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Abstract

Erythropoietin (EPO) is a circulating glycosylated protein hormone and has been implicated in the development
and progression of non-hematopoietic tissue tumors. The objective of the present study was to determine if the EPO
1$576236 polymorphism was associated with the risk of adrenal tumors. We genotyped the EPO rs576236 poly—
morphism in a case-control study of 288 adrenal tumor patients and 456 cancer-free controls by using the TagMan
method, and assessed the association between the polymorphism and the adrenal tumor risk by logistic regression.
Furthermore, 95% confidence interval (CI) was used to assess the genetic association between the polymorphism
and the risk of adrenal tumor. Compared with the TT genotype, the TC genotype had a significantly increased risk
of adrenal tumor [adjusted odds ratio (OR) = 1.24, 95% CI = 1.12—-2.22]. Furthermore a significantly increased
risk of adrenal tumor was found in the combined variant genotypes TC+CC compared with the TT genotype
(adjusted OR = 1.17, 95% CI = 1.12-2.21). Our present study suggests that the rs576236 polymorphism of

EPO confers susceptibility to adrenal tumor in the Chinese population.
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INTRODUCTION

Adrenal tumors can be functional, subclinical and
nonfunctional. Functional adrenal tumors could lead
to secondary hypertension or diabetes'”'. These tumors
are usually detected by the clinical side effects of hor—
mone production or found incidentally on imaging,
especially in the case of nonfunctional adenomas"’
Accumulative epidemiological studies have revealed
that cigarette smoking, alcohol consumption and a his—
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tory of hypertension are associated with adrenal
tumors."’ However, only a small percentage of exposed
individuals will eventually develop adrenal tumors in
their lifetime, suggesting that genetic susceptibility
also plays a role in the development of adrenal tumors.

Erythropoietin (EPO) is produced and secreted into
the brain, liver, uterus or other organs and detected
in the breath of individuals™. EPO is mainly produced
in renal peritubular interstitial cells when there is a
decrease in oxygen saturation and is the principal reg—
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ulator of RBC formation derived from bone marrow
progenitor cells. The EPO gene is located on chromo—
some 7q22, which contains 5 exons and 4 introns'".
The amount of endogenous EPO (eEPO) depends on
the concentration of O, in the blood. EPO is primarily
synthesized in the kidney, although a little amount of
others is produced by other tissues such as the liver
and brain™”. Several studies demonstrated a direct
effect of EPO on the growth and survival of primary
tumors. Importance has been attached to the question
if EPO receptors (EPO-R) on cancer cells are func—
tional ",

EPO-Rs have also been identified in a wide variety
of non-hematopoietic cells. EPO and EPO-R are often
expressed in cancer, such as spongioblastoma, lung
cancer, breast cancer, gastric cancer, prostatic cancer,
liver cancer and so on'""'". The mechanism of transi—
tional cell carcinomas of the bladder and renal cancer
confirmed that EPO could be expressed in the
tumor "', Gene polymorphisms in the EPO were
detected in patients with cancer in recent studies™"*"".
The role of EPO rs576236 polymorphism in adrenal
tumor has not been reported. We hypothesize that
EPO 1576236 polymorphisms are associated with
adrenal tumor risk. We investigated the association of
EPO rs576236 polymorphism and the risk of adrenal
tumors through our ongoing, hospital-based, case-con—
trol study in the Chinese population.

SUBJECTS AND METHODS

Subjects

The present case-control study included 288 adrenal
tumor patients with histopathologically-confirmed adre—
nal tumor and 456 cancer-free controls. All subjects were
genetically unrelated Han Chinese and were enrolled
between July, 2009 and July, 2012 by the authors”
affiliated institution. Before enrollment, the trained inter—
viewers gave a standard questionnaire to obtain demo—
graphic data and related risk factors by face-to-face
interview. Cases with previous cancer, metastasized can—
cer for other or unknown reason and previous radiother—
apy or chemotherapy were excluded. The case-free
control subjects were enrolled from those who were trea—
ted in the outpatient departments in the hospital. Those
who smoked daily for more than 1 year were defined
as smokers. Individuals who drank at least 3 times per
week were defined as drinkers. In this study, the response
rate of the case and control subjects exceeded 85%. After
interview, 5 mL venous blood sample was obtained from
each subject. Written informed consent was obtained
from all participants. The study protocol was approved

by the institutional review board of the authors” affiliated
institution.

