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Abstract

Human HOX genes consist of 39 genes and encode transcription factors that function
as master developmental regulators. We hypothesized that the misexpression of HOX
genes was associated with carcinogenesis and malignant progression. The expression
levels of 39 HOX genes in 31 human oral squamous cell carcinoma (SCC), 11
dysplasia and 10 normal mucosa tissues were quantified by the real-time RT-PCR
method. The expression levels of 18 HOX genes in the SCC tissues were significantly
higher than those in the normal mucosa tissues. The dysplasia tissues showed higher
expression of HOXA2, A3, B3 and D10 than normal mucosa tissues whereas they
showed lower expression of HOXA1, B7, B9 and C8 than SCC. The SCC with lymph
node metastasis showed high expression of HOXC6 compared to the SCC without it.
These results suggest that misexpressions of particular HOX genes are implicated in

the development of oral dysplasia and SCC.



Introduction

Homeobox genes function as master regulators of morphogenesis and cell
differentiation during embryogenesis of animals (1). The genes contain a common
sequence element of 180 bp, the homeobox, which encodes a highly conserved 60
amino acid homeodomain (HD). HD proteins function as transcription factors through
their homeodomain, which binds to DNA in sequence-specific manner (2). The HD
motif is found in approximately 20 families of homeobox-containing genes, one of
which in vertebrates is called Hox gene. The human genome contains 39 HOX genes
which are clustered in a similar arrangement of 13 paralog groups in 4 different
chromosomal regions, HOXA, B, C and D (3). During embryonic morphogenesis, the
HOX genes determine positional identity along the body axis in animals. Within each
cluster, HOX genes located at the 3' end are expressed earlier and more anteriorly in
the embryo than those in more 5' positions, which is the property called colinearity
rule (4). HOX gene products are transcription factors which regulate the transcription
of target genes such as cell adhesion molecules, growth factors and transcription
factors (5-9). HOX genes are also expressed in some normal adult organs in
characteristic patterns, suggesting their possible role in the maintenance of tissue-
specific architecture besides their roles in embryogenesis (10-12).

Recently accumulating evidence indicates that the expression patterns of 39 HOX
genes are different between cancer tissues and normal tissues in some kinds of human
solid cancer including renal, prostate, bladder and so on (13-15). We also found that
the expression levels of HOXA11, A13, B9, D12 and D13 in cutaneous melanoma
were higher than those in nevus pigmentosus (16). These findings suggest that
disturbance in the normal pattern of HOX gene expression links up with

carcinogenesis in a variety of organs. Some studies show the relation between



malignant phenotypes of tumor cells and the HOX gene expression. HOXA1 and
HOXC8 may play a key role in the acquisition of invasive and metastatic phenotypes
of breast and prostate cancer cells, respectively (17, 18). Our previous studies showed
that human lung cancer A549 cells transfected with HOXD3 gene acquired more
metastatic, invasive and motile phenotypes (19, 20). Taken together, inappropriate
expression of a particular HOX gene(s) is likely involved in tumor development and
malignant progression such as invasion and metastasis, and the HOX gene(s)
responsible for oncogenesis and/or tumor progression differs according to the organs
or tissues from which the tumor cells have derived.

Oral squamous cell carcinoma (SCC) is an important issue of oral health
worldwide (21). The oral SCC is often preceded by premalignant lesions (dysplasias)
which are clinically diagnosed as leukoplakia or erythroplakia. Long-term follow-up
studies showed that 11-36% of oral epithelial dysplasias transformed into SCC (22-
25), and that severe dysplasias were generally associated with a higher risk for
malignant transformation than mild and moderate ones (25). Thus, oral SCC, if not
all, is likely to develop in normal-dysplasia-carcinoma sequence. One of the most
important pathological changes in the normal-dysplasia-carcinoma sequence of oral
mucosa is the advancement of disorder in the structural organization of stratified
squamous epithelium. In this context, we think that deregulated expressions of HOX
genes are associated with disturbance of structural organization. In this study, we
analyzed the HOX gene expression patterns in normal mucosa, premalignancy
(dysplasias) and malignancy (SCC) to better understand the roles of HOX genes in the

development and subsequent progression of oral squamous cell carcinoma.

