
Frontiers in Oncology | www.frontiersin.org

Edited by:
Jun-Lin Yi,

Chinese Academy of Medical
Sciences and Peking Union Medical

College, China

Reviewed by:
Xin Jiang,

The First Hospital of Jilin University,
China

Jinsheng Hong,
First Affiliated Hospital of Fujian

Medical University, China

*Correspondence:
Ying Li

liying86101@163.com
Xia Li

lixiadoctor@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Radiation Oncology,
a section of the journal
Frontiers in Oncology

Received: 10 January 2021
Accepted: 07 May 2021
Published: 04 June 2021

Citation:
Li Y, Zhu L, Yao H, Zhang Y, Kong X,
Chen L, Song Y, Mu A and Li X (2021)
Association of Inflammation-Related

Gene Polymorphisms With
Susceptibility and Radiotherapy

Sensitivity in Head and Neck
Squamous Cell Carcinoma

Patients in Northeast China.
Front. Oncol. 11:651632.

doi: 10.3389/fonc.2021.651632

ORIGINAL RESEARCH
published: 04 June 2021

doi: 10.3389/fonc.2021.651632
Association of Inflammation-Related
Gene Polymorphisms With
Susceptibility and Radiotherapy
Sensitivity in Head and Neck
Squamous Cell Carcinoma
Patients in Northeast China
Ying Li*†, Li Zhu†, Hongmin Yao, Ye Zhang, Xiangyu Kong, Liping Chen, Yingqiu Song,
Anna Mu and Xia Li*

Department of Radiation Oncology, Cancer Hospital of China Medical University, Liaoning Cancer Hospital & Institute, and
Key Laboratory of Tumor Radiosensitization and Normal Tissue Radioprotection of Liaoning Province, Shenyang, China

Background: Inflammation-related gene polymorphisms are some of the most important
determinants for cancer susceptibility, clinical phenotype diversity, and the response to
radiotherapy and chemotherapy. However, the relationship between these
polymorphisms and head and neck squamous cell carcinoma (HNSCC) remains
unclear. The aim of this study was to investigate the role of inflammation-related gene
polymorphisms in the developmental risk and radiotherapy sensitivity of HNSCC.

Methods: The Matrix-Assisted Laser Desorption Ionization Time of Flight (MALDI-TOF)
genotyping system was used to genotype 612 individuals from a Chinese population for
28 inflammation-related gene polymorphisms.

Results: The protein kinase B (AKT1) rs1130233 TT, dominance model (CT+TT vs. CC),
recessive model (TT vs. CT+CC), and rs2494732 CC genotypes were associated with
reduced risk of HNSCC (P=0.014; P=0.041; P=0.043). The polymeric immunoglobulin
receptor (PIGR) rs291097 GA, dominance model (GA+AA vs. GG), and rs291102
dominance model (GA+AA vs. GG) were associated with increased risk of HNSCC
(P=0.025; P=0.025; P=0.040). The interleukin-4 receptor-a (IL-4RA) rs1801275 AA
genotype was significantly correlated with increased radiotherapy sensitivity of HNSCC
patients (P=0.030). In addition, age ≤ 60 years, non-smoker status, and normal levels of
squamous cell carcinoma antigen (SCC) were found to be associated with increased
radiotherapy sensitivity of HNSCC patients (P=0.033; P=0.033; P=0.030).

Conclusion: The AKT1 rs1130233, AKT1 rs2494732, PIGR rs291097, and PIGR
rs291102 polymorphisms were significantly related to the risk of HNSCC. The IL-4RA
rs1801275 polymorphism, age ≤ 60 years, non-smoker status, and normal levels of SCC
were significantly associated with increased radiotherapy sensitivity of HNSCC.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is a general
term for a set of different tumors located in the lips, oral cavity,
pharynx (nasopharynx, oropharynx and hypopharynx), as well
as the larynx, salivary glands, and thyroid glands (1). HNSCC is
sixth in the world in overall incidence, and is also a major cancer
type that leads to death (1). The initiation and development of
HNSCC is a multistep process influenced by various genetic and
environmental factors. Tobacco and alcohol consumption are the
most classical risk factors associated with its development. At
least 75% of HNSCC cases are attributable to the combination of
both tobacco and alcohol use (2). However, the role of genetic
factors in head and neck squamous cell carcinogenesis is
largely unknown.

Single nucleotide polymorphisms (SNPs) are a class of genetic
factors that have been implicated in HNSCC susceptibility and
determine inter-individual variations in HNSCC risk. Genetic
polymorphisms can weaken intrinsic protective mechanisms and
increase the damage caused by environmental carcinogens (3).
Carriers of susceptible genotypes are at a greater risk of
developing cancer than those with resistant genotypes under
similar conditions (3). Therefore, genetic factors may play a
crucial role in HNSCC risk and clinical outcome.

Inflammation is an important cellular process that can be
activated in response to tissue damage, infections, and other
cellular stress factors6. There is a relationship between
inflammation and the development of many cancers where
tumorigenesis was initiated at the site of inflammation (4, 5).
Interleukin-1 (IL-1) is a pleiotropic cytokine involved in the
initiation of immune and inflammatory responses. The IL-1 gene
family has been reported to play a crucial role in the pathogenesis of
various cancers (6–9). The interleukin-1 receptor antagonist (IL-
1RN) polymorphism is associated with cervical cancer (10).
Additionally, there is a pro-inflammatory cytokine haplotype (IL-
6 CC, IL-10 GG, TNF-a AA) that is associated with adverse
prognosis that may act through an inflammatory-mediated
mechanism (11). Furthermore, protein kinase B (AKT1) is an
important downstream effector of the gene of phosphate and
tension homology deleted on chromosome ten/phosphoinositide
3-kinase/protein kinase B (PTEN/PI3K/AKT) signal transduction
pathway. Aberrant expression and genetic variation of the AKT1
gene are suggested to be involved in several types of human cancers,
including oral squamous cell carcinoma (OSCC) (12). The AKT1
rs1130214 and rs3803300 polymorphisms were related to OSCC
susceptibility in a Chinese Han population (12). The polymeric
immunoglobulin receptor (PIGR) 1739C>T is a missense mutation
that results in an alanine residue being changed to valine near an
endoproteolytic cleavage site. This variant can alter the efficiency of
PIGR to release the Epstein–Barr virus immunoglobulin A (IgA-
EBV) complex and consequently increase the susceptibility of
populations in endemic areas to develop NPC (13). PIGR
8880C>T is also related to NPC susceptibility (14). Additionally,
the cyclooxygenase-2 (COX-2) gene (PTGS2) rs5275 variant
contributes to NPC risk in a Chinese population (15).

Chronic inflammation promotes genetic and epigenetic
aberrations that result in various pathogeneses. These changes
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may be useful biomarkers in liquid biopsies for early detection
and prevention of various cancers (16). To achieve our aim,
analysis of candidate genes in a Chinese population was
performed to study 28 SNPs in inflammation-related genes that
could possibly be associated with the risk of developing HNSCC.
MATERIALS AND METHODS

Research Design and Study Population
The study design was approved by the Human Ethics Committee
of Liaoning Cancer Hospital (Shenyang, China). Each individual
provided written informed consent during an epidemiological
investigation. Patients were from Liaoning Cancer Hospital and
received surgical resection or needle biopsy diagnosis/treatment
between 2018 and 2019. The control participants were recruited
from health check center in Liaoning Province hospital between
2018 and 2019. The HNSCC patient group and the control group
were matched at a 1:2 ratio. All diagnoses of HNSCC patients
were based on histopathological examinations. Information
regarding smoking habits, alcohol consumption, and family
history in cases were acquired by a “face-to-face” questionnaire
survey. We collected fasting venous blood from each one and
stored the samples at −20°C as serum and clotted cells.

To further evaluate the relationship of polymorphisms with
clinicopathological parameters of HNSCC, histology or clinical
data were assessed according to World Health Organization
criteria. Additionally, tumor-node-metastasis (TNM) staging
was performed according to the 8th edition of the
International Union Against Cancer (UICC)/American Joint
Committee on Cancer (AJCC) (2017) criteria (17).

SNP Selection
A compilation of genes involved in the inflammatory response
was conducted on the basis of a published panel of
inflammation-associated genes (6, 9, 13–15, 18–44) and the
NCBI-Gene website analysis (https://www.ncbi.nlm.nih.gov/
gene/). In this study, we selected 16 genes and 28 SNPs for
analysis. They are as follows: AKT1 rs130233 and rs2494732;
complement C3d receptor 2 (CR2) rs3813946; IL10 rs1800871,
rs1800872, and rs1800896; IL1A rs17561; IL1B rs1143627,
rs16944, and rs1143634; IL1RN rs419598; IL21R rs2189521;
IL4 rs2243250 and rs2227284; IL4RA rs1801275; IL6
rs1800796; PIGR rs291097 and rs291102; tumor necrosis factor
(TNF) rs1799964, rs1800629, rs361525, rs1800630 and
rs1799724; TNFRSF1A rs4149570; TNFSF7 rs7259857; COX-2
rs5275 and rs20417; B-cell lymphoma-2 (BCL2) rs2279115.

SNP Genotyping
Genomic DNA was extracted from peripheral blood samples
obtained from the study participants using the phenol-cholesterol
method according to a standard procedure (45). The Matrix-
Assisted Laser Desorption Ionization Time of Flight (MALDI-
TOF) genotyping systemwas used to genotype 612 individuals for
28 inflammation-related gene polymorphisms. MALDI-TOF is a
medium-to-high-throughput technology platform that takes both
sensitivity and specific into account and used mass spectrometry
June 2021 | Volume 11 | Article 651632
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for direct detection (46). Amplification and extension primers
were designed by BGI. The charged analytes were detected and
measured using time of flight analyzers. During MALDI-TOF
analysis, the m/z ratio of an ion was measured by determining the
time required for the ion to travel the length of the flight tube (47,
48). Primers sequences are listed in Supplementary Table 1.

Radiosensitivity Analysis
Radiosensitivity analysis was done according to the new response
evaluation criteria for solid tumors: Revised response evaluation
criteria in solid tumors (RECIST) guideline (version 1.1) (49).
Patients who were sensitive to radiation therapy were categorized
as either complete response (CR) or partial response (PR).
Patients who were not sensitive to radiation therapy were
categorized as either progressive disease (PD) or stable disease
(SD). Radiosensitivity was assessed one month after
radiotherapy, and the results were compared with the MRI
image before radiotherapy. The criteria for classification are
as follows:

CR: patients had a disappearance of all target lesions and any
pathological lymph nodes (whether target or non-target) were
required to have a short axis reduction to <10 mm.

PR: patients were required to have at least a 30% decrease in the
sum of the diameters of target lesions, using the baseline sum
diameters as a reference.

PD: patients were required to have at least a 20% increase in the
sum of the diameters of target lesions, using the smallest sum
of the study as a reference. In addition to the relative increase
of 20%, the sum was also required to demonstrate an absolute
increase of at least 5 mm. Patients that had an appearance of
one or more new lesions were also categorized as PD.

SD: patients were required to have neither a sufficient level of
shrinkage to qualify for PR nor a sufficient amount of increase
to qualify for PD. The smallest sum diameters were used as
references.
Statistical Analysis
Statistical analysis was performed using SPSS (version 22.0).
Adjusted odds ratios (ORs) and 95% confidence intervals (CIs)
for the relationships between both SNPs and disease risk were
calculated by multivariable logistic regression, with adjustments
for gender and age. If stratified by sex, then the age was adjusted;
if stratified by age, then the sex was adjusted. Chi-squared tests
were used to assess the correlation between different genotypes
and the clinicopathological parameters and radiosensitivity of
HNSCC patients.
RESULTS

Baseline Patient Characteristics
To analyze the risk of HNSCC, the study subjects included 211
patients with HNSCC and 401 age- and sex-matched control
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subjects. The comparisons of baseline characteristics between
cases and controls are shown in Table 1. There was a significant
difference in both age and sex distribution between the HNSCC
group and the control group. The overall mean age and mean age
of menarche differed significantly between cases and controls
(both P<0.001). In cases, the mean menopausal age was 58.00
years and only a small proportion of cases had a family history of
cancer (15.2%). In cases with invasion depth, 55.2% and 44.8% of
cases were in T1-2 and T3-4, respectively. Tumor stages I-II
(23.7%) and III-IV (76.3%) accounted for the majority of
HNSCC cases, whereas 69.6% of cases had positive lymph
nodes and 5.9% of cases had metastasis (Table 1).

Association of 28 Inflammation-
Associated Gene SNPs With HNSCC Risk
Multivariable logistic regression was used to investigate the
association of 28 inflammation-associated gene SNPs with
HNSCC risk. The results indicated that the AKT1 rs1130233
and rs2494732 SNPs, as well as the PIGR rs291097 and rs291102
SNPs, had a significant association with HNSCC risk progression
(Table 2). We also found that the carriers of the AKT1 rs1130233
TT genotype, dominance model (CT+TT vs. CC), recessive
model (TT vs. CT+CC), or the AKT1 rs2494732 CC genotype
had reduced risk of HNSCC (P<0.05), whereas those with the
PIGR rs291097 GA genotype, dominance model (GA+ AA vs.
GG), or PIGR rs291102 dominance model (GA+ AA vs. GG) had
an increased risk of HNSCC (P<0.05). However, we found no
significant differences with the other 24 SNPs in HNSCC risk
progression (Table 2).

