
ABSTRACT
Human HOX genes are expressed in a spatio-temporal fashion during embryogenesis

and early development where they act as master transcriptional regulators. HOX genes
are also expressed in normal adult cells, potentially in a tissue specific manner involving
maintenance of the normal phenotype. In selected oncogenic transformations, mis-expression
of many HOX genes have been shown, indicating an involvement of these transcriptional
regulators in carcinogenesis and metastasis. Utilising quantitative real-time RT-PCR assays,
the expression of 20 HOX genes and two known HOX co-factors, PBX1B and MEIS1,
were analysed in human melanoma and breast cancer cell lines, comparing results
against non-malignant cells. Alterations in HOX gene expression were observed for all
malignant cells examined, with some dysregulated transcript levels seemingly random,
and the expression of other HOX genes apparently following the same patterns in both
skin and breast cancer establishment. Furthermore, HOX gene expression was correlated
with the invasive capacity of the cells. The expression of the HOX co-factors PBX1B and
MEIS1 showed no marked changes from the non-malignant to the malignant phenotypes,
further indicating that it is dysregulated HOX gene expression, rather than dysregulated
gene expression of HOX co-factors, that potentially commit the cell to re-differentiate
and undergo oncogenic transformation.

INTRODUCTION
Homeobox genes are regulatory genes encoding small proteins that act as transcription

factors during normal development where they are involved in the control of pattern
formation, differentiation and proliferation. The common feature of these proteins is the
presence of a highly conserved 61-amino acid motif, the homeodomain1 which enables
homeodomain proteins to bind to DNA at specifically recognised binding sites and
transcriptionally activate their target genes.2 The extended family of homeobox genes are
subdivided into more than 20 subclasses, with the most extensively studied mammalian
subclass being the HOX gene family. The HOX gene family consists of 39 genes organized
in four clusters on four different chromosomes in the genome.3 The HOX gene nomen-
clature is directly derived from their chromosomal positioning, with the four chromosomal
groups named with single letters (A, B, C and D), followed by a numerical value from
1–13, dependent on their position in the 5’ to 3’ chromosomal co-ordinate. The strongest
homology is seen between the trans-paralogues (genes in equivalent positions on different
chromosomes), with a gradual decrease in homology between cis paralogues as the distance
in the 5’ to 3’ direction on the same chromosome increases.

Apart from being important regulators of normal development, during which the HOX
genes are expressed in a spatio-temporal manner, HOX genes are also expressed in the adult
cell. Furthermore, reported expression patterns indicate tissue specific expression. A restricted
HOX expression, with 11 out of the 39 HOX members has been reported in the adult
lung.4 Other adult tissue has also been reported to express a higher number of HOX genes,
including human colon with 29 members detected5 and human kidney, with 30 members
detected.6 Recently, Cantile et al.7 verified an expression of 17 HOX members in normal
breast biopsies. The role of the HOX proteins in the adult cell is yet to be elucidated, but
deductively from what is known about these transcription factors during development,
they are most likely to play critical roles in the regulation and/or maintenance of the adult
cell through transcriptional regulatory circuits.

HOX genes are reported to be inappropriately expressed in the malignant phenotype,
suggesting an involvement by these regulatory proteins in oncogenic transformations.8

Among HOX genes showing an ectopic expression in malignant cells are; frequent over-
expression of HOXA7, HOXB7 and HOXA10 in human lung cancer;9 expression of
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HOXD9 in cervical cancer compared to undetected transcript in
normal cervix;10 upregulated expression of HOXB6, HOXB8,
HOXC8 and HOXC9 in human colon cancer;11 upregulated Hoxa1
and silenced Hoxc9 expression in neoplastic mouse mammary
gland;12 upregulated HOXC11 and silenced HOXB5 and HOXB9
expression in renal carcinoma;6 and upregulated HOXA5, HOXA6,
HOXD3, HOXD4 versus downregulated HOXA11, and HOXB5 in
human breast cancer.7

An advance in elucidating the functional properties of HOX
proteins in the transcriptional machinery has been the identification
of DNA binding complexes between HOX proteins and another
two non-HOX homeodomain proteins, PBX1 and MEIS1, both
members of the TALE family. It has been established that HOX
proteins in the paralogue groups 1–10, but not 11–13, form het-
erodimers with PBX1 and in this manner gain DNA binding
specificity.13,14 The remaining, and partially overlapping, HOX
protein paralogues (groups 9–13) physically interact with MEIS1 to
form DNA binding complexes.14 These protein-protein interactions
have major functional roles in the cellular system. For instance, by
retroviral transfer of Hoxa9 and Meis1 to mouse primary bone
marrow cells, co-operative leukemic activity has been demonstrated.15

Since HOX transcription factors are key regulators of embryo-
genesis and normal development, and that these processes share
many common features with carcinogenesis, an alteration in the
expression of HOX genes could commit mutated cells to become
malignant. To further investigate the role of HOX genes in human
cancers, quantitative real-time RT-PCR assays were employed for a
large number of HOX genes in both malignant and non-malignant
human skin and breast cell lines.

In contrast to earlier studies on HOX gene expression in both
non-malignant and malignant cells, the quantitative real-time PCR
assay employed have the advantage of high sensitive and repro-
ducibility of quantification, as well as capability of detecting very
low levels of transcripts. Since PBX1 and MEIS1 interact with the
HOX proteins and potentially regulate the activity of the transcription
factor, we also assessed their expression levels in the same cell lines.
Herein we report altered HOX gene expression in the malignant
phenotype as well as potential intra-regulated gene expression of the
HOX gene family, suggesting self-regulatory loops within the HOX
gene clusters.

