenic protein 17 2.51 

AF086102 PPIH 1p34.1 peptidyl prolyl isomerase H (cyclophilin H) 2.51 

NM_020408 C6ORF149 6p25.1 chromosome 6 open reading frame 149 2.50 

NM_005667 NEDF 2p11.2 neuroendocrine differentiation factor 2.49 

AK024007 MGC29761 9q34.3 hypothetical protein MGC29761 2.49 

AB023151 KIAA0934 10p15.3 KIAA0934 protein 2.49 

AB006589 ESR2 14q Homo sapiens mRNA for estrogen receptor beta cx, complete cds. 2.49 

NM_007059 KPTN 19q13.33 kaptin (actin binding protein) 2.48 

AF147315   19 Homo sapiens full length insert cDNA clone YA85A01 2.47 

AK023164 DHDDS 1p35.3 dehydrodolichyl diphosphate synthase 2.47 

AK023684 ACTR6 12q23.3 actin-related protein 6 2.47 

AK025118 RUFY1 5q35.3 RUN and FYVE domain containing 1 2.46 

NM_006044 HDAC6 Xp11.23 histone deacetylase 6 2.46 

AK022420   2 Homo sapiens cDNA FLJ12358 fis, clone MAMMA1002353. 2.46 

AF085897   14 Homo sapiens full length insert cDNA clone YQ07A04. 2.45 

NM_016322 RAB14 9q32-q34.11 RAB14, member RAS oncogene family 2.45 

AK021540 LOC285535 4p16.1 hypothetical protein LOC285535 2.45 

AK001083   12 Homo sapiens cDNA FLJ10221 fis, clone HEMBB1000008. 2.44 

AK000246 NA 13q12.2 hypothetical gene supported by AK000246 2.44 

AL359603   7 Homo sapiens mRNA; cDNA DKFZp547E096 (from clone DKFZp547E096) 2.43 

AK026497 NA 14q LOC145609 2.43 

AF086199   12 Homo sapiens full length insert cDNA clone ZC40A10 2.42 

NM_003042 SLC6A1 3p25-p24 solute carrier family 6 (neurotransmitter transporter, GABA), member 1 2.42 

Y16702     Homo sapiens mRNA from HIV associated non-Hodgkin's lymphoma (clone hl1-6). 2.42 

AK025627 LOC91768 18q11.2 hypothetical protein BC004124 2.42 

NM_013318 MGC10526 9q34.2 hypothetical protein MGC10526 2.40 

AK001872 PDL2 9p24.2 programmed death ligand 2 2.40 

U92074 RAD51L1 14q23-q24.2 RAD51-like 1 (S. cerevisiae) 2.39 

AK023856 LOC339803 2p16.1 hypothetical protein LOC339803 2.39 

NM_001276 CHI3L1 1q32.1 chitinase 3-like 1 (cartilage glycoprotein-39) 2.39 

AL359938 MRG2 19q13.33 likely ortholog of mouse myeloid ecotropic viral integration site-related gene 2 2.38 

NM_000165 GJA1 6q21-q23.2 gap junction protein, alpha 1, 43kDa (connexin 43) 2.37 

NM_018025 ECGP 19q13.12 evolutionarily conserved G-patch domain containing 2.37 

NM_002468 MYD88 3p22 myeloid differentiation primary response gene (88) 2.37 



Appendix 1C  Skin Fibroblast Gene List C 228

Accession 
Number Gene Name Chromosomal 

Location Gene Description Fold 
Change 

NM_005688 ABCC5 3q27 ATP-binding cassette, sub-family C (CFTR/MRP), member 5 2.35 

Z83954   6p22 H.sapiens mRNA; clone CD 20. 2.35 

NM_002372 MAN2A1 5q21-q22 mannosidase, alpha, class 2A, member 1 2.34 

NM_014026 DCPS 11q24.2 mRNA decapping enzyme 2.34 

AK000185 NA 2q37.3 hypothetical gene supported by AK000185 2.34 

AL050374 DKFZP586C1619 11p13 DKFZP586C1619 protein 2.34 

AF088045 NA 12 LOC341328 2.33 

NM_003932 ST13 22q13.2 suppression of tumorigenicity 13 (colon carcinoma) (Hsp70 interacting protein) 2.33 

AK023130 ZDHHC5 11q12.1 zinc finger, DHHC domain containing 5 2.33 

AF086067 PCTK2 12q23.1 PCTAIRE protein kinase 2 2.32 

NM_005355 KIF25 6q27 kinesin family member 25 2.32 

AL162007   1 Homo sapiens mRNA; cDNA DKFZp434D116 (from clone DKFZp434D116) 2.31 

D16474   X Human mRNA, Xq terminal portion. 2.31 

AL442095 BOZF1 1p34.3 BTB/POZ and zinc-finger domains factor on chromosome 1 2.31 

NM_018069       2.31 

AB002304 CIC 19q13.2 capicua homolog (Drosophila) 2.31 

NM_001186 BACH1 21q22.11 BTB and CNC homology 1, basic leucine zipper transcription factor 1 2.30 

NM_003658 BARX2 11q25 BarH-like homeobox 2 2.30 

NM_020371 AVEN 15q13.1 apoptosis, caspase activation inhibitor 2.30 

AK022203 NA 10q24.1 similar to RIKEN cDNA 5730509K17 gene 2.30 

AK025418 KIAA1671 22 KIAA1671 protein 2.30 

NM_014297 YF13H12 19q13.32 protein expressed in thyroid 2.30 

AF169974 SRR 17p13 serine racemase 2.28 

AK024778 FLJ21125 22q11.21 hypothetical protein FLJ21125 2.27 

NM_013327 PARVB 22q13.2-q13.33 parvin, beta 2.27 

AK025512 C14ORF21 14q11.2 chromosome 14 open reading frame 21 2.27 

AF095854     Homo sapiens asthmatic clone 2 mRNA, 3' UTR. 2.26 

NM_001864 COX7A1 19q13.1 cytochrome c oxidase subunit VIIa polypeptide 1 (muscle) 2.26 

NM_003172 SURF1 9q34.2 surfeit 1 2.25 

NM_014124 PRO0255 5p13.3 PRO0255 protein 2.25 

NM_018095 FLJ10450 11p11.2 hypothetical protein FLJ10450 2.25 

AK023343 RNASE7 14 ribonuclease, RNase A family, 7 2.25 

AK023652 FLJ13590 19q13.41 hypothetical protein FLJ13590 2.23 

NM_002033 FUT4 11q21 fucosyltransferase 4 (alpha (1,3) fucosyltransferase, myeloid-specific) 2.23 

AB006622 KIAA0284 14q32.33 KIAA0284 protein 2.23 

NM_013334 GMPPB 3p21.31 GDP-mannose pyrophosphorylase B 2.23 

AF085867 ABI-2 2q33 abl-interactor 2 2.21 

NM_018363 FLJ11218 10q23.31 hypothetical protein FLJ11218 2.21 

M28219 LDLR 19p13.3 low density lipoprotein receptor (familial hypercholesterolemia) 2.20 

AK025924   1 Homo sapiens cDNA: FLJ22271 fis, clone HRC03191. 2.20 

NM_018347 C20ORF29 20p13 chromosome 20 open reading frame 29 2.20 

NM_005902 MADH3 15q21-q22 MAD, mothers against decapentaplegic homolog 3 (Drosophila) 2.19 

NM_007044 KATNA1 6q24.3 katanin p60 (ATPase-containing) subunit A 1 2.19 

AK024433 MRPS25 3p25 mitochondrial ribosomal protein S25 2.18 

NM_017829 CECR5 22 cat eye syndrome chromosome region, candidate 5 2.18 

AF086431   11 Homo sapiens full length insert cDNA clone ZD79H10 2.17 

AL389879 NA 22q11.23 similar to putative NADH oxidoreductase complex I subunit homolog. 2.17 

NM_005715 UST 6q24.3 uronyl-2-sulfotransferase 2.17 

NM_003630 PEX3 6q23-q24 peroxisomal biogenesis factor 3 2.16 

NM_016930 STX18 4p16.2 syntaxin 18 2.16 

AB002374 KIAA0376 22q11.23 KIAA0376 protein 2.15 

NM_001051 SSTR3 22q13.1 somatostatin receptor 3 2.14 

AL389937 MGC13105 19p13.2 hypothetical protein MGC13105 2.14 

AF277292 ESAM 11q24.2 similar to endothelial cell-selective adhesion molecule 2.14 

AK021611   18 Homo sapiens cDNA FLJ11549 fis, clone HEMBA1002968. 2.13 

AK026195   10 Homo sapiens cDNA: FLJ22542 fis, clone HSI00196. 2.13 

U92980 DT1P1A10 Xp11.22 hypothetical protein DT1P1A10 2.12 

NM_002487 NDN 15q11.2-q12 necdin homolog (mouse) 2.11 

AF087965   10 Homo sapiens full length insert cDNA clone YU51E08 2.10 

NM_014165 C6ORF66 6q16.3 chromosome 6 open reading frame 66 2.09 

NM_019099 LOC55924 1pter-q31.3 hypothetical protein LOC55924 2.09 

NM_006943 SOX12 20p13 SRY (sex determining region Y)-box 12 2.09 

AF190864 GGA3 17q25.2 golgi associated, gamma adaptin ear containing, ARF binding protein 3 2.08 

NM_014835 OSBPL2 20q13.3 oxysterol binding protein-like 2 2.08 

AB040919 KIAA1486 2q36.3 KIAA1486 protein 2.08 

AK001921 ZFYVE21 14q32.33 zinc finger, FYVE domain containing 21 2.07 

AK023159   5q33.3 Homo sapiens cDNA FLJ13097 fis, clone NT2RP3002173. 2.06 

NM_020404 TEM1 11q13 tumor endothelial marker 1 precursor 2.06 
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AK023609 PSCD3 7p22.2 pleckstrin homology, Sec7 and coiled-coil domains 3 2.04 

AK026376 MGC14136 21q22.11 hypothetical protein MGC14136 2.03 

AK024432 FLJ00001 9q34.12 hypothetical protein FLJ00001 2.02 

AK024788 FLJ21135 22q13.33 intermedin 2.02 

AK021948   1 Homo sapiens cDNA FLJ11886 fis, clone HEMBA1007206. 2.02 

M73048     Human U3 small nuclear RNA (snRNA) gene, 5' flank. 2.01 

AB040610 GP3ST 2q37.3 glycoprotein beta-Gal 3'-sulfotransferase 2.01 

NM_013399 C16ORF5 16p13.3 chromosome 16 open reading frame 5 2.00 

AF086115   5 Homo sapiens full length insert cDNA clone ZA69H09 1.99 

D30612 ZNF282 7q35-q36 zinc finger protein 282 1.99 

AK027159 FLJ23506 19q13.43 hypothetical protein FLJ23506 1.98 

AK025495 SASH1 6q24.3 SAM and SH3 domain containing 1 1.97 

AF085846 RA-GEF-2 5q31.1 rap guanine nucleotide exchange factor 1.96 

U79246 FLJ22624 13q21.33 hypothetical protein FLJ22624 1.94 

AF064078 INSRR 1q21-q23 insulin receptor-related receptor 1.94 

AL161992 LOC129531 2q11.2 hypothetical protein BC018453 1.93 

AL049346 GOSR1 17q11 golgi SNAP receptor complex member 1 1.93 

AF143888   5 Homo sapiens clone IMAGE:121736 mRNA sequence 1.91 

NM_015915 SPG3A 14q22.1 spastic paraplegia 3A (autosomal dominant) 1.90 

NM_002208 ITGAE 17p13 integrin, alpha E (antigen CD103, human mucosal lymphocyte antigen 1; alpha polypeptide) 1.90 

NM_004969 IDE 10q23-q25 insulin-degrading enzyme 1.90 

AK023724 LOC200213 20q13.33 hypothetical protein LOC200213 1.89 

AK026666 MGC3207 19p13.13 hypothetical protein MGC3207 1.89 

NM_014293 NPTXR 22q13.1 neuronal pentraxin receptor 1.88 

D25272   4p16.1-4pter Homo sapiens mRNA, clone:RES4-16. 1.88 

NM_000254 MTR 1q43 5-methyltetrahydrofolate-homocysteine methyltransferase 1.88 

NM_005927 MFAP3 5q32-q33.2 microfibrillar-associated protein 3 1.88 

AF119886   3 Homo sapiens PRO2591 mRNA, complete cds 1.88 

NM_016417 C14ORF87 14q32.2 chromosome 14 open reading frame 87 1.86 

NM_012105 BACE2 21q22.3 beta-site APP-cleaving enzyme 2 1.86 

AF014456     Homo sapiens murine retrovirus readthrough RNA sequence. 1.85 

NM_002649 PIK3CG 7q22.3 phosphoinositide-3-kinase, catalytic, gamma polypeptide 1.83 

AL110236 ZF 11q14 HCF-binding transcription factor Zhangfei 1.83 

AB023198 PIP5K3 2q34 likely ortholog of mouse phosphatidylinositol-4-phosphate 5-kinase, type III 1.82 

NM_005741 ZNF263 16p13.3 zinc finger protein 263 1.80 

AK022224 NA 14q24.1-q24.2 hypothetical gene supported by AK022224 1.79 

NM_018527 FLJ22054 13q13.3 hypothetical protein FLJ22054 1.79 

AK024429 CLG 19q13.2 likely ortholog of mouse common-site lymphoma/leukemia GEF 1.77 

AL117635 RTTN 18q22.2 rotatin 1.77 

AF035314   20 Homo sapiens clone 23651 mRNA sequence 1.77 

AK025503 FLJ22347 11q12.3 hypothetical protein FLJ22347 1.77 

M87941     Human carcinoma cell-derived Alu RNA transcript, clone ALU20. 1.76 

M14624 GTA 4  Human 4-beta-galactosyltransferase activator 1.75 

NM_003923 FOXH1 8q24.3 forkhead box H1 1.73 

AL049417 NA 17q21 hypothetical gene supported by AK055834; BC008286 1.73 

NM_012142 CCNDBP1 15q14-q15 cyclin D-type binding-protein 1 1.73 

NM_000051 ATM 11q22-q23 ataxia telangiectasia mutated (includes complementation groups A, C and D) 1.70 

AK026773 FLJ23120 2p16.3 hypothetical protein FLJ23120 1.67 

AK022893   1 Homo sapiens cDNA FLJ12831 fis, clone NT2RP2003099. 1.66 

AF070543   5 Homo sapiens clone 24740 mRNA sequence 1.65 

NM_018076 ARMC4 10p12.1-p11.23 armadillo repeat containing 4 1.64 

NM_015985 ANGPT4 20p13 angiopoietin 4 1.62 

AL389956   8 Homo sapiens mRNA full length insert cDNA clone EUROIMAGE 2004482. 1.61 

AF085899   4q31.1 Homo sapiens full length insert cDNA clone YQ15A02 1.61 

NM_018036 C14ORF103 14q32.31 chromosome 14 open reading frame 103 1.58 

AK025887   4 Homo sapiens cDNA: FLJ22234 fis, clone HRC02022. 1.58 

AB037719 SSH1 12q24.12 slingshot 1 1.54 

AK024952   7 Homo sapiens cDNA: FLJ21299 fis, clone COL02041. 1.53 

AF086229   16q23 Homo sapiens full length insert cDNA clone ZD16H11 1.52 

AJ011377 TSC1 9q34 tuberous sclerosis 1 1.46 

NM_002094 GSPT1 16p13.1 G1 to S phase transition 1 -1.67 

NM_016024 CGI-79 Xq26.1 CGI-79 protein -1.72 

NM_003903 CDC16 13q34 CDC16 cell division cycle 16 homolog (S. cerevisiae) -1.73 

AB033023 FLJ10201 3q27.3 hypothetical protein FLJ10201 -1.74 

NM_012143 TFIP11 22q12.1 tuftelin interacting protein 11 -1.75 

NM_005828 HAN11 17q24.2 WD-repeat protein -1.77 

NM_005760 CBF2 2p22.3 CCAAT-box-binding transcription factor -1.81 

NM_003113 SP100 2q37.1 nuclear antigen Sp100 -1.84 
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NM_015684 ATP5S 14q22.1 ATP synthase, H+ transporting, mitochondrial F0 complex, subunit s (factor B) -1.88 

