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Objective To evaluate the relationship between single
nucleotide polymorphisms (SNPs) in the HER-2
gene, body mass index (BMI) and the risk of endometrial

Results Cases had a significantly higher BMI than controls and
the obese subjects had a 2.65-fold increased risk for endometrial
cancer. However, HER-2 polymorphism was not associated
significantly with the risk of endometrial cancer. Subjects with
BMI > 25 kg/m” who carried rs1801200 AA, rs1801200 GA/GG,
rs1810132 CT/CC, rs2517951 CT/TT and rs1058808 CG/GG
genotype had significantly increased risk of endometrial cancer
than subjects with a normal BMI (P for linear trend <0.05).
However, the risk in the subjects with the variant allele for HER-2
genotypes did not differ significantly compared to those with
homozygous wild-type allele within specific BMI subgroups.

cancer.
Design Case—control study.
Setting Medical centres in Korea.

Sample DNA samples and medical histories were obtained from
125 endometrial cancer cases and 302 controls.

Methods The genotypes evaluated in HER-2 at positions —423,
—655, =776, =857, —1170, —1177, —1253 of the coding region and
two SNPs located in an intron by SNP-IT assay using SNPstream
Ultra—high throughput system.

Conclusions Endometrial cancer risk increased significantly in
proportion to BMI. However, HER-2 polymorphism did not affect
significantly on the risk of endometrial cancer.

Main outcome measures Odd ratio for endometrial

K B i 8 ial 1 , HER-2,
cancer associated with HER-2 polymorphisms and BMI. eywords Body mass index, endometrial neoplasms R

polymorphism, risk factors, single nucleotide.
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gen-dependent and has been known to be associated with

Introduction obesity, which might cause hyperestrogenism.’

Endometrial cancer is the most common malignancy of the
female genital tract in many developed countries ' and has
become more prevalent in Korea during the last decade.”
There are two different pathogenetic types in endometrial
cancer, such as endometrioid and non-endometrioid
histological subtype. Of them, endometrioid subtype is estro-

*Seo-Yun Tong and Seung-Yeon Ha contributed equally to this work
as first authors.

The risk of endometrial cancer may be greater in women
who have relatives with endometrial cancer®® and in
patients with multiple primary tumours® resulting from
conditions such as hereditary nonpolyposis colorectal can-
cer syndrome.” These studies suggest that genetic factors
play a role in the aetiology of the disease and that they
may work in concert with environmental risk factors.

HER-2 (also known as erbB-2 or neu), a member of the
epidermal growth factor receptor family, is located at
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chromosome 17q21 and encodes a transmembrane glycopro-
tein (i.e. p185) with tyrosine kinase activity.* ' The HER-2
gene activation was suggested as a risk factor in the develop-
ment of several cancers."'™"* Similarly, the HER-2 proto-
oncogene is thought to increase susceptibility to endometrial
cancer.'* In addition, HER-2 over-expression is correlated
with a poor prognosis in endometrial cancer.'>'®

A polymorphic change of the HER-2 gene may alter pro-
tein tyrosine kinase activity.'” Several clinical studies have
associated the HER-2 polymorphism with increased risk for
breast, prostate and gastric cancer.'®2! However, few stud-
ies have explored the correlation between HER-2 polymor-
phisms and the development of endometrial cancer,”*?’
and the effect of obesity on this correlation.

Thus, we conducted a case—control study to evaluate the
hypothesis that HER-2 polymorphisms may affect the risk
of endometrial cancer and obesity may modulate these
correlation in Korean women.