MATERIALS AND METHODS
Cell Lines and Cell Culture. The human breast cancer cell line MCF-7

is a well differentiated, epitheliod, estrogen receptor positive, non-invasive
cell line derived from a pleural effusion of an infiltrating ductal carcinoma.16

The human breast cancer cell line MDA-MB-231 is a poorly differentiated,
epitheliod, estrogen receptor negative, highly-invasive cell line derived from
a pleural effusion of an adenocarcinoma.17 The MCF-7 and MDA-MB-231
cell lines were a kind gift from Dr. E.W. Thompson (St. Vincents Hospital,
Melbourne, Australia). The SVCT breast cancer cells were established from
human breast epithelial cells transfected with SV40.18 They are non
tumourigenic in nude mice and were a kind gift from Dr. K.K. Khanna
(QIMR, Brisbane, Australia).

The human melanoma cell line MM96L is an amelanotic cell line
originally derived from a secondary human melanoma metastasis.19 The
MM418 cell line was derived from a primary human melanoma and was
further cloned to give rise to a heavily pigmented well differentiated clone,
MM418c5 and a less pigmented less differentiated clone MM418c1.19 The
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Table 1 PRIMERS USED IN REAL-TIME PCR REACTIONS

Amplimer 
Gene Forward Primer Reverse Primer Size (bp) 

HOXA3 5’ – TCC TCA GAA TGC CAG CAA  CAC 5’ – CGG CGG GCT CTT GTC GCC 177

HOXA4 5’ – ATG CGA GCC ACG TCC TGC A 5’ – TAG GCT CCC CTC CGT TAT AAC 254

HOXA7 5’ – GCC GAC GCC TAC GGC AAC C 5’ – GCC CCG CTT CCT GTC AGG T 179

HOXA13 5’ – GAT ATG CCA  GTG GTG CCG G 5’ – GTA TAG GAG CTG GCA TCC GA 208

HOXB1 5’ – TGG AGC TCA ATG AAA CAC A 5’ – TCT ACA TCA GGA GGT GAC AG 193

HOXB2 5’ – AGG ATT CAC CTT TCC TTC C 5’ – TCT ACA TTA GGG AAA CTG CAG 181

HOXB3 5’ – TAT GGC CTC AAC CAC CTT T 5’ – TCT ACA TCA CAG GTG TGT TAA 191

HOXB4 5’ – GAG CCC GGC CAG CGC TGC 5’ – CTC CCC GCC GGC GTA ATT G 170

HOXB5 5’ – TTC ACC GAA ATA GAC GAG GC 5’ – TTT CCC GTC CGG CCC GGT 197

HOXB6 5’ – AGA GTC GGC CTG CGC ACT CT 5’ – GCC GGC CGC TGG GCC CAA 189

HOXB7 5’ – TAT GGG CTC GAG CCG AGT T 5’ – GGC CTC GTT TGC GGT CAG T 189

HOXB8 5’ – CTG CAA CGC CAG AGC CTA TT 5’ – TCG GCC TCG CCT GCG TCC 179

HOXB9 5’ – AAC TGG CTG CAC GCT CGG T 5’ – TCT ACA TTA CTC TTT GCC CTG 227

HOXB13 5’ – TGG AGA ACC GCG ACA TGA CT 5’ – GAC GAA AGG CGC AGG CGT C 178

HOXC4 5’ – CGA GAA ATC ACA GTC GCT CT 5’ – GGT TCC CCT CCG TTA TAA TTG 194

HOXC5 5’ – GAT GTA CAG TCA GAA GGC GG 5’ – GTT CGG GAC CGC TTG CCG T 188

HOXC13 5’ – TCA GCG GGC ACC CGG AG 5’ – CCG GTA GCT GCT CAC CTC G 184

OXD3 5’ – CTT CAC CCA CCA ATC CTG GA 5’ – GCT CTT GTC CTC GCA GCT C 178

HOXD4 5’ – GGT CAC TAC GCC GCT CCA G5’ – TCC CCA CCG GTG TAG TTG G 199

HOXD13 5’ – GAC ATG GTG TCC ACT TTC GG 5’ – GTA GAC GCA CAT GTC CGG C 197

PBX1 5’ – CCA TCT CAG CAA CCC TTA C 5’ – CCA TGG GCT GAC ACA TTG 181

MEIS1 5’ – TGT GAC AAT TTC TGC CAC C 5’ – CTG AAC GAG TAG ATG CCG T 181

GAPDH 5’ – TGC ACC ACC AAC TGC TTA GC 5’ – GGC ATG GAC TGT GGT CAT GAG 87



three melanoma cell lines were a kind gift from Dr. P. Parsons (QIMR,
Brisbane, Australia). The HSF cells are human skin fibroblasts and were
provided by Colm Cahill (Griffith University, Brisbane, Australia).

All cell lines were cultured in RPMI 1640 growth medium (Invitrogen,
VIC, Australia) supplemented with 10% FCS (Invitrogen) in a 37˚C/5%
CO2 incubator until cells had reached 80% confluency.

mRNA Purification and cDNA Synthesis. Tissue cultured cell lines
were harvested and mRNA extracted from 1–2 x 106 cells using Oligotex
Direct mRNA MiniKit (Qiagen Pty. Ltd., VIC, Australia) in accordance
with the manufacturer’s instructions. One quarter of total extracted mRNA
was reverse transcribed using an oligo-dT30 primer and 200U Superscript
II (Invitrogen) as described by the manufacturer.

Human adult breast total RNA was obtained from Stratagene (La Jolla,
USA). The RNA source was from a single female, age 56, with normal
pathology. 1 µl of total RNA was reverse transcribed using an oligo-dT30
primer and 200U Superscript II (Invitrogen) as described by the manu-
facturer.

Real-time PCR of Human Homeobox Genes. For the real-time PCR,
the majority of the primer-pairs were designed to span an intron to ensure
cDNA amplification/detection. To obtain the highest amplification efficiency,
the primers were designed to amplify segments of ≈200 bp. Specificity was
checked by non-redundant BLASTn search (NCBI). Primers used in the
experiment are listed in Table 1 and were manufactured by Geneworks
(Adelaide, South Australia).