NM_018113 LIMR 12q13.12 lipocalin-interacting membrane receptor -1.88 

NM_002227 JAK1 1p32.3-p31.3 Janus kinase 1 (a protein tyrosine kinase) -1.90 

NM_001226 CASP6 4q25 caspase 6, apoptosis-related cysteine protease -1.90 

NM_017892 FNBP3 2q24.1 formin binding protein 3 -1.93 

NM_006700 FLN29 12q FLN29 gene product -1.94 

NM_002853 RAD1 5p13.2 RAD1 homolog (S. pombe) -1.95 

AL137491 LOC148696 1q32.1 hypothetical protein LOC148696 -1.98 

NM_014500 HTATSF1 Xq26.1-q27.2 HIV TAT specific factor 1 -1.99 

AB037759 EIF2AK4 15q14 eukaryotic translation initiation factor 2 alpha kinase 4 -2.01 

NM_006565 CTCF 16q21-q22.3 CCCTC-binding factor (zinc finger protein) -2.03 

NM_001872 CPB2 13q14.11 carboxypeptidase B2 (plasma, carboxypeptidase U) -2.06 

AF174394     Homo sapiens apoptotic-related protein PCAR mRNA, partial cds -2.08 

AK023031 FLJ12969 Xq22.1-q22.3 hypothetical protein FLJ12969 -2.08 

NM_014179 HSPC157 1p36.12 HSPC157 protein -2.10 

NM_004146 NDUFB7 19p13.12-p13.11 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 7, 18kDa -2.10 

AK025225   2 Homo sapiens cDNA: FLJ21572 fis, clone COL06651. -2.11 

AK024460 SDS3 12q24.23 likely ortholog of mouse Sds3 -2.12 

AL162078 KNSL8 6p21.1 kinesin-like 8 -2.17 

NM_000178 GSS 20q11.2 glutathione synthetase -2.18 

NM_016484 LOC51248 Xq13.1 hypothetical protein LOC51248 -2.19 

AK025329 DKFZP566H073 17p13.3 DKFZP566H073 protein -2.19 

AK000529 FLJ20522 3q29 hypothetical protein FLJ20522 -2.20 

NM_018272 FLJ10921 12p12.1 hypothetical protein FLJ10921 -2.20 

NM_015385 SORBS1 10q23.3-q24.1 sorbin and SH3 domain containing 1 -2.22 

AF097431 LEPRE1 1p34.1 leucine proline-enriched proteoglycan (leprecan) 1 -2.23 

NM_019071 ING3 7q31 inhibitor of growth family, member 3 -2.26 

NM_004047 ATP6V0B 1p32.3 ATPase, H+ transporting, lysosomal 21kDa, V0 subunit c -2.30 

NM_015953 NOSIP 19q13.33 nitric oxide synthase interacting protein -2.32 

NM_016029 RETSDR4 14q23.1 retinal short-chain dehydrogenase/reductase 4 -2.34 

NM_006862 TDRKH 1q21 tudor and KH domain containing protein -2.34 

NM_000919 PAM 5q14-q21 peptidylglycine alpha-amidating monooxygenase -2.35 

AK001451 MRPS9 2q12.2 mitochondrial ribosomal protein S9 -2.35 

NM_002319 LRRN4 7q22 leucine rich repeat neuronal 4 -2.36 

NM_016059 PPIL1 6p21.1 peptidylprolyl isomerase (cyclophilin)-like 1 -2.37 

AF164797 MRPL17 11p15.5-p15.4 mitochondrial ribosomal protein L17 -2.37 

NM_015917 LOC51064 7q35 glutathione S-transferase subunit 13 homolog -2.40 

NM_000938 POLR2B 4q12 polymerase (RNA) II (DNA directed) polypeptide B, 140kDa -2.42 

NM_003681 MGC15873 21q22.3 hypothetical protein MGC15873 -2.42 

AL137489 MGC4730 9p24.1 similar to RIKEN cDNA 3110001D03 gene (M. musculus) -2.43 

NM_002643 PIGF 2p21-p16 phosphatidylinositol glycan, class F -2.43 

NM_012214 MGAT4A 2q12 mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyltransferase, isoenzyme A -2.43 

NM_002931 RING1 6p21.3 ring finger protein 1 -2.44 

NM_006396 MTVR1 11q13.1 Mouse Mammary Turmor Virus Receptor homolog 1 -2.44 

AL049328   18 Homo sapiens mRNA; cDNA DKFZp564E026 (from clone DKFZp564E026) -2.44 

NM_016411 HSPC138 11q14.1 synonym: HSPC179; Homo sapiens hypothetical protein HSPC138 (HSPC138), mRNA. -2.44 

NM_006993 NPM3 10q24.31 nucleophosmin/nucleoplasmin, 3 -2.44 

AF303888 MAP1LC3B 16q24.2 microtubule-associated protein 1 light chain 3 beta -2.45 

NM_006817 C12ORF8 12q24.13 chromosome 12 open reading frame 8 -2.47 

NM_018098 ECT2 3q26.1-q26.2 epithelial cell transforming sequence 2 oncogene -2.49 

NM_002056 GFPT1 2p13 glutamine-fructose-6-phosphate transaminase 1 -2.49 

AF110322 CDK5RAP3 17q21.32 CDK5 regulatory subunit associated protein 3 -2.50 

NM_005645 TAF13 1p13.1 TAF13 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 18kDa -2.50 

NM_016094 LOC51122 3q25.1 HSPC042 protein -2.51 

NM_016066 GLRX2 1q31.2-q31.3 glutaredoxin 2 -2.51 

NM_004723 ARHGEF2 1q21-q22 rho/rac guanine nucleotide exchange factor (GEF) 2 -2.51 

NM_001283 AP1S1 7q22.1 adaptor-related protein complex 1, sigma 1 subunit -2.52 

AF037219 UBE3A 15q11-q13 ubiquitin protein ligase E3A (human papilloma virus E6-associated protein, Angelman 
syndrome) -2.53 

AK023459 FLJ13397 10p13 hypothetical protein FLJ13397 -2.54 

NM_002719 PPP2R5C 14q32 protein phosphatase 2, regulatory subunit B (B56), gamma isoform -2.55 

NM_003133 SRP9 1q42.13 signal recognition particle 9kDa -2.56 

NM_018386 FLJ11305 13q34 hypothetical protein FLJ11305 -2.56 

NM_004688 NMI 2p24.3-q21.3 N-myc (and STAT) interactor -2.57 

AK026738   18 Homo sapiens cDNA: FLJ23085 fis, clone LNG06916. -2.57 

NM_017866 FLJ20533 8q13.3 hypothetical protein FLJ20533 -2.58 

NM_016072 CGI-141 12p12.3 CGI-141 protein -2.58 

NM_018279 FLJ10936 12q15 hypothetical protein FLJ10936 -2.58 
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D29958 KIAA0116 3p21.32 KIAA0116 protein -2.58 

D13540 PTPN11 12q24 protein tyrosine phosphatase, non-receptor type 11 (Noonan syndrome 1) -2.58 

AF205435 MRPL46 15q24-q25 mitochondrial ribosomal protein L46 -2.59 

NM_016287 HP1-BP74 1p36.12 HP1-BP74 -2.59 

NM_003753 EIF3S7 22q13.1 eukaryotic translation initiation factor 3, subunit 7 zeta, 66/67kDa -2.60 

NM_016538 SIRT7 17q25 sirtuin (silent mating type information regulation 2 homolog) 7 (S. cerevisiae) -2.63 

AB014597 GTAR 4q21.1-q21.21 gene trap ankyrin repeat -2.63 

NM_018630 MGC3067 8q24.13 synonyms: PRO2577, FLJ13784; Homo sapiens hypothetical protein MGC3067 -2.64 

NM_004493 HADH2 Xp11.2 hydroxyacyl-Coenzyme A dehydrogenase, type II -2.64 

NM_019113 FGF21 19q13.1-qter fibroblast growth factor 21 -2.67 

NM_017835 C21ORF59 21q22.1 chromosome 21 open reading frame 59 -2.67 

NM_018622 PARL 3q27.3 presenilins associated rhomboid-like protein -2.69 

NM_015965 GRIM19 19p13.2 cell death-regulatory protein GRIM19 -2.69 

NM_016301 MGC14560 12q24.13 protein x 0004 -2.69 

AB006746 PLSCR1 3q23 phospholipid scramblase 1 -2.71 

NM_017528 WBSCR22 7 Williams Beuren syndrome chromosome region 22 -2.71 

NM_006888 CALM1 14q24-q31 calmodulin 1 (phosphorylase kinase, delta) -2.72 

NM_000979 RPL18 19q13 ribosomal protein L18 -2.72 

AK024662   6 Homo sapiens cDNA: FLJ21009 fis, clone CAE04083. -2.74 

S77582     HERVK10/HUMMTV reverse transcriptase homolog; Homo sapiens. -2.75 

NM_014628 MAD2L1BP 6p21.1 MAD2L1 binding protein -2.75 

NM_018445 SELS 15q26.3 selenoprotein S -2.75 

NM_017811 UBE2R2 9p13.2 ubiquitin-conjugating enzyme E2R 2 -2.76 

NM_018383 FLJ11294 2q21.1 hypothetical protein FLJ11294 -2.76 

AK021966 ZNF24 18q12 zinc finger protein 24 (KOX 17) -2.77 

AL110262 NCBP2 3q29 nuclear cap binding protein subunit 2, 20kDa -2.79 

NM_004542 NDUFA3 19q13.42 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 3, 9kDa -2.79 

AB033112 BRPF3 6p21 bromodomain and PHD finger containing, 3 -2.80 

NM_018282 PSPC1 13q12.11 paraspeckle component 1 -2.80 

NM_018283 MTH2 13q14.12 likely ortholog of mouse MutT homolog 2 -2.81 

NM_004772 C5ORF13 5q22.2 chromosome 5 open reading frame 13 -2.81 

NM_002936 RNASEH1 2p25 ribonuclease H1 -2.81 

NM_005830 MRPS31 13q13.3 mitochondrial ribosomal protein S31 -2.81 

NM_006324 CFDP1 16q22.2-q22.3 craniofacial development protein 1 -2.82 

AK027189 C6ORF182 6q21 chromosome 6 open reading frame 182 -2.83 

NM_018267 H2AFJ 12p12 H2A histone family, member J -2.83 

NM_004245 TGM5 15q15.2 transglutaminase 5 -2.83 

NM_003258 TK1 17q23.2-q25.3 thymidine kinase 1, soluble -2.84 

AK001958     Homo sapiens cDNA FLJ11096 fis, clone PLACE1005480. -2.84 

NM_002106 H2AFZ 4q24 H2A histone family, member Z -2.84 

NM_006912 RIT1 1q22 Ras-like without CAAX 1 -2.85 

AK023979 C14ORF46 14q24.2 chromosome 14 open reading frame 46 -2.85 

AK024863 DNCLI2 16q22.1 dynein, cytoplasmic, light intermediate polypeptide 2 -2.85 

NM_006246 PPP2R5E 14q23.1 protein phosphatase 2, regulatory subunit B (B56), epsilon isoform -2.86 

D28589 KIAA0114 4q12 KIAA0114 gene product -2.87 

AK025202   22 Homo sapiens cDNA: FLJ21549 fis, clone COL06253. -2.87 

NM_006358 SLC25A17 22q13.2 solute carrier family 25 (mitochondrial carrier; peroxisomal membrane protein, 34kDa), 
member 17 -2.88 

AK023162 LOC90120 9q34.3 hypothetical gene supported by AK023162 -2.88 

AB002326 ALMS1 2p13 Alstrom syndrome 1 -2.88 

AB027013 NAP1L2 Xq13 nucleosome assembly protein 1-like 2 -2.89 

AL049254 NA 3p22.2 similar to hypothetical protein FLJ14058 -2.90 

AK000660 NA 7q21-q22 LOC346584 -2.90 

D26068 WBSCR1 7q11.23 Williams-Beuren syndrome chromosome region 1 -2.90 

AB033052 NLN 5q12.3 neurolysin (metallopeptidase M3 family) -2.90 

NM_017906 PAK1IP1 6p24.1 PAK1 interacting protein 1 -2.91 

NM_016647 LOC51337 8q24.3 mesenchymal stem cell protein DSCD75 -2.92 

NM_014145 C20ORF30 20p13 chromosome 20 open reading frame 30 -2.92 

NM_002431 MNAT1 14q23 menage a trois 1 (CAK assembly factor) -2.95 

NM_004255 COX5A 15q25 cytochrome c oxidase subunit Va -2.96 

NM_001122 ADFP 9p22.1-p21.3 adipose differentiation-related protein -2.96 

NM_001747 CAPG 2cen-q24 capping protein (actin filament), gelsolin-like -2.97 

NM_004725 BUB3 10q26 BUB3 budding uninhibited by benzimidazoles 3 homolog (yeast) -2.99 

AF137372 RAB18 10p12.1 RAB18, member RAS oncogene family -2.99 

NM_014362 HIBCH 2q32.3 3-hydroxyisobutyryl-Coenzyme A hydrolase -3.00 

NM_002669 PLRG1 4q31.2-q32.1 pleiotropic regulator 1 (PRL1homolog, Arabidopsis) -3.01 

NM_001126 ADSS 1cen-q12 adenylosuccinate synthase -3.01 

NM_006410 HTATIP2 11p15.1 HIV-1 Tat interactive protein 2, 30kDa -3.02 
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NM_014309 RBM9 22q13.1 RNA binding motif protein 9 -3.02 

NM_006600 NUDC 1p35-p34 nuclear distribution gene C homolog (A. nidulans) -3.03 

NM_017824 FLJ20445 10q23.33 hypothetical protein FLJ20445 -3.04 

AK021715 NA 11q23.3 hypothetical gene supported by AK021715 -3.05 

NM_006621 AHCYL1 1p13.2 S-adenosylhomocysteine hydrolase-like 1 -3.05 

NM_003875 GMPS 3q24 guanine monphosphate synthetase -3.05 

NM_020382 SET07 12q24.31 PR/SET domain containing protein 07 -3.06 

L40410 TRIP3 17q21.1 thyroid hormone receptor interactor 3 -3.06 

NM_005340 HINT1 5q31.2 histidine triad nucleotide binding protein 1 -3.07 

NM_006620 HBS1L 6q23-q24 HBS1-like (S. cerevisiae) -3.07 

X69111 ID3 1p36.13-p36.12 inhibitor of DNA binding 3, dominant negative helix-loop-helix protein -3.08 

NM_005857 ZMPSTE24 1p34 zinc metalloproteinase (STE24 homolog, yeast) -3.08 

AK023510 FLJ13448 2q33.1 hypothetical protein FLJ13448 -3.08 

AJ227862   5 Homo sapiens partial mRNA; ID YG39-1C -3.09 

NM_004447 EPS8 12q23-q24 epidermal growth factor receptor pathway substrate 8 -3.11 

NM_007285 GABARAPL2 16q22.3-q24.1 GABA(A) receptor-associated protein-like 2 -3.11 

NM_018686 CMAS 12p12.2 cytidine monophosphate N-acetylneuraminic acid synthetase -3.12 

NM_018084 FLJ10392 2p16.3 hypothetical protein FLJ10392 -3.13 

NM_014366 NS 3p21.31 nucleostemin -3.14 

NM_001326 CSTF3 11p13 cleavage stimulation factor, 3' pre-RNA, subunit 3, 77kDa -3.14 

NM_013368 RBT1 19q13.2 RPA-binding trans-activator -3.14 

NM_014077 DKFZP586O0120 19pter-p13.3 DKFZP586O0120 protein -3.14 

NM_016025 DREV1 16p13-p12 DORA reverse strand protein 1 -3.14 

NM_014886 TINP1 5q13.3 TGF beta-inducible nuclear protein 1 -3.14 

NM_013238 DNAJD1 13q14.1 DnaJ (Hsp40) homolog, subfamily D, member 1 -3.16 

NM_001219 CALU 7q32 calumenin -3.16 

NM_006384 CIB1 15q25.3-q26 calcium and integrin binding 1 (calmyrin) -3.16 

AL157461 FLJ23878 1p34.1 hypothetical protein FLJ23878 -3.17 

AL390184 WIZ 19p13.1 widely-interspaced zinc finger motifs -3.17 

NM_018649 H2AFY2 10q22 H2A histone family, member Y2 -3.17 

NM_005698 SCAMP3 1q21 secretory carrier membrane protein 3 -3.19 

NM_004208 PDCD8 Xq25-q26 programmed cell death 8 (apoptosis-inducing factor) -3.20 

NM_006407 JWA 3p14 cytoskeleton related vitamin A responsive protein -3.20 

NM_001642 APLP2 11q23-q25 amyloid beta (A4) precursor-like protein 2 -3.21 

NM_003610 RAE1 20q13.31 RAE1 RNA export 1 homolog (S. pombe) -3.21 

NM_012117 CBX5 12q13.13 chromobox homolog 5 (HP1 alpha homolog, Drosophila) -3.21 