Materials and methods
Study subjects

The study population was identified from tumour registry
databases of participating medical centres in Korea from
1998-2006, after obtaining approval from their institutional
review board. The study included 125 Korean women who
underwent complete surgical staging for histologically con-
firmed endometrioid adenocarcinoma. The control group
consisted of 302 Korean women with benign gynaecologic
disease, such as myoma uteri or benign ovarian tumour,
who underwent hysterectomy at the same hospital during
the same period. Medical records were reviewed to deter-
mine age, body mass index (BMI) and tumour grade, stage
and size. Tumours were staged according to the FIGO stag-

Obesity and HER-2 polymorphism in endometrial cancer patients

ing system. BMI was calculated as body weight divided by
the square of the height (kg/m®). In this study, we evalu-
ated the risk of cancer associated with being overweight
(BMI, 23.0 to 24.9 kg/mz) or obese (BMI > 25 kg/mz),
with the BMI level between 18.5 and 22.9 kg/m? as a refer-
ent group.”*

To examine the relationship between HER-2 polymor-
phisms and histological features of cancer, we defined the
low-risk group as patients with grade 1 and stage IA-IB
tumours, while the high-risk group was composed of the
remaining patients.

Single-nucleotide polymorphism (SNP) selection
and genotyping of HER-2

We genotyped nine SNPs of the HER-2 gene, as determined
from the National Center for Biotechnology Information
database (www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=
search&term=). Of these, five SNPs were removed because
they were either monomorphic or had low allele frequencies
(<10%). Consequently, four SNPs [i.e. rs1801200 (1655V),
rs1810132, rs2517951, rs1058808 (P1170A)] with allele fre-
quencies greater or equal to 10% were included in the final
analysis (Table 1). The observed genotype frequency in the
control subjects was in agreement with the Hardy-Weinberg
equilibrium (P > 0.05).

Genomic DNA was extracted from paraffin-embedded
tissue in tumour-free regions of the uterus®>*° using a
commercially available DNA isolation kit (MagAttract
DNA Mini M48 kit; Qiagen, Chatsworth, CA, USA.),
according to the manufacturer’s protocol.

Genotype identification was performed with the Genom-
eLab SNPstream (Ultra-high throughput; UHT system®’)
system, which uses multiplexed polymerase chain reaction
(PCR) in conjunction with tag array single-base extension

Table 1. Single-nucleotide polymorphisms (SNPs) selected for genotyping in 427 Korean women

SNP database Allele* Function Minor allele HWE***
rs no. frequency**
1801200 A/G Coding, nonsynonymous (I655V) 0.102 0.41
1810132 (@2) Intron 0.376 0.85
2517951 C/T Intron 0.390 0.49
1058808 C/G Coding, nonsynonymous (P1170A) 0.387 0.44
28933369 G/A Coding, nonsynonymous (G776S) 0 -
28933370 A/G Coding, nonsynonymous (A857S) 0 =
35757908 c/r Coding, synonymous (S423S) 0.002 -
36085723 G/A Coding, nonsynonymous (V1253M) 0 -
4252656 G/A Coding, synonymous (L1177L) 0 -
*Major alleles are listed first; minor alleles are listed second.
**Among all controls.
***HWE: P values from chi-square test for Hardy-Weinberg equilibrium.
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genotyping (Beckman Coulter, Fullerton, CA, USA). This
system and its accompanying SNPstream software have been
described by Demomme and Van Oene®* PCR was
performed on an ABI Gene Amp 9700 thermal cycler
(Applied Biosystems, Foster City, CA, USA) using Taq Gold
DNA polymerase. Multiplexed PCR and genotyping were
performed in homogeneous reactions and assay results were
read by direct two—colour fluorescence on a SNPstream UHT
Array Imager. To ensure quality control, genotyping was
blinded to case—control status and a 10% masked, random
sample of subjects was repeatedly tested. Results were
concordant for all masked duplicated sets. Genotyping data
were obtained from 125 cases and 302 controls; results
were reviewed and manually confirmed by experienced
researchers.

