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Abstract

Purpose Programmed death-1 (PDCD-1) and lymphocyte activating 3 (LAG3), two important immunosuppressive
molecules, play crucial roles in immune escape of tumor cells. This study evaluated the effects of PDCD-1 (rs10204525
and rs36084323), and LAG3 (rs870849 and rs1882545) gene polymorphisms on hepatocellular carcinoma (HCC) risk.

Methods 341 patients with HCC and 350 cancer-free controls in the South Chinese population were included

in a population-based case-control study. DNAs were extracted from peripheral blood samples. Genotypes were
analyzed using multiplex PCR and sequencing. SNPs were analyzed using multiple inheritance models (co-dominant,
dominant, recessive, and over-dominant).

Results The allele and genotype frequencies of neither of the four polymorphisms, adjusted for age and gender,
differed between HCC patients and controls. The differences were also not significant after stratifying by gender and
age. According to our results, HCC patients with rs10204525 TC genotype had significantly lower AFP levels than
HCC patients with rs10204525 TT genotype (P=0.004). Moreover, the frequency of PDCD-1 rs36084323 CT genotype
reduced the risk of TNM grade (CT vs. C/C-T/T: OR=0.57, 95%CI=0.37-0.87, P=0.049).

Conclusion Our results demonstrated that the PDCD-1 (rs10204525 and rs36084323), and LAG3 (rs870849 and
rs1882545) polymorphism did not influence the risk of HCC, PDCD-1 rs10204525 TC genotype was associated with the
lower AFP levels and rs36084323 CT genotypes were related to HCC tumor grades in the South Chinese samples.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
cancer of liver cancer and a leading cause of cancer death
worldwide. Because of its insidious onset and rapid pro-

;(;orrespoidence: gression, the diagnosis of HCC is usually delayed ren-
angxiu Liao . . . .
liaozhangxiu@163.com dering tre‘atn‘qe‘nt difficult. "'l'heref(.)re, screening the risk
!College of Pharmacy, Youjiang Medical University for Nationalities, Baise, factor of individuals and dlagHOSIS of HCC at an early
Guangxi, China stage is supposed to lead to more efficient treatment and
“Basic Medical College, Youjiang Medical University for Nationalities, Baise, . .

Guangxi, China better prognosis. The most common risk factors of HCC
>Affiliated Hospital of Youjiang Medical University for Nationalities, Baise, are viral infections such as hepatitis B virus (HBV) and
Guangxi, China hepatitis C virus (HCV) infections. However, not all HBV

“Guangxi database construction and application engineering research
center for intracorporal pharmacochemistry of TCM, Baise, Guangxi, China

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.

and HCV patients develop HCC during their lifetime.
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Genetic variation such as single nucleotide polymor-
phisms (SNPs) has been proved to be an important risk
factor for HCC [1]. Studying the relationship between
SNPs and HCC susceptibility will shed new light on the
theoretical guidance for the clinical diagnosis and pre-
vention of HCC.

HCC suffers from an immunosuppressive environment
and T-cell exhaustion, which has been reported to be
associated with programmed cell death 1 (PDCD-1) and
lymphocyte activating 3 (LAG3), two important coinhibi-
tory regulators of T- cell responses [2, 3]. PDCD-1 is a
member of CD28/B7 superfamily and is widely expressed
in activated T cells, B cells, and monocytes. As PDCD-1
binds to PD-L1 and PD-L2, it triggers an inhibitory signal
against T cell activation and proliferation, as well as cyto-
kine secretion [2]. In patients suffering from HCC, it has
been shown that the expression of PDCD-1 on CD8" T
cells is constantly increased [4, 5], and tumor evasion and
a poor prognosis for HCC were associated with a high
frequency of circulating and tumor-infiltrating PDCD-1"
CD8* T cells [2, 4, 5].

LAG3 is mainly expressed on the surface of activated
natural killer cells and T cells with major histocompat-
ibility complex class II (MHC-II) and fibrinogen-like
protein 1 (FGL1) as its ligand. Recent studies found that
LAG3 was abundantly expressed in exhausted T cells by
using single-cell RNA-seq to examine infiltrating T cells
in HCC [6, 7]. Furthermore, antibodies against PD-L1,
TIM3, or LAG3 restored responses of HCC-derived T
cells to tumor antigens, and combinations of these anti-
bodies had synergistic effects [3].

