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Abstract

Introduction. Cervical cancer (CC) is one of the most common cancers in women. The CC etiological agent is the
high-risk oncogenic human papillomavirus. In the meantime, not all women infected with this virus can develop

cancer, thus suggesting that there is genetic predisposition to CC.

The aim of the study was to analyze information about single nucleotide polymorphisms associated with the CC

risk.

Materials and methods. The performed search was focused on genome-wide association studies (GWAS) and
meta-analyses conducted over the last 10 years and addressing the genetic risk of CC in the Caucasian popu-

lation.

Results. The most significant associations with CC were found in the following single nucleotide polymorphisms.
Based on the GWAS data, they involve risk alleles rs138446575-T (OR = 2.39) TTC34; rs73728618-T (OR = 1.48)
HLA-DQAT; rs3130196-C (OR = 1.4) HLA-DPB1; rs2516448-T (OR = 1.39 and 1.44) MICA and protective alleles
rs9271898-A (OR = 0.64) and 9272143-C (OR = 0.65) between HLA-DRB1 and HLA-DQA1, rs55986091-A HLA-
DQB1 (OR = 0.66). Based on the meta-analysis data, they involve genotype rs4646903-CC (OR = 4.65) CYP1A1

and protective alleles rs718071133-T (OR = 0.77) MTHFR, rs2333227-AA (OR = 0.57) MPO.

Conclusion. The obtained data are critically important for development of laboratory techniques and reagent kits
allowing for a personalized approach to identification of risk groups, which could benefit from compulsory vacci-

nation and screening for pre-cancers of the cervix.
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FeHeTYecKne nonnmopPunsmbl, acCOLMMPOBaHHbIE
C PaKOM LUENKN MaTKK: cucTemaTnyeckuin o6sop
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AHHOMauus

BeeaeHue. Pak wenku matkn (PLUM) snseTcs ogHMM M3 camblX pacnpoCTpaHEHHbIX OHKororuveckmx 3abo-
neBaHUi y XeHLWuMH. dTnonornyeckuin areHT PLUM — Bupyc nanvmnnomMbl YenoBeka BbICOKOTO KaHLEepPOreHHOro
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pucka. MNpu 3TOM He Y BCEX XEHLLMH, NHPULNPOBAHHBIX STUM BUPYCOM, Pa3BMBaETCA pak, YTo NO3BONSAET npea-
NONOXWUTb HanMymMe reHeTMYecKon npeapacnonoXxeHHocTn k PLLUM.

Lenb paboTkl 3akntovanack B aHannse nHgpopmauum 06 0gHOHYKNEOTUAHBLIX NONMMMOPdM3Max, acCoLMMpoBaH-
HbIX C pyckom pa3sutmsa PLLM.

MaTtepuanbl u MeToAbl. BbinonHeH nonck uccnegoBaHuin No NOAIHOreHOMHOMY CKPUHUHTY accouunaunii (GWAS)
1 MeTaaHanu3oB 3a nocnegHve 10 net, NoCBAWEHHLIX reHeTudeckoMy pucky PLLM B eBponeonaHom nonynsuuu.
Pe3ynkraTbl. Hanbonee 3Haummble accoumnaumm ¢ PLUM Gbinun HarigeHbl y criegyrowmx O4HOHYKNEOTUAHbIX Mo-
nnumopduamos. Mo gaHHbIM GWAS — ¢ annenamu pucka rs138446575-T (Ol = 2,39) TTC34; rs73728618-T
(OW = 1,48) HLA-DQAT; rs3130196-C (OW = 1,4) HLA-DPB1; rs2516448-T (OW = 1,39 n 1,44) MICA v npo-
TEeKTMBHbIMK annenamn rs9271898-A (OLW = 0,64) n 9272143-C (OW = 0,65) mexay HLA-DRB1 v HLA-DQAT,
rs65986091-A HLA-DQB1 (Ol = 0,66). ina meTaaHann3oB — ¢ reHoTunom rs4646903-CC (OLLU = 4,65) CYP1A1
M NPOTEKTUBHbIMKU annenamu — rs1801133-T (OLW = 0,77) MTHFR, rs2333227-AA (OW = 0,57) MPO.
3akntoueHue. Vcnonb3oBaHne NOMyYeHHbIX OAaHHbIX ABMSAETCA BaXHbIM 3TANOM cO34aHus nabopaTtopHbIX Me-
TOOWK N HAbOPOB peareHTOB, HaNpPaBEHHbIX HA MePCOHANM3MPOBaHHLIN NOAX0A K ONpeaeneHunto rpynn pucka c
Lenbio pekoMeHaaumm TakMuM nauneHTkam obssaTenbHOM BakUMHaLMN U CKPUHMHIA NpeapakoBbiX 3aboneBaHuin
LUerK1 MaTKu.

