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Interactions between polymorphisms in the 3'untranslated
region of the cyclin dependent kinase 6 gene and the human
papillomavirus infection, and risk of cervical precancerous lesions
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Abstract. The human papillomavirus (HPV) infection is
essential for the development of cervical cancer and its
precursor lesions. However, only certain persistently infected
individuals develop cervical cancer. Cyclin-dependent kinase
6 (CDKO) is a critical regulatory cancer-associated gene in the
cell cycle and in tumorigenesis. Single nucleotide polymor-
phisms (SNPs) in microRNA sites in the 3'-untranslated region
(UTR) of target genes may result in target gene expression
level changes and susceptibility to diseases, including cancer.
Therefore, the aim of the present study was to determine
whether SNPs in the 3'UTR of the CDK6 gene may affect
susceptibility to cervical precancerous lesions in a Chinese
population. Five polymorphisms in the 3'UTR of the CDK6
gene were evaluated in 164 cervical precancerous lesion cases
and 296 control subjects. Differences in environmental factors
between cases and controls were evaluated using the %> test
or unpaired t-test. Logistic regression was used to examine
the association between the five polymorphisms and cervical
precancerous lesions. The model-free multifactor dimension-
ality reduction (MDR) method was performed to evaluate the
interaction effect of environment variables and gene polymor-
phisms. Interactions on the additive scale are calculated by
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using the relative excess risk due to interaction (RERI). After
controlling for potential confounders, a significantly decreased
risk of cervical precancerous lesions for the GA genotype,
rs8179, and the AT genotype, rs42033 [GA vs. GA: odds ratio
(OR),gjustea=0.17, 95% confidence interval (CI), 0.05-0.57; AT
v8. AA: OR i5e=0.18, 95% CI, 0.05-0.59, respectively] was
identified. Furthermore, following MDR analysis, a significant
three-locus interaction model was identified, which involved
the HPV infection, the number of pregnancies and rs8179.
Additionally, a significant antagonistic interaction between
the HPV infection and rs8179 was identified on an additive
scale. Haplotype AGTA was associated with a decreased risk
of developing cervical precancerous lesions (OR;ye4-0.21;
95% CI, 0.06-0.75). Thus, the present results indicated that
the rs8179 and rs42033 polymorphisms confer genetic suscep-
tibility to cervical precancerous lesions. Furthermore, the
interaction between the rs8179 polymorphism in CDK6 and
the HPV infection and haplotype AGTA may be associated
with cervical precancerous lesions.

Introduction

Cervical cancer is the third most commonly diagnosed type
of cancer and fourth leading cause of cancer mortalities in
females worldwide (1). Furthermore, with more than half a
million new cases and 265,700 mortalities per year, cervical
cancer continues to constitute a major public health problem,
particularly in developing countries, such as China (2). The
development of cervical cancer is a multistep process involving
a precursor preinvasive stage (3). Typically, it takes several
years, even decades, to progress from pre-cancer to invasive
cervical cancer, which offers many opportunities for interven-
tion. Therefore, the elucidation of the molecular pathogenesis
of cervical cancer may contribute to reducing the incidence
and mortality rates of cervical cancer (4).

The human papillomavirus (HPV) infection is essential
for the development of cervical cancer and its precursor
lesions (5,6). However, only certain individuals who remain
infected with high-risk HPV develop cervical precancerous
lesions and cervical cancer. Although HPV is important for
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the transformation of cervical epithelial cells, it is insufficient
for the development of cervical cancer, and there are a variety
of environmental and heritable genetic conditions that influ-
ence the development of cervical cancer (7,8). Accumulating
evidence has revealed the marked potential of microRNAs
(miRNAs) for treating cervical cancer (9-11).

