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Abstract: Programmed death-1 (PD-1) is crucial in cancer and is well

characterized as a negative T-cell regulator that functions by delivering

inhibitory signals. We aimed to evaluate the relationship between PD-1

polymorphisms (rs10204525, rs2227982, and rs7421861) and breast

cancer risk.

We selected 560 breast cancer patients and 583 age-, sex-, and

ethnicity-matched healthy controls from Northwest China. The PD-1

polymorphisms were genotyped by using Sequenom MassARRAY.

Associations were estimated with odds ratios (ORs) and 95% confidence

intervals (95% CIs).

For the rs10204525 and rs7421861 polymorphisms, no differences

in breast cancer risk were found in any of the genetic models.

For the rs2227982 polymorphism, the variant genotypes were signifi-

cantly associated with decreased breast cancer risk (CT vs CC: OR ¼
0.68, 95% CI ¼ 0.52–0.91; CT þ TT vs CC: OR¼ 0.69, 95%

CI¼ 0.53–0.90). In analyses stratified by age, the decreased risk

was observed among the younger subjects (OR¼ 0.68, 95%

CI¼ 0.47–0.97). We found that the decreased risk observed for the

variant genotypes of rs2227982 was associated with the Her-2 status

(CT vs CC: OR¼ 0.55, 95% CI¼ 0.37–0.84; CT þ TT vs CC:

OR¼ 0.56, 95% CI¼ 0.38–0.82). The haplotype analysis showed that
Zhi-Jun Dai, MD,

Our findings support an association between the PD-1 rs2227982

polymorphism and decreased breast cancer risk, especially in Her-2

positive breast cancer patients in the Chinese population.

(Medicine 95(21):e3760)

Abbreviations: BC = breast cancer, CI = confidence interval, ER =

estrogen receptor, Her-2 = human epidermal growth factor receptor

2, HWE = Hardy–Weinberg equilibrium, LN = lymph node, OR =

odds ratio, PD-1 = programmed death-1, PR = progesterone

receptor, SNP = single nucleotide polymorphism.

INTRODUCTION

B reast cancer is the 2nd cause of cancer death among females
in more developed countries and remains the leading cause

of cancer death among females in less developed countries.1

Furthermore, the incidence of breast cancer is increasing in
developing countries. Although early diagnosis has contributed
to the success of therapy, breast cancer remains a major
women’s health problem.2 The etiology of breast cancer is
complicated and still unclear. Genetic mutations and environ-
mental factors play an important role in the development and
progression of breast cancer.3 The APE1 656 T>G polymorph-
ism is reported to have a protective effect against breast cancer.4

In Caucasians, the CC homozygote of rs1800872 polymorphism
in IL-10 gene has a 25% decreased risk of breast cancer
compared to patients with the AA and AC genotypes.5 An
increasing number of studies have shown that the immune
system plays an important role in resisting and eliminating
cancer cells, and can influence the occurrence of breast can-
cer.6,7 T cells have been shown to play the major role in the
antitumor immune response.8

Programmed death-1 (PD-1, also called CD279), a 55-kDa
type I trans-membrane glycoprotein and a member of the
immunoglobulin superfamily, has been well characterized as
a negative regulator of T cells and functions by delivering
inhibitory signals. In a subgroup of thymic T-lymphocytes, PD-
1 is produced in a way of constitutively expression, with up-
regulated expression found in activated T-cells, B-cells, and
myeloid cells.9,10 Through interactions between PD-1 and its
ligands PD-L1 (B7-H1; CD274) or PD-L2 (B7-DC; CD273),
PD-1 strongly inhibits the proliferation of CD4 and CD8
T lymphocytes and their cytokine production.11–13 Previous
d the significant role of PD-1 in human
cy results in the development of a lupus-

cardiomyopathy in animal models.14,15
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TABLE 1. Characteristics of Breast Cancer Cases and Cancer-
Free Controls

