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Purpose: Genetic variant has been demonstrated to be a risk factor for the occurrence and 
outcome of cervical squamous cell carcinoma (CSCC). From previous genome wide association 
studies, 6p21.32 has been identified as a susceptibility locus of CSCC. The purpose of this study 
was to investigate the association of a polymorphism rs2072915 located in 6p21.32 with the risk 
of CSCC and examine the potential mechanism of the rs2072915 in CSCC pathogenesis.
Patients and Methods: The rs2072915 was genotyped using polymerase chain reaction 
(PCR)-restriction fragment length polymorphism. miR-637 and RXRB mRNA expression 
levels in CSCC patients were examined using quantitative PCR. miR-637 target site was 
determined using the dual-luciferase reporter assay.
Results: The rs2072915 was associated with a significantly increased risk (AA vs TT: 
adjusted OR = 2.48, 95% CI, 1.57–3.94, P < 0.001; AT/AA vs TT: adjusted OR = 1.38, 
95% CI, 1.06–1.80, P = 0.018; A vs T: adjusted OR = 1.49, 95% CI, 1.21–1.84, P < 0.001, 
respectively) and shorter survival time of CSCC (P = 0.03). Patients with the rs2072915 AA 
genotype displayed lower levels of RXRB that is a target of miR-637.
Conclusion: These findings suggest that the rs2072915 T > A change might augment the 
binding energy of miR-637 to RXRB, result in lower levels of RXRB, and thus contribute to 
the risk of CSCC.
Keywords: miR-637, polymorphism, survival, cervical squamous cell carcinoma

Introduction
Cervical cancer is one of the most common malignancies in women worldwide, 
with about 570,000 newly diagnosed cases and 311,000 associated deaths annually 
(estimates for 2018). The incidence rates of cervical cancer are 7 to 10-fold greater 
in Sub-Saharan Africa and South-Eastern Asia than in North America, Australia, 
New Zealand, and Western Asia (Saudi Arabia and Iraq).1 In China, approximately 
98,900 new cases and 30,500 deaths occurred in 2015, and a substantial increasing 
trend in cervical cancer incidence was observed.2 It is widely known that persistent 
infection with high-risk human papilloma virus (HPV) is a major reason for the 
tumorigenesis of cervical cancer.1,3–5 However, not all HPV carriers develop 
cervical cancer, suggesting that genetic susceptibility may be a risk factor for the 
occurrence of cervical cancer. In our previous work, we found that the risk- 
associated rs1041279 G allele in the promoter region of hepatocellular carcinoma 
upregulated long noncoding RNA may contribute to the risk of cervical squamous 
cell carcinoma (CSCC) via enhancing the transcriptional activity.6
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microRNAs (miRNAs) are a class of non-coding 
RNAs with a length of 18–25 nucleotides.7 By binding 
to 3ʹ-untranslated region (3ʹ-UTR) of its target gene, 
miRNA can influence mRNA degradation and protein 
translation, playing a key role in tumorigenesis, chemore-
sistance and prognosis in a variety of cancers, including 
CSCC.7–11 Currently, several susceptibility factors of cer-
vical cancer have been discovered, such as single nucleo-
tide polymorphisms (SNPs) in the binding sites of 
miRNAs.12–16 The SNPs may affect miRNAs binding, 
alter the expression of miRNAs target genes, and finally 
modify the risk of CSCC.15,16 Moreover, genome wide 
association studies (GWAS) have identified 6p21.32 as 
a susceptibility locus of cervical cancer.17,18 After search-
ing the region of 6p21.32 with an online database 
software,19 we found an SNP rs2072915 that is located 
in the 3ʹ-UTR of retinoid X receptor beta (RXRB) with 
a binding site of miR-637. miR-637 expression was down- 
regulated in cervical cancer and up-regulation of miR-637 
can inhibit cell proliferation.20 Base on this background, 
we hypothesized that the rs2072915 may be a risk factor 
for the pathogenesis of CSCC. To test this hypothesis, we 
performed a case-control study to determine whether the 
rs2072915 affected CSCC risk in a Chinese population. 
We found that the rs2072915 AT/AA genotypes conferred 
to the susceptibility and outcome of CSCC partly by 
influencing the expression levels of RXRB. This study is 
helpful for identifying new susceptibility locus of CSCC 
through post-GWAS analysis.

