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Purpose: This study aimed to evaluate the associations between immune-related gene 
(FCRL3, NLRP3 and IL2) polymorphisms and the risk of head and neck cancer (HNC).
Methods: Six polymorphisms of FCRL3, NLRP3 and IL2 were genotyped in 400 HNC 
cases and 400 controls using a MassARRAY platform.
Results: rs11264799-T was a protective variant against HNC risk, while rs7528684-G, 
rs35829419-A and rs6822844-T were all risk alleles for HNC (p < 0.05). rs11264799-TT was 
correlated with reduced HNC risk, while rs7528684-GG and rs6822844-TG were associated 
with an elevated risk of disease (p < 0.05). Moreover, rs11264799 was correlated with a declining 
risk of HNC in three genetic models (p < 0.05). In contrast, rs7528684 exhibited an elevated risk 
of HNC in recessive and additive models; rs35829419 and rs6822844 were associated with an 
increased risk of disease in dominant and additive models (p < 0.05). Finally, an interaction was 
observed between the above SNPs and drinking (p < 0.05).
Conclusion: The results expand our knowledge on immune-related gene polymorphisms in 
HNC and provide clues for further functional study on the pathogenesis of HNC.
Keywords: head and neck cancer, HNC, Fc receptor-like 3, FCRL3, NLR family pyrin 
domain containing 3, NLRP3, interleukin 2, IL2, genetic polymorphisms

Introduction
Head and neck cancer (HNC) ranks as the sixth most common type of cancer world-
wide, with an estimated 500,000 newly diagnosed cases and 325,000 deaths annually.1 

The primary sites of HNC mainly include the pharynx, larynx and oral cavity. In recent 
years, although specific medicine and novel treatment approaches have improved the 
prognosis of HNC patients to a great extent, it is still necessary to find other ways to 
decrease the incidence of disease.2 Among researchers, it is believed that HNC is 
a complicated disease affected by both gene polymorphisms and environmental factors 
such as smoking and drinking.3 Previous studies have identified a number of variants 
associated with HNC risk, mainly including single-nucleotide polymorphisms (SNPs) 
in drug and alcohol metabolism- and cell cycle control-related genes.4 However, the 
current data represent only a small part of the genetic predisposition to HNC, and there 
is still an urgent need to identify more novel susceptible SNPs.

Recent clinical trials have revealed that immunotherapy is a promising treatment 
approach for advanced HNC patients,5 indicating that immune-related genes may 
play important roles in the progression of HNC. Fc receptor-like 3 (FCRL3) is 
a member of the FCRL superfamily and is involved in the regulation of the immune 
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system.6 Polymorphisms of FCRL3 have been identified as 
taking part in the initiation of a diversity of autoimmune 
diseases,7 whereas little information has been found 
regarding the contribution of its polymorphisms to HNC 
risk. NLR family pyrin domain containing 3 (NLRP3) has 
specific structural domains that form the inflammasome 
complex NALP3 and are thus involved in the mediation 
of inflammation and the immune response in the human 
body.8 Moreover, interleukin 2 (IL2) is an important cyto-
kine that is crucial for the proliferation of T and B cells, 
and its polymorphisms are associated with various 
cancers.9 Thus, FCRL3, NLRP3 and IL2 were selected as 
candidate genes in our study.

Based on previous association studies, six SNPs in 
FCRL3, NLRP3 and IL2 were selected for investigation. 
rs11264799 and rs7528684 in FCRL3 have been asso-
ciated with the progression of multiple autoimmune 
diseases.10 rs35829419 in NLRP3 has been identified as 
a risk factor for the occurrence and outcome of colorectal 
cancer.11 rs10754558 and rs4353135 have been investi-
gated in previous studies on gastric cancer and immune 
disorders, respectively.12,13 In addition, rs6822844 in IL2 
has been proven to be associated with plasma IL2 levels in 
breast cancer patients, making it a promising biomarker 
for immune status among cancer patients.14

Considering the above associations between these 
SNPs and cancer and immune disorders, we speculated 
that these SNPs may also be involved in the occurrence 
and development of HNC. In this study, we genotyped the 
above six SNPs in a case-control cohort and evaluated 
their association with HNC risk, aiming to better under-
stand the genetic predisposition to HNC.