Genotyping

Genomic DNA was isolated from leucocytes of per—
ipheral blood and purified by proteinase K digestion
and phenol/chloroform extraction. Genotyping of the
polymorphism was performed by the MGB TagMan
probe assay from Applied Bios Stems Inc. (Foster
City, CA, USA). The sequence of primers and probes
for the SNP are available on request. According to
the manufacturer’s instructions, amplifications were
performed in the 384-well ABI 7900HT Real Time
PCR System (Applied Bios Stems). The SDS 2.3 soft—
ware was used for allelic discrimination (Applied Bios
Stems). Positive controls through sequencing and
negative controls without DNA were included in each
plate to ensure the accuracy of genotyping. About 10%
of the samples were randomly selected for repeated
assays, and the results were 100% concordant.

Statistical analyses

Student’s #-test (for continuous variables) and Xz—test
(for categorical variables) were performed to compare
differences in the distributions of demographic charac—
teristics, selected variables, and frequencies of geno—
types of EPO 1s576236 polymorphism between the
cases and controls. Hardy-Weinberg equilibrium
(HWE) was tested using a goodness-of-fit ;{z—test.
The association between EPO rs576236 genotypes
and the risk of adrenal tumor was estimated by com—
puting odds ratios (OR) and their 95% confidence
intervals (CI) from unconditional logistic regression
analysis with the adjustment of age, sex, smoking
and drinking status. P < 0.05 was considered statisti—
cally significant and all statistical tests were two sided.
All of the statistical analyses were performed with
Statistical Analysis System software (9.1.3; SAS
Institute, Cary, NC, USA).

RESULTS

Characteristics of the study population

The frequency distributions of selected characteristics
of the cases and controls are presented in Table 1.
There were no significant differences between the cases
and controls in age, sex, smoking and drinking status (all
P > 0.05). However, there were more subjects with
hypertension (67.37%) and diabetes (14.24%) among
the cases than among the controls (17.11% and 4.16%,
respectively), and these differences were statistically
significant (P << 0.001 for hypertension and diabetes).



458 Zhang C et al. J Biomed Res, 2014, 28
Table 1 Distribution of selected variables between adrenal tumor cases and controls
Cases (n = 288) Controls (n = 456) P

Variables N % N %

Age (years) (mean + SD) 47.1 + 12.6 48.3 + 9.9 0.137
<48 148 51.39 220 48.24 0.404
=48 140 48.61 236 51.76

Sex
Male 143 49.65 227 49.78 0.972
Female 145 50.35 229 50.22

Smoking status
Never 211 73.26 335 73.46 0.952
Ever 77 26.74 121 26.53

Drinking status
Never 223 77.43 351 76.97 0.396
Ever 57 22.57 105 23.03

Hypertension
No 94 32.63 378 82.89 < 0.001
Yes 194 67.37 78 17.11

Diabetes
No 247 85.76 437 95.84 < 0.001
Yes 41 14.24 19 4.16

Family
No 228 79.16 387 84.87 0.045
Yes 60 20.83 69 15.13

“Student’s r-test for age distributions between cases and controls; two-sided y* test for others selected variables between cases and controls.