AL110136   3 Homo sapiens, clone IMAGE:5294561, mRNA -3.21 

NM_005718 ARPC4 3p25.3 actin related protein 2/3 complex, subunit 4, 20kDa -3.22 

NM_002811 PSMD7 16q23-q24 proteasome (prosome, macropain) 26S subunit, non-ATPase, 7 (Mov34 homolog) -3.22 

NM_016630 ACP33 15q21-q22 acid cluster protein 33 -3.22 

NM_002630 PGC 6p21.3-p21.1 progastricsin (pepsinogen C) -3.23 

NM_003333 UBA52 19p13.1-p12 ubiquitin A-52 residue ribosomal protein fusion product 1 -3.23 

NM_001924 GADD45A 1p31.2-p31.1 growth arrest and DNA-damage-inducible, alpha -3.25 

NM_018250 FLJ10871 8p21.1 hypothetical protein FLJ10871 -3.25 

AF309553 REC14 15q24.1 recombination protein REC14 -3.25 

M23161 MCFD2 2p21 multiple coagulation factor deficiency 2 -3.27 

NM_012111 AHSA1 14q23.3-31 AHA1, activator of heat shock 90kDa protein ATPase homolog 1 (yeast) -3.29 

NM_002105 H2AFX 11q23.2-q23.3 H2A histone family, member X -3.29 

NM_014515 CNOT2 12q14.3-q15 Homo sapiens CCR4-NOT transcription complex, subunit 2 (CNOT2), mRNA. -3.29 

NM_005594 NACA 12q23-q24.1 nascent-polypeptide-associated complex alpha polypeptide -3.30 

NM_007103 NDUFV1 11q13 NADH dehydrogenase (ubiquinone) flavoprotein 1, 51kDa -3.31 

AK022393 FLJ12331 16q22.1 hypothetical protein FLJ12331 -3.31 

U61094     Human NTera2D1 cell line mRNA containing L1 retroposon, clone P6. -3.32 

NM_004300 ACP1 2p25 acid phosphatase 1, soluble -3.33 

NM_014186 HSPC166 11p13 HSPC166 protein -3.33 

AK025193   4 Homo sapiens cDNA: FLJ21540 fis, clone COL06156. -3.33 

NM_018007 FBXO4 5p12 synonyms: F-box protein Fbx4; Homo sapiens F-box only protein 4 (FBXO4), transcript variant 
2 -3.35 

NM_006559 KHDRBS1 1p32 KH domain containing, RNA binding, signal transduction associated 1 -3.37 

NM_006429 CCT7 2p13.2 chaperonin containing TCP1, subunit 7 (eta) -3.37 

NM_002097 GTF3A 13q12.3-q13.1 general transcription factor IIIA -3.38 

J03171 IFNAR1 21q22.1 interferon (alpha, beta and omega) receptor 1 -3.38 

NM_002824 PTMS 12p13 parathymosin -3.38 

NM_014753 KIAA0187 10q11.21 ribosome biogenesis protein BMS1 homolog -3.38 

NM_001878 CRABP2 1q21.3 cellular retinoic acid binding protein 2 -3.38 

AK025100 SNTB1 8q23-q24 syntrophin, beta 1 (dystrophin-associated protein A1, 59kDa, basic component 1) -3.40 

NM_001419 ELAVL1 19p13.2 ELAV (embryonic lethal, abnormal vision, Drosophila)-like 1 (Hu antigen R) -3.40 

NM_004870 MPDU1 17p13.1-p12 mannose-P-dolichol utilization defect 1 -3.40 
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NM_006729 DIAPH2 Xq22 diaphanous homolog 2 (Drosophila) -3.41 

D16875 ARHB 2p24 ras homolog gene family, member B -3.42 

NM_018165 PB1 3p21 polybromo 1 -3.42 

NM_005455 ZNF265 1p31 zinc finger protein 265 -3.42 

NM_007033 RER1 1pter-q24 RER1 homolog (S. cerevisiae) -3.44 

NM_020243 TOMM22 22q12-q13 translocase of outer mitochondrial membrane 22 homolog (yeast) -3.44 

X04293 RNU5B   Human U5B1 small nuclear RNA. -3.45 

NM_000551 VHL 3p26-p25 von Hippel-Lindau syndrome -3.46 

NM_003472 DEK 6p23 DEK oncogene (DNA binding) -3.46 

NM_005721 ACTR3 2q14.1 ARP3 actin-related protein 3 homolog (yeast) -3.46 

NM_002947 RPA3 7p22 replication protein A3, 14kDa -3.47 

AK001143 LOC220906 10p12.1 hypothetical protein LOC220906 -3.48 

NM_005969 NAP1L4 11p15.5 nucleosome assembly protein 1-like 4 -3.49 

NM_018178 GPP34R 1q21.3 GPP34-related protein -3.49 

AL359623 DKFZP667M2411 17 hypothetical protein DKFZp667M2411 -3.51 

NM_002443 MSMB 10q11.2 microseminoprotein, beta- -3.51 

NM_018141 MRPS10 6p21.1-p12.1 mitochondrial ribosomal protein S10 -3.51 

NM_018081 FLJ10385 17p13.2 hypothetical protein FLJ10385 -3.52 

NM_004161 RAB1A 2p14 RAB1A, member RAS oncogene family -3.52 

NM_016406 HSPC155 1q23.1 hypothetical protein HSPC155 -3.52 

NM_016454 LOC51234 15q13.2 hypothetical protein LOC51234 -3.52 

NM_018372 FLJ11269 1p13.2 hypothetical protein FLJ11269 -3.53 

AF236158 HT021 3p21.1 HT021 -3.54 

AK023199 NA 1 hypothetical gene supported by AK023199 -3.54 

NM_006292 TSG101 11p15 tumor susceptibility gene 101 -3.54 

NM_003900 SQSTM1 5q35 sequestosome 1 -3.54 

D17130   1q41 Human HepG2 3' region MboI cDNA, clone hmd1c12m3. -3.55 

NM_016550 CINP 14q32.33 Homo sapiens cyclin-dependent kinase 2-interacting protein (CINP), mRNA. -3.55 

NM_018343 RIOK2 5q15 RIO kinase 2 (yeast) -3.55 

NM_004781 VAMP3 1p36.23 vesicle-associated membrane protein 3 (cellubrevin) -3.56 

M30773 LOC116143 2p15 hypothetical protein BC014022 -3.56 

AF182814 MAT2B 5q34-q35.1 methionine adenosyltransferase II, beta -3.56 

NM_002495 NDUFS4 5q11.1 NADH dehydrogenase (ubiquinone) Fe-S protein 4, 18kDa (NADH-coenzyme Q reductase) -3.57 

AK027059 MRPS11 15q25 mitochondrial ribosomal protein S11 -3.57 

NM_003092 SNRPB2 20p12.2-p11.22 small nuclear ribonucleoprotein polypeptide B'' -3.57 

NM_003143 SSBP1 7q34 single-stranded DNA binding protein -3.60 

NM_007192 SUPT16H 14q11.2 suppressor of Ty 16 homolog (S. cerevisiae) -3.60 

NM_000075 CDK4 12q14 cyclin-dependent kinase 4 -3.61 

NM_004593 SFRS10 3q26.2-q27 splicing factor, arginine/serine-rich 10 (transformer 2 homolog, Drosophila) -3.61 

NM_017841 FLJ20487 11q12.3 hypothetical protein FLJ20487 -3.62 

NM_001866 COX7B Xq13.3 cytochrome c oxidase subunit VIIb -3.62 

NM_018285 C15ORF12 15q24 chromosome 15 open reading frame 12 -3.62 

NM_004891 MRPL33 2p21 mitochondrial ribosomal protein L33 -3.63 

NM_003953 MPZL1 1q23.3 myelin protein zero-like 1 -3.64 

AB020626 KIAA0819 22q11.21 KIAA0819 protein -3.68 

NM_014921 LPHN1 19p13.2 latrophilin 1 -3.68 

AL133025     Homo sapiens mRNA; cDNA DKFZp564H2216 (from clone DKFZp564H2216). -3.69 

AB006627 ASTN 1q25.2 astrotactin -3.69 

NM_004550 NDUFS2 1q23 NADH dehydrogenase (ubiquinone) Fe-S protein 2, 49kDa (NADH-coenzyme Q reductase) -3.70 

AF202092 APG3 3q13.2 autophagy Apg3p/Aut1p-like -3.71 

NM_014426 SNX5 20p11 sorting nexin 5 -3.71 

NM_006915 RP2 Xp11.4-p11.21 retinitis pigmentosa 2 (X-linked recessive) -3.71 

AK021876 SLC9A5 16q22.1 solute carrier family 9 (sodium/hydrogen exchanger), isoform 5 -3.72 

NM_001762 CCT6A 7p11.2 chaperonin containing TCP1, subunit 6A (zeta 1) -3.76 

NM_022821 ELOVL1 1p34.1 elongation of very long chain fatty acids (FEN1/Elo2, SUR4/Elo3, yeast)-like 1 -3.79 

NM_004541 ZNF183 Xq24 zinc finger protein 183 (RING finger, C3HC4 type) -3.80 

NM_006851 GLIPR1 12q21.1 GLI pathogenesis-related 1 (glioma) -3.82 

U16752 CXCL12 10q11.1 Human cytokine SDF-1-beta mRNA, complete cds. -3.82 

AK000548 C20ORF52 20q11.23 chromosome 20 open reading frame 52 -3.83 

AK025363   11 Homo sapiens cDNA: FLJ21710 fis, clone COL10087. -3.83 

AK023299 BICD1 12 Bicaudal D homolog 1 (Drosophila) -3.84 

NM_014335 CRI1 15q21.1-q21.2 CREBBP/EP300 inhibitory protein 1 -3.86 

NM_013236 E46L 22q13.31 like mouse brain protein E46 -3.86 

NM_004126 GNG11 7q31-q32 guanine nucleotide binding protein (G protein), gamma 11 -3.89 

NM_016052 CGI-115 1q41 CGI-115 protein -3.90 

NM_000985 RPL17 18q21 ribosomal protein L17 -3.92 

NM_006424 SLC34A2 4p15.3-p15.1 solute carrier family 34 (sodium phosphate), member 2 -3.93 

NM_001545 ICT1 17q25.2 immature colon carcinoma transcript 1 -3.94 
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NM_006392 NOL5A 20p13 nucleolar protein 5A (56kDa with KKE/D repeat) -3.94 

NM_002485 NBS1 8q21 Nijmegen breakage syndrome 1 (nibrin) -3.94 

NM_016146 CGI-104 11q23.3 synbindin -3.95 

AF114264 NEXILIN 1p31.1 likely ortholog of rat F-actin binding protein nexilin -3.96 

NM_003968 UBE1C 3p24.3-p13 ubiquitin-activating enzyme E1C (UBA3 homolog, yeast) -3.97 

NM_002140 HNRPK 9q21.32-q21.33 heterogeneous nuclear ribonucleoprotein K -3.98 

NM_006360 GA17 11p13 dendritic cell protein -3.98 

NM_004853 STX8 17p12 syntaxin 8 -3.99 

NM_004034 ANXA7 10q21.1-q21.2 annexin A7 -3.99 

NM_000989 RPL30 8q22 ribosomal protein L30 -4.00 

NM_003757 EIF3S2 1p34.1 eukaryotic translation initiation factor 3, subunit 2 beta, 36kDa -4.00 

NM_002817 PSMD13 11p15.5 proteasome (prosome, macropain) 26S subunit, non-ATPase, 13 -4.00 

NM_002488 NDUFA2 5q31 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 2, 8kDa -4.02 

NM_001889 CRYZ 1p31-p22 crystallin, zeta (quinone reductase) -4.02 

NM_017795       -4.04 

NM_001536 HRMT1L2 19q13.3 HMT1 hnRNP methyltransferase-like 2 (S. cerevisiae) -4.06 

NM_003945 ATP6V0E 5q35.2 ATPase, H+ transporting, lysosomal 9kDa, V0 subunit e -4.11 

NM_013347 HSU24186 Xq21.33 replication protein A complex 34 kd subunit homolog Rpa4 -4.11 

NM_003313 TSTA3 8q24.3 tissue specific transplantation antigen P35B -4.12 

NM_016085 APR-3 2p23.3 apoptosis related protein APR-3 -4.13 

AF116657     predicted protein of HQ1310; Homo sapiens PRO1310 mRNA, partial cds. -4.14 

NM_012341 GTPBP4 10p15-p14 GTP binding protein 4 -4.14 

AK021441   4 Homo sapiens cDNA FLJ11379 fis, clone HEMBA1000469. -4.14 

M34671 CD59 11p13 CD59 antigen p18-20 (antigen identified by monoclonal antibodies 16.3A5, EJ16, EJ30, EL32 
and G344) -4.14 

AK024570 MRPL24 1q21-q22 mitochondrial ribosomal protein L24 -4.17 

NM_018134 FLJ10547 1p36.11-p34.2 hypothetical protein FLJ10547 -4.19 

NM_016355 DDX47 12p13.2 DEAD (Asp-Glu-Ala-Asp) box polypeptide 47 -4.22 

AJ224875 MGC2840 11pter-p15.5 hypothetical protein MGC2840 similar to a putative glucosyltransferase -4.24 

NM_004595 SMS Xp22.1 spermine synthase -4.24 

NM_001695 ATP6V1C1 8q22.3 ATPase, H+ transporting, lysosomal 42kDa, V1 subunit C, isoform 1 -4.25 

NM_005871 SPF30 10q23 splicing factor 30, survival of motor neuron-related -4.25 

NM_014046 MRPS18B 6p21.3 mitochondrial ribosomal protein S18B -4.28 

D25274 RAC1 7p22 ras-related C3 botulinum toxin substrate 1 (rho family, small GTP binding protein Rac1) -4.31 

NM_004342 CALD1 7q33 caldesmon 1 -4.31 
NM_003405 YWHAH 22q12.3 tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, eta polypeptide -4.32 
NM_006349 ZNHIT1 7q22.1 zinc finger, HIT domain containing 1 -4.32 

NM_004168 SDHA 5p15 succinate dehydrogenase complex, subunit A, flavoprotein (Fp) -4.32 

NM_000362 TIMP3 22q12.1-q13.2 tissue inhibitor of metalloproteinase 3 (Sorsby fundus dystrophy, pseudoinflammatory) -4.33 

NM_005087 FXR1 3q28 fragile X mental retardation, autosomal homolog 1 -4.33 

NM_001696 ATP6V1E1 22pter-q11.2 ATPase, H+ transporting, lysosomal 31kDa, V1 subunit E isoform 1 -4.34 

U37690 POLR2L 11p15 polymerase (RNA) II (DNA directed) polypeptide L, 7.6kDa -4.34 

NM_018976 SLC38A2 12q solute carrier family 38, member 2 -4.36 

NM_001259 CDK6 7q21-q22 cyclin-dependent kinase 6 -4.37 

NM_002794 PSMB2 1p34.2 proteasome (prosome, macropain) subunit, beta type, 2 -4.38 

NM_001969 EIF5 14q32.33 eukaryotic translation initiation factor 5 -4.39 

NM_001758 CCND1 11q13 G1/S-specific cyclin D1; B-cell CLL/lymphoma 1 -4.41 

AF035191 NASP 1p34.1 nuclear autoantigenic sperm protein (histone-binding) -4.41 

NM_006826 YWHAQ 2p25.2-p25.1 tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, theta polypeptide -4.42 

NM_006792 MORF4L1 4q33-q34.1 mortality factor 4 like 1 -4.44 

NM_005389 PCMT1 6q24-q25 protein-L-isoaspartate (D-aspartate) O-methyltransferase -4.45 

NM_002787 PSMA2 7p13 proteasome (prosome, macropain) subunit, alpha type, 2 -4.45 

NM_004966 HNRPF 10q11.21-q11.22 heterogeneous nuclear ribonucleoprotein F -4.45 

NM_006303 JTV1 7p22 JTV1 gene -4.45 

AF116702     predicted protein of HQ2446; Homo sapiens PRO2446 mRNA, complete cds. -4.46 

AK026847   1 Homo sapiens cDNA: FLJ23194 fis, clone REC00490. -4.46 

NM_014325 CORO1C 12q24.1 coronin, actin binding protein, 1C -4.46 

NM_016238 ANAPC7 12q13.12 anaphase-promoting complex subunit 7 -4.47 

NM_017812 FLJ20420 7q33 hypothetical protein FLJ20420 -4.47 

NM_006588 SULT1C2 2q11.1-q11.2 sulfotransferase family, cytosolic, 1C, member 2 -4.47 

