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Abstract
Background

Urothelial cell carcinoma, which is believed to develop from the urothelium (transitional epithelium), is the
most common aggressive tumor and accounts for the ten most prevalent cancers in the world. The risk
factors for urothelial cell carcinoma are aging, smoking, gender, and genetic alternations. Programmed cell
deathl (PD-1) has been widely described as a negative regulator of T-cells by sending inhibitory signals to
the T-cell. Through PD-1 binding with PD-L1 (ligand for PD-1), an inhibitory signal is propagated to the T
cell. The polymorphisms of PD-1 and PD-L1 lead to an efficient T-cell response and affect an anti-tumor
reaction. The polymorphisms of PD-1 and PD-L1 could also affect the carcinogenesis of human cancer,
including urothelial cell carcinoma. Therefore, in this study, we evaluated the relation between PD-
1(rs2227981) and PD-L1(rs2890658) polymorphisms and the carcinogenesis of urothelial cell carcinoma.

Materials and methods

This study was conducted using 211 healthy controls and 256 cases of urothelial cell carcinoma among the
Japanese population. The DNA samples were extracted from the peripheral white blood cells of each subject.
The genotype was detected by using the Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) method.

Results

C/T (Adjusted OR 1.55, 95% CI:1.02-2.35) and C/T+T/T (OR 1.46, 95% CI:1.01-2.12) genotypes of PD-1
1s2227981 were significant and risk factors for urothelial cancer. Male with A/A genotype in PD-L1 and CT
genotype in PD-1 has a significant higher risk factor compared with other genotypes (Adjusted OR 1.83, 95%
CI:1.05-3.21).

Conclusions and discussion

We found that C/T(PD-1) and “A/A (PD-L1) and C/T(PD-1)” were predominant in urothelial cell carcinoma
cases. This indicates that C/T(PD-1) and “A/A (PD-L1) and C/T(PD-1)” genotypes could increase
susceptibility to urothelial cell carcinoma. However, since our findings indicated that the effects of PD-1 and
PD-L1 polymorphisms included discrepancies, additional research will be needed to evaluate the
relationship between human cancer and PD-1 and PD-L1 polymorphisms. This is the first study that seeks to
find the relation between PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms concerning urothelial cell
carcinoma among the Japanese population.
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Introduction

Urothelial cell carcinoma, which is believed to develop from the urothelium (transitional epithelium), is the
most common aggressive tumor and accounts for the 10 most prevalent cancers in the world [1]. The pelvis,
ureter, bladder, and urethra are covered by the urothelium. Among urothelial cancers, bladder cancer could
account for the majority [2]. Risk factors for urothelial cell carcinoma include aging, smoking, gender
differences, and genetic alterations [3,4]. Polymorphism is the genetic alternations that attenuate two or
more forms of a specific DNA sequence. Genetic polymorphism is the changes in genetic information
between the same group. Genetic polymorphism exists in 1% or more of a population. Many such changes in
base sequences are thought to have no effect on the body, but some may affect a person's appearance, such
as eye color or hair color, or susceptibility to cancer. Moreover, some genetic alternations and single
nucleotide polymorphisms (SNPs) can also influence the carcinogenesis of urothelial cell carcinoma [5-10].
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Programmed cell death1 (PD-1, also known as CD279 or PDCD1), a member of the CD28-B7 co-stimulatory
molecule superfamily, has been widely described as a negative regulator of T-cells by sending inhibitory
signals to the T-cell. PD-1 protein is found on the surface of activated CD4-positive and CD8-positive T-
cells, natural killer T-cells (NKT), B cells, activated monocytes, and various DC subsets [11].

The human PD-1 gene which is located on chromosome 2q27.3, encodes a type 1 trans-membranous
glycoprotein protein of 50-55kDa [12]. The PD-1 protein is made up of two parts, one is an external
immunoglobulin V domain and an intracellular domain with an immune receptor tyrosine-based inhibitory
motif (ITIM), and the other is an immune receptor tyrosine-based switch motif (ITSM) [13]. When PD-1
binds with PD-L1 or PD-L2 (ligand for PD-1), the ITIM of PD-1 can be activated, and an inhibitory signal is
propagated to the T-cell. That signal can attenuate T lymphocyte activation induce proliferation, and
decrease cytokine release, leading to T-cell death [14-17]. Therefore, PD-1 protein plays an important
function in suppressing inefficient or harmful immune responses and maintaining immunological tolerance.
On the other hand, PD-1 is related to carcinogenesis, as it reduces the protective immune response [18].
Recently, a PD-1 monoclonal antibody has been invented for use as an anticancer agent [19].

The programmed cell death ligand 1 (PD-L1) gene that is located at the 9p24 chromosome is encoded by
seven exons. The PD-L1 protein is made up of 290 amino acids and is one of the transmembrane type 1
glycoproteins that has IgV-like and IgC-like extracellular domains, a hydrophobic transmembrane domain,
and a 30 amino acid cytoplasmic tail with unknown signal transduction capabilities. The PD-L1 protein is
associated with cancer immune evasion [20-22]. Some studies have indicated that the abnormal expression
of PD-L1 on the cell lines is related to the carcinogenesis of several tumors, such as cervical cancer, gastric
cancer, and breast cancer [23-25].

Since the inactivation of PD-1 and PD-L1 genes has been associated with a critical role in the etiology of
many cancerous conditions [26], the blockade of PD-1/PD-L1 interactions leads to an efficient anti-tumor T-
cell response. However, the influence of PD-1 and PD-L1 polymorphism upon carcinogenesis has been
unclear. Therefore, in this study, we evaluated the relation between one pair of co-inhibitory signaling
molecule genes (PD-1(rs2227981) and PD-L1(rs2890658) genes) polymorphisms and the carcinogenesis of
urothelial cell carcinoma.

Materials And Methods

This study was conducted using 211 healthy controls and 256 cases (patients with urothelial cell carcinoma)
among the Japanese population. Cases were recruited from patients who were diagnosed with urothelial cell
carcinoma histologically at the University of Occupational and Environmental Health Hospital and the
University of Miyazaki Hospital. Controls were also recruited from patients without cancer at the University
of Occupational and Environmental Health Hospital. We checked that cases and controls did not have any
other malignancy or exposure to carcinogenic substances, toxic heavy metals, or radiation. We collected the
physical conditions, history of illness, occupation, and smoking status of both controls and cases. The
conditions of the research procedure were explained to all participants, and all participants gave written
informed consent. This study was approved by the Ethics Committee of the Faculty of Medicine, University
of Miyazaki.