Various studies have indicated that tumorigenesis may
be caused by regulation disorders of cell cycle-associated
proteins, including cyclins, cyclin-dependent kinases (CDKs)
and CDK inhibitors. CDK6 is a CDK family member located
on human chromosome 7. Its activity first appears in the
mid-G, phase to phosphorylate, and thus regulate, the activity
of tumor suppressor protein retinoblastoma (Rb). By releasing
transcription factor, E2 factor (E2F) into the nucleus, the
promoters of associated genes, which mediate tumorigenesis,
are affected (9,12). Furthermore, various miRNA components
are reported to be involved in CDK6-mediated tumorigenesis,
such as miR-145, miR-320 and miR-29 (9,10,13).

miRNAs are a class of small, noncoding RNAs that func-
tion as post-transcriptional regulators of gene expression by
binding to the 3'-untranslated region (UTR) of target mRNA
through a seed-match region, leading to translational repres-
sion or cleavage of target mRNA (14). Single-nucleotide
polymorphisms (SNPs) located in the 3'-UTRs of genes may
affect interactions with microRNAs (miRNAs), whose associa-
tion with tumorigenesis is currently a focus of research (14,15).
One miRNAtargets numerous messenger RNAs (mRNAs),
and one mRNA may be regulated by more than one miRNA.
Therefore, functional variations, such as SNPs located in the
3'-UTRs of cancer-associated genes, may cause differential
regulation of target gene expression and simultaneously alter
numerous molecular pathways that are associated with tumori-
genesis. However, SNPs of the 3'-UTR region of the CDK6
gene have rarely been investigated.

Under the hypothesis that gene polymorphisms or
haplotypes of the CDK6 gene have an impact on cervical
precancerous lesions, a case-control study was performed to
demonstrate whether SNPs located in the miRNA-binding
sites within the 3'-UTR of the CDK6 mRNAs or haplotypes
influence the susceptibility of cervical precancerous lesions.
Furthermore, the potential interactions between these SNPs
and environmental factors in the etiology of cervical precan-
cerous lesions were investigated in a Chinese population.

Materials and methods

Subjects. The present study was approved by the Ethics
Committee of the School of Medicine, Jinan University
(Guangzhou, China). Cervical specimens were collected with
a Cytobrush (Qiagen, Inc., Valencia, CA, USA) and placed
into a ThinPrep Pap test vial (Hologic, Inc., Marlborough,
MA, USA) containing 20 ml PreservCyt Solution (Hologic,
Inc.). Referral Pap specimens were used for the ThinPrep
cytologic test, which was performed by Kingmed Center for
Clinical Laboratory Corporation (Guangzhou, China) using
the ThinPrep 2000 System (Hologic, Inc.) and evaluated for
routine screening cytology. A Pap smear was positive for
a squamous intraepithelial lesion (SIL) if there was a low
(LSIL) or high (HSIL) grade SIL, as classified according to
the Bethesda Classification System (16). Excluding cases with
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other types of uterine disease and without a history of hyster-
ectomy, a total of 164 cases [120 LSIL (73.2%) and 44 HSIL
(26.8%)] were recruited. A total of 296 control samples without
an intraepithelial lesion or malignancy were recruited from
the area of residence of the cases. The study was explained to
each individual and written consent for their participation was
obtained.

HPYV testing. Exfoliated cervical cell samples were collected
from vaginal swabs between May 2013 and November 2014
and conserved in 2.5 ml denaturation buffer (Qiagen,
Inc.). Total DNA from cervical cells was extracted using
commercial magnetic beads kit (Chemagen; PekinElmer,
Inc., Waltham, MA, USA) according to the manufacturer's
instructions. Subsequently, 16 HPV genotypes were detected,
including HPV16, HPV18, HPV31, HPV33, HPV35, HPV39,
HPV45, HPVS51, HPVS52, HPV56, HPVS58, HPV59, HPV66,
and HPV68 (all high risk HPV), as well as HPV6 and HPV11
(low risk HPV), using the MassARRAY (Sequenom, Inc., San
Diego, CA, USA) technique based on matrix-assisted laser
desorption/ionization time-of flight (MALDI-TOF) mass
spectrometry) (17,18). These procedures were performed in the
clinical standard laboratory of the Beijing Genomics Institute
(Shenzhen, China).

Genomic DNA extraction and genotyping. Genomic DNA
was extracted from peripheral whole blood (5 ml; collected
from women who attended the Family Planning Service
Stations or nearby medical institutions between May 2013
and November 2014) using a TTANamp blood DNA extrac-
tion kit (TianGen Biotech Co., Ltd., Beijing, China) according
to the manufacturer's instructions. All DNA samples were
resuspended in water and stored at -20°C until use. The DNA
concentration was determined using a spectrophotometer
(Nano Drop ND-1000; PerkinElmer, Inc.). Samples with a
mean optical density (OD) 260 nm/OD280 nm of 1.8-2.0 and
DNA concentration >20 ng/ul were considered to be free of
contamination.

