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Abstract 

 

Cytogenetic analysis of melanoma and non-melanoma skin cancers has revealed recurrent 

aberrations, the frequency of which is reflective of malignant potential. Highly aberrant 

karyotypes are seen in melanoma, squamous cell carcinoma, solar keratosis and Merkel cell 

carcinoma with more stable karyotypes seen in basal cell carcinoma, keratoacanthoma, Bowen’s 

disease, dermatofibrosarcoma protuberans and cutaneous lymphomas. Some aberrations were 

common amongst a number of skin cancer types including rearrangements and numerical 

abnormalities of chromosome 1, -3p, +3q, partial or entire trisomy 6, trisomy 7, +8q, -9p, +9q, 

partial or entire loss of chromosome 10, -17p, +17q and partial or entire gain of chromosome 20. 

Combination of cytogenetic analysis with other molecular genetic techniques has enabled the 

identification of not only aberrant chromosomal regions, but also the genes that contribute to a 

malignant phenotype. This review provides a comprehensive summary of the pertinent 

cytogenetic aberrations associated with a variety of melanoma and non-melanoma skin cancers. 

 

 

Abbreviations: BCC, basal cell carcinoma; BD, Bowen’s disease; CBCL, cutaneous B-cell 

lymphoma; CGH, comparative genomic hybridization; CMM, cutaneous malignant melanoma; 

CTCL, cutaneous T-cell lymphoma; DFSP, dermatofibrosarcoma protuberans; FISH, 

fluorescence in situ hybridization; FL, follicular lymphoma; KA, keratoacanthoma; LOH, loss of 

heterozygosity; MCC, Merkel cell carcinoma; MF, mycosis fungoides; NMSC, non-melanoma 

skin cancer; SCC, squamous cell carcinoma; SK, solar keratosis; SS, Sezary syndrome; UV, 

ultraviolet 



Introduction 

 

Skin cancer represents an accumulation of genetic abnormalities, inherent and/or sporadic, that 

alter the cells in such a way that normal function is impaired and a tumor arises. Malignant 

melanoma originates from aberrant melanocytes located in the basal (innermost) layer of the 

epidermis, whereas non-melanoma skin cancer (NMSC) is due to abnormalities of other cell 

types. The two most common forms of NMSC are basal cell carcinoma (BCC) and squamous 

cell carcinoma (SCC), arising from keratinocytes in the basal and squamous (2nd innermost) 

layers, respectively. 1 Other NMSCs include those developing from keratinocytes: solar keratosis 

(SK), SCC in situ (Bowen’s disease; BD), and keratoacanthoma (KA); 2 and those arising from 

other cells within the skin or associated with the skin, such as: eccrine carcinomas, apocrine and 

sebaceous gland carcinomas, Kaposi sarcoma, liposarcoma, malignant fibrous histiocytoma, 

cutaneous lymphoma, Merkel cell carcinoma (MCC), extramammary Paget’s disease, 

leiomyosarcoma, epithelioid sarcoma, malignant schwannoma, malignant granular cell tumor 

and dermatofibrosarcoma protuberans (DFSP). 2 

 

Although the development of both melanocytic and non-melanocytic skin cancers is strongly 

reliant upon genetic factors, such as skin type, familial incidence (including inherited disorders), 

race and gender, it is also heavily influenced by environmental factors, most specifically 

ultraviolet (UV) radiation. 3, 4 UV radiation is known to induce DNA point mutations and small 

deletions. 5, 6 Also, Emri and colleagues detected the formation of micronuclei, cytogenetic 

indicators of chromosomal damage, in melanocytes and fibroblasts exposed to UVB radiation 



and to a lesser extent in fibroblasts exposed to UVA radiation. 7 This study indicated that at 

physiological doses of UV radiation, gross chromosomal aberrations can be induced. 7 

 

Cytogenetic analysis is a powerful tool used in the identification of chromosomal aberrations 

with applications ranging from identification of pre-natal birth defects to detection and 

prognostic evaluation of diseases associated with sporadic or inherent karyotypic abnormalities. 

A wide variety of karyotypic abnormalities are associated with diseases, including changes in 

karyotypic number, size and structure. In particular, cytogenetic analysis has given invaluable 

insight into abnormalities associated with hematological malignancies and solid tumors. An 

important consideration in cytogenetic analysis of solid tumors is clonal derivation as tumors 

may be of monoclonal (tumors evolve from changes in a single cell) or polyclonal (tumors 

evolve from multiple cells, each with distinct mutations) origin. Thus, cytogenetic reports often 

refer to changes associated with different clonal populations and also to random mutations, 

which are not clonal changes. Particularly relevant to skin cancers is field cancerization, a 

process where a large epithelial area may have undergone pre-neoplastic change after prolonged 

mutagenic exposure resulting in multiple independent tumor foci. 8 As such, there is an increased 

risk of additional tumor development after the emergence of a tumor and consequently these 

tumors, although distinct entities, may share similar cytogenetic abnormalities. 8  

 

Aneuploidy, or abnormal DNA content, is a consequence of defects in the mitotic checkpoint and 

is the most common characteristic of solid tumors. 9 In fact, the frequency of aneuploidy in 

tumors suggests that it either contributes to or drives tumorigenesis, as well as indicating 

malignant potential. 9, 10 Aneuploidy is typically detected by flow cytometry or image analysis, 



with these techniques showing high concordance (>90%) and comparisons with cytogenetic 

analysis also showing high concordance (>80%). 11, 12 DNA aneuploidy and tetraploidy in cancer 

cells has been associated with poor prognosis, advanced staging and poor histologic 

differentiation in a variety of solid tumors. 13, 14 

 

Direct analysis of tumor karyotypes allows the detection of various structural and copy number 

changes that may be a cause or consequence of tumorigenesis. Analyses of hematological 

malignancies have shown non-random, recurrent karyotypic abnormalities that are often highly 

specific to one or more cancer types. 15 In particular, the Philadelphia chromosome, arising from 

a reciprocal translocation, t(9;22)(q34;q11.2), was the first consistent abnormality identified in 

human cancer and some believe that it should be the defining characteristic of chronic myeloid 

leukemia. 15 The analysis of solid tumors has been more problematic due to the culture of cells, 

which may lead to differential cell type selection, subclone selection and cell bias. 16-18 Studies of 

NMSC cultures have shown fibroblastic rather than the expected epithelial growth pattern, 

potentially indicating preferential growth of contaminating stromal fibroblasts. 16 Analysis of 

eight cell lines derived from malignant melanoma demonstrated selection of a subclone and 

subsequent emergence of its own subclones in each of the lines such that no long-term culture 

was identical to its line of origin. 17 Additionally, cell culture can be biased toward selection of 

tumor cells that have a high mitotic index, therefore the culture may not represent the entire 

tumor specimen. 18 Each of these studies demonstrate inadequacy in some cytogenetic analyses 

of solid tumors, including skin cancers. As such, caution is warranted in the interpretation of 

results in studies involving cell culture of skin tumors, particularly long-term culture.  

