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Purpose: Cervical cancer (CC) poses a significant threat to women’s health worldwide, and multiple signaling pathways have been
confirmed to be involved in its development. The AMPK signaling pathway plays a central role in maintaining energy homeostasis,
and its dysregulation is closely associated with the occurrence of CC. Changes in microRNA (miRNA) expression levels might be
related to the AMPK signaling pathway. Single nucleotide polymorphisms (SNPs) can affect the function of miRNA and result in the
development of CC. To investigate the association between the SNPs of AMPK pathway-associated miRNAs and CC in a Han Chinese
population, we selected eight miRNA genes located in the AMPK pathway and analyzed nine SNP loci within these genes to explore
whether they are associated with genetic susceptibility to cervical intraepithelial neoplasia (CIN) and CC.

Methods: A total of 2,220 subjects were included in this study, including 928 healthy controls, 421 CIN patients, and 871 CC
patients. Nine candidate SNPs (rs895819 in miR-27a, rs10061133 in miR-449b, rs41291179 in miR-216a, rs76481776 in miR-182,
rs10406069 in miR-5196, rs12803915 and rs550894 in miR-612, rs66683138 in miR-3622b, and rs2620381 in miR-627) were
genotyped using the TagMan method.

Results: The results showed significant differences in the allele distribution of rs41291179 and rs12803915 between the control group
and the CIN group, as well as between the control group and the CC group (all P values < 0.005). The A allele of rs41291179 and the
G allele of rs12803915 were associated with decreased risk of CIN (OR = 0.05, 95% CI: 0.01-0.39; OR = 0.61, 95% CI: 0.49-0.76)
and CC (OR = 0.08, 95% CI: 0.01-0.66; OR = 0.71, 95% CI: 0.59-0.86), respectively.

Conclusion: Our results suggest that polymorphisms in miRNA genes of the AMPK signaling pathway are associated with the
development of CC.
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Introduction

Cervical cancer (CC) ranks as the fourth most prevalent cancer among women worldwide.! If no action is taken, the
World Health Organization (WHO) estimates that the annual number of new CC cases will rise from 570,000 to 700,000
between 2018 and 2030, with deaths increasing from 311,000 to 400,000 per year."> China has a heavy burden of CC,
and the incidence and mortality of CC have shown an increasing trend over the past 20 years,® with 109,000 new CC
cases and 59,000 deaths in 2020, accounting for 18.2% and 17.3% of global cases, respectively.*
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The occurrence, development, metastasis, and drug resistance of CC have been linked to various cell signaling
pathways, including the PI3K/AKT, Wnt, Notch, NF-kB, MAPK-ERK, Hedgehog, and JAK/STAT pathways.sf11 AMP-
activated protein kinase (AMPK) serves as a receptor for cellular energy status, monitoring changes in ATP levels and
phosphorylating substrates accordingly to regulate ATP precisely.'>'® ATP is essential for cellular activities,'*'> and the
occurrence and development of malignant tumors rely heavily on an abundant supply of cellular energy. Thus, abnormal
regulation of AMPK is closely associated with tumor development.'®!”
miRNAs play a crucial role in cell differentiation and proliferation by binding to complementary target mRNAs,

%19 miRNA undergoes two processing steps in the nucleus and cytoplasm

inhibiting mRNA translation, or degrading it.
for maturation, forming a complex and precise regulatory network. This network allows for a single miRNA to regulate
expression of multiple genes and achieve fine regulation of gene expression through the combined regulation of multiple
miRNAs. >

Numerous studies have reported the involvement of miRNAs in regulating components of the AMPK signaling
pathway. These miRNAs may lead to abnormal expression of their target genes, resulting in signaling pathway disorders
and related diseases. For instance, miR-27a,>* miR-449a,>> miR-216a,?° miR-96,?” and miR-5196>® have been implicated
in the occurrence of diseases by targeting the AMPK signaling pathway. Additionally, miR-612,%° miR-3622b,** and
miR-627°" have been linked to the occurrence of tumors in the human reproductive system, with their putative target
genes potentially playing a role in the AMPK pathway.

Genetic variation plays a significant role in miRNA maturation, with SNPs being the most common human genome
genetic polymorphisms.>*>> Pathway-associated miRNA gene profile expression changes caused by SNPs might be
important for explaining the pathomechanism driving cancers.** For example, our previous studies reported that
rs4636297 in pri-miR-126, rs11614913 in miR-196a2, rs107822 in miR-219a and rs2292832 in miR-149 are associated
with CC risk.®* In addition, Gilam A et al reported that rs1071738 in miR-96 is associated with the risk of breast cancer
metastasis.’® Therefore, SNPs are notable factors in regulating miRNAs, which have been shown to be associated with
diseases.’’

In the current study, we first employed bioinformatics tools to identify miRNAs associated with CC. Then, we
predicted their target genes and conducted pathway enrichment analysis of the genes. Finally, a total of nine SNPs located
in eight miRNAs of the AMPK pathway were selected, and the association between SNPs and the risk of CC in a Han
Chinese population was investigated. Our results provide more data for further elucidating the molecular genetic
mechanisms of CC.

Methods

Subjects

A total of 421 patients with CIN and 871 patients with CC were randomly selected from the Third Affiliated Hospital of
Kunming Medical University. The inclusion criteria were as follows: diagnosis of cervical malignant tumor or CIN II or
CIN III confirmed by biopsy or surgery, complete clinical data, good compliance, absence of other concurrent tumors, no
previous history of other tumors, and no prior antitumor therapy such as radiotherapy or chemotherapy. Diagnostic
criteria were based on Clinical Diagnosis and Treatment Guidelines for Obstetrics and Gynecology and National
Guidelines for Diagnosis and Treatment of Cervical Cancer 2022 in China.*® Simultaneously, 928 healthy individuals
were randomly selected as the healthy control group. All subjects belonged to the Han Chinese population. All samples
were collected with informed consent from the patients and their families, and the study was approved by the Ethics
Committee of the Third Affiliated Hospital of Kunming Medical University (No. KYCS2021193).

DNA Extraction
DNA extraction was performed using QIAamp DNA Blood Mini Kit (Qiagen NV, Venlo, Netherlands). The concentra-
tion and purity of the extracted DNA were assessed using a Multiskan™ GO full-wavelength spectrophotometer.
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miRNA Selection, Target Gene Prediction and Signal Pathway Enrichment

The miRSNP database (http://bioinfo.life.hust.edu.cn/miRNASNP/#!) was used to retrieve miRNAs associated with CC,
as were the HMDD database (http://www.cuilab.cn/hmdd) and the miRWalk database (http://129.206.7.150/). By
integrating the data from these three databases, a total of 151 miRNAs were obtained. The target genes of these
miRNAs were predicted using the TargetScan 8.0 database (https://www.targetscan.org/vert 80/) and TarBase v8
database (https://bio.tools/tarbase#!). Pathway enrichment analysis was performed using the mirPath database (https://
dianalab.e-ce.uth.gr/html/mirpathv3/index.php?R=mirpath#mirnas=hsa-miR-101-3p=Tarbase&selection=0) and the
DAVID database (https://david.ncifcrf.gov/).