Genotyping

The DNA samples were extracted from the peripheral blood of each subject. The DNA extractor WB Kit (Wako
Pure Chemical Industries, Osaka, Japan) was used for the DNA extraction. The DNA extractor WB Kit was
used frequently with other studies and is very safe because this kit does not use hazardous chemicals such as
phenol and chloroform.

The Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) method was used
for detecting genotypes of the PD-1(rs2227981) and PD-L1(rs2890658) genes. The primers of PD-
1(rs2227981) were 5’-GTGTTCTCTGTGGACTATGG-3’(forward), 5-CTGAGGAAATGCGCTGAC-3’(reverse)
and the primers of PD-L1(rs2890658) were 5’-AATGGCTTGTTGTCCAGAGATG-3’(forward) and 5-GTACCACA
TGGAGTGGCTGC-3’(reverse). The PCR used in the first step was conducted using a KAPATaq Extra PCR kit
(NIPPON Genetics Co., Ltd., Tokyo, Japan) under the following conditions.

The PCR conditions used for the PD-1(rs2227981) initially involved denaturation at 95 C for 10 min,
followed by 30 cycles of denaturation at 95 C for 45 s, annealing at 60°C for 40 s, and extension at 72 C for 40
s, with the final extension at 72’ C for 10 min. The PCR for the PD-L1(rs2890658) gene was the initial
denaturation at 95 C for 4 min, followed by 35 cycles of denaturation at 95 C for 40 s, annealing at 63 C for
40 s, and extension at 72 C for 40 s, with the final extension at 72’ C for 10 min. Both PCR products were
digested by the restriction enzyme Alul for PD-1(rs2227981) and Ban II for PD-L1(rs2890658) (New England
Biolabs Inc., Ipswich, MA, USA). The genotypes were detected by electrophoresis using 3% agarose gel. The
lengths of the PCR products were 284bp and 553bp for PD-1(rs2227981) and PD-L1(rs2890658), respectively.
The T allele of PD-1(rs2227981) is characterized by a 151bp and 133bp band. T/T, C/T and C/C genotypes
have “151bp and 133bp bands”, “151bp, 133bp” and 284bp bands”, and “284bp bands” respectively. On the
other hand, the A allele of PD-L1(rs2890658) allowed the digestion of the 553bp amplicon into two products
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of 456bp and 97bp bands. The C allele was characterized by 326bp, 130bp and 97bp. A/A, A/C and C/C
genotypes having “456bp and 97bp band”, “456bp, 326bp, 130bp, and 97bp bands” and “326bp, 130bp, and
97bp,” respectively.

Statistical analysis

All the statistical data was performed by using the Excel 2003 (Microsoft Corporation, Redmond, USA) and
JMP 16 (SAS Institute, Cary, USA). To determine the Hardy-Weinberg equilibrium (HWE) among the
controls, we used a chi-square test. The investigation into the correlation between PD-1 and PD-L1
polymorphism and urothelial cancer was conducted using a multiple logistic regression analysis. We
considered a p-value of less than 0.05 to be statistically significant. The multiple logistic regression analysis
is one of the statistical methods that can explain and predict the probability of a binary outcome (objective
variable) occurring from several factors (explanatory variables).

Results

In this study, both PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms were investigated using 211
controls and 256 cases of urothelial cancer. There was no difference in the mean age between the cases and
controls. However, the mean age of males in the cases was significantly higher than males of controls. On
the other hand, smokers were predominant in the case group, and females were predominant in the controls
(Table ). Controls for PD-1 and PD-L1 genes were on the HWB equilibrium (P=0.31 and 0.69, respectively).

Cases Controls
Male Female Male Female
Total number (n) 207 49 105 106**
Age(meantSD) 69.5+10.8 69.0+11.7 67.1+12.4* 69.2+11.5
Non-smoker 35 39 16 87**
Smoking Status
Smoker 172 10 89 19*

TABLE 1: The characteristics of cases and controls

We separately examined the cases and controls groups of samples and, variables were age and smoking status of the participants. We evaluated mean
age by t-test, and smoking status by chi-square test.

*:P<0.05, **:P<0.01

The distribution of the genotypes of the PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms are
indicated in Table 2. The C/T genotype of PD-1(rs2227981) was predominant in cases comparing controls
(adjusted OR:1.55, 95%CI:1.02-2.35). However, no significant differences were found between cases and
controls concerning the genotypes of PD-L1(rs2890658).
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CiC
CIT
PD1
TT
CIT+T/T
AA
A/C
PDL1
C/IC

A/C+C/C

Case(n=256) Control(n=211) Crude OR(95%Cl) Adjusted OR(95%Cl)
134 130 ref ref

104 68 1.48(1.01-2.19)* 1.55(1.02-2.35)*

18 13 1.34(0.63-2.85) 1.15(0.52-2.56)

122 81 1.46(1.01-2.12)* 1.48(1.00-2.19)

218 187 ref ref

36 22 1.41(0.80-2.48) 1.42(0.78-2.60

2 1 1.72(0.16-19.17) 1.21(0.11-13.81)

38 23 1.42(0.82-2.48) 1.42(0.79-2.54)

TABLE 2: The relationship between urothelial cancer and PD-1(rs2227981) and PD-L1(rs2890658)

polymorphisms

Adjusted by age, gender, and smoking status

*:P<0.05, OR - Odd Ratio

Case
(n=256)

PDL1 PD1

C/C 108

C/IT 93
A/A

TT 17

C/IC 26

A/C+C/C
cT 11

T 1

We also evaluated the interaction of PD-1 and PD-L1 polymorphisms (Table 3). We stratified the PD-
L1(rs2890658) genotype into A/A and A/C+C/C genotype groups because there were few C/C genotypes.
[A/A(PD-L1) and C/T(PD-1)], [A/A (PD-L1) and C/T+ T/T(PD-1)] and [A/A (PD-L1) and C/T+ T/T(PD-1) plus
A/C+C/C(PD-L1) and any PD-1 genotype] were significantly higher in the cases. The adjusted ORs were 1.76
(95%Cl:1.12-2.74), 1.65 (95%CI:1.08-2.51), and 1.68 (95% CI:1.14-2.48), respectively.