The above studies suggested that PDCD-1 and LAG3
might play key roles in the pathogenesis of HCC, and
genetic variation in PDCD-1 and LAG3 might be related
to this process.

The rs36084323 G/A (C/T, PDCD-1.1) and the
rs10204525 G/A (C/T, PDCD-1.6) are the two SNP on
the chromosome 2 within the PDCD-1 gene that have
been studied more frequently. The rs36084323 is located
at -606 base pairs upstream of the promoter region
at position 242801596 and the rs10204525 G/A (C/T,
PDCD-1.6) is located at +8669 base pairs in the 3’ UTR
at position 241,850,169. The relationship between the
two SNP and susceptibility to HCC has been reported
in several studies [8—11]. However, these conclusions
are not always consistent. The SNPs of rs36084323 and
rs10204525 were significantly associated with HBV-
related cirrhosis and HCC in Chinese Han individuals
[8-10]. But no significant association was observed in the
gene polymorphisms of rs36084323 and rs10204525 with
HCC in the Turkish population [11]. It suggested that
ethnicity might play a role in the observed frequencies of
PDCD-1 polymorphisms in relation to HCC susceptibil-
ity. Therefore, it is needed for studying the relationship
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between PDCD-1 SNPs and HCC susceptibility in differ-
ent ethnic populations.

There are few reports about LAG3 gene polymorphism
in digestive tract tumors. It has been reported that the
polymorphisms of LAG3 rs19922452, rs951818, and
rs870849 genes are related to the susceptibility to mul-
tiple sclerosis, and rs19922452 TT, rs951818 GG, and
rs870849 CT genotypes were significantly associated
with decreased risk of multiple sclerosis [12]. So far there
is no study on the association between LAG3 genetic
polymorphisms and HCC risk.

To the best of our knowledge, data on the relationship
between PDCD-1 /LAG3 gene variability and the risk
of HCC are lacking for the South Chinese population,
and the findings from others cannot be reliably applied
to this population due to interpopulation genetic dif-
ferences. The aim of this study is to test the hypothesis
that the polymorphisms of PDCD-1 (rs10204525 and
rs36084323), and LAG3 (rs870849 and rs1882545) might
be associated with the risk of developing HCC in the
South Chinese population, we performed a genotyping
analysis in a case-control study. Differences in clinical
indicators under different genotypes and the interaction
of candidate SNPs in HCC risk were also analyzed.

Materials and methods

Study populations

The blood samples were collected from unrelated Chi-
nese individuals (mainly from Guangxi, Yunnan, and
Guizhou Province) for this case-control study in the
affiliated hospital of Youjiang Medical University for
Nationalities between January 2018 and December 2020.
In total, the study population comprised 341 patients
with HCC and 350 healthy control participants. Accord-
ing to the Chinese Society of Liver Cancer standards,
HCC patients were diagnosed based on histopathology
or imaging evidence. The inclusion criteria for the con-
trol group were the number of neutrophils (range from
1.46*10°"-7.46*10°") and lymphocytes (range from
0.72*10°"%-4.0*10°) and the levels of AST (aspartate
transaminase, 4—40 U/ml), ALT (alanine transaminase,
12-39 U/ml) and AFP (alpha-fetoprotein, 0.81-13.4
ng/ml) within a normal reference range. In the control
group, none of the participants had hepatocellular or
other cancers, liver disease by imaging evidence, or a
family connection to the experiment group. All control
participants tested negative for HBV antigen and anti-
HCYV antibodies. The age and gender of the HCC patients
were matched with those of the control group. Standard
clinical laboratory techniques were used to measure AFP
levels.
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Table 1 The primers sequence information corresponding to
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Table 2 Demographic and clinical features of patients with HCC