Real-time PCR reactions comprised 1µl cDNA, 1 µM of each primer
and Quantitect™ SYBR Green master mix (Qiagen) in a total volume of
20 µl. The PCR parameters comprised a 15 min initial denaturing step at
95˚C to activate hot start polymerase, a second step at 25˚C for 30 sec,
followed by 40 cycles of 95˚C for 10 sec, 54˚C for 20sec, 55˚C for 10 sec,
and 72˚C for 30 sec. Fluorescence was measured during the 55˚C portion
of the cycle. After the final PCR cycle, reactions were subjected to melt
curve analysis to show generation of single products in the individual

reactions. Melt curve analysis comprised a slow temperature ramp from
65˚C to 95˚C, during which time fluorescence was continuously monitored.
To further verify the amplification of a single product, each reaction was
subjected to agarose gel electrophoresis.

Two independent analyses of duplicate reactions were undertaken for all
the selected homeobox genes in all described samples. Data were analysed
using iCycler Software (Bio-Rad Laboratories Pty. Ltd., NSW, Australia), by
which fluorescent output is converted into threshold values (Ct), which refer
to the cycle number during exponential amplification at which the PCR
product crosses a set threshold value. To adjust for variations in input RNA,
the average Ct values for the individual homeobox genes were normalized
against the average Ct values for the housekeeping gene GAPDH [i.e., ∆Ct
= average Ct(gene) - average Ct(GAPDH)].

Statistics. When analysing variance in gene expression for the individual
genes across the cell lines, all individual data sets obtained from the mean of
duplicate reactions were used to generate boxplots in SPSS v11. One-way
ANOVA for each gene was performed, and Tukey Honest significant dif-
ference analysis were calculated using 99% confidence levels. Comparisons
were made between all possible pairs.

RESULTS
Analysis of Homeobox Gene Expression Levels. Quantitative real-time

RT-PCR assays were established for 22 homeobox genes, of which 20 were
of the HOX gene complex and the remaining two of the TALE gene family,
PBX1B and MEIS1. Both these TALE members have been identified as tran-
scriptional co-factors forming DNA binding complexes with the HOX
members.13,14 The expression of all 22 genes were analysed over 7 cell lines
and 1 pathologically normal tissue sample, subdivided into two groups, the
first comprising the non-malignant and malignant human breast cell lines
SVCT, MDA-MB-231 and MCF-7 as well as normal adult breast tissue
(hBreast), and the second comprising the non-malignant and malignant
human skin cell lines HSF, MM418C1, MM418C5 and MM96L.
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Table 2 QUANTITATIVE REAL-TIME PCR ANALYSIS OF HOX EXPRESSION

Gene hBreast SVCT MDA-MB-231 MCF-7 HSF MM96L MM418 C1 MM48 C5
HOXA3 ND 12.39 16.64 8.97 6.57 6.57 6.73 8.65
HOXA4 ND ND 8.58 7.55 ND 9.11 ND ND
HOXA7 9.08 6.39 14.64 9.65 7.54 18.40 15.00 12.80

HOXA13 14.30 13.79 14.93 13.88 6.25 13.22 10.84 13.73

HOXB1 ND 18.15 20.43 15.07 ND 18.44 15.21 16.71

HOXB2 8.15 6.83 14.05 8.93 6.17 14.35 8.45 6.26

HOXB3 10.45 9.31 13.65 14.86 9.14 16.18 14.93 14.77

HOXB4 6.20 11.71 6.96 ND 9.20 ND 8.09 11.65

HOXB5 11.38 16.41 16.45 15.42 9.00 14.75 12.90 13.45

HOXB6 9.73 12.44 18.87 14.71 9.75 14.35 9.75 10.20

HOXB7 8.68 9.15 9.02 9.10 7.45 8.87 6.17 6.14

HOXB8 8.70 19.38 15.84 18.64 10.65 ND 8.59 16.20

HOXB9 ND ND 15.84 ND ND 21.36 18.91 18.00

HOXB13 ND ND ND 14.46 ND 15.18 7.38 7.54

HOXC4 14.10 11.24 11.58 13.40 9.49 12.85 11.25 10.75

HOXC5 14.35 14.31 9.08 14.17 11.05 10.78 11.63 11.30

HOXC13 ND 10.85 7.45 5.27 11.00 10.70 10.61 12.55

HOXD3 11.80 ND 7.49 ND 11.10 11.25 11.60 12.25

HOXD4 13.30 ND 9.47 ND 9.51 13.59 9.88 11.50

HOXD13 ND ND 12.26 10.38 8.10 8.85 12.02 11.15

PBX1B 5.00 9.53 11.42 7.27 8.03 10.43 6.67 7.90

MEIS1 8.28 13.25 8.33 8.17 8.02 8.44 6.52 10.15

Values represent ∆Ct obtained from 22 Homeobox genes in human breast cancer cell lines, melanoma cell lines and in normal human breast tissue (hBreast) and human skin fibroblasts (HSF)  as indicated. Values listed
were obtained as described in Methods, and represent the average ∆Ct of individual duplicate reactions. The average standard deviation was 0.524 cycles. ND indicates that transcript was not detected.



Table 2 shows the mean ∆Ct values obtained from the duplicate reactions
of the various homeobox genes across all the samples. It is to be noted that
these values reflect exponential amplification and higher ∆Ct values represent
lower expression.

In the normal adult human breast tissue, expression of 15 out of the 22
homeobox genes examined was detected. These were HOXA7, A13, B2, B3,
B4, B5, B6, B7, B8, C4, C5, D3, D4, PBX1B and MEIS1. In the nonma-
lignant adult human breast epithelial cell line SVCT, expression of 16 out
of the 22 homeobox genes examined was detected. These were HOXA3, A7,
A13, B1, B2, B3, B4, B5, B6, B7, B8, C4, C5, C13, PBX1B and MEIS1. In
the normal adult skin fibroblast cell line HSF, the expression of 18 out of
the 22 homeobox genes was detected. These were HOXA3, A7, A13, B2,
B3, B4, B5, B6, B7, B8, C4, C5, C13, D3, D4, D13, PBX1B and MEIS1.

