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Background: Long noncoding RNAs (LncRNAs) have been revealed to involve in cervical cancer (CC) developing. The current
study was designed to explore the association of SNPs (15217727, rs2366152, rs1859168, rs10505477) located in the IncRNA H19,
HOTAIR, HOTTIP and CASC8 genes with the risk of CC in a Chinese Han population.

Methods: Four SNPs were selected and genotyped in 1426 participants (274 CIN patients, 448 CC patients, and 704 healthy control
individuals) using MassArray. The association of these SNPs with susceptibility to CC was evaluated.

Results: Significant differences in allelic distribution of rs217727 were observed in the comparison of CC with control (P = 0.001),
indicating the risk of rs217727-A allele in CC (OR = 1.33; 95% CI: 1.12—1.58). The inheritance model analysis revealed that 2AA+GA
genotype represented a certain risk of CC (P = 0.001, OR = 1.35; 95% CI: 1.13-1.62). The stratified analysis revealed a risk of the
rs217727-A allele for cervical squamous cell carcinoma (SCC) (P = 0.002, OR = 1.33; 95% CI: 1.11-1.60).

Conclusion: 15217727 in IncRNA H19 exhibited a significant correlation with CC susceptibility, particularly SCC, and A/A genotype
of this SNP might present as a risk in CC.
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Introduction
Cervical cancer (CC) is a common gynecological cancer in women.' In 2020, the incidence and mortality of CC ranked
fourth in female tumors. There were approximately 604,000 newly diagnosed cases, accounting for approximately 6.5%
of all female cancers, and 342,000 deaths from CC, comprising 7.7% of all female cancer deaths globally.?

Generally, persistent infection with high risk human papillomavirus (HR-HPV) is necessary for CC.'~* However, only
a small proportion of women who are infected with HR-HPV ultimately develop CC.'** Other factors also play
important roles in CC developing, and might be the decisive factors for the difference in susceptibility among
individuals.” Several studies reported that long noncoding RNAs (IncRNAs) involved in the development of human
cancers, including CC.°® LncRNAs are RNA molecules larger than 200 nucleotides in length. Previous data has
demonstrated the crucial roles of IncRNA in various cellular processes, such as cell cycle, apoptosis, epigenetics, and
regulation of gene expression.” Furthermore, IncRNAs are known to involve in the susceptibility of human cancers and
might be the ideal candidate clinical biomarkers.'” Many IncRNAs were demonstrated to be associated with CC,
including IncRNA-H19 and HOTAIR.> Some IncRNAs, such as HOTTIP and CASCS8, have been reported to be highly
specific for cancer.'""'? With more and more transcriptomes studies of various cancer, more IncRNAs have been

identified, indicating the crucial roles of IncRNAs in tumor prognosis and regulating tumorigenesis.'*
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Genome-wide association studies (GWAS) found the susceptible loci of specific tumor in IncRNAs.'*!'*!> These data
indicates that single nucleotide polymorphisms (SNPs) in IncRNA play important roles in the development of human cancers.
The function of IncRNA SNPs is correlated to their located regions: SNPs located at the exons of IncRNAs are able to alter the
folding of IncRNA or modify the binding affinity with their target genes and interacting elements; while SNPs located at the
regulatory regions or the introns of IncRNAs might participate in the IncRNA splicing and the transcript regulation.'®'” In
previous reports, SNPs in H19, HOTAIR, HOTTIP and CASCS8 have been confirmed to be involved in cancer
susceptibility.'® ! However, the association of IncRNA SNPs with CC susceptibility was not sufficiently studied. Thus, to
investigate the association of the IncRNA SNPs with CC and cervical intraepithelial neoplasia (CIN), two SNPs located at the
exon regions of IncRNA (rs217727 in H19 and rs2366152 in HOTAIR) and two SNPs located at the intron regions of IncRNA

(rs1859168 in HOTTIP and rs10505477 in CASCS8) were selected in the current study.

Materials and Methods

Study Population and Selection Criteria

Our study was approved by the Ethics Committee of Third Affiliated Hospital of Kunming Medical University, and all
experiments were performed under the protocol of Helsinki’s Declaration. All individuals participating in the study were informed
and signed a written informed consent form. A total of 1426 Chinese women (704 healthy individuals, 274 CIN patients, and 448
CC patients) were recruited at the Third Affiliated Hospital of Kunming Medical University from 2017 to 2019. Patients were
diagnosed with CC and CIN based on histological diagnosis and were graded as our previous study.”® Patients who were
diagnosed with other cancers before, or had a family history of CC, or were suffering from cardiovascular and infection disease, or
had received chemotherapy or radiotherapy were excluded. Healthy individuals who had no family history of cancers and had no
pathological changes in cervix were selected as the control of the current study from a physical examinations population at the
same time. Afterward, we collected the clinical information of each individual, including age, tumor type, and clinical stage.

DNA Extraction

Five milliliters of blood was collected from the subjects for the extraction of genomic DNA. Then the genomic DNA was
extracted using QIAamp DNA Blood Mini Kit (Qiagen, Germany) and finally frozen under —20°C after the concentration
and purity was detected using NanoDrop 2000 (Thermo Scientific, USA).

