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OBJECTIVE: Hox genes encode DNA transcription regulatory proteins that contain a conserved 61 amino
acid protein called the homeodomain. Although best known for their role in cellular differentiation during
embryonic development, aberrant expression of these genes has been associated with hematologic and solid
neoplasms. The purpose of this study was to determine the relative expression of HOXD10 in human
endometrial adenocarcinomas. \

METHODS: mRNA was isolated from 7 normal endometrial specimens and 28 endometrial adenocar-
cinoma specimens. cDNA was synthesized using random hexamer primers. The expression of HOXD10
relative to B-tubulin (internal control) was assessed by densitometric comparison of co-amplified Phospho-
rus-32 (**P) labeled gene products separated by agarose gel electrophoresis. Direct sequencing of purified
HOXD10 polymerase chain reaction product was also performed.

RESULTS:  The sequence of the purified HOXD10 product corresponds to the known DNA sequence
reported in the National Institutes of Health Gene Bank. mRNA expression of HOXD10 relative to
B-tubulin is significantly lower in endometrial carcinomas than in normal endometrium. Furthermore, the ratio of
HOXD10 to B-tubulin expression varies inversely with the histologic grade of the tumor (P = .0009).
CONCLUSION:  Cancer is a multistep process involving the aberrant expression of genes that regulate cell
growth and differentiation. Human HOXD10 gene expression is altered in endometrial carcinoma and
varies with the histologic grade of differentiation. This observation supports the theory that homeobox genes
play a role in oncogenesis. (] Soc Gynecol Invest 1998;5:277-280) Copyright © 1998 by the Society
Sfor Gynecologic Investigation.
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he homeobox is a 183 base pair DNA sequence that is

highly conserved among species.' Although first

«is. identified in Drosophila genes that control embryonic
development, homeobox genes have been found in virtually all
eukaryotes.* "® The homeobox encoded 61 amino acid home-
odomain is the DNA binding domain of a much larger ho-
meotic protein. The secondary structure of the homeodomain
allows it to bind specific DNA sequences and act as a tran-
scription modulator.® As demonstrated in Drosophila species
and mouse embryonic development, homeotic gene products
regulate target genes in a precise spatial and temporal pattern
and are responsible for providing the correct information for
cellular differentiation along the rostral-caudal axis of the
embryo."” By standard nomenclature the term “Hox" refers to
mammalian homeobox genes related to Drosophila species’s
HOM-C genes, and uppercase letters are used to designate

From the Division of Gynecologic Oncology, University of Michigan, Ann Arbor, .

Michigan and Departments of Obstetrics and Gynecology, and Biochemistry and Mo-
lecular Biology, University of Arkansas for Medical Sciences, Litde Rock, Arkansas.
Funded in part by the American Cancer Society Clinical Oncology Fellowship Award,
grant 95-781.
Address correspondence and reprint requests to: Janet 1. Osborne, MD, Lehigh Valley
‘Women's Cancer Center, 1011 Pond Road, Allentown, PA 18104,

Copyright © 1998 by the Society tor Gynecologic Investigation.
Published by Elsevier Science Inc.

human gene names.®® In humans and mice, 38 HOM-C/
HOX genes are organized in 13 paralog groups located on four
different chromosomes.”!°

Homeobox genes are also expressed in normal adult tissues
and may play a role in maintaining the differentiated state.!'"'?
Expression of the 38 clustered HOX genes has been studied in
kidney, lung, colon, and liver. Patterns of expression are spe-
cific for each organ. Furthermore, differences in the expression
of HOX genes between normal and carcinomatous tissues
exist.'>1* HOX genes also affect regulation of hematopoietic
cell line differentiation.!* Altered expression has been associ-
ated with some types of leukemia.'*~'* HOXD10 is strongly
expressed in uterine tissue and to a lesser extent in other adult
tissues of the urogenital tract.'"'” The purpose of this study
was to determine the relative expression of HOXDI10 in
human endometrial carcinomas.

MATERIALS AND METHODS

Tissue Samples
Endometrial tissue samples were obtained through the institu-
tion’s tissue procurcment core from 7 patients undergoing
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hysterectomy for benign gynecologic disorders and 28 patients
undergoing hysterectomy for the treatment of endometrial
cancer: grade 1 (n = 7), grade 2 (n = 10)., and grade 3 (n = 11).
Histologic grade was assigned by the International Federation
of Gynecology and Obstetrics (FIGO) criteria and was ob-
tained from coded pathology reports to protect patient
confidentiality. Tissue samples were promptly frozen in
liquid nitrogen and stored at —80C.

mRNA Isolation and DNA Synthesis

mRNA was directly isolated from frozen tissue samples by -

using a Mini Ribosep Ultra mRNA Isolation Kit (Becton
Dickinson Labware, Bedford, MA). This protocol allows poly
A+ rich mRNA to be extracted from the tissue lysate by
utilizing affinity chromatography media Oligo(dT) cellulose. '™
The amount of mRINA recovered was estimated by ultraviolet
spectrophotometry.'® ¢cDNA was synthesized by reverse tran-
scription of 5-pg mRNA with random hexamer priming using
GeneAmp RNA PCR Kit (Perkin Elmer, Newark, NJ) at 42C

for 60 minutes.