each locus and controls
Gene locus Forward Reverse Variables Patients Controls P
PDCD-1 rs10204525 CACTC- CCGGCCAACCCCTTTA- (n=341) (n=350) value
GGGAGAGGGA- AATAATTTC Age (years), mean£SD 51.07+10.86 51.78+8.73 0.346
CATCCTACGG Gender, n (%) 0.440
rs36084323 CGATTAGCCATG- TCAACCCCACTCCCATTCT- Male 300(87.98) 301 (86.00)
S:TCTAGTTGT' GICGGA Female 41012020 49(1400)
AFP (ng/ml) 287.7 3.15 <0.001
00 37419
g 0
CAAAGGT- Smoker, n (%) 144 (42.22)
GAAAG Alcohol drinkers and HBV posi- 126 (36.95)
T (o)
151882545 TGAGCCGTC-  GATAATACATCTCCT- tive, n (%)
TACATAAAA- GAAGGCCAAT Alcohol drinkers and HBV nega- 43 (12.61)
CAGTTGA tive,n (%)
HBV positive and no alcohol 139 (40.76)
i (V)
DNA extraction and SNP analysis Consfmhpt:m’ n (%) _ g
Blood samples were collected into EDTA-containing Hg\? ;gg;ivc;)r:t:;;ptlon an 33(968)
tubes from participants and stored at -80 °C until analy- TNM stage n'(% )
sis. Genomic DNA was isolated from peripheral blood L] / 158 (46.33)
leukocytes using a blood gDNA isolation Kit according to Y 183 (53.67)

the manufacturer’s instructions (Biomiga, China).

Genotyping was performed by multiplex PCR and
sequencing (Sangon, Shanghai, China). The primers used
for genotyping were shown in Table 1. The library was
prepared with two rounds of PCR. The amplicon prod-
ucts were purified using AMPure XP beads. HiSeq XTen
sequencers (Illumina, San Diego, CA) were used for
paired-end sequencing, and BWA (version: 0.7.13-r1126)
with default parameters was used to map the remaining
clean data to the reference genome. Samtools (version:
0.1.18) and Annovar (version: 2018-04-16) were used
to calculate each genotype of the target site and detect
genetic variants respectively.

GMDR analysis of SNP-SNP interaction

In addition, generalized multifactor dimensional-
ity reduction (GMDR) 0.7 software was used to test for
potential interactions (one-to-four-way combinations)
among significant SNPs. The GMDR is open-source soft-
ware and freely available from https://sourceforge.net/
projects/gmdr/. The GMDR model showed the distribu-
tion of high-risk genotypes and protective genotypes.

Statistical analysis

Data analysis was performed by SPSS 22.0 statisti-
cal package (SPSS, Chicago, IL). The distribution of age
between HCC patients and controls was compared by
the student’s ¢-test analysis. The chi-squared (x?) test was
used to test the deviation from Hardy-Weinberg equi-
librium (HWE) for each polymorphism and to assess
the differences in the distribution of gender between
HCC patients and controls. The association for SNP in
PDCD-1 and LAG3 and the risk of HCC was assessed
under the inheritance models (codominant, dominant,

HBV, hepatitis B virus; AFP, a-fetoprotein

recessive, and over dominant) using the website for
SNP statistics: https://www.snpstats.net. The genotype
and allele frequencies of the four SNPs were compared
between HCC patients and controls or between TNM 1/
Il and TNM III/IV with the x* test. The odds ratio (OR)
and 95% confidence interval (CI) were estimated using
logistic regression analysis. The AFP levels of the patients
among groups were compared by Kruskal-Wallis or
Mann—Whitney test. A p-value<0.05 was considered sta-
tistically significant.

Results

Clinical and demographic characteristics of study
populations

Table 2 summarizes the general characteristics of the par-
ticipants, without significant differences found in regard
to age and gender between the HCC and control group.
Other demographic variables such as etiology; and clini-
cal features of cases are also outlined in Table 2.

Association and stratification analyses of the four
candidate SNPs and HCC risk

A total of 691 individuals, including 341 patients with
HCC and 350 persons in healthy control, were geno-
typed for PDCD-1 (rs10204525 and rs36084:323), and
LAG3 (rs870849 and rs1882545) polymorphisms. The
genotype and allele frequencies of the four SNPs in HCC
patients and controls were shown in Fig. 1. The number
of rs10204525 genotypes was 114 for TT wild type, 174
for TC heterozygous, and 53 for CC mutant homozygous
in the HCC and 119 for TT, 170 for TC, and 61 for CC in
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Fig. 1 PDCD-1 and LAG3 genotype, genetic model, allele frequency, and HCC susceptibility. (fAdjust OR (95% Cl) was calculated by logistic regression

analysis with adjustments for age and gender)