 



Comparative genomic hybridization (CGH) and fluorescence in situ hybridization (FISH) are 

fluorescence based molecular tools used for the detection of molecular aberrations. CGH 

involves hybridization of differentially labeled tumor and reference DNA to normal metaphase 

spreads to globally screen for gross (>20mb) copy number aberrations. 19 Imbalances are 

detected by changes in fluorescence values of the tumor DNA relative to the reference DNA and 

as such, it does not require the interpretation of complex tumor karyotypes or prior knowledge of 

aberrations for probe design. 19, 20 Although CGH only reveals relatively large numerical or 

unbalanced aberrations, it identifies previously unknown DNA copy number changes of regions 

that may harbor tumor suppressor genes or oncogenes associated with cancer development. FISH 

also allows the identification of copy number changes, both large (up to whole chromosomes) 

and small (as low as 1-200kb), as well as detecting translocations and inversions that are difficult 

to determine using standard karyotyping techniques 20-22. As probes designed for FISH analysis 

are of a known, specific sequence, they can be hybridized to cells in interphase, making FISH a 

useful technique in the identification of aberrations in archival material such as frozen or paraffin 

embedded samples. 20 

 

Each technique used for cytogenetic analysis has both advantages and disadvantages, however a 

combination of these cytogenetic techniques in addition to other molecular genetic techniques 

can provide a comprehensive overview of abnormalities that drive tumorigenesis and may even 

predict outcome of the disease. Although not strictly a cytogenetic technique, loss of 

heterozygosity (LOH) is often used in conjunction with cytogenetic analysis to confirm loss of 

regions or genes involved in tumorigenesis. Using highly polymorphic markers, or specific 

genes, a comparison of alleles from normal and tumor DNA of an individual is made; a loss of 



an allele in the tumor tissue identifies or confirms a deleted chromosomal region. 23 These 

regions of genetic loss may harbor one or more putative tumor suppressor genes pivotal in cancer 

development. Also, gene expression analysis can be useful in determining if aberrant regions 

correlate to transcriptional activity. Using cDNA microarrays, overexpression of several genes 

has been found to correlate with breakpoint or amplified regions, 24, 25 although others suggest 

this rate of association is quite low (3.8%). 26 The aim of this review is to present a 

comprehensive summary of cytogenetic and associated abnormalities involved in melanocytic 

and non-melanocytic skin cancer development. 

 



Melanocytic derived skin cancers and their precursors 

 

Malignant melanoma is the most fatal of the skin cancers, arising from the malignant 

transformation of cells (melanocytes) found within the basal layer of the epidermis. 27, 28 Lifetime 

risk for melanoma has been estimated at 2.04% for men and 1.45% for women in the US, with 

rates as high as 8.33% and 5.88% in Queensland, Australia for men and women, respectively. 28, 

29 Melanoma can be classified into two major groups based on location of the lesion; cutaneous 

(skin; CMM) and uveal (eye), both of which have numerous chromosomal abnormalities. 4 

Melanoma stages I-IV are typically defined by level of invasion (Clark microstaging levels I-V) 

and tumor thickness (Breslow microstaging). 30-32 Melanoma stages I and II refer to primary 

lesions yet to metastasize, stage III refers to lesions that have invaded the regional lymph nodes 

and stage IV refers to lesions that have metastasized to distant sites. 30 Dysplastic nevi are 

considered a precursor to CMM and although most are biologically stable, their presence has 

been associated with 100% of familial and 60% of sporadic CMM cases. 33 

 

In a study of 34 nevi and 53 melanoma, aneuploidy was observed in 2.94% of nevi, 0% of level 

I-III melanoma, 34.48% of level IV melanoma and 100% of level V melanoma (Clark 

microstaging)and was associated lesion thickness (0% in lesions <0.76 and 83% in lesions 

>3.0mm). 34 Additionally, in a follow-up examination of a sub-group of patients 90% of 

aneuploid tumors showed recurrence, whereas only 17.39% of diploid tumors recurred; of the 

15.09% of tumors that regressed during the study, all were diploid. 34 A study by Kheir and 

colleagues retrospectively examined 177 stage I cutaneous melanomas, including those in the 

previously mentioned study, and found aneuploidy to be highly predictive of both recurrence and 



shorter disease-free survival. 35 Aneuploidy (as opposed to diploidy) was associated with 

increased thickness (8% of tumors <1.5mm; 39% of tumors ≥3.0mm), Clark’s level (11% of 

tumors level I, II or III; 31% of tumors level IV or V), ulceration (11% in ulcerated tumors; 35% 

in non-ulcerated tumors), vertical growth (0% of tumors with no growth; 26% of tumors with 

vertical growth), cell type (17% of epithelioid tumors; 30% of other tumors) and location (12% 

of tumors of head, neck and trunk; 32% of tumors at extremities). 35  

 

Many studies have investigated karyotypic abnormalities associated with CMM and a recent 

comprehensive review of all previously published karyotypes outlined the identified recurrent 

aberrations. 4 Höglund and colleagues used the Mitelman Database of Chromosome Aberrations 

in Cancer 36 to identify recurrent imbalances, including deletions, additions, isochrome formation 

and somy changes associated with 92 cases of cutaneous melanoma. 4 The most common 

aberrations detected were -10 (59%), -6q10-q27 (42%), -9p10-p24, -21 (37%), +7, -16 (36%), -

14, +1q24-q44, -4, -15 (33%), -5 (32%), -1p10-p36, -11q23-q25 (28%), -12q13-q24, +20 (27%), 

-17p, +18 (26%), -8p10-p23, +8q10-q24 (25%), -3 (24%), -22, -X (23%), +6p21-p25, -18 (22%), 

+3 (18%), -19 (17%), +9q22-q34 (15%), +19 (14%), +13, +17q10-q25 (12%), +2, +15, +21 and 

+22 (11%). 4 Two major karyotypic pathways were detected; the first involved +6p, -6q and 

possibly -16 as early cytogenetic changes and the second involved -3 and either +8q or -8p as 

early changes. 4 In addition to these imbalances, balanced translocations involving regions on 1q, 

6q, 14q and 19p have been identified in a smaller percentage of cases. 36 

 

Some studies have investigated cytogenetic changes associated with dysplastic nevi, a precursor 

lesion to melanoma. One of these studies found loss of chromosome 9 in 2 of 4 dysplastic nevi, 



suggesting this may be a primary event in the transformation of melanocytes. 37 Another study 

investigating three nevi from a single patient with a family history of melanoma found simple 

translocations in each of the nevi, including one with a 6q13 breakpoint (t(6;15)(q13;q21)), a 

region implicated in CMM. 36, 38 An investigation of eight benign nevi also revealed single 

occurrences of reciprocal translocations involving t(6;15), t(10;15), t(15;20) and t(4;5). 39 This 

demonstrates that even in benign lesions, chromosomal instability may have already begun and 

could potentially signify lesions that undergo malignant transformation. 

 

Bastian, et al, analyzed 132 melanomas and 54 benign nevi by CGH and found that although 

96.2% of melanomas exhibited copy number aberrations, only 13% of the nevi displayed 

aberrations. 40 Specifically, of the seven nevi that exhibited aberration, six of these showed a gain 

of the entire 11p arm, which was not found in any of the melanomas. 40 In the melanomas 

studied, regions of recurrent gain included 6p (37%), 1q (33%), 7p, 7q (32%), 8q (25%), 17q 

(24%) and 20q (22%), with regions of recurrent loss including 9p (64%), 9q, 10q (36%), 10p 

(30%), 6q (26%) and 11q (21%). 40 An earlier study on a smaller number of melanomas (16) also 

included analysis of metastatic tumors (12) and found similar aberrations as those listed above 

for both lesions. Additionally, gains of 5p, 5q21-q23, 10p and 18q and losses of 2p21-pter, 

11q13-q23, 12q24.1-qter, 19q13.1-qter and 22qter were detected in metastatic lesions but not in 

primary lesions and losses involving 9p and 17 occurred at a higher frequency in metastatic 

tumors. 41 Specifically, investigation of primary and metastatic lesions excised from the same 

patient (4 patients) showed additional aberrations associated with metastases, although none 

were determined to be recurrent. 41 

 



FISH analysis of melanoma has verified aberrations of: extra copies (89%) and translocations 

(25%) of chromosome 20 (whole chromosome painting); 42 extra cyclin D copies in primary 

(47%) and metastatic (35%) lesions; 43 higher rates of trisomy seven in metastatic lesions (25%) 

compared to primary lesions (8%); 44 extra copies of c-myc in nodular (61%) and superficial 

spreading (27%) melanomas; 45 and copy number gains of 7 (40.9%), 6, 17 (27%), 9 and 10 

(23%) as well as monosomies of 10 (55%), 9 (37%), 6 (27%), 17 (23%), 1 and 7 (18%) in 

malignant melanoma (14 primary and 8 metastatic). 46 LOH has been detected for at least one 

locus at 9p22 (31%), 10q11 (31%) and 1p36 (15%) in early stage CMM (13 cases), 47 and further 

analysis comparing benign and dysplastic nevi to CMM have shown higher frequency of 1p and 

9p LOH in CMM (29% and 50% at most frequently lost loci) compared to dysplastic nevi (12% 

and 27% at corresponding loci) with complete absence of LOH in benign nevi. 48 Figure 1 

summarizes recurrent aberrations (>10%) detected in CMM samples using a combination of 

karyotypic analysis, CGH and LOH studies. 