The nonmalignant samples all showed no expression of HOXA4,
HOXB9 and HOXB13. Overall, these samples also showed the lowest number
of expressed HOX genes, with hBreast and SVCT showing no expression of
7 and 6 HOX genes respectively, out of the 22 genes examined, whereas the
HSF cell line showed no expression of 4 of the HOX genes.

Homeobox Gene Expression in Nonmalignant and Malignant Human
Breast Cells. Figure 1A shows variance in homeobox gene expression across
the human breast cell lines, represented by a boxplot, generated as described
in Materials and Methods. Of the 22 genes, HOXA13, B5, B7, C4 and
MEIS1 showed no significant variation of gene expression in the four samples.
When using a 99% confidence level calculating Tukey Honest significant
difference, numerous homeobox genes are misexpressed in the malignant
cell lines compared with the nonmalignant SVCT cell line and hBreast. In
the MDA-MB-231 cells, HOXA4, B9, C5, C13, D3 and D13 all showed
upregulated expression, whereas HOXA3, A7, B2, B3 and B6 were all down-
regulated compared to the two samples. In the MCF-7 cells, HOXA3, A4,
B13, C13 and D13 gene expression was upregulated, whereas HOXB3 and
B4 expression was downregulated. Comparing the two malignant cell lines,
which differ in terms of cell differentiation and invasiveness, HOXB4, B9,
C5, D3 and D4 were all expressed at a higher level in the less differentiated,
highly invasive MDA-MB-231 cell line than in the well differentiated non
invasive MCF-7 cells. In contrast HOXA3, A7, B1, B2, B13 and PBX1B
were all expressed at a lower level in the more invasive cell line. The remaining
analysed homeobox genes showed no significant variance in gene expression
between the two breast cancer cell lines.

A few of the HOX genes showed notable expression differences. For
example HOXB4 gene expression was not detected in the well differentiated
non invasive MCF-7 cells, compared to expression in the less differentiated
highly invasive MDA-MB-231 cells. HOXB13 gene expression was unde-
tected in both SVCT and MDA-MB-231 cells, as well as hBreast, but
showed expression in MCF-7 cells. HOXD3 and D4 showed relatively high
expression in MDA-MB-231 cells compared to undetected mRNA levels in
both SVCT and MCF-7 cells. HOXD3 and D4 were detected in hBreast,
and only HOXD3 was significantly upregulated in MDA-MB-231 compared
with normal tissue. Finally, both HOXA4 and D13 transcripts were unde-
tected in both hBreast and SVCT cells compared to expression in both of
the malignant breast cancer cell lines, MDA-MB-231 and MCF-7.

Homeobox Gene Expression in Nonmalignant and Malignant Human
Skin Cell Lines. Figure 1B shows variance in homeobox gene expression
across the human skin cell lines, represented by a boxplot, generated as
described in Materials and Methods. Of the 22 genes, HOXA3, C5, C13,
D3 and D4 showed no significant variation of gene expression in the four
cell lines. When using a 99% confidence level calculating Tukey Honest
significant difference, numerous homeobox genes are misexpressed in the
malignant cell lines compared with the nonmalignant HSF cells. In the
MM96L cells, the complete HOXB locus showed misexpression, with HOXB1,
B9 and B13 upregulated and the remaining 7 HOXB genes downregulated.
Also HOXA4 shows an upregulated expression, whereas HOXA7, A13 and
C4 all are downregulated. Both the MM418C1 and MM418C5 cells show
very similar misexpression of the various homeobox genes as described for
the MM96L cells. Only HOXB1, B9 and B13 show an upregulated
expression, whereas HOXA7, A13, B3, B4, B5, B8 and D13 are all down-
regulated. There are some subtle differences in gene expression between the
cell lines MM418C1 and MM418C5, even though they would be expected

to be very similar since they have the same origin and only differ with their
pigmentation. The exception is HOXB8 that shows a significant decrease in
mRNA levels in MM418C5 but not in MM418C1, indicating a possible
interaction with the melanogenesis pathway.

A few of the HOX genes showed expression differences that may indicate
an important and quite specific cellular function. There is relatively high
HOXA4 expression in the MM96L cells, compared to undetected expression
in the remaining three cell lines. Also, HSF cells showed no expression of
HOXB9 and B13, whereas mRNA was detected in the three melanoma cell
lines. Finally, no mRNA was detected from HOXB4 and B8 in the MM96L
cell line although they were expressed in HSF cells and in both the
MM418C1 and MM418C5 cell lines.

In terms of differences between the MM96L cell line and the MM418 cell
lines, HOXA4 and D13 showed lower expression levels, whereas HOXB2, B4,
B5, B6, B7, B8, and B13 all showed a higher level of specific transcript.
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Figure 1. Comparative boxplots for HOX gene expression in cell lines. (A)
Shows comparative ∆Ct values for all HOX genes in cell lines SVCT, MDA-
MB-231, MCF-7 and normal human breast tissue, where deviation from the
median represents over- or underexpression of individual genes across cell
lines. A ∆Ct value of 30 indicates the absence of gene transcript. (B) Shows
comparative ∆Ct values for all HOX genes in cell lines HSF, MM96L,
MM418C1 and MM418C5, where deviation from median represents over-
or under-expression of individual gene across cell lines. A ∆Ct value of 30
indicates the absence of gene transcript.