KnroueBble cnoBa: vemaaHarsus, 8upyc narusisioMbl YeriogeKa 8bICOKO20 KaHUepOceHHO20 pUCKa, OOHOHyKﬂe-

OMUOHbIU NOUMOPGhU3M, NMOTHO2EHOMHbIU CKPUHUH2 accoyuayud, pak welku Mamku

McmoyHuk ¢puHaHcupoeaHusi. ABTOpbLI 3asBMSAOT 06 OTCYTCTBMMN BHELLUHEro (OMHAHCUPOBAHUS NPU NPOBEAEHUN UC-

cnenoBsaHuA.

KoHgpnniukm uHmepecoe. ABTOpbl AeKNapupyoT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSI-

3aHHbIX C I'Iy6]'|VIKaLlVIeI7I HacTodLen cTaTbu.

Ana yumupoeaHus: BuHokypos M.A., MupoHos K.O., Kopyarux B.W., Monosa A.A. leHeTn4eckme nonMmopguambl,
accoLMMpPOBaHHbIE C PakoM LLUENKM MaTku: cuctematudeckmin o63op. XKypHan mukpobuonoauu, anudemuono2uu u um-

myHobuonoeauu. 2022;99(3):353-361.
DOI: https://doi.org/10.36233/0372-9311-251

Introduction

Cervical cancer (CC) is the fourth most com-
mon cause of cancer incidence and mortality in wom-
en worldwide, with an estimated more than 340,000
deaths in 2020, accounting for 7.7% of all cancer-re-
lated deaths'. The number of new CC cases contin-
ues to rise in Russia, having increased almost by 22%
(from 14,000 to 17,000 cases over 10 years (from
2009 to 2019), thus demonstrating the social signifi-
cance of this disease. It is notable that women aged
30 to 44, falling into the group of socially active and
reproductive age, account for 32.4% of CC cases [1].
The Russian cancer care statistics data for 2019 show
that the established preventive methods for precancer-
ous conditions of the cervix lack efficiency (absence
of universal vaccination program, poor awareness
of the importance and availability of cervical cancer
screening, lack of motivation for routine examina-
tions). As a result, the CC-related death rates remain
almost unchanged [1].

Infection with high-risk oncogenic human papil-
lomavirus (HR-HPV) is a proven carcinogenic factor
of CC. It has been found that the relationship between
HPV and CC is stronger than the relationship between
smoking and lung cancer [2]. On the other hand, the
existing literature data show that among women with
an HPV infection rate of 15-40%, the CC incidence
accounts only for 0.015%, implying that susceptibili-

! ' WHO. Global Cancer Observatory. Cancer Today: Data visualiz-
ation tools for exploring the global cancer burden in 2020. URL:
https://gco.iarc.fr/today

ty can be genetic [3]. Identification of single nucleo-
tide polymorphisms (SNPs) associated with the disease
makes it possible to detect potential inherited predispo-
sition to development of pathological conditions during
the pre-symptomatic period for timely diagnosis or pre-
vention of the disease [4]. As most women experience
a long asymptomatic period, develop CC due to infec-
tions most often transmitted through sexual intercourse
and are most vulnerable at their reproductive age, the
assessment of the genetic risk of CC development is an
important clinical task, especially when women from
risk groups, including HIV-infected women, are in-
volved [5].

The aim of the study was to summarize the in-
formation about SNPs associated with the risk of CC
development in the Caucasian population.