Primer Construction
Oligonucleotide primer pairs were designed to cross one
intron-exon splice site so that genomic DNA amplification
could be detected. The primer sequences were selected ac-
cording to DNA sequences described by Redline et al'™'” for
HOXID10 and Lee et al* for B-tubulin. The National Insti-
tutes of Health (NIH) Gene Bank was searched using BLAST,
and no other genes were identified with matching oligonucle-
otide sequences. The primer sequences are as follows:
HOXD10 sense, 5-TCCCGAAGTGCAGGAGAAGC-3;
HOXD10 antisense, 5-CCTCTGACCGGCCTGAGAC-3;
B-tubulin sense, 5-CCAGATCTTTAGACCAGACAAC-3;
B-tubulin antisense, 5-TTGCGGAGGTCAGCATTGAG-3.

Quantitative Polymerase Chain Reaction
Quantitative polymerase chain reaction (PCR) using reagents
from GeneAmp RINA PCR Kit was pertormed independently
from ¢cDNA synthesis. To evaluate the consistency of our
results, PCR was performed in duplicate on separate days. The
PCR mixture contained cDNA derived from 0.1-pg mRNA,
25 pmol of sense and antisense primers for both HOXD10 and
B-tubulin genes, 50 pM of each dNTPs, 2 pci of
[@-*?P]dCTP, 0.5 U of Taq DNA polymerase and reaction
buffer in a final volume of 25 pnL.>'"* The target sequences
were amplified in parallel with the B-tubulin gene as an
internal control. Twenty-five cycles of PCR were conducted
using a PTC-100 thermal cycler (M] Research, Watertown,
MA). The first five cycles included denaturation at 95C for 1
minute, primer annealing at 65C for | minute, and extension
at 72C for 30 seconds. The subsequent 20 cycles used the same
denaturation step, but used an annealing temperature of 60C
and added 1 second per cycle to the extension phase.

The PCR products were separated by electrophoresis on a
2% agarose gel using 0.5X trisboric acid EDTA running buff~
er.”* After drving the gels, autoradiographs were developed on
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Kodak X-omatic film (Rochester, NY). Densitometry was
measured using AMBIS QuantProbe software (Ambis, San
Diego, CA).

Statistical Analysis

The ratio of HOXD10 to B-tubulin expression for each sam-
ple was calculated. Statistical significance was determined by
the Kruskal-Wallis test, a nonparametric equivalent of analysis
of variances by ranks. The data were also evaluated by analysis
of variance with Schefté’s F test for post-hoc multiple-com-
parisons. Ratios from the duplicate PCR data sets were com-
pared by paired Student  test.

DNA Sequencing

The PCR-amplified HOXID10 product from a normal endo-
metrial tissue sample was separated on a 3% low melting
agarose gel. The band was isolated and purified using Wizard
PCR Preps DNA Purification System (Promega, Madison,
WI). The sequencing reaction was carried out using frmol DNA
Sequencing System (Promega) end-labeled primer protocol.
The sequencing products were then separated on a 8% poly-
acrylamide urea gel.

RESULTS

To confirm that the PCR product represents HOXD 10, DNA
sequencing of a normal specimen was performed. The oligo-
nucleotide sequence of our puritied PCR product corresponds
to human HOXD10 as reported in the NIH Gene Bank.'' To
compare expression of HOXD10 in normal and neoplastic
endometrial tissues, the target gene was co-amplified with
B-tubulin as an internal standard. B-Tubulin was consistently
expressed in normal and carcinomatous specimens. The am-
plification of both products is linear through 30 cycles. The
present study used 25 cycles in comparing HOXD10 with
B-tubulin expression.

The relative expression of the HOXID10 gene was exam-
ined in 7 normal endometrial tissues, 7 grade 1. 10 grade 2, and

11 grade 3 endometrial carcinomas (Figure 1). The expression

of HOXD10 relative to B-tubulin varies significantly between
the histologic groups as shown in Table 1 (P = .0009).
HOXID 10 expression varies inversely with the histologic grade
of the tumor. Schetfé’s F test for post-hoc multiple compari-
sons demonstrates that statistically significant differences exist
between normal endometrium and grade 2 and grade 3 carci-
nomas. Staustical analysis of the duplicate data set gave similar
results (data not shown). Comparison of the two data sets by
paired ¢ test showed no signiticant difference (P > .10). Two
of 10 grade 2 and 2 of 11 grade 3 specimens did not have
detectable expression of HOXD10. A normal level of expres-
sion was found in one atypical hyperplasia specimen that was
not included in the analysis. Figure 2 illustrates B-tubulin and
HOXD10 expression in normal and carcinomatous endome-

trial tissue samples.



HOXD10 Expression in Endometrial Cancer
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Figure 1. Expression of HOXD10 relative to B-tubulin in normal
endometrium and endometrial carcinoma. Expression of HOXD10 is
significantly lower in grade 2 and 3 endometrial carcinoma when
compared with normal endometrial tissue.