Materials and methods



Clinical Specimens. We used 31 oral SCC tissues, 11 dysplasia tissues (clinically
diagnosed as leukoplakia) and 10 normal tissues from 46 patients who had undergone
surgery at the Hokkaido University Hospital from January 2000 to September 2004.
Three of 31 SCC tissues and 2 of 11 dysplasia tissues were originated from the same
patient. Clinicopathologic data of each patient were shown in Table I. One to five
bulk tissue samples of about 5 mm-size were immediately cut from the oral tissues
resected by a standard surgical procedure. The tissue samples were snap frozen in
liquid nitrogen and stored at -80°C until use. This study was approved by the Ethics
Committee of Hokkaido University, and informed consent was obtained from all the
patients.

RNA extraction and cDNA preparation. Total RNA was extracted from the clinical
specimens by using Trizol (Invitrogen, Carlsbad, CA) according to the manufacturer's
instruction. For real-time PCR, 1 microg of total RNA was subjected to cDNA
synthesis in 100 microL of reaction mixture containing Taq Man RT buffer (Applied
Biosystems, Foster City, CA), 5.5 mM MgCl,, 500 microM dNTP, 2.5 microM

random hexamers, 0.4 U/microL RNAase inhibitor, 1.25 U/microL MultiScribe™

reverse transcriptase. The reverse transcription reaction was performed sequentially
for 10 min at 25°C, for 30 min at 48°C and for 5 min at 95°C.

Quantitative real-time RT-PCR. Quantitative RT-PCR assays were carried out by
using ABI PRISM 7900HT (Applied Biosystems) with SYBR-green fluorescence.
Real-time PCR amplification was performed in 20 microL of reaction mixture
containing 2 microL of cDNA sample, 10 microL of QuantiTect™ SYBR Green PCR
Master Mix (Qiagen, Valencia, CA) and with specific primer sets which had been
described in our previous report (11). PCR was carried out by starting with a 15-min

hot start at 95°C, followed by a denaturation step at 94°C for 15 sec, an annealing step



at 60°C for 30 sec and an extension step at 72°C for 1min for 40 cycles. Dissociation
curve analysis (95°C for 15 sec, 60°C for 15 sec, and 95°C for 15 sec) was performed
at the end of 40 cycles to verify the identity of the PCR product. Data were analyzed
by using Sequence Detector Systems version 2.0 software (Applied Biosystems).
Quantification was done by using the standard curve method as described in our
previous report (11). Finally we represented relative gene expression levels as the
ratio of the target HOX gene to the internal reference gene (beta-actin) expression
based on the initial copy number calibrated along the standard curve.

Statistical analysis and cluster analysis. The relationship between each HOX gene
expression and each clinicopathological parameter was determined by the Mann-
Whitney U test or the Kruskal-Wallis rank test. The statistical software package
applied was Statview 5.0 for Macintosh (SAS Institute, Cary, NC). A p value less

than 0.01 was considered statistically significant.

Results

Expression of HOX genes in normal oral mucosa tissues. Expression levels of
39 HOX genes in 10 normal mucosa tissues are shown in Figure 1. Relative
expression ratios of each HOX gene belonging to cluster A, B and C (HOXA, HOXB
and HOXC) against beta-actin gene were less than 0.002 in all the specimens. Of
these HOX genes, HOXAZ2 and B2 showed relatively high expression compared to the
others. HOXD3, D4, D8 and D9 which belong to cluster D showed the highest
expression levels among 39 HOX genes.

Differences in HOX gene expression between normal mucosa, dysplasia and
squamous cell carcinoma. We compared the expression levels of each HOX genes

among normal mucosa (10 specimens), dysplasia (11 specimens) and squamous cell



carcinoma (SCC) (31 specimens) to examine whether the HOX gene expression
changed with the advance of disease or not. In 18 genes (HOXAL, A2, A3, A5, A9,
B3, B6, B7, B9, C4, C6, C8, C9, C11, C13, D9, D10 and D11) of 39 HOX genes,
their expression levels were significantly different among normal, dysplasia and
cancerous mucosa (p < 0.01, Kruskal-Wallis rank test, Figure 2). The expression
levels of all the 18 HOX genes in SCC were high compared to those in normal
mucosa (p < 0.01, Mann-Whitney U test). The expression levels of HOXA2, A3, B3
and D10 were significantly high in the dysplasia tissues compared to normal mucosa
tissues (p < 0.01, Mann-Whitney U test) whereas there was no difference in their
expression levels between dysplasia and SCC tissues. The dysplasia tissues showed
significantly low expressions of HOXA1, B7, B9 and C8 compared to SCC (p < 0.01,
Mann-Whitney U test).