Materials and methods

The study protocol was prepared following the
PRISMA guidelines [6] and registered with PROSPE-
RO — an international database of registered reviews
in public health with a health-related outcome [7]. At
the same time, our study does not meet some of the
registration criteria on PROSPERO: For example, it is
not connected directly with any treatment based on the
review results. The identification of genetic risks offers
an additional tool aimed to improve the awareness of
healthcare providers so that they could use a person-
alized approach to disease prevention at the pre-symp-
tomatic stage [4].

The literature search was conducted using such
Internet resources as PubMed, Web of Science, Scopus,
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and GWAS Catalog®. The search was performed in En-
glish using such keywords as cervical cancer, gene vari-
ants, polymorphism, single nucleotide polymorphism,
meta-analysis, GWAS from November 17 through De-
cember 12, 2021.

Inclusion and exclusion criteria

Inclusion criteria:

* the review included the assessment of the SNP
association with CC;

* the publication date was not earlier than 2011;

» the study design is consistent with the ge-
nome-wide association study (GWAS) or meta-
analysis.

Exclusion criteria:

* the review did not address the Caucasian popu-
lation, which in this study referred to the popu-
lation of Europe and the white population of the
United States;

* neither odds ratio (OR) or 95% confidence inter-
val (95% CI) was specified;

* OR and 95% CI did not point at any statistically
significant association with CC for the Cauca-
sian population;

* the meta-analysis included fewer than 2 studies,
which analyzed the Caucasian population.

Statistical analysis

The recalculation of the variables for Caucasian
populations described in the meta-analyses was per-
formed using the RevMan 5.0 software (Cochrane Col-
laboration).

The statistical heterogeneity of the samples was
measured using the heterogeneity index (I?) and Co-
chran's Q test. I shows the percentage of variation across
studies, which is caused by heterogeneity rather than by
chance (at I* > 50%, samples are considered heteroge-
neous). Cochran's Q test is used to check whether the
effects are the same across studies; at p > 0.1, the effect
was considered identical, as the meta-analysis included a
small number of studies with a small sample size [8, 9].

The data are provided both for the fixed-effects
model and random-effects model [12].

Results

The search resulted in 4 GWAS and 5 meta-analy-
ses, where the analysis of 40 SNPs was conducted (Fi-
gure).

In total, GWAS combined the results of the analy-
ses of 34 SNPs; in 17 SNPs, rare alleles were associated
with the disease, while in 15 SNPs, they were protec-
tive. The CC-associated alleles and OR values calculat-
ed in GWAS are presented in Table 1.

Based on 5 meta-analyses that met the specified
criteria, we found 6 SNPs in 4 genes. Out of them,

2 GWAS Catalog (2020). URL: https://www.ebi.ac.uk/gwas/home

Article identified:
* GWAS (n=31);
* meta-analysis (n = 120)

Excluded:

» 25 GWAS — analyzed not
European population (n = 23),
OR 95% CI didn’t show asso-

v ciations (n = 2);

* 47 meta-analysis — OR 95%
Cl didn’t show associations

Y

Included for analyze:
* GWAS (n=6);
* meta-analysis (n = 73)

Excluded:
* 2 GWAS — OR (95% CI)
were not specified (n = 2);

* 68 meta-analysis — article
without European population
\ (n =47), the article had fewer
than 2 studies with European

population (n = 13)

Y

Included for review:
* GWAS (n = 4);
* meta-analysis (n = 5)

Flow chart of study selection.

4 SNPs were associated with the CC risk and 2 SNPs
had a protective effect. Table 2 presents detailed infor-
mation and calculated OR values for Caucasian popula-
tions analyzed in the above meta-analyses.

The data presented in Table 2 can be backed up by
the following calculations.

After the data on allele and genotype frequen-
cies had been retrieved from the studies and summa-
rized with the reference to Caucasian populations, the
association of the rs/801133-CC genotype was no
longer significant (OR = 0.79; 95% CI = 0.53-1.12;
p > 0.05); however, it was found that the association
of the rs1801133-T (OR = 0.77; 95% CI = 0.66-0.89;
p < 0.01) was statistically significant both in the
fixed-effects and random-effects model.