A

B



DISCUSSION
The 39 HOX genes of the mammalian genome are known for

their pivotal role in embryogenesis and early development where
they function as transcriptional regulators. HOX genes are also
known to be expressed in the differentiated normal eukaryotic cells,
however, the function of these small nuclear transcription factors in
these cells are still to be elucidated. However, studies on tissues
showing a dysregulated HOX expression has shed some light on
potential functions of some of the HOX proteins in the adult cell.
Boudreau and co-workers20 put forward evidence that HoxD3 regu-
lates endothelial cell gene expression associated with angiogenesis by
showing that HoxD3 anti-sense blocks the bFGF-induced expression
of integrin b3 and uPA mRNA and that overexpression of HoxD3 in
the absence of bFGF indeed induced the expression of these tran-
scripts. These data strongly supported the postulate that an overex-
pression of HOXD3 alters the adhesive properties of the cell, which
was put forward by Taniguchi et al.21 after a sense/anti-sense study
of HOXD3 in human erythroleukemia HEL cells. Recently,
Moriuchi and co-workers22,23 also found integrin β3 expression to
be upregulated in HOXD3 overexpressing cells. In addition, they
also found integrin α3 and N-cadherin to be upregulated and that
integrin α4 was newly expressed in the transformed cell line. Finally,
their data showed both E-cadherin and plakoglobin expression to be
strongly repressed and lost all together, respectively. In summary,
these studies clearly indicate that the HOXD3 is a transcriptional
regulator of invasive and metastatic processes in several mammalian
cancer cells. In the present study we also report a significant upreg-
ulated HOXD3 expression in the highly invasive breast cancer cell
line MDA-MB-231, compared to the expression level in normal
human breast tissue, as well as a complete absence of the transcript
in both the nonmalignant SVCT cells and the well-differentiated,
noninvasive breast cancer cell line MCF-7. In terms of the human
melanomas examined, neither showed any variance in HOXD3
transcript levels, with all cell lines showing a relatively high expres-
sion, including the nonmalignant HSF cells.

Interestingly, Myers et al.24 report HoxB3 also to be a regulator of
angiogenic processes, although in a manner distinct from that found
with HOX/HoxD3. Rather than promoting the invasive behaviour of
endothelial cells as does HoxD3, HoxB3 was found to be required for
the subsequent capillary morphogenesis of new vascular sprouts.
However, in terms of the malignant mammary and melanoma cell
lines examined in the present study, a downregulation was observed
rather than upregulation of HOXB3 expression. Although these
results immediately stand in contrast to the above findings, other
studies indicate that HOXB3 can exhibit distinct effects on different
cell populations. For example, an overexpression of HoxB3 has been
shown to impair B cell differentiation.25

Another HOX member, HOXB7 has been shown to activate
bFGF thereby promoting cellular proliferation in both human
melanomas26 and ovarian carcinomas.27 In this regard, it is interesting
to note that bFGF itself is thought to be a signalling precursor to the
SOS-Ras-Raf-MAP kinase cascade (reviewed by Hanahan and
Weinberg28) and bFGF has been observed to have differing effects
in terms of cell proliferation and differentiation depending on cellular
concentration.29,30 Furthermore, the expression levels of HOXB7 in
various cancer cell lines and normal phenotypes have been observed
to vary.31 Taken together this may indicate a mechanism by which
tumours proliferate or differentiate in an abnormal fashion, which is
controlled by the cellular concentration of the transcription factor

HOXB7. In the present study, however, HOXB7 showed a stable
mRNA level across all the human breast samples, with no statistical
difference between the malignant and nonmalignant phenotypes. In
terms of the melanomas, there were subtle differences in HOXB7
transcript levels, with a minor downregulation in the MM96L cells
and a slight upregulation in the MM418C1 and MM418C5 cells.
So, in contrast to earlier findings, HOXB7 was found to be among
the most constantly expressed HOXB gene across the samples tested.
Furthermore, its relatively high expression levels indicate HOXB7
may be involved in the maintenance of the normal eukaryotic
phenotype, but is perhaps not involved in oncogenic transformation.

Of the many HOX genes showing dysregulated expression in the
malignant cell lines, HOXB9 is of particular interest since it was
undetected in the normal human breast, both the two nonmalignant
cell lines SVCT and HSF as well as the well-differentiated, non-
aggressive malignant cell line MCF-7, but showed expression in all
of the aggressive and highly invasive malignant cell lines. A mutational
study carried out by Chen and Capecchi32 showed that loss-of-func-
tion mutations in the Hox9 paralogous genes resulted in mammary
gland hypoplasia in mice. Also, based on their findings, they further
predicted that gain-of-function mutations that cause ectopic activa-
tion of HOX genes could lead to hyperplasia of mammary tissue and
thus contribute to mammary neoplasia. A likely conclusion about
the HOX9 genes, and most likely many of the HOX gene members,
is that their function is not restricted to a single role, but rather
constitute multiple roles that change over time. Hence, it may be
postulated that an ectopic expression of HOX genes, leading to
abnormal nuclear concentrations of HOX transcripts, could disrupt
the homeostasis of the transcriptional machinery, activating and/or
deactivating regulatory pathways, ultimately committing the cell to
re-differentiate and change phenotype.

Another issue that must be taken in to consideration when looking
at quantitative expression levels of HOX genes and a potential effect
caused by mis-expression, is the common postulated functional
compliment between the trans-paralogous HOX genes. In mice, the
Hoxa3, b3 and d3 paralogs have been shown to be able to carry out
identical biological functions, even though not showing functional
equivalence in their normal, wild-type chromosomal environment.33

From their findings, they further postulate that the observed non-
equivalence of the trans-paralogues in wild-type tissues might be
attributed to quantitative differences in expression levels rather than
qualitative differences. Ultimately, this would mean that there are
other cellular mechanisms controlling the transcription of the spe-
cific HOX paralogues in different cells, since they further observed
that a deletion of a specific HOX gene in differentiated mesenchymal
neural crest and somitic mesoderm cells was not counteracted by an
up-regulated expression of its trans-paralogues. Curiously though,
the expression patterns of the HOX4 paralogues in the present study
hints towards some degree of trans-paralogue equivalence. Of the
samples tested, a complete silencing of HOXA4 means high expression
levels of HOXB4 in the same cells, whereas complete silencing of
HOXB4 means high expression levels of HOXA4, with the exception
of the highly invasive breast cancer cell line MDA-MB-231, which
shows high expression of both HOXA4 and B4. Curiously, the
MDA-MB-231 cells are also the only sample tested showing a rela-
tively significant HOXB9 expression and a very low HOXB6 tran-
script concentration.

