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The role of oncogenic strains of human papillomavirus in the development of cervical cancer is currently
not in doubt. In cervical cancer screening, a co-testing strategy is used, in which cytology and HPV test-
ing are performed. When performing a cytological examination by liquid-based cytology, it is possible
to conduct additional diagnostic studies that can be used to more effectively sort patients in order to
optimize the volume of diagnostic and therapeutic measures. The article highlights the possibilities of
diagnostic tests based on the assessment of microRNA and mRNA expression, as well as tests based on
the analysis of DNA methylation from the cytological material. The introduction of new molecular genetic
predictors of the cervical cancer development into clinical practice can increase the effectiveness of
currently used screening programs.
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List of abbreviations

ASCUS (atypical squamous cells undetermined
significance)

ASC-H (atypical squamous cells cannot exclude HSIL)
CIN (cervical intraepithelial neoplasia

BACKGROUND

Every year, infection with pro-oncogenic strains of
human papillomavirus (HPV) causes globally 570,000
new cases of cervical cancer (CC) [1]. In Russia, in
2019, malignant neoplasms of the cervix were detected
in 73,918 women (22.25 per 100,000 population), while
CC in the in situ stage was diagnosed only in 4964
(28.2%) cases. The incidence rate of CC in the Russian
Federation in 2019 was in fifth place among all malig-
nant neoplasms in women (5.0%).

CC causes death of women under 30 years of age
in 8.0% of cases, and in 24% of cases at the age of
30-39 years [2].

Currently, to detect precancerous lesions and CC,
the cotesting strategy (cytological + HPV analysis) of

HSIL (high-grade squamous intraepithelial lesion)
LSIL (low-grade squamous intraepithelial lesion)
RT-gPCR (real-time quantitative polymerase chain
reaction)

the latest clinical guidelines should be followed [3]. Cy-
tological examination can be performed both by the
traditional method and by liquid-based cytology, which
reduces the percentage of poor-quality smears and in-
creases significantly the diagnostic accuracy [4-6].
Liquid-based cytology (LC) represents a method
for preparing cytological preparations, when cells are
immersed in a preservative liquid before fixation on a
slide, which improves the quality and standardizes the
cytological examination method [7]. LC is increasingly
used in CC screening [8]. The detection sensitivity of
> CIN (cervical intraepithelial neoplasia) Il in cytolog-
ical examination ranges from 46 to 50%, while in HPV
testing it is 86-97%; that of = CIN Il is 38-65 and 63-
98%, respectively [9]. Although the overall risk of infec-
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tion with high oncogenic risk HPV strains (HR HPV) is
quite high, in more than 90% of cases, the infection is
eliminated within 24 months [10, 11].

The limited sensitivity of screening based only on
cytological studies has led to the introduction of pri-
mary HPV testing in the UK, the Netherlands, San
Marino, Turkey, and Germany [12, 13], however the re-
sults of a number of studies have confirmed a low pos-
itive predictive value and low specificity (according to
a number of studies, from 30 to 60% when detecting
> CIN lll) HPV screening when detecting precancerous
processes and CC [14-18].

For the purpose of differential diagnostics of the
severity of cervical lesions, along with HPV testing, an
immunocytochemical study can be performed to de-
termine the co-expression of p16/Ki67 oncoproteins
[3]. The joint implementation of immunocytochemi-
cal and cytological studies improves to some extent
the sensitivity and specificity of testing [19-22], but
is rather subjective, which imposes restrictions on its
use [19, 23].

Thus, there is a need to search for new, effective
and specific biological markers used to determine
accurately and quickly the stages of the pathological
process development of the cervix, which will facilitate
patient management without unnecessary medical in-
tervention. In order to optimize molecular genetic stud-
ies, the use of the residual material of the preservative
liquid used in LC should be considered [24-27].

The work aimed to analyze the possibilities of im-
proving the triage of female patients with precancer-
ous processes of the cervix using the method of lig-
uid-based cytology with Papanicolaou staining (PAP
test).