For rs5742909, the association shown in the sec-
ond column in Table 2 was no longer significant both
for the allelic and recessive model (CC compared to
CT+TT): OR=1.19;95% CI=0.98-1.45; p>0.05 and
OR =1.19; 95% CI = 0.96-1.47; p > 0.05, respective-
ly. At the same time, the parameters used to measure
homogeneity of studies exceeded the specified values,
thus being indicative of heterogeneity of the studies
(1> > 50%; p <0.1).

For rs4646903, the OR values reached statis-
tically significant levels in the homozygous model
(CC compared to 77): OR = 4.14; 95% CI = 1.24—
13.81; p < 0.05 for the random-effects model and
OR = 4.65; 95% CI = 1.51-14.43; p < 0.05 for the
fixed-effects model. At the same time, for the asso-
ciations in the recessive model (77 compared to
CT + CQC), the calculations showed heterogeneity
of the studies (I*> > 50%; p < 0.1). After the study
[29], together with its data that had an impact on
heterogeneity coefficients, had been excluded from
the analysis, the association lost its significance:
OR = 1.14; 95% CI = 0.81-1.62; p > 0.05 in the ran-
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Table 1. SNP associated with cervical cancer for GWAS
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w si?g’oﬂﬁoslif:oace] Gene SNP Allele (frequency, %)* OR (95% Cly**
4769/145545 PAX8 rs10175462 A (39) 0,87 (0,84-0,91)
1ol CLPTM1L rs27069 T (43) 0,88 (0,84-0,92)

HLA-B rs9272245 C (31) 1,26 (1,21-1,31)

MICA rs6938453 A (25) 0,79 (0,75-0,83)
HLA-DQA1 rs9272050 G (37) 1,27 (1,21-1,32)
HLA-DQB1 rs55986091 A (15) 0,66 (0,60-0,72)
TTC34 rs138446575 T(3) 2,39 (1,75-3,27)

ACACB rs117960705 G (1) 1,22 (1,04-1,44)

[1111‘}0/ 1058 MICA rs2516448 T(39) 1,44 (1,30-1,58)
HLA-DRB1, HLA-DQA1 rs9272143 C (46) 0,65 (0,59-0,72)
HLA-DPB2 rs3117027 A (34) 1,73 (1,38-2,19)
382?61/408786 LINC00339 rs2473290 T(21) 1,08 (1,05-1,12)
PARP1 rs2793381 C (84) 1,08 (1,05-1,11)

PAX8 rs10175462 G (61) 1,15 (1,10-1,19)

HCG27 rs3869114 G (87) 1,20 (1,12-1,29)

HLA-B rs3016018 C (51) 1,13 (1,10-1,17)

AIF1 rs34451818 C (4) 0,79 (0,73-0,85)

AGER rs2070600 C (95) 0,78 (0,73-0,84)
HLA-DQA1 rs73728618 T(90) 1,48 (1,39-1,58)
HLA-DQB1 rs9273501 T(61) 0,9 (0,88-0,92)
HLA-DMA, HLA-DMB rs2395296 A(31) 1,09 (1,06-1,12)
COL11A2P1 rs3117245 C (88) 1,17 (1,11-1,24)
HLA-DPB2 rs3129270 C (89) 0,87 (0,83-0,92)

AHR rs9639279 A(37) 0,93 (0,9-0,95)

CASCS8 rs78449170 T (95) 1,18 (1,11-1,25)
MLLT10 rs55990219 T(99) 0,83 (0,78-0,89)
FGFR2 rs3096763 A (39) 0,95 (0,94-0,97)
MYEOV rs35637432 G (98) 0,81 (0,75-0,88)
KANSL1 rs2532389 G (77) 1,07 (1,05-1,1)

NSF rs199533 G (78) 1,06 (1,04-1,08)

CCNE1 rs997669 T (64) 0,96 (0,94-0,97)
ZBTB46 rs4809367 C (87) 0,92 (0,89-0,95)
[11035;4/3948 HLA-DRB1, HLA-DQA1 rs9271898 A (49) 0,64 (0,59-0,70)
MICA rs2516448 T(61) 1,39 (1,28-1,52)
HLA-DPB1, HLA-DPA1 rs3130196 C(12) 1,40 (1,26-1,57)
HLA-DRB1, HLA-DQA1 rs115625939 G (1) 0,58 (0,51-0,67)

Note. *Allele frequency for European population in Ensemble® database [14, 15]. **p < 10-®for choices marked.