Subsequently, CDK6 gene targeted by miRNAs was identi-
fied using miRBase (http://www.mirbase.org/) and TargetScan
(http://www.targetscan.org/vert_71/). To ensure the reliability
of the predictions, multiple prediction algorithms were applied
to assess the binding capacity of miRNAs, including RNA22
(https://cm jefferson.edu/rna22/Interactive/) and BiBiServ2
(http://bibiserv2.cebitec.uni-bielefeld.de/). SNPs residing on
the miRNA-binding sites were found by an extensive search in
dbSNP (http:/www.ncbi.nlm.nih.gov/SNP) using Haploview
(https://www.broadinstitute.org/haploview/haploview) and
HapMap (http://hapmap.ncbi.nlm.nih.gov/). Finally, five SNPs
(rs8179, rs4272, rs42033, rs42035 and rs2377) were identified
in predicted miRNA-binding sites with minor allele frequen-
cies >0.05 in the Chinese Han population. The selected SNPs
were genotyped using MALDI-TOF within the MassARRAY
system) (19). The distribution of SNPs in the CDK6 gene is
presented in Table I.

Statistical analysis. A t-test or ¥ test was used to compare case
and control subjects for the selected demographic characteris-
tics. The Hardy-Weinberg equilibrium theory (p*+2pq+q*=1;
where p is the frequency of the wild-type allele and q is
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Table I. Distribution of SNPs in the CDK6 gene.
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Functional Major/minor P-value (HWE)

SNP ID Position region alleles MAF, % (control)
CDK6 (7q21.2)

rs8179 92606850 3-UTR G/A 34 041

rs4272 92607515 3-UTR A/G 15.3 1.00

rs42033 92608219 3'-UTR A/T 32 0.45

rs42035 92610217 3'-UTR T/C 13.8 0.98

rs42377 92614358 3'-UTR G/A 16.3 0.96

rs8179 92606850 3-UTR G/A 34 041

SNP, single nucleotide polymorphism; CDKG6, cyclin-dependent kinase 6; MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium;

UTR, untranslated region.

the frequency of the variant allele) was used in controls to
calculate the genotype frequencies of all five SNPs using the
y* test. In addition, logistic regression was used to calculate the
odds ratios (ORs) and their relative 95% confidence intervals
(CIs) for risk estimation. A > test was also used to evaluate
the dependence of the allele frequencies between the case and
control subjects.

The multifactor dimensionally reduction (MDR)
approach (20,21) was used to evaluate high-order gene-gene
and gene-environment interactions in cervical precancerous
lesions risk. To establish the best n-factor model, the data
were divided into 10 sets: One for testing and nine for
training. Briefly, multilocus genotypes were pooled into
high- and low-risk groups, reducing the genotype predictors
to one dimension. An MDR permutation text procedure was
used to evaluate the significance of the selected models by
calculating empirical 1,000-fold permutation tests. The best
prediction model was selected based on maximum testing
balance accuracy (TBA) and cross-validation consistency
(CVC). MDR results were considered to be statistically
significant at P<0.05. Based on the MDR results, the interac-
tions of significance were selected for the logistic model to
calculate the OR.

The additive interaction between the factors was subse-
quently evaluated according to the following strategy (22).
Among case and control subjects, a binary classification was
used for the HPV infection (infection vs. non-infection) and
the genotypes (homozygous for the major allele vs. one or
two copies of the minor allele). The risk for cervical precan-
cerous lesions for a given SNP and HPV infection status was
expressed by ORi, j, where the first index (i) indicated the HPV
infection status, coded as O for non-infected subjects and 1
for infected subjects, and the second index (j) indicated the
SNP genotype, which was coded as 0 for subjects homozy-
gous for the major allele and 1 for subjects bearing one or two
copies of the minor allele. Subjects who were HPV-uninfected
and homozygous for the major allele served as the reference
group, and their cervical precancerous lesion risk was coded
as OR(,=1. The relative ORs were obtained by logistic regres-
sion. The CIs were calculated by the regression coefficients
and corresponding covariance matrix (23). Deviation from an
additive model was calculated as the relative excess risk due

to interaction (RERI). Biological interactions in the regression
models were evaluated as departure from additivity. Based on
the adjusted ORs obtained in the logistic regression models,
an Excel spreadsheet (www.epinet.se) was used to calculate
RERI on an additive scale and its corresponding CIs (23). An
RERI value (95% CI) that does not cross 0 indicates a biolog-
ical interaction (24). In addition, RERI>O0 indicates a positive
interaction or more than additivity and RERI<O0 indicates a
negative interaction or less than additivity (25,26).