Figure 1: Summary of recurrent genomic aberrations in cutaneous malignant melanoma. 
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Keratinocytic derived skin cancers and their precursors 
 

Basal cell carcinomas are the most common form of NMSC, with an estimated lifetime risk 

between 28% and 33%. 49 Although they are locally invasive and highly destructive, BCCs rarely 

metastasize with an estimated metastatic potential of 0.0028-0.55%. 50 Squamous cell carcinoma 

is the second most common form of non-melanoma skin cancer and also the most metastatic, 

accounting for about 20% of all cutaneous malignancies with a lifetime risk estimated at 7-11%. 

51, 52 The metastatic potential of SCC is highly variable from as low as 3.6% to 30% depending 

on the site and etiology of the lesion. 53 Solar keratosis (SK) is a lesion commonly described as a 

biomarker for both melanoma and non-melanoma skin cancer, with prevalence ranging from 

11% to as high as 80%. 54, 55 They are known to undergo progression to SCC (0.1-10%) and it 

has been proposed that all SCC are derived from SK, implicating these lesions as the first 

recognizable stage of NMSC. 54, 56, 57 Additionally, up to 25% of lesions spontaneously regress. 55 

SCC in situ, commonly known as Bowen’s disease, is a lesion that infrequently progresses to 

SCC (about 2-5%) and has limited metastatic ability. 58, 59 Keratoacanthoma (KA) is arguably 

classified as either a distinct lesion or a subtype of SCC, with  typical solitary lesions displaying 

a typical pattern of growth, maturation and spontaneous regression. 53 As SCC is considered to 

be the most aggressive form of NMSC, it might be expected that they exhibit a large degree of 

chromosomal instability. In turn, precursors of SCC or less aggressive forms of skin cancer such 

as SK, BD and KA and also BCC, would likely show less severe instability. 

 

The incidence of DNA aneuploidy in BCC is fairly low (9-40%), which is indicative of its 

stability. 13, 60, 61 (remove 63) However, variability in aneuploidy rates has been seen in specific 

subgroups with rates of 80% for keratotic, 58% for metatypical, 24% for adenoid and 12% for 



solid and cystic forms. 62 Aneuploidy rates are estimated to be higher in SCC (25-80%), 

concurring with the malignant spectrum. 13, 61, 63 A study by Pilch and colleagues also detected 

differences between well (46%) and moderately (75%) differentiated SCC. 63 Aneuploidy rates 

for SK, BD, and KA have been estimated at 69%, 89-92% and 4%, respectively. 63-65 Aneuploidy 

rates for SCC in situ (89-92%) are higher than those reported for both cutaneous SCC and SK, 

and as such Kawara and colleagues have suggested that DNA aneuploidy may not be a good 

prognostic marker of cutaneous SCC. 64, 65 However, aside from these discrepancies in BD data, 

aneuploidy rates in tumors appears to be indicative of malignant potential with rates for SCC 

similar to or higher than its precursor lesion, SK, and also higher than rates for most forms of 

BCC.  

 

A number of recurrent numerical and structural alterations have been detected in BCC, although 

much of this has been done in short-term cultures, which allows for contamination of other cell 

types, subclone selection and cell bias. Using a chemically defined media for selection of 

epithelial cells, Jin and colleagues investigated 69 new and previously published short-term (5-

10 days) BCC cultures and identified numerical aberrations of +18 (30%), +7, +X (17%) and +9 

(14%) as well as rearrangements of 9q (24%) and breakpoints involving 1p32, 1p22, 1q11, 1q21, 

4q21and 4q31 (10%). 66, 67 Less frequent breakpoints were also detected. Most of the cultures 

investigated had simple aberrant karyotypes consisting of only 1 to 3 aberrations, suggesting that 

these tumors are still relatively genetically stable compared to most other tumor types. 66, 67 

Casalone and colleagues studied both direct preparations (24 hours; 73 samples) and short-term 

(10-28 days) cultures and showed inconsistencies in the aberrations detected in each of the 

techniques. 68 In direct preparations, the most recurrent and non-random change observed was +6 



(in a small number of cases). 68 Confirmatory FISH analysis detected +6 in a further 8 (of 21) 

cases where trisomy six was not observed cytogenetically, although this aberration was not 

detected in any of the short-term cultures. 68 Similar to data found by Jin et al, a number of other 

studies have identified structural abnormalities, such as translocations and inversions involving 

9q as a common event in BCCs. 16, 69, 70 

 

CGH analysis has also confirmed that there is a reasonable degree of genomic stability 

associated with BCC, finding that loss of genetic material is generally confined to 9q (33%), a 

region implicated in karyotypic analysis. 71 This loss was verified by LOH analysis, further 

defining the region to 9q22.3 in 53% of cases. 71 Regions of recurrent genetic gain were also 

detected using CGH analysis at 6p (47%), 6q, 9p (20%), 7 and X (13%). 71 The gain of 6p is also 

consistent with karyotypic and FISH analysis, which have identified trisomy six as a frequent 

aberration associated with BCC. 68 LOH studies in a Greek population have demonstrated losses 

of 9p21-p22 (55%), 17q21 (34%), and 17p13 (11%). 72 Quinn, et al, investigated LOH of BCC 

using a panel of microsatellite markers, finding loss at 9q (60%) and 1q (14%). 73 Other studies 

have also verified LOH at 9q22 in 46-60% of cases. 74, 75 A summary of recurrent aberrations 

(>10%) detected in BCC samples by karyotypic analysis, CGH and LOH can be seen in Figure 2. 



Figure 2: Summary of recurrent genomic aberrations in basal cell carcinoma. 
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In a study of short-term cultures of 13 primary cutaneous SCC and review of 10 previously 

published cases, Jin and colleagues detected recurrent numerical gains of +7p (32%) and +8q 

(27%), and losses of -21 (41%), -8p (36%), -4p, -11p, -Y (32%), -13, -18q (27%), -10p, -X 

(23%) and -9p (18%). 8 They also detected various anomalies in the form of isochromes: i(1p10), 

i(1q10), i(5p10), i(8q10), i(9p10), i(9q10), (all <20%); with i(8q) and i(9q) believed to be early 

genetic events. 8 Casalone, et al, examined direct preparations of three primary cutaneous SCC 

finding aberrations that had not been previously considered recurrent in short-term cultures; 

these included -1, +6, +8, +9, +11, -14, +16 and +21. 68 However, as only three SCCs were 

investigated, these regions cannot be classified as recurrent. Most other cytogenetic studies have 

examined only small numbers of cultured SCCs or examined SCCs from Xeroderma 

Pigmentosum patients and have not revealed any new information. Available cytogenetic data on 

other keratinocytic tumors is somewhat limited. Short-term culture of three SKs and two cases of 