SNP Genotyping

Agena MassArray System (Agena Bioscience, San Diego, CA, USA) was used to genotype of the 4 IncRNA SNPs
(rs217727 in HI19, rs2366152 in HOTAIR, rs1859168 in HOTTIP, rs10505477 in CASCS), and the primers for
genotyping were designed using AssayDesigner 3.1 (Sequenom, USA) (Supplementary Table 1). The PCR conditions

and program are described in Supplementary Table 2. Then, the PCR products purified by resin were transferred to a 384-
well SpectroCHIP (Sequenom, USA) bioarray in a MassARRAY Nanodispenser RS1000 (Agena Bioscience, USA) as
described in our previous study.”> The samples with three different genotypes (wild type homozygote, heterozygote and

mutant homozygote) of each SNP were selected for sequencing to confirm the results of SNP genotyping.

Statistical Analysis

One-way ANOVA was performed for the analysis of age differences among different groups using GraphPad Prism 9.4
software. The allele and genotype distribution differences of these four SNPs among CIN, CC and control groups were
analyzed by chi-square test using SHEsis online software.***> The association of these SNPs with CIN and CC was
further evaluated using inheritance model analysis performed by SNPStats software.”® Five inheritance models were
analyzed. The determination of the best inheritance models referred to the previous study: the smallest AIC and BIC
values represent the best fit model. The sample size and statistical power was calculated using Power and Sample Size
software.”” Multiple comparisons in the current study were corrected using Bonferroni correction. The significant
different threshold was set at P<0.012 (0.05/4).
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Results

Subject Characteristics

Table 1 lists clinical characteristics of the current population. The ages of the three groups exhibited no significant
difference (P>0.05, F = 1.640). The ages between subgroups of CC (SCC: 47.47+£9.67, AC: 46.96£10.23 and other:
49.87+9.93) were not significantly different (P>0.05, F = 0.5276).

Distribution Analysis of the Four SNPs in CIN, CC and Control Groups
These four SNPs were all in HWE in three groups, except for rs1859168 in CIN group (Supplementary Table 3). The

allelic distribution characteristics of these SNPs in the three groups were displayed in Table 2. Rs217727-A allele was
markedly lower in control group compared with CC group after Bonferroni correction (P = 0.001, OR = 1.33; 95% CI:
1.12-1.58). While significant differences in distribution of this SNP were not observed in the comparison of CIN group
with CC or Control groups.

The results of inheritance model analysis were displayed in Table 3. In the comparison of CC with control group, the log-
additive model was the best fit model for rs217727. In this model, 2AA+GA genotype represented a certain risk of CC
(P=10.001, OR = 1.35; 95% CI: 1.13-1.62). However, no association of other SNPs with CIN or CC was found (P>0.012).

Association of the Four SNPs with CC Pathological Types

Table 4 presents the distribution characteristics of the SNPs in different pathological type groups and control group. The results

showed a significant difference in allelic frequencies of rs217727 between SCC and control groups (P = 0.002), indicating a risk

role of allele A for SCC (OR =1.33; 95% CI: 1.11-1.60). However, no SNPs showed significant association with AC (P>0.012).
The inheritance analysis results of different pathological types of CC and these SNPs are presented in Table 5. The

2AA + GA genotype of 15217727 significantly increased the risk of SCC (P =0.002, OR =1.35; 95% CI: 1.12-1.63) in

log-additive model (best fitting model). However, no SNPs showed significant association with AC (£>0.012).

Association of Four SNPs with CC Clinical Stages

The SNPs distribution characteristics in different stage groups and control group are shown in Table 6. The allelic distribution of
rs1859168 showed significantly different between the stage II and control groups (P = 0.003), indicating the protective effect of
A allele of this SNP on CC (OR = 0.70; 95% CI: 0.54-0.89). A similar result for rs1859168 was also found between the stage II of
SCC patients and controls (P = 0.005, OR = 0.69; 95% CI: 0.54-0.90) (Supplementary Table 4). The frequency of rs217727 allele
A in stage I group was markedly higher than that in the control group (P = 0.005, OR = 1.35; 95% CI: 1.09—1.66). After Bonferroni
correction, no other SNPs showed significant association with different stages of CC (P>0.012 Table 6 and Supplementary Table 4).

Inheritance model analysis of four SNPs in comparison of different stages of CC and SCC with control group was
displayed in Table 7 and Supplementary Table 5. The results indicated that genotype 2AA+CA of rs1859168 was

Table | The Clinical Characteristics of the Subjects Enrolled in the Current Study

ccC CIN Control F P value

N 448 274 704 1.64 0.194
Ages 47.47+9.74 46.83+10.00 | 47.92+7.16
Pathologic types | SCC (n) 379

AC (n) 54

Others (n) 15
Stage of CC I (n) 253 204 SCC

Il (n) 165 150 SCC

llland IV (n) 30 25 SCC
Stage of CIN I (n) 71

Il (n) 57

I (n) 146
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Table 2 The Allelic Distribution of the Four SNPs in the Three Groups