the controls. The number of rs36084323 genotypes was
99 for CC wild type, 177 for CT heterozygous, and 65
for TT mutant homozygous in the HCC and 113 for CC,
181 for CT, and 56 for TT in the controls. The number
of rs18825455 genotypes was 149 for GG wild type, 156
for GA heterozygous, 36 for AA mutant homozygous in
the HCC and 174 for GG, 144 for GA, and 32 for AA in
the controls. The number of rs870849 genotypes was 244
for CC wild type, 84 for CT heterozygous, and 13 for TT
mutant homozygous in the HCC and 246 for CC, 99 for
CT, and 5 for TT in the controls. All four SNPs in HCC
patients and controls were in HWE (P>0.05), suggesting
that there was no population stratification and no sam-
pling bias. Statistical significance was found in none of
the four candidate SNPs associated with HCC risk under
codominant, dominant, recessive, and over-dominant
models (Fig. 1).

According to the gender and age subgroup analyses
(Tables 3 and 4), the raw p values of statistical analysis
for the distribution frequency of LAG3 870,849 genotype
between HCC and controls were less than 0.05 in partici-
pants over 50 years old, in male and female participants
under multiple genetic models. However, after Bonfer-
roni correction, there was no statistical significance in
none of the four candidate SNPs were associated with
HCC risk in all participants (Fig. 2).

Differences in clinical indicators under different genotypes
The effects of four candidate SNPs on the level of AFP
under different genotypes were also evaluated. The
results showed that the level of AFP was significantly
lower in HCC patients with rs10204525 TC genotype
than that in HCC patients with rs10204525 TT geno-
type (Mann-Whitney U Test, P=0.004, Fig. 3). More-
over, the differences in genotype frequencies of four
candidate SNPs between TNM I/II and TNM III/IV
in HCC patients were also analyzed (Fig. 4). The fre-
quency of PDCD-1 rs36084323 CT genotype was lower
in HCC TNM II/IV compared to that in HCC TNM I/
II and reduced the risk of TNM grade (CT vs. C/C-T/T:
OR=0.57, 95%CI=0.37-0.87, P=0.049).

Analysis of GMDR

The interaction of candidate SNPs in HCC risk was
analyzed and evaluated using GMDR (Table 5). The
best two-site model for predicting the HCC risk is
rs1882545 (testing accuracy=0.533, cross-validation
consistency=10/10, P=0.055); the four-site model is
rs10204525, rs36084323, rs1882545, rs870849 (testing
accuracy=0.515, cross-validation consistency=10/10,
P=0.172). Figure 5 showed the interaction of “SNP-SNP”
in different loci model combinations. The light gray lat-
tice indicated a low risk of HCC, the dark gray lattice
indicated a high risk, and no color-filled lattice signi-
fied no data. Although the cross-validation consistency
was higher, it was unable to reach statistical significance.



