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Abstract: Cervical cancer is the fourth most common cancer among women worldwide. It most frequently results
from human papillomavirus (HPV) infection; however, recent evidence suggests that there may be underlying ge-
netic factors, specifically in regions encoding microRNAs, dictating susceptibility to cervical cancer. This study inves-
tigated the relationship between the miR-124 rs531564 gene polymorphism and genetic susceptibility to cervical
cancer in Chinese Han women. From January 2011 to July 2013, 158 Chinese Han cervical cancer patients and
260 healthy Chinese Han females were recruited to provide blood samples. The miR-124 rs531564 (C > G) poly-
morphism genotype was determined by polymerase chain reaction-based ligase detection reaction (PCR-LDR), and
multivariate logistic regression analysis was used to deduce the relationship between the miR-124 rs531564 vari-
ant and cancer diagnosis. As expected, the incidence of HPV infection in cervical cancer patients was significantly
higher than controls (P < 0.001). Logistic regression analysis showed that a CG genotype was associated with
reduced risk of cervical cancer compared to the wildtype CC genotype (OR = 0.46, 95% CI: 0.19-0.92); the findings
were similar when the variant genotypes were combined (CG + GG; OR = 0.42, 95% Cl: 0.17-0.86). The G allele was
associated with reduced risk of cervical cancer (OR = 0.45, 95% Cl: 0.14-0.89) particularly among women over age
40 (OR =0.31, 95% CI: 0.12-0.84), as well as reduced risk of HPV infection (OR = 0.59, 95% Cl: 0.28-0.93). These
results further support a role for genetic susceptibility in miR-124 rs531564 in determining the risk of cervical
cancer in Chinese Han women.
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Introduction

Cervical cancer is the most common reproduc-
tive cancer among Chinese women. In 2012,
approximately 62,000 new cases were report-
ed in China along with about 30,000 cervical
cancer-related deaths. Worldwide, roughly
528,000 new cases and 266,000 deaths were
reported, making cervical cancer the fourth
most common cancer in women across the
globe [1]. Unfortunately, cervical cancer is
becoming increasingly prevalent among young
Chinese women [2]. Cervical cytology screen-
ing has made it possible to detect and treat the
cancer in its early stages and has led to a
decrease in overall incidence and mortality;
however, cervical cancer remains one of the
most deadly female-specific cancers due to its
tendency to metastasize and relapse after
treatment. While the majority of cervical can-

cers are caused by human papillomavirus (HPV)
infection [3-5], genetic risk factors are thought
to play a role in dictating predisposition to cervi-
cal cancer.

For example, recent findings have implicated
miRNAs in the development of cervical cancer
[6]. miRNAs are a class of highly conserved,
endogenous, single-stranded, small RNA mole-
cules of 20-22 nucleotides in length that play
an intricate role in controlling gene expression
[7]. miRNA polymorphisms have been shown to
influence the processing and expression of
miRNAs, thereby altering target gene expres-
sion and influencing the development of diseas-
es [8, 9]. One such polymorphism, miR-124
rs531564 (C > G), has been shown to effect the
expression of mature miR-124 [10]. This study
sought to uncover the relationship between the
miR-124 rs531564 polymorphism and suscep-
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tibility to cervical cancer in Chinese Han
women, providing a basis for early intervention
and treatment of cervical cancer.

Participants and methods
Participants

This case-control study recruited 158 cervical
cancer patients treated in Henan Provincial
People’s Hospital (Zhengzhou, China) and 260
healthy patients who received physical exami-
nations between January 2011 and July 2013
to provide venous blood samples before treat-
ment. Cervical cancer diagnosis was confirmed
by pathologists. To be patients with cervical
cancer, in whom, and no differences were
detected in patient ages between the two
groups. All subjects involved in this study were
of Chinese Han descent with no blood relation-
ship to each other. This study was approved by
the Ethics Committee of Henan Provincial
People’s Hospital, The People’s Hospital of
Zhengzhou University (Zhengzhou, China), and
all patients provided informed consent.