SNP Selection and Genotyping

Based on the results of pathway analysis, miRNA genes located in the AMPK signaling pathway and SNPs in the mature
sequence, precursor sequence, or transcriptional regulatory sequence of these miRNAs were selected. A minor allele
frequency (MAF) higher than 0.05 was used as a screening criterion. Following the screening process, a total of nine SNPs
were chosen as candidates for this study: 1s895819 located in the promoter region of miR-27a, rs10061133 located in the
mature sequence of miR-449b, 1s41291179 located in the enhancer region of miR-216a, rs76481776 located in the enhancer
region of miR-182, rs10406069 located in the non-coding transcript exon region of miR-5196, rs12803915 located in the miR-
612 precursor sequence (pre-miRNA), rs550894 in the non-coding transcript exon region, rs66683138 located in the mature
sequence of miR-3622b, and rs2620381 located in the mature sequence of miR-627 (Table 1 and Figure 1).

The genotyping reagent TagMan Genotyping Master Mix and the genotyping probe TagManSNP Genotyping Assays
were purchased from ABI, USA. For the genotyping process, please refer to our previous study.>” In brief, add 2.5 pL of
2x Master Mix, 0.25 uL of 40x probe, 1.25 puL of nuclease-free water, and 1 pL of template DNA to each well of PCR
plate, resulting in a final reaction volume of 5 pL. The reaction is then carried out on the LightCycler®480 instrument
with the following program settings: PCR initial heat activation at 95°C for 2min, denaturation at 95°C for 5s, combined
annealing/extension at 60°C for 30s and the number of cycles is 40. For quality control, 14.6% of the samples were
randomly selected for repeated detection, and 1.7% of the samples were randomly selected for DNA sequencing analysis
to verify the accuracy of the TagMan probe method.

Statistical Analysis

The genotyping results of all SNP loci were summarized using Microsoft Excel software. To assess the age bias, we
conducted one-way ANOVA using GraphPad Prism 9.4 software. The Hardy—Weinberg equilibrium (HWE), distribution
of alleles and genotypes of the nine SNPs among different groups, and odds ratio were calculated using SHEsis
software® through the chi-square test and Fischer’s exact test. The inheritance model of the nine SNPs was analyzed
using SNPstats*' under five different models: codominant, dominant, recessive, overdominant, and log-additive models.
The optimal inheritance model for each SNP was determined based on the Akaike information criterion (AIC) and
Bayesian information criterion (BIC), whereby smaller AIC and BIC values indicate lower expected entropy and higher

Table | The Basic Information of the SNPs

SNPs Genes Function Consequence Location Alleles MAF
rs895819 MIR27A Promotor region Chr 19:13836478 T>C 0.36
rs10061133 MIR449B Mature miRNA variant Chr 5:55170716 A>G 0.12
rs41291179 MIR216A Enhancer region Chr 2:55988955 A>T 0.08
rs76481776 MIR182 Enhancer region Chr 7:129770387 C>T 0.06
rs 10406069 MIR5196 Non coding transcript exon variant Chr 19:35345627 G>A 0.12
rs12803915 MIR612 Pre-miRNA variant Chr 11:65444508 G>A 0.14
rs550894 MIR612 Non coding transcript exon variant Chr 11:65444469 C>A 0.22
rs66683138 MIR3622B Mature miRNA variant Chr 8:27701697 G>A 0.30
rs2620381 MIR627 Mature miRNA variant Chr 15:42199650 A>C 0.08
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Figure | The miRNAs associated with AMPK signaling pathways in the current study.

model accuracy.*? To account for multiple comparisons, Bonferroni correction was applied to the P value, which the Pc

value was set at 0.05 (P = 0.05/n, n =9).

Results
Clinical Characteristics

A total of 2,220 participants were enrolled in this study. There were 421 patients in the CIN group, whose average age

was 45.6149.60, including 48 patients in grade II and 373 in grade III. The CC group comprised 871 patients, with an

average age of 46.28+9.88 years, including 155 patients with adenocarcinoma (AC) and 716 patients with squamous cell

carcinoma (SCC). According to CC staging, 563 patients were in stage I, 248 in stage II and 60 in stage III-IV. There

were 928 participants in the healthy control group, whose average age was 46.37+9.28. There was no statistically

significant difference in age observed among the three groups (F = 0.958, P = 0.384) (Table 2).

Table 2 The Clinical Characteristics of Subjects Enrolled in Current Study

Control CIN ccC F P
Cases 928 421 871
Ages (year) 46.37£9.28 | 45.61+£9.60 | 46.28+9.88 0.958 0.384
Grades of CIN Il (n) 48
Il (n) 373
Pathological types AC (n) 155
SCC (n) 716
Stages of CC 1 (n) 563
Il (n) 248
-1V (n) 60
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Signaling Pathway Enrichment

Signaling pathway analysis of 151 miRNAs revealed that 41 miRNAs, which may be associated with the development of
CC, were significantly enriched in the AMPK signaling pathway (hsa04152). The enrichment analysis yielded an
adjusted P value of 5.09x107>.

Association of Nine SNPs in Eight miRNAs with CIN and CC

Except for rs76481776, the genotypic distribution of the other eight SNPs was consistent with HWE (P > 0.05),
indicating that the sample selection of this study was representative. The distribution and comparison of alleles and
genotypes for each SNP locus in different groups are presented in Table 3. Notably, significant differences were observed
in the distribution of alleles and genotypes for the rs41291179 locus in miR-216a and the rs12803915 locus in miR-612
between the control group and the CIN group, as well as between the control group and the CC group (control group vs
CIN group, P values were 5.88x10> and 1.30 x 10, respectively; control group vs CC group, P values were 0.003 and
3.73 x 1074, respectively). Furthermore, statistically significant differences were found in the distribution of alleles and
genotypes for 15550894 between the control group and the CC group (P value = 0.001). Additionally, the A allele of
rs41291179 and the G allele of rs12803915 were associated with a reduced risk of CIN (OR = 0.05, 95% CI: 0.01-0.39;
OR = 0.61, 95% CI: 0.49-0.76, respectively) and CC (OR = 0.08, 95% CI: 0.01-0.66; OR = 0.71, 95% CI: 0.59-0.86,
respectively). Conversely, the C allele of rs550894 was associated with an increased risk of CC (OR = 1.29, 95% CI:
1.11-1.50).