Statistical analysis

The comparison for age and BMI between cases and
controls was performed using the Student’s ¢ test. Uncondi-
tional logistic regression analysis was conducted to estimate
odds ratios (ORs) and their 90% confidence intervals (ClIs)
for associations between BMI and endometrial cancer risk.
To measure the associations between HER-2 polymor-
phisms and the risk of endometrial cancer, individuals were
grouped according to genotype. Subjects who carried the
homozygous wild-type genotype were considered the refer-
ence group. Logistic regression was used to estimate the
ORs and 95% ClIs after adjustment for age and BMI and to
assess whether common polymorphisms of HER-2 are asso-
ciated with the risk of endometrial cancer. We evaluated
whether BMI could modify the risk of endometrial cancer
with the lowest BMI (<23 kg/mz) subjects in each SNPs
group as the reference. Test for linear trend across BMI
categories were performed using a series of logistic regres-
sion analysis. Interactions were tested by using the log like-
lihood ratio test. In addition, we evaluated whether HER-2
polymorphisms could modify endometrial cancer risk
within a specific BMI subgroup to identify a further
subjects at a higher risk of endometrial cancer using
unconditional logistic regression models with the subjects
with homozygous for the common allele as the reference.
We also evaluated the association between HER-2 poly-
morphisms and histopathological features in the subgroup
analyses by stage (i.e. IA, IB versus > IC), tumour grade
(i.e. 1 versus 2, 3), and tumour size (i.e. <2 cm versus
22 cm). All P value of <0.05 was considered statistically
significant. All analyses were performed using SAS 8.0 soft-
ware (SAS Institute, Inc., Cary, NC, USA).

Results

The mean ages for cases and controls were 53.7 and
44.0 years respectively (P < 0.001). Cases were more likely

than controls to be overweight and mean BMI was higher
in cases than in controls (P < 0.001) and the subjects with
BMI > 25 kg/m” had a 2.65-fold increased risk for endome-
trial cancer compared to those with BMI <23 kg/m’
(adjusted OR = 2.65; 95% CI, 1.44-4.89) (Table 2).

Table 3 shows the association between HER-2 polymor-
phisms and the risk of endometrial cancer, as well as the
genotype frequencies of HER-2 polymorphisms in the study
subjects. There were no significant differences in allele fre-
quencies and genotype distributions of the SNPs between
the two groups. When HER-2 polymorphisms were exam-
ined individually, it was not significantly associated with
the risk of endometrial cancer.

Given that BMI is a major risk factor for endometrial
cancer, we examined the effect of BMI on endometrial
cancer risk within specific HER-2 genotypes (Table 4).
Compared with a normal BMI (<23 kg/m?®) who carried
the rs1801200 AA genotype, those obese (BMI > 25 kg/m?)
who carried the rs1801200 AA genotype had a 2.61-fold
higher risk of endometrial cancer (adjusted OR = 2.61;
95% CI, 1.27-5.39). Compared with subjects with a normal
BMI who carried the rs1801200 GA or GG genotype,

Table 2. Characteristics of study subjects

Variables Controls, Cases, P value
n=302(%) n=125(%)

Age (years)

Mean + SD 44.0 £ 5.35 53.7 £ 115 <0.001
(range) (26-64) (29-81)

BMI*(%) (kg/m?)

<23 118 (39.1) 30 (24.0) 1.0 (ref.)**

23-25 103 (34.1) 34 (27.2) 1.19 (0.62-2.29)***

>25 81 (26.8) 61 (48.8) 2.65 (1.44-4.89)***

Mean + SD 23.7 £2.20 25.4 + 3.58 <0.001
(range) (18.2-34.1) (19.5-49.9)

Stage

IA - 24 (19)

IB - 54 (43)

IC - 22 (18)

Il - 15 (12)

1l - 10 (8)

Grade

1 - 85 (68)

2 - 30 (24)

3 - 10 (8)

Tumour size

<2 cm - 17 (18)

>2 cm - 78 (82)

*BMI, body mass index.