Methods

Biographical information collected from study
participants included their age, smoking hab-
its, knowledge of HPV infection, histological
types, and tumor stages (if applicable).

Genomic DNA extraction

2Two mL of venous blood from each sample
was mixed with EDTA-K2 for anticoagulation. A
TIANamp Blood Genomic DNA Extraction Kit
(TIANGEN Biotech, Beijing, China) was used to
isolate DNA according to the manufacturer’'s
protocol. Extracted DNA was stored at -80°C
until ready for use.

Genotyping

Polymerase chain reactions (PCR) and ligase
detection reactions (LDR) were used to geno-
type the miR-124 rs531564 polymorphism.
Primers and probes for miR-124 rs531564
were synthesized by Sangon Biotech (Shang-
hai, China). The probe sequence for miR-124
rs531564-C was S-TTTTTTTTTTTTTTTITTITTT-
CTGTTT CTCTCCCTGAGTCTG-3’, 5-TTTTTTTTT-
TTTTTTTTTTTTTCTGTTTCTCTCC CTGAGTCTC-3’
for miR-124 rs531564-G, and 5-P-TTTGCA-
TCTCTAAGCCCC TGTTTTTTTTTTTTTTTTITTTITT-
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FAM-3’ for miR-124 rs531564-Fam, in which
the length of an amplified target fragment was
240 bp. Upstream and downstream primers of
miR-124 rs531564 were 5-GA GGGGAGG-
GGTCTGGAG-3' and 5-GCCCAGA GAAAAATC-
TGCAC-3', respectively. The reaction volume
totaled 20 mL and went through 35 PCR cycles
under the following conditions: predenaturation
at 95°C for 2 minutes, denaturation at 94°C for
30 seconds, annealing at 59°C for 1 minute
and 30 seconds, and extension at 72°C for 1
minute. Finally, the samples were extended at
72°C for 10 minutes. PCR reactions were car-
ried out in a GeneAmp PCR System 9600
(PerkinElmer, Waltham, MA, USA). A 1% aga-
rose gel electrophoresis was used to isolate
PCR products. The LDR system involved a total
volume of 10 mL and went through 30 cycles
under the following conditions: predenaturation
at 95°C for 2 minutes, denaturation at 94°C for
15 seconds, and reaction at 50°C for 25 sec-
onds. An ABI 377 sequencer (Applied Bio-
systems, Foster City, CA, USA) was used to
sequence the products, and GeneMapper 4.0
(Applied Biosystems, Foster City, CA, USA) was
used to analyze data.

Statistical analysis

Double data entry was performed using EpiData
version 3.1 (EpiData Association, Odense,
Denmark) to create a data bank, and logic
checks were then performed. SAS 9.2 (SAS
Institute, Cary, NC, USA) was used to perform
statistical analysis. We used the chi-square
goodness-of-fit test to determine whether the
genotype distribution at polymorphic loci was in
accordance with Hardy-Weinberg equilibrium.
Unconditional logistic regression analysis was
used to determine significance; P < 0.05 was
considered statistically significant.

Results
Participant information

No differences in age or smoking habits were
found between cervical cancer patients and
control patients. As expected, the HPV infection
rate in the cervical cancer patients was mark-
edly higher than in the control patients (P <
0.001). Of those with cancer, 92 patients
(58.23%) presented with stage | cervical can-
cer, 60 (37.97%) with stage Il, 4 (2.53%) with
stage Ill, and 2 (1.27%) with stage IV. Further,
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Table 1. Participant profiles [N (%)]

Variables Controls (N = 260) Cervical Cancer Patients (N = 158) e P
Age (years) 0.030 0.985
<40 133 (51.15) 82 (51.90)
40-49 86 (33.08) 51 (32.28)
>50 41 (15.77) 25 (15.82)
Smoking 0.268"
Yes 7 (2.69) 1(0.63)
No 253 (97.31) 157 (99.37)
HPV infection 217344 < 0.001
Yes 46 (17.69) 145 (91.77)
No 214 (82.31) 13 (8.23)
Stage / /
| / 92 (58.23)
Il / 60 (37.97)
I / 4 (2.53)
% / 2 (1.27)
Histologic type / /
Squamous cell carcinoma / 137 (86.71)
Adenocarcinomas / 12 (7.59)

Adenosquamous carcinoma / 9 (5.70)
Note: “Fisher’s exact test.