MicroRNA analysis

MicroRNAs are short non-coding RNAs consisting
of an average of 22 nucleotides. Many microRNAs are
tissue-specific and are post-transcriptional regulators
of gene expression by binding bases with target RNA
carriers. MicroRNAs can be overexpressed or sup-
pressed in cancer and are associated with genetic (eg.,
deletions, amplifications, and point mutations) and epi-
genetic (histone modifications and aberrant DNA meth-
ylation) changes [28, 29].

Studies using residual LC material for testing have
shown the potential efficacy of using some microR-
NAs (miR-34a, miR-218, miR-375, miR-424, miR-125b,
and let-7c) as a molecular marker of the progression
of squamous intraepithelial lesions [30-32]. In partic-
ular, the researchers state that, compared to the PAP

test, the detection of both miR-424 and miR-375 pro-
vides higher sensitivity (76.0 and 74.9 versus 63.8%;
p < 0.05) and comparable specificity for identification
of = CIN Il [32].

DNA methylation analysis

The analysis of DNA methylation in HR HPV-pos-
itive patients is discussed in the modern literature as
another molecular marker of precancerous lesions and
CC. DNA methylation is an enzyme-induced chemical
modification of cytosine-guanine-rich dinucleotide re-
gions (CpG islands) in the promoter regions of genes,
leading to normal epigenetic functional changes in the
genome. Aberrant methylation of a gene promoter is
one of the important mechanisms of transcriptional
gene repression during carcinogenesis [33, 34]. The
literature reports on the effectiveness of both the ana-
lysis of methylation of human DNA and HPV DNA.
The methylation of the HPV genome sequence was
studied most fully for the 16th type virus. The authors
report that hypermethylation of the L1, L2, E2, and E4
regions is associated with an increased risk of = CIN |
lesion with a sensitivity of 91% and a specificity of
60% [35-37].

More than 100 human genes are reported to be pos-
sible biomarkers of CC methylation [38]. A study was
performed to evaluate the clinical efficacy of the meth-
ylation-based molecular sorting test QlAsure Methyla-
tion Test (Qiagen, the Netherlands) using the ThinPrep
PAP test (Hologic, USA) and SurePath (Becton, Dickin-
son and Company, BD, USA). QlAsure Methylation Test
is areal-time multiplex methylation-specific polymerase
chain reaction (PCR) test system for detecting hyper-
methylation of the FAM19A4 and hsa-mir124-2 gene
promoters. The test was evaluated in 2384 HPV-pos-
itive samples obtained from women aged 29-76 years
from four countries (Scotland, Denmark, Slovenia, the
Netherlands). In 899 cases, the results of the QlAsure
Methylation Test were compared with those of a histo-
logical study, and according to the results of the latter,
in 527 (58.6%) cases, no precancerous lesions were
detected; in 124 cases, CIN Il (5.2%) was confirmed;
in 228 cases, CIN lll was detected (9.6%); and in 20
cases, CC was revealed (0.8%). The authors report that
19 out of 20 identified CC samples had a modification
of the DNA molecule. Thus, the sensitivity was 95% for
the CC group, 46.8% for CIN I, 77.2% for CIN lll, and
95% for SCC, while the overall specificity for the group
> CIN Il was 78.3% [39].

We also compared the two most well-known com-
mercially available diagnostic tests based on DNA
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methylation, namely GynTect® (search for methylated
DNA regions in the promoter/5’-regions of the ASTN1,
DLX1, ITGA4, RXFP3, SOX17, and ZNF671 genes) and
QIlAsure Methylation Test, with associated methylation
markers FAM19A4 and hsa-mir124-2. So, GynTect®,
using the example of 95 scrapings from the cervix,
showed a significantly higher specificity compared to
the QIAsure Methylation Test, namely 87.6% versus
67.4% (p < 0.001) for = CIN Il and 84.1% versus 68.2%
(p = 0.002) for = CIN Ill. The authors also reported high
methylation rates of FAM19A4 and hsa-mir124-2 in the
group of HR HPV-positive patients (52.4%), in whom
CIN was not confirmed by histological examination,
while in another study, the index of positive result of the
QIlAsure Methylation Test was 23.2% for HR HPV-pos-
itive cases without CIN [40, 41].