SK with SCC in situ has identified numerical changes of +7 and +20 (40%) and structural 

rearrangements involving chromosomes 1 (100%) and 4 (75%), however these numbers are too 

low to be considered informative. 76 Heim, et al, investigated short-term cultures from a single 

SCC in situ and although early passages revealed various aberrant clones, passages 7-11 were 

dominated by a single clone with a sole anomaly of t(12;17)(p13;q21). 77 Analysis of KA in two 

studies (1 lesion each) has identified 2p13 alterations in both lesions, although the type of 

aberration was different in the two lesions; no other anomalies were shared. 78, 79  

 

Early CGH studies have investigated single cases of SCC and their related recurrences and 

metastases and although they found many copy number aberrations, including anomalies unique 

to metastatic lesions, recurrent aberrations could not be defined. Our laboratory has investigated 



SCCs and SKs finding a similar pattern of aberrations in the two lesions, supporting their close 

relationship. Aberrations in SCC included gains of 3q (47%), 17q (40%), 14q, Xq (33%), 4p, 8q 

(27%), 1q, 5p, 7q, 9q, 10q and 20q (20%), and losses at 3p (53%), 18q (47%), 17p (33%), 4q 

(27%), 5q, 8p, 11p, 13q and 18p (20%). 80 For SK, gains were seen at 3q, 4p, 17q (33%), 5p, 9q 

and 17p (25%) and losses at 9p, 13q (53%), 3p, 4q, 11p and 17p (25%). 80 The loss of 18q in 

47% of SCCs was specific to this lesion (P = 0.04) and could likely harbor one or more genes 

that contribute to malignant progression. 80 Clausen and colleagues performed initial CGH 

analysis on KA lesions, mostly from immunosuppressed organ transplant recipients, and found 

copy number aberrations in 36% of KAs. Recurrent gains were detected at 8q (20%), 1p and 9q 

(16%) with losses at 3p, 9p, 19p (20%), and 19q (16%). 81 Their second study examined 

differences between KA and SCC and found gains of 1p, 14q, 16q, 20q and losses of 4p were 

significantly more frequent in SCC (P values ≤0.03), whereas a loss of 9p was significantly more 

frequent in KA (P = 0.04), supporting the theory that SCC and KA are distinct forms of NMSC. 

82 CGH studies suggest that both SKs and SCCs are more genetically unstable than BCCs and 

KAs, showing a significantly higher number of aberrations indicative of a higher malignant 

potential. 

 

Frequent LOH has been observed in SCC (including BD lesions) at 17q (43%), 13q (38%), 17p 

(34%),  9p (32%), 3p (26%) and 2q (20%). 73 A higher frequency of LOH has been observed in 

SK compared to SCC, with losses detected at 17p (64%), 13q (52%), 17q (46%), 9p (39%), 9q 

(22%) and 3p (31%), a pattern similar to that seen in SCC. 83 Individual analysis of a small 

number of BD has also revealed recurrent loss of TP53 in a Korean population (27%). 84 Also, 

LOH of the region encoding CDKN2A occurs in 21% of SK and 46% of SCC, indicating a 



possible role for CDKN2A inactivation in progression towards SCC. 85 LOH is rare in KA, with 

isolated losses detected at 9p, 9q, and 10q. 86 This low frequency of LOH further supports the 

theory that KA is a distinct lesion rather than a subtype of SCC. Figure 3 presents a summary of 

recurrent aberrations (>10%) detected in SCC samples by karyotypic analysis, CGH and LOH. 



Figure 3: Summary of recurrent genomic aberrations in squamous cell carcinoma. 
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Rare cancers of the skin 

 

In addition to the most common forms of skin cancer, a number of rare benign and malignant 

lesions exist that arise from cells within the skin or are associated with tumor formation in the 

skin. Merkel cell carcinoma is a rare aggressive skin cancer arising from the neuroendocrine 

system. 87 Dermatofibrosarcoma protuberans is a rare cutaneous disease arising from spindle 

cells with a histology that may be fibroblastic, histiocytic or neural in origin.88 Cutaneous T-cell 

lymphoma (CTCL) and cutaneous B-cell lymphoma (CBCL) arise from the lymphatic system. 

Subtypes include mycosis fungoides (MF) and Sezary syndrome (SS) for CTCL; and follicular 

lymphoma (FL), marginal zone B-cell lymphoma and large B-cell lymphoma for CBCL. 89, 90 

 

Even though these tumors are rare, a considerable amount of cytogenetic analysis has been 

performed on many of them. Table 1 summarizes some of the more pertinent studies that have 

been performed on these cutaneous lesions. Although other cytogenetic based analyses have 

been performed on additional rare skin tumors, Table 1 is generally limited to select tumors that 

have been investigated in multiple studies. 

 



Table 1: Common chromosomal aberrations associated with rare tumors of the skin. 

Tumor Major Findings Number of cases 
Karyotype: rearrangement of 1, -13 (67%), +11, -22 (33%) 91 6 cases 
CGH: +19q (63%), +19p (50%), +1p (54%), -3p (46%), +1q, +X 
(42%), +5p, +8q (38%), -10, +3q, -13q (33%), +20p (29%), +7p, -
17p, +20q (25%), -5q, +6q, +7q, -8p, +13q, +18q (21%), -11q, 
+21 (17%); the average number of imbalances differed in patients 
surviving >24 months (6.6) and <24 months (11.2) 87 

34 cases (24 
patients) 

CGH: +6 (42%), +1q11-q31, +5p (32%), +1q32-qter (26%), 
+1p33-pter, +12, -13q13-q31 (21%), -4q (16%) 92 

19 cases 

LOH: deletion of 10q23 (43%); unlikely involvement of PTEN 93 18 informative 
cases 

MCC 

LOH: deletion of 1p35-36 (70%) 94 10 cases 
Karyotype/FISH: t(17;22)(q22;q13), which fuses COL1A1 and 
PDGFB; often involves formation of ring chromosomes including 
sequences from these chromosomes (≈ 70%) 88 

Review of 
published cases 

CGH: +17q21-qter (100%), +22pter-q13 (82%), +5 (27%) 95  
CGH: +17q22-qter (83%), +22q13 (75%), 8q24.1-qter (25%) 96 

11 cases; 12 cases 

CGH: +17q21-qter (100%), +22pter-q13 (70%), +5 (40%), +1 
(40%), +12p, +12q23-qter, +21 (30%), +8, +20, -X (20%) 95 

10 cases 
(fibrosarcomatous 
transformation) 

DFSP 

Array CGH (pooled analysis): +8q24.3, +17q21.33-qter, +22cen-
q13.1 (recurrent) 88 

10 cases  

Karyotype (SS subtype): structural aberrations affecting 10, 17 
(28%), 1p (22%), 6q, 14q (17%)  
CGH: -1p (38%), -17p (21%), +4/4q (18%), -10q/10, +18, -19 
(15%), +17q/17 (12%)  
FISH (SS subtype): rearrangements of 1p, 17p (33%), 10 (27%) 97 

18 cases (SS 
subtype); 16 cases 
(MF subtype) 

CTCL 

LOH (SS subtype): deletion of 9p (46%), 17p (42%), 10q, 2p 
(14%)  
LOH (MF subtype): deletion of 9p (16%), 10q (12%), 1p, 17p 
(10%) 89 

15 cases (SS 
subtype); 51 cases 
(MF subtype) 

FISH: translocations involving IGH (52%), BCL2 (41%) and 
BCL6 (7%) 98  

27 cases (FL 
subtype) 

FISH: translocations involving IGH (50%), MYC (43%), BCL6 
(36%) 99 

14 cases (large B-
cell subtype) 

CBCL 

CGH (secondary large CBCL, 5 cases): -17p (60%) 
CGH (primary large CBCL, 9 cases): +2q, +7q, +12, +13, -17p, 
+18, -19 
CGH (FL subtype): +3q, +4, +7q 100 

14 cases (large B-
cell subtype); 4 
cases (FL 
subtype) 

 



Implications of Cytogenetic Findings 

 

Cytogenetic analysis is an extremely powerful tool to aid in the detection of 

chromosomal abnormalities involved in neoplastic development, and when combined 

with other molecular techniques, putative genes related to the progression and often 

outcome of cancer can be identified. Skin cancer results from the accumulation of genetic 

aberrations that arise within cells of the skin. Malignant melanoma is a particularly 

aggressive form of skin cancer with high probability of metastasis, whereas non-

melanoma skin cancer is typically less aggressive, although it does show a wide spectrum 

of clinical outcomes. Additionally, rare skin cancers display a range of clinical behaviors. 