Table 2. The miR-124 rs531564 polymorphism and genetic indicating that these women
susceptibility to cervical cancer [N (%)] are representative of the general
population.

Cancer Patients Control

(N = 158) (N = 260) P OR (95% Cl)

Unconditional logistic regression

Genotype analysis showed that a variant CG
cc 134 (84.81) 184 (70.77) 1 genotype reduced the risk of occur-
CG 22 (13.92) 66 (25.38) 0.003 0.46 (0.19-0.92) rence of cervical cancer in women
GG 2 (1.27) 10(3.85) 0.132 0.39(0.083.11) compared to a wildtype CC geno-

CG+GG  24(15.19)  76(29.23) 0.001 0.42(0.17-0.86) type (OR = 0.46, 95% Cl: 0.19-

Allele 0.92); a GG genotype did not con-
C 290 (91.77) 434 (83.46) 1 fer a statistically significant change
G 26(8.23)  86(16.54) 0.001 0.45(0.14-0.89)  In risk. Combined, the variant CG +

137 patients (86.71%) were confirmed to have
squamous cell carcinoma, 12 (7.59%) had ade-
nocarcinoma, and 9 (5.70%) had adenosqua-
mous carcinoma.

miR-124 rs531564 genotypes

Genotyping at miR-124 rs531564 in control
patients revealed the following distribution:
72.6% CC, 24.5% CG, and 9.2% GG (Table 1).
A chi-squared test showed that, in healthy
women, the distribution of genotypes at the
miR-124 rs531564 locus was in accordance
with Hardy-Weinberg equilibrium (P = 0.498),
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GG genotypes were associated
with reduced risk of occurrence of
cervical cancer (OR = 0.42, 95% CI: 0.17-0.86);
specifically, the G allele reduced the risk of
occurrence of cervical cancer in women com-
pared to the C allele (OR = 0.45, 95% Cl: 0.14-
0.89) (Table 2). Further, Patient aAge enhan-
ces the relationship between -stratified analy-
sis of the correlation betweenthe miR-124
rs531564 polymorphism and genetic suscepti-
bility to cervical cancerStratified analysis of the
age, smoking, tumor stages and histological
types showed that ilin subjects over 40 years of
age, the G allele further reduced the risk of cer-
vical cancer compared to the C allele (OR =
0.31, 95% Cl: 0.12-0.84) (Table 3) OR.
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Table 3. Increased genetic susceptibility to cervical cancer in
women over 40 years of age at the miR-124 rs531564 poly-
morphism locus [N (%)]

Cervical Cancer  Controls

Cases (N=76) (N=127) P OR (95% C1)

Genotype

cC 67 (88.16) 87 (68.50) 1

CG 7(9.21) 35(27.56) 0.002 0.34(0.13-0.91)

GG 2 (2.63) 5 (3.94) 0.700 0.40(0.11-3.42)

CG + GG 9 (11.84) 40 (31.5) 0.002 0.29 (0.09-0.88)
Allele

C 141 (92.76) 209 (82.28) 1

G 11 (7.24) 45 (17.72) 0.003 0.31(0.12-0.84)

Note: Results were adjusted for smoking status, stage, and histologic types.

Table 4. The miR-124 rs531564 polymorphism genotype is cor-
related with HPV infection [N (%)]

HPV positive HPV negative

In this study, we compared geno-
types at the miR-124 rs531564
locus of women with and without a
cervical cancer diagnosis. Uncon-
ditional logistic regression analysis
showed that the CG genotype
reduced the risk of cervical cancer
compared to the CC genotype (OR
= 0.46), as did the CG + GG geno-
types (OR = 0.42). Specifically, the
G allele was associated with
reduced risk of occurrence of cer-
vical cancer compared to the C
allele (OR = 0.45). Furthermore, in
subjects over 40 years of age, the
G allele was closely correlated with
a decrease in the development of
cervical cancer.