3 URL: https://www.ensembl.org/index.html
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dom-effects modeland OR=1.15;95% CI=0.83-1.59;
p > 0.05 in the fixed-effects model.

For rs1048943, the OR values reached statistical-
ly significant levels in the recessive model (77 com-
pared to CC + CT): OR = 2.52; 95% CI = 1.08-5.86;
p < 0.05 in the random-effects model and OR = 2.52;
95% CI = 1.83-3.47; p < 0.05 in the fixed-effects mod-
el. However, the calculations revealed heterogeneity
of the studies (I> > 50%, p < 0.1). After the study data
[26] contributing to heterogeneity had been removed

from the calculations, the OR values decreased both
for the random-effects and fixed-effects model, while
remaining statistically significant: OR = 1.63; 95%
CI=1.08-2.45; p <0.05; at the same time, in the allelic
model (C compared to 7), the association was no longer
significant: OR = 1.31; 95% CI = 0.89-1.93; p > 0.05.
For rs1800629, both in the allelic model (4 com-
pared to G) and in the recessive model (GG compared
to A4 + AG), the coefficients showed heterogeneity
of the studies (I> > 50%; p < 0.1). After the study data

Table 2. SNP associated with cervical cancer for meta-analysis

. Meta-analysis, . .
SNP_, risk genotype sample size — , Sample size case/ . Calculated OR An heterogenelfy
or risk allele (rare case/control OR (95% CI) control, country, OR (95% CI) (95% Cl), p-value index, Cochran's
allele frequency, %)* source o &, P Q test
[source]
MTHFR, 1898/2678 [16] 0,64 21/91, 0,79 0,77 (0,66-0,89); 12 = 0%;
rs1801133, (0,45-0,89) Greece [17] (0,38-1,66) p<0,01 p=0,83
T (36)
636/592, 0,75
Netherlands [18] (0,63-0,89)
124/168, 0,84
Poland [19] (0,59-1,20)
CTLA4, 1665/1502 [20] 1,72 140/216, 1,07 1,19 (0,98-1,45); 12=82%;
rs5742909, (1,07-2,77) Poland [21] (0,86-1,33) p>0,05 p=0,02
T(8
®) 1281/808, 1,99
Sweden [22] (1,25-3,17)
CYP1A1, 2148/2252 [23] 2,16 43/121, 0,87 4,65 (1,51-14,43); 12=0%;
rs4646903, (1,45-3,21) Israel [24] (0,03-21,98) p<0,05 p=0,49
CcC (11)
405/337, 8,69
Sweden [25] (1,11-68,35)
104/124, 3,87
Portugal [26] (0,73-20,54)
CYP1AT1, 1466/1690 [23] 2,22 85/202, 5,66 2,52 (1,83-3,47); 12 = 84%,;
rs1048943, (1,48-3,33) Turkey [27] (3,27-9,80) p <0,05 p =0,02
CT+ CC(3)
43/121, 1,73
Israel [24] (0,84-3,56)
456/495, 1,59
Poland [28] (0,97-2,60)
TNF-a, 4146/4731 [29] 1,47 127/107, 0,85 1,18 (1,01-1,37); 12=81%;
rs1800629, (1,08-2,00) USA [30] (0,48-1,49) p>0,05 p =0,0002
AA + GA (13)
143/194, 0,92
USA [31] (0,57-1,48)
195/244, 3,20
Portugal [32] (2,0-5,12)
154/228, 0,89
USA [33] (0,59-1,34)
1263/804, 1,14
Sweden [22] (0,94-1,39)
MPO, 1125/1150 [34] 0,60 149/126, 0,28 0,57 (0,34-0,95); 12=0%;
rs2333227, (0,36-0,99) Germany [35] (0,01-6,93) p <0,05 p=0,91
AA (24)
100/122, 0,59
Portugal [36] (0,19-1,78)
476/493, 0,58
Poland [37] (0,32-1,03)

Note. *Allele frequency for European population (EUR) in Ensemble database [15].
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responsible for heterogeneity [33] had been excluded
from the analysis, the association became insignificant
both for the allelic and the recessive model: OR = 1.04;
95% CI =0.91-1.20; p > 0.05 and OR = 1.05; 95% CI
=0.89-1.23; p > 0.05, respectively.