The results of the inheritance model analysis indicated that the optimal model for rs12803915 and rs550894 in
comparison between the control group and the CC group was the log-additive model. Specifically, compared to the GG
genotype, the rs12803915 genotype 2AA+AG may be a risk factor for cervical cancer (OR = 1.39, 95% CI: 1.15-1.67);
the rs550894 genotype 2AA+AC may act as a protective factor against CC compared to the CC genotype (OR = 0.77,
95% CI: 0.66-0.90). The optimal model for rs12803915 in the control group compared with the CIN group was
dominant, with the AG+AA genotype relative to the GG genotype being a potential risk factor for CIN (OR = 1.85,
95% CI: 1.43-2.38). Due to the absence of the T/T genotype of rs41291179 in this study, analysis of the five inheritance
models could not be conducted. However, compared with the A/A genotype, the T/A genotype was found to be
associated with an increased risk of CC and CIN (OR = 12.50, 95% CI: 1.54-100.00; OR = 20.00, 95% CI: 2.56—
100.00, respectively). See Tables 4 and 5.

Association of Nine SNPs in Eight miRNAs with Different Pathological Types of CC
To ascertain whether the selected SNPs are associated with different pathological types of CC, the distribution of the
nine SNPs in CC patients was analyzed by stratifying them according to pathological type. As shown in Table 6,
significant differences were observed in the distribution of alleles and genotypes of rs12803915 and rs550894
between the SCC group and the control group (P values were 0.001). The results of the inheritance model analysis
are displayed in Table 7, revealing that the optimal model for both loci is the log-additive model. Based on this
model, compared to the GG genotype, the 2AA+AG genotype of rs12803915 may act as a risk factor for SCC (OR
= 137, 95% CI: 1.14-1.67); relative to the CC genotype, the 2AA+AC genotype of rs550894 may serve as a
protective factor against SCC (OR = 0.75, 95% CI: 0.64-0.88). Furthermore, the distribution of alleles and
genotypes of rs41291179 exhibited statistically significant differences between the AC group and the control
group, with the A allele and A/A genotype of this locus potentially acting as protective factors for AC (OR =
0.03, 95% CI: 0.003-0.28). However, there were no significant differences in the distribution of alleles and
genotypes between the AC group and the SCC group.

Association of Nine SNPs in Eight miRNAs with Different Stages of CC and CIN
Groups

To investigate whether the selected SNPs are associated with disease progression, the CIN group was categorized into
grade I and grade II, while the CC group was divided into stage I and stage II+III+IV. As shown in Table 8, significant
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Table 3 The Allele and Genotype Distribution of 9 SNPs in Control, CIN and CC Groups

SNPs Allele/Genotype Control n (%) CIN n (%) CC n (%) CIN vs Ctrl CC vs Ctrl CC VS CIN
OR (95% CI) P OR (95% CI) P OR (95% CI) P
rs895819 T 1360 (73.3) 590 (70.1) 1299 (74.6) 0.85 (0.71-1.02) 0.085 1.07 (0.92—1.24) 0.377 1.25 (1.04-1.50) 0.016
C 496 (26.7) 252 (29.9) 443 (25.4)
TIT 493 (53.1) 209 (49.6) 488 (56.0)
CIT 374 (40.3) 172 (40.9) 323 (37.1) 0.134 0.375 0.058
c/C 61 (6.6) 40 (9.5) 60 (6.9)
rs10061133 A 1338 (72.1) 614 (72.9) 1261 (72.4) 1.04 (0.87-1.25) 0.654 1.01 (0.88-1.17) 0.842 0.97 (0.81-1.17) 0.776
G 518 (27.9) 228 (27.1) 481 (27.6)
AIA 488 (52.6) 212 (50.4) 449 (51.5)
AIG 362 (39.0) 190 (45.1) 363 (41.7) 0.011 0.293 0.195
G/G 78 (8.4) 19 (4.5) 59 (6.8)
rs41291179 A 1855 (99.9) 833 (98.9) 1731 (99.4) 0.05 (0.01-0.39) 588 x 10°° 0.08 (0.01-0.66) 0.003 1.70 (0.70-4.12) 0.234
T 1 (0.1) 9 (I.1) Il (0.6)
AIA 927 (99.9) 412 (97.9) 860 (98.7) 572 % 10°° 0.003 0.233
AIT I (0.1) 9 (2.1 I (1.3)
rs76481776 C 1798 (96.9) 834 (99.0) 1696 (97.4) 3.36 (1.60-7.07) 0.001 1.19 (0.80-1.76) 0.386 0.35 (0.17-0.75) 0.005
T 58 (3.1) 8 (1.0 46 (2.6)
c/C 886 (95.5) 413 (98.1) 828 (95.1)
CIT 26 (2.8) 8 (1.9) 40 (4.6) 0.015 0.002 0.027
T/T 16 (1.7) 0 3(0.3)
rs10406069 G 1422 (76.6) 618 (73.4) 1340 (76.9) 0.84 (0.70-1.01) 0.071 1.02 (0.87-1.19) 0.828 1.21 (1.00-1.46) 0.050
A 434 (23.4) 224 (26.6) 402 (23.1)
G/G 541 (58.3) 227 (53.9) 518 (59.5)
AIG 340 (36.6) 164 (39.0) 304 (34.9) 0.170 0.688 0.146
AIA 47 (5.1) 30 (7.1) 49 (5.6)
rs12803915 G 1635 (88.1) 689 (81.8) 1463 (84.0) 0.61 (0.49-0.76) 1.30 x 10°° 0.71 (0.59-0.86) 373 x 10°* 1.16 (0.94-1.45) 0.169
A 221 (11.9) 153 (18.2) 279 (16.0)
G/G 722 (77.8) 276 (65.6) 622 (71.5)
AIG 191 (20.6) 137 (32.5) 219 (25.1) 9.92 x 10°® 0.002 0.009
AIA 15 (1.6) 8 (1.9) 30 34)
rs550894 C 1359 (73.2) 620 (73.6) 1357 (77.9) 1.02 (0.85-1.23) 0.822 1.29 (1.11-1.50) 0.001 1.26 (1.04-1.53) 0.017
A 497 (26.8) 222 (26.4) 385 (22.1)
c/C 498 (53.7) 229 (54.4) 522 (59.9)
AIC 363 (39.1) 162 (38.5) 313 (35.9) 0.969 0.003 0.031
AIA 67 (7.2) 30 (7.1) 36 (4.2)

[e 39 usy>d
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rs66683138

rs2620381

G
A
G/G
AIG
AIA
A
C
AIA
A/IC
c/C

1103 (59.4)
753 (40.6)
316 (34.0)
471 (50.8)
141 (152)
1697 (91.4)
159 (8.6)
775 (83.5)
147 (15.8)
6 (0.7)

