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Abstract

Objective: To assess the possible association of two single-nucleotide polymorphisms (SNPs), PD-1.3 (+7146G/A) and PD-1.5 (+7785C/T), with
endometrial cancer (EC) susceptibility. In addition, the correlations between these SNPs and available clinicopathologic characteristics of patients with EC
were investigated.

Materials and Methods: In this case-control study, 147 women with pathologically confirmed EC and 258 age- and ethnically matched healthy women
were enrolled between June 2019 and May 2022. Genomic DNA was extracted, and genotyping of PD-1.3 (+7146G/A) and PD-1.5 (+7785C/T) SNPs was
performed. Haplotype analysis was also performed. Pearson’s chi-square test with Yates correction was used to evaluate differences in allele and genotype
distributions. The 95% confidence interval and odds ratio were determined using an unconditional logistic regression model.

Results: There were no remarkable differences in the allele and genotype distributions of PD-1.3 (rs11568821) and PD-1.5 (rs2227981) between healthy
controls and EC patients. However, there was a remarkable difference in the AC haplotype between the control and EC groups. No association was found
between the investigated SNPs and the clinicopathologic features of EC.

Conclusion: Our results indicated that the aforementioned SNPs were not related to the risk of EC in the southern Iranian population.
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Oz
Amac: Tek nukleotid polimorfizmlerinden (SNP) PD-1,3 (+7146G/A-rs11568821) ve PD-1,5 (+7785C/T-1s2227981 ile endometriyal kanser (EK) duyarliligi

arasindaki olasi iliskiyi degerlendirmektir. Ayrica bu SNP’ler ile EK'li hastalarin mevcut klinikopatolojik ozellikleri arasindaki korelasyonlar arastirild.

Gerec ve Yontemler: Bu olgu-kontrol calismasma Haziran 2019 ile Mayis 2022 arasinda patolojik olarak dogrulanmis EK'li 147 kadin ve yas ve etnik
acidan uyumlu 258 saglikli kadin dahil edildi. Genomik DNA ¢ikarildi ve PD-1,3 (rs11568821) ve PD-1,5 (rs2227981) SNP’lerinin genotiplemesi yapild.
Haplotip analizi de yapildi. Alel ve genotip dagihmlarindaki farkliliklar, Yates duzeltmeli Pearson ki-kare testi kullanilarak degerlendirildi. %95 guven
araligini ve olasilik oranini hesaplamak icin kosulsuz bir lojistik regresyon modeli kullanildi.

Bulgular: Tek nukleotid polimorfizmlerinden PD-1,3 (rs11568821) ve PD-1,5 (1s2227981) alel ve genotip dagihmlar acisindan EK’li hastalar ve saglhkl
kontroller arasinda dikkate deger bir fark yoktu. Ancak EK'li hastalar ile kontrol grubu arasinda AC haplotipinde dikkate deger bir fark vardi. Arastirilan
SNP’ler ile EK’nin klinikopatolojik ozellikleri arasinda da bir iliski bulunamadu.

Sonug: Sonuclarimiz yukarida bahsedilen SNPlerin iran toplumunda EK riski ile iliskili olmadigim gosterdi.

Anahtar Kelimeler: Endometriyum kanseri, programlanmis hticre lumi-1, polimorfizm, tek nukleotid polimorfizmleri

PRECIS: Our results indicated that PD-1 gene variants (PD-1.3 and PD-1.5) were not associated with the risk of endometrial cancer in the Iranian
population.
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Introduction