Stratified Analysis of the Association of 28
Inflammation-Associated Gene SNPs With
HNSCC Risk
In stratified analyses, we found that the IL-1RN rs419598 TT
genotype and dominance model (CT+TT vs. CC) conferred a
0.12-fold and 0.16-fold reduction in HNSCC progression,
respectively, in individuals older than age 60. However, in
those age 60 or younger, the AKT1 rs1130233 TT genotype
and dominance model (CT+TT vs. CC), IL-21R rs2189521 CT
genotype and dominance model (CT+ CC vs. TT), and BCL2
rs2279115 recessive model (TT vs. GT+GG) conferred a 0.48-
fold, 0.57-fold, 0.61-fold, 0.60-fold, and 0.49-fold reduction in
HNSCC progression, respectively. In addition, in men, the AKT1
rs1130233 TT genotype and dominance model (CT+TT vs. CC)
and the BCL2 rs2279115 TT genotype and recessive model (TT
vs. GT+GG) conferred a 0.37-fold, 0.43-fold, 0.37-fold, and 0.41-
fold reduction in HNSCC progression, respectively. In women,
the IL-21R rs2189521 CT genotype and dominance model
(CT+TT vs. TT) conferred a 0.39-fold and 0.43-fold reduction
in HNSCC progression, respectively. However, the PIGR
rs291097 GA genotype and dominance model (GA+AA vs.
GG) and the TNF rs1800630 AA genotype conferred a 3.43-
fold, 3.43-fold, and 9.42-fold increase in HNSCC progression,
respectively. All these stratified analysis results are shown in
Table 3.
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Association of 28 Inflammation-
Associated Gene SNPs With Radiotherapy
Sensitivity of HNSCC Patients
We further analyzed the correlation between 28 SNPs and
radiotherapy sensitivity of HNSCC individuals. We found that,
compared with those with other genotypes, HNSCC patients
carrying the IL-4RA rs1801275 AA wild-type genotype (40.9%)
were more sensitive to radiotherapy (Table 4). There were no
significant differences observed in the correlation analysis
between the other 27 SNPs and radiotherapy sensitivity in
HNSCC patients.

Association of Clinicopathological
Parameters With Radiotherapy Sensitivity
of HNSCC Patients
We further analyzed the potential correlations between
clinicopathological parameters and radiotherapy sensitivity of
HNSCC patients. We found that age ≤ 60 years, non-smoker
status, and normal levels of SCC were associated with increased
radiotherapy sensitivity of HNSCC patients (P=0.033; P=0.033;
P=0.030, respectively) (Table 5). There were no significant
differences observed in the correlation analysis between other
Frontiers in Oncology | www.frontiersin.org 4
clinicopathological parameters and radiotherapy sensitivity in
HNSCC patients.

Association of 28 Inflammation-
Associated Gene SNPs With
Clinicopathological Parameters of
HNSCC Patients
Among the SNPs related to the risk of HNSCC, the heterozygous
and dominant model of AKT1 rs1130233 were significantly related
to lymph node metastasis and non-distant metastasis. The recessive
model of AKT1 rs2494732 was significantly related to male sex,
stage III-IV disease, and normal carcinoembryonic antigen (CEA)
levels. The IL-1RN rs419598 wild-type genotype was significantly
related to stage III-IV disease, the PIGR rs291102 wild-type
genotype was significantly related to normal levels of cytokeratin
fragment 19 (CYFRA), and the BCL2 rs2279115 wild-type genotype
was significantly related to lymph node metastasis. In addition, we
found that the IL-1B rs1143627 recessive model was significantly
related to normal levels of SCC, the IL-4 rs2243250 mutant,
dominant model, and recessive model were significantly related to
lymph node metastasis, and the IL-4 rs2227284 dominant model
was significantly related to lymph nodemetastasis. Furthermore, the
TABLE 1 | The baseline characteristics of the objects.

Characteristics Cases Controls P value

Sample size 211 401
Age <0.001

Mean±SD 56.83±0.75 36.25±0.63
Mmenarche 58 32
Range 14-90 17-73

Gender Female 49(23.2%) 175(43.6%) <0.001
Male 162(76.8%) 226(56.4%)

T stage 1-2 96(55.2%)
3-4 78(44.8%)

N stage Negative 55(30.4%)
Positive 126(69.6%)

M stage Negative 177(94.1%)
Positive 11(5.9%)

Clinical stage I-II 44(23.7%)
III-IV 142(76.3%)

Smoking No 102(48.3%)
Yes 109(51.7%)

Drinking No 106(50.2%)
Yes 105(49.8%)

Family history of cancer No 179(84.8%)
Yes 32(15.2%)

SCC Normal 80(79.2%)
Increased 21(20.8%)

CEA Normal 60(93.8%)
Increased 4(6.3%)

CYFRA Normal 16(48.5%)
Increased 17(51.5%)

EBV Negative 30(83.3%)
Positive 6(16.7%)

Blood type A 40(33.6%)
B 32(26.9%)
AB 14(11.8%)

　 O 33(27.7%) 　 　
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There was a significant difference in both age and sex distribution between the HNSCC group and the control group (both P<0.001). The case group is significantly older than the control
group. Men are significantly more than women, especially in the case group.
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TABLE 2 | Association of 28 inflammation-associated gene SNPs with HNSCC risk.

Genetype SNP Cases Controls P value P value OR (95%CI)

AKT1 rs1130233 N=208 N=400 0.020
CC 58(27.9%) 77(19.3%) / 1(Ref)
CT 98(47.1%) 189(47.3%) 0.149 0.65(0.36,1.17)
TT 52(25.0%) 134(33.5%) 0.014 0.45(0.24,0.85)
CT+TT vs. CC / / 0.041 0.57(0.33,0.98)
TT vs.CT+CC / / 0.046 0.60(0.36,0.99)

AKT1 rs2494732 N=209 N=395 0.678
TT 18(8.6%) 27(6.8%) / 1(Ref)
CT 97(46.4%) 158(40.0%) 0.220 0.56(0.22,1.41)
CC 94(45.0%) 210(53.2%) 0.043 0.38(0.15,0.97)
CT+CC vs. TT / / 0.089 0.46(0.19,1.13)
CC vs.CT+TT / / 0.073 0.66(0.42,1.04)

CR2 rs3813946 N=209 N=396 0.309
TT 154(73.7%) 313(79.0%) / 1(Ref)
CT 53(25.4%) 79(19.9%) 0.825 0.94(0.55,1.62)
CC 2(1.0%) 4(1.0%) 0.166 0.24(0.03,1.81)
CT+CC vs. TT / / 0.612 0.87(0.51,1.49)
CC vs.CT+TT / / 0.148 0.22(0.03,1.70)

IL10 rs1800871 N=208 N=400 0.861
AA 90(43.3%) 164(41.0%) / 1(Ref)
GA 98(47.1%) 197(49.3%) 0.395 0.82(0.51,1.31)
GG 20(9.6%) 39(9.8%) 0.572 1.27(0.55,2.91)
GA+GG vs. AA / / 0.535 0.86(0.55,1.37)
GG vs. GA+AA / / 0.390 1.40(0.65,3.04)

IL10 rs1800872 N=208 N=400 0.861
TT 90(43.3%) 164(41.0%) / 1(Ref)
GT 98(47.1%) 197(49.3%) 0.395 0.82(0.51,1.31)
GG 20(9.6%) 39(9.8%) 0.572 1.27(0.55,2.91)
GT+GG vs.TT / / 0.535 0.86(0.55,1.37)
GG vs.GT+TT / / 0.390 1.40(0.65,3.04)

IL10 rs1800896 N=209 N=400 0.297
TT 174(83.3%) 322(80.5%) / 1(Ref)
CT 33(15.8%) 77(19.3%) 0.552 0.84(0.46,1.51)
CC 2(1.0%) 1(0.3%) 0.656 1.89(0.12,30.68)
CT+CC vs. TT / / 0.610 0.86(0.48,1.54)
CC vs.CT+TT / / 0.648 1.90(0.12,30.24)

IL1A rs17561 N=208 N=400 0.833
CC 166(79.8%) 327(81.8%) / 1(Ref)
CA 40(19.2%) 69(17.3%) 0.754 1.10(0.60,2.01)
AA 2(1.0%) 4(1.0%) 0.869 1.21(0.13,11.72)
CA+AA vs. CC / / 0.738 1.11(0.61,1.99)
AA vs.CA+CC / / 0.882 1.19(0.12,11.72)

IL1B rs1143627 N=208 N=394 0.588
AA 51(24.5%) 111(28.2%) / 1(Ref)
AG 107(51.4%) 188(47.7%) 0.949 0.98(0.58,1.67)
GG 50(24.0%) 95(24.1%) 0.403 0.76(0.40,1.45)
AG+GG vs. AA / / 0.649 0.90(0.54,1.51)
GG vs. AG+AA / / 0.388 0.79(0.46,1.35)

IL1B rs16944 N=209 N=397 0.710
GG 52(24.9%) 111(28.0%) / 1(Ref)
GA 106(50.7%) 191(48.1%) 0.881 0.96(0.56,1.63)
AA 51(24.4%) 95(23.9%) 0.469 0.79(0.42,1.50)
GA+AA vs. GG / / 0.686 0.90(0.54,1.51)
AA vs.GA+GG / / 0.493 0.83(0.48,1.42)

IL1B rs1143634 N=209 N=400 0.761
GG 199(95.2%) 381(95.3%) / 1(Ref)
GA 10(4.8%) 18(4.5%) 0.861 1.10(0.38,3.17)
AA 0(0.0%) 1(0.3%) NA 5.06×10-7(5.06×10-7,5.06×10-7)
GA+AA vs. GG / / 0.864 1.10(0.38,3.16)
AA vs.GA+GG / / NA 4.59×10-7(4.59×10-7,4.59×10-7)

IL1RN rs419598 N=143 N=393 0.292
TT 128(89.5%) 336(85.5%) / 1(Ref)
CT 13(9.1%) 54(13.7%) 0.122 0.52(0.22,1.19)

(Continued)
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TABLE 2 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

CC 2(1.4%) 3(0.8%) 0.713 1.49(0.18,12.33)
CT+CC vs. TT / / 0.178 0.58(0.26,1.28)
CC vs.CT+TT / / 0.666 1.57(0.20,12.39)

IL21R rs2189521 N=208 N=395 0.050
TT 131(63.0%) 208(52.7%) / 1(Ref)
CT 67(32.2%) 160(40.5%) 0.280 0.77(0.47,1.24)
CC 10(4.8%) 27(6.8%) 0.613 0.78(0.30,2.05)
CT+CC vs. TT / / 0.267 0.77(0.48,1.22)
CC vs.CT+TT / / 0.778 0.87(0.32,2.34)

IL4 rs2243250 N=209 N=395 0.427
CC 9(4.3%) 13(3.3%) / 1(Ref)
CT 76(36.4%) 127(32.2%) 0.652 0.76(0.23,2.54)
TT 124(59.3%) 255(64.6%) 0.384 0.55(0.14,2.12)
CT+TT vs. CC / / 0.468 0.63(0.18,2.20)
TT vs.CT+CC / / 0.251 0.76(0.48,1.21)

IL4 rs2227284 N=209 N=395 0.344
TT 144(68.9%) 294(74.4%) / 1(Ref)
GT 60(28.7%) 94(23.8%) 0.409 1.24(0.74,2.09)
GG 5(2.4%) 7(1.8%) 0.336 2.54(0.38,16.88)
GT+GG vs.TT / / 0.317 1.30(0.78,2.16)
GG vs.GT+TT / / 0.370 2.24(0.38,13.07)

IL4RA rs1801275 N=207 N=400 0.116
AA 152(73.4%) 272(68.0%) / 1(Ref)
GA 53(25.6%) 114(28.5%) 0.995 1.00(0.60,1.67)
GG 2(1.0%) 14(3.5%) 0.200 0.31(0.05,1.85)
GA+GG vs. AA / / 0.756 0.92(0.56,1.52)
GG vs. GA+AA / / 0.200 0.31(0.05,1.87)

IL6 rs1800796 N=209 N=395 0.942
GG 26(12.4%) 47(11.9%) / 1(Ref)
CG 87(41.6%) 170(43.0%) 0.852 1.08(0.49,2.38)
CC 96(45.9%) 178(45.1%) 0.487 1.32(0.61,2.84)
CG+CC vs.GG / / 0.646 1.19(0.57,2.50)
CC vs.CG+GG / / 0.386 1.23(0.77,1.94)