Characteristics Cases Control P Value
�

Number 560 583
Age, mean�SD 49.09� 11.02 48.80� 8.28 0.612
Menopausal status

Premenopausal 264 281
Postmenopausal 296 302 0.716

Procreative times
<2 289 291 0.594
�2 271 292

Body mass index, kg/m2

Mean�SD 22.52� 2.84 22.95� 3.21 0.038
Tumor size, cm
<2 188
�2 372

LN metastasis
Negative 236
Positive 324

ER
Negative 247
Positive 313

PR
Negative 255
Positive 305

Her-2
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Accumulating evidence has shown that PD-1 is also crucial in
human cancer. Up-regulated expression of PD-1 by cancer-
specific T16–20 and the expression of PD-L1 by epithelial
cancers21–23 suggested that PD-1/PD-L1 signaling pathway
could maintain an immunosuppressive tumor microenviron-
ment for tumors to evade immunity. Previous studies have
shown that blocking the PD-1/PD-L1 pathway can result in
an efficient antitumor T-cell response and better control of
tumor growth.24 Immunotherapy clinical trials using antibody-
mediated PD-1 blockade as a strategy are in progress in patients
with various cancers.25,26 Patients suffering from melanoma,
renal cell carcinoma, or nonsmall cell lung cancer, showed
objective responses (responses rates, 6–28%), with intravenous
injection of these antibodies. Therefore, it is important to
confirm the role of PD-1/PD-L1 signaling pathway in breast
cancer, in order to find out whether antibody therapies targeting
this pathway could be suitable for breast cancer patients.

Recently, 2 studies focused on the genetic variants of PD-1
to investigate the relationship between genetic polymorphisms
in PD-1 and susceptibility to breast cancer.27,28 Hua et al28

found that rs2227982 and rs7421861, but not rs36084323 and
rs2227981, may contribute to the risk and development of breast
cancer. In the study by Haghshenas et al27 the results showed no
association between rs11568821 and rs2227982 polymorphisms
and susceptibility to breast cancer. In addition, previous reports
showed that the PD-1 rs10204525 polymorphism was associ-
ated with the development of hepatocellular carcinoma29 and
esophageal cancer30 in a Chinese population. To clarify these
inconsistent conclusions, we conducted this case–control study

Ren et al
to determine the association between the PD-1 gene polymorph-
Negative 389
Positive 171

�
t test or 2-sided x2 test.ER¼ estrogen receptor, Her-2¼ human

epidermal growth factor receptor 2, LN¼ lymph node, PR¼ progesterone
isms (rs10204525 A>G, rs2227982 C>T, and rs7421861 T>C)
with breast cancer susceptibility in the Chinese Han population.

METHODS

Ethics Statement
This study was approved by the ethics committee of the

Second Affiliated Hospital of Xi’an Jiaotong University (Xi’an,
China). The research protocol was implemented in accordance
with the approved guidelines.

Subjects
The cases included 560 Chinese women with sporadic

breast cancer (mean age, 49.09� 11.02 years), whose blood
samples were collected within 1 week after diagnosed. The
control group was composed of 583 age- (mean age,
48.80� 8.28 years) and sex-matched healthy individuals
(who were recruited volunteers) without any history of auto-
immunity and malignancy (Table 1). All subjects were recruited
from the Second Affiliated Hospital of Xi’an Jiaotong Univer-
sity (Shaanxi Province, China) between June 2010 and June
2014.31 And they were all of Han nationality from Northwest
China. All breast cancer cases were confirmed by histological
examination to be adenocarcinoma. Data outlining the clinico-
pathological characteristics of the patients, including tumor
size, clinical stages, lymph node involvement, menopausal
status, procreative times, estrogenic receptor (ER) status, pro-
gesterone receptor (PR) status, and human epidermal growth
factor receptor type 2 (Her-2) status, were obtained from the
patients’ medical records (Table 1). The methods were carried

out in accordance with the approved guidelines.32 All partici-
pants were informed that their blood samples would be used for
research projects, and their written consents were obtained.
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Following a self-administered, approximately 2 mL of venous
blood sample was collected from each subject.