Materials and Methods
Study Subjects
Using the Quanto software, we calculated the sample size 
of a power more than 80%. When we present the allele 
frequency of 10% and the relative risk of 1.6 under 
a dominant model, the minimum numbers of samples 
were 407. The study group is composed of 435 CSCC 
patients and 454 unrelated healthy controls, who were 
recruited from the Wenzhou People’s Hospital between 
April 2012 and December 2019. Patients were diagnosed 
by histological examination after surgical resection. The 
exclusion criteria of the patients were as follows: (a) 
patients receiving chemotherapy and/or radiotherapy 
before surgery; (b) non Han Chinese; (c) patients who 
had a family history of any malignancy. Detailed data of 
the patients’ characteristics were collected from medical 
records, such as age, race/ethnicity, living region, HPV 

infection information, differentiation degree, tumor size, 
regional lymph node and distal metastasis. Patients were 
followed by telephone call for 36 months, and overall 
survival was calculated from the date of surgery until 
death or last follow-up. At the same time, 454 female 
controls coming to the same hospital for physical exam-
ination were selected. The inclusion criteria were as fol-
lows: (a) healthy subjects who agreed to participate in the 
study; (b) Han Chinese living in Wenzhou or surrounding 
regions; (c) without a family history of any malignancy. 
This study was approved by the Ethics Committee of the 
Wenzhou People’s Hospital, and all subjects provided 
written informed consent according to the 1964 Helsinki 
Declaration.

SNP Selection
We searched a database of functional variants (http:// 
m6avar.renlab.org/index.html)19 according to the follow-
ing criteria: (a) SNP at 6p21.32 that is a susceptibility 
locus of cervical cancer;17,18 (b) SNP locating in the 3ʹ- 
UTR with a miRNA binding target; (c) minor allele fre-
quency more than 10% in Han Chinese. Finally, only 
rs2072915 was identified, which is located in the 3ʹ-UTR 
of RXRB with a binding site of miR-637.

DNA Extraction and Genotyping
Approximately, 2–3 mL venous blood was taken from 
each participant. DNA was extracted from leukocytes 
using the genomic DNA isolation kit (Bioteke, Beijing, 
China) according to the manufacturer’s directions. The 
rs2072915 was genotyped using polymerase chain reac-
tion-restriction fragment length polymorphism 
(PCR-RFLP). DNA fragments were amplified using the 
following primers: 5ʹ-TCTCATGTCCATCAGCTTGG-3ʹ 
and 5ʹ-CCATGATTTGGGGTGATTTC-3ʹ and digested 
with the Dpn II restriction enzyme (New England 
Biolabs, Ipswich, MA). The PCR reaction was performed 
in 10 μL of the final volume including the following 
materials: 1 μL template DNA, 10 μM of each primer, 
10 X TransTaq HiFi buffer 1 μL, 2.5 mM dNTPs 0.8 μL, 
10 X GC enhancer 1 μL and TransTaq HiFi DNA poly-
merase 0.1 μL (TransGen Biotech, Beijing, China). The 
annealing temperature of PCR was 58 °C. After amplifica-
tion, PCR products were digested with Dpn II at 37 °C 
overnight, yielding a band of 183 bp (T allele) or two 
bands of 130 bp and 53 bp (A allele). Some samples 
were randomly selected for replicate genotyping and the 
results were identical.
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RNA Isolation and Quantitative PCR 
(qPCR)
Primary CSCC tissues and adjacent normal tissues were 
collected from 82 patients who underwent tumor resection. 
The specimen was diagnosed by pathological evaluation. 
Total RNA was extracted from 50 mg tissues using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) as described in 
our previous work.6 Reverse transcription was carried out 
using the RevertAid First Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific, Rockford, IL, USA) or the 
miDETECT A Track miRNA qRT-PCR Starter Kit 
(Ribobio, Guangzhou, China). qPCR assay was performed 
using SYBR Green Master mix from the miDETECT 
A Track miRNA qRT-PCR Starter Kit (Ribobio, 
Guangzhou, China) according to the manufacturer’s 
instruction. GAPDH or U6 was used as an internal control. 
The primer sequences of RXRB were as follows: 5ʹ- 
GGGACAACAAAGACTGCACA-3ʹ and 5ʹ-ATCCTG 
TCCACAGGCATCTC-3ʹ, and the primer sequences of 
GAPDH were as follows: 5ʹ-CTCTCTGCTCCT 
CCTGTTCGAC −3ʹ and 5ʹ-TGAGCGATGTGGCTC 
GGCT-3ʹ. Primer sets of miR-637 and U6 utilized in this 
study were purchased from Ribobio company 
(Guangzhou, China). Relative expression levels of RXRB 
mRNA and miR-637 in CSCC tissues were calculated 
using the 2 −ΔΔCt method.21