Endometrial cancer (EC), which originates from the epithelium
of the uterus, is the fourth most frequent malignancy in
women worldwide and the most common cancer of the female
reproductive system”. During the last two decades, mortality
rates and the incidence of EC have increased. Thus, EC is a
major concern for women’s health, especially in developed
countries. About 65,000 new cases of EC and 12,000 deaths
are expected in the United States in 2022@. Although EC
mainly affects postmenopausal women 60-70 years of age,
approximately 5-10% of cases experience it under 40 years of
age?. EC is divided into several molecular subtypes that show
distinct clinical and pathological behavior™®. Genetic alterations
and dysregulated immune responses determine the risk level
and prognosis of EC patients®. Despite current improvements
in therapeutic protocols for other gynecologic malignancies, few
improvements are available for the management of advanced-
stage EC. Therefore, a deep understanding of the molecular
changes associated with ECis needed to identify new biomarkers
for the early diagnosis of EC and to identify new targets for
prevention and more effective therapeutic approaches®.
Programed cell death-1 (PD-1, CD279), a type I transmembrane
glycoprotein, is one of the most important immune
checkpoints belonging to the CTLA-4/CD28 subfamily of
the immunoglobulin (Ig) superfamily. It is encoded by the
PDCD1 gene, which is located on chromosome 2q37.3® and
is a co-inhibitory receptor that downregulates the activation of
T-cells and leads to the maintenance of peripheral tolerance.
It is expressed on activated immune cells, including B cells,
CD8" and CD4* T-cells, Natural killer T-cells, regulatory
T-cells (Treg), monocytes, and some DC subsets. PD-1 is also
a marker of exhausted T lymphocytes®”. PD-1 ligands (PD-
L1/2) are expressed on a broad range of human hematopoietic
and non-hematopoietic cells, as well as tumor cells. When PD-1
binds to its ligands, it induces inhibitory signals that suppress
cytokine production and T-cell proliferation and attenuate
tumor immunity'®. Recent studies have revealed that antibodies
that block immune checkpoints, such as anti-PD-1/PD-L1,
are one of the most promising immunotherapy approaches
for the treatment of some refractory tumors®. Despite the
clinical success of immune checkpoint inhibitor therapies,
some patients with EC do not respond well to these treatments;
therefore, markers predicting the efficacy of anti-PD-1/PD-
L1 immunotherapy may aid in patient selection and decision
making by differentiating responders from non-responders®.
One of the most frequent sources of genetic diversity in the
human genome is single-nucleotide polymorphisms (SNPs).
Based on where SNPs are located, within gene sequences or
in regulatory regions near a gene, they might have different
outcomes at the phenotypic level’®. They can also be
considered as molecular markers in association studies related
to complicated human diseases such as autoimmune diseases
and cancer. Genetic polymorphisms may affect PDCD1 and PD-
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L1 gene expression” !V, Previous studies have found that some
PD-1 functional SNPs are related to different types of cancer,
including brain tumors, thyroid cancer, colon cancer, and
gastric cancer'>’”. However, there are also some conflicting
results!e17,

Therefore, in this study, we evaluated the possible association
of two known SNPs in the PDCD1 gene, PD-1.3 (+7146G/A)
and PD-1.5 (+7785C/T), with EC susceptibility in a southern
Iranian population. In addition, correlations between these
SNPs and existing clinicopathologic features of the patients
were evaluated.

Materials and Methods

Study Population

In this case-control study, we selected 147 women with
pathologically confirmed EC as a case group who were enrolled
at Shahid Faghihi Hospital affiliated with Shiraz University of
Medical Sciences (Shiraz, Iran) between June 2019 and May
2022. All patients with EC were staged using the International
Federation of Gynecology and Obstetrics (FIGO) staging
criteria. The control group included 258 age, ethnically
matched healthy women who were selected from blood donors
referred to the Fars Blood Transfusion Organization (Shiraz,
Iran) without any history or evidence of clinical problems,
especially gynecological disorders, autoimmune diseases, and
cancer, and without any history of medication as inclusion
criteria. The Shiraz University of Medical Sciences Research
Ethics Committee approved this study (approval number: IR.
SUMS. REC.1398. 1160, date: 28.12.2019).

DNA Extraction and Molecular Analysis

After written informed consent, 4 mL of peripheral blood
was obtained from healthy women and EC patients in tubes
containing EDTA. QIAamp DNA Mini Kit (Qiagene, Germany)
was used to extract genomic DNA. Genotyping of PD-1.3
(+7146G/A-1s11568821) and PD-1.5 (+7785C/T-1s2227981)
SNPs was performed by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) using specific
primers and Pst1 (Fermentas, Lithuania) and Pvull (Fermentas,
Lithuania) restriction enzymes, respectively (Table 1). The
digested products were separated by electrophoresis on an
agarose gel (3%) stained with a safe stain for visualization under
UV light.

Statistical Analysis

Haplotype analysis and deviation from Hardy-Weinberg
equilibrium were assessed using the Arlequin software package
algorithms. The SPSS software package (version 20, Chicago,
IL, USA) was used to analyze the data. Differences in allele and
genotype frequencies were calculated using Pearson’s chi-square
test with Yates correction. An unconditional logistic regression
model was used to calculate the 95% confidence interval (CD)
and odds ratio (OR). P<0.05 was statistically significant.
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Results

Study Population

The demographic and clinicopathological data of the 147
patients with EC and 258 healthy controls are presented in
Table 2. There were no remarkable differences between the
mean age (p=0.26), age at menarche (p=0.07), age at menopause
(p=0.38), and body mass index (p=0.09) of healthy controls
and EC patients. The tumor type in 104 (70.4%) out of 147 EC
patients was endometrioid adenocarcinoma, 124 (84.3%) of the
EC patients were in FIGO stage I, and 82 (55.7%) EC patients
were diagnosed with grade I carcinoma. The prevalence of
diabetes and hypertension in patients with EC was 20 (13.6%)
and 34 (23.1%), respectively.