Finally, haplotype analysis (haplotype frequency estima-
tion and linkage dis-equilibrium) between the groups was
performed using online SNPStats software (https:/www.
snpstats.net/snpstats/). The global score test was used to esti-
mate the overall differences in haplotype frequencies between
case and control subjects. The estimated adjusted ORs and
95% CI were also calculated to assess the effect of individual
haplotypes on cervical precancerous lesions.

MDR software v.3.0.2 and MDR permutation testing
software (version 1.0 beta 2) were used in the current study
and were freely available online (www.epistasis.org). All
other statistical analyses were performed using SPSS software
v.16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered
to indicate a statistically significant difference.

Results

Characteristics of the study population. The frequency
distributions of selected demographic characteristics of the
case and control subjects are presented in Table II. Increased
risk factors for cervical precancerous lesions were observed
for a smoking history, shorter time from menarche to the first
intercourse (TMI), higher number of pregnancies and HPV
infection. No significant differences were observed between
case and control subjects in terms of age, body mass index
(BMI), age at menarche and age at first intercourse.

Association between SNPs located within the 3'-UTR of the
CDKG6 gene and cervical precancerous lesion susceptibility.
Five SNPs in the 3'-UTR of the CDK6 gene were selected in
the current study. The genotype distributions of the five SNPs
in the control subjects were in Hardy-Weinberg equilibrium
(Table I). As presented in Table III, significant differences
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Table II. Demographic and clinical characteristics of cervical precancerous lesion patients (n=164) and control subjects (n=296).

Controls, n (%) Cases, n (%) OR (95% CI) P-value

Age (mean + SD), years 42.92+7.35 41.49+7.97 N/A 0.053*
Body mass index (kg/m?) 22.44+3.20 22.14+2.82 N/A 0.312¢
Tobacco smoking

No 253 (85.5) 120 (73.2) Ref. 0.001°¢

Yes 43 (14.5) 44 (26.8) 2.16(1.34-3.46)
Age at menarche (mean + SD), years 14.85+1.63 15.12+1.96 N/A 0.113*
Age at first intercourse (mean = SD), years 2291+2.89 22.35+£2.92 N/A 0.050*
TMI (mean + SD), years 8.05+3.21 7.23£3.09 N/A 0.008°¢
Number of pregnancies (mean + SD) 248+1.19 2.77+1.46 N/A 0.020°¢
High risk human papillomavirus infection

No 208 (70.3) 32 (19.5) Ref. <0.001°¢

Yes 88 (29.7) 132 (80.5) 9.75 (6.16-15.44)

"Two-sided t-test; "P<0.05, “Two-sided % test. SD, standard deviation; TMI, the time from menarche to the first intercourse; Ref., reference.

were identified in the rs8179 and rs42033 alleles, as well as the
genotype distributions between the case and control subjects.
Logistic regression analysis revealed that, following adjust-
ment for HPV infection, age, BMI, tobacco smoking, age at
menarche, age at first intercourse and number of pregnancies,
the GA genotype in rs8179 was associated with a 0.17-fold
decreased cervical precancerous lesions risk compared with
the AA genotype (95% CI, 0.05-0.57; P=0.004) and the AT
genotype in rs42033 was associated with a 0.18-fold decreased
cervical precancerous lesions risk compared with the AA
genotype (95% CI, 0.05-0.59; P=0.005). While the other three
SNPs were not observed to be relevant to the risk of cervical
precancerous lesions.