**Reference category.

***Age-adjusted odds ratio (95% Cl) was calculated via
unconditional logistic regression.
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Table 3. Association between HER-2 polymorphisms and the risk of
endometrial cancer

Obesity and HER-2 polymorphism in endometrial cancer patients

(P for linear trend = 0.033) genotype and the interaction
between BMI and HER-2 genotypes in regard to the risk of
endometrial cancer was significant (P for interaction

SNP Genotype  Controls  Cases OR (95% CI)* <0.05). However, some different findings were observed for

m N (%) other SNPs. For women with the variant allele for

rs1810132, rs2517951 and rs1058808 genotypes, the subjects

R A 24181 90(80) 1 (ref) with BMI > 25 kg/m* had a significantly increased risk of

GA 53(18)  23(20) 1.13(0.59-2.16) endometrial cancer compared to subjects with a normal

66 4(1) 0(0) _ BMI (P for linear trend <0.05). However, the effect of BMI

rs1810132 e 118 (39) 47 (41) 1 (ref) in regard to the risk of endometrial cancer was not statisti-

cT 134 (45) 55 (47) 1.41(0.82-2.42) cally significant in the subjects with homozygous wild-type

i 48(16)  14(12) 097 (0.44-2.14) allele for rs1810132, rs2517951 and rs1058808 genotypes

S ge ey ar@sl (P for linear trend >0.05). Then, we compared endometrial
CT 132 (44) 53 (44) 1.32(0.76-2.29) . . . . .

. 51(17)  20(17) 1.0 (0.68-2.88) cancer risk in the subjects with homozygous wild-type or

11058808 cc 117 39) 49 40) 1 (ref) variant allelic genotype to assess the effect of HER-2 SNPs

G 135 45) 54 (44) 1.16 (0.67-2.00) in regard to endometrial cancer risk within specific BMI

GG 49 (16) 19 (16) 1.39 (0.68-2.87) subgroups to identify a further subjects at a higher risk of

*ORs and 95% Cls were calculated via unconditional logistic
regression, adjusted for age and body mass index.

subjects with BMI > 25 kg/m* who carried the rs1801200
GA or GG genotype also had a increased risk of endome-
trial cancer (adjusted OR = 4.46; 95% CI, 0.98-20.17).
Thus, the risk of endometrial cancer was found to increase
significantly in proportion to BMI in the subjects with
rs1801200 AA (P for linear trend = 0.008) or GA/GG

endometrial cancer (Table 5). The risk of endometrial can-
cer in the subjects with the variant allele for HER-2 geno-
types did not differ significantly compared to those with
homozygous wild-type allele.

We also evaluated whether HER-2 polymorphisms influ-
ence histopathological characteristics of endometrial cancer,
such as grade, stage and tumour size. HER-2 polymor-
phisms were not significantly associated with the risk of
advanced stage, poorly differentiated tumours and large
tumour size (Table 6).

Table 4. Association of body mass index and endometrial cancer risk within specific HER-2 genotypes

BMI*< 23 23 < BMI* < 25 BMI* > 25 P for Interaction
linear trend P-value
rs1801200 AA N (control/case) (94/20) (81/23) (63/38)
OR (95% Cly** 1HEx* 1.24 (0.58-2.67) 2.61 (1.27-5.39) 0.008 0.019
GA/GG N (control/case) (20/3) (21/4) (15/15)
OR (95% Cly** 1Hx* 0.96 (0.16-5.71) 4.46 (0.98-20.17) 0.033 0.049
rs1810132 cC N (control/case) (44/11) (41/16) (32/19)
OR (95% Cl)** 1Hx* 1.45 (0.50-4.22) 2.83 (0.98-8.19) 0.052 0.138
cTaT N (control/case) (71/13) (62/14) (46/36)
OR (95% Cl)** (IR 1.13 (0.47-2.69) 2.99 (1.37-6.56) 0.005 0.008
rs2517951 CcC N (control/case) (44/13) (41/16) (32/16)
OR (95% Cly** I xE* 1.18 (0.41-3.35) 2.09 (0.72-6.08) 0.175 0.351
cTT N (control/case) (72/13) (62/15) (47/37)
OR (95% Cly** 1Hx* 1.24 (0.52-2.92) 2.96 (1.35-6.47) 0.005 0.011
rs1058808 CcC N (control/case) (44/14) (40/16) (32/17)
OR (95% Cly** 1Hx* 1.34 (0.48-3.72) 2.27 (0.8-6.43) 0.123 0.288
CG/GG N (control/case) (72/13) (63/15) (47/37)
OR (95% Cly** [ 1.12 (0.47-2.67) 2.91 (1.33-6.37) 0.006 0.009
*BMI, body mass index; expressed as kg/mz.
**ORs and 95% Cls were calculated via unconditional logistic regression, adjusted for age.
***Reference category.
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Table 5. Association of HER-2 gynotypes and endometrial cancer risk within specific body mass index subgroups