As genomic instability is a hallmark of cancer aggressiveness, cytogenetic analysis of 

skin cancer has proven invaluable in detecting changes associated with malignancy and 

on occasion can be predictive of clinical outcome. 

 

Analysis of aneuploidy in skin cancer is a simple method to detect abnormal 

chromosomal content. In CMM aneuploidy rates can be up to 100% in advanced disease 

and associations have been made with various adverse clinical parameters, including 

advanced disease indicators, disease recurrence and shorter disease-free survival. 

Aneuploidy rates are fairly low in BCC, higher for SK and even higher for SCC, 

indicating increased rates with malignant potential. Supporting this is an exceptionally 

low aneuploidy rate for KA, which are well known for their regression. However, 

aneuploidy rates for BD are typically very high, which is not reflective of their low 

metastatic potential. Aside from this exception, aneuploidy in skin cancer appears to 



associate with malignant potential. Additionally, highly aberrant karyotypes were 

associated with CMM, SCC, SK and MCC, each of these exhibiting more aggressive 

biologic behaviors. 

 

There were a number of aberrations that were very common amongst the different forms 

of skin cancer, including: rearrangements and numerical abnormalities of 1 (CMM, BCC, 

SCC, SK, KA, MCC, DFSP, CTCL); -3p (SCC, SK, KA, MCC); +3q (SCC, SK, MCC, 

CBCL); trisomy of all or part of 6 (CMM, BCC, SCC, MCC); trisomy 7 (CMM, BCC, 

SCC, SK, MCC and 7q of CBCL); +8q (CMM, SCC, KA, MCC, DFSP); -9p (dysplastic 

nevi, CMM, BCC, SCC, SK, KA, CTLC); +9q (CMM, SCC, SK, KA); loss of part or all 

of 10 (CMM, SCC, MCC, CTCL); -17p (CMM, BCC, SCC, SK, BD, MCC, CTCL, 

CBCL); +17q (CMM, SCC, SK, DFSP); and gain of all or part of 20 (CMM, SCC, SK, 

MCC, DFSP). Certain aberrations were contradictory in some cancers, showing 

amplifications and deletions with similar frequencies in the same region. Such examples 

include chromosomes 9q, 15, 18, 19, 21 and 22 in melanoma and 4q and 9q in SK. Such 

regions could be indicative of genomic instability and may not represent aberrations 

associated with malignancy, or may contain both tumor suppressor genes and oncogenes 

related to tumor development and progression. Studies have shown that amplified regions 

contain genes that are both over- and under-expressed, thus gross chromosomal 

aberrations do not reflect all changes at the gene level. 26 

 

However, identification of commonly aberrant regions in skin cancer has led to the 

speculation and even identification of putative tumor suppressor genes and oncogenes 



involved in malignant progression. Of particular importance is loss of 9p, which occurs in 

various skin cancers with some studies implicating a higher rate of 9p21-p22 loss in more 

progressive stages of disease including metastatic melanoma versus CMM versus 

dysplastic nevi 41, 48 and SCC versus SK. 85 This region harbors the CDKN2A tumor 

suppressor gene, a known susceptibility gene for hereditary forms of melanoma, and it 

seems likely that loss of function of this gene is associated with malignant progression. 33, 

85 However, various studies have been unable to find mutations in CDKN2A associated 

with all cases of loss and some studies have even indicated that there are two additional 

regions of interest that harbor tumor suppressor genes. 28, 72 Other potential tumor 

suppressor genes and oncogenes include: FHIT (3p14.2), loss associated with MCC and 

lung cancer development; 87 LAZ3 and BCL6 (3q26-q27); 87 E2F3 (6p22.3), over-

expressed in retinoblastoma and bladder cancer; 101 GPNMB (7p15), over-expressed in 

melanoma; 25 CDK6 (7q21) and NRCAM (7q31), over-expressed I melanoma; 25 MYCC 

(8q24), amplified in lung cancer and over-expressed in uveal melanoma; 87 PTEN 

(10q23.3), loss of function mutations associated with Cowden disease, an autosomal 

dominant cancer-predisposition syndrome; 102 P53 (17p13), present in about half of all 

human cancers; 72 E2F1 (20q11), over-expressed in melanoma. 25 Additionally, many 

other tumor suppressor genes and oncogenes exist in these regions, and novel genes 

responsible for cancer development may yet to be discovered. 

 

Cytogenetic analysis has also implicated different regions in specific skin cancers, with 

some of the more pertinent aberrations following. Loss of 18q was found to be 

significantly higher in SCC compared to SK and may harbor genes responsible for 



transformation to a more malignant phenotype. 18q21 harbors a number of tumor 

suppressor genes, with Smad2 or Smad4 being likely candidates as they have been 

implicated in malignant progression in other diseases. 103, 104 Analysis has implicated 

9q22 in sporadic BCC development, a region which contains the PTCH tumor suppressor 

gene. PTCH functions to protect epithelial cells against a variety of genetic hits and had 

originally been identified in Gorlin’s syndrome, an autosomal dominant disorder 

associated with propensity for BCC development. 23, 71 Various cytogenetic techniques 

have now implicated the same region in sporadic BCC development. Translocation 

involving 17q22 and 22q13 is a hallmark of DFSP lesions, often involving the formation 

of supernumerary rings. This translocation creates a characteristic gene fusion between 

COL1A1 and PDGFB, resulting in aberrant expression of PDGFB. 88  

 

In summary, cytogenetic analysis of melanoma and non-melanoma skin cancer has 

revealed a number of recurrent abnormalities. It is interesting to note that a large number 

of aberrations are common amongst different skin cancers, although whether the genes 

associated with these abnormalities are common is yet to be determined. Because much 

of cytogenetic analysis focuses on large aberrations, implicated regions may not always 

be responsible for malignant progression but may be a result of the genomic instability 

associated with cancer development. However, it has become clear that a number of 

regions implicated by cytogenetic analysis harbor tumor suppressor genes and oncogenes 

involved in tumorigenesis. LOH, mutational and methylation studies may aid in the 

identification of putative cancer related genes and gene expression analysis can give 

direct evidence of transcriptional activity associated with implicated genes. A 



combination of cytogenetic analysis with other molecular techniques has implicated a 

number of chromosomal regions and associated genes in melanoma and non-melanoma 

skin cancer development and will continue to advance our knowledge in this area. 

 



References 

 

1. Albert MR, Weinstock MA. Keratinocyte carcinoma. CA Cancer J Clin. Sep-Oct 
2003;53(5):292-302. 

2. Weinstock MA. Epidemiology of nonmelanoma skin cancer: clinical issues, 
definitions, and classification. J Invest Dermatol. Jun 1994;102(6):4S-5S. 