Gene-environment interaction for cervical precancerous
lesions susceptibility. According to the MDR selection model,
the best model was HPV infection, which had the maximum
CVC (10/10) and highest TBA, 75.38%; significance test,
P=0.001; permutation test, P=0.000-0.001. The second was
a three-factor interaction model, containing HPV infection,
the number of pregnancies and rs§179, with maximum CVC
(8/10) and highest TBA, 76.47%; significance test, P=0.001;
permutation test, P=0.000-0.001) (Table IV). Additionally,
the interactive effects of the HPV infection and each SNP
based on an additive scale were evaluated. According to
the RERI indexes, a significant antagonistic interaction was
identified between CDKG6 rs8179, rs42033 and HPV infection
(RERI=-9.00, 95% (I, -14.69 to -3.30; P=0.002; RERI=-8.84,
95% CI, -14.45 to -3.22; P=0.002) as preseted in Table V.

Three-way interaction between HPV infection, rs311678
status and number of pregnancies with the risk for cervical
precancerous lesions. Based on the MDR model, a risk
analysis of different combinations was performed among the
three factors (Table VI). The combination without any risk
factors [including non-HPV-infected, wild-type for rs8179 and
a reduced number of pregnancies (<3) served as a reference
group. The individuals with a combination of three factors had

a 10.24-fold greater risk of developing cervical precancerous
lesions (95% CI, 1.25-84.07; P=0.030), the OR for cervical
precancerous lesions in the presence of HPV infection,
wild-type for rs8179 and reduced number of pregnancies (<3)
was greater (OR=12.75; 95% CI, 6.03-26.97; P<0.001), while
the highest OR for cervical precancerous lesions was in the
presence of HPV infection, wild-type for rs8179 and a greater
number of pregnancies (=3) (OR=20.65; 95% CI, 9.60-44.44;
P<0.001).

Haplotype analysis. Strong linkage disequilibrium values
were observed between rs8179, rs4272, rs42033 and rs42377
(D'=0.86, r’=0.36-0.90; Fig. 1). Haplotypes were constructed
based on four CDK6 polymorphisms (rs8179, rs4272, rs42033
and rs42377). The overall global test identified a difference in
the frequency of haplotypes between case and control subjects
for rs8179-rs4272-42033-42377 (P=0.002). The results indi-
cated that the haplotype AGTA significantly correlated with a
reduced risk of cervical precancerous lesions (OR=0.21, 95%
CI, 0.06-0.75; P=0.016; Table VII) compared with the highest
frequency haplotype GAAG after adjusting for HPV infec-
tion, age, BMI, tobacco smoking, age at menarche, age at first
intercourse and number of pregnancies. No other frequency
difference was observed in these haplotypes between cervical
precancerous lesion patients and control subjects.

Discussion

To the best of our knowledge, this is the first study to investi-
gate the interactive effects of SNPs in the 3'-UTR of the CDK6
gene and HPV infection on the risk of cervical precancerous
lesions. To investigate whether SNPs in the CDK6 gene
affected the occurrence of cervical precancerous lesions, the
associations between variants of the CDK6 gene and cervical
precancerous lesions were comprehensively analyzed.

CDKG6 is a critical regulatory cancer-associated gene in
tumorigenesis and is highly expressed in the majority of cancer
types, such as breast, ovarian, gastric, pancreatic and cervical
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Table III. Allele frequencies and genotype distributions of cyclin-dependent kinase 6 SNPs in cervical precancerous lesion

patients (n=164) and control subjects (n=296).