Differences in HOX gene expression between SCC with lymph node
metastasis and SCC without it. To find the particular HOX genes involved in
progressive phenotypes, we compared the expression levels of each HOX gene
between SCC with lymph node metastasis and SCC without it. The SCC with lymph
node metastasis tended to show high expressions of HOXC5, C6 and C8 which were
adjacent genes on the cluster C compared to the SCC without it; especially the
expression level of HOXC6 was significantly higher in the metastatic SCC than the

non-metastatic ones (p < 0.01, Mann-Whitney U test) (Figure 3).

Discussion
This is the first report describing the systemic analysis of 39 HOX gene
expressions in oral normal mucosa, dysplasia and squamous cell carcinoma tissues.

All normal mucosa tissues examined here showed relatively high expression levels of



the HOX genes located at 3'-side of each cluster, except HOXC cluster. Yahagi et al
analysed the expression patterns of 39 HOX genes in gastrointestinal tract tissues
including esophagus, stomach, duodenum, jejunum, ielum, ileocecum, cecum,
ascending colon, transverse colon, descending colon and rectum but not oral cavity
(12). They found the expression level of HOX paralogs apparently reflected the
paralog number and relative position along the anteroposterior axis; for example, the
first three paralogs in each group were highly expressed in the organs derived from
foregut such as esophagus and stomach. In this context, it is reasonable that normal
mucosa of oral cavity which is at more anterior position than esophagus or stomach
showed high expression of 3'-side of HOX genes. It was also characteristic that the
expression levels of HOXD8 and D9 were highest in all of the HOX genes examined.
This is consistent with our previous observation that HOXD8 and D9 were highly
expressed in salivary gland, thyroid, trachea, lung, thymus which were at relatively
anterior position along the body axis (11).

Comparison of the expression levels in normal mucosa, dysplasia and SCC tissues
found different expressions of 18 HOX genes among them. Expression levels of all
the 18 HOX genes were high in SCC compared to those in normal mucosa. Of the 18
HOX genes, 4 HOX genes (HOXA1, B7, B9 and C8) showed higher expression in
SCC than in dysplasia, and 4 other HOX genes (HOXAZ2, A3, B3 and D10) showed
higher expression in dysplasia than in normal mucosa. In the remainder 10 HOX
genes, there was no significant difference in the expression levels between dysplasia
and normal mucosa or SCC. This evidence suggests that the expression of HOX
genes sequentially alters from normal mucosa, dysplasia and SCC. Of the 18 HOX
genes, 11 genes were the adjacent genes on the same cluster (A1/A2/A3, B6/B7,

C6/C8/C9, and D9/D10/D11). This observation suggests the possibility that these



adjacent HOX genes are cis-activated and controlled by common upstream regulatory
components.

It is also interesting that almost half of the 18 HOX genes are known to be
affected by fibroblast growth factors (FGF). Studies on Hox gene expression in chick
embryos show that FGF modified the expressions of Hoxa2, b6-9, ¢6-9 and d9 (26-
29). The expression levels of FGF-1 nad FGF-2 are higher in SCC than in normal
oral mucosa (30), and high affinity receptors for FGFs, FGFR2 and FGFR3, are
highly expressed in dysplasia and SCC compared to those in normal mucosa (31).
Therefore, FGFs may contribute to malignancy of oral cavity through alteration of
HOX gene expression since FGFs influence growth of a variety of tissues including
solid tumor tissues (32, 33).

We showed here that the expression levels of HOXC6 were significantly higher in
SCCs with lymph node (LN) metastasis than those without LN metastasis. There was
a tendency to increase expressions of HOXC5 and C8 which were neighboring on
HOXC6 in SCCs with LN metastasis compared to those without LN metastasis. A
gene expression analysis of microdissected human prostate tissues demonstrates that
HOXCE6 is significantly overexpressed in the epithelium of prostate cancer (34). Loss
of HOXCG6 expression by siRNA targetting HOXC6 induces apoptosis in human
prostate cancer cell lines (35). Moreover, human prostate cancer cell lines established
from LN metastases showed high expression of HOXC4, C5 and C6, especially C6,
compared to cell lines derived from primary site or metastases from other sites (18).
O'Donnell et al reported that the expression of HOXC8 was upregulated in primary
oral cavity squamous cell carcinomas with LN metastasis (36). Thus, the incresed
expression of HOXC4-8 may be associated with malignacy including LN metastasis

in not only prostate but also oral SCC.