484 (57.5)
358 (42.5)
139 (33.0)
206 (48.9)
76 (18.1)
772 91.7)
70 (8.3)
352 (83.6)
68 (16.2)
1 0.2)

1040 (59.7)
702 (40.3)
324 (372)
392 (45.0)
155 (17.8)
1593 (91.4)
149 (8.6)
731 (83.9)
131 (15.0)

9 (I.1)

0.92 (0.78-1.09)

1.03 (0.77-1.39)

0.341

0.416

0.827

0.621

1.01 (0.88-1.16)

1.00 (0.79-1.26)

0.868

0.045

0.989

0.606

110 (0.93-1.29)

0.97 (0.72-1.30)

0.282

0310

0.837

0.279

Note: The statistical significant threshold was set at P < 0.005 after Bonferroni correction.
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Table 4 The Inheritance Model Analysis of 9 SNPs Between CC and Control Groups

SNPs Model Genotypes CC (n%) Control (n%) OR (95% CI) P Value AIC BIC
rs895819 Codominant TIT 488 (56.0) 493 (53.1) 1.00 0.370 2496.2 2512.7
CIT 323 (37.1) 374 (40.3) 0.87 (0.72-1.06)

C/IC 60 (6.9) 6l (6.6) 0.99 (0.68—1.45)

Dominant TIT 488 (56.0) 493 (53.1) 1.00 0.220 2494.6 2505.6
C/T-CIC 383 (44.0) 435 (46.9) 0.89 (0.74-1.08)
Recessive T/T-CIT 811 (93.1) 867 (93.4) 1.00 0.790 2496.1 2507.1
C/IC 60 (6.9) 6l (6.6) 1.05 (0.72-1.52)
Overdominant T/T-CIC 548 (62.9) 554 (59.7) 1.00 0.160 2494.2 2505.2
CIT 323 (37.1) 374 (40.3) 0.87 (0.72-1.05)
Log-additive — — — 0.93 (0.81-1.09) 0.380 24954 2506.3
rs|10061133 Codominant AIA 449 (51.5) 488 (52.6) 1.00 0.290 2495.7 2512.2
G/A 363 (41.7) 362 (39.0) 1.09 (0.90-1.32)
G/G 59 (6.8) 78 (8.4) 0.82 (0.57-1.18)
Dominant AIA 449 (51.5) 488 (52.6) 1.00 0.660 2495.9 2506.9
G/A-GIG 422 (48.5) 440 (47.4) 1.04 (0.87-1.25)
Recessive A/A-G/A 812 (93.2) 850 (91.6) 1.00 0.190 24944 2505.4
G/G 59 (6.8) 78 (8.4) 0.79 (0.56—1.12)
Overdominant A/A-GIG 508 (58.3) 566 (61.0) 1.00 0.250 2494.8 2505.8
G/A 363 (41.7) 362 (39.0) I.11 (0.93-1.35)
Log-additive — — — 0.98 (0.85-1.14) 0.840 2496.1 2507.1
rs41291179 — AIA 860 (98.7) 927 (99.9) 1.00 0.001 2485.7 2496.7
TIA 11 (1.3) I (0.1) 12.50 (1.54-100.00)
rs76481776 Codominant C/IC 828 (95.1) 886 (95.5) 1.00 0.002 2485.2 2501.7
CIT 40 (4.6) 26 (2.8) 1.64 (1.00-2.70)
TIT 3 (0.3) 16 (1.7) 0.20 (0.06-0.69)
Dominant C/IC 828 (95.1) 886 (95.5) 1.00 0.680 2496.0 2507.0
C/T-TIT 43 (4.9) 42 (4.5) 1.10 (0.71-1.69)
Recessive C/IC-CIT 868 (99.7) 912 (98.3) 1.00 0.003 2487.1 2498.1
TIT 3 (0.3) 16 (1.7) 0.20 (0.06-0.68)
Overdominant C/C-TIT 831 (95.4) 902 (97.2) 1.00 0.043 2492.0 2503.0
cIT 40 (4.6) 26 (2.8) 1.67 (1.01-2.78)
Log-additive — — — 0.88 (0.63—1.23) 0.450 2495.6 2506.6
rs10406069 Codominant G/G 518 (59.5) 541 (58.3) 1.00 0.690 2497 .4 2513.9
AIG 304 (34.9) 340 (36.6) 0.93 (0.77-1.14)
AIA 49 (5.6) 47 (5.1) 1.09 (0.72-1.67)
Dominant G/G 518 (59.5) 541 (58.3) 1.00 0.610 2495.9 2506.9
AIG-A/A 353 (40.5) 387 (41.7) 0.95 (0.79-1.15)
Recessive G/G-A/IG 822 (94.4) 881 (94.9) 1.00 0.600 2495.9 2506.8
AIA 49 (5.6) 47 (5.1) 1.12 (0.74-1.69)
Overdominant G/G-A/A 567 (65.1) 588 (63.4) 1.00 0.440 24955 2506.5
AIG 304 (34.9) 340 (36.6) 0.93 (0.76-1.12)
Log-additive — — — 0.98 (0.84-1.15) 0.830 2496.1 2507.1
rs12803915 Codominant G/G 622 (71.5) 722 (77.8) 1.00 0.002 2485.5 2502.0
AIG 219 (25.1) 191 (20.6) 1.33 (1.06—1.67)
AIA 30 34) 15 (1.6) 2.33 (1.23-4.35)
Dominant G/G 622 (71.4) 722 (77.8) 1.00 0.002 2486.4 2497 .4
AIG-A/A 249 (28.6) 206 (22.2) 1.41 (1.14-1.72)
Recessive G/G-A/G 841 (96.6) 913 (98.4) 1.00 0.012 2489.9 2500.9
AIA 30 34) 15 (1.6) 2.17 (1.16-4.00)
Overdominant G/G-A/A 652 (74.9) 737 (79.4) 1.00 0.021 2490.8 2501.8
AIG 219 (25.1) 191 (20.6) 1.30 (1.04-1.61)
(Continued)
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Table 4 (Continued).