Association between the EPO polymorphism
and risk of adrenal tumor

The allele frequencies and genotype distributions of
EPO 13576236 polymorphisms among the cases and
the controls are shown in Table 2. All observed gen—
otype frequencies for this polymorphism were in HWE
in the controls (Xz = 3.03, P = 0.08). For the EPO
r$576236 polymorphism, the frequencies of the TT,
CT and CC genotypes were 68.75%, 28.12% and
3.13%, respectively in the cases, and 77.63%, 20.17%

and 2.20%, respectively in the controls (P = 0.026).
When TT genotype was referenced, we found that both
CC genotypes were associated with decreased risk of
adrenal tumor (adjusted OR = 0.68, 95%CI = 0.64—
4.03 for CC) significantly. The TC genotype had a
significant increased risk of adrenal tumor (adjusted
OR = 1.24,95% CI = 1.12-2.22). Furthermore, a sig—
nificantly increased risk of adrenal tumor was found in
the combined variant genotypes TC+CC compared
with the TT genotype (adjusted OR = 1.17, 95%
CI = 1.12-2.21).

Table 2 Genotype and allele frequencies of the EPO polymorphism among the case and controls and the

association with risk of adrenal tumor

Genotypes Cases, n (%) Controls, n (%) P OR (95% CI) *
Rs576236

TT 198 (68.75) 354 (77.63) 1.00 (reference)
TC 81 (28.12) 92 (20.17) 1.24 (1.12-2.22)
CcC 9(3.13) 10 (2.20) 0.026 0.68 (0.64-4.03)
TT 198(68.75) 354(77.63) 1.00 (reference)
TC+CC 90(31.25) 102(22.37) 0.007 1.17(1.12-2.21)
T 477(82.81) 800(87.72) 1.00 (reference)
C 99(17.19) 112(12.28) 0.137 0.67(0.75-3.72)

“Two -sided #* test for the either genotype distributions or allele frequencies between the cases and controls. * Adjusted for age, smoking status, drinking

status, and family history of cancer in logistic regression model. OR, odds ratio; CI, confidence interval.
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Table 3 Stratification analyses between EPO (rs576236) genotypes and risk of adrenal tumor

genotypes
TT (n, %) TC+CC (n, %)

Variables Cases Controls Cases Controls P Adjusted OR (95% CI) '
Total 198(68.8) 354(77.6) 90(31.2) 102(23.4) 0.007 1.17(1.12-2.21)
Age, years

<48 102 (68.9) 162 (73.6) 46 (31.1) 58 (26.4) 0.622 1.60 (0.95-2.70)

=48 86 (67.7) 168 (85.3) 41 (32.3) 29 (14.7) <0.001 3.36 (1.75-6.45)
Gender

Male 103 (72.0) 154 (67.8) 40 (28.0) 73 (32.2) 0.395 1.00 (0.58-1.72)

Female 95 (65.5) 200 (87.3) 50(34.5) 29 (12.7) <0.001 3.98 (2.12-7.47)
Smoking status

Never 146 (69.2) 273 (81.5) 65 (30.8) 62 (18.5) <0.001 2.46 (1.51-4.01)

Ever 52 (67.5) 81 (66.9) 25 (32.5) 40 (33.1) 0.931 1.23 (0.61-2.48)
Drinking status

Never 153 (68.6) 281 (80.1) 70 (31.4) 70 (19.9) 0.002 2.36 (1.48-3.77)

Ever 45 (69.2) 73 (69.5) 20 (30.8) 32 (30.5) 0.968 1.08 (0.50-2.34)

“Two-sided y2 test for the distributions of genotypes. "Adjusted for age, gender, smoking status and drinking status in logistic regression model.

Stratified analysis of EPO polymorphism and

the risk of adrenal tumor

In this study, we further evaluated the effect of EPO
r$s576236 polymorphism on adrenal tumor risk strati—
fied by age, sex, smoking status, pack-years of smok—
ing, and drinking status (Table 3). The association
between EPO rs576236 polymorphism and adrenal
tumor risk appeared stronger in subgroups of older
patients (adjusted OR = 3.36, 95%CI = 1.75-6.45),
female patients (OR = 3.98, 95%CI = 2.12-7.46),
nondrinking (adjusted OR = 2.36, 95%CI = 1.48—
3.77), and nonsmokers (adjusted OR = 2.46, 95%CI
= 1.51-4.01). These results clearly showed that the
EPO 15576236 C allele may be associated with reduced
adrenal tumor risk.