Only three HOXC genes were examined in this study, and neither
HOXC4 nor C5 showed any gross changes in gene expression in the
malignant phenotypes. HOXC13 showed a stable expression level
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across the skin samples tested, however, in the human breast samples,
HOXC13 was undetected in normal human breast tissue, whereas
expression was detected in the remaining three samples.
Furthermore, HOXC13 was highly overexpressed in the MCF-7 cell
line.

Three HOXD genes were also examined, again with no changes
evident in the melanoma cell lines. The HOXD genes did show gross
changes in gene expression in the human breast samples however,
with a complete absence of HOXD3, D4 and D13 transcripts in the
nonmalignant SVCT cells, and with an extreme up-regulation of all
three genes in the highly invasive cancer cell line MDA-MB-231.
Interestingly, only HOXD13 was upregulated in the MCF-7 cell line,
with both HOXD3 and D4 silenced, whereas the reverse was noted
for the pathologically normal human breast sample, with both
HOXD3 and D4 expressed, and HOXD13 silenced. Potential impli-
cations of the dys-regulated HOXD3 gene expression for oncogenic
transformation of the mammary cells have already been discussed.

Even though subtle variations in PBX1B and MEIS1 expression
was detected in the various samples, the transcript levels of these
TALE genes seems relatively unaffected by the gross changes in cellular
phenotype. The relatively unchanged expression of PBX1B and
MEIS1 contrasted with the high number of highly mis-expressed
HOX genes in the malignant cell lines strongly indicates that it is the
HOX genes that potentially drive the cellular transformation, and
not the TALE genes.

In conclusion, gross changes in HOX gene expression were
observed in the human cancer cell lines examined, compared to their
nonmalignant counterparts. Although a limited number of cell
samples were examined, general trends are clearly evident. For
further establishment of the involvement of HOX genes in cancer
establishment and/or development, however, it would be beneficial
to expand the study to examine more cell lines. Also, the inclusion of
primary clinical samples from cancer patients would be necessary to
fully appreciate the role of the HOX gene-cluster in carcinogenesis.

In this study, 20 HOX genes were examined, of which many
showed changes in transcript levels, including a few exhibiting
changes that could be correlated with either the malignant or the
invasive phenotype. Since, however, many HOX genes are postulated
to operate in a codependent fashion, with potential intra-regulatory
loops across and between the gene clusters, the exclusion of the
remaining 19 HOX gene members limits the potential to elucidate
this phenomenon in the examined samples. It should also be men-
tioned that even though these remaining HOX genes are not reported
in this study this does not mean that they are not expressed in the
aforementioned cell lines and tissues. Several of these genes have
previously been reported to be misexpressed in human cancers, so
further expression studies on these genes would be beneficial in the
search for key genetic factors controlling carcinogenesis. Even so,
however, the new data reported herein adds to the understanding of
HOX gene expression and its molecular consequences for the mainte-
nance of the normal phenotype, as well as potential involvement of
these regulatory proteins in oncogenic transformations. While many
scientific questions remain to be answered, quantitative real-time
PCR is a powerful and sensitive method that can detect even subtle
changes in HOX gene expression. This technology has the potential
to add new and pivotal information to the understanding of the
transcriptional changes necessary for the establishment of the
malignant phenotype. And as this study has shown, the HOX network
is differentially expressed throughout cancer progression, highlighting
the potential for the HOX transcription factors in the development
of cancer therapies.

References
1. McGinnis W, Krumlauf R. Homeobox genes and axial patterning. Cell 1992; 68:283-302.
2. Levine M, Hoey T. Homeobox proteins as sequence-specific transcription factors. Cell

1988; 55:537-40.
3. Scott M. Vertebrate homeobox gene nomeclature. Cell 1992; 71:551-3.
4. Tiberio C, Barba P, Magli MC, Arvelo F, Le Chevalier T, Poupon MF, et al. HOX gene

expression in human small-cell lung cancers xenografted into nude mice. Int J Cancer 1994;
58:608-15.

5. De Vita G, Barba P, Odartchenko N, Givel JC, Freschi G, Bucciarelli G, et al. Expression
of homeobox-containing genes in primary and metastatic colorectal cancer. Eur J Cancer
1993; 29A:887-93.

6. Cillo C, Barba P, Freschi G, Bucciarelli G, Magli MC, Boncinelli E. HOX gene expression
in normal and neoplastic human kidney. Int J Cancer 1992; 51:892-7.

7. Cantile M, Pettinato G, Procino A, Feliciello I, Cindolo L, Cillo C. In vivo expression of
the whole HOX gene network in human breast cancer. Eur J Cancer 2003; 39:257-64.

8. Cillo C, Faiella A, Cantile M, Boncinelli E. Homeobox genes and cancer. Exp Cell Res
1999; 248:1-9.

9. Calvo R, West J, Franklin W, Erickson P, Bemis L, Li E, et al. Altered HOX and WNT7A
expression in human lung cancer. Proc Acad Natl Sci USA 2000; 97:12776-81.

10. Li H, Huang CJ, Choo KB. Expression of homeobox genes in cervical cancer. Gynecol
Oncol 2002; 84:216-21.

11. Vider BZ, Zimber A, Chastre E, Gespach C, Halperin M, Mashiah P, et al. Deregulated
Expression of Homeobox-Containing Genes, HOXB6, B8, C8, C9, and Cdx-1, in Human
Colon Cancer Cell Lines. Biochem Biophys Res Commun 2000; 272:513-8.

12. Friedmann Y, Daniel CA, Strickland P, Daniel CW. Hox genes in normal and neoplastic
mouse mammary gland. Cancer Res 1994; 54:5981-5.