SNPs Model Genotypes CC (n%) Control (n%) OR (95% CI) P Value AIC BIC
Log-additive — — — 1.39 (1.15-1.67) 500 x 10* | 2484.0 2495.0
rs550894 Codominant C/IC 522 (59.9) 498 (53.7) 1.00 0.003 2486.2 2502.7
AIC 313 (35.9) 363 (39.1) 0.82 (0.68-1.00)
AA 36 (4.2) 67 (7.2) 0.51 (0.34-0.78)
Dominant C/IC 522 (59.9) 498 (53.7) 1.00 0.007 2488.9 2499.9
AIC-A/A 349 (40.1) 430 (46.3) 0.78 (0.64-0.93)
Recessive CIC-AIC 835 (95.9) 861 (92.8) 1.00 0.004 2488.1 2499.1
AA 36 (4.1) 67 (7.2) 0.56 (0.36-0.84)
Overdominant C/IC-A/IA 558 (64.1) 565 (60.9) 1.00 0.160 2494.2 2505.2
AIC 313 (35.9) 363 (39.1) 0.87 (0.72-1.05)
Log-additive — — — 0.77 (0.66-0.90) 0.001 24853 2496.3
rs66683138 Codominant G/IG 324 (37.2) 316 (34.0) 1.00 0.045 2491.9 2508.4
G/A 392 (45.0) 471 (50.8) 0.81 (0.66—1.00)
AA 155 (17.8) 141 (15.2) 1.08 (0.81-1.41)
Dominant G/G 324 (37.2) 316 (34.0) 1.00 0.160 2494.2 2505.2
G/IA-AIA 547 (62.8) 612 (66.0) 0.87 (0.72-1.05)
Recessive G/IG-G/A 716 (82.2) 787 (84.8) 1.00 0.140 2493.9 2504.9
AA 155 (17.8) 141 (15.2) 1.20 (0.94-1.56)
Overdominant G/G-A/A 479 (55.0) 457 (49.2) 1.00 0.015 2490.2 2501.2
G/IA 392 (45.0) 471 (50.8) 0.79 (0.66-0.95)
Log-additive — — — 0.99 (0.86—1.12) 0.870 2496.1 2507.1
rs2620381 Codominant A/A 731 (83.9) 775 (83.5) 1.00 0.610 2497.1 2513.6
CIA 131 (15.0) 147 (15.8) 0.94 (0.73-1.22)
C/IC 9 (I.1) 6 (0.7) 1.59 (0.56—4.55)
Dominant A/A 731 (83.9) 775 (83.5) 1.00 0.810 2496.1 2507.1
C/IA-CIC 140 (l6.1) 153 (16.5) 0.97 (0.76—1.25)
Recessive A/A-C/IA 862 (99.0) 922 (99.3) 1.00 0.370 24953 2506.3
C/IC 9 (1.0 6 (0.7) 1.61 (0.57—4.55)
Overdominant A/A-C/IC 740 (85.0) 781 (84.2) 1.00 0.640 2495.9 2506.9
C/IA 131 (15.0) 147 (15.8) 0.94 (0.73-1.22)
Log-additive — — — 1.00 (0.79-1.27) 0.990 2496.1 2507.1

Notes: AIC, Akaike information criterion; BIC, Bayesian information criterion. AIC = =2 In(L) + 2 k, BIC = =2 In(L) + In(n)*k. The statistical significant threshold was set at P
< 0.005 after Bonferroni correction.

differences were observed in the distribution of alleles and genotypes of rs41291179 and rs12803915 between the CIN 11
group and the CIN III group (P values were 0.002 and 1.39 x 10™*, respectively). The A allele of rs41291179 and the G
allele of rs12803915 were associated with a reduced risk of CIN II progressing to CIN III (OR = 0.16, 95% CI: 0.04—
0.59; OR = 0.41, 95% CI: 0.26-0.66, respectively). There were no statistically significant differences observed in the
distribution of all SNP loci among different stages of CC, Pc > 0.05 (see Table S1).

Discussion

Aberrant activation of the AMPK signaling pathway has been implicated in various cancers, contributing to tumor cell
proliferation, invasion, metastasis, and other malignant behaviors.**** Any change in miRNA expression level or
function may be related to signaling pathways.** Abnormal expression of miRNAs has been identified as a significant
cause of dysregulated signaling pathways, and SNPs in these miRNA genes are known to influence their expression.>’ In
the current study, we investigated the association between SNPs located in miRNA genes of the AMPK signaling
pathway and the risk of CC in a Han Chinese population. Our results revealed that the target genes of miRNAs were
significantly enriched in the AMPK signaling pathway and that three SNPs of AMPK pathway-associated miRNAs,
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Table 5 The Inheritance Model Analysis of 9 SNPs Between CIN and Control Groups

SNPs Model Genotypes CIN (n%) Control (n%) OR (95% CI) P Value AIC BIC
rs895819 Codominant T/T 209 (49.6) 493 (53.1) 1.00 0.140 1676.9 1692.5
CIT 172 (40.9) 374 (40.3) 1.09 (0.85-1.39)
c/iC 40 (9.5) 6l (6.6) 1.54 (1.01-2.38)