SNPs Alleles Control (n = 704) CIN (n = 274) CC (n = 448) CIN vs. Control CC vs. Control CC vs. CIN
(n, %) (n, %) (n, %) Pvalue | OR(95%Cl) | Pvalue | OR(95%CI) | Pvalue | OR (95% Cl)
rs217727 G 953 (67.6) 355 (64.7) 548 (61.1) 0.220 114 (093~1.40) | 0.00I 133 (1.12~158) | 0.167 117 (0.94~1.46)
A 455 (32.3) 193 (35.2) 348 (38.8)
rs1859168 A 635 (45.0) 248 (45.2) 377 (42.0) 0.950 101 (083~123) | 0.53 | 088 (0.75~1.05) | 0236 | 0.88 (0.71~1.09)
c 773 (54.9) 300 (54.7) 519 (57.9)
rs10505477 A 573 (40.6) 240 (43.7) 381 (42.5) 0211 114 093~139) | 0.385 108 (091~128) | 0635 | 0.95 (0.77~1.18)
G 835 (59.3) 308 (56.2) 515 (57.4)
rs2366152 A 1177 (83.5) 456 (832) 755 (84.2) 0.838 103 (079~134) | 0670 | 095(0.76~120) | 0598 | 0.93 (0.69~1.23)
G 231 (16.4) 92 (16.7) 141 (15.7)
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Table 3 Inheritance Model Analysis of the Four SNPs Among CIN, CC and Control Groups

SNPs Model Genotypes Control CIN CccC CIN vs. Control CC vs. Control CC vs. CIN
(n=1704) (n=274) (n = 448)
" %) %) %) P value OR AlC BIC P value OR AIC BIC P value OR AlIC BIC
(95% CI) (95% CI) (95% CI)
rs217727 Codominant GIG 317 120 160 0.130 | 11620 | 1176.6 0.004 | 15358 | 1556.0 0.055 | 9588 | 9725
(45.0) (43.8) (35.7)
AG 319 115 228 0.95 1.42 1.49
(45.3) (42.0) (50.9) (0.71-1.28) (1.10-1.83) (1.07-2.06)
AIA 68 39 60 1.52 1.74 1.15
9.7) (14.2) (13.4) (0.97-2.37) (1.17-2.59) (0.72-1.84)
Dominant GIG 317 120 160 0.730 | 11640 | 1173.8 0.002 | 15349 | 1550.0 0.031 | 957.9 | 967.1
(45.0) (43.8) (35.7)
AIG-AIA 387 154 288 1.05 1.48 1.40
(55.0) (56.2) (64.3) (0.79-1.39) (1.16-1.89) (1.03-1.91)
Recessive GIG-AIG 636 235 388 0.044 | 1160.1 1169.8 0.055 | 1541.1 1556.3 0.750 | 962.5 | 971.6
(90.3) (85.8) (86.6)
AA 68 39 60 1.55 1.44 0.93
9.7) (14.2) (13.4) (1.02-2.37) (0.99-2.08) (0.60—1.44)
Overdominant GIG-A/A 385 159 220 0.340 | 11632 | 1173.0 0.060 | 1541.3 1556.4 0.020 | 957.1 | 966.3
(54.7) (58.0) (49.1)
AG 319 115 228 0.87 1.26 1.43
(45.3) (42.0) (50.9) (0.66-1.16) (0.99-1.59) (1.06—-1.94)
Log-additive - - - - 0.220 1.14 11626 | 11724 0.001 1.35 1534.1 1549.3 0.160 1.17 960.6 | 969.8
(0.92-1.40) (1.13-1.62) (0.94-1.46)
rs1859168 Codominant ciC 202 74 149 0.690 | 11654 | 1180.0 0.270 | 15442 | 1564.4 0.180 | 961.1 | 974.9
(28.7) (27.0) (33.3)
CIA 369 152 221 1.12 0.8l 0.72
(52.4) (55.5) 49.3) (0.81-1.56) (0.62-1.06) (0.51-1.02)
AA 133 48 78 0.99 0.80 0.8l
(18.9) (17.5) (17.4) (0.64-1.51) (0.56-1.14) (0.51-1.27)
Dominant C/IC 202 74 149 0.600 | 11638 | 1173.6 o.10 | 15422 | 15574 0.076 | 959.4 | 968.6
(28.7) (27.0) (333)
CIA-A/A 502 200 299 1.09 0.8l 0.74
(71.3) (73.0) (66.7) (0.80-1.49) (0.63-1.05) (0.53-1.03)
Recessive C/C-C/IA 571 226 370 0.620 | 11639 | 11736 0.550 | 15445 | 1559.6 0.970 | 962.6 | 971.7
@81.1) (82.5) (82.6)
AA 133 48 78 091 091 0.99
(18.9) (17.5) (17.4) (0.63-1.31) (0.67-1.24) (0.67-1.47)
Overdominant CIC-AIA 335 122 227 0.390 | 11634 | 1173.1 0.300 | 1543.8 | 1558.9 0.110 | 960.0 | 969.1
(47.6) (44.5) (50.7)
CIA 369 152 221 1.13 0.88 0.78
(524) (55.5) (49.3) (0.85-1.50) (0.70-1.12) (0.58-1.06)
Log-additive - - - - 0.950 1.01 1164.1 1173.9 0.160 0.88 1542.8 | 1557.9 0.220 0.87 961.1 | 970.2
(0.82-1.24) (0.74-1.05) (0.70-1.09)
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Table 3 (Continued).