3. Gloster HM, Jr., Brodland DG. The epidemiology of skin cancer. Dermatol Surg. 
Mar 1996;22(3):217-226. 

4. Hoglund M, Gisselsson D, Hansen GB, et al. Dissecting karyotypic patterns in 
malignant melanomas: temporal clustering of losses and gains in melanoma 
karyotypic evolution. Int J Cancer. Jan 1 2004;108(1):57-65. 

5. Sarasin A. The molecular pathways of ultraviolet-induced carcinogenesis. Mutat 
Res. Jul 16 1999;428(1-2):5-10. 

6. Matsumura Y, Ananthaswamy HN. Toxic effects of ultraviolet radiation on the 
skin. Toxicol Appl Pharmacol. Mar 15 2004;195(3):298-308. 

7. Emri G, Wenczl E, Van Erp P, et al. Low doses of UVB or UVA induce 
chromosomal aberrations in cultured human skin cells. J Invest Dermatol. Sep 
2000;115(3):435-440. 

8. Jin Y, Martins C, Jin C, et al. Nonrandom karyotypic features in squamous cell 
carcinomas of the skin. Genes Chromosomes Cancer. Dec 1999;26(4):295-303. 

9. Kops GJ, Weaver BA, Cleveland DW. On the road to cancer: aneuploidy and the 
mitotic checkpoint. Nat Rev Cancer. Oct 2005;5(10):773-785. 

10. Duesberg P, Rasnick D. Aneuploidy, the somatic mutation that makes cancer a 
species of its own. Cell Motil Cytoskeleton. Oct 2000;47(2):81-107. 

11. Klapperstuck T, Wohlrab W. DNA image cytometry on sections as compared 
with image cytometry on smears and flow cytometry in melanoma. Cytometry. 
Sep 1 1996;25(1):82-89. 

12. Rapi S, Caldini A, Fanelli A, et al. Flow cytometric measurement of DNA content 
in human solid tumors: a comparison with cytogenetics. Cytometry. Sep 15 
1996;26(3):192-197. 

13. Robinson JK, Rademaker AW, Goolsby C, Traczyk TN, Zoladz C. DNA ploidy 
in nonmelanoma skin cancer. Cancer. Jan 15 1996;77(2):284-291. 

14. Williams NN, Daly JM. Flow cytometry and prognostic implications in patients 
with solid tumors. Surg Gynecol Obstet. Sep 1990;171(3):257-266. 

15. Chen Z, Sandberg AA. Molecular cytogenetic aspects of hematological 
malignancies: clinical implications. Am J Med Genet. Oct 30 2002;115(3):130-
141. 

16. Mertens F, Heim S, Mandahl N, et al. Cytogenetic analysis of 33 basal cell 
carcinomas. Cancer Res. Feb 1 1991;51(3):954-957. 

17. Lotem M, Yehuda-Gafni O, Butnaryu E, Drize O, Peretz T, Abeliovich D. 
Cytogenetic analysis of melanoma cell lines: subclone selection in long-term 
melanoma cell cultures. Cancer Genet Cytogenet. Apr 15 2003;142(2):87-91. 

18. James L, Varley J. Advances in cytogenetic analysis of solid tumours. 
Chromosome Res. Nov 1996;4(7):479-485. 



19. Kallioniemi OP, Kallioniemi A, Piper J, et al. Optimizing comparative genomic 
hybridization for analysis of DNA sequence copy number changes in solid 
tumors. Genes Chromosomes Cancer. Aug 1994;10(4):231-243. 

20. Kallioniemi A, Visakorpi T, Karhu R, Pinkel D, Kallioniemi OP. Gene Copy 
Number Analysis by Fluorescence in Situ Hybridization and Comparative 
Genomic Hybridization. Methods. Feb 1996;9(1):113-121. 

21. Thompson CT, Gray JW. Cytogenetic profiling using fluorescence in situ 
hybridization (FISH) and comparative genomic hybridization (CGH). J Cell 
Biochem Suppl. 1993;17G:139-143. 

22. Varella-Garcia M. Molecular cytogenetics in solid tumors: laboratorial tool for 
diagnosis, prognosis, and therapy. Oncologist. 2003;8(1):45-58. 

23. Happle R. Loss of heterozygosity in human skin. J Am Acad Dermatol. Aug 
1999;41(2 Pt 1):143-164. 

24. Forozan F, Mahlamaki EH, Monni O, et al. Comparative genomic hybridization 
analysis of 38 breast cancer cell lines: a basis for interpreting complementary 
DNA microarray data. Cancer Res. Aug 15 2000;60(16):4519-4525. 

25. Okamoto I, Pirker C, Bilban M, et al. Seven novel and stable translocations 
associated with oncogenic gene expression in malignant melanoma. Neoplasia. 
Apr 2005;7(4):303-311. 

26. Platzer P, Upender MB, Wilson K, et al. Silence of chromosomal amplifications 
in colon cancer. Cancer Res. Feb 15 2002;62(4):1134-1138. 

27. Chudnovsky Y, Khavari PA, Adams AE. Melanoma genetics and the 
development of rational therapeutics. J Clin Invest. Apr 2005;115(4):813-824. 

28. Pollock PM, Welch J, Hayward NK. Evidence for three tumor suppressor loci on 
chromosome 9p involved in melanoma development. Cancer Res. Feb 1 
2001;61(3):1154-1161. 

29. Rager EL, Bridgeford EP, Ollila DW. Cutaneous melanoma: update on 
prevention, screening, diagnosis, and treatment. Am Fam Physician. Jul 15 
2005;72(2):269-276. 

30. Skin Cancer Foundation. The Stages of Melanoma.  
http://www.skincancer.org/content/view/17/3/1/3/. Accessed 2/3/2007, 2007. 

31. Clark WH, Jr., From L, Bernardino EA, Mihm MC. The histogenesis and biologic 
behavior of primary human malignant melanomas of the skin. Cancer Res. Mar 
1969;29(3):705-727. 

32. Breslow A. Thickness, cross-sectional areas and depth of invasion in the 
prognosis of cutaneous melanoma. Ann Surg. Nov 1970;172(5):902-908. 

33. Hussein MR, Wood GS. Molecular aspects of melanocytic dysplastic nevi. J Mol 
Diagn. May 2002;4(2):71-80. 

34. von Roenn JH, Kheir SM, Wolter JM, Coon JS. Significance of DNA 
abnormalities in primary malignant melanoma and nevi, a retrospective flow 
cytometric study. Cancer Res. Jun 1986;46(6):3192-3195. 

35. Kheir SM, Bines SD, Vonroenn JH, Soong SJ, Urist MM, Coon JS. Prognostic 
significance of DNA aneuploidy in stage I cutaneous melanoma. Ann Surg. Apr 
1988;207(4):455-461. 

36. Mitelman Database of Chromosome Aberrations in Cancer (2006). Mitelman F, 
Johansson B, Mertens F. (Eds.).  http://cgap.nci.nih.gov/Chromosomes/Mitelman. 



37. Cowan JM, Francke U. Cytogenetic analysis in melanoma and nevi. Cancer Treat 
Res. 1991;54:3-16. 

38. Marras S, Faa G, Dettori T, Congiu L, Vanni R. Chromosomal changes in 
dysplastic nevi. Cancer Genet Cytogenet. Sep 1999;113(2):177-179. 

39. Richmond A, Fine R, Murray D, Lawson DH, Priest JH. Growth factor and 
cytogenetic abnormalities in cultured nevi and malignant melanomas. J Invest 
Dermatol. Mar 1986;86(3):295-302. 

40. Bastian BC, Olshen AB, LeBoit PE, Pinkel D. Classifying melanocytic tumors 
based on DNA copy number changes. Am J Pathol. Nov 2003;163(5):1765-1770. 