Crude Adjusted Crude Adjusted Crude Adjusted
Control Case Control Case Control

OR OR OR OR OR OR
(n=211) (n=256) (n=211) (n=256) (n=211)

(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
114 ref ref 108 114 ref ref 108 114 ref ref

1.61(1.06- 1.76(1.12-

61
2.44) 2.74) 1.57(1.06- 1.65(1.08-
110 74 ) )
. 1.38(0.64- 1.21(0.54- 2.33) 2.51)
1.38) 2.73)
161(1.12- 1.68(1.14-
1.72(0.87- 1.90(0.92- 172(0.87- 1.90(0.92- 148 97
16 26 16 233 248"
1.72) 3.91) 1.72) 3.90)
, 1.66(0.62- 1.40(0.50-
1.81(0.69- 1.52(0.55-
4.44) 3.94) 12 7 ( (
477) 4.18)
0 — _

TABLE 3: The relationship between urothelial cell carcinoma and combining PD-1(rs2227981) and
PD-L1(rs2890658) polymorphisms

We classified the PD-L1(rs2890658) genotype to A/A and A/C+C/C genotype to analyze the relation between each genotype and urothelial cancer.
[A/A(PD-L1) and C/T(PD-1)], [A/A (PD-L1) and C/T+T/T(PD-1)] and [A/A (PD-L1) and C/T+ T/T(PD-1) plus A/C+C/C(PD-L1) and any PD-1 genotype] were
significantly higher in the case group. **:P<0.01, *:P<0.05, Adjusted by age and smoking status.

We also analyzed the distribution of PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms stratified by
gender and smoking status (Tables 4, 5). Only the male group indicated [A/A (PD-L1) and C/T(PD-1)] and
[A/A (PD-L1) and C/T+ T/T(PD-1) plus A/C+C/C(PD-L1) and any PD-1genotype] were also significantly more
in the case group, which was similar with the results indicated in Table 3.
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PDL1

A/A
Males

A/C+C/C

AA
Females

A/C+C/C

AA
Non-smokers

A/C+C/C

AA
smokers

A/C+CIC

TABLE 4: The relationship between urothelial cell carcinoma and combining PD-1(rs2227981) and

PD1

CiC

CIT

TT

C/C

CIT

TT

c/IC

CIT

TT

C/IC

CIT

TIT

c/IC

CIT

TIT

c/C

CIT

TT

c/C

C/T

TT

c/C

C/T

TIT

Case(n=207)
88
73
15

21

Case(n=49)
20

20

Case(n=74)
29

29

10

Case(n=182)
79
64
13

16

Control(n=105)
59

26

Control(n=106)
55

35

4

10

Control(n=103)
56

30

Control(n=108)
58

31

Crude OR(95%Cl)
ref
1.88(1.08-3.28)*
1.12(0.46-2.72)
2.35(0.89-6.16)

1.21(0.39-3.78)

Crude OR(95%Cl)
ref
1.57(0.74-3.33)
1.38(0.23-8.10)
1.38(0.42-4.52)

2.75(0.36-20.85)

Crude OR(95%Cl)
ref
1.87(0.95-3.68)
1.29(0.34-4.93)
2.15(0.78-5.87)

1.93(0.26-14.42)

Crude OR(95%CI)
ref
1.52(0.88-2.62)
1.36(0.51-3.63)
1.68(0.65-4.34)

1.32(0.42-4.15)

Adjusted OR(95%CI)#
ref

1.83(1.05-3.21)*
1.18(0.48-2.91)
2.41(0.91-6.39)

1.17(0.37-3.70)

Adjusted OR(95%Cl)
ref

1.55(0.73-3.30)
1.35(0.22-8.11)
1.39(0.42-4.58)

2.89(0.37-22.39)

Adjusted OR(95%CI)t
ref

1.99(0.96-4.13)
0.91(0.21-4.00)
2.18(0.75-6.38)

3.00(0.39-23.25)

Adjusted OR(95%Cl)}
ref

1.62(0.92-2.85)
1.36(0.50-3.69)
1.73(0.65-4.60)

1.13(0.36-3.57)

PD-L1(rs2890658) polymorphisms stratified by gender and smoking status (Part 1)

We stratified the male and female group, smoker, and non-smoker group separately. Only the male group indicated [A/A (PD-L1) and C/T(PD-1)] genotype

was significant more in case group. **:P<0.01, *:P<0.05. #:Adjusted by age and smoking status :Adjusted by age and gender.
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PDL1 PD1

CiC
AA CIT

T/T

Males
C/C

AIC+C/C
CIT

TT

c/IC
AA CIT

TIT

Females
C/C

A/C+C/C
CIT

T/T

c/C
AA CIT

T/T
Non-

smokers cic

A/C+C/C
CIT

TIT

C/C
AA CIT

TT

smokers
C/iC

A/C+C/C
C/T

T/T

Case
(n=207)
88

88

21

10
Case
(n=49)

20

22

Case
(n=74)

29

33

10

Case
(n=182)

79

77

16

10

Control
(n=105)

59

35

Control
(n=106)
55

39

10

Control
(n=103)

56

36

Control
(n=108)

58

38

Crude OR
(95%Cl)

ref

1.69(1.01-
2.81)*

2.35(0.89-
6.16)

1.34(0.44-
4.12)

Crude OR
(95%Cl)

ref

1.55(0.75-
3.22)

1.38(0.42-
4.52)

2.75(0.36-
20.85)

Crude
OR(95%Cl)

ref

1.77(0.92-
3.40)

2.15(0.78-
5.87)

1.93(0.26-
14.42)

Crude OR
(95%Cl)

ref

1.49(0.89-
2.49)

1.68(0.65-
4.34)

1.47(0.48-
4.53)

Adjusted OR
(95%CI)#

ref

1.67(1.00-2.79)

2.42(0.91-6.42)

1.31(0.42-4.06)

Adjusted OR
(95%Cl)#

ref

1.53(0.73-3.20)

1.39(0.42-4.57)

2.88(0.37-
22.33)

Adjusted OR
(95%ClI)t

ref

1.78(0.89-3.59)

2.17(0.75-6.31)

2.91(0.38-
22.52)

Adjusted OR
(95%ClI)t

ref

1.57(0.92-2.67)

1.73(0.65-4.60)

1.26(0.41-3.92)

Case
(n=207)

88

119

Case
(n=49)

20

29

Case
(n=74)

29

45

Case
(n=182)

79

103

Control
(n=105)

59

46

Control
(n=106)

55

51

Control
(n=103)

56

47

Control
(n=108)

58

50

Crude OR
(95%Cl)

ref

1.73(1.08-
2.79)

Crude OR
(95%Cl)

ref

1.56(0.79-
3.10)