SNPs Model Genotypes Control CIN ccC CIN vs. Control CC vs. Control CC vs. CIN
(n=704) (n=274) (n = 448)
%) %) %) P value OR AIC BIC P value OR AIC BIC P value OR AIC BIC
(95% CI) (95% CI) (95% CI)
rs10505477 Codominant GIG 236 86 142 0.300 | 1163.7 | 11784 0.650 | 1546.0 | 1566.2 0.740 | 963.9 | 977.7
(33.5) (31.4) (31.7)
G/A 363 136 231 1.03 1.06 1.03
(51.6) (49.6) (51.6) (0.75-1.41) (0.81-1.38) (0.73-1.45)
AIA 105 52 75 1.36 1.19 0.87
(14.9) (19.0) (16.7) (0.90-2.06) (0.83-1.70) (0.56—1.36)
Dominant GIG 236 86 142 0.520 | 1163.7 | 11735 0.520 | 15444 | 1559.6 0.930 | 962.5 | 971.7
(33.5) (31.4) (31.7)
G/A-AIA 468 188 306 1.10 1.09 0.99
(66.5) (68.6) (68.3) (0.82-1.49) (0.84-1.40) (0.71-1.36)
Recessive G/IG-G/A 599 222 373 0.130 | 1e1.8 | 1171.5 0.410 | 1544.1 1559.3 0.450 | 962.0 | 971.1
(85.1) (81.0) (83.3)
AA 105 52 75 1.34 I.15 0.86
(14.9) (19.0) (16.7) (0.93-1.93) (0.83-1.58) (0.58-1.27)
Overdominant GIG-A/A 341 138 217 0.590 | 11638 | 1173.6 1.000 [ 15448 | 1560.0 0.620 | 962.3 | 971.5
(48.4) (50.4) (48.4)
G/A 363 136 231 093 1.00 1.08
(51.6) (49.6) (51.6) (0.70-1.22) (0.79-1.27) (0.80-1.46)
Log-additive - - - - 0.200 1.14 11625 | 11723 0.370 1.08 1544.0 | 1559.2 0.630 0.95 962.3 | 971.5
(0.93-1.40) (0.91-1.29) (0.76-1.18)
rs2366152 Codominant AA 486 189 315 0.780 | 1165.6 | 1180.3 0.900 | 1546.6 | 1566.8 0.770 | 964.0 | 977.8
(69.0) (69.0) (70.3)
AG 205 78 125 0.98 0.94 0.96
(29.1) (28.5) (27.9) (0.72-1.33) (0.72-1.23) (0.69-1.34)
GIG 13 7 8 1.38 0.94 0.69
(1.8) (2.5) (1.8) (0.54-3.52) (0.38-2.29) (0.24-1.92)
Dominant AA 486 189 315 0.990 | 1164.1 1173.9 0.660 | 1544.6 | 1559.8 0.700 | 962.4 | 971.6
(69.0) (69.0) (70.3)
AIG-GIG 218 85 133 1.00 0.94 0.94
(31.0) (31.0) (29.7) (0.74-1.36) (0.73-1.22) (0.68-1.30)
Recessive AA-AIG 691 267 440 0.490 | 1163.6 | 1173.4 0.920 | 15448 | 1560.0 0.490 | 962.1 | 971.2
(98.2) (97.5) (98.2)
GIG 13 7 8 1.39 0.95 0.69
(1.8) (2.5) (1.8) (0.55-3.53) (0.39-2.32) (0.25-1.93)
Overdominant AA-G/IG 499 196 323 0.840 | 1164.1 1173.8 0.670 | 1544.6 | 1559.8 0.870 | 962.5 | 971.7
(70.9) (71.5) (72.1)
AG 205 78 125 0.97 0.94 0.97
(29.1) (28.5) (27.9) (0.71-1.32) (0.73-1.23) (0.70-1.36)
Log-additive - - - - 0.830 1.03 1164.1 1173.8 0.660 0.95 15446 | 1559.8 0.590 0.92 9623 | 9714
(0.78-1.35) (0.75-1.20) (0.69-1.24)
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Table 4 The Allelic Distribution of the Four SNPs in Different Pathologic Types of CC and Control Groups

SNPs Alleles | Control (n =704) | AC (n=379) | SCC (n =54) | Other (n=15) SCC vs. Control AC vs. Control Other vs. Control

(n, %) (n, %) (n, %) (n, %)

Pvalue | OR(95% Cl) | Pvalue | OR(95% Cl) | Pvalue | OR (95% CI)

rs217727 G 953 (67.6) 463 (61.0) 65 (60.1) 20 (66.6) 0.002 1.33 (1.11~1.60) 0.109 1.39 (0.93~2.07) 0.906 1.05 (0.49~2.26)
A 455 (32.3) 295 (38.9) 43 (39.8) 10 (33.3)

rs1859168 A 635 (45.0) 316 (41.6) 48 (44.4) 13 (43.3) 0.127 0.87 (0.73~1.04) 0.895 0.97 (0.66~1.44) 0.847 0.93 (0.45~1.93)
C 773 (54.9) 442 (58.3) 60 (55.5) 17 (56.6)

rs10505477 A 573 (40.6) 314 (41.4) 53 (49.0) 14 (46.6) 0.742 1.03 (0.86~1.23) 0.088 1.40 (0.95~2.08) 0.510 1.28 (0.62~2.63)
G 835 (59.3) 444 (58.5) 55 (50.9) 16 (53.3)

rs2366152 A 1177 (83.5) 642 (84.6) 89 (82.4) 24 (80.0) 0.504 0.92 (0.72~1.17) 0.748 1.09 (0.65~1.82) 0.599 1.27 (0.51~3.15)
G 231 (16.4) 116 (15.3) 19 (17.5) 6 (20.0)
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Table 5 Inheritance Model Analysis of Four SNPs Between Different Pathologic Types of CC and Control Groups