PIGR rs291097 N=209 N=400 0.125
GG 188(90.0%) 372(93.0%) / 1(Ref)
GA 21(10.0%) 28(7.0%) 0.025 2.49(1.12,5.53)
AA 0(0%) 0(0.0%) NA NA
GA+AA vs. GG / / 0.025 2.49(1.12,5.53)
AA vs.GA+GG / / NA NA

PIGR rs291102 N=208 N=396 0.794
GG 165(79.3%) 323(81.6%) / 1(Ref)
GA 41(19.7%) 70(17.7%) 0.054 1.82(0.99,3.35)
AA 2(1.0%) 3(0.8%) 0.291 3.76(0.32,43.88)
GA+AA vs. GG / / 0.040 1.86(1.03,3.38)
AA vs.GA+GG / / 0.349 3.17(0.28,35.45)

TNF rs1799964 N=209 N=395 0.732
TT 124(59.3%) 246(62.3%) / 1(Ref)
CT 74(35.4%) 132(33.4%) 0.388 1.24(0.76,2.01)
CC 11(5.3%) 17(4.3%) 0.280 2.03(0.56,7.29)
CT+CC vs. TT / / 0.290 1.29(0.81,2.05)
CC vs.CT+TT / / 0.346 1.79(0.53,5.99)

TNF rs1800629 N=209 N=396 0.725
GG 0(0%) 347(87.6%) / 1(Ref)
GA 208(99.5%) 47(11.9%) NA NA
AA 1(0.5%) 2(0.5%) NA NA
GA+AA vs. GG / / NA NA
AA vs.GA+GG / / 0.470 0.36(0.02,5.74)

TNFRSF1A rs4149570 N=205 N=395 0.370
CC 43(21.0%) 101(25.6%) / 1(Ref)
CA 102(49.8%) 194(49.1%) 0.439 1.27(0.69,2.34)
AA 60(29.3%) 100(25.3%) 0.305 1.39(0.74,2.61)
CA+AA vs. CC / / 0.326 1.33(0.75,2.34)
AA vs.CA+CC / / 0.451 1.22(0.73,2.03)
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IL-6 rs1800796 heterozygous genotype and the absence of distant
metastases were significantly related, whereas the mutant and
recessive model were significantly related to lymph node
metastasis. The IL-6 rs1800796 mutant were related to no family
history of cancer and the recessive model were significantly related
to stage III-IV disease. The TNFRSF1A rs414570 dominant model
and recessive model were significantly related to the absence of
distant metastases. The TNF rs361525 wild-type genotype was
significantly related to stage III-IV disease and the COX-2
rs20417 wild-type genotype was significantly related to lymph
node metastasis. The other SNPs showed no significant
correlations with clinicopathological parameters. The results of
association of significant inflammation-associated gene SNPs with
Frontiers in Oncology | www.frontiersin.org 7
clinicopathological parameters of HNSCC patients are shown in
Table 6, and all results are shown in Supplementary Table 2.
DISCUSSION

In this study, we report for the first time an association of 28
polymorphisms with HNSCC risk and radiotherapy sensitivity in
a population of individuals from the Liaoning Province of China.
We found that carriers of the AKT1 rs1130233 TT genotype,
dominance model (CT+TT vs. CC), recessive model (TT vs.
CT+CC), and the AKT1 rs2494732 CC genotype had a reduced
risk of HNSCC (P<0.05), whereas those with the PIGR rs291097
TABLE 2 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

TNFSF7 rs7259857 N=209 N=396 0.804
TT 166(79.4%) 322(81.3%) / 1(Ref)
CT 40(19.1%) 70(17.7%) 0.998 1.00(0.54,1.85)
CC 3(1.4%) 4(1.0%) 0.241 2.86(0.49,16.59)
CT+CC vs. TT / / 0.757 1.10(0.61,1.98)
CC vs.CT+TT / / 0.239 2.87(0.50,16.60)

TNF rs361525 N=209 N=396 0.467
GG 191(91.4%) 364(91.9%) / 1(Ref)
GA 18(8.6%) 32(8.1%) 0.640 1.21(0.54,2.73)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.640 1.21(0.54,2.73)
AA vs.GA+GG / / NA NA

TNF rs1800630 N=207 N=395 0.899
CC 141(68.1%) 274(69.4%) / 1(Ref)
CA 59(28.5%) 110(27.8%) 0.740 1.09(0.65,1.82)
AA 7(3.4%) 11(2.8%) 0.277 2.30(0.51,10.35)
CA+AA vs. CC / / 0.591 1.15(0.70,1.88)
AA vs.CA+CC / / 0.327 2.06(0.49,8.75)

TNF rs1799724 N=205 N=398 0.893
CC 153(74.6%) 302(75.9%) / 1(Ref)
CT 48(23.4%) 90(22.6%) 0.984 1.01(0.59,1.73)
TT 4(2.0%) 6(1.5%) 0.500 2.17(0.23,20.75)
CT+TT vs. CC / / 0.888 1.04(0.61,1.77)
TT vs.CT+CC / / 0.495 2.22(0.23,21.93)

COX-2 rs5275 N=209 N=396 0.848
AA 139(66.5%) 270(68.2%) / 1(Ref)
GA 65(31.1%) 115(29.0%) 0.755 1.08(0.66,1.78)
GG 5(2.4%) 11(2.8%) 0.945 0.94(0.16,5.48)
GA+GG vs. AA / / 0.775 1.07(0.66,1.75)
GG vs. GA+AA / / 0.927 0.92(0.16,5.22)

COX-2 rs20417 N=208 N=393 0.881
CC 188(90.4%) 358(91.1%) / 1(Ref)
CG 19(9.1%) 34(8.7%) 0.755 0.87(0.37,2.05)
GG 1(0.5%) 1(0.3%) 0.867 2.34(0.00,47610.96)
CG+GG vs.CC / / 0.767 0.88(0.38,2.06)
GG vs.CG+CC / / 0.860 2.30(0.00,28090.30)

BCL2 rs2279115 N=209 N=395 0.470
GG 96(45.9%) 166(42.0%) / 1(Ref)
GT 88(42.1%) 169(42.8%) 0.944 1.02(0.63,1.64)
TT 25(12.0%) 60(15.2%) 0.218 0.61(0.28,1.34)
GT+TT vs.GG / / 0.728 0.92(0.58,1.46)
TT vs.GT+GG / / 0.210 0.64(0.32,1.28)
June 202
In the case group and the control group, there were significantly more people carrying the AKT1 rs1130233 heterozygous CT genotype than those carrying the wild type and the mutant
type(P=0.020). The carriers of the AKT1 rs1130233 TT genotype, dominance model (CT+TT vs. CC), recessive model (TT vs. CT+CC), or the AKT1 rs2494732 CC genotype had reduced
risk of HNSCC (P=0.014, P=0.041, P=0.046, P=0.043), whereas those with the PIGR rs291097 GA genotype, dominance model (GA+ AA vs. GG), or PIGR rs291102 dominance model
(GA+ AA vs. GG) had an increased risk of HNSCC (P=0.025, P=0.025, P=0.040).
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TABLE 3 | Stratified analysis of the association of 28 inflammation-associated gene SNPs with HNSCC risk.

Genetype SNP Cases Controls P value P value OR (95%CI)

Age>60
AKT1 rs1130233 N=84 N=17 0.332

CC 21(25.0%) 2(11.8%) / 1(Ref)
CT 41(48.8%) 8(47.1%) 0.610 0.64(0.124,3.52)
TT 22(26.2%) 7(41.2%) 0.150 0.29(0.05,1.57)
CT+TT vs. CC / / 0.302 0.44(0.09,2.10)
TT vs.CT+CC / / 0.165 0.45(0.15,1.38)

AKT1 rs2494732 N=85 N=17 0.460
TT 7(8.2%) 0(0%) / 1(Ref)
CT 39(45.9%) 9(52.9%) NA 3.55×10-8(3.55×10-8,3.55×10-8)
CC 39(45.9%) 8(47.1%) NA 2.74×10-8(2.74×10-8,2.74×10-8)

CT+CC vs. TT / / NA 8.80×10-8(8.80×10-8,8.80×10-8)

CC vs.CT+TT / / 0.851 0.90(0.31,2.60)
CR2 rs3813946 N=85 N=17 0.684

TT 62(72.9%) 14(82.4%) / 1(Ref)
CT 22(25.9%) 3(17.6%) 0.442 1.70(0.44,6.57)
CC 1(1.2%) 0(0%) NA NA
CT+CC vs. TT / / 0.411 1.76(0.46,6.79)
CC vs.CT+TT / / NA NA

IL10 rs1800871 N=83 N=17 0.186
AA 37(44.6%) 5(29.4%) / 1(Ref)
GA 40(48.2%) 12(70.6%) 0.176 0.45(1.14,1.43)
GG 6(7.2%) 0(0%) NA NA
GA+GG vs. AA / / 0.258 0.52(0.17,1.62)
GG vs. GA+AA 0.1 / NA NA

IL10 rs1800872 N=83 N=17 0.186
TT 37(44.6%) 5(29.4%) / 1(Ref)
GT 40(48.2%) 12(70.6%) 0.176 0.45(0.14,1.43)
GG 6(7.2%) 0(0%) NA NA
GT+GG vs.TT / / 0.258 0.52(0.17,1.62)
GG vs.GT+TT / / NA NA

IL10 rs1800896 N=84 N=17 0.806
TT 72(85.7%) 14(82.4%) / 1(Ref)
CT 11(13.1%) 3(17.6%) 0.648 0.72(0.17,2.96)
CC 1(1.2%) 0(0%) NA NA
CT+CC vs. TT / / 0.719 0.77(0.19,3.15)
CC vs.CT+TT / / NA NA

IL1A rs17561 N=84 N=17 0.764
CC 63(75.0%) 14(82.4%) / 1(Ref)
CA 20(23.8%) 3(17.6%) 0.733 1.27(0.32,5.02)
AA 1(1.2%) 0(0%) NA NA
CA+AA vs. CC / / 0.631 1.40(0.36,5.44)
AA vs.CA+CC / / NA NA

IL1B rs1143627 N=85 N=17 0.979
AA 19(22.4%) 4(23.5%) / 1(Ref)
AG 44(51.8%) 9(52.9%) 0.896 0.92(0.24,3.46)
GG 22(25.9%) 4(23.5%) 1.000 1.00(0.21,4.79)
AG+GG vs. AA / / 0.962 0.97(0.28,3.40)
GG vs. AG+AA / / 0.890 1.09(0.32,3.75)

IL1B rs16944 N=84 N=17 0.974
GG 19(22.6%) 4(23.5%) / 1(Ref)
GA 43(51.2%) 9(52.9%) 0.960 0.97(0.26,3.62)
AA 22(26.2%) 4(23.5%) 0.956 1.05(0.22,5.00)
GA+AA vs. GG / / 0.988 1.01(0.29,3.51)
AA vs.GA+GG / / 0.873 1.11(0.32,3.80)

IL1B rs1143634 N=84 N=17 0.610
GG 80(95.2%) 16(94.1%) / 1(Ref)
GA 4(4.8%) 1(5.9%) 0.927 0.90(0.09,8.89)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.927 0.90(0.09,8.89)
AA vs.GA+GG / / NA NA

IL1RN rs419598 N=63 N=16 0.007
TT 59(93.7%) 11(68.8%) / 1(Ref)
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TABLE 3 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

CT 3(4.8%) 5(31.3%) 0.013 0.12(0.02,0.64)
CC 1(1.6%) 0(0%) NA NA
CT+CC vs. TT / / 0.022 0.16(0.03,0.77)
CC vs.CT+TT / / NA NA

IL21R rs2189521 N=85 N=17 0.404
TT 52(61.2%) 13(76.5%) / 1(Ref)
CT 29(34.1%) 4(23.5%) 0.288 1.95(0.57,6.66)
CC 4(4.7%) 0(0%) NA NA
CT+CC vs. TT / / 0.203 2.21(0.65,7.50)
CC vs.CT+TT / / NA NA

IL4 rs2243250 N=85 N=17 0.446
CC 4(4.7%) 0(0%) / 1(Ref)
CT 29(34.1%) 8(47.1%) NA NA
TT 52(61.2%) 9(52.9%) NA NA
CT+TT vs. CC / / NA NA
TT vs.CT+CC / / 0.530 1.40(0.49,4.05)

IL4 rs2227284 N=85 N=17 0.293
TT 60(70.6%) 9(52.9%) / 1(Ref)
GT 24(28.2%) 8(47.1%) 0.126 0.43(0.15,1.27)
GG 1(1.2%) 0(0%) NA NA
GT+GG vs.TT / / 0.141 0.44(0.15,1.31)
GG vs.GT+TT / / NA NA

IL4RA rs1801275 N=83 N=17 0.901
AA 63(75.9%) 13(76.5%) / 1(Ref)
GA 19(22.9%) 4(23.5%) 0.832 0.87(0.25,3.07)
GG 1(1.2%) 0(0%) NA NA
GA+GG vs. AA / / 0.885 0.91(0.26,3.20)
GG vs. GA+AA / / NA NA