Crude OR
(95%Cl)

ref

1.85(1.01-
3.39)*

Crude OR
(95%Cl)

ref

1.51(0.94-
2.44)

Adjusted OR
(95%Cly#

ref

1.73(1.07-2.78)*

Adjusted OR
(95%Cl)#

ref

1.56(0.78-3.09)

Adjusted OR
(95%ClI)t

ref

1.90(0.99-3.64)

Adjusted OR
(95%CI)t

ref

1.56(0.95-2.54)

TABLE 5: The relationship between urothelial cell carcinoma and combining PD-1(rs2227981) and
PD-L1(rs2890658) polymorphisms stratified by gender and smoking status (Part 2)

We stratified the male and female group, smoker, and non-smoker group separately. [A/A (PD-L1) and C/T+ T/T(PD-1) plus A/C+C/C(PD-L1) and any PD-1

genotype] was also significant more in the case group among male. **:P<0.01, *:P<0.05. #:Adjusted by age and smoking status }:Adjusted by age and

gender.
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Discussion

PD-1 protein is an inhibitor of both adaptive and innate immune responses, while PD-L1 protein is
expressed by tumor cells as an adaptive immune mechanism to escape anti-tumor response [27]. In addition,
the PD-1/PD-L1 function blockage may attenuate apoptosis of CD8-positive T-cells by regulating the
PI3K/AKT/mTOR pathway in gastrointestinal tumors [28]. A negative feedback system by inducing active T-
cell apoptosis and interleukin-10 (IL-10) was detected in colorectal cancer [29].

We analyzed the relationship between the PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms and
urothelial cell carcinoma among a Japanese population. We detected that the C/T genotype of PD-
1(rs2227981) was predominant significantly in cases comparing controls (Table 2). However, we did not find
any significant differences in the T/T genotype between cases and controls. The reason for this might be that
the number of T/T among cases and controls was small. Some researchers have indicated similar

tendencies to our results [30-32] that gastric, breast, and cervical cancers had significant in rs2227981 in the
PD-1 gene. Conversely, it has been suggested that the C/T genotype of PD-1(rs2227981) could also be a
protective factor [33]. A meta-analysis has shown that the T allele of PD-1(rs2227981) decreased the
susceptibility to cancer [34]. However, the sample population of this meta-analysis was not Japanese and
was not connected to urothelial cell carcinoma. The effects of PD-1(rs2227981) might be different depending
on race, type of cancer, and the polymorphism of PD-1.

Besides PD-1(rs2227981), there have been reports concerning other PD-1 polymorphisms, such as
1836084323, 1s7421861, rs11568821 and rs2227982. One meta-analysis has indicated that PD-1(rs36084323)
polymorphism could be a risk factor for several types of cancer [35].

On the other hand, the PD-L1 function is a major cause of cancer immunity evasion [20,36] as binding a PD-
1 receptor to a PD-L1 receptor can inhibit T-cell proliferation and apoptosis [37]. As a result, this binding
can enable carcinogenesis. Some studies have shown that elevated PD-L1 expression of urothelial tissues
has been associated with lower survival rates of urothelial cell carcinoma patients [6,38]. Some studies have
also indicated that PD-L1(rs10815225, rs4143815, and rs2890658) polymorphism may be related to the
carcinogenesis of human cancer, including gastric cancer and lung cancer [39-42]. Additionally, one meta-
analysis has also indicated a significant relation between PD-L1(rs4143815) polymorphism and human
cancers. However, in our study, we did not notice a significantly different PD-L1(rs2890658) distribution
between the case and control groups (Table 2). Similarly, PD-L1 polymorphism(rs4143815) was not
associated with breast cancer in the Iranian population [31]. Since ours was the first study of PD-
L1(rs2890658) polymorphism using urothelial cell carcinoma cases in the Japanese population, however, we
could not compare the results to other Japanese studies. Further, as there have not been many studies
conducted concerning PD-L1 polymorphisms, and how the effects of polymorphisms could vary depending
on race and type of cancer, additional evaluations will be needed to prove the relation between PD-L1
polymorphisms and human cancer.

In our study, we analyzed the interactions between PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms
(Table 3). PD-1/PD-L1 interaction can deregulate T-cell responses and serve as an effective pathway
allowing cancer cells to escape immunity surveillance [43,44]. Moreover, since the SNP of PD-L1(rs4143815)
is close to or within the transcriptional factor binding sites, polymorphism of PD-L1 may affect the
processing and binding affinity [45]. Our results revealed that [A/A (PD-L1) and C/T(PD-1)], [A/A (PD-L1)
and C/T+T/T(PD-1)] and [A/A (PD-L1) and C/T+ T/T(PD-1) plus A/C+C/C(PD-L1) and any PD-1genotype]
were predominant among the cases. However, OR was not different so much. Since the A/C or C/C genotype
of PD-L1(rs2890658) has been reported as a risk factor for the carcinogenesis of human cancer [41,42,46,47],
the combination of [A/C+C/C of PD-L1 and C/T or T/T of PD-1] should significantly increase in the cases.
However, this study did not indicate any such difference. The reason for this discrepancy was not clear, thus
additional research will be needed to evaluate the interaction between PD-1 and PD-L1 polymorphisms. This
was the first study concerning the interaction between PD-1 and PD-L1 concerning carcinogenesis.

We also evaluated the interaction between PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms
according to gender and smoking status. We obtained the same result as indicated in Table 5 only among the
males. Findings concerning the interaction between gene polymorphisms and gender were contradictory. It
has been reported that TAP1 polymorphism increases susceptibility in both genders to colon cancers [48].
However, Holipah et al. have reported that the mutant type (G/G) of PER1(rs3027188) is protective against
colon cancer in females [49]. Dresler et al. have also reported that the polymorphisms of cytochrome P450
1A1 (CYP1AL1) (exon 7) were a risk factor for lung cancer, especially in females [50]. They pointed out that
the different effects of polymorphisms by gender were derived from the influence of female sex steroid
hormones, such as estrogen. Some studies have further suggested that the estrogen receptor ERa and Erf3
expressions were different depending on the kind of cancer [51,52].