SNPs Model Genotypes Control AC SCC AC vs. Control SCC vs. Control
(n=704) | (n=379) (n =54)
P value OR (95% CI) AlC BIC P value OR (95% CI) AlC BIC
(n, %) (n, %) (n, %)
rs217727 Codominant G/G 317 (45.0) 17 (31.5) 137 (36.1) 0.140 | 391.5 | 4054 0.007 | 1398.5 1413.5
AIG 319 (45.3) 31 (57.4) 189 (49.9) 1.81 (0.98-3.34) 1.37 (1.05-1.79)
AA 68 (9.7) 6 (l1.1) 53 (14.0) 1.65 (0.63—4.33) 1.80 (1.20-2.72)
Dominant G/G 317 (45.0) 17 (31.5) 137 (36.1) 0.050 | 389.5 | 398.8 0.005 | 1398.3 1408.2
AIG-A/A 387 (55.0) 37 (68.5) 242 (63.9) 1.78 (0.99-3.23) 1.45 (1.12-1.87)
Recessive GIG-AIG 636 (90.3) 48 (88.9) 326 (86.0) 0.730 | 393.2 | 4025 0.034 | 1401.8 1411.8
AA 68 (9.7) 6 (I1.1) 53 (14.0) 1.17 (0.48-2.83) 1.52 (1.04-2.23)
Overdominant G/IG-A/A 385 (54.7) 23 (42.6) 190 (50.1) 0.086 | 3904 | 399.7 0.150 | 1404.3 1414.2
AIG 319 (45.3) 31 (57.4) 189 (49.9) 1.63 (0.93-2.85) 1.20 (0.93-1.54)
Log-additive - - - - 0.110 1.41 (0.93-2.13) 390.7 | 400.0 0.002 1.35 (1.12-1.63) 1396.5 1406.5
rs1859168 Codominant C/IC 202 (28.7) 16 (29.6) 130 (34.3) 0.990 | 3953 | 409.2 0.160 | 1404.7 1419.6
C/IA 369 (52.4) 28 (51.9) 182 (48.0) 0.96 (0.51-1.81) 0.77 (0.58-1.02)
AIA 133 (18.9) 10 (18.5) 67 (17.7) 0.95 (0.42-2.15) 0.78 (0.54-1.13)
Dominant C/IC 202 (28.7) 16 (29.6) 130 (34.3) 0.880 | 3933 | 402.6 0.057 I 1402.7 1412.7
C/IA-A/IA 502 (71.3) 38 (70.4) 249 (65.7) 0.96 (0.52—-1.75) 0.77 (0.59-1.01)
Recessive C/IC-C/A 571 (81.1) 44 (81.5) 312 (82.3) 0.950 | 3934 | 402.6 0.620 | 1406.1 1416.0
AA 133 (18.9) 10 (18.5) 67 (17.7) 0.98 (0.48-1.99) 0.92 (0.67-1.28)
Overdominant CIC-AIA 335 (47.6) 26 (48.1) 197 (52.0) 0.940 | 3934 | 402.6 0.170 | 1404.4 1414.4
C/IA 369 (52.4) 28 (51.9) 182 (48.0) 0.98 (0.56—1.70) 0.84 (0.65—1.08)
Log-additive - - - - 0.890 0.97 (0.65—1.46) 3933 | 402.6 0.120 0.87 (0.72-1.04) 1403.9 1413.9
rs10505477 Codominant G/IG 236 (33.5) 14 (25.9) 122 (32.2) 0.190 | 392.1 405.9 0.900 | 1408.1 1423.1
G/A 363 (51.6) 27 (50.0) 200 (52.8) 1.25 (0.64-2.44) 1.07 (0.81-1.41)
AA 105 (14.9) 13 (24.1) 57 (15.0) 2.09 (0.95-4.59) 1.05 (0.71-1.55)
Dominant G/IG 236 (33.5) 14 (25.9) 122 (32.2) 0.240 | 392.0 | 401.3 0.660 | 1406.1 1416.1
G/A-A/A 468 (66.5) 40 (74.1) 257 (67.8) 1.44 (0.77-2.70) 1.06 (0.81-1.39)
Recessive G/IG-G/A 599 (85.1) 41 (75.9) 322 (85.0) 0.091 | 3905 | 399.8 0.960 | 1406.3 1416.3
AA 105 (14.9) 13 (24.1) 57 (15.0) 1.81 (0.94-3.49) 1.01 (0.71-1.43)
Overdominant GIG-A/A 34| (48.4) 27 (50.0) 179 (47.2) 0.820 | 393.3 | 402.6 0.700 | 1406.2 1416.1
G/A 363 (51.6) 27 (50.0) 200 (52.8) 0.94 (0.54-1.63) 1.05 (0.82—-1.35)
Log-additive - - - - 0.080 1.44 (0.96-2.16) 3903 | 399.6 0.730 1.03 (0.86—1.24) 1406.2 1416.2
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rs2366152

Codominant

Dominant

Recessive

Overdominant

Log-additive

AIA
AIG
G/G
AIA
A/G-GIG
AIA-AIG
G/G
AIA-GIG
AIG

486 (69.0)
205 (29.1)
13 (1.8)
486 (69.0)
218 (31.0)
691 (982)
13 (1.8)
499 (70.9)
205 (29.1)

36 (66.7)
17 (31.5)
I (1.8)
36 (66.7)
18 (33.3)
53 (9822)
I (1.8)
37 (68.5)
17 (31.5)

270 (712)
102 (26.9)
7(1.8)
270 (71.2)
109 (28.8)
372 (982)
7(1.8)
277 (73.1)
102 (26.9)