SNP Variants  Controls,n (%) Cases,n (%) OR (95% CI) P-value Oradjusted (95% CI)* P-value
rs8179-Allele G 565 (954) 324 (98.8) 1 (Ref.)
A 27 (4.6) 4(1.2) 0.26 (0.09-0.75)°*  0.007°
Genotype GG 269 (90.9) 160 (97.6) 1 (Ref)) N/A 1 (Ref)) N/A
GA 27 (9.1) 424 0.25(0.09-0.73)*  0.011° 0.17 (0.05-0.57)° 0.004°
AA 0(0.0) 0(0.0) - - - -
rs4272-Allele A 501 (84.6) 278 (84.8) 1 (Ref.)
G 91 (154) 50 (15.2) 0.99 (0.68-1.44) 0.959
Genotype AA 212 (71.6) 117 (71.3) 1 (Ref)) N/A 1(Ref)) N/A
GA 77 (26.0) 44 (26.8) 1.04 (0.67-1.60) 0.875 1.26 (0.75-1.12) 0.390
GG 7024) 2(1.8) 0.78 (0.20-3.06) 0.718 0.59 (0.12-3.05) 0.532
Recessive AA+GA 289 (97.6) 161 (98.2) 1 (Ref)) N/A 1 (Ref)) N/A
GG 7024) 3(1.8) 0.77 (0.20-3.02) 0.695 0.56 (0.11-2.82) 0.478
Dominant AA 212 (71.6) 117 (71.3) 1 (Ref.) N/A 1 (Ref.) N/A
GA+GG 84 (28.4) 47 (28.7) 1.02 (0.67-1.55) 0.949 1.19 (0.72-1.98) 0.501
rs42033-Allele A 567 (95.8) 324 (98.8) 1 (Ref.)
T 25 4.21) 4(1.2) 0.28 (0.10-0.81)° 0.013°
Genotype AA 271 (91.5) 160 (97.6) 1 (Ref)) N/A 1 (Ref)) N/A
AT 25 (8.4) 4(24) 0.27 (0.09-0.79)* 0.017° 0.18 (0.05-0.59)° 0.005*
TT 0(0.0) 0(0.0) - - - -
rs42035-Allele T 508 (85.8) 285 (86.9) 1 (Ref))
C 84 (14.2) 43 (13.1) 0.91 (0.62-1.36) 0.649
Genotype TT 218 (73.7) 122 (74 4) 1 (Ref.) N/A 1 (Ref.) N/A
TC 72 (24.3) 41 (25.0) 1.02 (0.65-1.59) 0.939 0.87 (0.51-1.47) 0.591
CC 6(2.0) 1(0.6) 0.30 (0.04-2.50) 0.265 0.40 (0.04-3.86) 0.429
Recessive TT+TC 290 (98.0) 163 (99.4) 1 (Ref.) N/A 1 (Ref.) N/A
CC 6(2.0) 1(0.6) 0.30 (0.04-2.48) 0.262 0.42 (0.04-3.99) 0.447
Dominant TT 218 (73.7) 122 (74 .4) 1 (Ref)) N/A 1 (Ref)) N/A
TC+CC 78 (26.4) 42 (25.6) 0.96 (0.62-1.49) 0.862 0.83 (0.50-1.40) 0.493
rs42377-Allele G 494 (83 4) 276 (84.1) 1 (Ref))
A 98 (16.6) 52 (15.9) 0.95 (0.66-1.37) 0.78
Genotype GG 206 (69.9) 116 (70.7) 1 (Ref.) N/A 1 (Ref.) N/A
GA 82 (27.7) 44 (26.8) 0.95 (0.62-1.47) 0.826 1.12 (0.66-1.87) 0.682
AA 812.7) 424 0.89 (0.26-3.01) 0.849 0.77 (0.18-3.35) 0.726
Recessive GG+GA 288 (97.3) 160 (97.6) 1 (Ref.) N/A 1 (Ref.) N/A
AA 812.7) 4(24) 0.90 (0.27-3.04) 0.865 0.75 (0.17-3.22) 0.693
Dominant GG 206 (69.6) 116 (70.7) 1 (Ref)) N/A 1 (Ref)) N/A
GA+AA 90 (304) 48 (29.3) 0.95 (0.63-1.44) 0.799 1.08 (0.65-1.79) 0.764

2Adjusted for human papillomavirus infection, age, body mass index (kg/m?), tobacco smoking, age at menarche (years), age at first intercourse
(years) and number of pregnancies. °P<0.05. SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.

cancers (27-31). CDKG6 is ubiquitously expressed in human
tumor cells, and is involved in cell cycle control and differ-
entiation by promoting the G,/S transition (12,32,33). CDK6
regulates the progression of the G, phase by combining with
cyclin D to promote phosphorylation of the tumor suppressor
gene, Rb (pRb), and by releasing transcription factor, E2F, into

the nucleus to affect the promoters of the associated genes may
affect tumorigenesis (12).

To date, various studies have investigated the association
between SNPs in miRNA binding sites and cervical cancer
risk, three of which have involved SNPs located in miRNA
target genes (i.e., LAMB3-1rs2566, BCL2-rs3744935 and
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Table IV. Multifactor dimensionality reduction models of the cyclin-dependent kinase 6 gene and environmental factors of

cervical precancerous lesions.