On the other hand, although smoking has been regarded as the predominant risk factor for the development
of urothelial cell cancer [53,54], our study did not reveal any significant interaction with smoking status.
Tobacco smoke contains many carcinogenic compounds that can cause DNA damage, mutations, changes in
DNA methylation, and polymorphism in the genome and sequences connected to various types of cancer
[55-57]. Hect et al. have carried out research on genomic and bioinformatic approaches regarding the

2023 Hlaing et al. Cureus 15(11): e48120. DOI 10.7759/cureus.48120 7 of 10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

association between cancer and smoking, arguing that most genes had been affected by smoking, while one
gene variant, such as polymorphism, did not show any health risk, but still had the potential for tobacco-
specific nitrosamine production and cancer development [55].

As a result, although smoking is undoubtedly carcinogenic, the effect on polymorphisms may be minimal.
For example, Kuroda et al. [58] have found that the Pro allele of the p53 codon 72 polymorphism increases in
urothelial cancer cases in lighter smokers, while Khoury et al. [59] and Wang et al. [60] found that genetic
differences in cancer risk may be smaller with high carcinogen loads, which is why our findings did not
indicate any relationship between smoking and polymorphisms.

There are, however, several limitations to this research. First, we did not have any information about other
potential confounding factors as causes of cancer, such as alcohol consumption, the smoking period, the
number of cigarettes, and family history of diseases. Neither did our study assess the tumor stage, location,
pathological type, or prognosis. Furthermore, since we were required to adopt hospital controls, we cannot
rule out the possibility that our controls may contain some kind of bias. Despite these limitations, we
believe that this study was the first related to PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms and
urothelial cell carcinoma conducted among the Japanese population and therefore may be beneficial in
understanding the relationship and interactions between PD-1 and PD-L1 polymorphisms with urothelial
cell carcinoma.

Conclusions

This study evaluated the distribution of PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms between
urothelial cell carcinoma cases and controls, and the interaction with PD-1(rs2227981) and PD-
L1(rs2890658) polymorphisms. We found that the C/T genotype and [A/A (PD-L1) and C/T(PD-1)] could be a
risk factor for urothelial cell carcinoma. However, we could not detect the genetic interaction of PD-1 and
PD-L1 polymorphisms. Therefore, although this study was the first concerning the relationship between
Japanese urothelial cell cancer and PD-1(rs2227981) and and PD-L1(rs2890658) polymorphisms, additional
research will be needed to further evaluate the relationship between human cancer and PD-1 and PD-L1
polymorphisms.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Sa Tin Myo Hlaing, Putri Damayanti, Khine Zin Aung, Hiromasa Tsukino, Takuji
Hinoura, Yoshiki Kuroda

Acquisition, analysis, or interpretation of data: Sa Tin Myo Hlaing, Yoshiki Kuroda

Drafting of the manuscript: Sa Tin Myo Hlaing, Putri Damayanti, Khine Zin Aung, Hiromasa Tsukino,
Takuji Hinoura, Yoshiki Kuroda

Critical review of the manuscript for important intellectual content: Sa Tin Myo Hlaing, Yoshiki
Kuroda

Supervision: Yoshiki Kuroda

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ethics Committee of
Faculty of Medicine, University of Miyazaki issued approval 239. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1. Ferlay], Shin HR, Bray F, Forman D, Mathers C, Parkin DM: Estimates of worldwide burden of cancer in
2008: GLOBOCAN 2008. Int ] Cancer. 2010, 127:2893-917. 10.1002/ijc.25516

2.  Siegel RL, Miller KD, Jemal A: Cancer statistics. CA Cancer ] Clin. 2016, 66:7-30. 10.3322/caac.21332

3. Miyazaki ], Nishiyama H: Epidemiology of urothelial carcinoma. Int | Urol. 2017, 24:730-4.

2023 Hlaing et al. Cureus 15(11): e48120. DOI 10.7759/cureus.48120 8 of 10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1002/ijc.25516
https://dx.doi.org/10.1002/ijc.25516
https://dx.doi.org/10.3322/caac.21332
https://dx.doi.org/10.3322/caac.21332
https://dx.doi.org/10.1111/iju.13376

Cureus

10.

11.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

10.1111/iju.13376

Mbeutcha A, Rouprét M, Kamat AM, et al.: Prognostic factors and predictive tools for upper tract urothelial
carcinoma: a systematic review. World ] Urol. 2017, 35:337-53. 10.1007/s00345-016-1826-2

Hung SC, Wang SS, Li JR, et al.: Effect of hmgb1 polymorphisms on urothelial cell carcinoma susceptibility
and clinicopathological characteristics. Int ] Med Sci. 2018, 15:1731-6. 10.7150/ijms.27901

Wen Y, Chen Y, Duan X, Zhu W, Cai C, Deng T, Zeng G: The clinicopathological and prognostic value of PD-
L1 in urothelial carcinoma: a meta-analysis. Clin Exp Med. 2019, 19:407-16. 10.1007/s10238-019-00572-9
Hung SC, Chou YE, Li JR, et al.: Functional genetic variant of WW domain containing oxidoreductase gene
associated with urothelial cell carcinoma clinicopathologic characteristics and long-term survival. Urol
Oncol. 2020, 38:41.e1-9. 10.1016/j.urolonc.2019.07.016

Tsay MD, Hsieh MJ, Wang SS, et al.: Impact of endothelial nitric oxide synthase polymorphisms on
urothelial cell carcinoma development. Urol Oncol. 2019, 37:293.e1-9. 10.1016/j.urolonc.2018.12.023

Tsay MD, Hsieh MJ, Lee CY, et al.: Involvement of FGFR4 gene variants on the clinicopathological severity
in urothelial cell carcinoma. Int ] Environ Res Public Health. 2019, 17:129. 10.3390/ijerph17010129

Hung SC, Wang SS, Li JR, et al.: Impact of RAGE polymorphisms on urothelial cell carcinoma
clinicopathologic characteristics and long-term survival. Urol Oncol. 2019, 37:573.e9-17.
10.1016/j.urolonc.2019.02.012

Keir ME, Butte MJ, Freeman GJ, Sharpe AH: PD-1 and its ligands in tolerance and immunity. Annu Rev
Immunol. 2008, 26:677-704. 10.1146/annurev.immunol.26.021607.090331

Okazaki T, Honjo T: PD-1 and PD-1 ligands: from discovery to clinical application . Int Immunol. 2007,
19:813-24. 10.1093/intimm/dxm057

Dinesh RK, Hahn BH, Singh RP: PD-1, gender, and autoimmunity. Autoimmun Rev. 2010, 9:583-7.
10.1016/j.autrev.2010.04.003

Freeman GJ, Long AJ, Iwai Y, et al.: Engagement of the pd-1 immunoinhibitory receptor by a novel b7 family
member leads to negative regulation of lymphocyte activation. ] Exp Med. 2000, 192:1027-34.