41. Balazs M, Adam Z, Treszl A, Begany A, Hunyadi J, Adany R. Chromosomal 
imbalances in primary and metastatic melanomas revealed by comparative 
genomic hybridization. Cytometry. Aug 15 2001;46(4):222-232. 

42. Barks JH, Thompson FH, Taetle R, et al. Increased chromosome 20 copy number 
detected by fluorescence in situ hybridization (FISH) in malignant melanoma. 
Genes Chromosomes Cancer. Aug 1997;19(4):278-285. 

43. Utikal J, Udart M, Leiter U, Peter RU, Krahn G. Additional Cyclin D(1) gene 
copies associated with chromosome 11 aberrations in cutaneous malignant 
melanoma. Int J Oncol. Mar 2005;26(3):597-605. 

44. Udart M, Utikal J, Krahn GM, Peter RU. Chromosome 7 aneusomy. A marker for 
metastatic melanoma? Expression of the epidermal growth factor receptor gene 
and chromosome 7 aneusomy in nevi, primary malignant melanomas and 
metastases. Neoplasia. May-Jun 2001;3(3):245-254. 

45. Treszl A, Adany R, Rakosy Z, et al. Extra copies of c-myc are more pronounced 
in nodular melanomas than in superficial spreading melanomas as revealed by 
fluorescence in situ hybridisation. Cytometry B Clin Cytom. Jul 2004;60(1):37-46. 

46. Matsuta M, Imamura Y, Matsuta M, Sasaki K, Kon S. Detection of numerical 
chromosomal aberrations in malignant melanomas using fluorescence in situ 
hybridization. J Cutan Pathol. Apr 1997;24(4):201-205. 

47. Hussein MR, Sun M, Roggero E, et al. Loss of heterozygosity, microsatellite 
instability, and mismatch repair protein alterations in the radial growth phase of 
cutaneous malignant melanomas. Mol Carcinog. May 2002;34(1):35-44. 

48. Hussein MR, Roggero E, Tuthill RJ, Wood GS, Sudilovsky O. Identification of 
novel deletion Loci at 1p36 and 9p22-21 in melanocytic dysplastic nevi and 
cutaneous malignant melanomas. Arch Dermatol. Jun 2003;139(6):816-817. 

49. Miller DL, Weinstock MA. Nonmelanoma skin cancer in the United States: 
incidence. J Am Acad Dermatol. May 1994;30(5 Pt 1):774-778. 

50. Wong CS, Strange RC, Lear JT. Basal cell carcinoma. Bmj. Oct 4 
2003;327(7418):794-798. 

51. Bernstein SC, Lim KK, Brodland DG, Heidelberg KA. The many faces of 
squamous cell carcinoma. Dermatol Surg. Mar 1996;22(3):243-254. 

52. Diepgen TL, Mahler V. The epidemiology of skin cancer. Br J Dermatol. Apr 
2002;146 Suppl 61:1-6. 

53. Skidmore RA, Jr., Flowers FP. Nonmelanoma skin cancer. Med Clin North Am. 
Nov 1998;82(6):1309-1323, vi. 

54. Salasche SJ. Epidemiology of actinic keratoses and squamous cell carcinoma. J 
Am Acad Dermatol. Jan 2000;42(1 Pt 2):4-7. 



55. Frost C, Williams G, Green A. High incidence and regression rates of solar 
keratoses in a queensland community. J Invest Dermatol. Aug 2000;115(2):273-
277. 

56. Marks R, Rennie G, Selwood TS. Malignant transformation of solar keratoses to 
squamous cell carcinoma. Lancet. Apr 9 1988;1(8589):795-797. 

57. Evans C, Cockerell CJ. Actinic keratosis: time to call a spade a spade. South Med 
J. Jul 2000;93(7):734-736. 

58. Ramrakha-Jones VS, Herd RM. Treating Bowen's disease: a cost-minimization 
study. Br J Dermatol. Jun 2003;148(6):1167-1172. 

59. Cohen PR. Bowen's disease: squamous cell carcinoma in situ. Am Fam Physician. 
Oct 1991;44(4):1325-1329. 

60. Staibano S, Lo Muzio L, Pannone G, et al. DNA ploidy and cyclin D1 expression 
in basal cell carcinoma of the head and neck. Am J Clin Pathol. Jun 
2001;115(6):805-813. 

61. Frentz G, Moller U. Clonal heterogeneity in curetted human epidermal cancers 
and precancers analysed by flow cytometry and compared with histology. Br J 
Dermatol. Aug 1983;109(2):173-181. 

62. Fortier-Beaulieu M, Laquerriere A, Thomine E, Lauret P, Hemet J. DNA flow-
cytometric analysis of basal cell carcinomas and its relevance to their 
morphological differentiation: a retrospective study. Dermatology. 
1994;188(2):94-99. 

63. Pilch H, Weiss J, Heubner C, Heine M. Differential diagnosis of 
keratoacanthomas and squamous cell carcinomas: diagnostic value of DNA image 
cytometry and p53 expression. J Cutan Pathol. Dec 1994;21(6):507-513. 

64. Biesterfeld S, Pennings K, Grussendorf-Conen EI, Bocking A. Aneuploidy in 
actinic keratosis and Bowen's disease--increased risk for invasive squamous cell 
carcinoma? Br J Dermatol. Oct 1995;133(4):557-560. 

65. Kawara S, Takata M, Takehara K. High frequency of DNA aneuploidy detected 
by DNA flow cytometry in Bowen's disease. J Dermatol Sci. Sep 1999;21(1):23-
26. 

66. Jin Y, Mertens F, Persson B, et al. Nonrandom numerical chromosome 
abnormalities in basal cell carcinomas. Cancer Genet Cytogenet. May 
1998;103(1):35-42. 

67. Jin Y, Martins C, Salemark L, et al. Nonrandom karyotypic features in basal cell 
carcinomas of the skin. Cancer Genet Cytogenet. Dec 2001;131(2):109-119. 

68. Casalone R, Mazzola D, Righi R, et al. Cytogenetic and interphase FISH analyses 
of 73 basal cell and three squamous cell carcinomas: different findings in direct 
preparations and short-term cell cultures. Cancer Genet Cytogenet. Apr 15 
2000;118(2):136-143. 

69. Jin Y, Merterns F, Persson B, et al. The reciprocal translocation t(9;16)(q22;p13) 
is a primary chromosome abnormality in basal cell carcinomas. Cancer Res. Feb 1 
1997;57(3):404-406. 

70. Kawasaki-Oyama RS, Andre FS, Caldeira LF, et al. Cytogenetic findings in two 
basal cell carcinomas. Cancer Genet Cytogenet. Apr 1994;73(2):152-156. 



71. Ashton KJ, Weinstein SR, Maguire DJ, Griffiths LR. Molecular cytogenetic 
analysis of basal cell carcinoma DNA using comparative genomic hybridization. J 
Invest Dermatol. Sep 2001;117(3):683-686. 

72. Saridaki Z, Koumantaki E, Liloglou T, et al. High frequency of loss of 
heterozygosity on chromosome region 9p21-p22 but lack of p16INK4a/p19ARF 
mutations in greek patients with basal cell carcinoma of the skin. J Invest 
Dermatol. Oct 2000;115(4):719-725. 

73. Quinn AG, Sikkink S, Rees JL. Basal cell carcinomas and squamous cell 
carcinomas of human skin show distinct patterns of chromosome loss. Cancer 
Res. Sep 1 1994;54(17):4756-4759. 

74. Shen T, Park WS, Boni R, et al. Detection of loss of heterozygosity on 
chromosome 9q22.3 in microdissected sporadic basal cell carcinoma. Hum 
Pathol. Mar 1999;30(3):284-287. 