Previous studies have shown that

(N=191) (N = 227) P OR (95% €D miR-124 is closely correlated with

Genotype the development of cervical can-
ccC 156 (81.68) 154 (67.84) 1 cer [12, 13]. Mature miR-124 is
CG 28 (14.66) 59 (25.99) 0.003 0.51(0.23-0.96) composed of pre-MiR-124-1, pre-
GG 7 (3.66) 14 (6.17) 0.132 0.54 (0.21-3.50) MiR-124-2, and pre-MiR-124-3, all
CG+GG 35(18.32) 73(32.16) 0.001 0.52(0.17-0.90) of which exhibit decreased expres-
Allele sion in multiple tumor tissue types
C 340(89.01) 367 (80.84) 1 [14-16]. The miR-124 rs531564
G 42(10.99) 87(19.46) 0.001 0.59(0.28-0.93)  Polymorphism has been shown to

Correlation between miR-124 rs531564 poly-
morphism and risk of being infected with HPV

Unconditional logistic regression analysis
showed that the CG genotype reduced the ri-
sk of occurrence of HPV infection in women
compared to the CC genotype (OR = 0.51, 95%
Cl: 0.23-0.96); the GG genotype did not con-
fer a significantly different risk. CG + GG geno-
types reduced the risk of occurrence of HPV
infection (OR = 0.52, 95% CI: 0.17-0.90), and,
on its own, the G allele was associated with
reduced risk of occurrence of HPV infection
compared to the C allele (OR = 0.59, 95% ClI:
0.28-0.93) (Table 4).

Discussion

Cervical cancer is the most common gyneco-
logical malignancy worldwide, and in China it is
the leading cause of cancer-related death
affecting the female reproductive tract. Risk
factors include HPV infection as well as ge-
netic predisposition [11].
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influence the processing of miR-
NAs, wherein the G allele influenc-
es the annular secondary structure of the pre-
miR-124 and alters the expression of other
miRNAs [9].

This study also found that the G allele of the
miR-124 rs531564 polymorphism was less
common in the cervical cancer patients than
in the control women, which suggests that the
presence of the G allele may reduce the risk
of cancer development. Logistic regression
analysis of HPV susceptibility revealed that
the G allele reduced the risk of HPV infection
(OR = 0.59), implying that this may be the
mechanism by which the G allele protects
women. We speculate that the G allele of the
miR-124 rs531564 polymorphism promotes
the expression of mature forms of miR-124
and reduces the risk of HPV infection, thus
reducing the risk of cervical cancer develop-
ment.

In summary, this study explored the relation-
ship between the miR-124 rs531564 polymor-
phism and genetic susceptibility to cervical
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cancer in Chinese Han women. Our results sug-
gest that the G allele of the miR-124 rs531564
polymorphism may reduce the risk of occur-
rence of cervical cancer and provide a theoreti-
cal basis for novel methods to prevent and
treat cervical cancer. Since the development of
cervical cancer is a complex process involving
multiple factors, additional studies are neces-
sary to investigate the mechanisms by which
certain genotypes render women more or less
susceptible to cervical cancer. Such research
will ultimately pave the way for new approaches
to early screenings, prevention, and treatment
of cervical cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Juxin Zhang,
Department of Gynaecology and Obstetrics, Henan
Provincial People’s Hospital, People’s Hospital of
Zhengzhou University, 7 Weiwu Rd, Zhengzhou
450053, Henan Province, P. R. China. Tel: +86-
371-65580014; Fax: +86-371-65964376; E-mail:
Zhangjx371@163.com

References

[1] GLOBOCAN 2012: Estimated cancer inci-
dence, mortality, and prevalence worldwide in
2012. Database: International Agency for Re-
search on Cancer. Available at: http://globo-
can.iarc.fr/Pages/fact-sheets-cancer.aspx. Ac-
cessed 21 September 2014.