Materials and Methods
Subjects
The present case-control study consists of 400 histopathologi-
cally diagnosed HNC cases and 400 healthy controls. The 
participants were all Chinese Han individuals recruited at the 
Affiliated Hospital of Qingdao University. All cases were 
newly diagnosed and previously untreated. The controls 
were blood donors without a history of cancer, immune dis-
order or serious disease. We obtained written informed consent 
from each subject, and the study was approved by the Ethics 
Department of the Affiliated Hospital of Qingdao University 
(No. 201204–13) and was carried out in accordance with the 
World Medical Association Declaration of Helsinki: Ethical 
Principles for Medical Research Involving Human Subjects.

Genotyping
Five milliliters of whole blood was collected from each 
subject in tubes containing ethylenediaminetetraacetic 
acid. DNA was extracted using a PureLink™ Pro 96 
Genomic DNA Purification Kit (Invitrogen, Carlsbad, 
CA). Primers were designed using Sequenom 
MassARRAY Assay Design 3.0 software. Genotypes 
were detected by Sequenom MassARRAY RS1000 
(Sequenom, San Diego, CA).

Statistical Analyses
Statistical analyses were performed with SPSS package 
version 20.0 (SPSS, Chicago, IL, USA). Minor allele 
frequencies (MAFs) in controls were checked for depar-
ture from Hardy–Weinberg equilibrium (HWE) in con-
trols. The associations between SNPs and HNC risk were 
evaluated using SNPstats (https://www.snpstats.net/start. 
htm) and are expressed as odds ratios (ORs) and 95% 
confidence intervals (CIs). Statistical significance was 
established when p < 0.05.

Results
The basic characteristics of the participants are presented 
in Table 1, including sex, age, and smoking and drinking 
status. No significant differences were observed in the 
distributions of sex and age between the case and control 
groups, suggesting that the two groups were comparable 
(p > 0.05). However, there were significantly more smo-
kers and drinkers than in the controls, suggesting that 
tobacco and alcohol consumption might be risk factors 
(p < 0.05). The primary sites of HNC cases were 46.75% 
in the pharynx, 30.50% in the larynx and 22.75% in the 
oral cavity.

The basic information and MAFs of candidate SNPs are 
listed in Table 2. All of the SNPs were consistent with HWE 
(p > 0.05). We found that four SNPs had a significant allelic 
frequency distribution between the case and control groups. 
The MAF of rs11264799 was lower in cases than in controls, 
making it a protective variant against HNC risk (OR = 
0.761, 95% CI: 0.615–0.943, p = 0.012). In contrast, the 
MAF of rs7528684 in HNC patients was more prominent 
than in healthy donors, hinting that rs7528684-G might be 
a risk allele for HNC (OR = 1.260, 95% CI: 1.035–1.533, 
p = 0.021). Additionally, rs35829419-A (OR = 1.632, 95% 
CI: 1.152–2.311, p = 0.005) and rs6822844-T (OR = 1.600, 
95% CI: 1.126–2.275, p = 0.008) were both risk alleles 
for HNC.
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The genotypic frequencies of candidate SNPs were also 
compared between cases and controls (Table 3). The frequency 
of rs11264799-TT in HNC cases was lower; thus, rs11264799- 
TT was correlated with a reduced risk of HNC (OR = 0.54, 
95% CI: 0.33–0.89, p = 0.031), while rs7528684-GG 
(OR = 1.63, 95% CI: 1.10–2.43, p = 0.044) and rs6822844- 
TG (OR = 1.75, 95% CI: 1.18–2.60, p = 0.010) were found to 
be more prominent in HNC cases than in controls, which made 
them associated with an elevated risk of HNC.