DNA Extraction and Genotyping
The blood samples were collected into tubes containing

ethylene diaminetetra-acetic acid. The samples were then cen-
trifuged at 8000g for 180 s at room temperature and stored at
�808C until analysis. Genomic DNA from the leukocytes of the
peripheral blood was extracted by Universal Genomic DNA
Extraction Kit Ver. 3.0 (TaKaRa, Akita, Japan). DNA concen-
tration was measured by spectrometry (DU530 UV/VIS spectro-
photometer, Beckman Instruments, Fullerton, CA). Three
polymorphisms (rs10204525, rs2227982, and rs7421861) were
selected for investigation in the present study. The Sequenom
MassARRAY Assay Design 3.0 software was used to design the
Multiplexed SNP MassEXTEND assay.33 Single nucleotide
polymorphism (SNP) genotyping was performed by using the
Sequenom MassARRAY RS1000 according to the standard
protocol recommended by the manufacturer.34 The correspond-
ing primers used for each SNP in the present study are listed in
Table 2. The Sequenom Typer 4.0 software was used to perform
data management and analyses.34

receptor, SD¼ standard deviation.The bold emphasis items (P< 0.05) are
considered statistically significant.
Statistical Analysis
In the overall population, the allelic frequencies of

rs10204525, rs2227982, and rs7421861 are 0.352, 0.137, and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Primers Used for This Study

SNP_ID 1st PCRP 2nd PCRP UEP_SEQ

rs10204525 ACGTTGGATGTTCAGGAATGG
GTTCCAAGG

ACGTTGGATGTGTTGGGAGGGC
AGAAGTG

ttccCCTAGGGCCCCCCAT

rs2227982 CGTTGGATGTTCTCTCGCCA
CTGGAAATC

ACGTTGGATGTCTCCTCAAAG
AAGGAGGAC

ggtaAAAGAAGGAGGA
CCCCTCAG

TGG
TG
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0.272, respectively. In the Chinese population, the allelic fre-
quencies of the 3 polymorphisms are 0.302, 0.488, and 0.165,
respectively.35 All statistical analyses were performed by using
the SPSS software package (version 20.0; SPSS Inc., Chicago,
IL). The Hardy–Weinberg equilibrium (HWE) was evaluated
by comparing the expected and observed frequencies using
algorithms in the Alrequin 3.1 program (L. Excoffier, CMPG,
University of Berne, Switzerland). The observed genotype
frequencies were compared with the expected values calculated
from the HWE theory (p2 þ 2pq þ q2¼ 1, where p is the
frequency of the wild-type allele and q is the frequency of the
variant allele) by using a x2 test, with a degree of freedom equal
to 1, among the cases and controls, respectively. The Pearson x2

test was used to determine any significant differences in allele
and genotype frequencies between the cases and the controls.
The degree of risks associated with the alleles, genotypes, and
haplotypes were estimated with an odds ratio (OR) and 95%
confidence interval (CI). We evaluated the risks in the dominant
(AAþ Aa vs aa), recessive (aa vs Aaþ AA), and allele (a vs A)
models, where A is the major allele and a is the minor allele. For
all of these tests, a 2-sided P< 0.05 was considered to be
statistically significant.

RESULTS

Characteristics of the Study Population
The general characteristics of the subjects are summarized

rs7421861 ACGTTGGATGTGCAAATCCA
GCGTTAGC

ACGT
CAC
in Table 1. As expected, no significant differences in the
distributions of age, menopausal status, and procreative times
were found between the case and control groups (P> 0.05),

TABLE 3. Genotype Frequencies of PD-1 rs10204525 Polymorph

Model Genotype Cases, n (%)
�

Codominant AA 257 (46.0)
AG 248 (44.4)
GG 54 (9.6)

Dominant AA 257 (46.0)
AG þ GG 302 (54.0)

Recessive AA þ AG 505 (90.4)
GG 54 (9.6)

Overdominant AA þ GG 311 (55.6)
AG 248 (44.4)

Allele A 762 (68.2)
G 356 (31.8)

CI ¼ confidence interval, OR ¼ odds ratio.�
Cases missing n¼ 1.
yControls missing n¼ 1.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
which indicated that the cases and controls of this study were
adequately matched for general characteristics. It is interesting
that the body mass index (kg/m2) significantly differed between
the case and control groups (P¼ 0.038), which confirmed that
breast cancer is probably linked to weight in women. The
genotypic frequencies for the PD-1 rs10204525, rs2227982,
and rs7421861 polymorphisms among the controls were within
the HWE (P¼ 0.8797, P¼ 0.5034, and P¼ 0.7456, respect-
ively).