Training balanced Testing balanced Cross-validation
Best models accuracy accuracy consistency P-value®
HPYV infection 0.7538 0.7538 10/10 0.000-0.001
HPV infection, rs8179 0.7615 0.7582 8/10 0.000-0.001
HPV infection, rs8179 0.7647 0.7582 8/10 0.000-0.001

and number of pregnancies

*1,000-fold permutation test. The best model is emboldened. HPV, human papillomavirus.

Table V. Results for gene-environment interaction analysis for each candidate single nucleotide polymorphism and HPV infection.

Deviation from additive model

Interaction Relative excess risk due to

group Gene interaction (95% confidence interval) P-value®
1 rs42035*HPV infection -4.64 (-11.36 to 2.08) 0.176
2 rs42033*HPV infection -9.00 (-14.69 to -3.30) 0.002
3 rs42377*HPV infection -0.09 (-7.26 to 7.09) 0.981
4 rs4272*HPV infection 1.04 (-6.89 to 8.99) 0.796
5 rs8179*HPV infection -8.84 (-14.45 t0 -3.22) 0.002

*Adjusted for age (years), body mass index (kg/m?), tobacco smoking, age at menarche (years), age at first intercourse (years) and number of
pregnancies. Statistically significant values are emboldened. HPV, human papillomavirus.

Table VI. Risk group analysis with three risk factors: HPV infection, number of pregnancies and rs8179.

HPV infection = Number of pregnancies  rs8179  Cases  Controls  Odds ratio (95% confidence interval) ~ P-value®
- - - 11 106 1

- + - 20 85 2.10 (0.94-4.70) 0.070
- - + 0 12 - -

- + + 1 5 1.78 (0.19-16.92) 0.616
+ - - 62 46 12.75 (6.03-26.97) <0.001
+ + - 67 32 20.65 (9.60-44 .44) <0.001
+ - + 1 8 0.89 (0.10-8.10) 0916
+ + + 2 2 10.24 (1.25-84.07) 0.030

*Adjusted for age (years), body mass index (kg/m?), tobacco smoking, age at menarche (years), age at first intercourse (years); "number of
pregnancies (where -,<3 and +, =3). Statistically significant values are emboldened. HPV, human papillomavirus.

TNFAIPS-rs11064) (34-36). These studies indicated that
SNPs in the 3'-UTR of target genes may be significant to
establishing the cancer risk of certain individual. However, to
the best of our knowledge, no studies have yet demonstrated
a link between genetic variations of the 3'UTR of the CDK6
gene and susceptibility of Chinese women to developing
cervical precancerous lesions. In the present results, the
minor A allele in CDK6-rs8179 reduced the risk of cervical
precancerous lesions and had an antagonistic interaction with

the HPV infection, as did the minor T allele in CDK6-rs42033.
Considering than functional variations, such as SNPs located
in the miRNA seed-match region, affect the binding affinity of
miRNAs to target mRNAs, causing differential regulation of
target gene expression and altering numerous molecular path-
ways simultaneously, rs8179 and rs42033 in the 3'UTR of the
CDKG6 gene may affect miRNA-mediated regulatory function.
This leads to changes in the level of CDK6 expression, which
may affect the development of cervical precancerous lesions.
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Table VII. Haplotype frequencies of CDK6 polymorphisms and cervical precancerous lesions.

Haplotype frequency
Haplotype* Control (%) Cases (%) OR® (95%CI) P-value OR®* (95% CI) P-value®*
GAAG 81.90 83.84 1.00 - 1.00 -
GGAA 10.46 13.72 1.29 (0.85-1.98) 0.240 1.67 (0.99-2.84) 0.057
AGTA 3.72 1.22 0.32 (0.11-0.95) 0.040 0.21 (0.06-0.75) 0.016
GAAA 1.71 0.92 0.64 (0.17-2.46) 0.520 0.45 (0.10-2.13) 0.320
Rare! 1.54 0.31 0.21 (0.03-1.53) 0.120 0.17 (0.02-1.49) 0.110