AF147314 FLJ90022 3q29 hypothetical protein FLJ90022 -4.48 

NM_016311 ATPIF1 1 ATPase inhibitory factor 1 -4.48 

AK001561 MNT 17p13.3 MAX binding protein -4.49 

AF275798 CCT5 5p15.31 chaperonin containing TCP1, subunit 5 (epsilon) -4.50 

NM_001912 CTSL 9q21-q22 cathepsin L -4.50 

NM_000849 GSTM3 1p13.3 glutathione S-transferase M3 (brain) -4.50 

NM_018093 FLJ10439 11q12.3 hypothetical protein FLJ10439 -4.51 

NM_006107 LUC7A 17q21.33 cisplatin resistance-associated overexpressed protein -4.51 
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NM_004074 COX8 11q12-q13 cytochrome c oxidase subunit VIII -4.52 

AF088003   12 Homo sapiens full length insert cDNA clone YY49D02 -4.54 

AF182422 MRPS35 12p11 mitochondrial ribosomal protein S35 -4.58 

NM_004889 ATP5J2 7q22.1 ATP synthase, H+ transporting, mitochondrial F0 complex, subunit f, isoform 2 -4.59 

NM_006010 ARMET 3p21.1 arginine-rich, mutated in early stage tumors -4.59 

NM_018479 LOC55862 6q22.33 uncharacterized hypothalamus protein HCDASE -4.59 

NM_006280 SSR4 Xq28 signal sequence receptor, delta (translocon-associated protein delta) -4.59 

X59417 PSMA6 14q13 proteasome (prosome, macropain) subunit, alpha type, 6 -4.60 

NM_006838 METAP2 12q23.1 methionyl aminopeptidase 2 -4.60 

AF087993   15 Homo sapiens full length insert cDNA clone YX37E06 -4.62 

NM_002165 ID1 20q11 inhibitor of DNA binding 1, dominant negative helix-loop-helix protein -4.64 

NM_001660 ARF4 3p21.2-p21.1 ADP-ribosylation factor 4 -4.64 

NM_006806 BTG3 21q21.1-q21.2 BTG family, member 3 -4.66 

NM_003457 ZNF207 17q12 zinc finger protein 207 -4.66 

NM_002305 LGALS1 22q13.1 lectin, galactoside-binding, soluble, 1 (galectin 1) -4.66 

NM_004450 ERH 14q24.1 enhancer of rudimentary homolog (Drosophila) -4.67 

AJ227906     Homo sapiens partial mRNA; ID ED66-6A. -4.67 

D16892 TRA1 12q24.2-q24.3 tumor rejection antigen (gp96) 1 -4.67 

NM_003136 SRP54 14q13.2 signal recognition particle 54kDa -4.68 

AK000801 NA 7q22.1 similar to Putative cytoplasmic protein of ancient origin (40.3 kD) -4.70 

NM_006003 UQCRFS1 19q12-q13.1 ubiquinol-cytochrome c reductase, Rieske iron-sulfur polypeptide 1 -4.70 

L77591   17q12-21 Homo sapiens (clone SEL125) 17q YAC (176F3) RNA. -4.71 

AL049997   6 Homo sapiens mRNA; cDNA DKFZp564L102 (from clone DKFZp564L102) -4.72 

NM_015507 EGFL6 Xp22 EGF-like-domain, multiple 6 -4.72 

NM_016504 MRPL27 17q21.3-q22 mitochondrial ribosomal protein L27 -4.72 

NM_003118 SPARC 5q31.3-q32 secreted protein, acidic, cysteine-rich (osteonectin) -4.74 

NM_001425 EMP3 19q13.3 epithelial membrane protein 3 -4.76 

S75762       -4.77 

AK001085   7q34 Homo sapiens cDNA FLJ10223 fis, clone HEMBB1000024. -4.79 

NM_016617 BM-002 13q13.3 hypothetical protein BM-002 -4.81 

NM_005132 REC8 14q11.2-q12 Rec8p, a meiotic recombination and sister chromatid cohesion phosphoprotein of the rad21p 
family -4.81 

AK023275 FLJ13213 15q21.3 hypothetical protein FLJ13213 -4.82 

NM_006023 C10ORF7 10p13 chromosome 10 open reading frame 7 -4.84 

NM_012428 SDFR1 15q22 stromal cell derived factor receptor 1 -4.84 

NM_003707 RUVBL1 3q21 RuvB-like 1 (E. coli) -4.84 

NM_004477 FRG1 4q35 FSHD region gene 1 -4.84 

AF112219 ESD 13q14.1-q14.2 esterase D/formylglutathione hydrolase -4.86 

NM_005805 PSMD14 2q24.3 proteasome (prosome, macropain) 26S subunit, non-ATPase, 14 -4.86 

NM_003910 G10 7q22.1 maternal G10 transcript -4.87 

NM_007002 ADRM1 20q13.33 adhesion regulating molecule 1 -4.88 

NM_001697 ATP5O 21q22.1-q22.2 ATP synthase, H+ transporting, mitochondrial F1 complex, O subunit (oligomycin sensitivity 
conferring protein) -4.90 

NM_018592       -4.91 

NM_005918 MDH2 7p12.3-q11.2 malate dehydrogenase 2, NAD (mitochondrial) -4.92 

NM_004373 COX6A1 12q24.2 cytochrome c oxidase subunit VIa polypeptide 1 -4.94 

NM_005614 RHEB 7q36 Ras homolog enriched in brain -4.95 

NM_001909 CTSD 11p15.5 cathepsin D (lysosomal aspartyl protease) -4.99 

NM_001494 GDI2 10p15 GDP dissociation inhibitor 2 -5.00 

D16991 DKFZP564G2022 15q14 DKFZP564G2022 protein -5.01 

NM_005917 MDH1 2p13.3 malate dehydrogenase 1, NAD (soluble) -5.01 

NM_001316 CSE1L 20q13 CSE1 chromosome segregation 1-like (yeast) -5.02 

U37689 POLR2H 3q28 polymerase (RNA) II (DNA directed) polypeptide H -5.03 

NM_006397 RNASEH2A 19p13.2 ribonuclease H2, large subunit -5.03 

NM_016505 PS1D 1p35.1 putative S1 RNA binding domain protein -5.04 

NM_004279 PMPCB 7q22-q32 peptidase (mitochondrial processing) beta -5.04 

NM_003000 SDHB 1p36.1-p35 succinate dehydrogenase complex, subunit B, iron sulfur (Ip) -5.04 

NM_014245 RNF7 3q22-q24 ring finger protein 7 -5.05 

NM_014497 NP220 2p13.2-p13.1 NP220 nuclear protein -5.05 

NM_002160 TNC 9q33 tenascin C (hexabrachion) -5.07 

NM_002266 KPNA2 17q23.1-q23.3 karyopherin alpha 2 (RAG cohort 1, importin alpha 1) -5.08 

NM_005001 NDUFA7 19p13.2 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 7, 14.5kDa -5.08 

NM_003134 SRP14 15q22 signal recognition particle 14kDa (homologous Alu RNA binding protein) -5.09 

NM_000925 PDHB 3p21.1-p14.2 pyruvate dehydrogenase (lipoamide) beta -5.09 

NM_001862 COX5B 2cen-q13 cytochrome c oxidase subunit Vb -5.10 

NM_002632 PGF 14q24-q31 placental growth factor, vascular endothelial growth factor-related protein -5.11 

AK024242   8 Homo sapiens cDNA FLJ14180 fis, clone NT2RP2003799. -5.11 

AK000455 MGC16733 11q13.4 hypothetical gene MGC16733 similar to CG12113 -5.11 

NM_001550 IFRD1 7q22-q31 interferon-related developmental regulator 1 -5.12 
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NM_004587 RRBP1 20p12 ribosome binding protein 1 homolog 180kDa (dog) -5.15 

NM_006438 COLEC10 8q23-q24.1 collectin sub-family member 10 (C-type lectin) -5.16 

NM_005998 CCT3 1q23 chaperonin containing TCP1, subunit 3 (gamma) -5.16 

NM_016100 NAT5 20p11.23 N-acetyltransferase 5 (ARD1 homolog, S. cerevisiae) -5.21 

AL049705 MRPS14 1q23-1q25 mitochondrial ribosomal protein S14 -5.21 

NM_002493 NDUFB6 9p13.3 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 6, 17kDa -5.22 

NM_006432 NPC2 14q24.3 Niemann-Pick disease, type C2 -5.23 

NM_014887 CG005 13q12-q13 hypothetical protein from BCRA2 region -5.24 

NM_002902 RCN2 15q23 reticulocalbin 2, EF-hand calcium binding domain -5.25 

NM_005066 SFPQ 1p34.3 splicing factor proline/glutamine rich (polypyrimidine tract binding protein associated) -5.27 

M96843 ID2B 3p21.1 striated muscle contraction regulatory protein -5.28 

NM_000903 NQO1 16q22.1 NAD(P)H dehydrogenase, quinone 1 -5.31 

NM_006503 PSMC4 19q13.11-q13.13 proteasome (prosome, macropain) 26S subunit, ATPase, 4 -5.33 

NM_016037 CGI-94 1p34.2 comparative gene identification transcript 94 -5.34 

NM_005466 MED6 14q24.1 mediator of RNA polymerase II transcription, subunit 6 homolog (yeast) -5.36 

AF147422 TUBA3 10 tubulin, alpha 3 -5.37 

NM_016057 COPZ1 12q13.2-q13.3 coatomer protein complex, subunit zeta 1 -5.38 

NM_005776 CNIH 14q22.2 cornichon homolog (Drosophila) -5.39 

Z11802     Growth Hormone Receptor; H.sapiens mRNA for growth hormone receptor 5'-untranslated 
region V1. -5.39 

NM_007265 HSGT1 10q22.3 suppressor of S. cerevisiae gcr2 -5.39 

D82345 TMSNB Xq21.33-q22.3 thymosin, beta, identified in neuroblastoma cells -5.42 

NM_014487 HSA6591 4 nucleolar cysteine-rich protein -5.46 

NM_002128 HMGB1 13q12 high-mobility group box 1 -5.55 

NM_018453 C14ORF11 14q13.1 chromosome 14 open reading frame 11 -5.55 

NM_014306 HSPC117 22q12 hypothetical protein HSPC117 -5.55 

NM_016441 CRIM1 2p21 cysteine-rich motor neuron 1 -5.56 

AB002282 EDF1 9q34.3 endothelial differentiation-related factor 1 -5.56 

NM_015994 ATP6V1D 14 ATPase, H+ transporting, lysosomal 34kDa, V1 subunit D -5.57 

AF170935 RAB1A 2p14 RAB1A, member RAS oncogene family -5.60 

NM_017867 FLJ20534 4q33 hypothetical protein FLJ20534 -5.66 

NM_005617 RPS14 5q31-q33 ribosomal protein S14 -5.66 

NM_003145 SSR2 1q21-q23 signal sequence receptor, beta (translocon-associated protein beta) -5.66 

NM_006854 KDELR2 7p22.2 KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor 2 -5.72 

NM_006112 PPIE 1p32 peptidylprolyl isomerase E (cyclophilin E) -5.82 

NM_006815 RNP24 12q24.31 coated vesicle membrane protein -5.83 

NM_002027 FNTA 8p22-q11 farnesyltransferase, CAAX box, alpha -5.84 

NM_003289 TPM2 9p13.2-p13.1 tropomyosin 2 (beta) -5.89 

NM_002795 PSMB3 17q12 proteasome (prosome, macropain) subunit, beta type, 3 -5.90 

NM_005003 NDUFAB1 16p12.3 NADH dehydrogenase (ubiquinone) 1, alpha/beta subcomplex, 1, 8kDa -5.90 

NM_004053 BYSL 6p21.1 bystin-like -5.91 

NM_005868 BET1 7q21.1-q22 BET1 homolog (S. cerevisiae) -5.94 

AK023966 MGC9726 1q32 similar to RAB7, member RAS oncogene family -5.97 

NM_005844 HLA-A 6p21.3 major histocompatibility complex, class I, A -6.01 

Z36819     H.sapiens (xs167) mRNA, 400bp. -6.01 

AK022053   11 Homo sapiens cDNA FLJ11991 fis, clone HEMBB1001424. -6.04 

AF131839 OLFM2 19p13.2 olfactomedin 2 -6.06 

NM_001539 DNAJA1 9p13-p12 DnaJ (Hsp40) homolog, subfamily A, member 1 -6.06 

NM_006886 ATP5E 20q13.3 ATP synthase, H+ transporting, mitochondrial F1 complex, epsilon subunit -6.06 

M14200 DBI 2q12-q21 diazepam binding inhibitor (GABA receptor modulator, acyl-Coenzyme A binding protein) -6.12 

NM_002812 PSMD8 19q13.13 proteasome (prosome, macropain) 26S subunit, non-ATPase, 8 -6.17 

NM_018890 RAC1 7p22 ras-related C3 botulinum toxin substrate 1 (rho family, small GTP binding protein Rac1) -6.22 

NM_002744 PRKCZ 1p36.33-p36.2 protein kinase C, zeta -6.23 

NM_006793 PRDX3 10q25-q26 peroxiredoxin 3 -6.24 

NM_004301 BAF53A 3q27.1 BAF53 -6.27 

NM_003642 HAT1 2q31.2-q33.1 histone acetyltransferase 1 -6.32 

D28384 H3F3A 1q41 Homo sapiens mRNA for histone H3.3, 5'UTR region. -6.39 

NM_016303 LOC51186 Xq22.2 pp21 homolog -6.40 

NM_006442 DRAP1 11q13.3 DR1-associated protein 1 (negative cofactor 2 alpha) -6.41 

NM_005625 SDCBP 8q12 syndecan binding protein (syntenin) -6.48 

NM_018011 FLJ10154 13q33.2 hypothetical protein FLJ10154 -6.52 

AK000872   15q26.2 Homo sapiens cDNA FLJ10010 fis, clone HEMBA1000302. -6.67 

NM_002882 RANBP1 22q11.21 RAN binding protein 1 -6.68 

NM_016395 HSPC121 15q22.2 butyrate-induced transcript 1 -6.70 

NM_016047 P14 2pter-p25.1 pre-mRNA branch site protein p14 -6.72 

NM_020300 MGST1 12p12.3-p12.1 microsomal glutathione S-transferase 1 -6.74 

D28449 ID3 1p36.13-p36.12 inhibitor of DNA binding 3, dominant negative helix-loop-helix protein -6.76 

AK024752 SON 21q22.1-q22.2 SON DNA binding protein -6.79 
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NM_014042 DKFZP564M082 11q13.3 DKFZP564M082 protein -6.83 

NM_000269 NME1 17q21.3 non-metastatic cells 1, protein (NM23A) expressed in -6.87 

AK001295 TUBB-5 18p11.21 tubulin beta-5 -6.89 

NM_002634 PHB 17q21 prohibitin -6.91 

NM_004701 CCNB2 15q21.3 cyclin B2 -6.97 

NM_004640 BAT1 6p21.3 HLA-B associated transcript 1 -7.03 

NM_014018 MRPS28 8q21.1-q21.2 mitochondrial ribosomal protein S28 -7.09 

NM_002961 S100A4 1q21 S100 calcium binding protein A4 (calcium protein, calvasculin, metastasin, murine placental 
homolog) -7.10 

Y10507   6 H.sapiens mRNA for CD40 protein -7.12 

NM_002668 PLP2 Xp11.23 proteolipid protein 2 (colonic epithelium-enriched) -7.15 

NM_006585 CCT8 21q22.11 chaperonin containing TCP1, subunit 8 (theta) -7.18 

AF116682 NA 6q23.3 similar to HSPC280 -7.22 

AF070647   7 Homo sapiens clone 24438 mRNA sequence. -7.28 

NM_020191 MRPS22 3q23 mitochondrial ribosomal protein S22 -7.35 

NM_002950 RPN1 3q21.3-q25.2 ribophorin I -7.40 

AK023657   14q21-q22 Homo sapiens cDNA FLJ13595 fis, clone PLACE1009595. -7.45 

NM_005687 FRSB 2q36.1-q36.2 phenylalanyl-tRNA synthetase beta-subunit -7.48 

NM_004552 NDUFS5 1p34.2-p33 NADH dehydrogenase (ubiquinone) Fe-S protein 5, 15kDa (NADH-coenzyme Q reductase) -7.48 

NM_002295 LAMR1 3p21.3 laminin receptor 1 (ribosomal protein SA, 67kDa) -7.49 

NM_004396 DDX5 17q21 DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 -7.52 