For rs2333227, the OR values reached statistically
significant levels in the recessive model (44 compared
to GG + AG) both for fixed and random effects: OR =
0.57; 95% CI = 0.34-0.95; p < 0.05 and OR = 0.57;
95% CI = 0.34-0.95; p < 0.05, respectively. In the ho-
mozygous model (44 compared to GG), the association
was significant only for the fixed-effects model: OR =
0.60; 95% CI=0.36—-0.99; p = 0.05; for random effects,
the association failed to reach statistical significance:
OR =0.60; 95% CI =0.36-1.0; p = 0.05.

Discussion

In GWAS, the highest OR values were found
for rs138446575 (OR = 2.39) near the TTC34 gene,
rs73728618 (OR = 1.48) in HLA-DQA1 and rs3130196
in the intergenic region between HLA-DPBI and HLA-
DPAI (OR = 1.4). In two GWAS, relatively high OR
values of 1.44 [12] and 1.39 [14] were replicated for
rs2516448 near the MICA gene. In two other GWAS,
an association with CC for the common allele G
(OR = 1.15) [13] and a protective effect for the rare
allele 4 (OR = 0.87) was found for rs10175462 (G > A)
in the PAX gene [11].

The highest protective effect was demonstrated
by r59271898-A (OR = 0.64) and rs9272143-C alleles
(OR = 0.65) between HLA-DRB1 and HLA-DQAI, and
rs55986091 near HLA-DQOBI1 (OR = 0.66).

The meta-analyses demonstrated a much higher
value of OR, reaching 4.65 for rs4646903 in CYP1A].
The high value of OR compared to the data presented
in Table 1 can be caused by the limited focus of GWAS
calculating OR values only for the allelic model. The
OR values calculated for rs5742909, rs1048943 and
rs1800629 (Table 2) cannot be used for assessing the
association with the risk, as the values of the hetero-
geneity indices and Q test fell outside the interval
range showing the heterogeneity of studies. Using an
in-depth analysis such as a meta-regression analysis
for these data [38] is impossible due to a small num-
ber of publications covered by our meta-analysis. At
the same time, the meta-analyses showed statistically
significant OR values for the rs/801133-T protective
allele (OR = 0.77) and the rs2333227-AA genotype
(OR =0.57).

The previously published meta-analyses [16, 20,
23, 29, 34] that form the core of this study did not ad-
dress Caucasian populations specifically. The recently
published GWAS review by Ramachandran et al. did
not include the analysis of all the loci found during
the literature search for the publication [39]. This
study combines the data on genetic factors identified
in GWAS and meta-analyses associated with CC in the

REVIEWS

Caucasian population, thus contributing to the scientific
novelty of this study.

The diagnosis of multifactorial diseases during
the prehospital phase results in a 20% decrease in the
costs due to the reduced number of laboratory and in-
strumental tests and examinations, outpatient visits and
better selected therapies matching patients’ needs and
pharmacological responses (through pharmacogenet-
ic testing) [4, 40]. The systematization and analysis
of data from different published studies are important
for developing laboratory techniques and reagent kits
aimed at identification of risk groups for multifactorial
diseases and, consequently, at a personalized approach
to therapeutic or diagnostic actions [4, 41].

Information about the most significant SNPs,
which, based on the obtained data, include rs 138446575,
rs73728618, rs3130196, rs2516448, rsl0175462,
rs9271898, rs9272143, rs55986091, rs4646903,
rs1801133 and rs2333227, is critically important for
development of laboratory techniques aimed at iden-
tification of individual risks of CC. The identification
of both individual and population risks of CC deve-
lopment will enhance the effectiveness of monitoring
of individuals infected with HR-HPV, as they will be
motivated to be vaccinated and examined, thus contrib-
uting significantly to the downward trend in the CC-re-
lated deaths. .
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