Latchman Y, Wood CR, Chernova T, et al.: PD-L2 is a second ligand for PD-1 and inhibits T cell activation .
Nat Immunol. 2001, 2:261-8. 10.1038/85330

Nishimura H, Honjo T: Pd-1: an inhibitory immunoreceptor involved in peripheral tolerance . Trends
Immunol. 2001, 22:265-8. 10.1016/51471-4906(01)01888-9

LiuY,Ma], YuK, etal.: Expression of programmed cell death 1/programmed cell death ligand 1 in the
tumor microenvironments of primary gastrointestinal diffuse large B cell lymphomas. Pathol Res Pract.
2018, 214:507-12. 10.1016/j.prp.2018.03.001

Salmaninejad A, Khoramshahi V, Azani A, et al.: PD-1 and cancer: molecular mechanisms and
polymorphisms. Immunogenetics. 2018, 70:73-86. 10.1007/s00251-017-1015-5

Kline J, Gajewski TF: Clinical development of mabs to block the pd1 pathway as an immunotherapy for
cancer. Curr Opin Investig Drugs. 2010, 11:1354-9.

Yamazaki T, Akiba H, Iwai H, et al.: Expression of programmed death 1 ligands by murine T cells and APC . |
Immunol. 2002, 169:5538-45. 10.4049/jimmunol.169.10.5538

Wu B, Song M, Dong Q, Xiang G, Li ], Ma X, Wei F: UBRS5 promotes tumor immune evasion through
enhancing IFN-y-induced PDL1 transcription in triple negative breast cancer. Theranostics. 2022, 12:5086-
102. 10.7150/thno.74989

Hong W, Xue M, Jiang J, Zhang Y, Gao X: Circular RNA circ-CPA4/ let-7 miRNA/PD-L1 axis regulates cell
growth, stemness, drug resistance and immune evasion in non-small cell lung cancer (NSCLC). ] Exp Clin
Cancer Res. 2020, 39:149. 10.1186/513046-020-01648-1

Karim R, Jordanova ES, Piersma S]J, et al.: Tumor-expressed B7-H1 and B7-DC in relation to PD-1+ T-cell
infiltration and survival of patients with cervical carcinoma. Clin Cancer Res. 2009, 15:6341-7.
10.1158/1078-0432.CCR-09-1652

Ohigashi Y, Sho M, Yamada Y, et al.: Clinical significance of programmed death-1 ligand-1 and programmed
death-1 ligand-2 expression in human esophageal cancer. Clin Cancer Res. 2005, 11:2947-53. 10.1158/1078-
0432.CCR-04-1469

Ghebeh H, Mohammed S, Al-Omair A, et al.: The B7-H1 (PD-L1) T lymphocyte-inhibitory molecule is
expressed in breast cancer patients with infiltrating ductal carcinoma: correlation with important high-risk
prognostic factors. Neoplasia. 2006, 8:190-8. 10.1593/ne0.05733

Knudson AG: Antioncogenes and human cancer. Proc Natl Acad Sci U S A. 1993, 90:10914-21.
10.1073/pnas.90.23.10914

Ahmadzadeh M, Johnson LA, Heemskerk B, et al.: Tumor antigen-specific cd8 t cells infiltrating the tumor
express high levels of pd-1 and are functionally impaired. Blood. 2009, 114:1537-44. 10.1182/blood-2008
Zhao R, Song Y, Wang Y, et al.: PD-1/PD-L1 blockade rescue exhausted CD8+ T cells in gastrointestinal
stromal tumours via the PI3K/Akt/mTOR signalling pathway. Cell Prolif. 2019, 52:12571. 10.1111/cpr.12571
LiY,He M, Zhou Y, et al.: The prognostic and clinicopathological roles of pd-11 expression in colorectal
cancer: a systematic review and meta-analysis. Front Pharmacol. 2019, 10:139. 10.3389/fphar.2019.00139
Savabkar S, Azimzadeh P, Chaleshi V, Mojarad EN, Aghdaei HA: Programmed death-1 gene polymorphism
(PD-1.5 C/T) is associated with gastric cancer. Gastroenterol Hepatol Bed Bench. 2013, 6:178-82.

Karami S, Sattarifard H, Kiumarsi M, et al.: Evaluating the possible association between PD-1 (rs11568821,
rs2227981, rs2227982) and PD-L1 (rs4143815, rs2890658) polymorphisms and susceptibility to breast cancer
in a sample of Southeast Iranian women. Asian Pac ] Cancer Prev. 2020, 21:3115-23.
10.31557/APJCP.2020.21.10.3115

Li XF, Jiang XQ, Zhang JW, Jia YJ: Association of the programmed cell death-1 PD1.5 C>T polymorphism
with cervical cancer risk in a Chinese population. Genet Mol Res. 2016, 15:10.4238/gmr.15016357

Yin L, Guo H, Zhao L, Wang J: The programmed death-1 gene polymorphism (PD-1.5 C/T) is associated with
non-small cell lung cancer risk in a Chinese Han population. Int J Clin Exp Med. 2014, 7:5832-6.

Tang W, Wang Y, Jiang H, et al.: Programmed death-1 (PD-1) rs2227981 C > T polymorphism is associated
with cancer susceptibility: a meta-analysis. Int J Clin Exp Med. 2015, 8:22278-85.

Da LS, Zhang Y, Zhang CJ, Bu L], Zhu YZ, Ma T, Gu KS: The PD-1 rs36084323 A &gt; G polymorphism