NM_012286 MORF4L2 Xq22 mortality factor 4 like 2 -7.56 

NM_015380 CGI-51 22q13.31 CGI-51 protein -7.56 

AL365407 SLC39A3 19p13.3 solute carrier family 39 (zinc transporter), member 3 -7.59 

Z36833     H.sapiens (xs4) mRNA, 315bp. -7.60 

NM_004219 PTTG1 5q35.1 pituitary tumor-transforming 1 -7.63 

NM_007221 PMF1 1q12 polyamine-modulated factor 1 -7.65 

NM_001480 GALR1 18q23 galanin receptor 1 -7.69 

NM_015934 NOP5/NOP58 2q33.2 nucleolar protein NOP5/NOP58 -7.76 

NM_002592 PCNA 20pter-p12 proliferating cell nuclear antigen -7.76 

S74678 HNRPK 9q21.32-q21.33 heterogeneous nuclear ribonucleoprotein K -7.88 

NM_003365 UQCRC1 3p21.3 ubiquinol-cytochrome c reductase core protein I -8.16 

NM_006471 MRCL3 18p11.31 myosin regulatory light chain MRCL3 -8.16 

AB007973   1 Homo sapiens mRNA, chromosome 1 specific transcript KIAA0504. -8.20 

NM_003756 EIF3S3 8q24.11 eukaryotic translation initiation factor 3, subunit 3 gamma, 40kDa -8.25 

AK000687   5p15.33 Homo sapiens cDNA FLJ20680 fis, clone KAIA4089. -8.35 

NM_006013 RPL10 Xq28 ribosomal protein L10 -8.41 

AK026015 FRCP1 2p23.3 likely ortholog of mouse fibronectin type III repeat containing protein 1 -8.41 

AK024775 LOC147991 19q13.12 hypothetical protein LOC147991 -8.42 

L23849   chromosome 5 Human (clone Z145) retinal mRNA, repeat region. -8.46 

AK021634   4 Homo sapiens cDNA FLJ11572 fis, clone HEMBA1003373. -8.67 

NM_014678 KIAA0685 22q13.33 KIAA0685 gene product -8.89 

NM_014624 S100A6 1q21 S100 calcium binding protein A6 (calcyclin) -8.89 

NM_017819 FLJ20432 3q12.3 hypothetical protein FLJ20432 -8.89 

NM_006156 NEDD8 14q11.2 neural precursor cell expressed, developmentally down-regulated 8 -8.89 

NM_002450 MT1L 16q13 Homo sapiens metallothionein 1L (MT1L), mRNA. -8.96 

AK001082     Homo sapiens cDNA FLJ10220 fis, clone HEMBA1007342. -8.98 

NM_014713 LAPTM4A 2p24.3 lysosomal-associated protein transmembrane 4 alpha -8.99 

NM_001685 ATP5J 21q21.1 ATP synthase, H+ transporting, mitochondrial F0 complex, subunit F6 -9.09 

NM_016567 BCCIP 10q26.1 BRCA2 and CDKN1A interacting protein -9.21 

NM_004269 CRSP8 9q34.1-q34.3 cofactor required for Sp1 transcriptional activation, subunit 8, 34kDa -9.28 

NM_001154 ANXA5 4q26-q28 annexin A5 -9.30 

NM_017777 FLJ20345 17q23.2 hypothetical protein FLJ20345 -9.52 

NM_014176 HSPC150 1q32.1 HSPC150 protein similar to ubiquitin-conjugating enzyme -9.73 

AL110185 MGC14697 10q24.33 upregulated during skeletal muscle growth 5 -9.82 

S68954 MT1G   metallothionein 1G -10.03 

NM_001865 COX7A2 6q12 cytochrome c oxidase subunit VIIa polypeptide 2 (liver) -10.17 

NM_002789 PSMA4 15q24.1 proteasome (prosome, macropain) subunit, alpha type, 4 -10.23 

D17032 SKP1A 5q31 S-phase kinase-associated protein 1A (p19A) -10.26 

NM_014402 QP-C 5q31.1 low molecular mass ubiquinone-binding protein (9.5kD) -10.26 

AL117426   6 Homo sapiens mRNA; cDNA DKFZp566M223 (from clone DKFZp566M223) -10.35 

Z36789     H.sapiens (xs138) mRNA, 250bp. -10.44 

AF075064   22 Homo sapiens full length insert cDNA YP99H09 -10.86 

NM_001444 FABP5 8q21.13 fatty acid binding protein 5 (psoriasis-associated) -11.11 

AK025109 KIAA1374 3q25.33-q26.1 KIAA1374 protein -11.86 

NM_006938 SNRPD1 18q11.2 small nuclear ribonucleoprotein D1 polypeptide 16kDa -12.61 

AF174600 LMO7 13q21.33 LIM domain only 7 -13.14 

NM_016139 PHKG1 7p11.2 phosphorylase kinase, gamma 1 (muscle) -13.63 
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NM_000942 PPIB 15q21-q22 peptidylprolyl isomerase B (cyclophilin B) -14.03 

NM_000454 SOD1 21q22.1 superoxide dismutase 1, soluble (amyotrophic lateral sclerosis 1 (adult)) -14.38 

M25753 CCNB1 5q12 cyclin B1 -14.41 

NM_002803 PSMC2 7q22.1-q22.3 proteasome (prosome, macropain) 26S subunit, ATPase, 2 -14.46 

NM_003859 DPM1 20q13.13 dolichyl-phosphate mannosyltransferase polypeptide 1, catalytic subunit -14.48 

NM_001280 CIRBP 19p13.3 cold inducible RNA binding protein -15.00 

NM_002797 PSMB5 14q11.2 proteasome (prosome, macropain) subunit, beta type, 5 -17.35 

NM_001689 ATP5G3 2q31.2 ATP synthase, H+ transporting, mitochondrial F0 complex, subunit c (subunit 9) isoform 3 -18.12 

NM_006597 HSPA8 11q24.1 heat shock 70kDa protein 8 -18.54 

X97261 MT1L 16q13 metallothionein 1L -18.63 

NM_003746 DNCL1 12q24.23 dynein, cytoplasmic, light polypeptide 1 -20.55 

D28450 H2AFZ 4q24 H2A histone family, member Z -31.26 
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Appendix 2A 

 Appendices 2A-C contain gene lists from the nasal biopsy microarray studies.  

Appendix A contains differentially expressed genes between schizophrenia and healthy 

controls; Appendix B contains differentially expressed genes between bipolar disorder 

and healthy controls; Appendix C contains differentially expressed genes between 

schizophrenia and bipolar disorder. 

 
Accession 

Number Gene Name Chromosomal 
Location Gene Description Fold 

Change 

NM_017425 SPA17 11q24.2 sperm autoantigenic protein 17 3.44
AJ250475 UCC1 7p14.1 upregulated in colorectal cancer gene 1 3.23
X63417 IRLB 15q22.2 c-myc promoter-binding protein 3.21
NM_002288 LAIR2 19q13.4 leukocyte-associated Ig-like receptor 2 2.73
AL109729 ABHD2 15q26.1 abhydrolase domain containing 2 2.72
NM_002483 CEACAM6 19q13.2 carcinoembryonic antigen-related cell adhesion molecule 6 (non-specific cross reacting antigen) 2.63
AF124367 MTMR9 8p23-p22 Homo sapiens IMAGE Consortium ID 342479, mRNA sequence. 2.62
AF085953   9 Full length insert cDNA clone YR85E06 2.57
AB051826 RHOU 1q42.11-q42.3 ras homolog gene family, member U 2.53
NM_016445 PLEK2 14q24.1 pleckstrin 2 2.47
AL133640 PKHD1L1 8q23.2 polycystic kidney and hepatic disease 1 (autosomal recessive)-like 1 2.43
NM_012143 TFIP11 22q12.1 tuftelin interacting protein 11 2.25
AK022193   3 CDNA FLJ12131 fis, clone MAMMA1000254 2.21

AY008271 SMARCAD1 4q22-q23 
SWI/SNF-related, matrix-associated actin-dependent regulator of chromatin, subfamily a, 
containing DEAD/H box 1 2.20

NM_004177 STX3A 11q12.2 syntaxin 3A 2.15
U90907 PIK3R3 1p34.1 phosphoinositide-3-kinase, regulatory subunit, polypeptide 3 (p55, gamma) 2.10
AK026341 FLJ22688 19q13.33 hypothetical protein FLJ22688 2.07
AL389934 CARD12 2p22-p21 caspase recruitment domain family, member 12 2.04
NM_002013 FKBP3 14q21.3 FK506 binding protein 3, 25kDa 2.01
AF320070     Homo sapiens hepatocellular carcinoma-associated protein HCA10 mRNA, complete cds. 2.01
AK000881 TAF15 17q11.1-q11.2 Homo sapiens cDNA FLJ10019 fis, clone HEMBA1000534. 2.00
AL080078 LOC161291 14q23.1 hypothetical protein LOC161291 1.98
NM_016072 CGI-141 12p12.3 CGI-141 protein 1.97
NM_004624 VIPR1 3p22 vasoactive intestinal peptide receptor 1 1.94
NM_015920 RPS27L 15q22.1 ribosomal protein S27-like 1.94
NM_003017 SFRS3 6p21 splicing factor, arginine/serine-rich 3 1.92
AK024249 PAPOLG 2p16.1 poly(A) polymerase gamma 1.89
NM_018079 FLJ10379 2p21 hypothetical protein FLJ10379 1.86
AF104914 NIF3L1BP1 3p21.1 Ngg1 interacting factor 3 like 1 binding protein 1 1.86
AK024193 SFXN5 2 sideroflexin 5 1.84
NM_018651 ZNF167 3p22.3-p21.1 zinc finger protein 167 1.84
NM_018127 ELAC2 17p11.2 elaC homolog 2 (E. coli) 1.80
AK024139     Homo sapiens cDNA FLJ14077 fis, clone HEMBB1001967. 1.79
AF025441 OIP5 15q14 Opa-interacting protein 5 1.79
NM_006372 SYNCRIP 6q14-q15 synaptotagmin binding, cytoplasmic RNA interacting protein 1.78
NM_005798 RFP2 13q14 ret finger protein 2 1.78
NM_012322 LSM5 7p14.3 LSM5 homolog, U6 small nuclear RNA associated (S. cerevisiae) 1.77
NM_002077 GOLGA1 9q34.11 golgi autoantigen, golgin subfamily a, 1 1.72
AK023666 FLJ32810 11q22.1-q22.2 hypothetical protein FLJ32810 1.71
AK021616 NA 15 CDNA FLJ11554 fis, clone HEMBA1003037 1.70
AB037718 APEG1 2q36.1 aortic preferentially expressed protein 1 1.64
NM_017786 FLJ20366 8q23.2 hypothetical protein FLJ20366 1.64
NM_016077 BIT1 17q23.2 CGI-147 protein 1.63
NM_017647 FTSJ3 17q23 FtsJ homolog 3 (E. coli) 1.62
NM_017637 FLJ20043 9p22.2 hypothetical protein FLJ20043 1.62
NM_002335 LRP5 11q13.4 low density lipoprotein receptor-related protein 5 1.60
AK025418 KIAA1671 22 KIAA1671 protein 1.60
NM_003581 NCK2 2q12 NCK adaptor protein 2 1.60
NM_003824 FADD 11q13.3 Fas (TNFRSF6)-associated via death domain 1.56
NM_002040 GABPA 21q21-q22.1 GA binding protein transcription factor, alpha subunit 60kDa 1.53
NM_014789 KIAA0628 8q24.3 KIAA0628 gene product 1.51
AJ133115 THG-1 7p21-p15 TSC-22-like -1.53
AF272357 NPDC1 9q34.3 neural proliferation, differentiation and control, 1 -1.55
NM_019109 ALG1 16p13.3 asparagine-linked glycosylation 1 homolog (yeast, beta-1,4-mannosyltransferase) -1.56
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NM_005994 TBX2 17q23 T-box 2 -1.58
NM_005626 SFRS4 1p35.2 splicing factor, arginine/serine-rich 4 -1.59
AL389938 ZNF559 19p13.2 zinc finger protein 559 -1.59
AK024430 FLJ13063 16p11.2 hypothetical protein FLJ13063 -1.60
NM_014740 DDX48 17q25.3 DEAD (Asp-Glu-Ala-Asp) box polypeptide 48 -1.60
AF086180 PFKL 21q22.3 phosphofructokinase, liver -1.61
NM_017990 PDPR 16q22.1 pyruvate dehydrogenase phosphatase regulatory subunit -1.61
S72604       -1.61
AL137568 EPN2 17p11.2 epsin 2 -1.64
AL122089 C19ORF25 19p13.3 hypothetical protein FLJ36666 -1.64
L09099 NA 2p11.2 Immunoglobulin kappa light chain mRNA, partial cds -1.64
AF147422 TUBA3 10 Full length insert cDNA clone YP75C01 -1.65
AK022062   3 Homo sapiens cDNA FLJ12000 fis, clone HEMBB1001531. -1.70
AK022936   14 CDNA FLJ12874 fis, clone NT2RP2003769 -1.71
NM_005139 ANXA3 4q13-q22 annexin A3 -1.72
NM_001098 ACO2 22q11.2-q13.31 aconitase 2, mitochondrial -1.73
NM_003016 SFRS2 17q25.3 splicing factor, arginine/serine-rich 2 -1.74

AL137482 DKFZP434G1130 
strong similarity to P.fluorescens FC2.1, but wrong direction; Homo sapiens mRNA; cDNA 
DKFZp434G1130 (from clone DKFZp434G1130); partial cds. -1.75

AK000899     Homo sapiens cDNA FLJ10037 fis, clone HEMBA1000968. -1.75
AJ011980   7 MRNA sequence, IMAGE clone 446411 -1.78
NM_020158 EXOSC5 19q13.1 exosome component Rrp46 -1.80
L23849   chromosome 5 Human (clone Z145) retinal mRNA, repeat region. -1.80
U80756 TNRC21 12 polyglutamine rich; Homo sapiens CAGL114 mRNA, partial cds. -1.80
AK021634   4 CDNA FLJ11572 fis, clone HEMBA1003373 -1.82
L29140 MYO1F 19p13.3-p13.2 myosin IF -1.83
AK000801 NAPE-PLD 7q22.1 N-acyl-phosphatidylethanolamine-hydrolyzing phospholipase D -1.83
AK024739 FLJ10188 10q26.11 CTCL tumor antigen L14-2 -1.84

Z11802     
Growth Hormone Receptor; H.sapiens mRNA for growth hormone receptor 5'-untranslated 
region V1. -1.84

U37146 SMRT   
transcriptional co-repressor; Human silencing mediator of retinoid and thyroid hormone action 
(SMRT) mRNA, complete cds. -1.84

AF309489 HAMP 19q13.1 hepcidin antimicrobial peptide -1.86
NM_006179 NTF5 19q13.3 neurotrophin 5 (neurotrophin 4/5) -1.87
AF116657     PRO1310 mRNA, partial cds -1.87
AK000655 LOC142678 1p36.32 skeletrophin -1.87
NM_016078 FAM18B 17p11.2 family with sequence similarity 18, member B -1.90
AF075064   22 Full length insert cDNA YP99H09 -1.91
NM_013379 DPP7 9q34.3 dipeptidylpeptidase 7 -1.91
AL365406   19p13.3 LOC388494 (LOC388494), mRNA -1.93
AK025109 KIAA1374 3q25.33-q26.1 KIAA1374 protein -1.95
NM_013307       -1.95
AL137266 WBSCR19 7p13 Williams Beuren syndrome chromosome region 19 -2.00

NM_000029 AGT 1q42-q43 
angiotensinogen (serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, 
antitrypsin), member 8) -2.03