PD-1 Gene Polymorphisms and the Risk of Breast
Cancer

The frequencies of the genotypes and alleles of the PD-1
gene polymorphisms in the breast cancer cases and healthy
controls are shown in Tables 3–5, respectively. The frequencies
of the genotypes AA, AG, and GG in the rs10204525 poly-
morphism were 46.0% (257/559), 44.4% (248/559), and 9.6%
(54/559), respectively, in breast cancer patients and 50.0% (291/
582), 41.2% (240/582), and 8.2% (51/582), respectively, in the
control group. The frequencies of genotypes CC, CT, and TT in
the rs2227982 polymorphism were 30.9% (172/557), 46.1%
(257/557), and 23.0% (128/557), respectively, in the patients
and 23.5% (137/582), 51.4% (299/582), and 25.1% (146/582),
respectively, in the control group. The frequencies of genotypes
TT, TC, and CC in the rs7421861 polymorphism were 60.9%
(341/560), 35.0% (196/560), and 4.1% (23/560), respectively,
in the patients and 59.8% (347/580), 35.3% (205/580), and 4.8%

ATGAGCACCCGGTA
TGTC

gccTGCTTAGATTGATGTGTA
(28/580), respectively, in the control group.
Statistical analysis revealed no significant association

between the rs10204525 polymorphism and breast cancer risk

ism in Cases and Controls

Controls, n (%)y OR (95% CI) P

291 (50.0) 1.00
240 (41.2) 1.17 (0.92–1.49) 0.21

51 (8.8) 1.20 (0.79–1.82) 0.39
291 (50.0) 1.00
291 (50.0) 1.18 (0.93–1.48) 0.17
531 (10.4) 1.00

51 (89.6) 1.11 (0.75–1.66) 0.60
342 (58.8) 1.00
240 (41.2) 1.14 (0.90–1.44) 0.29
822 (70.6) 1.00
342 (29.4) 1.12 (0.94–1.34) 0.20
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TABLE 4. Genotype Frequencies of PD-1 rs2227982 Polymorphism in Cases and Controls

Model Genotype Cases, n (%)
�

Controls, n (%)y OR (95% CI) P

Codominant CC 172 (30.9) 137 (23.5) 1.00
CT 257 (46.1) 299 (51.4) 0.68 (0.52–0.91) 0.008
TT 128 (23.0) 146 (25.1) 0.70 (0.50–0.97) 0.030

Dominant CC 172 (30.9) 137 (23.5) 1.00
CT þ TT 385 (69.1) 445 (76.5) 0.69 (0.53–0.90) 0.005

Recessive CC þ CT 429 (77.0) 436 (74.9) 1.00
TT 128 (23.0) 146 (25.1) 0.89 (0.68–1.17) 0.410

Overdominant CC þ TT 300 (53.9) 283 (48.6) 1.00
CT 257 (46.1) 299 (51.4) 0.81 (0.64–1.02) 0.080

Allele C 601 (53.9) 573 (49.2) 1.00
T 513 (46.1) 591 (50.8) 0.83 (0.70–0.98) 0.020

CI ¼ confidence interval, OR ¼ odds ratio.�
Cases missing n¼ 3.

ant.
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in the dominant (AAþ AG vs GG, OR¼ 1.18, 95% CI¼ 0.93–
1.48, P¼ 0.17), recessive (GG vs AG þ AA, OR¼ 1.11, 95%
CI¼ 0.75–1.66, P¼ 0.60), and allele (G vs A, OR¼ 1.19, 95%
CI¼ 0.90–1.58, P¼ 0.21) models. For rs7421861, there were
also no significant associations in any of the genetic models
(P> 0.05). For rs2227982, we obtained positive results. Both
the CT and CC genotypes had lower frequencies in the breast
cancer patients than in the controls (CT vs CC, OR¼ 0.68, 95%
CI¼ 0.52–0.91, P¼ 0.008; TT vs CC, OR¼ 0.70, 95%
CI¼ 0.50–0.97, P¼ 0.03). In addition, the results showed a
significant association between the rs2227982 polymorphism
and a decreased risk of breast cancer (the dominant model: CT
þ TT vs CC, OR¼ 0.69, 95% CI¼ 0.53–0.90, P¼ 0.005; the
allele model: T vs C, OR¼ 0.83, 95% CI¼ 0.70–0.98,
P¼ 0.02).