BMI*<23 23 < BMI* < 25 BMI* > 25
rs1801200 AA GA/GG AA GA/GG AA GA/GG
N (control/case) (94/20) (20/3) 81/23 (21/4) (63/38) (15/15)
OR(95% Cl)** 1xx* 0.92 (0.23-3.63) ] xxx 0.73 (0.18-2.91) 1xx* 1.60 (0.63-4.07)
P value 0.9015 0.6526 0.3285
rs1810132 CcC CT/TT CcC CT/1T CcC CT/TT
N (control/case) (44/11) (71/13) (41/16) (62/14) (32/19) (46/36)
OR(95% Cl)** 1Hx* 1.12 (0.42-2.99) 1xx* 1.01 (0.39-2.66) 1Hx* 1.32 (0.58-3.01)
P value 0.8286 0.9799 0.5065
rs2517951 CcC cTaT CcC CT/TT CcC cTaT
N (control/case) (44/13) (72/13) (41/16) (62/15) (32/16) (47/37)
OR(95% Cl)** IR 0.98 (0.37-2.56) 1Hrxx 1.21 (0.46-3.20) IR 1.52 (0.65-3.56)
P value 0.9653 0.7028 0.3353
rs1058808 CcC CG/GG CC CG/GG CcC CG/GG
N (control/case) (44/14) (72/13) (40/16) (63/15) (32/17) (47/37)
OR(95% Cl)** 1xx* 0.99 (0.38-2.58) ] xx* 0.94 (0.36-2.45) 1xx* 1.39 (0.60-3.21)
P value 0.9782 0.8990 0.4417
*BMI, body mass index; expressed as kg/m?.
**ORs and 95% Cls were calculated via unconditional logistic regression, adjusted for age.
***Reference category.
Table 6. Association between HER-2 genotype and histopathological features of endometrioid endometrial cancer
rs1801200 rs1810132 rs2517951 rs1058808
AA GA/GG cC CT/TT CcC CT/TT cC CG/GG
Control(normal) N (%) 241 (81) 57 (19) 118 (39) 182 (61) 118 (39) 183 (61) 117 (39) 184 (61)
Stage
IA and 1B N (%) 56 (81) 13 (19) 29 (41) 42 (59) 31 (41) 44 (59) 32 (42) 45 (58)
OR (95% Cl)* 1.00** 1.22 (0.55-2.69) 1.00** 1.03 (0.55-1.92) 1.00** 1.04 (0.56-1.94) 1.00** 1.05 (0.57-1.96)
>|C N (%) 34 (77) 10 (23) 18 (40) 27 (60) 16 (36) 29 (64) 17 (38) 28 (62)
OR (95% Cl)* 1.00** 1.18 (0.45-3.13) 1.00** 1.35(0.60-3.03) 1.00** 1.51 (0.66-3.45) 1.00** 1.13 (0.51-2.49)
Grade
1 N (%) 60 (80) 15 (20) 33(41) 47 (59) 32 (39) 50 (61) 34 (40) 49 (60)
OR (95% CI)* 1.00** 0.92 (0.44-1.92) 1.00** 1.12 (0.63-1.97) 1.00** 1.23(0.70-2.18) 1.00** 1.09 (0.62—1.91)
2 and 3 N (%) 30 (79) 14 (39) 22 (61) 15(39) 23 (61) 15(38) 24 (62)
OR (95% CI)* 1.00** 1.75(0.59-5.18) 1.00** 1,73 (0.66-4.57) 1.00** 1.67 (0.64-4.40) 1.00** 1.66 (0.63—4.35)
Tumour size
<2cm N (%) 17 (81) 11 (46) 13 (54) 12 (48) 13 (52) 12 (48) 13 (52)
OR (95% CI)* 1.00** 1.18 (0.34-4.10) 1.00** 1.06 (0.43-2.66) 1.00** 0.96 (0.39-2.36) 1.00** 0.95 (0.39-2.34)
>2 cm N (%) 50 (78) 14 (22) 26 (39) 40 (61) 25 (37) 42 (63) 27 (40) 41 (60)
OR (95% Cl)* 1.00** 1.22 (0.55-2.69) 1.00** 1.16 (0.60-2.25) 1.00** 1.24 (0.64-2.42) 1.00** 1.05 (0.55-2.02)