Dominant T/T 209 (49.6) 493 (53.1) 1.00 0.240 1677.4 1687.8
C/T-CIC 212 (50.4) 435 (46.9) 1.15 (0.91-1.45)
Recessive T/T-CIT 381 (90.5) 867 (93.4) 1.00 0.063 1675.4 1685.8
C/IC 40 (9.5) 6l (6.6) 1.49 (0.98-2.27)
Overdominant T/T-CIC 249 (59.1) 554 (59.7) 1.00 0.850 1678.8 1689.2
CIT 172 (40.9) 374 (40.3) 1.02 (0.81-1.30)
Log-additive — — — 1.18 (0.98-1.41) 0.084 1675.8 1686.2
rs10061133 Codominant AJA 212 (50.4) 488 (52.6) 1.00 0.008 1671.3 1686.9
G/A 190 (45.1) 362 (39.0) 1.20 (0.95-1.54)
G/G 19 (4.5) 78 (8.4) 0.56 (0.33-0.95)
Dominant AIA 212 (50.4) 488 (52.6) 1.00 0.450 1678.2 1688.6
G/A-G/G 209 (49.6) 440 (47.4) 1.10 (0.87-1.37)
Recessive A/A-G/A 402 (95.5) 850 (91.6) 1.00 0.008 1671.7 1682.1
G/G 19 (4.5) 78 (8.4) 0.52 (0.31-0.86)
Overdominant A/A-G/IG 231 (54.9) 566 (61.0) 1.00 0.034 1674.3 1684.7
G/A 190 (45.1) 362 (39.0) 1.28 (1.02-1.61)
Log-additive — — — 0.96 (0.79-1.15) 0.650 1678.6 1689.0
rs41291179 — AA 412 (97.9) 927 (99.9) 1.00 1.00 x 10°* 1663.5 1673.9
T/A 9 (2.1) I (0.1) 20.00 (2.56—100.00)
rs76481776 Codominant c/IC 413 (98.1) 886 (95.5) 1.00 0.001 1667.6 1683.3
CIT 8 (1.9) 26 (2.8) 0.66 (0.30-1.47)
T/T 0 16 (1.7)
Dominant c/iC 413 (98.1) 886 (95.5) 1.00 0.012 1672.5 1682.9
C/T-TIT 8 (1.9) 42 (4.5) 0.41 (0.19-0.88)
Recessive C/IC-CIT 421 (100.0) 912 (98.3) 1.00 500 x 10°* 1666.7 1677.2
T/T 0 16 (1.7)
Overdominant C/C-TIT 413 (98.1) 902 (97.2) 1.00 0.320 1677.8 1688.2
CIT 8 (1.9) 26 (2.8) 0.67 (0.30-1.49)
Log-additive — — — 0.42 (0.22-0.81) 0.002 1669.3 1679.7
rs10406069 Codominant G/G 227 (53.9) 541 (58.3) 1.00 0.180 1677.3 1693.0
AIG 164 (39.0) 340 (36.6) 1.15 (0.90-1.47)
AA 30 (7.1) 47 (5.1) 1.52 (0.93-2.44)
Dominant G/G 227 (53.9) 541 (58.3) 1.00 0.130 1676.5 1687.0
AIG-A/A 194 (46.1) 387 (41.7) 1.19 (0.94-1.52)
Recessive G/G-A/G 391 (92.9) 881 (94.9) 1.00 0.140 1676.6 1687.0
AJA 30 (7.1) 47 (5.1) 1.43 (0.89-2.33)
Overdominant G/G-A/A 257 (61.0) 588 (63.4) 1.00 0.420 1678.1 1688.6
AIG 164 (39.0) 340 (36.6) 1.10 (0.87—1.41)
Log-additive — — — 1.19 (0.99-1.43) 0.071 1675.5 1685.9
rs12803915 Codominant G/G 276 (65.6) 722 (77.8) 1.00 <0.0001 1658.5 1674.1
AIG 137 (32.5) 191 (20.6) 1.89 (1.45-2.44)
AA 8 (1.9 15 (1.6) 1.39 (0.58-3.33)
Dominant G/G 276 (65.6) 722 (77.8) 1.00 <0.0001 1656.9 1667.3
AIG-A/A 145 (34.4) 206 (22.2) 1.85 (1.43-2.38)
Recessive G/G-A/G 413 (98.1) 913 (98.4) 1.00 0.710 1678.7 1689.1
A/A 8 (1.9) 15 (1.6) 1.18 (0.50-2.78)
Overdominant G/G-A/A 284 (67.5) 737 (79.4) 1.00 <0.0001 1657.0 1667.4
AIG 137 (32.5) 191 (20.6) 1.85 (1.43-2.44)
(Continued)
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Table 5 (Continued).

SNPs Model Genotypes CIN (n%) Control (n%) OR (95% CI) P Value AIC BIC
Log-additive — — — 1.67 (1.32-2.08) <0.0001 1660.1 1670.5
rs550894 Codominant C/IC 229 (54.4) 498 (53.7) 1.00 0.970 1680.7 1696.4
AIC 162 (38.5) 363 (39.1) 0.97 (0.76-1.23)
AA 30 (7.1) 67 (7.2) 0.97 (0.62—1.54)
Dominant C/IC 229 (54.4) 498 (53.7) 1.00 0.800 1678.7 1689.2
A/C-A/IA 192 (45.6) 430 (46.3) 0.97 (0.77-1.22)
Recessive C/C-AIC 391 (92.9) 861 (92.8) 1.00 0.950 1678.8 1689.2
AA 30 (7.1) 67 (7.2) 0.99 (0.63—1.54)
Overdominant CIC-A/A 259 (61.5) 565 (60.9) 1.00 0.820 1678.8 1689.2
AIC 162 (38.5) 363 (39.1) 0.97 (0.77-1.23)
Log-additive — — — 0.98 (0.81-1.18) 0.820 1678.8 1689.2
rs66683138 Codominant G/G 139 (33.0) 316 (34.0) 1.00 0.420 1679.1 1694.7
G/A 206 (48.9) 471 (50.8) 0.99 (0.77-1.28)
AA 76 (18.1) 141 (15.2) 1.22 (0.87-1.72)
Dominant G/G 139 (33.0) 316 (34.0) 1.00 0.710 1678.7 1689.1
G/A-A/A 282 (67.0) 612 (66.0) 1.05 (0.82-1.33)
Recessive G/IG-G/A 345 (81.9) 787 (84.8) 1.00 0.190 1677.1 1687.5
AIA 76 (18.1) 141 (15.2) 1.23 (0.91-1.67)
Overdominant G/G-A/A 215 (51.1) 457 (49.2) 1.00 0.530 1678.4 1688.8
G/A 206 (48.9) 471 (50.8) 0.93 (0.74-1.18)
Log-additive — — — 1.09 (0.92-1.28) 0.330 1677.9 1688.3
rs2620381 Codominant AJA 352 (83.6) 775 (83.5) 1.00 0.580 1679.7 1695.3
CIA 68 (16.2) 147 (15.8) 1.02 (0.75-1.39)
CiC 1(0.2) 6 (0.7) 0.37 (0.04-3.03)
Dominant AJA 352 (83.6) 775 (83.5) 1.00 0.960 1678.8 1689.2
C/A-CIC 69 (16.4) 153 (16.5) 0.99 (0.73-1.35)
Recessive A/A-CIA 420 (99.8) 922 (99.3) 1.00 0.300 1677.7 1688.1
C/IC 1(0.2) 6 (0.7) 0.37 (0.04-3.03)
Overdominant A/A-C/IC 353 (83.8) 781 (84.2) 1.00 0.880 1678.8 1689.2
CIA 68 (16.2) 147 (15.8) 1.02 (0.75-1.41)
Log-additive — — — 0.97 (0.72-1.30) 0.820 1678.8 1689.2

Note: The statistical significant threshold was set at P < 0.005 after Bonferroni correction.

rs41291179, located in the enhancer region of miR-216a, and rs12803915 and rs550894, located in the pre-miRNA
sequence of miR-612, are associated with the occurrence and development of CC.

miR-216a has been implicated in the development of various human tumors, with demonstrated antitumor properties.”
45747 Predictions suggest that miR-216a regulates the AMPK signaling pathway by targeting the gene stearoyl-CoA
desaturase (SCD). Studies have shown that SCD promotes the proliferation, migration, and metastasis of cancer cells.*®”
%0 Xing et al reported that SCD expression was significantly upregulated in patients with cervical squamous cell
carcinoma and endocervical adenocarcinoma (CESC) compared to the control group.’’ In the current study, our results
showed that the SNP rs41291179 in miR-216a is associated with the development of CC and CIN. According to the
Ensembl database (https://asia.ensembl.org/index.html), this variant is located in an enhancer binding site. Hence, this