2023 Hlaing et al. Cureus 15(11): e48120. DOI 10.7759/cureus.48120

90of 10


https://dx.doi.org/10.1111/iju.13376
https://dx.doi.org/10.1007/s00345-016-1826-2
https://dx.doi.org/10.1007/s00345-016-1826-2
https://dx.doi.org/10.7150/ijms.27901
https://dx.doi.org/10.7150/ijms.27901
https://dx.doi.org/10.1007/s10238-019-00572-9
https://dx.doi.org/10.1007/s10238-019-00572-9
https://dx.doi.org/10.1016/j.urolonc.2019.07.016
https://dx.doi.org/10.1016/j.urolonc.2019.07.016
https://dx.doi.org/10.1016/j.urolonc.2018.12.023
https://dx.doi.org/10.1016/j.urolonc.2018.12.023
https://dx.doi.org/10.3390/ijerph17010129
https://dx.doi.org/10.3390/ijerph17010129
https://dx.doi.org/10.1016/j.urolonc.2019.02.012
https://dx.doi.org/10.1016/j.urolonc.2019.02.012
https://dx.doi.org/10.1146/annurev.immunol.26.021607.090331
https://dx.doi.org/10.1146/annurev.immunol.26.021607.090331
https://dx.doi.org/10.1093/intimm/dxm057
https://dx.doi.org/10.1093/intimm/dxm057
https://dx.doi.org/10.1016/j.autrev.2010.04.003
https://dx.doi.org/10.1016/j.autrev.2010.04.003
http://www.jem.org/cgi/content/full/192/7/1027
https://dx.doi.org/10.1038/85330
https://dx.doi.org/10.1038/85330
https://dx.doi.org/10.1016/S1471-4906(01)01888-9
https://dx.doi.org/10.1016/S1471-4906(01)01888-9
https://dx.doi.org/10.1016/j.prp.2018.03.001
https://dx.doi.org/10.1016/j.prp.2018.03.001
https://dx.doi.org/10.1007/s00251-017-1015-5
https://dx.doi.org/10.1007/s00251-017-1015-5
https://europepmc.org/article/med/21154117
https://dx.doi.org/10.4049/jimmunol.169.10.5538
https://dx.doi.org/10.4049/jimmunol.169.10.5538
https://dx.doi.org/10.7150/thno.74989
https://dx.doi.org/10.7150/thno.74989
https://dx.doi.org/10.1186/s13046-020-01648-1
https://dx.doi.org/10.1186/s13046-020-01648-1
https://dx.doi.org/10.1158/1078-0432.CCR-09-1652
https://dx.doi.org/10.1158/1078-0432.CCR-09-1652
https://dx.doi.org/10.1158/1078-0432.CCR-04-1469
https://dx.doi.org/10.1158/1078-0432.CCR-04-1469
https://dx.doi.org/10.1593/neo.05733
https://dx.doi.org/10.1593/neo.05733
https://dx.doi.org/10.1073/pnas.90.23.10914
https://dx.doi.org/10.1073/pnas.90.23.10914
https://dx.doi.org/10.1182/blood-2008
https://dx.doi.org/10.1182/blood-2008
https://dx.doi.org/10.1111/cpr.12571
https://dx.doi.org/10.1111/cpr.12571
https://dx.doi.org/10.3389/fphar.2019.00139
https://dx.doi.org/10.3389/fphar.2019.00139
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4017527/
https://dx.doi.org/10.31557/APJCP.2020.21.10.3115
https://dx.doi.org/10.31557/APJCP.2020.21.10.3115
https://dx.doi.org/10.4238/gmr.15016357
https://dx.doi.org/10.4238/gmr.15016357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4729990/
https://dx.doi.org/10.1016/j.prp.2018.09.015

Cureus

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

decrease cancer risk in Asian: a meta-analysis. Pathol Res Pract. 2018, 214:1758-64.
10.1016/j.prp.2018.09.015

Nguyen LT, Ohashi PS: Clinical blockade of PD1 and LAG3--potential mechanisms of action . Nat Rev
Immunol. 2015, 15:45-56. 10.1038/nri3790

Zheng P, Zhou Z: Human cancer immunotherapy with pd-1/pd-11 blockade . Biomark Cancer. 2015, 7:15-8.
10.4137/BIC.S29325

Pichler R, Heidegger I, Fritz ], et al.: PD-L1 expression in bladder cancer and metastasis and its influence on
oncologic outcome after cystectomy. Oncotarget. 2017, 8:66849-64. 10.18632/oncotarget.19913

Tao LH, Zhou XR, Li FC, et al.: A polymorphism in the promoter region of PD-L1 serves as a binding-site for
SP1 and is associated with PD-L1 overexpression and increased occurrence of gastric cancer. Cancer
Immunol Immunother. 2017, 66:309-18. 10.1007/s00262-016-1936-0

Zou ], WuD, Li T, Wang X, Liu Y, Tan S: Association of PD-L1 gene rs4143815 C>G polymorphism and
human cancer susceptibility: a systematic review and meta-analysis. Pathol Res Pract. 2019, 215:229-34.
10.1016/j.prp.2018.12.002

Ma, Liu X, Zhu ], et al.: Polymorphisms of co-inhibitory molecules (CTLA-4/PD-1/PD-L1) and the risk of
non-small cell lung cancer in a Chinese population. Int J Clin Exp Med. 2015, 8:16585-91.

Cheng S, Zheng ], Zhu ], et al.: PD-L1 gene polymorphism and high level of plasma soluble PD-L1 protein
may be associated with non-small cell lung cancer. Int ] Biol Markers. 2015, 30:e364-8. 10.5301/jbm.5000170
Sznol M, Chen L: Antagonist antibodies to PD-1 and B7-H1 (PD-L1) in the treatment of advanced human
cancer. Clin Cancer Res. 2013, 19:1021-34. 10.1158/1078-0432.CCR-12-2063

Quezada SA, Peggs KS: Exploiting CTLA-4, PD-1 and PD-L1 to reactivate the host immune response against
cancer. Br ] Cancer. 2013, 108:1560-5. 10.1038/bjc.2015.117

Hayashi M, Kouki T, Takasu N, Sunagawa S, Komiya I: Association of an A/C single nucleotide
polymorphism in programmed cell death-ligand 1 gene with Graves' disease in Japanese patients. Eur |
Endocrinol. 2008, 158:817-22. 10.1530/EJE-07-0649

Wang G, Dong Y, Yang Y, Zhang W, Liu N, Wei Y: PD-L1 rs2890658 polymorphism increases risk for non-
small-cell lung cancer in northern china population based on experimental data and meta-analysis.
Contrast Media Mol Imaging. 2022, 2022:8433489. 10.1155/2022/8433489

Chen YB, Mu CY, Chen C, Huang JA: Association between single nucleotide polymorphism of PD-L1 gene
and non-small cell lung cancer susceptibility in a Chinese population. Asia Pac J Clin Oncol. 2014, 10:e1-6.
10.1111/ajco.12037

Yamauchi T, Takeuchi S, Maehara N, Kuroda Y: The genotype of the transporter associated with antigen
processing gene affects susceptibility to colorectal cancer in Japanese. Environ Health Prev Med. 2014,
19:265-70. 10.1007/s12199-014-0388-4

Holipah, Hinoura T, Kuroda Y: Per1 rs3027188 polymorphism and its association with the risk of colorectal
cancer in the Japanese population. Gan To Kagaku Ryoho. 2020, 47:941-6.