PD-1 Gene Polymorphisms and
Clinicopathological Features

We also analyzed the association between the polymorph-

yControls missing n¼ 1.
The bold emphasis items (P< 0.05) are considered statistically signific
isms of the PD-1 gene and a series of clinicopathological features,
including tumor size, lymph node metastasis, and the statuses of
ER, PR, and Her-2. As shown in Table 6, the same analyses were

TABLE 5. Genotype Frequencies of PD-1 rs7421861 Polymorphi

Model Genotype Cases, n (%)

Codominant TT 341 (60.9)
TC 196 (35.0)
CC 23 (4.1)

Dominant TT 341 (60.9)
TC þ CC 219 (39.1)

Recessive TT þ TC 537 (95.9)
CC 23 (4.1)

Overdominant TT þ CC 364 (65.0)
TC 196 (35.0)

Allele T 878 (78.4)
C 242 (21.6)

CI ¼ confidence interval, OR ¼ odds ratio.�
Controls missing n¼ 3.

4 | www.md-journal.com
also performed for the clinical features. When the CC genotype
was used as the reference, we found that a decreased association
between the variant genotypes of rs2227982 and Her-2 status (CT
vs CC: OR¼ 0.55, 95% CI¼ 0.37–0.84, P¼ 0.005; CTþ TT vs
CC: OR¼ 0.56, 95% CI¼ 0.38–0.82, P¼ 0.003). However, no
significant association was found between the rs2227982 poly-
morphism and the other clinical parameters of breast cancer
patients. However, for rs10204525 and rs7421861 polymorph-
isms, we found no significant association between the 2 poly-
morphisms and the clinical parameters of the breast cancer
patients (data not shown).

Stratified Analysis of PD-1 Polymorphisms and
Breast Cancer Risk

We then evaluated the effect of the PD-1 gene polymorph-
isms on breast cancer as stratified by age. As shown in Table 7,
the risk effect of the rs2227982 variant genotypes (CT/TT) was
more pronounced in younger subjects (OR¼ 0.68, 95%
CI¼ 0.47–0.97, P¼ 0.03) rather than older subjects

(OR¼ 0.70, 95% CI¼ 0.48–1.04, P¼ 0.08). The same analyses
were also performed for the rs10204525 and rs7421861 poly-
morphisms; however, no positive results were observed.

sm in Cases and Controls

Control, n (%)
�

OR (95% CI) P

347 (59.8) 1.00
205 (35.3) 0.97 (0.76–1.25) 0.83
28 (4.8) 0.84 (0.47–1.48) 0.54

347 (59.8) 1.00
233 (40.2) 0.96 (0.75–1.21) 0.71
552 (95.2) 1.00
28 (4.8) 0.84 (0.48–1.48) 0.56

375 (64.7) 1.00
205 (35.3) 0.98 (0.77–1.25) 0.90
899 (77.5) 1.00
261 (22.5) 0.95 (0.78–1.16) 0.61

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 6. Associations Between the PD-1 rs2227982 Polymorphism and Clinical Characteristics of Patients With Breast Cancer

Variables CC (%) CT (%) P OR (95% CI) TT (%) P OR (95% CI) CT þ TT (%) P OR (95% CI)

Tumor size, cm
<2 53 (28.2) 90 (47.9) 45 (23.9) 135 (71.8)
�2 119 (32.2) 167 (45.3) 0.37 0.83 (0.55–1.25) 83 (22.5) 0.428 0.82 (0.51–1.34) 250 (67.8) 0.330 0.82 (0.56–1.21)

LN
Negative 70 (29.7) 109 (46.2) 57 (24.1) 166 (70.3)
Positive 102 (31.8) 148 (46.1) 0.72 1.93 (0.63–1.38) 71 (22.1) 0.51 0.85 (0.54–1.36) 219 (68.2) 0.590 0.91 (0.63–1.30)

ER
Negative 71 (28.7) 116 (47.0) 60 (24.3) 172 (71.3)
Positive 101 (32.6) 141 (45.5) 0.43 0.85 (0.58–1.26) 68 (21.9) 0.33 0.80 (0.50–1.26) 209 (67.4) 0.400 0.85 (0.59–1.23)