PDCD1 Gene Variants and the Risk of EC

In this study, genotype distribution at positions PD-1.5
(rs2227981) and PD-1.3 (rs11568821) in both controls and

EC patients was in Hardy-Weinberg equilibrium. As presented
in Table 3, the frequencies of PD-1.3 (rs11568821) genotypes
were 112 (76.2%) for GG, 33 (22.5%) for GA, and 2 (1.3%) for
AA out of 147 patients, and in controls, there were 204 (79.1%)
GG, 50 (19.4%) GA, and 4 (1.5%) AA out of 258 participants.
Our results showed no remarkable differences in the frequencies
of PD-1.3 alleles and genotypes between healthy controls and
patients, and PD-1.3 (rs11568821) did not change the overall
risk of EC overall (Table 3).

The frequencies of PD-1.5 (rs2227981) genotypes were 65
(44.2%) for CC, 61 (41.6%) for CT, and 21 (14.3%) for TT. In
controls, the frequencies were 109 (42.2%) for CC, 107 (41.5%)
for CT, and 42 (16.3%) for TT, with no remarkable differences
between the two groups (Table 3). Statistical analysis also
showed no remarkable differences in the allele frequency of PD-
1.5 (rs2227981) between cases and healthy controls (Table 3).

Table 1. Primer sequences and PCR-RFLP conditions for amplification of PDCDI gene

Locus Primer sequence

F: 5'-CCAGGCAGCAACCTCAATC-3'
R: 5'-GGTGTCCCCAGATCACACAG-3

F: 5'-GACGGAGTATGCCACCATTGTC-3'
R: 5'-AAATGCGCTGACCCGGGCTCAT- 3

PD-1.3 (+7146G/A- 1s11568821)

PD-1.5 (+7785C/T-1s2227981)

Length of
digested
fragments

Annealing

temperature

o G: 381 bp
8 Psth 277 bp, 104 bp
58 °C Bl | e L0

T: 125 bp, 71 bp

RE: Restriction enzyme, RFLP: Restriction fragment length polymorphism, PCR: Polymerase chain reaction

Table 2. Demographic and clinicopathologic information of the study population

EC patients (n=147) Healthy controls (n=258)

Age, mean = SD 57.42+10.86
Age at menopause, mean * SD 50.92+4.59
Age at menarche, mean + SD 12.16+1.33
BMI, kg/m* 30.25+5.79

Diabetes, n (%) 20 (13.6%)

Hypertension, n (%) 34 (23.1%)

I 82 (55.7%)
Histological grade 11 35 (23.8%)
111 30 (20.4%)
I 124 (84.3%)
11 9(6.1%)
FIGO stage
111 14 (9.5%)
v =
) Yes 22 (14.9%)
Lymph node involvement No 125 (85.0%)
Tumor size >3 cm 60 (40.8%)
<3 cm 87 (59.2%)

55.43+8.36 0.26
51.51+2.39 0.38
12.59+1.61 0.07
28.8+3.67 0.09

EC: Endometrial cancer, FIGO: International Federation of Gynecology and Obstetrics, SD: Standard deviation, BMI: Body mass index
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The allele and genotype frequencies of PD-1.3 (+7146G/A)
and PD-1.5 (+7785C/T) were analyzed according to the
clinicopathological features of patients with EC. The results
showed that neither of the two SNPs was associated with any of
the clinicopathological features of the disease, including lymph
node (LN) involvement status, stage, histological grade, and
tumor size.

PD-1 Haplotype Distributions in Controls and EC Patients

GC, GT, AC, and AT haplotypes were obtained from PD-1 SNPs
using algorithms from the Arlequin software package. The GC
haplotype was the most common haplotype in both EC patients
(58.50%) and healthy controls (55.81%). Statistical analysis
revealed that AT, GC, and GT haplotype distributions were not
associated with EC (Table 4). At the same time, it was found
that the AC haplotype frequency was remarkably different in
EC patients compared with controls (Table 4). This haplotype
was found to play a protective role in the development of EC
(OR=0.57, 95% Cl1=0.33-0.96, p=0.04) (Table 4).