IL6 rs1800796 N=85 N=17 0.809
GG 17(20.0%) 4(23.5%) / 1(Ref)
CG 32(37.6%) 5(29.4%) 0.261 2.57(0.50,13.38)
CC 36(42.4%) 8(47.1%) 0.894 1.10(0.29,4.19)
CG+CC vs.GG / / 0.571 1.45(0.40,5.18)
CC vs.CG+GG / / 0.634 0.77(0.27,2.24)

PIGR rs291097 N=84 N=17 0.321
GG 78(92.9%) 17(100%) / 1(Ref)
GA 6(7.1%) 0(0.0%) NA NA
AA 0(0%) 0(0.0%) NA NA
GA+AA vs. GG / / NA NA
AA vs.GA+GG / / NA NA

PIGR rs291102 N=85 N=17 0.383
GG 69(81.2%) 15(88.2%) / 1(Ref)
GA 16(18.8%) 2(11.8%) 0.630 1.48(0.30,7.34)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.630 1.48(0.30,7.34)
AA vs.GA+GG / / NA NA

TNF rs1799964 N=85 N=17 0.996
TT 51(60.0%) 10(58.8%) / 1(Ref)
CT 29(34.1%) 5(35.3%) 0.934 1.05(0.34,3.27)
CC 5(5.9%) 1(5.9%) 0.925 0.89(0.09,9.22)
CT+CC vs. TT / / 0.899 1.07(0.36,3.18)
CC vs.CT+TT / / 0.931 0.91(0.10,8.49)

TNF rs1800629 N=85 N=17 0.833
GG 0(0%) 0(0%) / 1(Ref)
GA 84(98.8%) 17(100%) NA NA
AA 1(1.2%) 0(0%) NA NA
GA+AA vs. GG / / NA NA
AA vs.GA+GG / / NA NA

TNFRSF1A rs4149570 N=82 N=17 0.513
CC 21(25.6%) 6(35.3%) / 1(Ref)
CA 36(43.9%) 8(47.1%) 0.569 1.42(0.42,4.81)
AA 25(30.5%) 3(17.6%) 0.258 2.40(0.53,10.90)
CA+AA vs. CC / / 0.360 1.70(0.55,5.27)
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TABLE 3 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

AA vs.CA+CC / / 0.330 1.95(0.51,7.48)
TNFSF7 rs7259857 N=85 N=17 0.175

TT 63(74.1%) 15(88.2%) / 1(Ref)
CT 22(25.9%) 2(11.8%) 0.253 2.49(0.52,11.90)
CC 0(0%) 0(0%) NA NA
CT+CC vs. TT / / 0.253 2.49(0.52,11.90)
CC vs.CT+TT / / NA NA

TNF rs361525 N=85 N=17 0.267
GG 77(90.6%) 14(82.4%) / 1(Ref)
GA 8(9.4%) 3(17.6%) 0.452 0.57(0.13,2.49)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.452 0.57(0.13,2.49)
AA vs.GA+GG / / NA NA

TNF rs1800630 N=85 N=17 0.731
CC 57(67.1%) 12(70.6%) / 1(Ref)
CA 25(29.4%) 5(29.4%) 0.829 1.14(0.36,3.64)
AA 3(3.5%) 0(0%) NA NA
CA+AA vs. CC / / 0.706 1.25(0.39,3.96)
AA vs.CA+CC / / 0.327 2.06(0.49,8.75)

TNF rs1799724 N=82 N=17 0.806
CC 62(75.6%) 13(76.5%) / 1(Ref)
CT 18(22.0%) 4(23.5%) 0.970 0.98(0.28,3.44)
TT 2(2.4%) 0(0%) NA NA
CT+TT vs. CC / / 0.872 1.11(0.32,3.86)
TT vs.CT+CC / / NA NA

COX-2 rs5275 N=85 N=16 0.210
AA 61(71.8%) 8(50.0%) / 1(Ref)
GA 22(25.9%) 7(43.8%) 0.096 0.37(1.12,1.19)
GG 2(2.4%) 1(6.3%) 0.135 0.13(0.01,1.88)
GA+GG vs. AA / / 0.066 0.35(0.11,1.07)
GG vs. GA+AA / / 0.285 0.25(0.02,3.13)

COX-2 rs20417 N=85 N=17 0.557
CC 76(89.4%) 14(82.4%) / 1(Ref)
CG 8(9.4%) 3(17.6%) 0.217 0.39(0.09,1.74)
GG 1(1.2%) 0(0%) NA NA
CG+GG vs.CC / / 0.269 0.43(0.10,1.91)
GG vs.CG+CC / / NA NA

BCL2 rs2279115 N=85 N=17 0.355
GG 38(44.7%) 5(29.4%) / 1(Ref)
GT 34(40.0%) 10(58.8%) 0.149 0.41(0.12,1.38)
TT 13(15.3%) 2(11.8%) 0.851 0.84(0.14,4.96)
GT+TT vs.GG / / 0.228 0.50(0.16,1.55)
TT vs.GT+GG / / 0.703 1.37(0.27,6.80)

Age≤60
AKT1 rs1130233 N=124 N=383 0.031

CC 37(29.8%) 75(19.6%) / 1(Ref)
CT 57(46.0%) 181(47.3%) 0.007 0.64(0.39,1.05)
TT 30(24.2%) 127(33.2%) 0.014 0.48(0.27,0.86)
CT+TT vs. CC / / 0.021 0.57(0.36,0.92)
TT vs.CT+CC / / 0.080 0.66(0.41,1.05)

AKT1 rs2494732 N=124 N=378 0.212
TT 11(8.9%) 27(7.1%) / 1(Ref)
CT 58(46.8%) 149(39.4%) 0.765 0.89(0.41,1.93)
CC 55(44.4%) 202(53.4%) 0.191 0.59(0.27,1.30)
CT+CC vs. TT / / 0.379 0.71(0.34,1.51)
CC vs.CT+TT / / 0.085 0.69(0.46,1.05)

CR2 rs3813946 N=124 N=379 0.497
TT 92(74.2%) 299(78.9%) / 1(Ref)
CT 31(25.0%) 76(20.1%) 0.333 1.27(0.78,2.07)
CC 1(0.8%) 4(1.1%) 0.749 0.70(0.08,6.40)
CT+CC vs. TT / / 0.382 1.24(0.77,2.00)
CC vs.CT+TT / / 0.694 0.64(0.70,5.90)

IL10 rs1800871 N=125 N=383 0.913
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TABLE 3 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

AA 53(42.4%) 159(41.5%) / 1(Ref)
GA 58(46.4%) 185(48.3%) 0.801 0.95(0.61,1.46)
GG 14(11.2%) 39(10.2%) 0.996 1.00(0.50,2.00)
GA+GG vs. AA / / 0.825 0.95(0.63,1.45)
GG vs. GA+AA / / 0.943 1.02(0.53,1.98)

IL10 rs1800872 N=125 N=383 0.913
TT 53(42.4%) 159(41.5%) / 1(Ref)
GT 58(46.4%) 185(48.3%) 0.801 0.95(0.61,1.46)
GG 14(11.2%) 39(10.2%) 0.996 1.00(0.50,2.00)
GT+GG vs.TT / / 0.825 0.95(0.63,1.45)
GG vs.GT+TT / / 0.943 1.02(0.53,1.98)

IL10 rs1800896 N=125 N=383 0.651
TT 102(81.6%) 308(80.4%) / 1(Ref)
CT 22(17.6%) 74(19.3%) 0.504 0.83(0.49,1.42)
CC 1(0.8%) 1(0.3%) 0.382 3.62(0.20,64.97)
CT+CC vs. TT / / 0.582 0.86(0.51,1.46)
CC vs.CT+TT / / 0.374 0.67(0.21,64.70)

IL1A rs17561 N=124 N=383 0.932
CC 103(83.1%) 313(81.7%) / 1(Ref)
CA 20(16.1%) 66(17.2%) 0.785 0.93(0.53,1.62)
AA 1(0.8%) 4(1.0%) 0.679 0.63(0.07,5.79)
CA+AA vs. CC / / 0.725 0.91(0.53,1.56)
AA vs.CA+CC / / 0.703 0.65(0.07,5.98)

IL1B rs1143627 N=123 N=377 0.768
AA 32(26.0%) 107(28.4%) / 1(Ref)
AG 63(51.2%) 179(47.5%) 0.550 1.16(0.71,1.91)
GG 28(22.8%) 91(24.1%) 0.950 1.02(0.57,1.83)
AG+GG vs. AA / / 0.654 1.11(0.70,1.78)
GG vs. AG+AA / / 0.739 0.92(0.56,1.50)

IL1B rs16944 N=125 N=380 0.883
GG 33(26.4%) 107(28.2%) / 1(Ref)
GA 63(50.4%) 182(47.9%) 0.678 1.11(0.68,1.82)
AA 29(23.2%) 91(23.9%) 0.953 1.02(0.57,1.81)
GA+AA vs. GG / / 0.755 1.08(0.68,1.71)
AA vs.GA+GG / / 0.819 0.95(0.58,1.54)

IL1B rs1143634 N=125 N=383 0.838
GG 119(95.2%) 365(95.3%) / 1(Ref)
GA 6(4.8%) 17(4.4%) 0.858 1.09(0.41,2.89)
AA 0(0%) 1(0.3%) NA NA
GA+AA vs. GG / / 0.913 1.06(0.40,2.77)
AA vs.GA+GG / / NA NA

IL1RN rs419598 N=80 N=377 0.919
TT 69(86.3%) 325(86.2%) / 1(Ref)
CT 10(12.5%) 49(13.0%) 0.870 1.06(0.51,2.23)
CC 1(1.3%) 3(0.8%) 0.764 1.42(0.14,14.18)
CT+CC vs. TT / / 0.815 1.09(0.53,2.22)
CC vs.CT+TT / / 0.776 1.40(0.14,13.97)

IL21R rs2189521 N=123 N=378 0.049
TT 79(64.2%) 195(51.6%) / 1(Ref)
CT 38(30.9%) 156(41.3%) 0.031 0.61(0.39,0.96)
CC 6(4.9%) 27(7.1%) 0.208 0.55(0.22,1.39)
CT+CC vs. TT / / 0.019 0.60(0.39,0.92)
CC vs.CT+TT / / 0.381 0.66(0.26,1.67)

IL4 rs2243250 N=124 N=378 0.371
CC 5(4.0%) 13(3.4%) / 1(Ref)
CT 47(37.9%) 119(31.5%) 0.922 0.95(0.31,2.88)
TT 72(58.1%) 246(65.1%) 0.558 0.72(0.25,2.14)
CT+TT vs. CC / / 0.676 0.80(0.27,2.33)
TT vs.CT+CC / / 0.189 0.75(0.49,1.15)

IL4 rs2227284 N=124 N=378 0.216
TT 84(67.7%) 285(75.4%) / 1(Ref)
GT 36(29.0%) 86(22.8%) 0.323 1.27(0.79,2.02)
GG 4(3.2%) 7(1.9%) 0.266 2.08(0.57,7.59)
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GT+GG vs.TT / / 0.231 1.32(0.84,2.07)
GG vs.GT+TT / / 0.310 1.94(0.54,6.99)

IL4RA rs1801275 N=124 N=383 0.239
AA 89(71.8%) 259(67.6%) / 1(Ref)
GA 34(27.4%) 110(28.7%) 0.870 0.96(0.61,1.53)
GG 1(0.8%) 14(3.7%) 0.165 0.23(0.03,1.82)
GA+GG vs. AA / / 0.597 0.88(0.56,1.40)
GG vs. GA+AA / / 0.170 0.24(0.03,1.85)

IL6 rs1800796 N=124 N=378 0.411
GG 9(7.3%) 43(11.4%) / 1(Ref)
CG 55(44.4%) 165(43.7%) 0.444 1.37(0.61,3.07)
CC 60(48.4%) 170(45.0%) 0.281 1.54(0.70,3.38)
CG+CC vs.GG / / 0.338 1.45(0.68,3.11)
CC vs.CG+GG / / 0.616 1.11(0.74,1.68)

PIGR rs291097 N=125 N=383 0.077
GG 110(88.0%) 355(92.7%) / 1(Ref)
GA 15(12.0%) 28(7.3%) 0.108 1.74(0.86,3.44)
AA 0(0.0%) 0(0.0%) NA NA
GA+AA vs. GG / / 0.108 1.74(0.86,3.44)
AA vs.GA+GG / / NA NA

PIGR rs291102 N=123 N=379 0.591
GG 96(78.0%) 308(81.3%) / 1(Ref)
GA 25(20.3%) 68(17.9%) 0.376 1.27(0.75,2.14)
AA 2(1.6%) 3(0.8%) NA NA
GA / / 0.284 1.32(0.79,2.21)
AA vs.GA+GG / / NA NA

TNF rs1799964 N=124 N=378 0.775
TT 73(58.9%) 236(62.4%) / 1(Ref)
CT 45(36.3%) 126(33.3%) 0.537 1.15(0.74,1.78)
CC 6(4.8%) 16(4.2%) 0.666 1.25(0.46,3.38)
CT+CC vs. TT / / 0.493 1.16(0.76,1.77)
CC vs.CT+TT / / 0.740 1.18(0.44,3.15)