NM_004853 STX8 17p12 syntaxin 8 -2.04
AK022244 LOC254359 11q13.1 hypothetical protein LOC254359 -2.05
NM_020409 MRPL47 3q27.1 mitochondrial ribosomal protein L47 -2.05
NM_001089 ABCA3 16p13.3 ATP-binding cassette, sub-family A (ABC1), member 3 -2.06
NM_001219 CALU 7q32 calumenin -2.11
M57399 PTN 7q33-q34 pleiotrophin (heparin binding growth factor 8, neurite growth-promoting factor 1) -2.11
M92422     Homo sapiens FK506-binding protein 12 (FKBP12) gene, exons 1 and 2. -2.12
AF216381 CCNB1IP1 14q11.2 cyclin B1 interacting protein 1 -2.13
AK023966 MGC9726 1q32 similar to RAB7, member RAS oncogene family -2.18
AK026847   1 CDNA: FLJ23194 fis, clone REC00490 -2.19
AF086498   7 Full length insert cDNA clone ZD97H10 -2.19
AK021761 RAB24 5q35.3 RAB24, member RAS oncogene family -2.20
AK021910 FLJ11848 11q13.3 hypothetical protein FLJ11848 -2.22
NM_006485 FBLN1 22q13.31 fibulin 1 -2.27
AF086105 ZNF463 19 Full length insert cDNA clone YZ93G08 -2.27
AK021538   11 CDNA FLJ11476 fis, clone HEMBA1001745 -2.32
NM_001028 RPS25 11q23.3 ribosomal protein S25 -2.32
AF064255 SLC27A5 19q13.43 solute carrier family 27 (fatty acid transporter), member 5 -2.32
NM_003287 TPD52L1 6q22-q23 tumor protein D52-like 1 -2.35
AK022326 CTNNA1 5q31 catenin (cadherin-associated protein), alpha 1, 102kDa -2.35
NM_017977 AIM1L 1p35.3 absent in melanoma 1-like -2.35
NM_002009 FGF7 15q15-q21.1 fibroblast growth factor 7 (keratinocyte growth factor) -2.37

D00174 SERPINF2 17p13 
serine (or cysteine) proteinase inhibitor, clade F (alpha-2 antiplasmin, pigment epithelium 
derived factor), member 2 -2.40

AF161414 NA 17 Similar to HSPC296 (LOC388322), mRNA -2.41
NM_016025 DREV1 16p13-p12 DORA reverse strand protein 1 -2.41
AF088051   6 Full length insert cDNA clone ZD63G05 -2.45
NM_013291 CPSF1 8q24.23 cleavage and polyadenylation specific factor 1, 160kDa -2.46
J03171 IFNAR1 21q22.1 interferon (alpha, beta and omega) receptor 1 -2.46
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AB011099 KIAA0527 3p22.3 KIAA0527 protein -2.47
AK024925 FLJ21272 1q21.2 hypothetical protein FLJ21272 -2.48
AL137426 CSGLCA-T 7q36.1 KIAA1402 protein -2.49
AF070647   7 Clone 24438 mRNA sequence -2.52
NM_001281 CKAP1 19q13.11-q13.12 cytoskeleton associated protein 1 -2.62
AL035369 MGC9084 1q23.3 hypothetical protein MGC9084 -2.64
AK026101 LOC255458 5 Clone IMAGE:5272902, mRNA -2.73
NM_001122 ADFP 9p22.1-p21.3 adipose differentiation-related protein -2.74
AK026860 MGC2647 16q24.3 hypothetical zinc finger protein MGC2647 -2.76
AK021573     Homo sapiens cDNA FLJ11511 fis, clone HEMBA1002189. -2.94
AB007973   1 MRNA, chromosome 1 specific transcript KIAA0504. -2.98
AK000937   22 CDNA FLJ10075 fis, clone HEMBA1001815 -3.03
NM_014501 UBE2S 19q13.43 ubiquitin-conjugating enzyme E2S -3.16
AF087989 CDKL3 5q31 Homo sapiens full length insert cDNA clone YX29D10. -3.32
NM_016592 GNAS 20q13.2-q13.3 GNAS complex locus -3.40
AK021598   9 CDNA FLJ11536 fis, clone HEMBA1002712 -3.44
S83198 PROL1 4q13.3 proline rich 1 -3.53
NM_017567 NAGK 2p13.2 N-acetylglucosamine kinase -3.73
AL360161 RNF36 15q14 ring finger protein 36 -3.87
AK022263   17 CDNA FLJ12201 fis, clone MAMMA1000906 -4.55
AK022625 LOC92270 5q14.1 hypothetical protein LOC92270 -4.75
AK022464   16 CDNA FLJ12402 fis, clone MAMMA1002807 -5.68
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AK022970 DESR1 3p25.1 Hypothetical protein LOC285381 (LOC285381), mRNA 3.76
NM_000928 PLA2G1B 12q23-q24.1 phospholipase A2, group IB (pancreas) 2.75
NM_007312 HYAL1 3p21.3-p21.2 hyaluronoglucosaminidase 1 2.41
AK024458 LOC96597 17p11.2 hypothetical protein LOC96597 2.37
AF056445   5p15.2 Clone TCB1 Cri-du-chat critical region mRNA 2.32
NM_015969 MRPS17 7p11 mitochondrial ribosomal protein S17 1.94
AK022495 MGC2654 16p13.2 hypothetical protein MGC2654 1.79
NM_019854 HRMT1L3 12p13.3 HMT1 hnRNP methyltransferase-like 3 (S. cerevisiae) 1.78
NM_003338 UBE2D1 10q11.2-q21 ubiquitin-conjugating enzyme E2D 1 (UBC4/5 homolog, yeast) 1.75
NM_009590 AOC2 17q21 amine oxidase, copper containing 2 (retina-specific) 1.66
AF235022 RAB38 11q14 RAB38, member RAS oncogene family 1.55

AK026491     
Homo sapiens cDNA: FLJ22838 fis, clone KAIA4494, highly similar to HUML12A Human 
ribosomal protein L12 mRNA. -1.50

NM_006338 LRRN5 1q32.1 leucine rich repeat neuronal 5 -1.51
NM_014622 LOH11CR2A 11q23 loss of heterozygosity, 11, chromosomal region 2, gene A -1.52
NM_004740 TIAF1 17q11.2 TGF-beta-1-induced antiapoptotic factor 1 -1.57
AK026409 PDZK2 11q23.3 PDZ domain containing 2 -1.57
NM_000987 RPL26 17p13 ribosomal protein L26 -1.57
AF178983 RBJ 2p24.1 Ras-associated protein Rap1 -1.58
NM_018677 ACAS2 20q11.23 acetyl-Coenzyme A synthetase 2 (ADP forming) -1.59
AL133570   7 MRNA; cDNA DKFZp434L201 (from clone DKFZp434L201) -1.61
AK021495   21 CDNA FLJ11433 fis, clone HEMBA1001121 -1.61
AB037778 C6ORF63 6q23.3 chromosome 6 open reading frame 63 -1.62
NM_003312 TST 22q13.1 thiosulfate sulfurtransferase (rhodanese) -1.62
AL049341 ZNF248 10 zinc finger protein 248 -1.62
NM_003610 RAE1 20q13.31 RAE1 RNA export 1 homolog (S. pombe) -1.63
NM_000979 RPL18 19q13 ribosomal protein L18 -1.64
NM_018014 BCL11A 2p16.1 B-cell CLL/lymphoma 11A (zinc finger protein) -1.64
NM_014060 MCTS1 Xq22-q24 malignant T cell amplified sequence 1 -1.65
NM_001900 CST5 20p11.21 cystatin D -1.65
AJ277587 SPIR-1 18p11.21 Spir-1 protein -1.66
AJ272212 PSKH1 16q22.1 protein serine kinase H1 -1.67
AK024216 FLJ14154 16p13.3 hypothetical protein FLJ14154 -1.68
NM_001528 HGFAC 4p16 HGF activator -1.69
AK024213   5 Homo sapiens cDNA FLJ14151 fis, clone MAMMA1003031. -1.69
NM_014715 RICS 11q24-q25 Rho GTPase-activating protein -1.69
NM_012256 ZNF212 7q36.1 zinc finger protein 212 -1.70
AK022255     unnamed protein product; Homo sapiens cDNA FLJ12193 fis, clone MAMMA1000856. -1.70
NM_016114 ASB1 2q37 ankyrin repeat and SOCS box-containing 1 -1.71
NM_002700 POU4F3 5q31  Homo sapiens POU domain, class 4, transcription factor 3 (POU4F3), mRNA. -1.74
L08440     Human autonomously replicating sequence (ARS) mRNA. -1.74
NM_018973 DPM3 1q22 dolichyl-phosphate mannosyltransferase polypeptide 3 -1.74
AF086105 ZNF463 19 Full length insert cDNA clone YZ93G08 -1.75
NM_013233 STK39 2q31.1 serine threonine kinase 39 (STE20/SPS1 homolog, yeast) -1.77
AB040883 KIAA1450 4q32.1 KIAA1450 protein -1.77
NM_003926 MBD3 19p13.3 methyl-CpG binding domain protein 3 -1.78
NM_000240 MAOA Xp11.4-p11.3 monoamine oxidase A -1.79
L35592   6 CDNA FLJ44891 fis, clone BRAMY2044686 -1.79
AF086212   7 Full length insert cDNA clone ZC64A06 -1.79
AB011145 TXNDC4 9q31.1 thioredoxin domain containing 4 (endoplasmic reticulum) -1.81
NM_003781 B3GALT3 3q25 UDP-Gal:betaGlcNAc beta 1,3-galactosyltransferase, polypeptide 3 -1.83
AK023505 FLJ21069 2p23.3 hypothetical protein FLJ21069 -1.83
AF070568 COG7 16p12.3 component of oligomeric golgi complex 7 -1.85
AK025645 SLA2 20q11.23 Src-like-adaptor 2 -1.85
NM_003952 RPS6KB2 11q13.1 ribosomal protein S6 kinase, 70kDa, polypeptide 2 -1.86
AL110261 C1QTNF5 11q23.3 C1q and tumor necrosis factor related protein 5 -1.86
U23460 CAMK2B 22q12 calcium/calmodulin-dependent protein kinase (CaM kinase) II beta -1.86

D00174 SERPINF2 17p13 
serine (or cysteine) proteinase inhibitor, clade F (alpha-2 antiplasmin, pigment epithelium 
derived factor), member 2 -1.87

NM_016166 PIAS1 15q protein inhibitor of activated STAT, 1 -1.89
NM_018281 FLJ10948 1p32.3 hypothetical protein FLJ10948 -1.90
AK000027 LOC374864 18q12.1 hypothetical protein LOC374864 -1.91
U78628 LIFR 5 Clone IMAGE:4836973, mRNA -1.91
NM_017926 C14ORF118 14q22.1-q24.3 chromosome 14 open reading frame 118 -1.92
NM_001189 BAPX1 4p16.1 bagpipe homeobox homolog 1 (Drosophila) -1.92
AL080234   5 Clone FBD3 Cri-du-chat critical region mRNA -1.92
NM_000607 ORM1 9q31-q32 orosomucoid 1 -1.93
NM_013307       -1.95
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NM_013448 BAZ1A 14q12-q13 bromodomain adjacent to zinc finger domain, 1A -1.96
AB032981 KIAA1155 2p13.2 Clone IMAGE 21785 -1.96
AK001957 C6ORF89 6p21.31 chromosome 6 open reading frame 89 -1.98
NM_004127 GPS1 17q25.3 G protein pathway suppressor 1 -1.99
AF060938 MLLT10 10p12 myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, Drosophila); translocated to, 10 -2.01
NM_014847 NICE-4 1q22 NICE-4 protein -2.03
AB046840 PRX 19q13.13-q13.2 periaxin -2.03
NM_012280 FTSJ1 Xp11.23 FtsJ homolog 1 (E. coli) -2.04
NM_002220 ITPKA 15q14-q21 inositol 1,4,5-trisphosphate 3-kinase A -2.05
AB002364 ADAMTS3 4q21.1 a disintegrin-like and metalloprotease (reprolysin type) with thrombospondin type 1 motif, 3 -2.06
NM_012241 SIRT5 6p23 sirtuin (silent mating type information regulation 2 homolog) 5 (S. cerevisiae) -2.06
NM_006225 PLCD1 3p22-p21.3 phospholipase C, delta 1 -2.06
AF038174 C9ORF91 9q33.1 chromosome 9 open reading frame 91 -2.07
NM_012460 TIMM9 14q21 translocase of inner mitochondrial membrane 9 homolog (yeast) -2.07
NM_003262 TLOC1 3q26.2-q27 translocation protein 1 -2.10
NM_019023 PRMT7 16q22.1 hypothetical protein FLJ10640 -2.10
AK021761 RAB24 5q35.3 RAB24, member RAS oncogene family -2.10
AF086149 LOC284207 17 Full length insert cDNA clone ZB42D04 -2.10
U79256 ARHGAP19 10q24.2 Rho GTPase activating protein 19 -2.14
AF216381 CCNB1IP1 14q11.2 cyclin B1 interacting protein 1 -2.15
U80756 TNRC21 12 polyglutamine rich; Homo sapiens CAGL114 mRNA, partial cds. -2.15
NM_017986 FLJ10060 17p13.3 putative G-protein coupled receptor GPCR42 -2.15
AK025975 NA 16 CDNA FLJ43434 fis, clone OCBBF2028055 -2.15
NM_000017 ACADS 12q22-qter acyl-Coenzyme A dehydrogenase, C-2 to C-3 short chain -2.15
NM_016592 GNAS 20q13.2-q13.3 GNAS complex locus -2.17
NM_002582 PARN 16p13 poly(A)-specific ribonuclease (deadenylation nuclease) -2.18
S56365 APC 5q21-q22 adenomatosis polyposis coli -2.18
NM_018135 MRPS18A 6p21.3 mitochondrial ribosomal protein S18A -2.18
AJ277441       -2.21
NM_016478 NIPA 7q32.3 nuclear interacting partner of anaplastic lymphoma kinase (ALK) -2.23
NM_018579 MSCP 8p21.2 mitochondrial solute carrier protein -2.24
NM_004082 DCTN1 2p13 dynactin 1 (p150, glued homolog, Drosophila) -2.24
NM_001089 ABCA3 16p13.3 ATP-binding cassette, sub-family A (ABC1), member 3 -2.25
NM_016418 NF2 22q12.2 neurofibromin 2 (bilateral acoustic neuroma) -2.25
NM_006368 CREB3 9pter-p22.1 cAMP responsive element binding protein 3 -2.26
L07265     Human (D2S213E locus) dinucleotide repeat polymorphism. -2.27
NM_003770 KRTHA7 17q12-q21 keratin, hair, acidic, 7 -2.28
AK023941 C11ORF3 11q13 Homo sapiens cDNA FLJ13879 fis, clone THYRO1001426. -2.29
NM_014035 SNX24 5q23.2 sorting nexing 24 -2.30
AK022480 ZA20D1 1q21.3 zinc finger, A20 domain containing 1 -2.31
NM_007215 POLG2 17q polymerase (DNA directed), gamma 2, accessory subunit -2.33
AJ008114 FMNL1 17q21 formin-like 1 -2.34
NM_017512 HSRTSBETA 18p11.32 rTS beta protein -2.38
NM_016094 COMMD2 3q25.1 COMM domain containing 2 -2.39
Y09836 MAP1B 5q13 microtubule-associated protein 1B -2.39
NM_016331 ANC_2H01 3q27.1 zinc finger protein ANC_2H01 -2.43
2PC       -2.44

AB014554 PPFIA3 19q13.33 
protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF), interacting protein (liprin), 
alpha 3 -2.45

AK023629   6 Hypothetical gene supported by AK023629 (LOC401231), mRNA -2.45
NM_004723 ARHGEF2 1q21-q22 rho/rac guanine nucleotide exchange factor (GEF) 2 -2.47
AK025212 NOD27 16q13 nucleotide-binding oligomerization domains 27 -2.47
S72604       -2.61
AF086220 FLJ32130 16p11.2 Homo sapiens full length insert cDNA clone ZC66B10. -2.62
Z36806 FLJ11273 7p21.3 hypothetical protein FLJ11273 -2.68
NM_002762 PRM2 16p13.2 protamine 2 -2.70
NM_016240 SCARA3 8p21 scavenger receptor class A, member 3 -2.73
NM_014424 HSPB7 1p36.23-p34.3 heat shock 27kDa protein family, member 7 (cardiovascular) -2.81
D83199 PLVAP 19p13.2 plasmalemma vesicle associated protein -2.84
AK022978 MGC5560 10q23.31 hypothetical protein MGC5560 -2.89
NM_018678 C14ORF117 14q24.2 chromosome 14 open reading frame 117 -2.90
AK021642   12 CDNA FLJ11580 fis, clone HEMBA1003597 -2.91
NM_006820 C1ORF29 1p31.1 chromosome 1 open reading frame 29 -3.01
NM_004873 BAG5 14q32.33 BCL2-associated athanogene 5 -3.01
AK021592     Homo sapiens cDNA FLJ11530 fis, clone HEMBA1002645. -3.07
NM_006771 KRTHA8 17q12-q21 keratin, hair, acidic, 8 -3.20
NM_017891 FLJ20584 1p36.33 hypothetical protein FLJ20584 -3.21
NM_012295 CABIN1 22q11.23 calcineurin binding protein 1 -3.26
NM_003194 TBP 6q27 TATA box binding protein -3.36
NM_006485 FBLN1 22q13.31 fibulin 1 -3.52
NM_002073 GNAZ 22q11.22 guanine nucleotide binding protein (G protein), alpha z polypeptide -3.72
NM_002144 HOXB1 17q21.3 homeo box B1 -3.91
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Location Gene Description Fold 
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NM_016055 MRPL48 11q13.3 mitochondrial ribosomal protein L48 -4.09
NM_001873 CPE 4q32.3 carboxypeptidase E -5.46
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Appendix 2C 

 This appendix has been included for the reader’s interest only.  It contains a list 

of genes differentially expressed between schizophrenia and bipolar disorder.  The fold 

changes represent the differences of expression levels in schizophrenia as compared 

to bipolar disorder. 