Discussion

In this study, we did not detect remarkable differences in
the allele and genotype distributions of PD-1.3 (+7146G/A)

and PD-1.5 (+7785C/T) between the control group and EC
patients. However, there was a remarkable difference in the
AC haplotype between healthy controls and EC patients. The
results also showed no association between the evaluated SNPs
and the clinicopathological features of EC.

Several studies regarding the association of PD-1.3 (+7146G/A)
and PD-1.5 (+7785C/T) with the risk and/or progression
of various types of cancer have yielded inconsistent results.
Haghshenas et al."” could not find an association between
PD-1.3 (+7146G/A) and PD-1.5 (+7785C/T) and the risk
of breast cancer in the Iranian population. Their results also
showed no correlation between the evaluated genotypes and
clinicopathologic features of breast cancer. Furthermore, another
study by Piredelkhosh et al."® found that the SNPs mentioned
above had no remarkable association with non-small-cell lung
cancer (NSCLC) susceptibility. Li et al."® also demonstrated no
remarkable association between PD-1.5 (+7785C/T) and the
risk of ovarian cancer. In contrast, several recent studies have
revealed an association between PDCDI gene variants, both in
terms of genotypic and allelic frequencies, and different types
of cancer"”.

The human genome contains nearly 10 million SNPs. Some
SNPs play a role in susceptibility to environmental factors,

Table 3. Genotype and allele frequencies of PD-1 SNPs in EC patients and healthy controls

204 (79.1%) 112 (76.2%) Reference
GA 50 (19.4) 33 (22.5%) 0.41 0.83 0.53-1.29
PD1.3 AA 4 (1.5%) 2(1.3%) 0.90 1.04 0.48-2.29
G 458 (88.75%) 257 (87.4%) 1.0 1.0 Reference
A 58 (11.25%) 37 (12.6%) 0.56 0.93 0.75-1.16
@ 109 (42.2%) 65 (44.2%) 1.0 1.0 Reference
CT 107 (41.5%) 61 (41.6%) 0.82 1.05 0.70-1.55
PD1.5 TT 42 (16.3%) 21 (14.3%) 0.53 1.09 0.82-1.44
C 325 (63.0%) 191 (65.0%) 1.0 1.0 Reference
T 191 (37.0%) 103 (35.0%) 0.57 1.04 0.89-1.21
OR: Odds ratio, CI: Confidence interval, SNPs: Single nucleotide polymorphisms, EC: Endometrial cancer
Table 4. PD-1 haplotype distributions in EC patients and healthy controls
le iy Patients Healthy controls 5
1 (%) 1 (%) p-value 95% CI
G C 86 (58.50%) 144 (55.81%) 0.45 1.03 0.80-1.31
G T 49 (33.45%) 85 (32.94%) 0.27 1.13 0.85-1.47
A C 11 (7.50%) 26 (10.07%) 0.04 0.57 0.33-0.96
A T 1 (0.69%) 3 (1.16%) 0.80 0.76 0.24-2.56

OR: Odds ratio, CI: Confidence interval, EC: Endometrial cancer, *p<0.05
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including toxins. Others increase the risk of developing certain
diseases, affect a patient’s response to certain medications, and
are associated with some complex diseases such as cancer?”.
Recent genome-wide association studies have implicated that
SNPs in genes that encode immunoregulatory molecules are
involved in the inability of immune responses to control tumor
growth and thus contribute to the risk of developing various
types of tumors. They contribute to the molecular pathogenesis
of complex diseases through various functional mechanisms®.
EC is the most prevalent gynecological cancer in developed
countries. SNPs within different genes are involved in
endometrial carcinogenesis. In a review study by Bafligi et al.Y,
SNPs in KLF, SOX4, HNF1B, CYP19A1, EIF2AK, and MYC were
found to be closely associated with EC. In the current study, the
association between two SNPs in the PDCD1 gene (PD-1.5 and
PD-1.3) and EC was evaluated.