Wei et al. BMC Medical Genomics

(2023) 16:92

Table 3 Stratified analyses between PDCD-1 gene polymorphisms and the risk of HCC.
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Variable Genotypes (Patients/controls) Codominant Recessive Dominant
wild Heterozygote Homozygous model model model
rs10204525 T TC CcC TCvs. TT CCvs.TT CCvs. TCTT CCTCvs. TT
Gender
Male 99/99 155/151 46/51 1.05 (0.73-1.50) 0.90 (0.55-1.46) 0.87 (0.56-1.35) 1.01(0.72-142)
P value 0.80 0.67 0.54 0.96
Female 15/20 19/19 7/10 144 (0.56-3.69) 0.98 (0.30-3.22) 0.81(0.28-2.38) 1.28 (0.54-3.05)
P?value 045 0.98 0.70 0.58
Age
<50 56/59 83/68 27/31 1.31(0.79-2.15) 0.92 (0.48-1.76) 0.79 (0.44-1.42) 1.18(0.74-1.89)
P value 0.30 0.80 043 048
>50 58/60 91/102 26/30 0.92 (0.58-1.47) 0.93 (0.49-1.76) 0.97 (0.55-1.73) 0.92 (0.59-1.44)
P value 0.74 0.82 0.93 0.73
rs36084323 CcC cT T CTvs. CC TTvs. CC TT vs. CT-CC TT-CT vs. CC
Gender
Male 88/95 157/158 55/48 1.09 (0.76-1.57) 1.24(0.77-2.02) 1.18 (0.77-1.80) 1.13(0.80-1.60)
P value 0.64 0.38 0.46 0.50
Female 1118 20/23 10/8 1.40(0.53-3.67) 1.86 (0.55-6.30) 1.52 (0.53-4.39) 1.52(0.61-3.77)
P value 0.50 0.32 0.44 037
Age
<50 53/52 86/80 27/26 1.09 (0.66-1.80) 1.00 (0.51-1.97) 0.95 (0.52-1.74) 1.07 (0.66-1.72)
P value 0.74 1.00 0.86 0.79
>50 46/61 91/101 38/30 1.14(0.70-1.84) 1.65 (0.89-3.07) 1.52(0.89-2.61) 1.26 (0.79-1.98)
P?value 0.60 0.11 0.12 033
2Adjust OR (95% Cl) was calculated by logistic regression analysis with adjustments for age and gender
Table 4 Stratified analyses between LAG3 gene polymorphisms and the risk of HCC
Variable Genotypes (Patients/controls) Codominant Recessive Dominant
Wild Heterozygote Homozygous model model model
rs1882545 GG GA AA GA vs. GG AA vs. GG AA vs. GA-GG AA-GA vs. GG
Gender
Male 135/149 137/124 28/28 1.22(0.87-1.71) 1.09 (0.62-1.94) 0.99(0.57-1.72) 1.20(0.87-1.65)
P value 0.25 0.76 0.98 0.27
Female 14/25 19/20 8/4 1.54 (0.61-3.90) 3.77 (0.95-14.95) 3.09 (0.84-11.40) 1.92 (0.81-4.55)
P value 0.36 0.06 0.09 0.14
Age
<50 88/95 157/158 55/48 1.08 (0.67-1.73) 1.30 (0.60-2.81) 1.26 (0.60-2.64) 1.12(0.71-1.74)
P value 0.77 0.51 0.55 0.63
>50 11/18 20/23 10/8 146 (0.95-2.27) 142 (0.67-2.99) 1.17(0.57-2.38) 146 (0.96-2.21)
P value 0.09 0.36 0.67 0.079
rs870849 CcC (@) T CTvs. CC TTvs. CC TTvs. CT-CC TT-CT vs. CC
Gender
Male 209/213 79/85 12/3 0.98 (0.68-1.41) 4.05(1.13-14.59) 4.08 (1.14-14.62) 1.09 (0.76-1.54)
P value 0.90 0.032 0.031 0.65
Female 35/33 5/14 172 0.34(0.11-1.05) 0.39 (0.03-4.70) 048 (0.04-5.77) 0.35(0.12-1.00)
P value 0.06 0.46 057 0.049
Age
<50 126/114 35/40 5/4 0.81(0.48-1.38) 1.10(0.27-4.45) 1.16 (0.29-4.66) 0.84 (0.50-1.39)
P value 044 0.90 084 049
>50 118/132 49/59 8/1 0.88 (0.55-1.39) 8.49 (1.04-69.57) 8.83(1.08-72.01) 1.00 (0.64-1.57)
P value 0.57 0.046 0.042 0.99

2Adjust OR (95% Cl) was calculated by logistic regression analysis with adjustments for age and gender
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Fig. 2 Association analysis of SNP rs870849 with HCC risk after adjusted. OR and P values were adjusted for age and gender by logistic regression
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Fig. 3 AFP levels of HCC patients based on the genotypes of selected SNPs. (‘P-values < 0.01)
It suggested that no significant interactions between Genetic polymorphisms involved in the immune
PDCD-1 and LAG3 polymorphisms affected the suscep- response are already known to be related to the anti-
tibility of HCC. tumor immune response and influence the occurrence of

In each box, the left bar represents HCC patients and HCC [15]. PDCD-1 and LAG3, two immunosuppressive
the right bar represents controls. The light gray lattice  molecules, play important roles in tumor-cell-mediated
indicates a low risk of HCC and the dark gray lattice indi- immune escape. We evaluated the effect of PDCD-1 and
cates a high risk of HCC; the empty lattice means no data. ~ LAG3 gene polymorphisms on the risk of hepatocellu-

lar carcinoma (HCC) in this study. Our results indicated
Discussion there were no associations between PDCD-1 rs10204525,
As a result of chronic infection with hepatitis B and C  PDCD-1 rs36084323, and LAG3 rs1882545, rs870849
viruses, aflatoxin-contaminated food, heavy alcohol con-  polymorphisms and the risk of HCC in our population.
sumption, obesity, diabetes type 2, and smoking, the risk Based on the inhibitory role of LAG3 in anti-tumor
for liver cancer is high [13]. The key risk factors vary responses, several studies have focused on the asso-
from region to region. In the present study, among 341 ciation between LAG3 rs3782735A/G genetic poly-

HCC patients randomly collected from Youjiang Medical =~ morphisms and cancer risk development

[15-18].