TNF rs1800629 N=124 N=379 0.567
GG 0(0%) 0(0%) / 1(Ref)
GA 124(100%) 377(99.5%) NA NA
AA 0(0%) 2(0.5%) NA NA
GA+AA vs. GG / / NA NA
AA vs.GA+GG / / NA NA

TNFRSF1A rs4149570 N=123 N=378 0.256
CC 22(17.9%) 95(25.1%) / 1(Ref)
CA 66(53.7%) 186(49.2%) 0.204 1.43(0.82,2.50)
AA 35(28.5%) 97(25.7%) 0.157 1.55(0.85,2.84)
CA+AA vs. CC / / 0.142 1.48(0.88,2.50)
AA vs.CA+CC / / 0.468 1.19(0.75,1.89)

TNFSF7 rs7259857 N=124 N=379 0.379
TT 103(83.1%) 307(81.0%) / 1(Ref)
CT 18(14.5%) 68(17.9%) 0.347 0.76(0.43,1.35)
CC 3(2.4%) 4(1.1%) NA NA
CT+CC vs. TT / / 0.539 0.84(0.49,1.45)
CC vs.CT+TT / / NA NA

TNF rs361525 N=124 N=379 0.506
GG 114(91.9%) 350(92.3%) / 1(Ref)
GA 10(8.1%) 29(7.7%) 0.957 0.98(0.46,2.10)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.957 0.98(0.46,2.10)
AA vs.GA+GG / / NA NA

TNF rs1800630 N=122 N=378 0.978
CC 84(68.9%) 262(69.3%) / 1(Ref)
CA 34(27.9%) 105(27.8%) 0.824 1.06(0.66,1.69)
AA 4(3.3%) 11(2.9%) 0.795 1.17(0.35,3.90)
CA+AA vs. CC / / 0.797 1.06(0.68,1.66)
AA vs.CA+CC / / 0.327 2.06(0.49,8.75)

TNF rs1799724 N=123 N=381 0.915
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CC 91(74.0%) 289(75.9%) / 1(Ref)
CT 30(24.4%) 86(22.6%) 0.737 1.09(0.67,1.77)
TT 2(1.6%) 6(1.5%) 0.930 0.93(0.18,4.79)
CT+TT vs. CC / / 0.764 1.08(0.67,1.73)
CT+TT vs. CC / / 0.908 0.91(1.18,4.67)

COX-2 rs5275 N=124 N=380 0.418
AA 78(62.9%) 262(68.9%) / 1(Ref)
GA 43(34.7%) 108(28.4%) 0.310 1.26(0.81,1.96)
GG 3(2.4%) 10(2.6%) 0.978 0.98(0.26,3.75)
GA+GG vs. AA / / 0.343 1.23(0.80,1.90)
GG vs. GA+AA / / 0.893 0.91(0.24,3.45)

COX-2 rs20417 N=123 N=376 0.826
CC 112(91.1%) 344(91.5%) / 1(Ref)
CG 11(8.9%) 31(8.2%) 0.968 0.99(0.47,2.05)
GG 0(0.0%) 1(0.3%) NA NA
CG+GG vs.CC / / 0.929 0.97(0.47,2.01)
GG vs.CG+CC / / NA NA

BCL2 rs2279115 N=124 N=378 0.276
GG 58(46.8%) 161(42.6%) / 1(Ref)
GT 54(43.5%) 159(42.1%) 0.920 1.02(0.66,1.59)
TT 12(9.7%) 58(15.3%) 0.057 0.51(0.25,1.02)
GT+TT vs.GG / / 0.462 0.86(0.57,1.30)
TT vs.GT+GG / / 0.037 0.49(0.25,0.96)

Male
AKT1 rs1130233 N=160 N=225 0.028

CC 48(30.0%) 42(18.7%) / 1(Ref)
CT 71(44.4%) 109(48.4%) 0.088 0.49(0.21,1.11)
TT 41(25.6%) 74(32.9%) 0.014 0.37(0.17,0.82)
CT+TT vs. CC / / 0.025 0.43(0.21,0.90)
TT vs.CT+CC / / 0.062 0.53(0.28,1.03)

AKT1 rs2494732 N=161 N=222 0.516
TT 13(8.1%) 13(5.9%) / 1(Ref)
CT 72(44.7%) 93(41.9%) 0.249 0.44(0.11,1.79)
CC 76(47.2%) 116(52.3%) 0.143 0.37(0.10,1.40)
CT+CC vs. TT / / 0.175 0.40(0.11,1.50)
CC vs.CT+TT / / 0.292 0.73(0.40,1.32)

CR2 rs3813946 N=161 N=222 0.226
TT 115(71.4%) 175(78.8%) / 1(Ref)
CT 44(27.3%) 44(19.8%) 0.915 1.04(0.52,2.07)
CC 2(1.2%) 3(1.4%) 0.152 0.21(0.02,1.78)
CT+CC vs. TT / / 0.829 0.93(0.47,1.82)
CC vs.CT+TT / / 0.130 0.19(0.02,1.64)

IL10 rs1800871 N=160 N=225 0.876
AA 68(42.5%) 92(40.9%) / 1(Ref)
GA 76(47.5%) 107(47.6%) 0.561 0.83(0.45,1.54)
GG 16(10.0%) 26(11.6%) 0.481 1.49(0.49,4.48)
GA+GG vs. AA / / 0.741 0.90(0.50,1.65)
GG vs. GA+AA / / 0.355 1.63(0.58,4.55)

IL10 rs1800872 N=160 N=225 0.876
TT 68(42.5%) 92(40.9%) / 1(Ref)
GT 76(47.5%) 107(47.6%) 0.561 0.83(0.45,1.54)
GG 16(10.0%) 26(11.6%) 0.481 1.49(0.49,4.48)
GT+GG vs.TT / / 0.741 0.90(0.50,1.65)
GG vs.GT+TT / / 0.355 1.63(0.58,4.55)

IL10 rs1800896 N=161 N=225 0.070
TT 134(83.2%) 175(77.8%) / 1(Ref)
CT 25(15.5%) 50(22.2%) 0.227 0.63(0.30,1.33)
CC 2(1.2%) 0(0%) NA NA
CT+CC vs. TT / / 0.305 0.68(0.32,1.42)
CC vs.CT+TT / / NA NA

IL1A rs17561 N=160 N=225 0.237
CC 130(81.3%) 179(79.6%) / 1(Ref)
CA 30(18.8%) 42(18.7%) 0.860 0.93(0.42,2.09)
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AA 0(0%) 4(1.8%) NA NA
CA+AA vs. CC / / 0.692 0.85(0.39,1.88)
AA vs.CA+CC / / NA NA

IL1B rs1143627 N=160 N=220 0.281
AA 35(21.9%) 63(28.6%) / 1(Ref)
AG 86(53.8%) 103(46.8%) 0.280 1.47(0.73,2.95)
GG 39(24.4%) 54(24.5%) 0.807 1.12(0.46,2.75)
AG+GG vs. AA / / 0.360 1.36(0.70,2.65)
GG vs. AG+AA / / 0.789 0.91(0.44,1.86)

IL1B rs16944 N=161 N=223 0.475
GG 37(23.0%) 63(28.3%) / 1(Ref)
GA 84(52.2%) 105(47.1%) 0.345 1.40(0.70,2.79)
AA 40(24.8%) 55(24.7%) 0.724 1.17(0.48,2.86)
GA+AA vs. GG / / 0.395 1.33(0.69,2.57)
AA vs.GA+GG / / 0.933 0.97(0.48,1.97)

IL1B rs1143634 N=161 N=225 0.388
GG 155(96.3%) 214(95.1%) / 1(Ref)
GA 6(3.7%) 11(4.9%) 0.979 0.98(0.23,4.11)
AA 0(0.0%) 0(0.0%) NA NA
GA+AA vs. GG / / 0.979 0.98(0.23,4.11)
AA vs.GA+GG / / NA NA

IL1RN rs419598 N=109 N=220 0.972
TT 98(89.9%) 196(89.1%) / 1(Ref)
CT 10(9.2%) 22(10.0%) 0.878 0.92(0.29,2.87)
CC 1(0.9%) 2(0.9%) 0.638 1.88(0.14,26.09)
CT+CC vs. TT / / 0.994 1.00(0.34,2.95)
CC vs.CT+TT / / 0.659 1.80(0.13,24.45)

IL21R rs2189521 N=160 N=222 0.364
TT 98(61.3%) 123(55.4%) / 1(Ref)
CT 55(34.4%) 83(37.4%) 0.631 1.17(0.62,2.21)
CC 7(4.4%) 16(7.2%) 0.703 0.78(0.22,2.79)
CT+CC vs. TT / / 0.748 1.11(0.60,2.03)
CC vs.CT+TT / / 0.636 0.74(0.21,2.60)

IL4 rs2243250 N=161 N=222 0.736
CC 6(3.7%) 7(3.2%) / 1(Ref)
CT 59(36.6%) 74(33.3%) 0.855 0.86(0.17,4.35)
TT 96(59.6%) 141(63.5%) 0.740 0.72(0.10,5.13)
CT+TT vs. CC / / 0.770 0.77(0.13,4.42)
TT vs.CT+CC / / 0.550 0.83(0.45,1.53)

IL4 rs2227284 N=161 N=222 0.715
TT 110(68.3%) 154(69.4%) / 1(Ref)
GT 47(29.2%) 65(29.3%) 0.988 1.00(0.52,1.91)
GG 4(2.5%) 3(1.4%) 0.372 3.91(0.20,78.06)
GT+GG vs.TT / / 0.872 1.05(0.55,2.01)
GG vs.GT+TT / / 0.366 3.36(0.24,46.79)

IL4RA rs1801275 N=159 N=225 0.609
AA 114(71.7%) 162(72.0%) / 1(Ref)
GA 43(27.0%) 57(25.3%) 0.745 1.17(1.13,1.20)
GG 2(1.3%) 6(2.7%) 0.638 0.59(0.06,5.44)
GA+GG vs. AA / / 0.831 1.07(0.56,2.07)
GG vs. GA+AA / / 0.605 0.54(0.05,5.50)

IL6 rs1800796 N=161 N=222 0.566
GG 21(13.0%) 22(9.9%) / 1(Ref)
CG 68(42.2%) 92(41.4%) 0.665 1.26(0.44,3.63)
CC 72(44.7%) 108(48.6%) 0.856 1.10(0.39,3.08)
CG+CC vs.GG / / 0.740 1.18(0.44,3.20)
CC vs.CG+GG / / 0.804 0.93(0.51,1.68)

PIGR rs291097 N=161 N=225 0.331
GG 146(90.7%) 208(92.4%) / 1(Ref)
GA 15(9.3%) 17(7.6%) 0.245 1.89(0.65,5.49)
AA 0(0.0%) 0(0.0%) NA NA
GA+AA vs. GG / / 0.245 1.89(0.65,5.49)
AA vs.GA+GG / / NA NA
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PIGR rs291102 N=160 N=222 0.613
GG 127(79.4%) 185(83.3%) / 1(Ref)
GA 32(20.0%) 36(16.2%) 0.304 1.51(0.69,3.31)
AA 1(0.6%) 1(0.5%) 0.889 1.33(0.02,74.43)
GA+AA vs. GG / / 0.301 1.51(0.69,3.27)
AA vs.GA+GG / / 0.920 1.22(0.02,62.17)

TNF rs1799964 N=161 N=221 0.904
TT 101(62.7%) 135(61.1%) / 1(Ref)
CT 52(32.3%) 76(34.4%) 0.693 1.14(0.61,2.13)
CC 8(5.0%) 10(4.5%) 0.728 1.38(0.22,8.52)
CT+CC vs. TT / / 0.646 1.16(0.63,2.13)
CC vs.CT+TT / / 0.758 1.31(0.23,7.37)

TNF rs1800629 N=161 N=221 0.413
GG 101(62.7%) 135(61.1%) / 1(Ref)
GA 0(0%) 0(0%) NA NA
AA 60(37.3%) 86(38.9%) NA NA
GA+AA vs. GG / / NA NA
AA vs.GA+GG / / 0.541 0.38(0.02,8.39)

TNFRSF1A rs4149570 N=158 N=225 0.422
CC 31(19.6%) 57(25.3%) / 1(Ref)
CA 84(53.2%) 110(48.9%) 0.065 2.14(0.96,4.81)
AA 43(27.2%) 58(25.8%) 0.300 1.62(0.65,4.01)
CA+AA vs. CC / / 0.090 1.92(0.90,4.10)
AA vs.CA+CC / / 0.817 0.92(0.47,1.82)

TNFSF7 rs7259857 N=161 N=222 0.832
TT 126(78.3%) 179(80.6%) / 1(Ref)
CT 33(20.5%) 41(18.5%) 0.905 1.05(0.48,2.31)
CC 2(1.2%) 2(0.9%) 0.283 3.86(0.33,45.27)
CT+CC vs. TT / / 0.695 1.16(0.55,2.48)
CC vs.CT+TT / / 0.276 3.95(0.33,46.85)