0.930

0.720

1.000

0.710

0.740

[

112 (0.61-2.04)

1.04 (0.13-8.16)
[

111 (0.62-2.01)
[

1.00 (0.13-7.81)
[

112 (0.62-2.03)

1.09 (0.64-1.86)

395.2

393.2

3934

393.2

3933

409.1

402.5

402.6

402.5

402.5

0.740

0.450

1.000

0.440

0.490

|

0.90 (0.68-1.19)

0.97 (0.38-2.46)
|

0.90 (0.68-1.18)
|

.00 (0.40-2.53)
|

0.90 (0.68-1.19)

0.92 (0.71-1.18)

1407.7

1405.7

1406.3

1405.7

1405.8

1422.7

1415.7

1416.3

1415.7

1415.8
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Table 6 The Allelic Distribution of SNPs in Different Stages of CC and Control Groups

SNPs Alleles Control Stage | Stage Il Stage Il and IV Stage | vs. Control Stage Il vs. control Stage Il and IV vs. Control
(n=704) (n =253) (n = 165) (n =30)

P value OR (95% CI) P value OR (95% CI) P value OR (95% CI)
(n, %) (n, %) (n, %) (n, %)

rs217727 G 953 (67.6) 308 (60.8) 205 (62.1) 35 (58.3) 0.005 1.35 (1.09~1.66) 0.053 1.28 (0.99~1.64) 0.130 1.50 (0.88~2.53)
A 455 (32.3) 198 (39.1) 125 (37.8) 25 (41.6)

rs1859168 A 635 (45.0) 234 (46.2) 120 (36.3) 23 (38.3) 0.657 1.05 (0.85~1.28) 0.003 0.70 (0.54~0.89) 0.302 0.76 (0.44~1.29)
C 773 (54.9) 272 (53.7) 210 (63.6) 37 (61.6)

rs10505477 A 573 (40.6) 225 (44.4) 124 (37.5) 32 (53.3) 0.140 1.17 (0.95~1.43) 0.297 0.88 (0.69~1.12) 0.051 1.67 (0.99~2.80)
G 835 (59.3) 281 (55.5) 206 (62.4) 28 (46.6)

rs2366152 A 1177 (83.5) 427 (84.3) 274 (83.0) 54 (90.0) 0.677 0.94 (0.71~1.25) 0.804 1.04 (0.76~1.43) 0.186 0.57 (0.24~1.33)
G 231 (16.4) 79 (15.6) 56 (16.9) 6 (10.0)
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Table 7 Inheritance Model Analysis of SNPs Between Different Stages of CC and Control Groups

SNPs Model Genotypes Control Stage | Stage Il Stage Il Stage | vs. Control Stage Il vs. Control Stage Il and IV vs. Control
(n=1704) | (n=253) | (n=165) and IV
% % %) (n = 30) P value OR AIC BIC P value OR AIC BIC | P value OR AIC BIC
0, %) (95% CI) (95% CI) (95% CI)
rs217727 Codominant GIG 317 92 57 il 0.020 | 11036 | 11182 0.043 | 8444 | 8587 0.230 | 253.7 | 2675
(45.0) (36.4) (34.5) (36.7)
AG 319 124 91 13 1.34 1.59 1.17
(45.3) (49.0) (55.1) (43.3) (0.98-1.83) (1.10-2.29) (0.52-2.66)
AA 68 37 17 6 1.87 1.39 2.54
9.7) (14.6) (10.3) (20.0) (1.18-2.98) (0.76-2.54) 0.91-7.11)
Dominant GIG 317 92 57 il 0.016 | 11037 | 11134 0.014 | 842.6 | 8522 0.360 | 253.8 | 263.0
(45.0) (36.4) (34.5) (36.7)
A/G-A/A 387 16l 108 19 1.43 1.55 141
(55.0) (63.6) (65.5) (63.3) (1.07-1.93) (1.09-2.21) (0.66-3.02)
Recessive GIG-A/G 636 216 148 24 0.035 | 1105.0 | 11148 0.800 | 848.7 | 8582 0.097 | 251.8 | 261.0
(90.3) (85.4) (89.7) (80.0)
AA 68 37 17 6 1.60 1.07 234
9.7) (14.6) (10.3) (20.0) (1.04-2.46) (0.61-1.88) (0.92-5.92)
Overdominant G/IG-A/A 385 129 74 17 0310 | 11085 | 11182 0.023 | 843.5 | 853.1 0.830 | 254.5 | 2637
(54.7) (51.0) (44.9) (56.7)
AG 319 124 9l 13 1.16 1.48 0.92
(45.3) (49.0) (55.1) (43.3) (0.87-1.55) (1.06-2.09) (0.44-1.93)
Log-additive - - - - - 0.005 1.36 1oreé | 11114 0.048 1.30 8448 | 8544 0.130 1.52 252.3 | 2615
(1.10-1.69) (1.00-1.68) (0.89-2.59)
rs|859168 Codominant c/C 202 74 66 9 0.550 | 11103 | 11249 0.011 | 841.7 | 856.0 0.160 | 2529 | 266.7
(28.7) (29.2) (40.0) (30.0)
CIA 369 124 78 19 0.92 0.65 I.16
(52.4) (49.0) (47.3) (63.3) (0.66-1.28) (0.45-0.94) (0.51-2.60)
AA 133 55 21 2 1.13 0.48 0.34
(18.9) (21.7) (12.7) 6.7) (0.75-1.70) (0.28-0.83) (0.07-1.59)
Dominant c/C 202 74 66 9 0.870 | 11095 | 1119.2 0.005 | 841.0 | 8505 0.880 | 254.6 | 2638
(28.7) (29.2) (40.0) (30.0)
CIA-AIA 502 179 99 21 0.97 0.60 0.94
(71.3) (70.8) (60.0) (70.0) (0.71-1.34) (0.42-0.86) (0.42-2.08)
Recessive C/C-C/IA 571 198 144 28 0.330 | 11085 | 11183 0.054 | 845.0 | 854.6 0.059 | 251.0 | 260.2
81.1) (78.3) (87.3) (93.3)
AA 133 55 21 2 1.19 0.63 031
(18.9) (21.7) (12.7) (6.7) (0.84-1.70) (0.38-1.03) (0.07-1.30)
Overdominant C/C-AIA 335 129 87 1 0.350 | 1108.6 | 11183 0.230 | 8473 | 856.9 0.240 | 2532 | 2624
(47.6) (51.0) (52.7) (36.7)
CIA 369 124 78 19 0.87 0.8l 1.57
(52.4) (49.0) (47.3) (63.3) (0.65-1.16) (0.58-1.14) (0.74-3.34)
Log-additive - - - - - 0.650 1.05 11093 | 1119.0 0.003 0.68 839.9 | 8494 0.280 0.74 2534 | 2626
(0.85-1.29) (0.53-0.88) (0.43-1.28)