University for Nationalities in South China, HBV infec- Rs3782735A/G are intronic variants of LAG-3 gene.
tion comprised 77.71% of cases, suggesting HBV was It is found to have potential associations with mul-
the major risk factor for HCC patients. The mean age tiple myeloma (MM) risk in women and AA genotype
of patients with HCC was 51.07 years old, and slightly  reduced the risk MM (OR=0.69) [16]. Another research

younger than that in other studies [14].

has previously reported increased survival rates among
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Fig. 4 The associated of the different genotypes at rs10204525, rs36084323, rs1882545, and rs870849 with TNM stage. (°Logjistic regression analyses

adjusted for age and gender)

Table 5 SNP-SNP interaction models analyzed by the GMDR

method
Model Training Testing P cvc
Bal.Acc Bal.Acc

rs1882545 0.533 0.533 0.055 10/10
rs1882545 rs870849 0.546 0.501 0377 5/10
1s36084323 rs1882545 0576 0513 0377 7/10
rs870849

rs10204525 rs36084323 0.586 0.515 0.172 10/10

rs1882545 rs870849

Bal. Acc., balanced accuracy; CVC, cross-validation consistency

patients with locoregional gastric cancer carrying LAG3
rs3782735 AG and GG genotypes in the Japanese cohort
[17]. Stremitzer and colleagues found in Australian
patients with resected colorectal liver metastases har-
boring LAG3 rs3782735 GG genotype separated patients
with intermediate risk for death [18]. These results sug-
gest that LAG3 gene polymorphism may play a role in the
pathogenesis and development of cancer. However, the
association between LAG3 genetic polymorphisms and
HCC risk remains unclear.

There is a non-synonymous SNP in LAG3 rs870849
T/C which causes an amino acid substitution from iso-
leucine to threonine at position 455 in exon 7 [19]. So,
LAG3 rs870849 genetic variants may affect both the
expression and structure of LAG3 and the occurrence
or progression of cancer. But there is little research on
the association between LAG3 rs870849 and the risk
of cancer. Frequencies of LAG-3 rs870849 CC, CT, and
TT genotypes were 246 (70.3%), 99 (28.3%), and 5 (1.4%)
in controls in our study, which are similar to those in
Chinese Dai in Xishuangbanna (CDX) (P=0.72), Han
Chinese in Beijing, China (CHB) (P=0.16) and South-
ern Han Chinese, China (CHS) (P=0.30) population
(http://asia.ensembl.org/Homo_sapiens/Variation/
Population?db=core;r=12:6777354-6778354;v=rs87084
9;vdb=variation;vf=729067871). In our study we found
a slight increase of the LAG3 rs870849 TT genotype
in HCC patients (3.8%) with compared to the controls
(1.4%). The distribution frequencies of LAG3 rs870849
TT genotypes in male patients (4.0%) and old than 50
years HCC patients (4.6%) were also increased compared
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Fig. 5 GMDR analysis of PDCD-1 (rs10204525, rs36084323), and LAG-3
(rs870849, rs1882545) interaction

with their controls (1.0% and 0.5%), respectively. How-
ever, the number of LAG3 rs870849 TT genotype was too
few, the increase was not statistically significant. Thus, an
increasing sample size is required for further studies on
the association between LAG3 rs870849 and the risk of
HCC.

Rs1882545 G/A is located on the intron of the LAG3
human gene. As far as we know, there is very little lit-
erature evaluating the association between LAG-3
rs1882545 genetic polymorphisms and disease risk
development. Frequencies of LAG-3 rs1882545 GG,
GA, and AA genotypes were 174 (49.7%), 144 (44.1%),
and 32 (9.1%) in controls, which are similar to those
in CDX (P=0.51), CHS (P=0.75) and Kinh in Ho Chi
Minh City in Vietnam (KHV) (P=0.97) population
(http://asia.ensembl.org/Homo_sapiens/Variation/
Population?db=core;r=12:6775744-6776744;v=rs18825
45;vdb=variation;vf=729509994). In our study we found
a slight but not statistically significant increase of the
LAG3 rs1882545 A allele in HCC patients (33.4%) with
compared to the controls (29.7%). Moreover, the LAG-3
rs1882545 A allele was more common in females with
HCC (35/82; 42.7%) compared to female controls (28/98;
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28.6%) in our study, but the increase was not statistically
significant. Larger multicenter studies and increasing
sample sizes are required to further study.