13. Chang CP, Brocchieri L, Shen WF, Largman C, Cleary ML. Pbx modulation of Hox home-
odomain amino-terminal arms establishes different DNA-binding specificities across the
Hox locus. Mol Cell Biol 1996; 16:1734-45.

14. Shen WF, Montgomery JC, Rozenfeld S, Moskow JJ, Lawrence HJ, Buchberg AM, et al.
AbdB-like Hox proteins stabilize DNA binding by the Meis1 homeodomain proteins. Mol
Cell Biol 1997; 17:6448-58.

15. Kroon E, Krosl J, Thorsteinsdottir U, Baban S, Buchberg AM, Sauvageau G. Hoxa9 trans-
forms primary bone marrow cells through specific collaboration with Meis1a but not
Pbx1b. EMBO J 1998; 17:3714-25.

16. Engel LW, Young NA. Human breast carcinoma cells in continuous culture: A review.
Cancer Res 1978; 38:4327-39.

17. Cailleau R, Young R, Olive M, Reeves Jr WJ. Breast tumor cell lines from pleural effusions.
J Natl Cancer Inst 1974; 53:661-74.

18. Chang SE. In vitro transformation of human epithelial cells. Biochim Biophys Acta 1986;
823:161-94.

19. Thomson JA, Murphy K, Baker E, Sutherland GR, Parsons PG, Sturm RA, et al. The brn-
2 gene regulates the melanocytic phenotype and tumorigenic potential of human melanoma
cells. Oncogene 1995; 11:691-700.

20. Boudreau N, Andrews C, Srebrow A, Ravanpay A, Cheresh D. Induction of the angiogenic
phenotype by Hox D3. J Cell Biol 1997; 139:257-64.

21. Taniguchi Y, Komatsu N, Moriuchi T. Overexpression of the HOX4A (HOXD3) home-
obox gene in human erythroleukemia HEL cells results in altered adhesive properties. Blood
1995; 85:2786-94.

22. Hamada J, Omatsu T, Okada F, Furuuchi K, Okubo Y, Takahashi Y, et al. Overexpression
of homeobox gene HOXD3 induces coordinate expression of metastasis-related genes in
human lung cancer cells. Int J Cancer 2001; 93:516-25.

23. Miyazaki YJ, Hamada J, Tada M, Furuuchi K, Takahashi Y, Kondo S, et al. HOXD3
enhances motility and invasiveness through the TGF-beta-dependent and -independent
pathways in A549 cells. Oncogene 2002; 21:798-808.

24. Myers C, Charboneau A, Boudreau N. Homeobox B3 promotes capillary morphogenesis
and angiogenesis. J Cell Biol 2000; 148:343-51.

25. Sauvageau G, Thorsteinsdottir U, Hough MR, Hugo P, Lawrence HJ, Largman C, et al.
Overexpression of HOXB3 in hematopoietic cells causes defective lymphoid development
and progressive myeloproliferation. Immunity 1997; 6:13-22.

26. Care A, Felicetti F, Meccia E, Bottero L, Parenza M, Stoppacciaro A, et al. HOXB7: A key
factor for tumor-associated angiogenic switch. Cancer Res 2001; 61:6532-9.

27. Naora H, Yang YQ, Montz FJ, Seidman JD, Kurman RJ, Roden RB. A serologically iden-
tified tumor antigen encoded by a homeobox gene promotes growth of ovarian epithelial
cells. Proc Natl Acad Sci USA 2001; 98:4060-5.

28. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000; 100:57-70.
29. Goldstein BJ, Wolozin BL, Schwob JE. FGF2 suppresses neuronogenesis of a cell line

derived from rat olfactory epithelium. J Neurobiol 1997; 33:411-28.
30. Cameron HA, Hazel TG, McKay RD. Regulation of neurogenesis by growth factors and

neurotransmitters. J Neurobiol 1998; 36:287-306.
31. Chang PY, Kozono T, Chida K, Kuroki T, Huh N. Differential expression of Hox genes in

multistage carcinogenesis of mouse skin. Biochem Biophys Res Commun 1998; 248:749-52.
32. Chen F, Capecchi MR. Paralogous mouse Hox genes, Hoxa9, Hoxb9, and Hoxd9, function

together to control development of the mammary gland in response to pregnancy. Proc
Acad Natl Sci USA 1999; 96:541-6.

33. Greer JM, Puetz J, Thomas KR, Capecchi MR. Maintenance of functional equivalence dur-
ing paralogous Hox gene evolution. Nature 2000; 403:661-5.

www.landesbioscience.com Cancer Biology & Therapy 523

ALTERED HOX GENE EXPRESSION IN HUMAN SKIN AND BREAST CANCER CELLS



[Cancer Biology & Therapy 2:5, 524-525, September/October 2003]; ©2003 Landes Bioscience

524 Cancer Biology & Therapy 2003; Vol. 2 Issue 4

Hexin Chen1

Saraswati Sukumar1,*
1Breast Cancer Program; The Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins; Baltimore, Maryland 21231 USA.

*Correspondence to: Saraswati Sukumar; 1650 Orleans Street; CRB410; Johns
Hopkins University School of Medicine; Baltimore, Maryland 21231-1000 USA; Tel.:
410.614.2479; Fax: 410.614.4073; Email: sukumsa@jhmi.edu 

Received 08/28/03; Accepted 08/28/03

Previously published online as a CB&T E-publication at:
http://www.landesbioscience.com/journals/cbt/toc.php?volume=2&issue=5

KEY WORDS

HOX genes, expression, cancer, breast

Commentary to:

Altered HOX Gene Expression in Human Skin and Breast
Cancer Cells

Terje Svingen and Kathryn F. Tonissen

ACKNOWLEDGEMENTS

Hexin Chen is supported by a postdoctoral fel-
lowship, PDF 0100603, from the Susan G. Komen
Breast Cancer Foundation.