PR
Negative 74 (29.4) 112 (44.4) 66 (26.2) 178 (70.6)
Positive 98 32.2) 145 (47.5) 0.91 0.98 (0.66–1.44) 62 (20.3) 0.14 0.71 (0.45–1.12) 207 (67.8) 0.480 0.89 (0.61–1.26)

Her-2
Negative 105 (27.2) 190 (49.2) 91 (23.6) 281 (72.8)
Positive 67 (39.2) 67 (39.2) 0.005 0.55 (0.37–0.84) 37 (21.6) 0.86 1.04 (0.65–1.67) 100 (60.8) 0.003 0.56 (0.38–0.82)

CI¼ confidence interval, ER¼ estrogen receptor, Her-2¼ human epidermal growth factor receptor 2, LN¼ axillary lymph node, OR¼ odds ratio,

fica
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Association Between PD-1 Haplotypes and Breast
Cancer Risk

We further analyzed the association between haplotypes
and the risk of breast cancer. In comparison to the most common
haplotype Ars10204525 Crs2227982 Trs7421861, the Ars10204525

Trs2227982 Crs7421861 haplotype was associated with a signifi-
cantly decreased risk of breast cancer (OR¼ 0.50, 95%
CI¼ 0.34–0.75, P¼ 0.001, Table 8). We did not observe any
associations with any other haplotypes in breast cancer.

DISCUSSION
The immune system plays an important role in resisting

and eliminating cancer cells and can influence the occurrence
of cancer. As an immune gene with potent inhibitory effects on
immune cells, PD-1 merits further investigations. The deter-

PR¼ progesterone receptor.
The bold emphasis items (P< 0.05) are considered statistically signi
mination of genetic polymorphisms is a new route to investi-
gate the etiology of such complex genetic diseases.36 The
identification of SNPs that affect the PD-1 gene expression

TABLE 7. Association Between the PD-1 Polymorphisms and Ag

Age, y
�

Genotypes (Case/Contro

rs10204525
AA AA

<49 131/157 16
�49 126/134 14

rs2227982
CC CT

<49 94/75 19
�49 78/62 18

rs7421861
TT 341/347 TC þ C

<49 (294/308) 176/182 11
�49 (266/271) 165/164 10

CI ¼ confidence interval, OR ¼ odds ratio.�
Stratified analyses by mean age.

The bold emphasis items (P< 0.05) are considered statistically significant.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
and contribute to cancer susceptibility is important, as it may
help to predict at-risk individuals and clarify pathophysiolo-
gical mechanisms relevant to cancer. PD-1 is an inhibitory
receptor expressed on activated T and B cells whose activity
may suppress antitumor immunity.37 Inhibitors of PD-1 may be
promising in the treatment of triple-negative breast cancer by
targeting the PD-1/PD-L1 immune checkpoint. Many studies
have investigated the association of PD-1 gene variations with
cancers. However, the results were inconsistent. Therefore, we
chose the PD-1 polymorphisms rs10204525, rs2227982, and
rs7421861, in order to investigate the association between the
PD-1 gene and the risk of breast cancer in the Chinese
population. In the present study, our data revealed that some
of the alleles and genotypes of rs2227982, but not PD-1
rs10204525 and rs7421861, were associated with breast
cancer risk.

nt.
In the PD-1 polymorphism rs10204525 A>G, we found
that the frequencies of the rs10204525 genotypes AA, AG, and
GG were not significantly different between the case and

e of Patients With Breast Cancer

l) P OR (95% CI)

þ AG
2/153 0.15 0.79 (0.57–1.09)
0/138 0.66 0.99 (0.71–1.39)

þ TT
9/235 0.03 0.68 (0.47–0.97)
6/210 0.08 0.70 (0.48–1.04)

C 219/233
8/126 0.85 0.97 (0.70–1.34)
1/107 0.72 0.94 (0.66–1.33)

www.md-journal.com | 5
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TABLE 8. Haplotype Frequencies of PD-1 Polymorphisms and Breast Cancer Risk