*CDKG6 haplotypes, rs8179, 134272, rs42033 and rs42377; case vs. control group; ‘adjusted for HPV infection, age (years), body mass index
(kg/m?), tobacco smoking, age at menarche (years), age at first intercourse (age) and number of pregnancies; ‘haplotype frequency <0.01;
°global haplotype association P-value, 0.0022. The emboldened result is statistically significant (P<0.05). CDK®6, cyclin-dependent kinase 6;

OR, odds ratio; CI, confidence interval.
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Figure 1. Linkage disequilibrium plots of (A) rs8179, rs4272, rs42033, rs42035, rs42377 and (B) rs8179, rs4272, rs42033, rs42377 in cyclin-dependent kinase

6 gene of the 460 study subjects.
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Figure 2. Risk analysis with three factors: Human papillomavirus infection,
number of pregnancies and rs8179.

The underlying mechanism requires further investigation in
functional studies.

In addition, one study indicated that an increased CDK6
expression level was significantly associated with the histo-
logical grade of cervical carcinogenesis and that CDK6 was
positively associated with E6/E7 (10). The authors indicated
that CDK6 may serve as a candidate HPV-induced oncogene
in cervical cancer and HR-HPVs may gain an advantage in
inducing carcinogenesis by reshaping the environment of the
cellular miRNA composition and target gene expression to
benefit the virus (10). Therefore, the present study hypoth-
esized that there is an interaction between HPV and each
SNP in the CDK6 gene, which is associated with the risk of
cervical precancerous lesions. Additionally, the current study
demonstrated an interactive effect between rs8179, rs42033
and the HPV infection on an additive scale. Furthermore, the
MDR model indicated that the interaction between the HPV
infection, rs8179 and the number of pregnancies was impor-
tant at the population level; among HPV-infected individuals
who had <3 pregnancies, women carrying the minor A allele
in CDK6-rs8179 had a 50% reduced risk of cervical precan-
cerous lesions compared with individuals who were wild type
at rs8179 (Fig. 2). Additionally, using haplotype analysis, it
was identified that the haplotype AGTA was associated with
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a decreased risk of cervical precancerous lesions. In addition
to the HPV infection, cervical precancerous lesions are associ-
ated with various environmental factors. The current results
demonstrated that women with a smoking history, shorter TMI
and higher number of pregnancies were at risk of cervical
precancerous lesions. Smoking reduces cervical immunity,
which enhances the persistence of the HPV infection (37).
Various studies have demonstrated that women with cervical
precancerous lesions had a shorter TMI (38,39). It was hypoth-
esized that this group may exhibit delayed maturation of the
cervical transformation zone and, thus, an increased area
of immature epithelium, suggesting that a subpopulation of
adolescents with cervical precancerous lesions have a biologi-
cally immature cervix, which may increase the vulnerability
of the cervical epithelium to HPV infection and neoplastic
change may, therefore, increase the risk of cervical carcinoma,
as it retains the transformation zone on the exocervix for many
years, facilitating direct exposure to HPV (38-40).

There were various limitations of the current study. The
sample size for genotyping was relatively small, resulting in a
low statistical power of the genetic aspect of this study. Larger
studies involving individuals from different ethnic populations
are required to verify the findings, and this may facilitate the
elucidation of the intrinsic mechanism. In addition, these data
demonstrated the protective effect of the polymorphisms of
the CDK®6 gene in cervical precancerous lesions; however, the
precise molecular mechanism underlying the effect remains to
be elucidated, which would provide a basis for further studies
(for example, where mutations are cloned in luciferase reporter
constructs to characterize the binding specificity of miR-29).
Protein expression studies of a similar group of patients are
being considered to determine whether the polymorphisms are
associated with cervical precancerous lesions.

In conclusion, the current data provide novel evidence that
the rs8179 and rs42033 polymorphisms and haplotype AGTA
in CDK6 may influence the development of cervical precan-
cerous lesions in Chinese women. Furthermore, the present
study demonstrates two- and three-way gene-environment
interactions in the etiology of cervical precancerous lesions.
Novel epidemiological clues regarding the protective role of
the CDK®6 gene in cervical precancerous lesions and further
insights into the interactions involved in the etiology of
cervical precancerous lesions were also presented. These
results provide further evidence that introns should no longer
be considered nonsense. In addition, the possibility that
high risk HPVs may have an advantage in the induction of
carcinogenesis in the environment of the cellular miRNA
composition and target gene expression to the benefit of the
virus.
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