 
Accession Number Gene Name Chromosomal 

Location Gene Description Fold Change 

NM_005703 UREB1 Xp11.22 Homo sapiens upstream regulatory element binding protein 1 (UREB1), mRNA. 9.63
AK023872   20 CDNA FLJ13810 fis, clone THYRO1000279 9.00
AB020635 KIAA0828 7q32.3 KIAA0828 protein 7.35
AK023707 CCDC2 9p21.1 coiled-coil domain containing 2 7.02
AJ000095 CBR3 21q22.2 carbonyl reductase 3 6.88
AK022965 FLJ12903 1p34.3 hypothetical protein FLJ12903 6.12
AK022611 PCNT1 17q25.2 pericentrin 1 5.44
NM_017772 C6ORF197 6p21.2 chromosome 6 open reading frame 197 5.35
AL109729 ABHD2 15q26.1 abhydrolase domain containing 2 4.91
NM_002984 CCL4 17q12 chemokine (C-C motif) ligand 4 4.89
NM_016261 TUBD1 17q23.2 likely ortholog of mouse tubulin, delta 1 4.44
AL137303 KIAA1055 15q24.1 KIAA1055 protein 4.06
NM_017956 FLJ20772 8q24.13 hypothetical protein FLJ20772 3.97

NM_002483 CEACAM6 19q13.2 
carcinoembryonic antigen-related cell adhesion molecule 6 (non-specific cross 
reacting antigen) 3.91

NM_017767 SLC39A4 8q24.3 solute carrier family 39 (zinc transporter), member 4 3.87
AK022115 FLJ12057 3q21.3 hypothetical protein FLJ12057 3.73
AF235022 RAB38 11q14 RAB38, member RAS oncogene family 3.66
AB045292 TMEM8 16p13.3 transmembrane protein 8 (five membrane-spanning domains) 3.55
NM_005402 RALA 7p15-p13 v-ral simian leukemia viral oncogene homolog A (ras related) 3.48
AK024740 BXDC1 6q22.1 brix domain containing 1 3.43
AK023940   2 CDNA FLJ13878 fis, clone THYRO1001411 3.41
NM_004866 SCAMP1 5q13.3-q14.1 secretory carrier membrane protein 1 3.33
AK022962 PBX1 1q23 pre-B-cell leukemia transcription factor 1 3.32
AK024879 NA 17p11.2 Homo sapiens cDNA: FLJ21226 fis, clone COL00721. 3.31
NM_016503 MRPL30 2q11.2 mitochondrial ribosomal protein L30 3.29
NM_017729 EPS8L1 19q13.42 EPS8-like 1 3.28
NM_004130 GYG 3q24-q25.1 glycogenin 3.27
AK001362 ESDN 3q12.2 endothelial and smooth muscle cell-derived neuropilin-like protein 3.24
D80001 KIAA0179 21q22.3 KIAA0179 3.11
NM_016445 PLEK2 14q24.1 pleckstrin 2 3.10
AK023802   15q22.2 CDNA clone IMAGE:6471394, partial cds 3.08
AF086488   1 Homo sapiens full length insert cDNA clone ZD94A05. 3.03
NM_007220 CA5B Xp21.1 carbonic anhydrase VB, mitochondrial 3.02
NM_005488 TOM1 22q13.1 target of myb1 (chicken) 2.98
NM_017489 TERF1 8q13 telomeric repeat binding factor (NIMA-interacting) 1 2.96
AB027013 NAP1L2 Xq13 nucleosome assembly protein 1-like 2 2.93
AK025434 ZNF616 19q13.41 Hypothetical protein MGC45556 (MGC45556), mRNA 2.92
AK001489 ARL1 12q23.3 ADP-ribosylation factor-like 1 2.91

X82545 PRNP 20pter-p12 
prion protein (p27-30) (Creutzfeld-Jakob disease, Gerstmann-Strausler-Scheinker 
syndrome, fatal familial insomnia) 2.88

NM_018960 GNMT 6p12 glycine N-methyltransferase 2.88
AK001451 MRPS9 2q12.2 mitochondrial ribosomal protein S9 2.87
NM_019095 C20ORF155 20p13-p12.3 chromosome 20 open reading frame 155 2.84
NM_003352 UBL1 2q33 ubiquitin-like 1 (sentrin) 2.82
NM_015922 H105E3 Xq28 NAD(P) dependent steroid dehydrogenase-like 2.81
AK023457 RAP1A 1p13.3 RAP1A, member of RAS oncogene family 2.81
NM_017946 FKBP14 7p15.1 FK506 binding protein 14, 22 kDa 2.80
NM_002582 PARN 16p13 poly(A)-specific ribonuclease (deadenylation nuclease) 2.77
NM_003367 USF2 19q13 upstream transcription factor 2, c-fos interacting 2.75
NM_000104 CYP1B1 2p21 cytochrome P450, family 1, subfamily B, polypeptide 1 2.70
AK026312 FLJ22659 17p11.2 hypothetical protein FLJ22659 2.66
AJ012496     Homo sapiens mRNA activated in tumor suppression, clone TSAP16. 2.65
NM_018608 PRO1905 8q22.1 hypothetical protein PRO1905 2.63
L35592   6 CDNA FLJ44891 fis, clone BRAMY2044686 2.61
NM_002229 JUNB 19p13.2 jun B proto-oncogene 2.58
NM_003846 PEX11B 1q21.2 peroxisomal biogenesis factor 11B 2.54
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AJ277441       2.54
NM_004830 CRSP3 6q22.33-q24.1 cofactor required for Sp1 transcriptional activation, subunit 3, 130kDa 2.52
NM_001002 RPLP0 12q24.2 ribosomal protein, large, P0 2.51
NM_017676 FLJ20125 5q21.2 hypothetical protein FLJ20125 2.51
NM_001948 DUT 15q15-q21.1 dUTP pyrophosphatase 2.51
NM_003685 KHSRP 19p13.3 KH-type splicing regulatory protein (FUSE binding protein 2) 2.49
NM_012117 CBX5 12q13.13 chromobox homolog 5 (HP1 alpha homolog, Drosophila) 2.47
AK026945 C20ORF97 20p13-p12.2 chromosome 20 open reading frame 97 2.46
NM_016072 CGI-141 12p12.3 CGI-141 protein 2.46
AF294326 CBFB 16q22.1 core-binding factor, beta subunit 2.44
NM_002194 INPP1 2q32 inositol polyphosphate-1-phosphatase 2.43
NM_014400 C4.4A 19q13.32 GPI-anchored metastasis-associated protein homolog 2.43

AB014554 PPFIA3 19q13.33 
protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF), interacting 
protein (liprin), alpha 3 2.42

NM_005056 JARID1A 12p11 Jumonji, AT rich interactive domain 1A (RBBP2-like) 2.41
NM_016207 CPSF3 2p25.2 cleavage and polyadenylation specific factor 3, 73kDa 2.41
AK001299 PSITPTE22 22q11.2 Homo sapiens cDNA FLJ10437 fis, clone NT2RP1000581. 2.40
AL137527 MGC4126 3q29 hypothetical protein MGC4126 2.39
AF038174 C9ORF91 9q33.1 chromosome 9 open reading frame 91 2.39
NM_003658 BARX2 11q25 BarH-like homeobox 2 2.38
NM_006225 PLCD1 3p22-p21.3 phospholipase C, delta 1 2.37
NM_006709 BAT8 6p21.31 HLA-B associated transcript 8 2.37
AK022587 FLJ12525 Xq12-q13 hypothetical protein FLJ12525 2.36
NM_020231 MDS010 3q13.33 x 010 protein 2.34
NM_003280 TNNC1 3p21.3-p14.3 troponin C, slow 2.33
AF085913 SPIB 7 Full length insert cDNA clone YR04D03 2.33
NM_002103 GYS1 19q13.3 glycogen synthase 1 (muscle) 2.31
AB014573 NPHP4 1p36.22 nephronophthisis 4 2.30
AK024999   15 CDNA: FLJ21346 fis, clone COL02705 2.30
AJ223948 HELIC1 6q16 helicase, ATP binding 1 2.29
AK024788 ADM2 22q13.33 adrenomedullin 2 2.27
NM_014856 KIAA0476 1p36.13-q31.3 KIAA0476 gene product 2.26
AL122107 DKFZP761O2018 12q24.32 hypothetical protein DKFZp761O2018 2.25
AK021662   21 CDNA FLJ11600 fis, clone HEMBA1003880 2.25
U92074 RAD51L1 14q23-q24.2 RAD51-like 1 (S. cerevisiae) 2.25
NM_014424 HSPB7 1p36.23-p34.3 heat shock 27kDa protein family, member 7 (cardiovascular) 2.25
AK022973 AXOT 2q24.2 axotrophin 2.25
AL050021 SLC7A1 13q12-q14 solute carrier family 7 (cationic amino acid transporter, y+ system), member 1 2.23
NM_006468 RPC62 1q21.2 polymerase (RNA) III (DNA directed) (62kD) 2.20
AF113208 KCTD10 12q24.12 potassium channel tetramerisation domain containing 10 2.19
AK001164   15 CDNA FLJ10302 fis, clone NT2RM2000042 2.19
AB032981 KIAA1155 2p13.2 Clone IMAGE 21785 2.19
NM_018951 HOXA10 7p15-p14 homeo box A10 2.19
D31886 RAB3GAP 2q21.3 RAB3 GTPase-ACTIVATING PROTEIN 2.19
NM_004622 TSN 2q21.1 translin 2.17
AF085832 ELF1 13q13 E74-like factor 1 (ets domain transcription factor) 2.16
NM_004420 DUSP8 11p15.5 dual specificity phosphatase 8 2.16
NM_018446 AD-017 3p21.31 glycosyltransferase AD-017 2.15
AB040900 KIAA1467 12p13.2 KIAA1467 protein 2.14
NM_020233 MDS006 17p13.1 x 006 protein 2.14
NM_001326 CSTF3 11p13 cleavage stimulation factor, 3' pre-RNA, subunit 3, 77kDa 2.14
NM_000969 RPL5 1p22.1 ribosomal protein L5 2.13
NM_003781 B3GALT3 3q25 UDP-Gal:betaGlcNAc beta 1,3-galactosyltransferase, polypeptide 3 2.13
NM_003262 TLOC1 3q26.2-q27 translocation protein 1 2.12
AK001638 FLJ11467 7p22.2 hypothetical protein FLJ11467 2.12
AL137429 FLJ37874 11q13.5-q14.1 hypothetical protein FLJ37874 2.11
AF086187   6 Full length insert cDNA clone ZC30H06 2.11

NM_018336 TAF6L 11q12.3 
Homo sapiens TAF6-like RNA polymerase II, p300/CBP-associated factor (PCAF)-
associated factor, 65kDa (TAF6L), mRNA. 2.10

NM_006145 DNAJB1 19p13.2 DnaJ (Hsp40) homolog, subfamily B, member 1 2.10
AK024445 C14ORF56 14q24.1 chromosome 14 open reading frame 56 2.09
NM_002649 PIK3CG 7q22.3 phosphoinositide-3-kinase, catalytic, gamma polypeptide 2.09
NM_005886 KATNB1 16q13 katanin p80 (WD repeat containing) subunit B 1 2.08
AF005082 XP33 1q22 Skin-specific protein (xp33) mRNA, partial cds 2.08
11HG       2.05
AK000115   3 Homo sapiens cDNA FLJ20108 fis, clone COL05052. 2.05
NM_005219 DIAPH1 5q31 diaphanous homolog 1 (Drosophila) 2.05
NM_018259 TTC17 11p11.2 tetratricopeptide repeat domain 17 2.04
NM_017975 FLJ10036 15q22.2 hypothetical protein FLJ10036 2.03
AL122047 ARV1 1q42.2 likely ortholog of yeast ARV1 2.03
NM_004077 CS 12q13.2-q13.3 citrate synthase 2.02
AK022292 JAZ 5q35.3 double-stranded RNA-binding zinc finger protein JAZ 2.02
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D17046 LOC221061 10p13 hypothetical protein LOC221061 2.02

NM_003078 SMARCD3 7q35-q36 
SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily d, member 3 2.01

NM_006817 C12ORF8 12q24.13 chromosome 12 open reading frame 8 2.01
NM_016449 LOC51233 22q11.2 hypothetical protein LOC51233 2.01
NM_016478 NIPA 7q32.3 nuclear interacting partner of anaplastic lymphoma kinase (ALK) 2.00
NM_018127 ELAC2 17p11.2 elaC homolog 2 (E. coli) 1.99
NM_000105       1.99
NM_007198 PROSC 8p11.2 proline synthetase co-transcribed homolog (bacterial) 1.99
NM_016200 LSM8 7q31.1-q31.3 LSM8 homolog, U6 small nuclear RNA associated (S. cerevisiae) 1.99
AK001147   5 CDNA FLJ10285 fis, clone HEMBB1001369 1.98
L07265     Human (D2S213E locus) dinucleotide repeat polymorphism. 1.96
NM_002060 GJA4 1p35.1 gap junction protein, alpha 4, 37kDa (connexin 37) 1.96
NM_017926 C14ORF118 14q22.1-q24.3 chromosome 14 open reading frame 118 1.96
NM_004267 CHST2 3q24 carbohydrate (N-acetylglucosamine-6-O) sulfotransferase 2 1.95
NM_005772 RCL1 9p24.1-p23 RNA terminal phosphate cyclase-like 1 1.95
X85323 KIAA1817 Xq22 KIAA1817 protein 1.94

AK027031 ELOVL6 4q25 
ELOVL family member 6, elongation of long chain fatty acids (FEN1/Elo2, 
SUR4/Elo3-like, yeast) 1.94

NM_016418 NF2 22q12.2 neurofibromin 2 (bilateral acoustic neuroma) 1.93
AB014543 KIAA0643 16p13.3 KIAA0643 protein 1.92
NM_002077 GOLGA1 9q34.11 golgi autoantigen, golgin subfamily a, 1 1.91
AK024216 FLJ14154 16p13.3 hypothetical protein FLJ14154 1.91
NM_016280 CES4 16q13 carboxylesterase 1 (monocyte/macrophage serine esterase 1) 1.90
NM_019041 MTRF1L 6q25-q26 mitochondrial translational release factor 1-like 1.89
NM_013302 EEF2K 16p12.3 elongation factor-2 kinase 1.89
NM_014328 RUSC1 1q21-q22 RUN and SH3 domain containing 1 1.88
NM_016440 VRK3 19q13 vaccinia related kinase 3 1.87

AB002364 ADAMTS3 4q21.1 
a disintegrin-like and metalloprotease (reprolysin type) with thrombospondin type 1 
motif, 3 1.87

NM_003975 SH2D2A 1q21 SH2 domain protein 2A 1.87
NM_006660 CLPX 15q22.2-q22.3 ClpX caseinolytic protease X homolog (E. coli) 1.86
NM_003090 SNRPA1 15q26.3 small nuclear ribonucleoprotein polypeptide A' 1.86
NM_018362 LIN7C 11p14 lin-7 homolog C (C. elegans) 1.86

AF060938 MLLT10 10p12 
myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, Drosophila); 
translocated to, 10 1.85

NM_002801 PSMB10 16q22.1 proteasome (prosome, macropain) subunit, beta type, 10 1.84
NM_013448 BAZ1A 14q12-q13 bromodomain adjacent to zinc finger domain, 1A 1.83
NM_003343 UBE2G2 21q22.3 ubiquitin-conjugating enzyme E2G 2 (UBC7 homolog, yeast) 1.80
NM_006451 PAIP1 5p12 poly(A) binding protein interacting protein 1 1.79
NM_005239 ETS2 21q22.3 v-ets erythroblastosis virus E26 oncogene homolog 2 (avian) 1.79
NM_012342 BAMBI 10p12.3-p11.2 BMP and activin membrane-bound inhibitor homolog (Xenopus laevis) 1.78
AK025131 NOD9 11q23.3 NOD9 protein 1.78
NM_001900 CST5 20p11.21 cystatin D 1.77
NM_001384 DPH2L2 1p34 DPH2-like 2 (S. cerevisiae) 1.77
AB033064 KIAA1238 12p13.31 KIAA1238 protein 1.76
U63041 NCAM1 11q23.1 neural cell adhesion molecule 1 1.76
NM_002168 IDH2 15q26.1 isocitrate dehydrogenase 2 (NADP+), mitochondrial 1.76
AK026110 FLJ22457 1p13.2 hypothetical protein FLJ22457 1.75
NM_018651 ZNF167 3p22.3-p21.1 zinc finger protein 167 1.74
AB033118 ZDHHC8 22q11.21 zinc finger, DHHC domain containing 8 1.74
NM_017992 C1ORF22 1q24-q25 Homo sapiens chromosome 1 open reading frame 22 (C1orf22), mRNA. 1.74