Haplotypes Cases
�

(N¼ 1114), n (%) Controlsy (N¼ 1160), n (%) OR (95% CI) P

rs10204525 rs2227982 rs7421861
A C T 426 (38.2) 398 (34.3) 1.00 (reference)
A T T 278 (25.0) 303 (26.1) 0.86 (0.69–1.06) 0.155
G C T 161 (14.5) 158 (13.6) 0.95 (0.74–1.23) 0.709
G T C 149 (13.4) 153 (13.2) 0.91 (0.70–1.19) 0.483
A T C 42 (3.8) 78 (6.7) 0.50 (0.34–0.75) 0.001
Others 58 (5.2) 70 (6.0) 0.77 (0.53–1.13) 0.179

CI ¼ confidence interval, OR ¼ odds ratio.�
Cases missing n¼ 6.

ant.
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control groups (P> 0.05). Moreover, we analyzed the associ-
ation between the rs10204525 polymorphism and breast cancer
risk in the dominant and recessive models, but found no
significant association between this SNP and breast cancer risk
(P> 0.05). These results conflict with studies in hepatocellular
carcinoma29 and esophageal cancer.30 These studies also found
that the G allele of this SNP was likely to be associated with the
decreased risk of hepatocellular carcinoma and esophageal
squamous cell carcinoma, suggesting that the PD-1
rs10204525 G allele may be related to the increase in T-cell
activity. PD-1 rs10204525, located in the 30 untranslated region,
may be involved in the modulation of the inflammatory cyto-
kine levels via linkage disequilibrium with other nucleotide
polymorphisms.38 However, in this study, we found no associ-
ation between the PD-1 rs10204525 G allele and breast
cancer risk.

For PD-1 rs2227982 C>T polymorphism, we found that
the frequencies of the rs2227982 genotypes CC, CT, and TT
were significantly different between the case and control groups
(P< 0.05). Similarly, the results showed a significant associ-
ation between PD-1 rs2227982 polymorphism and decreased
breast cancer risk in the dominant and recessive models. The
genetic variation in rs2227982 may result in an amino acid
substitution from alanine to valine, which could lead to a
different structure and different function for PD-1 and further
influence the progression of different diseases.39,40 Therefore,
whether this amino acid change alters the protein structure or
affects its function needs to be further studied.

For the PD-1 polymorphism rs7421861, there were differ-
ent results in other cancers. The rs7421861 CT genotype was
significantly associated with the risk of colorectal cancer com-
pared to the wild-type TT genotype.41 However, rs7421861 was
found to have no association with gastric cardia adenocarci-
noma.35 In the present study, there was also no significant
association between the rs7421861 polymorphism and breast
cancer risk in any of the genetic models.

In the analysis between PD-1 gene polymorphisms and
clinical presentations, we found that the variant genotypes of
rs2227982 had decreased associations with Her-2 status. How-
ever, the other polymorphisms were found to be irrelevant to
clinical characteristics. As it is known, Her-2 has emerged as a
well-known molecular biomarker in breast cancer of similar
importance as ER. Her-2 is considered a prognostic factor for

yControls missing n¼ 6.
The bold emphasis items (P< 0.05) are considered statistically signific
breast cancer.42 Our results therefore suggest that rs2227982
may play an important role in forecasting the prognosis of
breast cancer.
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It has been believed that haplotypes may have greater
power in influencing a clinical response than any SNP
analysis.43 We further analyzed the relationship between hap-
lotypes of the PD-1 rs10204525, rs2227982, and rs7421861
polymorphisms and breast cancer risk. The results showed that
the Ars10204525 Trs2227982 Crs7421861 haplotype was associated
with a significantly decreased risk of breast cancer.

Some important limitations of this study should be
addressed in this study. First, the single-center design
may preclude extrapolation of our findings to other patient
populations or ethnic groups. Second, our sample size was
relatively small, which may limit the strength of our stratified
analyses. Third, we used a hospital-based case–control design,
which may involve selection bias. Fourth, we did not consider
other important risk factors (e.g., lifestyle, environmental
background, and other benign breast lesions), as we did not
have access to the relevant data for the cases and controls.
Therefore, further large-scale and well-designed studies
regarding different ethnicities are still required to confirm
our findings.

In conclusion, our results suggested that the PD-1
rs2227982 polymorphism is associated with a decreased risk
of breast cancer, especially in Her-2 positive breast cancer
patients in the Chinese Han population.
The authors would like to thank Editage for the language
editing.
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