TNF rs361525 N=161 N=222 0.406
GG 146(90.7%) 204(91.9%) / 1(Ref)
GA 15(9.3%) 18(8.1%) 0.053 3.05(0.99,9.42)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.053 3.05(0.98,9.42)
AA vs.GA+GG / / NA NA

TNF rs1800630 N=159 N=222 0.708
CC 115(72.3%) 153(68.9%) / 1(Ref)
CA 40(25.2%) 61(27.5%) 0.462 0.78(0.40,1.52)
AA 4(2.5%) 8(3.6%) 0.478 0.46(0.05,3.95)
CA+AA vs. CC / / 0.392 0.75(0.39,1.45)
AA vs.CA+CC / / 0.520 0.50(0.06,4.18)

TNF rs1799724 N=160 N=223 0.997
CC 120(75.0%) 167(74.9%) / 1(Ref)
CT 37(23.1%) 52(23.3%) 0.777 1.11(0.55,2.23)
TT 3(1.9%) 4(1.8%) 0.703 1.97(0.06,63.57)
CT+TT vs. CC / / 0.733 1.13(0.56,2.26)
TT vs.CT+CC / / 0.714 1.90(0.06,58.99)

COX-2 rs5275 N=161 N=222 0.965
AA 105(65.2%) 144(64.9%) / 1(Ref)
GA 51(31.7%) 72(32.4%) 0.902 1.04(0.54,1.99)
GG 5(3.1%) 6(2.7%) 0.800 1.37(0.12,15.44)
GA+GG vs. AA / / 0.867 1.06(0.56,1.99)
GG vs. GA+AA / / 0.808 1.32(0.14,12.27)

COX-2 rs20417 N=160 N=219 0.503
CC 142(88.8%) 196(89.5%) / 1(Ref)
CG 17(10.6%) 23(10.5%) 0.607 0.77(0.28,2.12)
GG 1(0.6%) 0(0%) NA NA
CG+GG vs.CC / / 0.618 0.77(0.28,2.13)
GG vs.CG+CC / / NA NA

BCL2 rs2279115 N=161 N=222 0.036
GG 75(46.6%) 93(41.9%) / 1(Ref)
GT 68(42.2%) 82(36.9%) 0.824 0.93(0.49,1.75)
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TT 18(11.2%) 47(21.2%) 0.044 0.37(0.14,0.97)
GT+TT vs.GG / / 0.349 0.75(0.41,1.37)
TT vs.GT+GG / / 0.044 0.41(0.17,0.98)

Female
AKT1 rs1130233 N=48 N=175 0.299

CC 10(20.8%) 35(20.0%) / 1(Ref)
CT 27(56.3%) 80(45.7%) 0.914 1.05(0.42,2.66)
TT 11(22.9%) 60(34.3%) 0.457 0.66(0.22,2.00)
CT+TT vs. CC / / 0.792 0.89(0.36,2.17)
TT vs.CT+CC / / 0.288 0.64(0.28,1.46)

AKT1 rs2494732 N=48 N=173 0.118
TT 5(10.4%) 14(8.1%) / 1(Ref)
CT 25(52.1%) 65(37.6%) 0.716 0.79(0.22,2.81)
CC 18(37.5%) 94(54.3%) 0.183 0.40(0.10,1.54)
CT+CC vs. TT / / 0.370 0.57(0.16,1.96)
CC vs.CT+TT / / 0.098 0.54(0.26,1.12)

CR2 rs3813946 N=48 N=174 0.848
TT 39(81.3%) 138(79.3%) / 1(Ref)
CT 9(18.8%) 35(20.1%) 0.560 0.75(0.29,1.95)
CC 0(0%) 1(0.6%) NA NA
CT+CC vs. TT / / 0.504 0.73(0.28,1.86)
CC vs.CT+TT / / NA NA

IL10 rs1800871 N=48 N=175 0.790
AA 22(45.8%) 72(41.1%) / 1(Ref)
GA 22(45.8%) 90(51.4%) 0.472 0.76(0.36,1.61)
GG 4(8.3%) 13(7.4%) 0.963 1.03(0.27,4.00)
GA+GG vs. AA / / 0.525 0.79(0.38,1.64)
GG vs. GA+AA / / 0.786 1.19(0.33,4.28)

IL10 rs1800872 N=48 N=175 0.790
TT 22(45.8%) 72(41.1%) / 1(Ref)
GT 22(45.8%) 90(51.4%) 0.472 0.76(0.36,1.61)
GG 4(8.3%) 13(7.4%) 0.963 1.03(0.27,4.00)
GT+GG vs.TT / / 0.525 0.79(0.38,1.64)
GG vs.GT+TT / / 0.783 1.19(0.33,4.28)

IL10 rs1800896 N=48 N=175 0.855
TT 40(83.3%) 147(84.0%) / 1(Ref)
CT 8(16.7%) 27(15.4%) 0.583 1.31(0.50,3.47)
CC 0(0%) 1(0.6%) NA NA
CT+CC vs. TT / / 0.668 1.24(0.47,3.24)
CC vs.CT+TT / / NA NA

IL1A rs17561 N=48 N=175 0.015
CC 36(75.0%) 148(84.6%) / 1(Ref)
CA 10(20.8%) 27(15.4%) 0.440 1.44(0.57,3.61)
AA 2(4.2%) 0(0%) NA NA
CA+AA vs. CC / / 0.264 1.66(0.68,4.02)
AA vs.CA+CC / / NA NA

IL1B rs1143627 N=48 N=174 0.725
AA 16(33.3%) 48(27.6%) / 1(Ref)
AG 21(43.8%) 85(48.9%) 0.126 0.52(0.22,1.20)
GG 11(22.9%) 41(23.6%) 0.112 0.44(0.16,1.21)
AG+GG vs. AA / / 0.060 0.46(0.20,1.03)
GG vs. AG+AA / / 0.322 0.64(0.27,1.54)

IL1B rs16944 N=48 N=174 0.870
GG 15(31.3%) 48(27.6%) / 1(Ref)
GA 22(45.8%) 86(49.4%) 0.157 0.54(0.23,1.27)
AA 11(22.9%) 40(23.0%) 0.148 0.47(0.17,1.31)
GA+AA vs. GG / / 0.079 0.48(0.21,1.09)
AA vs.GA+GG / / 0.359 0.66(0.28,1.59)

IL1B rs1143634 N=48 N=175 0.414
GG 44(91.7%) 167(95.4%) / 1(Ref)
GA 4(8.3%) 7(4.0%) 0.545 1.61(0.34,7.62)
AA 0(0.0%) 1(0.6%) NA NA
GA+AA vs. GG / / 0.563 1.57(0.34,7.32)

(Continued)
Frontiers in Oncology
 | www.frontiersin.org
 16
 June 202
1 | Volume 11 | Article 651632

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Li et al. HNSCC Risk and Radiotherapy Sensitivity
TABLE 3 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

AA vs.GA+GG / / NA NA
IL1RN rs419598 N=34 N=173 0.183

TT 30(88.2%) 140(80.9%) / 1(Ref)
CT 3(8.8%) 32(18.5%) 0.060 0.25(0.06,1.06)
CC 1(2.9%) 1(0.6%) 0.787 1.56(0.06,39.87)
CT+CC vs. TT / / 0.083 0.32(0.09,1.16)
CC vs.CT+TT / / 0.663 2.01(0.09,46.98)

IL21R rs2189521 N=48 N=173 0.044
TT 33(68.8%) 85(49.1%) / 1(Ref)
CT 12(25.0%) 77(44.5%) 0.022 0.39(0.17,0.87)
CC 3(6.3%) 11(6.4%) 0.760 0.79(0.17,3.59)
CT+CC vs. TT / / 0.030 0.43(0.20,0.92)
CC vs.CT+TT / / 0.860 1.15(0.24,5.56)

IL4 rs2243250 N=48 N=173 0.517
CC 3(6.3%) 6(3.5%) / 1(Ref)
CT 17(35.4%) 53(30.6%) 0.609 0.63(0.11,3.73)
TT 28(58.3%) 114(65.9%) 0.360 0.43(0.07,2.65)
CT+TT vs. CC / / 0.432 0.50(0.09,2.85)
TT vs.CT+CC / / 0.281 0.66(0.32,1.40)

IL4 rs2227284 N=48 N=173 0.272
TT 34(70.8%) 140(80.9%) / 1(Ref)
GT 13(27.1%) 29(16.8%) 0.113 2.03(0.85,4.85)
GG 1(2.1%) 4(2.3%) 0.697 1.69(0.12,23.95)
GT+GG vs.TT / / 0.111 2.00(0.85,4.67)
GG vs.GT+TT / / 0.798 1.40(0.11,18.01)

IL4RA rs1801275 N=48 N=175 0.066
AA 38(79.2%) 110(62.9%) / 1(Ref)
GA 10(20.8%) 57(32.6%) 0.450 0.72(0.31,1.68)
GG 0(0%) 8(4.6%) NA NA
GA+GG vs. AA / / 0.265 0.62(0.27,1.43)
GG vs. GA+AA / / NA NA

IL6 rs1800796 N=48 N=173 0.469
GG 5(10.4%) 25(14.5%) / 1(Ref)
CG 19(39.6%) 78(45.1%) 0.996 1.00(0.29,3.40)
CC 24(50.0%) 70(40.5%) 0.330 1.85(0.54,6.37)
CG+CC vs.GG / / 0.613 1.35(0.42,4.33)
CC vs.CG+GG / / 0.102 1.86(0.89,3.90)

PIGR rs291097 N=48 N=175 0.131
GG 42(87.5%) 164(93.7%) / 1(Ref)
GA 6(12.5%) 11(6.3%) 0.042 3.43(1.05,11.23)
AA 0(0.0%) 0(0.0%) NA NA
GA+AA vs.GG / / 0.042 3.43(1.05,11.23)
AA vs.GA+GG / / NA NA

PIGR rs291102 N=48 N=174 0.880
GG 38(79.2%) 138(79.3%) / 1(Ref)
GA 9(18.8%) 34(19.5%) 0.123 2.15(0.81,5.67)
AA 1(2.1%) 2(1.1%) 0.253 5.18(0.31,87.06)
GA+AA vs. GG / / 0.094 2.22(0.87,5.63)
AA vs.GA+GG / / 0.302 4.27(0.27,67.58)

TNF rs1799964 N=48 N=174 0.137
TT 23(47.9%) 111(63.8%) / 1(Ref)
CT 22(45.8%) 56(32.2%) 0.261 1.55(0.72,3.33)
CC 3(6.3%) 7(4.0%) 0.215 3.00(0.53,17.02)
CT+CC vs. TT / / 0.175 1.66(0.80,3.45)
CC vs.CT+TT / / 0.296 2.43(0.46,12.89)

TNF rs1800629 N=48 N=174 0.035
GG 23(47.9%) 111(63.8%) / 1(Ref)
GA 0(0%) 0(0%) NA NA
AA 25(52.1%) 63(36.2%) NA NA
GA+AA vs. GG / / NA NA
AA vs.GA+GG / / NA NA

TNFRSF1A rs4149570 N=47 N=170 0.253
CC 12(25.5%) 44(25.9%) / 1(Ref)

(Continued)
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GA genotype, dominance model (GA+ AA vs. GG), and PIGR
rs291102 dominance model (GA+ AA vs. GG) showed increased
risk of HNSCC (P<0.05). In addition, we found that the IL-1RN
rs419598, IL-21R rs2189521, and BCL2 rs2279115 genotypes were
associated with reduced HNSCC risk, while the TNF rs1800630
Frontiers in Oncology | www.frontiersin.org 18
genotype was associated with increased HNSCC risk. These findings
provide experimental evidence to support these genes or SNPs as
potential biomarkers of specific types of HNSCC.