Although we did not find a relationship between LAG3
gene polymorphism and the risk of HCC in our study,
possibly due to the small sample size, this is the first
study to investigate LAG3 gene polymorphism in HCC.
This will provide a foundation for further research on the
impact of LAG3 gene polymorphism on other biologi-
cal functions of HCC, such as prognosis or response to
immune checkpoint antibodies.

Previous studies showed that PDCD-1 was highly
expressed in tumor tissues in patients with HBV-related
HCC and genotype AA (TT) of PD1 rs10204525 was
associated with significantly increased PDCD-1 expres-
sion [20, 21]. It was suggested that rs10204525 polymor-
phism might influence the expression of PDCD-1 and
hence might affect the development of HCC. Li Z et al.
found PDCD-1 rs10204525 AA genotype was indepen-
dently associated with HBV-related HCC compared
with patients without cirrhosis and HCC (patients with
asymptomatic carriers and chronic hepatitis) in North-
west China [8]. Another research has previously reported
PDCD-1 rs10204525 C>T SNP acquired significance
after adjusting for other risks, being most notable in
the smaller numbers of women with NAFLD-HCC in
Caucasian patients [22]. Contrary to these studies, the
rs10204525 SNP was found to have an insignificant role
in patients with HCV-related hepatic disorders (chronic
infection, cirrhosis, and HCC) in the Italian cohort [23]
and was not a predisposing factor for HCC develop-
ment in the Turkish population [11]. In the present study,
our results also demonstrated no association between
rs10204525 T>C and HCC risk, which was consistent
with De Re V’s study in the Italian cohort and Demirci
AF’s study in the Turkish population [11, 23]. Although
the allele distribution of the PDCD-1 rs10204525 geno-
type in the control group in this study was not similar
to the distribution of the previously studied Northwest
China and other population, it had no differences with
the distribution of CDX and KHV populations (http://
asia.ensembl.org/Homo_sapiens/Variation/Population?d
b=core;v=rs10204525;vdb=variation, P=0.89 and P=0.78,
respectively). Interestingly, our results suggested that
HCC patients carrying the rs10204525 TC genotype were
more likely to have a lower AFP level. Serum AFP level
is a useful predictor of the outcome of HCC in patients,
and higher level of AFP is associated with poor prognosis
of HCC in patients receiving TACE (transcatheter arte-
rial chemoembolization) [24]. These findings shed light
on genetic determinants of serum AFP level and pro-
vide a more comprehensive understanding that PDCD-1
rs10204525 SNP may have an impact on the prognosis of
HCC patients. These results could suggest the need for
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a further inquiry into the mechanism of how PDCD-1
rs10204525 is associated with AFP in HCC and the effect
of rs10204525 on the prognosis of HCC patients.