SNP might enhance miR-216a expression, reducing SCD expression and being associated with the occurrence and
progression of CC. However, no association between this SNP and disease susceptibility was reported in previous
studies.”>* Considering the low MAF of this SNP, at only 0.08, the sample size had a significant impact on the
statistical results, which might be an important reason for the discrepancies between our study and previous studies.
Furthermore, we analyzed the association between rs41291179 and different pathological types of CC, with significant
differences found between the control group and the AC group in the distribution of alleles and genotypes. Growing
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Table 6 The Allele and Genotype Distribution of 9 SNPs in Different Pathological Types of CC

SNPs Allele/Genotype | Controln (%) | SCCn (%) | AC n (%) SCC vs Ctrl AC vs Ctrl SCC vs AC
OR (95% CI) P OR (95% CI) P OR (95% CI) P
rs895819 T 1360 (73.3) 1068 (74.6) | 231 (74.5) | 1.07 (0.91-1.25) 0.398 1.07 (0.81-1.40) 0.647 1.00 (0.76-1.33) 0.981
C 496 (26.7) 364 (25.4) 79 (25.5)
TIT 493 (53.1) 406 (56.7) 82 (52.9)
(o) 374 (40.3) 256 (35.8) 67 (43.2) 0.160 0.397 0.094
c/C 61 (6.6) 54 (7.5) 6 (3.9)
rs10061133 A 1338 (72.1) 1038 (72.5) | 223 (71.9) | 1.02 (0.87-1.19) 0.802 0.99 (0.76-1.30) 0.955 1.03 (0.78-1.35) 0.844
G 518 (27.9) 394 (27.5) 87 (28.1)
AIA 488 (52.6) 371 (51.8) 78 (50.3)
AIG 362 (39.0) 296 (41.3) 67 (43.2) 0.392 0.509 0.908
G/IG 78 (8.4) 49 (6.9) 10 (6.5)
rs41291179 A 1855 (99.9) 1426 (99.6) | 305 (98.4) | 0.13 (0.02-1.07) 0.024 0.03 (0.003-0.28) | 1.37 x 10® | 3.90 (1.18-12.85) 0.016
T 1 (0.1) 6 (0.4) 5(1.6)
AA 927 (99.9) 710 (99.2) 150 (96.8) 0.024 133 %107 0.016
AT 1 (0.1) 6 (0.8) 532
rs76481776 C 1798 (96.9) 1393 (97.3) | 303 (97.7) | 1.15 (0.76-1.74) 0.500 1.40 (0.63-3.09) 0.408 0.82 (0.37-1.86) 0.643
T 58 (3.1) 39 (27) 7 (23)
C/IC 886 (95.5) 680 (95.0) 148 (95.5)
() 26 (2.8) 33 (4.6) 7 (4.5) 0.008 0.139 0.721
T/T 16 (1.7) 3(04) 0
rs10406069 G 1422 (76.6) 1110 (77.5) | 230 (74.2) | 1.05 (0.89-1.24) 0.544 0.88 (0.67—1.16) 0.353 1.20 (0.90-1.59) 0.208
A 434 (234) 322 (22.5) 80 (25.8)
G/G 541 (58.3) 431 (60.2) 87 (56.1)
AIG 340 (36.6) 248 (34.6) 56 (36.1) 0.702 0.394 0.380
AJA 47 (5.1) 37 (5.2) 12 (7.8)
rs12803915 G 1635 (88.1) 1205 (84.1) | 258 (83.2) | 0.72 (0.59-0.88) 0.001 0.67 (0.48-0.93) 0.017 1.07 (0.77-1.49) 0.688
A 221 (11.9) 227 (15.9) 52 (16.8)
G/IG 722 (77.8) 512 (71.5) 110 (71.0)
AIG 191 (20.6) 181 (25.3) 38 (24.5) 0.005 0.026 0.718
AIA 15 (1.6) 23 (3.2) 7 (4.5)
rs550894 C 1359 (73.2) 1122 (78.4) | 235 (75.8) | 1.32 (1.13-1.56) 0.001 I.15 (0.87-1.52) 0.339 I.15 (0.86—1.54) 0.327
A 497 (26.8) 310 (21.6) 75 (24.2)
C/IC 498 (53.7) 433 (60.5) 89 (57.4)
AIC 363 (39.1) 256 (35.8) 57 (36.8) 0.002 0.634 0.469
AIA 67 (7.2) 27 (3.7) 9(58)
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rs66683138 G 1103 (59.4) 870 (60.8) | 170 (54.8) | 1.06 (0.92-122) 0.442
A 753 (40.6) 562 (39.2) | 140 (45.2)
GIG 316 (34.0) 275 (384) | 49 (31.6)
AIG 471 (50.8) 320 (447) | 72 (46.5) 0.051
AIA 141 (15.2) 121 (169) | 34 (21.9)
rs262038| A 1697 (91.4) 1310 (91.5) | 283 (913) | 1.01 (0.79-1.29) 0.962
C 159 (8.6) 122 (8.5) 27 (8.7)
AIA 775 (83.5) 601 (83.9) | 130 (83.9)
AIC 147 (15.8) 108 (I5.1) | 23 (148) 0.698
cic 6 (0.7) 7 (1.0) 2 (1.3)

0.83 (0.65-1.06)

0.98 (0.64-151)

0.129

0.108

0.934

0.660

1.28 (0.99-1.63)

1.02 (0.66—1.58)

0.054

0.175

0914

0.939

Note: SCC, Squamous cell carcinoma; AC, adenocarcinoma. The statistical significant threshold was set at P < 0.005 after Bonferroni correction.
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Table 7 The Inheritance Model Analysis of rs12803915 and rs550894 Between SCC and Control Groups

SNPs Model Genotypes SCC (n%) Control (n%) OR (95% CI) P Value AIC BIC
rs12803915 Codominant G/G 512 (71.5) 722 (77.8) 1.00 0.005 22472 2263.4
AIG 181 (25.3) 191 (20.6) 1.33 (1.06-1.69)

AIA 23 (3.2) 15 (1.6) 217 (1.11-4.17)

Dominant G/G 512 (71.5) 722 (77.8) 1.00 0.003 2247.1 2258.0
AIG-A/A 204 (28.5) 206 (22.2) 1.39 (1.11-1.75)

Recessive G/G-A/G 693 (96.8) 913 (98.4) 1.00 0.034 2251.1 2261.9
A/A 23 (3.2) 15 (1.6) 2.00 (1.04-3.85)

Overdominant G/G-A/A 535 (74.7) 737 (79.4) 1.00 0.024 2250.6 2261.4
AIG 181 (25.3) 191 (20.6) 1.30 (1.03-1.64)