It is estimated that infectious diseases and chronic
inflammation account for approximately 25% of cancer-
TABLE 3 | Continued

Genetype SNP Cases Controls P value P value OR (95%CI)

CA 18(38.3%) 84(49.4%) 0.344 0.63(0.24,1.63)
AA 17(36.2%) 42(24.7%) 0.556 1.32(0.53,3.31)
CA+AA vs. CC / / 0.728 0.86(0.37,2.01)
AA vs.CA+CC / / 0.163 1.74(0.80,3.80)

TNFSF7 rs7259857 N=48 N=174 0.840
TT 40(83.3%) 143(82.2%) / 1(Ref)
CT 7(14.6%) 29(16.7%) 0.832 0.89(0.31,2.54)
CC 1(2.1%) 2(1.1%) 0.578 2.07(0.16,27.08)
CT+CC vs. TT / / 0.969 0.98(0.36,2.63)
CC vs.CT+TT / / 0.578 2.06(0.16,26.36)

TNF rs361525 N=48 N=174 0.478
GG 45(93.8%) 160(92.0%) / 1(Ref)
GA 3(6.3%) 4(8.0%) 0.227 0.41(0.10,1.74)
AA 0(0%) 0(0%) NA NA
GA+AA vs. GG / / 0.227 0.41(0.10,1.74)
AA vs.GA+GG / / NA NA

TNF rs1800630 N=48 N=173 0.056
CC 26(54.2%) 121(69.9%) / 1(Ref)
CA 19(39.6%) 49(28.3%) 0.141 1.81(0.82,3.97)
AA 3(6.3%) 3(1.7%) 0.036 9.42(1.16,76.25)
CA+AA vs. CC / / 0.059 2.075(0.97,4.40)
AA vs.CA+CC / / 0.056 6.71(0.95,47.39)

TNF rs1799724 N=45 N=175 0.781
CC 33(73.3%) 135(77.1%) / 1(Ref)
CT 11(24.4%) 38(21.7%) 0.872 0.93(0.39,2.25)
TT 1(2.2%) 2(1.1%) 0.524 2.59(0.14,48.43)
CT+TT vs. CC / / 0.971 0.98(0.42,2.33)
TT vs.CT+CC / / 0.513 2.75(0.13,57.01)

COX-2 rs5275 N=48 N=174 0.431
AA 34(70.8%) 126(72.4%) / 1(Ref)
GA 14(29.2%) 43(24.7%) 0.643 1.22(0.54,2.72)
GG 0(0%) 5(2.9%) NA NA
GA+GG vs. AA / / 0.745 1.14(0.51,2.53)
GG vs. GA+AA / / NA NA

COX-2 rs20417 N=48 N=174 0.739
CC 46(95.8%) 162(93.1%) / 1(Ref)
CG 2(4.2%) 11(6.3%) 0.912 1.10(0.20,6.24)
GG 0(0.0%) 1(0.6%) NA NA
CG+GG vs.CC / / 0.932 1.08(0.19,6.05)
GG vs.CG+CC / / NA NA

BCL2 rs2279115 N=48 N=173 0.263
GG 21(43.8%) 73(42.2%) / 1(Ref)
GT 20(41.7%) 87(50.3%) 0.899 1.05(0.49,2.25)
TT 7(14.6%) 13(7.5%) 0.354 1.89(0.49,7.26)
GT+TT vs.GG / / 0.616 1.21(0.58,2.52)
TT vs.GT+GG / / 　 0.314 1.83(0.56,5.98)
June 202
In the group older than 60 years, the IL1RN rs419598 TT genotype was the most in the case group and the control group (P=0.007). In the subgroup younger than 60 years old, AKT1
rs1130233 CT genotype and IL21R rs2189521 TT wild-type was the most in the case group and the control group (P=0.031, P=0.049). Among men, AKT1 rs1130233 CT heterozygosity
(P=0.028) and BCL2 rs2279115 GG genotype were the most (P=0.036) in the case group and the control group. Among women, IL1A rs17561 CC genotype and IL-21R rs2189521 TT
genotype were the most among the case group and the control group (P=0.015, P=0.044). However, normal people with TNF rs1800629 GG genotype was the most in control group, and
AA gene was the most in cases (P=0.044).In the same time, in stratified analyses, we found that the IL-1RN rs419598 TT genotype and dominance model (CT+TT vs. CC) conferred a
0.12-fold and 0.16-fold reduction in HNSCC progression, respectively, in individuals older than age 60(P=0.013, P=0.022). However, in those age 60 or younger, the AKT1 rs1130233 TT
genotype and dominance model (CT+TT vs. CC) (P=0.014, P=0.021) , IL-21R rs2189521 CT genotype and dominance model (CT+ CC vs. TT) (P=0.031, P=0.019), and BCL2 rs2279115
recessive model (TT vs. GT+GG) (P=0.037) conferred a 0.48-fold, 0.57-fold, 0.61-fold, 0.60-fold, and 0.49-fold reduction in HNSCC progression, respectively. In addition, in men, the
AKT1 rs1130233 TT genotype and dominance model (CT+TT vs. CC) (P=0.014, P=0.025)and the BCL2 rs2279115 TT genotype and recessive model (TT vs. GT+GG) (P=0.044,
P=0.044)conferred a 0.37-fold, 0.43-fold, 0.37-fold, and 0.41-fold reduction in HNSCC progression, respectively. In women, the IL-21R rs2189521 CT genotype and dominance model
(CT+TT vs. TT) conferred a 0.39-fold and 0.43-fold reduction in HNSCC progression(P=0.022, P=0.030), respectively. However, the PIGR rs291097 GA genotype and dominance model
(GA+AA vs. GG) (P=0.042, P=0.042) and the TNF rs1800630 AA genotype (P=0.036) conferred a 3.43-fold, 3.43-fold, and 9.42-fold increase in HNSCC progression, respectively.
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TABLE 4 | Association of 28 inflammation-associated gene SNPs with radiotherapy sensitivity of HNSCC patients.

Genetype Non-sensitivity Sensitivity P value

AKT1 rs1130233 N=17 N=28 0.363
CC 7(15.6%) 7(15.6%)
CT 5(11.1%) 14(31.1%)
TT 5(11.1%) 7(15.6%)

AKT1 rs2494732 N=17 N=28 0.560
TT 2(4.4%) 16(35.6%)
CT 8(17.8%) 9(20.0%)
CC 7(15.6%) 3(6.7%)

CR2 rs3813946 N=17 N=28 0.645
TT 13(28.9%) 23(51.1%)
CT 4(8.9%) 5(11.1%)
CC 0(0%) 0(0%)

IL10 rs1800871 N=16 N=28 0.809
AA 9(20.5%) 14(31.8%)
GA 6(13.6%) 13(29.5%)
GG 1(2.3%) 1(2.3%)

IL10 rs1800872 N=16 N=28 0.809
TT 9(20.5%) 14(31.8%)
GT 6(13.6%) 13(29.5%)
GG 1(2.3%) 1(2.3%)

IL10 rs1800896 N=17 N=28 0.814
TT 15(33.3%) 24(53.3%)
CT 1(2.2%) 3(6.7%)
CC 1(2.2%) 1(2.2%)

IL1A rs17561 N=17 N=28 0.342
CC 11(24.4%) 21(46.7%)
CA 6(13.3%) 7(15.6%)
AA 0(0%) 0(0%)

IL1B rs1143627 N=17 N=28 0.115
AA 1(2.2%) 9(20.0%)
AG 11(24.4%) 14(31.1%)
GG 5(11.1%) 5(11.1%)

IL1B rs16944 N=17 N=28 0.274
GG 2(4.4%) 9(20.0%)
GA 10(22.2%) 14(31.1%)
AA 5(11.1%) 5(11.1%)

IL1B rs1143634 N=17 N=28 0.316
GG 15(33.3%) 27(60.0%)
GA 2(4.4%) 1(2.2%)
AA 0(0%) 0(0%)

IL1RN rs419598 N=14 N=24 0.731
TT 13(34.2%) 21(55.3%)
CT 1(2.6%) 2(5.3%)
CC 0(0%) 1(2.6%)

IL21R rs2189521 N=17 N=28 0.505
TT 11(24.4%) 18(40.0%)
CT 6(13.3%) 8(17.8%)
CC 0(0%) 2(4.4%)

IL4 rs2243250 N=17 N=28 0.108
CC 2(4.4%) 1(2.2%)
CT 10(22.2%) 10(22.2%)
TT 5(11.1%) 17(37.8%)

IL4 rs2227284 N=17 N=28 0.057
TT 6(13.3%) 20(44.4%)
GT 10(22.2%) 7(15.6%)
GG 1(2.2%) 1(2.2%)

IL4RA rs1801275 N=16 N=28 0.030
AA 15(34.1%) 18(40.9%)
GA 1(2.3%) 10(22.7%)
GG 0(0%) 0(0%)

IL6 rs1800796 N=17 N=28 0.814
GG 2(4.4%) 5(11.1%)
CG 7(15.6%) 12(26.7%)
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causing factors (16). Inflammation may act at multiple stages of
disease development to disrupt tissue homeostasis, induce
aberrant proliferative responses, modulate the tumor
microenvironment, and compromise immune surveillance (50–
52). Inflammatory cells and related signaling molecules can also
be used by tumors to facilitate progression and metastasis by
generating a favorable microenvironment, as well as promoting
genetic instability and angiogenesis (53). Inflammatory
physiological changes, such as oxidative stress, exert
downstream genotoxic effects (54). When sustained over
extended periods, these changes promote the emergence of
Frontiers in Oncology | www.frontiersin.org 20
cancer-initiating mutations (55). Genetic variations in
inflammation-related genes potentially complement prediction
of HNSCC risk. Gene polymorphisms are a common genetic
variant. The most common polymorphic form is a base
difference, termed a single nucleotide polymorphism (3).

AKT, the v-AKT murine thymoma viral oncogene homolog,
maps to human chromosome 14q32.32 and encodes a 56-kDa
protein, comprising 480 amino acids (56). AKT is an important
effector of the PI3K/AKT/MTOR signaling pathway, and genetic
mutations or abnormal protein expression can alter a variety of
cellular processes including migration, proliferation, growth, and
TABLE 4 | Continued

Genetype Non-sensitivity Sensitivity P value

CC 8(17.8%) 11(24.4%)
PIGR rs291097 N=17 N=28 0.462

GG 13(28.9%) 23(51.1%)
GA 4(8.9%) 5(11.1%)
AA 0(0%) 0(0%)

PIGR rs291102 N=17 N=28 0.605
GG 12(26.7%) 20(44.4%)
GA 5(11.1%) 8(17.8%)
AA 0(0%) 0(0%)

TNF rs1799964 N=17 N=28 0.571
TT 7(15.6%) 16(35.6%)
CT 8(17.8%) 10(22.2%)
CC 2(4.4%) 2(4.4%)

TNF rs1800629 N=17 N=28 NA
GG 0(0%) 0(0%)
GA 17(37.8%) 28(62.2%)
AA 0(0%) 0(0%)

TNFRSF1A rs4149570 N=16 N=27 0.347
CC 2(4.7%) 8(18.6%)
CA 8(18.6%) 13(30.2%)
AA 6(14.0%) 6(14.0%)

TNFSF7 rs7259857 N=17 N=28 0.462
TT 15(33.3%) 23(51.1%)
CT 2(4.4%) 5(11.1%)
CC 0(0%) 0(0%)

TNF rs361525 N=17 N=28 0.407
GG 14(31.1%) 25(55.6%)
GA 3(6.7%) 3(6.7%)
AA 0(0%) 0(0%)

TNF rs1800630 N=17 N=28 0.761
CC 10(22.2%) 19(42.2%)
CA 6(13.3%) 7(15.6%)
AA 1(2.2%) 2(4.4%)

TNF rs1799724 N=17 N=28 0.498
CC 15(33.3%) 21(46.7%)
CT 1(2.2%) 5(11.1%)
TT 1(2.2%) 2(4.4%)

COX-2 rs5275 N=17 N=28 0.496
AA 13(28.9%) 20(44.4%)
GA 4(8.9%) 8(17.8%)
GG 0(0%) 0(0%)

COX-2 rs20417 N=17 N=28 0.378
CC 16(35.6%) 28(62.2%)
CG 1(2.2%) 0(0%)
GG 0(0%) 0(0%)

BCL2 rs2279115 N=17 N=28 0.333
GG 8(17.8%) 19(42.2%)
GT 7(15.6%) 6(13.3%)
TT 2(4.4%) 37(6.7%)
June 2021 | Volume 11 | Article
Compared with those with other genotypes, HNSCC patients carrying the IL-4RA rs1801275 AA wild-type genotype (40.9%) were more sensitive to radiotherapy (P=0.030).
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survival (57). AKT SNPs are reported to be associated with
susceptibility to various cancer types, such as nasopharyngeal
carcinoma (NPC), OSCC, non-small cell lung cancer, pancreatic
ductal adenocarcinoma, and GC via effects on protein expression
and transcriptional activity (12, 36, 56, 58–60). Zhang et al.
reported that the AKT1 rs1130233 and rs2494732 AA genotypes
were associated with a significantly increased susceptibility to
NPC risk in a Chinese population (36). Another study also
reported an association between the AKT1 polymorphism and
cancer metastasis (58). Collectively, these observations indicate
that our findings of associations existing between AKT1 SNPs
and the risk of HNSCC are biologically relevant.
Frontiers in Oncology | www.frontiersin.org 21
PIGR is a member of the immunoglobulin superfamily and
transports immunoglobulin A (IgA) onto mucosal surfaces (61).
PIGR has been described as a putative cancer biomarker in a few
studies on various cancers, the majority of which indicate an
association between low PIGR expression and more aggressive
disease (61). Individuals carrying the PIGR rs291097 T allele
have a higher risk of NPC in Guangdong Province, China (14).
The PIGR rs291102 genotype is a missense mutation changing
alanine to valine near an endoproteolytic cleavage site. This
variant could alter the efficiency of PIGR to release the IgA-EBV
complex and consequently increase the susceptibility of
populations in endemic areas to develop NPC (13). Chen et al.
reported that the risk of HNSCC may be associated with SNPs in
the BCL2 promoter region (43). Some scholars consider that
TNF-a SNPs (rs1800629, rs1799724, rs1800630, and rs1799964)
may individually or, more likely, jointly affect individual
susceptibility to HPV16-associated OSCC, particularly
squamous cell carcinoma of the oropharynx (SCCOP) in never
smokers (38). Our results are similar to the abovementioned
findings, which suggests that inflammatory-related gene SNPs
are closely related to the risk of HNSCC in different populations
and different cases.