Commentary

HOX Genes
Emerging Stars in Cancer

HOX proteins, family of transcription factors, are encoded by 39 genes organized into
four clusters (HOXA-D) and are located on human chromosomes 7, 17, 12 and 2,
respectively.1 Each cluster contains a minimum of nine HOX genes.1 The homeodomain,
a highly conserved 61-amino acid helix-turn-helix DNA binding motif, is the common
element. HOX genes belonging to different clusters but with highly homologous home-
odomains can be positionally aligned on the chromosome and arranged as 13 paralo-
gous groups.2 Their order of expression along the anterior-posterior axis of the embryo is
colinear with 3’ to 5’ organization of HOX genes on the chromosomes.3 The expression
domains of HOX genes in vertebrates have marked anterior boundaries, but less sharp
posterior boundaries; this organization results in extensive overlap of expression domains
in the posterior regions. Studies of mice lacking specific HOX genes have revealed that they
are key determinants of anteroposterior patterning of animal embryos and also play an
important role in the development of spleen, thymus, mammary gland, lung and other
organs.1 The exact role of HOX genes in development is rendered complex by their
colinear expression pattern in a cluster and the functional redundancy of paralogous
members. It was found that the more posteriorly expressed genes (located at the 5’end of
the cluster) usually impose their function over that of more anterior genes (located at the
3’end of the cluster) through a suppressive mechanism that does not involve transcriptional
repression.4 This so-called “posterior prevalence” property is very important for the function
of HOX genes in development. By swapping the protein-coding sequences of two HOX
genes, Greer et al have shown that, at least in some cases, paralogous HOX genes are
functionally equivalent even though their sequences are very different and the genes have
distinct biological functions.5 This has led to another hypothesis that it is the expression
level of the paralogous group as a whole, which is critical for correct development.5

During embryogenesis and organogenesis, HOX genes exert their functions by regulating
cell proliferation and differentiation. Normal development and cancer have a great deal in
common, as both processes involve shifts in the balance between cell proliferation and
differentiation. It is not surprising to find that many HOX genes display altered expression
patterns in a variety of tumors, including renal, lung, breast, prostate, ovarian, colorectal,
colon, Wilms’ tumor, osteosarcoma, and neuroblastoma.6-8 Considering the clustered
organization on the chromosome, posterior prevalence property and functional redundancy
of HOX genes during embryogenesis, it is very important to examine the altered expression of
whole HOX gene network in specific cancers in order to study their roles in tumorige-
nesis. The systematic examination of HOX gene network has been done in renal tumor,9

human small-cell lung cancers (SCLC)10 and breast cancer11 using RT-PCR. More recently,
Drabkin et al utilized degenerate RT-PCR followed by real-time PCR to study altered
expression of many HOX genes in human lung cancer and acute myelogenous
leukemia.12,13 The expression profile of HOX genes in these tumors provided very useful
information on the potential function of specific HOX genes in tumorigenesis. 

Utilizing real-time RT-PCR assays, in this issue, Svingen et al examined the expression
of 20 HOX genes and two known HOX co-factors, PBX1B and MEIS1, in human
melanoma and breast cell lines. Alterations in HOX gene expression were observed for all
malignant cells examined, but the expression of the HOX-cofactors PBX1B and MEIS1
did not display significant changes between the non-malignant and the malignant cells,
indicating that misexpressed HOX genes rather than their cofactors potentially play a role
in oncogenic transformation. Comparing these findings to another recent study on the
expression of the entire HOX gene network in human breast cancer cells,11 a few HOX
genes did show similar misexpression patterns in breast cancer cell lines. For example,
HOXA4, B13, C13, D3 and D13 are upregulated while HOXB3 is downregulated in
most breast cancer lines and primary breast tumors compared to normal breast cells. Also,
consistent with the findings of Cantile et al.,11 most HOX genes which are misexpressed in
breast cancer cells are located on 5’ or 3’ end of HOX gene clusters on the chromosome.



Interestingly, in other cancer types, the frequently overexpressed
genes are usually located in the middle of HOX genes clusters. For
instance, HOXA5, HOXA9 and HOXA9 are found to be overexpressed
in leukemia and the HOX9 paralogous group in lung cancer.12,13

No single gene is uniformly misexpressed in all different cancer cells
and no specific expression pattern across tumors is found. Therefore
the expression and function of HOX genes in tumors appears to be
tissue-specific. From this perspective, the normal tissue controls used
in these experiments are very important, since different tissues
express different combinations of HOX genes. Svingen et al used one
cell line and one normal breast tissue as normal controls. Taking into
consideration that 95% of breast tumors arise from epithelial cells,
purified epithelial organoids obtained following enzymatic diges-
tion of several normal reduction mammoplasty specimens may pro-
vide the most suitable normal controls for studying altered gene
expression in breast cancer cells. It should be noted that in this paper
and in most of the other studies HOX gene expression analysis in
tumors was performed at the mRNA level and often, only a small
number of tissue samples were tested. Many HOX genes encode a
few transcripts, and even different protein isoforms.14 Further studies
with larger numbers of samples, with confirmation at the protein
level are warranted. 

There is no doubt that misexpressed HOX proteins can contribute
to tumorigenesis. The exact role of each HOX gene in neoplasia may
vary from cancer to cancer. A large body of evidence has shown that
HOX genes may be involved in a multistep neoplastic process by reg-
ulating cell cycle, apoptosis, angiogenesis and cell-cell communica-
tions.15 However, the signaling pathways upstream and down-
stream of HOX genes remain elusive. Also, although HOX proteins
are thought to be transcription factors, there has been, in general, a
failure to define their targets. This failure is partially due to the sim-
plicity of the core binding motifs, (ATTA), which is present in
many target gene promoters. These could potentially offer binding
sites for many HOX proteins. Other interesting issues about the
function of HOX genes in cancer include: How do a few/several HOX
gene members co-operate in regulating cell proliferation or differen-
tiation? Do HOX proteins act only as transcription factors? Is the
homedomain required for all of their functions? Further addressing
these questions will greatly help us to understand the role of HOX
genes in tumorigenesis.
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