In addition to the methylation markers ASTN17,
DLX1, ITGA4, RXFP3, SOX17, ZNF671 (GynTect®) and
FAM19A4, hsa-mir124-2 (QlAsure Methylation Test), the
use of other determinants is also discussed. Thus, the
CADM1/MAL/hsa-mir124-2 marker panel showed sim-
ilar characteristics when using the ThinPrep PAP test
material as a marker for triage of HR HPV-positive pa-
tients (sensitivity 73.8%, specificity 81.5%) [42]. Thin-
Prep PAP test cytology samples were used to assess
EPB41L3 and JAM3 methylation scores and differenti-
ate = CIN |l cases diagnosed in histological examina-
tion. The diagnostic accuracy of DNA methylation was
compared with strategies based on HR HPV identifica-
tion. The sensitivity of the assessment of = CIN Il was
72.13%, the specificity was 91.53%, while the sensi-
tivity of detecting HR HPV reached 89.62%, and the
specificity was 25.42% [43].

In another study, methylation analysis was per-
formed for six markers — ANKRD18CP, C130rf18,
EPB41L3, JAM3, SOX1, and ZSCAN1. The biomaterial
for the study was taken from the residual ThinPrep
preservative fluid. The sensitivity and specificity indi-
cators of the C130rf18/EPB41L3/JAM3 gene panel (80
and 66%, respectively) and the SOX1/ZSCAN1 panel
(63 and 84%, respectively) were the most significant for
detecting pathological changes = CIN Il [44].

The study, which included 205 samples of Sure-
Path residual material from patients with varying PAP
test results, analyzed DNA methylation of four genes
ADCYAP1, PAX1, MAL, and CADM. CC cells showed
a sharply increased level of methylation of all four
analyzed genes. ADCYAPT and PAX1 also tended to
increase methylation levels in high-grade squamous
intraepithelial lesion (HSIL) samples. Sensitivity to
methylated ADCYAP1, PAX1, MAL, and CADMT1 for CC
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detection was 79.2; 75.0; 70.8, and 52.1%, and speci-
ficity, respectively, was 92.0; 94.0; 94.7, and 94.0% [45].

Research of mRNA expression

of human genes

The literature emphasizes the value of mMRNA detec-
tion using quantitative PCR in liquid-based cytology as
a less subjective study than the morphological assess-
ment of a cytological or histological specimen, and
allowing the assessment of the entire mucous mem-
brane of the cervix, as opposed to immunohistochem-
ical staining [46-48].

Del Pino et al. [47] demonstrated for the first time
the possibility of using the detection of MRNA of prog-
nostic genes of the host in the residual preserving
liquid from the material for the LC. In samples of 123
patients with cytologically and histologically confirmed
pathological changes in the uterine cervix epithelium,
the expression of mMRNA of 6 genes (CDKN2A, BIRCS,
MMP9, TOP2A, MCM5, and MKI67) was analyzed us-
ing quantitative PCR. The research revealed that mMRNA
detection of some genes in residual preservative fluid
from material for LC may be useful for HSIL detection.
Thus, almost all studied biomarkers showed sensitivity
to HSIL above 81%. The assessment of the expression
level of TOP2A showed the sensitivity similar to testing
for HR HPV and higher (96%) than cytology. Assess-
ment of the CDKN2A/p16 expression level at the low-
est sensitivity for diagnosing HSIL showed the highest
specificity (69%) compared with other biomarkers. The
combination of estimation of the mRNA expression lev-
els of the TOP2A and CDKN2A/p16 genes led to an
adequate balance between sensitivity and specificity
and can be used for HSIL identification.