Plasmid Construction and 
Dual-Luciferase Reporter Assay
RXRB 3ʹ-UTR containing the rs2072915 A allele (WT) or 
some mismatch mutations including the rs2072915 T allele 
(mutant) was synthesized and inserted into pmirGLO vec-
tor. The inserted products were verified by Sanger sequen-
cing. Human cervical cancer cell lines including HeLa and 
SiHa were cultured in Dulbecco’s modified Eagle’s med-
ium supplemented with 10% fetal bovine serum (Hyclone, 
Utah, USA) and 1% penicillin-streptomycin. The cells 
were plated in 24-well plates and co-transfected with 
empty, WT or mutant vector and miR-637 mimic by 
Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, 
USA). At 48 h following transfection, cells were lysed 
and luciferase activities were examined by the Dual- 
Luciferase Reporter assay system (Promega, Madison, 
WI, USA) according to the manufacturer's manual. 
Relative luciferase activity was determined by the ratio 
of reporter (firefly) to control (Renilla) luciferase activity.

Statistical Analysis
Statistical Package for Social Sciences software version 
13.0 (Chicago, IL, USA) was used for statistical analysis. 
The rs2072915 was tested for deviation from the Hardy– 
Weinberg equilibrium (HWE) using the χ2 test. 
Differences in characteristics of study population were 
compared using the χ2 test for categorical data and the 
Student’s t test for continuous data. Association between 
the rs2072915 and CSCC risk was estimated using the χ2 

test by calculating odds ratios (ORs) and their 95% con-
fidence intervals (CIs). RXRB mRNA levels in patients 
with different genotypes of the rs2072915 were analyzed 
by the Mann–Whitney U-test. Correlation between miR- 
637 and RXRB mRNA expression levels was analyzed by 
the Pearson correlation test. Survival curve was generated 
by the Kaplan–Meier method and difference of survival 
time was compared by the log rank test. P < 0.05 was 
considered statistically significant.

Results
Characteristics of Study Population
This study included 435 CSCC patients and 454 controls. 
Results from the Quanto software estimation revealed that 
the sample size included in this study provides a statistical 
power of 82.6%. The positive rate of HPV infection was 82.1 
and 77.8% and the mean age was 45.7 and 44.8 years in cases 
and controls, respectively, with no statistical significance 
between the two groups. Among the patients, 43.4% was 
well to moderately differentiated, 46.0% was clinical stage 
I and 26.9% had lymph node metastasis (Table 1).

Association Between the rs2072915 and 
Risk of CSCC
The genetic variant rs2072915 in controls maintained HWE 
(P = 0.10). The genotype and allele frequencies of the 
rs2072915 are shown in Table 2. The distributions of 
the rs2072915 homozygous genotype and dominant model in 
the case group were significantly different from those in the 
healthy control group (AA vs TT: adjusted OR = 2.48, 95% CI, 
1.57–3.94, P < 0.001; AT/AA vs TT: adjusted OR = 1.38, 95% 
CI, 1.06–1.80, P = 0.018, respectively). Moreover, compared 
with the control group, the frequency of the rs2072915 A allele 
in the case group was significantly higher, with an adjusted OR 
of 1.49 and 95% CI of 1.21–1.84 (P < 0.001). However, the 
rs2072915 was not associated with clinical features of CSCC 
when stratified by differentiated status, clinical stage and 
lymph node metastasis (Table 3).
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Table 1 Characteristics of the Study Population

Variables Controls (n = 454) CSCC (n = 435) P value

Age, years (mean ± SD) 44.8 ± 8.9 45.7 ± 8.1 0.12

HPV infection, N (%)

Positive 353 (77.8) 357 (82.1) 0.11
Negative 101 (22.2) 78 (17.9)

Differentiated status, N (%)

Well-Moderately 189 (43.4)

Poorly 246 (56.6)

Clinical stage, N (%)

I 200 (46.0)
II 235 (54.0)

Lymph node metastasis, N (%)
Yes 117 (26.9)

No 318 (73.1)

Abbreviations: CSCC, cervical squamous cell carcinoma; SD, standard deviation; HPV, human papilloma virus.