Our results strongly support our hypothesis that aberrant expression of HOX
genes is associated with the development of oral dysplasia and SCC. However, before
we can reveal the roles of HOX genes in the oral malignancy, we need further studies
to uncover which type of cells in tumor (or dysplasia) tissues misexpress the HOX

genes and the target genes whose transcriptions are regulated by theHOX genes.
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Figure legends
Figure 1

Expression profiling of 39 HOX genes in oral normal mucosa tissues. The relative
levels of HOX mRNA determined by quantitative RT-PCR (described in the
Materials and Methods) in 10 normal mucosa tissues. The graphs of HOX cluster A,
B, C and D are lined from top to bottom. HOX gene paralogs from 1 to 13 are lined
from left to right of the abscissa axis in each graph. The distribution of the relative
expression ratio (HOX/beta-actin) is summarized by using boxplots. The central box
in each plot shows the interquartile (25th to 75th percentile) range. The line in the
box shows the median. The whiskers (vertical bars) were drawn to the 90th and 10th
percentiles. Extreme values higher than the 90th percentile or lower than the 10th

percentile were marked with circles individually.

Figure 2

Different expression levels of HOX genes among normal mucosa, dysplasia and
squamous cell carcinoma tissues. The distribution of the relative expression ratio
(HOX/beta-actin) was summarized by using boxplots in the same manner as in Figure
1. C: Squamous cell carcinoma; D: dysplasia; N: Normal mucosa tissues. P values

were calculated by the Man-Whitney U-test following the Kruskal-Wallis rank test.

Figure 3

Different expression levels of HOX genes between squamous cell carcinoma (SCC)
with lymph node metastasis and SCC without it. The distribution of the relative
expression ratio (HOX/beta-actin) was summarized by using boxplots in the same

manner as in Figure 1. HOXCS5, C6 and C8 were overexpressed in SCC with lymph

15



node metastasis compared to SCC without metastasis (p = 0.0352, 0.0034 and 0.0390,

respectively, by Mann-Whitney U-test).

16



Relative expression ratio (HOX/-actin) 10-3

HOXA

w
1

N
|

1 2 3 456 78 9 13

HOXC

é-%@ lote e

4 5 6 8 9 10 1112 13

HOXD o

= éé .?%%&%

8 910 11 12 13

Figure 1






Relative expression ratio (HOX/ B-actin) 10-3

9 9 8 1.8
o
©  HOXA1 HOXA2 HOXA3 e HOXA5
Cvs N, p <0.0001 Cvs N, p<0.0001 Cvs N, p=0.0003
Cvs D, p < 0.0001 o 6 Dvs N, p = 0.0009 o
64 6 Cvs N, p=0.0004 o 1.24
Dvs N, p=0.0039
44
3 31 o 0.67 o
ss| |[2es| |sd i
0- —- O T T 0- 0- L
C D N (o D N C D N C D N
4 9 1.5 5 8
HOXA9 HOXB3 o HOXB6 HOXB7
3 Cvs N, p=0.002 CvsN,p<0.0001| 47 Cvs N, p = 0.0001
i Cvs N, p =0.0002 | Cvs D, p =0.0002
6 DvsN,p=0.0025 1 o 2
2] o)
o
31 % 0.5
11
o 17 ©
i&?@
0- 0- 0- 0- -
C D N C D N C D N C D N
0.5 6 5 0o 3
HOXB HOXC4 HOX 9
cvsn! p(z 0_0(5)901 - OoXC o OXC6 3 HOXC8
0.41 Cvs D, p = 0.0066 CvsN, p<0.000] 41 Cvs N, p <0.0001 Cvs N, p <0.0001
© 44 2] Cvs D, p=0.0075
0.3 1 34
© 31 o
0.2 T 2 T
27 Q 17
J o i o
0.1 1 é 1
0 = 0 — é 0 . - Eg:'— 0 - > é‘v
C D N C D N C D N C D N
35175 1.8 12
HOXC9 ©  Hoxci1 HOXC13 HOXD9
2.8 Cvs N, p < 0.0001] CvsN,p<0.0001| g €c vs N, p < 0.000] CvsN, p = 0.0039
a1 1.2 8 o
' o
°© o 4 o o
1.4
[ 0.6 T T 4
2_
" = =t = % -
0 = 0 h L == 18 ¢ =
C D N C D N C D N C D N
35 35
HOOXDIO o HOXD11
284 CvsN,p<0.0001 | 5 g Cvs N, p <0.0001
lévs N, p =0.0075 '
2.1 2.1 ©
o) o
1.4 1.4
0.7 0.7 1 é
0 {-j E. 0 = . 4
D C D N