DISCUSSION

In this hospital-based case-control study, we found
that the EPO rs576236 polymorphism was associated
with the risk of developing adrenal tumor. We found
a significantly decreased adrenal tumor risk associated
with EPO 1s576236 genotype, compared with the EPO
rs576236 T allele. As far as we know, this is the first
study confirming the relationship between EPO
1$576236 polymorphism and the risk of adrenal tumor
in Chinese population.

EPO is an important cytokine that stimulates the
proliferation, migration, and angiogenesis of vascular
endothelial cells”*". In the early 1980s, the cloning
of the EPO gene allowed the recombinant EPO and
analogs to treat patients with anemia. Some subjects
have shown that EPO analogs may exert non-hemato—

poietic effects via direct activation of EPO-R on non-
hematopoietic cells, including tumor cells, and that
the SNPs in EPO could influence EPO expression[&o]
EPO is induced by hypoxia. In tumor tissue or normal
renal tissue infiltrated by the tumor, the production of
EPO increases' . The essential features of EPO gene
transcription are as follows: decreased oxygen delivery
to the kidney due to any cause, say, anemia, results in
the activation in specialized renal cortical cells of the
transcription factor HIF”**”. Protein concentrations of
the o-subunit, in contrast to those in f-subunit, are
extremely sensitive to oxygen tension, providing the
central means by which the HIF complex is regu—
lated™ ™", Studies have suggested that SNPs in the
functional region might influence the expression and
function of these genes[z()'%]. Therefore, SNPs in the
functional region of EPO might also impact the expres—
sion of EPO. In the present study, we observed that
individuals carrying C allele were significantly asso—
ciated with decreased risk of adrenal tumor. One possi—
ble mechanism was that the T to C substitution of this
polymorphism might increase the transcription and
expression of EPO.

In addition, we observed that the association between
EPO 1s576236 polymorphism and adrenal tumor risk
could be present in elderly patients. Female patients
may be exposed to fewer risk factors than male patients,
such as tobacco smoking and heavy drinking, but
female patients” estrogenic hormone may also play a
role. Our results also showed that the risk associated
with the rs576236 polymorphism was more pronounced
in non-smokers and non-drinkers. We have found that
the risk effect of this SNP was only significant in the
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subgroups of non-smokers and non-drinkers. Smoking
and drinking were established risk factors of adrenal
tumor;  therefore, the small effect of this SNP might
be overwhelmed by smoking and drinking. However,
it should be noted that since our sample size was rela—
tively small, especially in female cases, our findings
might be false positive.

This study showed that hypertension and diabetes
were risk factors of adrenal tumor. In stratified analy—
sis, we observed that the increased risk associated with
EPO 15576236 polymorphism was more pronounced in
healthy subjects, which indicated that genetic effects
might be overwhelmed by environmental effects. We
also found that the effect of EPO rs576236 poly—
morphism on the risk of adrenal tumor was more
remarkable in people without family history of cancer,
suggesting that the polymorphism effect might be
overwhelmed by the effect of other inherited genetic
factors.

Several limitations about this study should be noted.
First, as our study was a hospital-based design, we
could not rule out the possibility of selecting subjects
who might have been associated with a particular gen—
otype. Second, our sample size was moderate, and the
statistical power of the study was limited, especially for
interaction analyses and subgroups. Third, EPO levels
were not measured in our study. However, it was
known that SNP in the EPO promoter region signifi—
cantly increased the transcriptional activity.

In conclusion, we found that the EPO rs576236
polymorphism was susceptible to adrenal tumor and
the variant C allele of EPO rs576236 was associated
with decreased adrenal tumor risk. A survey of the
interactions between genetic and non-genetic risk fac—
tors, including dietary habit and environmental factors,
should be performed to evaluate their contribution to
the risk of adrenal tumor.
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