Log-additive — — — 1.37 (1.14-1.67) 0.001 2245.4 2256.2

rs550894 Codominant ciC 433 (60.5) 498 (53.7) 1.00 0.001 22444 2260.6
AIC 256 (35.8) 363 (39.1) 0.81 (0.66—1.00)
AA 27 (3.7) 67 (7.2) 0.46 (0.29-0.74)

Dominant c/iC 433 (60.5) 498 (53.7) 1.00 0.006 2248.0 2258.8
AIC-A/A 283 (39.5) 430 (46.3) 0.76 (0.62-0.93)

Recessive C/IC-AIC 689 (96.2) 861 (92.8) 1.00 0.002 2246.4 2257.2
AA 27 (3.8) 67 (7.2) 0.50 (0.32-0.79)

Overdominant CIC-AIA 460 (64.2) 565 (60.9) 1.00 0.160 2253.7 2264.5
AIC 256 (35.8) 363 (39.1) 0.87 (0.71-1.06)

Log-additive — — — 0.75 (0.64-0.88) 6.00 x 107* 22439 2254.7

Note: The statistical significant threshold was set at P < 0.005 after Bonferroni correction.

evidence reveals that AC has hidden lesions, an unclear starting site, and shorter overall survival than SCC.>7 Thus,
the polymorphisms of this SNP in miR-126a should be further studied, especially regarding the pathogenic mechanism
for AC.

Recent studies have highlighted involvement of miR-612 as a tumor suppressor in progression of various human
tumors, such as CC,%’ hepatocellular carcinoma’® and colorectal cancer.’® In the current study, based on the results
of TarBase,’”°! we predict that Sirtuin-1 (SIRTI), a target gene of miR-612, is involved in the AMPK signaling
pathway and influences disease progression. SIRT! plays various roles in biological processes, including gene
regulation, proliferation, and tumorigenesis.®> ®* Our current results showed that the distribution of the
rs12803915 allele, located in the precursor sequence of miR-612, differed between the control group and the CIN
group, as well as between the control group and the CC group. Therefore, the G allele of rs12803915 may act as a
protective factor for CC. In 2012, Kim et al observed an allelic effect of rs12803915 on expression of mature miR-
612 in a series of cell lines, and the A allele increased expression in most prostate cancer cell lines but decreased it
in five colon cancer cell lines,®” indicating that the A allele of this SNP affects expression of SIRT!I by regulating
miR-612 maturation and thus might play roles in CIN and CC.

Moreover, our results illustrated differences in the rs550894 located in miR-612 between the control and CC groups,
suggesting its association with cervical lesions. The C allele of rs550894 may act as a risk factor for CC, which is similar
to the conclusion of Zhao et al with regard to lung cancer, whereby the A allele of rs550894 is associated with good
prognosis in patients with advanced non-small cell lung cancer.®® Kim et al also reported that the A allele of rs550894
can increase expression of mature miR-612 in most prostate cancer cell lines while decreasing it in most colon cancer cell
lines and prostate cancer cell lines, even though the effect was absent in four breast cancer cell lines.®® Currently, there is
no research about rs550894 in CC cell lines. Therefore, analysis of effects of this SNP in the context of CC cell lines is
needed.
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Table 8 The Allele and Genotype Distribution of 9 SNPs in CIN Il and CIN lll Groups

SNPs Allele/Genotype | CIN Il n (%) | CIN Il n (%) CIN Il vs CIN 1lI
OR (95% CI) P
rs895819 T 526 (70.5) 64 (66.7) 0.84 (0.53-1.32) 0.439
c 220 (29.5) 32 (333)
T 183 (49.1) 26 (54.2)
crr 160 (42.9) 12 (25.0) 0.004
cic 30 (8.0) 10 (20.8)
rs10061133 A 540 (72.4) 74 (77.1) 1.28 (0.78-2.12) 0330
G 206 (27.6) 22 (22.9)
AIA 185 (49.6) 27 (56.2)
AG 170 (45.6) 20 (41.7) 0.542
GIG 18 (4.8) I (2.1)
rs41291179 A 741 (99.3) 92 (95.8) 0.16 (0.04-0.59) 0.002
T 5(0.7) 4(42)
AIA 368 (98.7) 44 (91.7) 0.002
AIT 5(1.3) 4(83)
rs76481776 C 738 (98.9) 96 (100.0) - 0.308
T 8 (I.1) 0
cic 365 (97.9) 48 (100.0)
crT 8 (2.1) 0 0.306
rs 10406069 G 548 (73.5) 70 (72.9) 0.97 (0.60-1.57) 0910
A 198 (26.5) 26 (27.1)
GIG 204 (54.7) 23 (47.9)
AG 140 (37.5) 24 (50.0) 0.136
AIA 29 (7.8) I (2.1)
rs12803915 G 624 (83.6) 65 (67.7) 0.41 (0.26-0.66) | 139 x 107*
A 122 (16.4) 31 (323)
GIG 258 (69.2) 18 (37.5)
AG 108 (28.9) 29 (60.4) 6.09 x 107
AIA 7(1.9) I (2.1)
rs550894 C 555 (74.4) 65 (67.7) 0.72 (0.46-1.14) 0.162
A 191 (25.6) 31 (323)
cic 211 (56.5) 18 (37.5)
AIC 133 (35.7) 29 (60.4) 0.003
AIA 29 (7.8) I (2.1)
rs66683138 G 440 (59.0) 44 (45.8) 0.59 (0.38-0.90) 0.014
A 306 (41.0) 52 (54.2)
GIG 129 (34.6) 10 (20.8)
AG 182 (48.8) 24 (50.0) 0.046
AIA 62 (16.6) 14 (29.2)
rs262038| A 682 (91.4) 90 (93.8) 141 (0.59-3.34) 0437
C 64 (8.6) 6 (6.2)
AIA 310 (83.1) 42 (87.5)
AIC 62 (16.6) 6 (12.5) 0.714
cic 1 0.3) 0

Note: The statistical significant threshold was set at P < 0.005 after Bonferroni correction.

Conclusions

miRNAs associated with the development of CC were identified using bioinformatics tools and enriched in the AMPK
signaling pathway. Our current study systematically analyzed the role of miRNA gene polymorphisms targeting the
AMPK signaling pathway in CC and found that such polymorphisms may impact the development of CC through the
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AMPK/SCD (rs41291179 in miR-216a) and AMPK/SIRT1 (rs12803915 and rs550894 in miR-612) pathways. However,
there are some limitations in this study. We only collected HPV infection status for some of the patients, as well as other
clinical information, which prevented us from conducting relevant analyses of SNP genotyping and HPV infection status.
Future research should focus on how SNP alleles affect the maturation of miRNAs and are associated with CC
development in vitro and in vivo.
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