Figure 2



o
o

o
IN

(HOX/B-actin) 10-3

o
N

Relative expression ratio

o
@

o

HOXC5 HOXC6 HOXCS8
a 5 i<} 3 5
4 -
- @ 3 i 2 -
o
’ T 2 - . ?
7] A1 1 ﬁ = 'JT
- o
; = T
0 0
PN (-) pN (+) PN (-) PN (+) PN (-)  pN (+)

Figure 3




Table I Clinicopathologic data of all patients and samples examined

Patient code Sample code Histology T2 pN2 Location
#11 Cl1 SCC 1 0  Tongue
#14 Cl14 SCC 1 0  Tongue
#20 C20 SCC 1 0  Tongue
#25 C25 SCC 1 0  Tongue
#1 C1 SCC 2 0  Tongue
#3 C3 SCcC 2 0  Tongue
#5 C5 SCC 2 0  Tongue
#10 C10 SCC 2 0  Tongue
#22 Cc22 SCC 2 0  Tongue
#28 C28 SCC 2 0 Tongue
#4 c4 SCC 2 1  Cheek
#7 c7 SCC 2 1  Cheek
#26 C26 SCC 2 0  Cheek
#13 C13 SCC 2 0  Floor
#19 C19 SCC 2 0  Floor
#12 C12 SCC 2 0  Gingiva (maxilla)
#15 C15 SCC 2 0  Gingiva (mandible)
#17 C17 SCC 2 1  Gingiva (mandible)
#16 C16 SCC 3 2b  Tongue
#18 C18 SCC 3 1  Tongue
#23 Cc23 SCC 3 0 Tongue
#21 c21 SCC 3 Gingiva (mandible)
#27 c27 SCC 3 Gingiva (mandible)
#3 C8 SCC 4 2c  Tongue
#30 C32 SCC 4 2c  Tongue (L)
#2 Cc2 SCC 4 Cheek
#6 C6 SCC 4 Cheek
#9 C9 SCC 4 0  Gingiva (maxilla)
#24 C24 SCC 4 0  Gingiva (maxilla)
#30 C30 SCC 4 2c  Gingiva (mandible)(L)
#30 C31 SCC 4 2c  Gingiva (mandible)(R)
#31 D1 Dysplasia (mild) Tongue
#32 D2 Dysplasia (mild) Tongue
#33 D3 Dysplasia (mild) Tongue
#35 D5 Dysplasia (mild) Tongue
#36 D6 Dysplasia (mild) Tongue
#40 D11 Dysplasia (mild) Tongue
#37 D7 Dysplasia (moderate) Tongue
#38 D9 Dysplasia (moderate) Tongue
#30 D21 Dysplasia (moderate) Gingiva (maxilla)
#34 D4 Dysplasia (severe) Tongue
#30 D22 Dysplasia (severe) Gingiva (maxilla)
#41 N1 Normal Gingiva (mandible)
#42 N2 Normal Gingiva (mandible)
#43 N3 Normal Gingiva (mandible)
#44 N4 Normal Gingiva (mandible)
#45 N5 Normal Gingiva (mandible)
#46 N6 Normal Gingiva (mandible)
#AT N7 Normal Gingiva (mandible)
#48 N8 Normal Gingiva (mandible)
#49 N9 Normal Gingiva (mandible)
#50 N10 Normal Gingiva (mandible)

aT and pN of each samples were categorized according to the UICC TNM classification.
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