In the promoter region of the PDCD-1 gene, there
is the rs36084323 A/G (T/C) SNP. It is demonstrated
that the promoter activity was significantly higher in
the construct with G allele than in that with the A allele
and higher promoter activity caused by rs36084323
G (C) allele may have an influence on gene expres-
sion and susceptibility to disease [25]. A meta-analysis
shows the PDCD-1 rs36084323 SNP is associated with
decreased cancer risk (GG+GA vs. AA, OR=0.903,
95% CI=0.819-0.995, P=0.038) [26]. The association
between rs36084323 polymorphism and the risk of HCC
was observed in several studies [10, 11, 23]. However, the
results of the studies are conflicting. In Peng’s study, as
compared to patients without HCC (asymptomatic car-
riers, chronic hepatitis, and cirrhosis), the genotype GA
of PDCD-1 rs36084323 was independently associated
with HCC in Chinese patients (P=0.024, OR=0.459)
[9]. Nevertheless, the allele frequency distribution in
the Caucasian population all samples were GG homozy-
gous and there were no differences between HCV-asso-
ciated HCC patients and controls [23]. Another study
also found PDCD-1.1 AA genotype was not observed
in both the patients with HCC and the control group,
and the frequencies of GG and GA genotypes were very
similar between patients with HCC patients and controls
[11]. Our study also showed no significant relationship
between this SNP and HCC in the South Chinese popu-
lation. In the present study, CC (GG), CT (GA), and TT
(AA) genotype frequencies in controls were 32.3%, 51.7%,
and 16.0% respectively were similar to levels in CHB,
CHS, Japanese in Tokyo, Japan (JPT), and KHV (http://
asia.ensembl.org/Homo_sapiens/Variation/Population?
db=core;v=rs36084323;vdb=variation). It is worth not-
ing, our results indicated that HCC patients carrying
the PDCD-1 rs36084323 CT genotype were significantly
associated with lower TNM stage compared with those
patients carrying the homozygote genotype. Previous
study showed mutant PDCD-1 rs36084323 T allele had
significantly lower PDCD1 transcriptional activity [27].
It suggested PDCD-1 rs36084323 CT genotype might
have an effect on the expression and immunosuppressive
function of PDCD-1. TNM stage is a better predictor of
cancer prognosis, and advanced TNM stage is associ-
ated with poor prognosis of HCC in patients receiving
TACE [24]. In our study, the relationship of PDCD-1
rs36084323 CT genotype with TNM stage might be sug-
gested PDCD-1 rs36084323 SNP was associated with the
prognosis of HCC, but not associated with the occur-
rence of HCC. Further studies are required to fully elu-
cidate the relationship of the prognosis in HCC patients
with the PDCD-1 rs36084323 CT genotype.
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PDCD-1/PD-L1 pathway blockade is a promising
treatment strategy in HCC. However, a significant num-
ber of patients with HCC do not respond to anti-pro-
grammed cell death 1 (PD1) therapies. Macek Jilkova
Z and colleagues observed a trend of LAG3 upregula-
tion on circulating T cells in nonresponding patients to
PDCD-1/PD-L1 pathway blockade [28]. It suggests that
the PDCD-1/PD-L1 pathway and LAG3 pathway might
play a synergistic role in HCC development. Therefore,
the interaction of PDCD-1 and LAG3 SNPs in HCC risk
among participants was analyzed and evaluated in our
study. But no significant interaction between PD1 and
LAG3 polymorphisms was found to affect the suscepti-
bility of HCC.

Nevertheless, there are some limitations to this study.
First, the results were obtained mainly in Chinese popu-
lations from Guangxi, Yunnan, and Guizhou Provinces
and, thus, may not be applicable to other populations.
PDCD-1 and LAG3 frequencies may vary by ethnic-
ity, which requires further research. Second, although
we found there was no difference in the genotype dis-
tribution of PDCD-1 (rs10204525 and rs36084323), and
LAG3 (rs870849 and rs1882545) among different risk
factors such as HBV infection and alcohol intake in HCC
patients (data not shown), the addition of intermedi-
ate control groups bearing the same environmental risk
factors such as long-term cirrhotic HBV, drinking and
smoking status could add value to our study. Third, if the
impacts of different genotypes of PDCD-1 and LAG3
on the expression and immunosuppressive function will
be further observed, it will better explain the effect of
genetic polymorphism of PDCD-1 and LAG3 on the bio-
logical function of HCC. Finally, our analysis was limited
by the size of the sample of HCC patients, especially for
females, which may have reduced its statistical power.

This study found no link between four polymorphisms
in the PDCD-1 gene, rs10204525 T/C, rs36084323 C/T,
LAG3 gene, rs870849 C/T, rs1882545 G/A, and HCC
risk. However, it was found that the rs10204525 TC
genotype in HCC patients was associated with the AFP
level and rs36084323 CT genotypes were related to the
HCC tumor TNM stage. In light of the roles of AFP levels
and TNM staging in the prognosis of HCC, it is neces-
sary to test the relationship between PDCD1 rs10204525
and rs36084323 SNPs and the prognosis of HCC in the
future study. Additionally, due to the small sample size,
some unavoidable limitations were present. Thus, further
studies, including patients of different ethnic origins, are
required to validate these findings in a significantly larger
series in order to clarify the exact relationship between
these SNPs and HCC development.
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