75. Shanley SM, Dawkins H, Wainwright BJ, et al. Fine deletion mapping on the long 
arm of chromosome 9 in sporadic and familial basal cell carcinomas. Hum Mol 
Genet. Jan 1995;4(1):129-133. 

76. Jin Y, Jin C, Salemark L, Wennerberg J, Persson B, Jonsson N. Clonal 
chromosome abnormalities in premalignant lesions of the skin. Cancer Genet 
Cytogenet. Jul 1 2002;136(1):48-52. 

77. Heim S, Caron M, Jin Y, Mandahl N, Mitelman F. Genetic convergence during 
serial in vitro passage of a polyclonal squamous cell carcinoma. Cytogenet Cell 
Genet. 1989;52(3-4):133-135. 

78. Kim DK, Kim JY, Kim HT, Han KH, Shon DG. A specific chromosome 
aberration in a keratoacanthoma. Cancer Genet Cytogenet. Apr 1 2003;142(1):70-
72. 

79. Mertens F, Heim S, Mandahl N, et al. Clonal chromosome aberrations in a 
keratoacanthoma and a basal cell papilloma. Cancer Genet Cytogenet. Jun 
1989;39(2):227-232. 

80. Ashton KJ, Weinstein SR, Maguire DJ, Griffiths LR. Chromosomal aberrations in 
squamous cell carcinoma and solar keratoses revealed by comparative genomic 
hybridization. Arch Dermatol. Jul 2003;139(7):876-882. 

81. Clausen OP, Beigi M, Bolund L, et al. Keratoacanthomas frequently show 
chromosomal aberrations as assessed by comparative genomic hybridization. J 
Invest Dermatol. Dec 2002;119(6):1367-1372. 

82. Clausen OP, Aass HC, Beigi M, et al. Are keratoacanthomas variants of 
squamous cell carcinomas? A comparison of chromosomal aberrations by 
comparative genomic hybridization. J Invest Dermatol. Oct 2006;126(10):2308-
2315. 

83. Rehman I, Takata M, Wu YY, Rees JL. Genetic change in actinic keratoses. 
Oncogene. Jun 20 1996;12(12):2483-2490. 

84. Lee HJ, Kim JS, Ha SJ, et al. p53 gene mutations in Bowen's disease in Koreans: 
clustering in exon 5 and multiple mutations. Cancer Lett. Sep 29 2000;158(1):27-
33. 

85. Mortier L, Marchetti P, Delaporte E, et al. Progression of actinic keratosis to 
squamous cell carcinoma of the skin correlates with deletion of the 9p21 region 



encoding the p16(INK4a) tumor suppressor. Cancer Lett. Feb 25 
2002;176(2):205-214. 

86. Waring AJ, Takata M, Rehman I, Rees JL. Loss of heterozygosity analysis of 
keratoacanthoma reveals multiple differences from cutaneous squamous cell 
carcinoma. Br J Cancer. Mar 1996;73(5):649-653. 

87. Van Gele M, Speleman F, Vandesompele J, Van Roy N, Leonard JH. 
Characteristic pattern of chromosomal gains and losses in Merkel cell carcinoma 
detected by comparative genomic hybridization. Cancer Res. Apr 1 
1998;58(7):1503-1508. 

88. Kaur S, Vauhkonen H, Bohling T, Mertens F, Mandahl N, Knuutila S. Gene copy 
number changes in dermatofibrosarcoma protuberans - a fine-resolution study 
using array comparative genomic hybridization. Cytogenet Genome Res. 
2006;115(3-4):283-288. 

89. Scarisbrick JJ, Woolford AJ, Russell-Jones R, Whittaker SJ. Allelotyping in 
mycosis fungoides and Sezary syndrome: common regions of allelic loss 
identified on 9p, 10q, and 17p. J Invest Dermatol. Sep 2001;117(3):663-670. 

90. Hoefnagel JJ, Dijkman R, Basso K, et al. Distinct types of primary cutaneous 
large B-cell lymphoma identified by gene expression profiling. Blood. May 1 
2005;105(9):3671-3678. 

91. Leonard JH, Leonard P, Kearsley JH. Chromosomes 1, 11, and 13 are frequently 
involved in karyotypic abnormalities in metastatic Merkel cell carcinoma. Cancer 
Genet Cytogenet. May 1993;67(1):65-70. 

92. Larramendy ML, Koljonen V, Bohling T, Tukiainen E, Knuutila S. Recurrent 
DNA copy number changes revealed by comparative genomic hybridization in 
primary Merkel cell carcinomas. Mod Pathol. May 2004;17(5):561-567. 

93. Van Gele M, Leonard JH, Van Roy N, Cook AL, De Paepe A, Speleman F. 
Frequent allelic loss at 10q23 but low incidence of PTEN mutations in Merkel 
cell carcinoma. Int J Cancer. May 1 2001;92(3):409-413. 

94. Vortmeyer AO, Merino MJ, Boni R, Liotta LA, Cavazzana A, Zhuang Z. Genetic 
changes associated with primary Merkel cell carcinoma. Am J Clin Pathol. May 
1998;109(5):565-570. 

95. Kiuru-Kuhlefelt S, El-Rifai W, Fanburg-Smith J, Kere J, Miettinen M, Knuutila 
S. Concomitant DNA copy number amplification at 17q and 22q in 
dermatofibrosarcoma protuberans. Cytogenet Cell Genet. 2001;92(3-4):192-195. 

96. Nishio J, Iwasaki H, Ohjimi Y, et al. Overrepresentation of 17q22-qter and 22q13 
in dermatofibrosarcoma protuberans but not in dermatofibroma: a comparative 
genomic hybridization study. Cancer Genet Cytogenet. Jan 15 2002;132(2):102-
108. 

97. Mao X, Lillington D, Scarisbrick JJ, et al. Molecular cytogenetic analysis of 
cutaneous T-cell lymphomas: identification of common genetic alterations in 
Sezary syndrome and mycosis fungoides. Br J Dermatol. Sep 2002;147(3):464-
475. 

98. Streubel B, Scheucher B, Valencak J, et al. Molecular cytogenetic evidence of 
t(14;18)(IGH;BCL2) in a substantial proportion of primary cutaneous follicle 
center lymphomas. Am J Surg Pathol. Apr 2006;30(4):529-536. 



99. Hallermann C, Kaune KM, Gesk S, et al. Molecular cytogenetic analysis of 
chromosomal breakpoints in the IGH, MYC, BCL6, and MALT1 gene loci in 
primary cutaneous B-cell lymphomas. J Invest Dermatol. Jul 2004;123(1):213-
219. 

100. Gimenez S, Costa C, Espinet B, et al. Comparative genomic hybridization 
analysis of cutaneous large B-cell lymphomas. Exp Dermatol. Dec 
2005;14(12):883-890. 

101. Santos GC, Zielenska M, Prasad M, Squire JA. Chromosome 6p amplification 
and cancer progression. J Clin Pathol. Jan 2007;60(1):1-7. 

102. Scarisbrick JJ, Woolford AJ, Russell-Jones R, Whittaker SJ. Loss of 
heterozygosity on 10q and microsatellite instability in advanced stages of primary 
cutaneous T-cell lymphoma and possible association with homozygous deletion 
of PTEN. Blood. May 1 2000;95(9):2937-2942. 

103. Miyaki M, Kuroki T. Role of Smad4 (DPC4) inactivation in human cancer. 
Biochem Biophys Res Commun. Jul 11 2003;306(4):799-804. 

104. Tian F, DaCosta Byfield S, Parks WT, et al. Reduction in Smad2/3 signaling 
enhances tumorigenesis but suppresses metastasis of breast cancer cell lines. 
Cancer Res. Dec 1 2003;63(23):8284-8292. 

 
 