Table 2 Association Between the rs2072915 and Risk of Cervical Squamous Cell Carcinoma

Polymorphism Controls (n = 454) (%) CSCC (n = 435) (%) Adjusted OR (95% CI) P value

Genotype

TT 270 (59.5) 225 (51.7) 1.00 (Ref)

AT 152 (33.5) 145 (33.3) 1.15 (0.86–1.54) 0.34
AA 32 (7.0) 65 (14.9) 2.48 (1.57–3.94) < 0.001

AT/AA 184 (40.5) 210 (48.3) 1.38 (1.06–1.80) 0.018

Allele

T 692 (76.2) 595 (68.4) 1.00 (Ref)

A 216 (23.8) 275 (31.6) 1.49 (1.21–1.84) < 0.001

Note: OR was adjusted by age and HPV infection. 
Abbreviations: CSCC, cervical squamous cell carcinoma; OR, odd ratio; CI, confidence interval.

Table 3 Stratified Analysis of the rs2072915 with Clinical Features of Cervical Squamous Cell Carcinoma

Clinical Features Dominant Genetic Model Allele Comparison

TT AT/AA Adjusted OR 
(95% CI)

P value T A Adjusted OR 
(95% CI)

P value

Differentiated status

Well-Moderately 99 (52.4) 90 (47.6) 1.00 (Ref) 262 (69.3) 116 (30.7) 1.00 (Ref)

Poorly 126 (51.2) 120 (48.8) 1.05 (0.72–1.54) 0.79 333 (67.7) 159 (32.3) 1.08 (0.81–1.45) 0.58

Clinical stage

I 101 (50.5) 99 (49.5) 1.00 (Ref) 271 (67.8) 129 (32.2) 1.00 (Ref)
II 124 (52.8) 111 (47.2) 0.91 (0.62–1.33) 0.61 324 (68.9) 146 (31.1) 0.95 (0.71–1.26) 0.70

Lymph node 
metastasis

Yes 60 (51.3) 57 (48.7) 1.00 (Ref) 163 (69.7) 71 (30.3) 1.00 (Ref)

No 165 (51.9) 153 (48.1) 0.98 (0.64–1.50) 0.91 432 (67.9) 204 (32.1) 0.90 (0.65–1.24) 0.51

Note: OR was adjusted by age and HPV infection. 
Abbreviations: OR, odd ratio; CI, confidence interval.
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The rs2072915 AA Genotype Was 
Associated with Lower Levels of RXRB 
Expression
To study the correlation between the rs2072915 and 
RXRB mRNA expression, we analyzed the RXRB 
mRNA levels in 82 CSCC tissues using qPCR, and we 
also downloaded data from the Genotype-Tissue 
Expression (GTEx) project. As shown in Figure 1A and 
B, the rs2072915 AA genotype significantly correlated to 
elevated mRNA expression levels (P = 0.03 and 
0.000029, respectively).

RXRB 3ʹ-UTR Containing the rs2072915 
is a Target of miR-637
Through bioinformatics analysis using an online tool 
miRwalk,22 we found that RXRB 3ʹ-UTR containing the 
rs2072915 is a potential target of miR-637. To verify the 
accuracy of bioinformatics prediction, dual-luciferase 
reporter assay was performed in HeLa and SiHa cells. 
RXRB 3ʹ-UTR containing the rs2072915 A allele (WT) 
and some mismatch mutations containing the rs2072915 
T allele (mutant) were inserted into pmirGLO vector 
(Figure 2A). As shown in Figure 2B, the luciferase activity 
of WT vector was significantly decreased in cells cotrans-
fected with miR-637 mimic (P = 0.02), whereas the 
administration of mutant vector reversed the suppressive 
effect of miR-637 mimic. Additionally, the correlation 
between miR-637 and RXRB mRNA expression levels 
was negative in CSCC tissues (r = 0.27, P = 0.016) 
(Figure 2C).

The rs2072915 AT/AA Genotypes 
Carriers Had a Worse Survival Time
To determine whether the rs2072915 affects overall survi-
val of CSCC, Log rank test was performed. Figure 3 
showed the Kaplan–Meier curve for 36-month overall 
survival. The median survival time in patients with the 
rs2072915 AT/AA genotypes was significantly shorter 
than that in patients with the rs2072915 TT genotype 
(P = 0.03).