Three classic genetic models were used to evaluate 
associations between SNPs and disease (Table 4). One 
protective variant and three risk variants were identified 
in different models. rs11264799 was correlated with 
a declining risk of HNC in all three models (p < 0.05). 
In contrast, rs7528684 exhibited an elevated risk of HNC 
in recessive and additive models, and rs35829419 and 
rs6822844 were associated with an increased risk of dis-
ease in dominant and additive models (p < 0.05).

Finally, the interactions of four polymorphisms and 
tobacco and alcohol consumption were evaluated using 
a stratification analysis (Table 5). The effects of four 
SNPs on the risk of HNC were not affected by smoking 
status (p < 0.05). However, when participants were strati-
fied by drinking status, the four SNPs had associations 
with HNC risk only in drinkers (p < 0.05).

Discussion
Identification of genetic and environmental risk factors is 
not only helpful for us to better understand the pathogen-
esis of HNC but also beneficial to decrease the incidence 
of disease from the original. Immune-related genes have 
been extensively investigated in association studies on 
cancer. In this study, we genotyped six SNPs in the 
immune-related genes FCRL3, NLRP3 and IL2 and found 
that rs11264799 was a protective factor against HNC risk, 
while rs7528684, rs35829419, and rs6822844 were asso-
ciated with an increased HNC risk.

FCRL3 is an immunoglobulin receptor and has spe-
cific immunoreceptor-tyrosine activation/inhibitor 
motifs in its cytoplasmic domain, affecting the modu-
lation of the immune response.15 Genetic variation in 
FCRL3 has been associated with a wide range of dis-
eases in different samples, including allergic rhinitis,16 

sudden sensorineural hearing loss,17 autoimmune thyr-
oid disease,18 rheumatoid arthritis,19 and multiple 
sclerosis.20 rs11264799 and rs7528684 in FCRL3 have 
been investigated in many association studies, and 
a meta-analysis has verified a significant association 
between these two SNPs and human autoimmune 
diseases.21 In the present study, we demonstrated 
novel correlations between rs11264799 and rs7528684 
and HNC risk: rs11264799-T may protect carriers from 
HNC risk, while rs7528684-G contributes to an ele-
vated risk of disease. rs11264799 and rs7528684 are 
located in the 5ʹ UTR and upstream transcript region of 

Table 1 Basic Characteristics of the Participants

Variables Cases (%) 
(n=400)

Controls (%) 
(n=400)

χ2/t p

Sex 0.052 0.819

Male 126 (32.50) 123 (30.75)

Female 274 (68.50) 277 (69.25)

Age (mean 

±SD), years

51.5±10.9 50.5±10.5 1.522 0.146

Smoking 14.46 <0.001

Yes 175 (43.75) 123 (30.75)

No 225 (56.25) 277 (69.25)

Drinking 26.50 <0.001

Yes 180(45.00) 110(27.50)

No 220(55.00) 290(72.50)

Primary site

Pharynx 187(46.75)

Larynx 122(30.50)

Oral 91(22.75)

Table 2 Allele Frequency Distributions Among HNC Cases and Healthy Controls

SNP Gene Chromosome Position Alleles MAF-Case MAF-Control HWE p OR(95% CI) p

rs11264799 FCRL3 1 157,700,967 C>T 0.28 0.33 0.57 0.761(0.615–0.943) 0.012*

rs7528684 FCRL3 1 157,701,026 A>G 0.51 0.45 0.99 1.260(1.035–1.533) 0.021*

rs35829419 NLRP3 1 247,425,556 C>A 0.11 0.07 0.44 1.632(1.152–2.311) 0.005*
rs10754558 NLRP3 1 247,448,734 C>G 0.26 0.30 0.63 0.830(0.667–1.033) 0.095

rs4353135 NLRP3 1 247,453,734 G>T 0.41 0.44 0.76 0.889(0.729–1.084) 0.245

rs6822844 IL2 4 122,588,266 G>T 0.11 0.07 0.99 1.600(1.126–2.275) 0.008*

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: SNP, single-nucleotide polymorphism; MAF, minor allele frequency; HWE, Hardy–Weinberg equilibrium.
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FCRL3, respectively, meaning that their polymorph-
isms may change the expression levels of FCRL3 and 
other related downstream genes. Thus, we speculated 
that rs11264799 and rs7528684 may exert an influence 
on the predisposition to HNC by changing the mole-
cular function of FCRL3 in HNC patients; however, 
this hypothesis still needs to be further confirmed.