Following stratified analyses, we found that the IL-1RN rs419598
TT genotype and dominance model (CT+ CC vs. TT) were
associated with reduced HNSCC risk in individuals older than 60
years of age. However, in those age 60 and younger, the AKT1
rs1130233 TT genotype and dominance model (CT+TT vs. CC),
the IL-21R rs2189521 CT genotype and dominance model (CT+
CC vs. TT), and the BCL2 rs2279115 recessive model (TT vs. GT
+GG) were associated with reduced HNSCC risk. In addition, in
men, the AKT1 rs1130233 TT genotype and dominance model (CT
+TT vs. CC) and the BCL2 rs2279115 TT genotype and recessive
model (TT vs. GT+GG) were associated with reduced HNSCC risk.
In women, however, the IL-21R rs2189521 CT genotype and
dominance model (CT+ CC vs. TT) were associated with reduced
HNSCC risk. Additionally, the PIGR rs291097 GA genotype and
dominance model (GA+AA vs. GG) and the TNF rs1800630 AA
genotype were associated with increased HNSCC risk in women.
These genes are all inflammatory-related genes, and these results
suggest that inflammatory-related gene SNPs are closely related to
the risk of HNSCC patients.

From our research data, the correlation between various
genotypes and the risk of HNSCC may be related to the
differences in the distribution of different clinicopathological
parameters. We also compared the genotype distribution of these
polymorphisms in HNSCC patients with different
clinicopathological parameters. We found that the heterozygous
and dominant models of the AKT1 rs1130233 polymorphism were
significantly related to non-distant metastasis. This phenomenon
may indicate that the carrier of AKT1 rs1130233 dominance model
has a low risk of cancer and is not prone to distant metastasis, which
may indicate they have a long survival time. The IL-1RN rs419598
wild-type genotype was significantly related to stage III-IV disease,
the PIGR rs291102 wild-type genotype was significantly related to
normal levels of CYFRA, and the BCL2 rs2279115 wild-type
genotype was significantly related to lymph node metastasis.
TABLE 5 | Association of clinicopathological parameters with radiotherapy
sensitivity of HNSCC patients.

Characteristics Non-sensitivity Sensitivity P value

Age 0.033
Age≤60 6 19
Age>60 11 9

Gender 0.277
Female 4 11
Male 13 17

T stage 0.440
1-2 8 12
3-4 6 15

N stage 0.646
Negative 1 1
Positive 14 27

M stage 0.265
Negative 15 25
Positive 0 3

Clinical stage 0.552
I–II 2 2
III–IV 14 26

Smoking 0.033
No 6 19
Yes 11 9

Drinking 0.384
No 10 20
Yes 7 8

Family history of cancer 0.869
No 13 22
Yes 4 6

SCC 0.030
Normal 9 17
Increased 5 1

CEA 0.474
Normal 8 10
Increased 1 0

CYFRA 0.197
Normal 1 3
Increased 4 2

EBV 0.800
Negative 3 11
Positive 0 1

Blood type 0.900
A 3 6
B 3 3
AB 1 1

　 O 2 2 　
We found that age ≤ 60 years, non-smoker status, and normal levels of SCC were
associated with increased radiotherapy sensitivity of HNSCC patients (P=0.033; P=0.033;
P=0.030, respectively).
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TABLE 6 | Association of significant inflammation-associated gene SNPs with clinicopathological parameters of HNSCC patients.

PIGR rs291097 PIGR rs291102

ecessive Wild Heterozygous P

value

Mutation P

value

Pdominance Precessive Wild Heterozygous P

value

Mutation P

value

Pdominance Precessive

.724 0.117 NA 0.117 NA 0.752 0.238 0.604 0.242

125 20 0 111 30 2

89 7 0 78 19 0

.041 0.584 NA 0.584 NA 0.896 0.428 0.989 0.123

53 8 0 48 12 1

161 19 0 141 37 1

.518 0.993 NA 0.993 NA 0.706 0.282 0.820 0.274

89 13 0 77 24 0

75 11 0 66 18 1

.292 0.478 NA 0.478 NA 0.973 0.498 0.956 0.497

55 6 0 47 14 0

116 18 0 102 30 1

.171 0.342 NA 0.342 NA 0.671 0.784 0.700 0.777

167 22 0 146 41 1

12 3 0 11 4 0

.031 0.439 NA 0.439 NA 0.734 0.556 0.795 0.550

51 5 0 42 13 0

136 20 0 121 33 1

.815 0.618 NA 0.618 NA 0.317 0.136 0.215 0.149

106 12 0 89 27 2

108 15 0 100 22 0

.651 0.497 NA 0.497 NA 0.119 0.166 0.077 0.188

112 16 0 96 31 2

102 11 0 93 18 0

.061 0.486 NA 0.486 NA 0.786 0.508 0.701 0.513

178 21 0 155 41 2

36 6 0 34 8 0

.861 0.073 NA 0.073 NA 0.128 0.643 0.156 0.605

74 10 0 65 17 1

16 6 0 14 8 0

.036 0.897 NA 0.897 NA 0.662 0.652 0.585 0.668

58 10 0 49 16 2

5 1 0 5 1 0

.824 0.082 NA 0.082 NA 0.041 NA 0.041 NA

14 2 0 14 2 0

11 7 0 10 8 0

.000 0.635 NA 0.635 NA 1.000 NA 1.000 NA

27 3 0 25 5 0

5 1 0 5 1 0

.549 0.183 NA 0.183 NA 0.533 0.707 0.665 0.669

35 8 0 31 12 0

34 1 0 29 5 1

14 2 0 10 4 0

　 35 4 　 0 　 　 　 29 10 　 1 　 　 　

related to lymph node metastasis and non-distant metastasis (P=0.034, P=0.046). The recessive model of AKT1
041, P=0.031, P=0.036). The IL-1RN rs419598 wild-type genotype was significantly related to stage III-IV disease,
ent 19 (CYFRA) (P=0.041).
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Characteristics AKT1 rs1130233 AKT1 rs2494732

Wild Heterozygous P

value

Mutation P

value

Pdominance Precessive Wild Heterozygous P

value

Mutation P

value

Pdominance P

Age 0.675 0.661 0.634 0.806 0.649 0.862 0.740

Age≤60 40 70 34 13 69 62

Age>60 24 48 24 40 43 44

Gender 0.111 0.852 0.273 0.195 0.613 0.093 0.272

Female 13 37 11 8 33 20

Male 51 81 47 15 79 86

T stage 0.410 0.601 0.706 0.261 0.672 0.476 0.556

1-2 28 53 20 11 49 42

3-4 26 37 23 7 39 39

N stage 0.034 0.327 0.055 0.821 0.393 0.902 0.589

Negative 12 35 13 5 34 23

Positive 45 58 31 14 58 60

M stage 0.046 0.104 0.051 0.737 0.333 0.145 0.197

Negative 57 88 43 19 91 79

Positive 1 10 4 0 6 9

Clinical stage 0.065 0.625 0.126 0.510 0.879 0.170 0.458

I-II 11 33 11 7 31 18

III-IV 48 70 38 14 67 74

Smoking 0.486 0.208 0.311 0.293 0.849 0.980 0.909

No 28 58 32 11 56 51

Yes 36 60 26 12 56 55

Drinking 0.381 1.000 0.533 0.559 0.522 0.434 0.458

No 32 67 29 14 60 55

Yes 32 51 29 9 52 51

Family history of

cancer

0.797 0.191 0.759 1.000 0.279 0.918 0.560

No 52 94 52 20 86 93

Yes 12 24 6 3 26 13

SCC 0.909 0.731 0.819 0.737 0.455 0.466 0.448

Normal 25 39 20 8 39 36

Increased 6 10 6 1 11 10

CEA 0.379 0.125 0.155 0.147 0.978 0.189 0.539

Normal 16 34 18 6 31 30

Increased 3 3 0 1 5 0

CYFRA 0.901 0.782 0.849 0.803 0.200 0.393 0.233

Normal 4 9 3 3 8 5

Increased 4 10 4 1 12 5

EBV 0.539 0.400 0.877 0.183 0.814 0.862 0.829

Negative 11 12 7 4 11 15

Positive 2 1 3 1 2 3

Blood type 0.334 0.612 0.307 0.844 0.269 0.654 0.416

A 10 23 10 4 18 21

B 9 19 7 6 12 17

AB 7 5 3 3 6 6

　 O 9 19 　 11 　 　 　 3 23 　 14 　 　

Among the SNPs related to the risk of HNSCC, the heterozygous and dominant model of AKT1 rs1130233 were significantly
rs2494732 was significantly related to male sex, stage III-IV disease, and normal carcinoembryonic antigen (CEA) levels (P=0.
the PIGR rs291102 wild-type genotype and dominance model were significantly related to normal levels of cytokeratin frag
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These results suggest that individuals with the IL-1RN rs419598, or
BCL2 rs2279115 polymorphisms showed a significant reduction in
HNSCC risk progression, whereas those with the PIGR rs291102
dominance model had increased HNSCC risk. In addition, we
found that different genotypes of some SNPs are significantly
correlated with different clinicopathological parameters, such as
IL-1B rs1143627, IL-4 rs2243250, and IL-4 rs2227284, IL-6
rs1800796, TNFRSF1A rs414570, TNF rs361525, COX-2 rs20417,
whereas other SNPs showed no significant correlations with
clinicopathological parameters in our data.

Recently, studies on the relationships between genetic
polymorphisms and radiotherapy sensitivity have been reported.
For example, gene polymorphisms of Wnt/beta-catenin may be
novel prognostic factors for NPC patients treated with RT (62). The
authors observed that the catenin beta 1 gene (CTNNB1) rs1880481
and rs3864004 polymorphisms, as well as the glycogen synthase
kinase 3 beta gene (GSK3beta) rs3755557 polymorphism, were
significantly associated with a poorer efficacy of RT in NPC patients
(63). However, the relationship between SNPs in inflammation-
related genes and the risk of HNSCC has not been reported. In this
study, we found that HNSCC patients carrying the IL-4RA
rs1801275 AA wild-type genotype were more sensitive to
radiotherapy compared with other patients. We also analyzed the
relationships between clinicopathological parameters and
radiotherapy sensitivity. Age ≤ 60 years, non-smoker status, and
normal levels of SCC were found to be associated with increased
radiotherapy sensitivity of HNSCC patients. We expect that these
results may help guide radiotherapy and concurrent radiotherapy
and chemotherapy treatment plans. However, this was only a
correlation study, and the support of basic science experiments
is necessary.

In our study, the 28 inflammation-related gene polymorphisms
we screened were previously reported in various cancers, and
several SNPs have been reported in HNSCC (6, 13, 31, 34–36, 39,
42, 64, 65). Drobin et al reported the correlation and possible
mechanism of VEGFA rs69947 with breast cancer and HNSCC
radiotherapy sensitivity. The authors proposed that this SNP may
affect protein expression, which would impact biological processes
such as blood vessel growth, inflammatory cell infiltration, the
immune response, DNA repair, oxidative stress and hypoxia (66).
These changes may underlie the differences in correlation and
sensitivity among patients. TNF-a is a cytokine that is secreted
during the inflammatory process accompanying RTH and during
cancer development. An SNP in the TNF-a promoter region can
potentially affect the function or expression of this cytokine and
thus modulate the risk of occurrence and intensity of OM and
shortening of overall survival (30). To explore these possibilities,
further studies are required using a larger sample size and
additional in vitro and in vivo experimental analyses.

The present study has some limitations. First, the sample size was
relatively small, especially for the HNSCC case group. Our results
need further confirmation in larger populations. Second, only
HNSCC risk was analyzed in this study. Analysis of prognostic
parameters, such as overall survival and progression-free survival, is
also warranted. Last, functional experiments are required to elucidate
the underlying disease mechanism responsible for our observations.
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In summary, we found that the AKT1 rs1130233 TT and
dominance model (CT+TT vs. CC) genotypes, as well as the
rs2494732 CC genotype, were associated with reduced risk of
HNSCC. The PIGR rs291097 GA and dominance model (GA
+AA vs. GG) genotypes, as well as the rs291102 dominance
model (GA+AA vs. GG), were associated with increased risk of
HNSCC. We also found that the IL-4RA rs1801275 AA genotype
was significantly correlated with increased radiotherapy sensitivity
of HNSCC patients. In addition, age ≤ 60 years, non-smoker status,
and normal levels of SCC were found to be associated with
increased radiotherapy sensitivity of HNSCC patients. We expect
that future data from a larger population sample will support our
results and be used to guide the comprehensive treatment and
prognosis of HNSCC patients. Further investigation is needed to
elucidate the molecular mechanisms governing our findings.
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