Discussion
It is evident that about 70% of cervical cancer cases are 
caused by high-risk HPV infection. Persistent HPV infec-
tion may inactivate some tumor suppressors, such as p53 
and members of the retinoblastoma family, resulting in 
a greater likelihood of acquiring cellular mutations, higher 
genomic instability and malignant progression.23,24 Recent 
evidence has shown that SNPs within miRNA binding 
sequences may affect the binding energy and expression 
of miRNA targets, and eventually contribute to the sus-
ceptibility of CSCC.12–16 For instance, an insertion/dele-
tion rs3783553 polymorphism in the 3ʹ-UTR of 
interleukin-1A was associated with a decreased risk to 
develop CSCC.13 Similarly, the rs963918 C allele and 
rs963917 G allele in the 3ʹ-UTR of RAD51B conferred 
lower risks of cervical cancer.14 The rs4846048 G allele in 
the 3ʹ-UTR of methylenetetrahydrofolate reductase was 
associated with an increased risk of cervical cancer by 
enhancing the binding ability to miR-522.16 Through up- 
regulating the expression of caspase-3, the rs1049216 TT 
genotype in the miR-181a binding site conferred not only 

Figure 1 Correlation between rs2072915 and RXRB mRNA expression levels. (A) Relative expression of RXRB mRNA in CSCC tissues stratified by the rs2072915. (B) 
Relative expression of RXRB mRNA in GTEx database stratified by the rs2072915.
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a significantly decreased risk but also the progression of 
cervical cancer.15 These findings provide a clue that 
genetic polymorphisms in the miRNA-target binding 
sites may be related to the susceptibility of cervical cancer.

Previously, genome wide association study (GWAS) 
has identified some susceptibility loci of cervical cancer, 
including SNPs at 6p21.32.17,18 In this study, we used 
an online database m6AVar19 and predicted that 
an m6A modification-associated SNP rs2072915 in the 
region of 6p21.32 may be a risk factor for the etiology 
of CSCC. Our findings confirmed this prediction. We 
found that carriers with the rs2072915 AT/AA geno-
types had a 1.38-fold increased risk of CSCC and poor 
outcome. Although the exact mechanism by which the 
rs2072915 influencing CSCC risk is not well under-
stood, we found that the rs2072915 was an expression 
quantitative trait locus of RXRB based on GTEx data-
base’s annotation. Consistently, we observed 
a significantly lower RXRB mRNA expression in 
CSCC patients carrying the rs2072915 AA genotype 
compared to those carrying the rs2072915 TT genotype. 
RXRB methylation was observed in non-small cell lung 
cancer,25 having a 98% positive predictive value for 
malignant thyroid disease.26 Additionally, RXRB 

mRNA was down-regulated in CSCC tissues according 
to GEPIA annotation. Taken together, our finding of the 
rs2072915 AA increasing CSCC risk might be caused in 
part by decreasing RXRB expression.

Since we selected SNP locating in the 3ʹ-UTR that has 
a miRNA binding target, we predicted miRNA-RXRB 
binding using miRwalk22 and found that miR-637-RXRB 
binding sequence contains the rs2072915. Results from 
dual-luciferase reporter assay revealed that RXRB is 
a target of miR-637. miR-637, down-regulated in cervical 
cancer, could regulate cell proliferation by serving as a -
sponge.20 The observations above suggest that the 
rs2072915 T > A change might augment the binding 
energy of miR-637 to RXRB, result in lower levels of 
RXRB, and thus contribute to the risk of CSCC.

Although the sample size is not large enough that may be 
a limitation of this study, we have a 82.6% statistical power 
to detect the effect of the rs2072915 on CSCC occurrence. 
Additional studies with larger numbers are required for 
validating the association. Moreover, gene–gene interaction 
and gene-environment interaction were not performed in this 
study, which may interfere with the true association between 
the rs2072915 and CSCC risk. Further studies considering 
these factors are of great importance.

Figure 2 RXRB is a target of miR-637. (A) miR-637 and RXRB 3′-UTR binding sequences and RXRB mutant sequences. (B) After cotransfected into HeLa and SiHa cells with 
miR-637, wild-type RXRB 3′-UTR plasmid and mutant-type plasmid for 48 h, relative activity was measured using duel-luciferase reporter assay (ns, not significant). (C) 
Correlation between miR-637 and RXRB mRNA expression levels in CSCC tissues (n = 82).
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In conclusion, this is the first study reporting that the 
rs2072915 was associated with an increased risk of CSCC in 
the Chinese population partly by altering the expression of 
RXRB. Further studies are warranted to identify the association 
of the rs2072915 with CSCC risk in our and other ethnic 
groups, which constitutes a critical step towards a better under-
standing of the rs2072915 in the pathogenesis of CSCC.
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