AL080085 SLC35E1 19 
CDNA FLJ36689 fis, clone UTERU2008653, highly similar to GLYCODELIN 
PRECURSOR 1.74

L35035 RPIA 2p11.2 ribose 5-phosphate isomerase A (ribose 5-phosphate epimerase) 1.73
NM_017601 C6ORF49 6p21.31 Homo sapiens chromosome 6 open reading frame 49 (C6orf49), mRNA. 1.73
NM_003223 TFAP4 16p13 transcription factor AP-4 (activating enhancer binding protein 4) 1.73
NM_006937 SMT3H2 17q25 SMT3 suppressor of mif two 3 homolog 2 (yeast) 1.73
AL389879 FLJ43842 22q11.23 FLJ43842 protein 1.73
AB018348 PCNX 14q24.1 pecanex homolog (Drosophila) 1.73
AF038564 ITCH 20q11.22-q11.23 itchy homolog E3 ubiquitin protein ligase (mouse) 1.72

NM_000346 SOX9 17q24.3-q25.1 
SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal) 1.72

NM_017686 GDAP2 1p12 ganglioside induced differentiation associated protein 2 1.71
NM_017822 FLJ20436 12q13.12 hypothetical protein FLJ20436 1.69
AK026670 METTL4 18p11.31 methyltransferase like 4 1.69
NM_005830 MRPS31 13q13.3 mitochondrial ribosomal protein S31 1.69
NM_002144 HOXB1 17q21.3 homeo box B1 1.68
NM_014397 NEK6 9q33.3-q34.11 NIMA (never in mitosis gene a)-related kinase 6 1.68
AB037778 C6ORF63 6q23.3 chromosome 6 open reading frame 63 1.67
NM_006333 C1D 2p13-p12 nuclear DNA-binding protein 1.67
AF263538 GDF3 12p13.1 growth differentiation factor 3 1.66
AJ008153 MAP3K14 17q21 mitogen-activated protein kinase kinase kinase 14 1.66
AF085996   12 Full length insert cDNA clone YU27A09 1.66
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NM_005358 LMO7 13q21.33 LIM domain only 7 1.64
NM_005741 ZNF263 16p13.3 zinc finger protein 263 1.63
NM_018130 FLJ10539 3p14.2 hypothetical protein FLJ10539 1.62
NM_004972 JAK2 9p24 Janus kinase 2 (a protein tyrosine kinase) 1.61
NM_018489 ASH1L 1q22 ash1 (absent, small, or homeotic)-like (Drosophila) 1.61
NM_005813 PRKCN 2p21 protein kinase C, nu 1.59
NM_014034 ASF1A 6q22.31 ASF1 anti-silencing function 1 homolog A (S. cerevisiae) 1.59
AK024860   5 CDNA: FLJ21207 fis, clone COL00362 1.59
NM_001363 DKC1 Xq28 dyskeratosis congenita 1, dyskerin 1.58
AF312769 CFC1 2q21.2 cripto, FRL-1, cryptic family 1 1.58
NM_006240 PPEF1 Xp22.2-p22.1 protein phosphatase, EF hand calcium-binding domain 1 1.57
NM_018677 ACAS2 20q11.23 acetyl-Coenzyme A synthetase 2 (ADP forming) 1.57
NM_014812 KAB 1q44 KARP-1-binding protein 1.56
AK021691 CALD1 7q33 Homo sapiens cDNA FLJ11629 fis, clone HEMBA1004241. 1.56
NM_015509 DKFZP566B183 12p13.31 DKFZP566B183 protein 1.55
AK025068 FLJ21415 12q24.22 hypothetical protein FLJ21415 1.54
NM_012091 ADAT1 16q23.1 adenosine deaminase, tRNA-specific 1 1.54
NM_016328 GTF2IRD1 7q11.23 GTF2I repeat domain containing 1 1.53
AF221846   7 Uncharacterized gastric protein ZG12P mRNA, complete cds 1.52
NM_006356 ATP5H 17q25 ATP synthase, H+ transporting, mitochondrial F0 complex, subunit d 1.52
AF070670 PPM1A 14q23.1 protein phosphatase 1A (formerly 2C), magnesium-dependent, alpha isoform 1.51
AB040931 EP400 12q24.33 E1A binding protein p400 1.50
NM_015148 PASK 2q37.3 PAS domain containing serine/threonine kinase 1.49
NM_015607 DKFZP547E1010 1q22 DKFZP547E1010 protein 1.48
NM_017647 FTSJ3 17q23 FtsJ homolog 3 (E. coli) 1.48
AB046842 KIAA1622 14q32.2 KIAA1622 1.47
NM_003177 SYK 9q22 spleen tyrosine kinase 1.47
NM_002094 GSPT1 16p13.1 G1 to S phase transition 1 1.45
NM_003824 FADD 11q13.3 Fas (TNFRSF6)-associated via death domain 1.45
NM_012280 FTSJ1 Xp11.23 FtsJ homolog 1 (E. coli) 1.43
NM_017590 ROXAN 22q13.2 ubiquitous tetratricopeptide containing protein RoXaN 1.40
AL122088   1q21.3 MRNA; cDNA DKFZp686L0312 (from clone DKFZp686L0312) 1.37
NM_000026 ADSL 22q13.1 adenylosuccinate lyase 1.34
AF070590 DHX57 2p22.3 DEAH (Asp-Glu-Ala-Asp/His) box polypeptide 57 1.34
AL365411 LOC56931 19p13.3 hypothetical protein from EUROIMAGE 1967720 1.31
NM_006257 PRKCQ 10p15 protein kinase C, theta 1.30
NM_016078 FAM18B 17p11.2 family with sequence similarity 18, member B 0.59
NM_016558 SCAND1 20q11.1-q11.23 SCAN domain containing 1 0.57
M57399 PTN 7q33-q34 pleiotrophin (heparin binding growth factor 8, neurite growth-promoting factor 1) 0.56
AK021853   4 CDNA FLJ11791 fis, clone HEMBA1006100 0.54
AF234887 CELSR2 1p21 cadherin, EGF LAG seven-pass G-type receptor 2 (flamingo homolog, Drosophila) 0.54
AK025132 SFRS2IP 12q13.11 splicing factor, arginine/serine-rich 2, interacting protein 0.54
AF075064   22 Full length insert cDNA YP99H09 0.53
NM_017839 FLJ20481 16q13 calpain small subunit 2 0.53
NM_004932 CDH6 5p15.1-p14 cadherin 6, type 2, K-cadherin (fetal kidney) 0.49
AF086498   7 Full length insert cDNA clone ZD97H10 0.48

AY007135 SLC25A6 Xp22.32 and Yp
solute carrier family 25 (mitochondrial carrier; adenine nucleotide translocator), 
member 6 0.46

NM_000272 NPHP1 2q13 nephronophthisis 1 (juvenile) 0.38
NM_017670 OTUB1 11q13.1 OTU domain, ubiquitin aldehyde binding 1 0.35
AK022443   3 CDNA FLJ12381 fis, clone MAMMA1002566 0.34
AK024152   6 Homo sapiens cDNA FLJ14090 fis, clone MAMMA1000264. 0.34
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Reagent Abbreviation
/Formula 

Molecular 
Weight/Conc Supplier Catalogue 

number 
Agarose  Sigma A-9539 
5-(3-aminoallyl)-UTP  Ambion 8437 
Aminoallyl dUTP  Sigma  A-0410 
Ammonium Acetate CH3COONH4 77.08 Sigma-Aldrich A-1181 

AmpliTaq Gold™  5 U/μl Applied 
Biosystems  

iso-Amyl Alcohol C5H11OH 88.15 Chem-Supply AL015 

β-Mercaptoethanol  HSCH2CH2OH 78.13
BDH 
Laboratory 
Supplies 

43602 2A 

Mouse Monoclonal Anti-
β-tubulin III  Sigma-Aldrich T-8660 

Big Dye® Terminator 
Cycle Sequencing Kit  Applied 

Biosystems  

BisBenzimide, Hoechst 
33258 

C25H24N6O·3H
Cl 533.90 Sigma-Aldrich B-2883 

Borax (Sodium 
tetraborate) 

Na2BB4O7
 

381.40 Sigma B-0127 

Boric Acid H3BO3 61.83 Sigma B-6768 
Bovine Serum Albumin, 
Fraction V BSA Sigma-Aldrich A-9647 

BromodeoxyUridine BrdU Sigma-Aldrich B-9285 
Mouse monoclonal anti-
BrdU  Sigma-Aldrich B-2531 

HRP-conjugated Rabbit-
α-Chicken IgG  Sigma A-9046 

FITC-conjugated Rabbit 
α-Chicken IgY  Zymed 61-3111 

Chloroform  CHCl3 119.40 Sigma-Aldrich C-2432 
Collagen type IV, Human 
Placental  Sigma C-5533 

Collagenase type IA  Sigma C-2674 
Cot-1 DNA    
Cy3 Mono-Reactive Dye 
Pack Cy3 765.95 Amersham 

Biosciences PA23001 

Cy5 Mono-Reactive Dye 
Pack Cy5 791.99 Amersham 

Biosciences PA25001 

3,3′-Diaminobenzidine 
tetrahydrochloride DAB, C12H14N4 360.10 Sigma-Aldrich D-5637 

FAST DAB Tablets  Sigma-Aldrich D-4293 

Diethyl Pyrocarbonate DEPC, 
C6H10O5

162.10 Sigma-Aldrich D-5758 

DIG Easy Hyb Solution   Roche 1 603 558 

Dimethyl Sulfoxide DMSO, 
(CH3)2SO 78.13 Chem-Supply DA013 

Dispase II, bacillus 
polymyxa, lyophilized  Roche 295 825 

100 mM dNTP set  Invitrogen 10297-018 
Dulbecco’s Modified 
Eagle Medium  DMEM GibcoBRL 10317-022 

Epidermal growth factor EGF GibcoBRL 13247-051 

Ethylenediamine 
Tetraacetic Acid 

EDTA, 
C10H14N2O8Na2
·2H2O 

372.20 Sigma 
 ED2SS 

Fetal bovine serum γ-irradiated JRH 12003-500M 
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Bioscience 
Basic Fibroblast Growth 
Factor bFGF, FGF2 Sigma-Aldrich F-0291 

Fibronectin, Human 
plasma, lyophilized  Boehringer 

Mannheim 1080 938 

Formaldehyde HCHO 30.03 Sigma-Aldrich F-8775 
Formamide CH3NO 45.04 Sigma-Aldrich F-9037 
Fungizone™ 
(amphotericin B)   GibcoBRL 15290-018 

Rabbit polyclonal anti-
GFAP α-GFAP Dako  

Mouse monoclonal anti-
Globose Basal Cell-1 α-GBC-1 Dr. J.E. 

Schwob  

Glutaraldehyde OHC(CH2)3CH
O 100.10 Sigma G-5882 

Glycogen    

Normal Goat Serum  

Institute of 
Medical & 
Veterinary 
Science 

GTSF0100 

Guanidium Thiocyanate    
Hank’s Buffered Saline 
Solution HBSS GibcoBRL 24020-117 

HotStar Taq  5 U/ μl
MgCl2 25 mM Qiagen  

Hydrochloric Acid HCl   
Hydrogen Peroxide H2O2 BioLab  
HyperLadder IV  Astral Scientific BIO-33030 
anti-Insulin-like Growth 
Factor-I α-IGF-I Santa Cruz sc-7144 

Mouse monoclonal α-
IGF-I  Upstate  

anti-Insulin-like Growth 
Factor-I Receptor alpha α-IGF-IRα Santa Cruz sc-712 

Chicken polyclonal α-
IGF-IRα α-IGF-IRα Upstate  

Insulin-like growth factor-
I IGF-I GibcoBRL 13245-063 

Insulin Transferrin & 
Selenium supplement ITS GibcoBRL, 

Invitrogen  

Isopropanol (CH3)2CHOH 60.10 Banskia 
Scientific  

Lithium Chloride LiCl   
MessageAmpTM aRNA 
Kit  Ambion 1750 

Microcon®-PCR 
Centrifugal Filter Devices   Milipore UFC7 PCR 

50 
Milk, dried, non-fat  Dutch Jug  

3-[N-Morpholino] 
propanesulfonic acid 

MOPS, 
C7H15NO4S 
 

209.30  M-1254 

TRITC-conjugated 
Rabbit-anti-Goat IgG  Sigma T7028 

AlexaFluor® 594 goat 
anti-Mouse IgM  Molecular 

Probes A-21044 

AlexaFluor® 568 goat 
anti-Mouse IgG  Molecular 

Probes A-11004 

AlexaFluor® 488 goat 
anti-Mouse IgG  Molecular 

Probes A-11001 

Goat-anti-Mouse IgG  BioRad  
Neurotrophin-3  NT3 GibcoBRL  
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Oligo (dT)12-18 Primer  0.5 U/μl Invitrogen 18418-012 
Oligo d(T15) Primer  Roche 814 270 
E@sy OligoTM oligo (dT) 
primers   Genset Oligos  

Mouse monoclonal anti-
p75  Santa Cruz  

TissueTek® O.C.T. 
Embedding Medium  Sakura 

FineTek  

Parabenzoquinone C6H4O2 Merck 802410 
Paraformaldehyde (CH2O)n Sigma-Aldrich P-6148 
Penicllin-Streptomycin  Invitrogen 15140-122 

Phenol, Saturated C6H6O 94.11
ICN 
Biomedicals 
Inc. 

802516 

Poly(dA)  Amersham 
Pharmacia 27-7836 

Poly-L-lysine  Sigma P-6282 
PPHT Hydrochloride C21H27NO·HCl 345.90 Sigma-RBI N-0434 
QIAquick® Gel Extraction 
Kit  Qiagen 28704 

AlexaFluor® 594 goat 
anti-Rabbit IgG  Molecular 

Probes A-11012 

Normal Rabbit Serum    
Random Hexamer 
Primers  Promega C1181 

Ribonuclease H RNase H 2 U/μl Invitrogen 18021-071 
RNAlaterTM  Ambion 7020 
RNase-Free DNase Set  Qiagen 79254 
RNase OutTM  40 U/μl Invitrogen 10777-019 
RNeasy®  Midi RNA 
Extraction Kit  Qiagen 75142 

Sarkosyl    

Sodium Acetate CH3COONa·3H
2O 136.08 Chem-Supply SA105 

Sodium Bicarbonate NaHCO3 84.01 Sigma-Aldrich S-5761 

Sodium Citrate C6H5Na2O7·2H2
O 294.10 Sigma S-4641 

Sodium Chloride NaCl 58.44 Sigma-Aldrich S-7653 
Sodium Hydroxide NaOH 40.00 Merck  
Sodium Phosphate 
dibasic Na2HPO4 141.96 Chem-Supply SA026 

Sodium Phosphate 
monobasic NaH2PO4·2H2O 156.01 Chem-Supply SA328 

Superscript III RNase H-  
Reverse Transcriptase 
Kit 

 200 U/μl 
DTT 0.5 μg/μl Invitrogen 18080-044 

SYBR® Green PCR Kit  Qiagen 204143 
Taq DNA polymerase kit  Invitrogen 10342-020 

Transforming Growth 
Factor-beta TGF-β2 

Monarch 
Medical 
Supplies 

PHG9114 

Tris  121.10 Invitrogen 15504-020 
Triton X-100  Sigma-Aldrich T-8787 

Trypsin-EDTA  0.25%,
1mM Invitrogen 25200-056 

Tyramide Signal 
Amplification Kit  

NEN™ Life 
Science 
Products 

NEL701A 

Unversal Human 
Reference RNA   Stratagene 740000 
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QIAquick® PCR 
purification kit  Qiagen 28104 

T8 Ultra-Turrax® 
disperser  IKA® Works 8002000 

Nunclon™ Triple Flask  500 cm2 Nunc 132913 
 
 