DISCUSSION

Regulation of cell proliferation, cell specialization, organogen-
esis, and apoptosis are necessary for proper development of a
multicellular organism. Homeobox genes play a critical role as
master control genes that regulate the development of higher

: 1,2,5—-
Oorganisms.

5.25 Although the precise molecular interac-
tions underlying activation and function of homeobox genes
are not yet completely understood, in vitro and in vivo studies
have demonstrated that homeodomain proteins function as
DNA-dependent transcription regulators.”>-°

Cancer is a disease characterized by defective regulation of
cell growth. Inherent in the property of HOX genes as regu-
lators of transcription is their potential involvement in aberrant
gene expression contributing to oncogenesis. Kongsuwan et
al'® found a high expression of HoxB8 (formerly 2.4) due to a
proviral insertion, intracisternal-A particle (IAP), upstream
from the HoxB8 promoter in murine WEHI-3B myeloid
leukemia cells. Aberdam et al?’ tested the oncogenic potential
of HOX genes by transfecting NIH 3T3 fibroblast cells with
the IAP activated HoxB8 gene that was cloned from the
WEHI-3B cells. Transtected fibroblasts exhibited altered
morphology, loss of contact inhibition, and accelerated cell
division. Nude mice injected with the transfected cells
developed fibrosarcomas and succumbed within 4 to 6 months.
Another homeobox gene, PBX (formerly Prl), is associated

Table 1. Mean Ratio and Ranks of HOXD10 and B-Tubulin
Expression in Normal Endometrium and Endometrial
Cancer Specimens

Tissue type n HOXD10 ratio* Mean rank?
Normal 7 A8 %= 1094 29.857
Grade 1 7 1948 +.0559 22.286
Grade 2 10 0872 = 0284% 13.700
Grade 3 1 0627 £ .0209* 11.636

Y ]uu are expressed as mean * standard error of the mean.

i evaluated by Kruskal-Wallis test: H = 16.601 (P = .0009).

# Scheffi's F rest shows sttistic ally significant difference in the rato means between these
groups and normal endometrium (P = 0025 and 0009, respectively).
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Figure 2. Autoradiograph made from dried gel of separated poly-
merase chain reaction products illustrating the expression of B-tubulin
and HOXD10 genes in normal endometrium and endometrial car-
cinoma specimens. The reaction mixture used in the controls contains
primers for a single gene and ¢DNA from a normal endometrial
specimen. C = control; NI normal endometrium; 1, 2, 3 =
histologic grades.

with t(1;19) translocation in human pre-B cell acute lympho-
blastic leukemia.?®

Altered HOX gene expression has been demonstrated in
solid neoplasms as well. Cilio et al'*?” analyzed the expression
of the 38 clustered HOX genes in normal and neoplastic renal
tissue. Thirty of the 38 genes were expressed in normal kidney.
Similar analyses were performed in colon, lung, and liver. Each
tissue was found to have a complex pattern of expression

1328 Loss of expression of one or

characteristic of that organ.
more HOX genes was observed in neoplastic renal and colonic
tissues compared with normal tissue from the same patient,
suggesting that HOX gene transcription factors may play a role
in carcinogenesis.'*13:2

To our knowledge, the complete expression pattern of the
HOX gene complex has not been determined for endometrial
tissue. However, Redline et al'""'” found strong expression of
HOXI>10 in human and murine endometrial tissues. Human
cervical tissue only weakly expressed HOXD10 and no ex-
pression was found in ovarian tissue. Only a subset (6 of 11) of
endometrial adenocarcinomas expressed HOXD 10, and over-
all the expression was weaker than in normal specimens.'” The
present study corroborates the findings of decreased expression
of HOXD10 in endometrial carcinomas compared with nor-
mal endometrium. Furthermore, we determined that the rel-
ative expression of HOXD10 varied inversely with the grade
of histologic differentiation and was statistically significant,
particularly between normal endometrial tissue and histologic
grade 2 and 3 carcinomas. The amount of tissue available
limited our study to performing reverse transcriptase-PCR as a
semiquantitative measurement of gene transcription. Northern
blots or immunohistochemical staining would strengthen our
findings, but because there is no commercially available mono-
clonal antibody and RNA was limited these approaches were
not possible. However, several studies, including Shigemasa et
1" that examined p16 expression in ovarian neoplasms con-
tirmed good correlation between those techniques and results
of reverse transcriptase-PCR. Our data are consistent with
others studies of solid neoplasms showing loss of HOX gene
expression in carcinomas relative to normal tissue and support
the hypothesis that HOX genes may act as tumor suppressor
genes functioning to maintin a differentiated phenotype in
neoplasms.””*" At this time there is insufficient evidence to

make that conclusion. An alternative explanation is that
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decreased HOXD10 transcripts in poorly difterentiated car-
cinomas may only be a consequence of oncogenic transfor-

mation. Further investigation is needed to evaluate the

association of aberrant expression of HOX genes and their role

In oncogenesis.
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