[2] Qiao YL. Current situation of epidemiological
studies on human papillomavirus infection
and cervical cancer in Chinese women as well
as prospects for vaccine prevention of human
papillomavirus infection and cervical cancer.
Chinese Journal of Epidemiology 2007; 28:
937-940.

[31 ZenglL, Yu SY, Guo SQ, Yun JP, Zhang J. Identi-
fication and genotyping of oncogenic type of
human papillomavirus in paraffin-embedded
cervical cancer samples in Guangzhou. Nan
Fang Yi Ke Da Xue Xue Bao 2009; 29: 2485-
2487.

[4] GeJ, Lu YX. Relation between HPV and cervical
cancer as well as advance in vaccine research.
Foreign Medical Sciences: Section of Virology
2005; 12: 129-129.

5851

(5]

(6]

(10]

(11]

(12]

[13]

(14]

(15]

(16]

Syrjanen K. New concepts on risk factors of
HPV and novel screening strategies for cervical
cancer precursors. Eur J Gynaecol Oncol 2008;
29: 205-221.

Saunders MA, Liang H, Li WH. Human polymor-
phism at microRNAs and microRNA target
sites. Proc Natl Acad Sci U S A 2007; 104:
3300-3305.

Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism and function. Cell 2004; 116:
281-297.

Srivastava K, Srivastava A. Comprehensive re-
view of genetic association studies and meta-
analyses on miRNA polymorphisms and can-
cer risk. PLoS One 2012; 7: e50966.

Wang X, Tang S, Le SY, Lu R, Rader JS, Meyers
C, Zheng ZM. Aberrant expression of oncogen-
ic and tumor-suppressive microRNAs in cervi-
cal cancer is required for cancer cell growth.
PLoS One 2008; 3: e2557.

Qi L, HuY, ZhanY, Wang J, Wang BB, Xia HF, Ma
X. A SNP site in pri-miR-124 changes mature
miR-124 expression but no contribution to Al-
zheimer’s disease in a Mongolian population.
Neurosci Lett 2012; 515: 1-6.

Au WW, Sierra-Torres CH, Tyring SK. Acquired
and genetic susceptibility to cervical cancer.
Mutat Res 2003; 544: 361-364.

Wilting SM, van Boerdonk RA, Henken FE, Mei-
jer CJ, Diosdado B, Meijer GA, le Sage C, Agami
R, Snijders PJ, Steenbergene RD. Research
Methylation-mediated silencing and tumour
suppressive function of hsa-miR-124 in cervi-
cal cancer. Mol Cancer 2010; 9: 167.

Garzon R, Calin GA, Croce CM. MicroRNAs in
cancer. Annu Rev Med 2009; 60: 167-179.
Furuta M, Kozaki K, Tanaka S, Arii S, Imoto |,
Inazawa J. miR-124 and miR-203 are epige-
netically silenced tumor-suppressive microR-
NAs in hepatocellular carcinoma. Carcinogen-
esis 2010; 31: 766-776.

Hunt S, Jones AV, Hinsley EE, Whawell SA, Lam-
bert DW. MicroRNA-124 suppresses oral squa-
mous cell carcinoma motility by targeting
ITGB1. FEBS Lett 2011; 585: 187-192.
Zhang J, Huang X, Xiao J, Yang Y, Zhou Y, Wang
X, Liu Q, Yang J, Wang M, Qiu L, Zheng Y, Zhang
P, LiJ, Li J, Wang Y, Wei Q, Jin L, Wang J, Wang
M. Pri-mir-124 rs531564 and pri-mir-34b/c
rs4938723 polymorphisms are associated
with decreased risk of esophageal squamous
cell carcinoma in Chinese populations. PLoS
One 2014; 9: e100055.

Int J Clin Exp Med 2014;7(12):5847-5851


mailto:Zhangjx371@163.com