(Continued)
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Table 7 (Continued).

SNPs Model Genotypes Control Stage | Stage Il Stage Il Stage | vs. Control Stage Il vs. Control Stage Il and IV vs. Control
(n=1704) | (n=253) | (n=165) and IV
(0 %) (%) %) (n = 30) P value OR AIC BIC P value OR AIC BIC | P value OR AIC BIC
%) (95% CI) (95% CI) (95% CI)
rs10505477 Codominant G/IG 236 75 59 8 0.300 | 1109.1 1123.7 0.390 | 8488 | 863.1 0.050 | 250.6 | 264.4
(33.5) (29.6) (35.8) (26.7)
GI/A 363 131 88 12 1.14 0.97 0.98
(51.6) (51.8) (53.3) (40.0) (0.82-1.58) (0.67—-1.40) (0.39-2.42)
AA 105 47 18 10 1.41 0.69 2.8l
(14.9) (18.6) (10.9) (33.3) (0.92-2.17) (0.39-1.22) (1.08-7.32)
Dominant GIG 236 75 59 8 0.260 | 11082 | 11179 0.590 | 8484 | 858.0 0.430 | 254.0 | 2632
(33.5) (29.6) (35.8) (26.7)
GIA-AIA 468 178 106 22 1.20 091 1.39
(66.5) (70.4) (64.2) (73.3) (0.88-1.63) (0.64-1.29) (0.61-3.16)
Recessive G/G-G/A 599 206 147 20 0.180 | 1107.7 | 11174 0.170 | 846.9 | 856.4 0.014 | 248.6 | 257.8
(85.1) (81.4) (89.1) (66.7)
AA 105 47 18 10 1.30 0.70 2.85
(14.9) (18.6) (10.9) (333) (0.89-1.90) (0.41-1.19) (1.30-6.27)
Overdominant G/IG-A/A 341 122 77 18 0.950 | 1109.5 | 1119.2 0.680 | 848.6 | 858.1 0.210 | 253.0 | 2622
(48.4) (48.2) (46.7) (60.0)
GI/A 363 131 88 12 1.01 1.07 0.63
(51.6) (51.8) (53.3) (40.0) (0.76-1.34) (0.76-1.51) (0.30-1.32)
Log-additive - - - - - 0.130 1.18 11072 | 11169 0.280 0.87 847.6 | 857.1 0.047 1.72 250.6 | 259.8
(0.95-1.46) 0.67-1.12) (1.01-2.94)
rs2366152 Codominant A/A 486 177 114 24 0.760 | 11109 | 11255 0.640 | 849.8 | 864.1 0.290 | 254.1 | 2679
(69.0) (70.0) (69.1) (80.0)
AG 205 73 46 6 0.98 0.96 0.59
(29.1) (28.9) (27.9) (20.0) (0.71-1.34) (0.65-1.40) (0.24-1.47)
G/G 13 3 5 0 0.63 1.64 0.00
(1.8) (1.2) (3.0) (0.0) (0.18-2.25) (0.57-4.69) (0.00-NA)
Dominant AA 486 177 114 24 0.780 | 11094 | 1119.1 0.990 | 848.7 | 8583 0.180 | 252.8 | 262.0
(69.0) (70.0) (69.1) (80.0)
AIG-G/G 218 76 51 6 0.96 1.00 0.56
(31.0) (30.0) (30.9) (20.0) (0.70-1.31) (0.69-1.44) (0.22-1.38)
Recessive AA-A/G 691 250 160 30 0.470 | 11089 | 11187 0.360 | 8479 | 8574 0.300 | 2535 | 262.7
(98.2) (98.8) (97.0) (100.0)
GIG 13 3 5 0 0.64 1.66 0.00
(1.8) (1.2) (3.0) (0.0) (0.18-2.26) (0.58-4.73) (0.00-NA)
Overdominant AA-G/IG 499 180 19 24 0.940 | 1109.5 | 1119.2 0.750 | 848.6 | 8582 0.260 | 2533 | 2625
(70.9) (71.2) (72.1) (80.0)
AG 205 73 46 6 0.99 0.94 0.61
(29.1) (28.9) (27.9) (20.0) (0.72-1.36) (0.65-1.37) (0.25-1.51)
Log-additive - - - - - 0.670 0.94 11093 | 1119.0 0.800 1.04 848.7 | 8582 0.150 0.55 252.5 | 261.7
(0.70-1.25) (0.75-1.45) (0.23-1.32)
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associated with lower risk of stage II CC (P = 0.004, OR = 0.68; 95% CI: 0.53-0.88). While, the 2AA+GA genotype of
rs217727 was associated with higher risk of stage I CC (P = 0.005, OR = 1.36; 95% CI: 1.10-1.69).