Dresler CM, Fratelli C, Babb J, et al.: Gender differences in genetic susceptibility for lung cancer . Lung
Cancer. 2000, 30:153-60. 10.1016/50169-5002(00)00163-X

Kashiwagi E, Fujita K, Yamaguchi S, et al.: Expression of steroid hormone receptors and its prognostic
significance in urothelial carcinoma of the upper urinary tract. Cancer Biol Ther. 2016, 17:1188-96.
10.1080/15384047.2016.1235667

Mashhadi R, Pourmand G, Kosari F, et al.: Role of steroid hormone receptors in formation and progression
of bladder carcinoma: a case-control study. Urol J. 2014, 11:1968-73.

Colin P, Koenig P, Ouzzane A, Berthon N, Villers A, Biserte ], Rouprét M: Environmental factors involved in
carcinogenesis of urothelial cell carcinomas of the upper urinary tract. BJU Int. 2009, 104:1436-40.
10.1111/j.1464-410X.2009.08838.x

Cumberbatch MG, Rota M, Catto JW, La Vecchia C: The role of tobacco smoke in bladder and kidney
carcinogenesis: a comparison of exposures and meta-analysis of incidence and mortality risks. Eur Urol.
2016, 70:458-66. 10.1016/j.eururo.2015.06.042

Hecht SS: Tobacco carcinogens, their biomarkers and tobacco-induced cancer . Nat Rev Cancer. 2003, 3:733-
44.10.1038/nrc1190

Schaal C, Chellappan SP: Nicotine-mediated cell proliferation and tumor progression in smoking-related
cancers. Mol Cancer Res. 2014, 12:14-23. 10.1158/1541-7786.MCR-13-0541

Grando SA: Connections of nicotine to cancer. Nat Rev Cancer. 2014, 14:419-29. 10.1038/nrc3725

Kuroda Y, Tsukino H, Nakao H, Imai H, Katoh T: P53 codon 72 polymorphism and urothelial cancer risk .
Cancer Lett. 2003, 189:77-83. 10.1016/50304-3835(02)00518-9

Khoury MJ, Adams M] Jr, Flanders WD: An epidemiologic approach to ecogenetics. Am ] Hum Genet. 1988,
42:89-95.

Wang YC, Chen CY, Chen SK, Chang YY, Lin P: P53 codon 72 polymorphism in taiwanese lung cancer
patients: association with lung cancer susceptibility and prognosis. Clin Cancer Res. 1999, 5:129-34.

2023 Hlaing et al. Cureus 15(11): e48120. DOI 10.7759/cureus.48120

10 of 10


https://dx.doi.org/10.1016/j.prp.2018.09.015
https://dx.doi.org/10.1038/nri3790
https://dx.doi.org/10.1038/nri3790
https://dx.doi.org/10.4137/BIC.S29325
https://dx.doi.org/10.4137/BIC.S29325
https://dx.doi.org/10.18632/oncotarget.19913
https://dx.doi.org/10.18632/oncotarget.19913
https://dx.doi.org/10.1007/s00262-016-1936-0
https://dx.doi.org/10.1007/s00262-016-1936-0
https://dx.doi.org/10.1016/j.prp.2018.12.002
https://dx.doi.org/10.1016/j.prp.2018.12.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659076/
https://dx.doi.org/10.5301/jbm.5000170
https://dx.doi.org/10.5301/jbm.5000170
https://dx.doi.org/10.1158/1078-0432.CCR-12-2063
https://dx.doi.org/10.1158/1078-0432.CCR-12-2063
https://dx.doi.org/10.1038/bjc.2013.117
https://dx.doi.org/10.1038/bjc.2013.117
https://dx.doi.org/10.1530/EJE-07-0649
https://dx.doi.org/10.1530/EJE-07-0649
https://dx.doi.org/10.1155/2022/8433489
https://dx.doi.org/10.1155/2022/8433489
https://dx.doi.org/10.1111/ajco.12037
https://dx.doi.org/10.1111/ajco.12037
https://dx.doi.org/10.1007/s12199-014-0388-4
https://dx.doi.org/10.1007/s12199-014-0388-4
https://europepmc.org/article/med/32541172
https://dx.doi.org/10.1016/S0169-5002(00)00163-X
https://dx.doi.org/10.1016/S0169-5002(00)00163-X
https://dx.doi.org/10.1080/15384047.2016.1235667
https://dx.doi.org/10.1080/15384047.2016.1235667
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+Steroid+Hormone+Receptors+in+Formation+and+Progression+of+Bladder+Carcinoma%3A+A+Case-Control+Study&btnG=
https://dx.doi.org/10.1111/j.1464-410X.2009.08838.x
https://dx.doi.org/10.1111/j.1464-410X.2009.08838.x
https://dx.doi.org/10.1016/j.eururo.2015.06.042
https://dx.doi.org/10.1016/j.eururo.2015.06.042
https://dx.doi.org/10.1038/nrc1190
https://dx.doi.org/10.1038/nrc1190
https://dx.doi.org/10.1158/1541-7786.MCR-13-0541
https://dx.doi.org/10.1158/1541-7786.MCR-13-0541
https://dx.doi.org/10.1038/nrc3725
https://dx.doi.org/10.1038/nrc3725
https://dx.doi.org/10.1016/S0304-3835(02)00518-9
https://dx.doi.org/10.1016/S0304-3835(02)00518-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1715339/
https://aacrjournals.org/clincancerres/article/5/1/129/287428/p53-Codon-72-Polymorphism-in-Taiwanese-Lung-Cancer

	The Relationship Between PD-1(rs2227981) and PD-L1(rs2890658) Polymorphisms and Urothelial Cell Carcinoma
	Abstract
	Background
	Materials and methods
	Results
	Conclusions and discussion

	Introduction
	Materials And Methods
	Genotyping
	Statistical analysis

	Results
	TABLE 1: The characteristics of cases and controls
	TABLE 2: The relationship between urothelial cancer and PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms
	TABLE 3: The relationship between urothelial cell carcinoma and combining PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms
	TABLE 4: The relationship between urothelial cell carcinoma and combining PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms stratified by gender and smoking status (Part 1)
	TABLE 5: The relationship between urothelial cell carcinoma and combining PD-1(rs2227981) and PD-L1(rs2890658) polymorphisms stratified by gender and smoking status (Part 2)

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