NLRP3 is a pyrin-like protein that can interact with 
the cell apoptosis-related protein PYCARD/ASC and 
from the NALP3 inflammasome complex (an upstream 
inducer of NF-kappaB signaling) with other proteins.22 

Therefore, NLRP3 plays important roles in cell apop-
tosis and the immune response. Polymorphisms of 
NLRP3 have been associated with a diversity of dis-
eases, such as Parkinson’s disease,23 Alzheimer’s 
disease,24 insulin resistance,25 ischemic stroke26 and 
other autoimmune and inflammatory diseases.27 

rs35829419 is a missense variant (Q705K) in NLRP3 
and has been identified as a susceptible risk factor for 
multiple human diseases.28 However, little evidence is 
available to determine its role in HNC. Our study 
demonstrated a significant correlation between 
rs35829419 and HNC risk by a comprehensive evalua-
tion (allele, genotype frequency, and genetic model 

analysis). We suggested that carriers with the 
rs35829419-A allele should focus on their health: 
keeping away from tobacco and alcohol, maintaining 
a balanced diet and exercise, and having periodic phy-
sical examinations will reduce the risk of HNC.

IL2 is a secreted cytokine that is mainly produced by 
T cells. IL2 can promote the proliferation and activation of T, 
B and NK cells, consequently participating in the immune 
response. The effects of IL2 polymorphisms on the risk of 
cancer have been extensively investigated, including esopha-
geal, gastric, hepatocellular, breast and bladder cancers.29 

A recent study revealed that rs6822844 in IL2 was associated 
with plasma IL2 levels and might be used as a blood-based 
biomarker in the evaluation of immune status among breast 
cancer patients.14 Our study found that rs6822844-T contrib-
uted to a 1.6-fold increased risk of HNC, suggesting that 
rs6822844-T may also alter the expression of IL2 and impair 
the normal function of the immune system of HNC patients. 
However, the detailed mechanism needs to be explored in 
further studies.

Given that smoking and drinking are certain risk factors 
for HNC, we verified the associations between rs11264799, 
rs7528684, rs35829419, rs6822844 and HNC risk by strati-
fication analysis. The associations were significant in both 

Table 3 Genotype Frequency Distributions Among HNC Cases and Healthy Controls

SNP Genotype Controls (%) Cases (%) OR (95% CI) p

rs11264799 C/C 181 (45.2%) 211 (52.8%) 1.00 0.031*
C/T 172 (43%) 158 (39.5%) 0.78 (0.58–1.05)

T/T 47 (11.8%) 31 (7.8%) 0.54 (0.33–0.89)

rs7528684 A/A 121 (30.2%) 103 (25.8%) 1.00 0.044*

A/G 199 (49.8%) 189 (47.2%) 1.16 (0.83–1.62)
G/G 80 (20%) 108 (27%) 1.63 (1.10–2.43)

rs35829419 C/C 346 (86.5%) 319 (79.8%) 1.00 0.060
A/C 51 (12.8%) 73 (18.2%) 1.42 (0.96–2.12)

A/A 3 (0.8%) 8 (2%) 2.96 (0.76–11.51)

rs10754558 C/C 199 (49.8%) 219 (54.8%) 1.00 0.230

C/G 163 (40.8%) 153 (38.2%) 0.85 (0.63–1.14)

G/G 38 (9.5%) 28 (7%) 0.66 (0.39–1.12)

rs4353135 G/G 127 (31.8%) 143 (35.8%) 1.00 0.500

T/G 194 (48.5%) 185 (46.2%) 0.83 (0.59–1.17)
T/T 79 (19.8%) 72 (18%) 0.78 (0.48–1.27)

rs6822844 G/G 346 (86.5%) 319 (79.8%) 1.00 0.010*
T/G 52 (13%) 76 (19%) 1.75 (1.18–2.60)