rs11568821 (PD-1.3 G/A) is localized within intron 4 of the
PDCD1 gene'?. The rs11568821 (PD-1.3 G/A) polymorphism
can alter the expression of the PDCDI gene through a
substitution of A for G, which may result in a loss of PD-1
inhibitory functions in individuals carrying the PD-1.3 A
allele®. Parakh et al.*? reported that melanoma patients with
the GG genotype of PD-1.3 had more complete responses
than those with the AG genotype, and the G allele remarkably
correlated with a longer median progression-free survival than
the A allele. However, our results did not show any remarkable
differences in the frequency of PD-1.3 alleles and genotypes
between the control group and EC patients. In other words,
the PD-1.3 polymorphism did not modify the overall risk
of EC. In line with our results, a recent study also reported
no remarkable association between PD-1.3 and NSCLCU®.
Another study demonstrated a trend toward an association of
PD-1.3 genotypes with skin basal cell carcinoma, although this

2% Furthermore,

association was not remarkably significant
no significant association was found between hepatocellular
carcinoma and breast cancer in a Turkish population®? and
an Iranian population'”, respectively. However, the PD-1.3
polymorphism was correlated with colorectal cancer in the
[ranian population®.

Another PDCDI gene polymorphism investigated in this study
was 152227981 (PD-1.5 C/T). It is located in exon 5 of PDCD1
and is a synonymous SNP. Because of the linkage disequilibrium
between the 152227981 (PD-1.5 C/T) polymorphism and
other PDCD1 gene polymorphisms, PD-1.5 may affect PDCD1
expression at the mRNA and protein levels”. The possible
association between the 1s2227981 (PD-1.5 C/T) polymorphism
and the risk of developing cancer was evaluated in three meta-
analyses. The results showed that the T allele of the rs2227981
(PD-1.5 C/T) polymorphism remarkably reduced susceptibility
to cancer®®. The results from the Chinese Han population
also suggested that PD-1.5 was potentially related to NSCLC
susceptibility®?, and the results from the Iranian population

demonstrated its association with gastric cancer risk. However,
our findings revealed no remarkable differences between
controls and EC patients regarding the allele and genotype
distribution of PD-1.5. Consistent with our study, Ma et al.®”
and Fathi et al.®? failed to show a PD-1.5 association with the
risk of NSCLC and head and neck squamous cell carcinoma
(HNSCQ), respectively, and Li et al. could not show a PD-1.5
association with ovarian cancer in the Chinese population®.
The inconsistency in results may be due to differences in the
molecular pathology of the diseases studied and/or differences
in minor allele frequency (MAF) in different populations.
Aside from the above findings, our investigation showed that
none of the two SNPs (PD-1.3 and PD-1.5) correlated with any
of the clinicopathological features of EC patients, including LN
involvement status, tumor size, stage, and histological grade.
In line with our results, another study showed no association
between the investigated SNPs and tumor size, tumor grade,
tumor stage, LN involvement, or other clinicopathologic
characteristics of breast cancer!”. Moreover, Li et al."® found
that PDCD1 gene polymorphisms may be associated with
the development of epithelial ovarian cancer but not with its
clinical outcome in these patients. In addition, although our
statistical analysis revealed that the AT, GC, and GT haplotype
distributions were not associated with EC, the AC haplotype
frequency was remarkably different in patients with EC
compared with controls. This haplotype was found to play a
protective role in the development of EC. Another study by Fathi
et al.®? suggested that although PDCDI gene polymorphisms
at positions PD-1.5 and PD-1.3 did not correlate with HNSCC
susceptibility, haplotype combinations resulting from these
polymorphisms may confer susceptibility. In contrast, in a
previous study evaluating four haplotypes derived from PD-
1.5 and PD-1.3 polymorphisms in an Iranian population, no
differences in haplotype distributions were observed between
breast cancer patients and the control group"”.

Study Limitations

There are several limitations to our study that need to be
considered when interpreting the results. First, only two
functional SNPs in the PDCDI gene were selected to evaluate
their associations with EC susceptibility, which may not reflect
the effect of all genetic variants in PDCDI1. Second, the sample
size was relatively small. To elucidate the exact role of PDCDI
gene polymorphisms in the pathogenesis of EC, it is necessary
to study the full range of PD-1 genetic variants, perform a
complete haplotype analysis in a larger sample size and in
different ethnic groups, and perform a functional study of the
haplotypes that emerge.

Conclusion

This study offered insight into the roles of PD-1.5 and PD-
1.3 polymorphisms in the etiology of EC and their association
with the clinicopathological features of patients with EC. The
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results showed that these SNPs are not related to the risk of
EC in the southern Iranian population. Current studies have
shown that managing EC can be challenging; therefore, a
profound knowledge of genetic variation and the mechanisms
of its pathogenesis will lead to the achievement of therapeutic
and diagnostic precision in this complicated cancer, which
continues to increase in incidence and mortality.
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