*ORs and 95% Cls were calculated via unconditional logistic regression, adjusted for age and body mass index.
**Reference category.

Discussion

HER-2 proto-oncogene has been suggested as an important

risk factor in

several cancers

including endometrial

cancer.'"™ In addition, HER-2 polymorphism has been

reported to be associated with an increased risk of breast,
prostate and gastric cancer.'®?' The present case—control
study examined common SNPs in the HER-2 gene and
showed a lack of evidence of association between HER-2
polymorphisms and the risk of endometrioid endometrial
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cancer. Furthermore, there was a lack of association
between HER-2 polymorphisms and the histopathological
features of endometrioid endometrial cancer. Only few
studies have examined the correlation between HER-2 poly-
morphisms and the development of endometrial
cancer.’>?® These studies, conducted in ]apanese22 and
Swedish® populations, also found that HER-2 polymor-
phisms are not associated with endometrial cancer.

The present study, however, showed the significant asso-
ciation between obesity (BMI > 25 kg/m?) and endometri-
oid endometrial cancer risk using logistic regression
analysis model. This finding is consistent with the results
of several epidemiologic studies that obesity is an impor-
tant risk factor for endometrial cancer.”*?® Women who
weigh 9-22 kg more than their ideal body weight have a
three-fold increased risk and women who weigh more than
22 kg above their ideal body weight have a nine-fold
increased risk of developing endometrial cancer when com-
pared with matched controls of women at their ideal body
weight, because extraovarian estrogen, derived from andro-
gens aromatised in adipose tissue, plays an important role
in the development of endometrial cancer.’

To our knowledge, the joint association between HER-2
polymorphism and obesity in regard to the risk of endome-
trial cancer has not been assessed. In the present study,
using lean (i.e. BMI < 23 kg/m?®) variant type allele carriers
for rs1810132, rs2517951 and rs1058808 as references, we
found that obese (i.e. BMI > 25 kg/mz) variant allele carri-
ers had approximately three-fold significantly increased risk
of endometrial cancer, whereas their obese wild-type coun-
terparts had no statistically significant increased risk. At the
first glance, our findings seem to suggest that obese carriers
with minor variant allele of the HER-2 polymorphism may
have an increased risk of endometrial cancer than non-
obese carriers with variant type allele and may be consis-
tent with that the HER-2 [655V minor allele variant may
be functionally important.'® However, the risk of endome-
trial cancer in the subjects with the variant allele for HER-2
genotypes did not differ significantly compared to those
with homozygous wild-type allele within specific BMI sub-
groups. Thus, the effect of HER-2 polymorphism on the
risk of endometrial cancer was not significant, even in
combining with BMI.

As the mechanism of HER-2 gene amplification has not
yet been identified, it remains unclear whether genetic
polymorphisms may act in concert with epidemiologic
factor such as obesity to affect amplification of this gene.'®

The present study is limited by the relatively small sam-
ple size. However, this is the first study to describe the
association between HER-2 polymorphisms and epidemio-
logic factor such as BMI on the risk of endometrial cancer.
Although the present study may provide informative
and supportive data relating to the clinical significance

Obesity and HER-2 polymorphism in endometrial cancer patients

of obesity and genetic polymorphism in endometrial
cancer, future large studies should explore this putative
gene—epidemiology interaction to explain the development
of endometrioid endometrial cancer.
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