Discussion

LncRNAs exhibit diverse expression patterns in various types of cancer.”® LncRNAs not only function as the key
regulator of cell biological progress, but also exhibit a strong association with tumor cell phenotypes, and are involved in
cancer initiation and progression.?” !

Paternally imprinted H19 gene, neighboring to IGF2 coding region, is located close to the 11p15.5 telomeric sequence.®>>
H19 was reported to be up-regulated in many human tumor types but lower in some normal adult tissues.”®> Roychowdhury
et al reported that H19 down-regulation may result in the dysregulation of numerous miRNAs and prompt cancer progress.**
H19 has been detected in most of CC tissues, and might involve in the proliferation and migration in CC*>>° through the
interplay with miRNAs and other molecular.®” The association of SNPs in the H19 gene, among which rs217727 was the most
frequently assessed, with the risk of human cancer has become a focus,*® which revealed the risk role of rs217727-AA or AA
+GA genotype in lung cancer, bladder cancer and gastric cancer.’®*' Similarly, we demonstrated that the risk role of
rs217727-A allele in CC, especially SCC in the current study. And the current results were also consistent with the study of
Jin et al which reported that the minor allele (A) of this loci increases CC risk.** However, Huang et al reported a contradictory
results that rs217727 was not associated to CC risk.** The inconsistent roles of rs217727 in different studies might be because
of the different sample size of the different studies. Thus, to clarify the relationship of this SNP with CC, more association
studies with larger sample size still need to be carried out in the future. Previous studies showed that rs217727 could influence
the expression of a downstream cancer-related gene MRPL23-AS1.***5 Another study revealed that rs217727 could involve
in the regulation of H19/miR-675/FADD/caspase-8/caspase-3/apoptosis signaling pathway, which makes it be associated with
hepatic cell carcinoma.*® Furthermore, rs217727 may affect miRNA-IncRNA interactions, leading to alteration of the miRNA
(hsa-miR-4804-5p, hsa-miR-8071, hsa-miR-3960 and hsa-miR-8071) binding site on H19.*’ Based on these data, it could be
deduced that rs217727 may be associated with CC susceptibility through altering the related gene expression level and the
interaction of H19 with relative miRNAs.***® However, functional studies still need to be carried out to clarify the association
mechanisms of 15217727 with CC in the future.

HOTTIP, HOXA transcript at the distal tip, is localized at the 5'-end of the HOXA cluster on 7p15.2."" Studies
revealed roles of HOTTIP in human cancers (e.g., breast cancer and tongue squamous cell carcinoma).*>% Recently, the
association of rs1859168 located in HOTTIP gene regulation region with human cancers (pancreatic and gastric cancers)
was studied, and the allele C of this SNP was related to lower risk of pancreatic cancer.”>>* In addition, rs1859168 was
found to be associated with lung cancer through affecting HOTTIP folding.”> However, the opposite effect of this SNP
was found in breast cancer, that the C allele functions as the risk factor.” 6 Similarly, in the current study, the A allele was
identified with a protective role of CC in the stratified analysis implying the risk role of allele C. The inconsistent
association results might be because of the complex role of rs1859168 in different types of cancer. And it also might be
due to the different study population of these studies. Therefore, to clarify the role of rs1859168 in human cancers, more
association studies of different cancers in different population with suitable sample size are needed in the future.

HOX transcript antisense RNA (HOTAIR) is the transcript of homeobox gene C cluster antisense strand.’’ > It is
a general consensus that HOTAIR plays key roles in human cancers.'* S. Sharma et al found a significant association of
1s2366152-C with CC cases with low HOTAIR levels in India,’ however, we did not find any association with CC in the
current population. Cancer susceptibility candidate 8 (CASCS) is reported to be important in the development of various
human cancers.'>%""*> GWAS and other association studies have reported that rs10505477 has an association with human
cancers risk.®> > However, our results suggest that rs10505477 was not associated with CIN and CC in the Chinese Han
population. The reason for these inconsistent could be the different genetic background of the different studied
population. For example, the frequency of rs2366152-C is 15% in Chinese Beijing Han people, whereas it is
34.5~37.7% in Indian people (data from 1000 Genomes Projects Phase 3).

In conclusion, rs217727 in H19 gene was associated with the susceptibility of CC risk in a Chinese Han population.
The allele A of the loci was associated with a higher risk of CC, and the statistical power is 0.891, which indicated the
credibility of the current results. There was a limitation of the current study that the clinical data of the current population
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was not incomplete, because of which the current study could not analyze the interplay of the genetic factor with other
risk factors. The molecular mechanisms of the association between rs217727 and CC are still not clarified. Therefore, it is
necessary to study the role of rs217727 in CC in the future, and further validation of the relationship with different
pathological types is needed.
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