T/T 2 (0.5%) 5 (1.2%) 2.85 (0.54–15.11)

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: OR, odds ratio; CI, confidence interval.

https://doi.org/10.2147/PGPM.S324750                                                                                                                                                                                                                               

DovePress                                                                                                                            

Pharmacogenomics and Personalized Medicine 2021:14 1050

Zhang and Sun                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


smokers and nonsmokers, suggesting that these SNPs are 
independent protective/risk factors for HNC that are not 
affected by smoking. However, although four SNPs had 
effects on the risk of disease in drinkers, no significant 
correlation was observed in nondrinkers. We speculated 
that there might be an interaction between these SNPs and 
drinking in the development of HNC.

In conclusion, we found that rs11264799 contribu-
ted to a lower HNC risk, while rs7528684, rs35829419, 
rs6822844 were associated with an increased HNC 
risk. The results expand our knowledge on immune- 
related gene polymorphisms in HNC and provide clues 
for further functional study on the pathogenesis 
of HNC.

Table 4 Associations Between Candidate SNPs and HNC Risk in Three Genetic Models

SNP Model Genotype Controls (%) Cases (%) OR (95% CI) p

rs11264799 Dominant C/C 181 (45.2%) 211 (52.8%) 1 0.028*
C/T-T/T 219 (54.8%) 189 (47.2%) 0.73 (0.55–0.97)

Recessive C/C-C/T 353 (88.2%) 369 (92.2%) 1 0.037*
T/T 47 (11.8%) 31 (7.8%) 0.60 (0.37–0.97)

Log-additive _ _ _ 0.75 (0.61–0.93) 0.010*

rs7528684 Dominant A/A 121 (30.2%) 103 (25.8%) 1 0.100
A/G-G/G 279 (69.8%) 297 (74.2%) 1.30 (0.95–1.78)

Recessive A/A-A/G 320 (80%) 292 (73%) 1 0.020*
G/G 80 (20%) 108 (27%) 1.48 (1.06–2.07)

Log-additive _ _ _ 1.27 (1.05–1.55) 0.016*

rs35829419 Dominant C/C 346 (86.5%) 319 (79.8%) 1 0.034*
A/C-A/A 54 (13.5%) 81 (20.2%) 1.51 (1.03–2.21)

Recessive C/C-A/C 397 (99.2%) 392 (98%) 1 0.110
A/A 3 (0.8%) 8 (2%) 2.87 (0.74–11.19)

Log-additive _ _ _ 1.50 (1.06–2.11) 0.020*

rs10754558 Dominant C/C 199 (49.8%) 219 (54.8%) 1 0.140
C/G-G/G 201 (50.2%) 181 (45.2%) 0.81 (0.61–1.07)

Recessive C/C-C/G 362 (90.5%) 372 (93%) 1 0.190
G/G 38 (9.5%) 28 (7%) 0.71 (0.42–1.19)

Log-additive _ _ _ 0.83 (0.66–1.03) 0.089

rs4353135 Dominant G/G 127 (31.8%) 143 (35.8%) 1 0.250
T/G-T/T 273 (68.2%) 257 (64.2%) 0.82 (0.59–1.15)

Recessive G/G-T/G 321 (80.2%) 328 (82%) 1 0.650
T/T 79 (19.8%) 72 (18%) 0.91 (0.61–1.36)

Log-additive _ _ _ 0.88 (0.69–1.11) 0.280

rs6822844 Dominant G/G 346 (86.5%) 319 (79.8%) 1 0.003*
T/G-T/T 54 (13.5%) 81 (20.2%) 1.79 (1.21–2.64)

Recessive G/G-T/G 398 (99.5%) 395 (98.8%) 1 0.250
T/T 2 (0.5%) 5 (1.2%) 2.51 (0.48–13.27)

Log-additive _ _ _ 1.74 (1.21–2.50) 0.003*

Note: *p < 0.05 indicates statistical significance. 
Abbreviations: OR, odds ratio; CI, confidence interval; _, not involved.
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