Research by H.Y. Wang et al. [49] showed that the
assessment of co-expression of viral MRNA E6/E7 and
MRNA hTERT of the human gene can be used as a
method for sorting precancerous lesions of the uterine
cervix of high and low grades. We used a combination
of CervicGen HPV RT-gDX tests to detect E6/E7 mRNA
in 16 types of HR HPV and CervicGen hTERT RT-gDX
to analyze the hTERT expression (Optipharm, Osong,
Korea) in diagnosing high-grade cervical lesions and
malignant tumors, and to evaluate predicted outcomes
using 545 ThinPrep PAP samples, with 131 cases con-
firmed histologically using biopsy or excision samples.
The sensitivity and specificity of detecting E6/E7 mRNA
using multiple RT-gPCR in 545 samples of the ThinPrep
PAP test were 91.1% and 96.7%, respectively, com-
pared to cytological diagnoses. In samples that were
histologically verified as CC, CIN Ill, CIN Il, and CIN I,
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E6/E7 mRNA was expressed in 95%); 88%; 100%, and
50% of cases, respectively. The proportion of samples
positive for the expression of hTERT mRNA was 88.9%);
100%, and 100% for cytologically identified samples of
CC, HSIL and ASC-H, respectively. The percentage of
samples positive for hTERT mRNA analysis was 95.5%;
100%; 100%, and 100% for specimens with histologi-
cally diagnosed CC, CIN Ill, CIN Il, and CIN I, respec-
tively. The level of hTERT mRNA expression was sig-
nificantly higher in ASC-H and HSIL/CC (p = 0.0001)
compared with samples without pathological changes.
The expression levels of "TERT mRNA in all normal
(n = 288) samples were below the threshold value, and
therefore the specificity of RT-qPCR of hTERT mRNA
was 100%. Accordingly, analysis of hTERT expression
levels can be used to reduce false negative results in
cytological examination, but only as a supplement to
morphological examination.

The combination of the results of evaluating the
expression of mMRNA E6/E7 and hTERT showed 100%
sensitivity in cases of HSIL and CC and 100% sensitiv-
ity in cases of LSIL (low-grade squamous intraepithelial
lesion) and ASC-US (atypical squamous cells with un-
determined significance) which were diagnosed histo-
logically as precancerous lesions, while the detection
of HPV DNA was lower (56.8%).

In one of our previous studies [50], we evaluated the
possibility of differentiating patients with = CIN Il and
< CIN | based on the expression of a 21-gene mRNA
panel by quantitative PCR in the material of the pre-
servative fluid of a flask with samples of the CellPrep
PAP test.

To assess the possibility of differentiation in pa-
tients with = CIN Il and < CIN |, the mRNA expression
of the 21-gene panel was assessed. MRNA expression
level of 21 genes (Ki-67, STK-15, CCNB1, CCND1, MYC,
MYBL2, P16INK4A, PTEN, BIRC5, BCL2, BAG1, TERT,
NDRG1, ESR1, PGR, HER2, GRB7, MGB1, MMP11,
CTSL2, CD68) was determined by quantitative PCR
in the material of the preserving liquid of the vial af-
ter the CellPrep PAP test in 59 female patients treated
at the Russian Scientific Center for X-ray Radiology
of the Ministry of Health of Russia in 2015-2016. The
validation criterion was the results of comparison with
subsequent histological examination. The discriminant
analysis revealed that the combined assessment of the
levels of mMRNA expression of the ESRT and MYBL2
genes allows for the correct classification for patients
with changes = CIN Il in 88.24% of cases, and for pa-
tients with histologically confirmed < CIN | in 84.0%
of cases. Combined assessment of MRNA expression

levels of 17 genes (ESR1, MYBL2, CD68, PTEN, CCND1,
BCL2, HER2, MMP11, TERT, STK15, P16INK4A, BAGT,
CTSL2, KI67, CCNB1, GRB7, NDRGT) enables to differ-
entiate the groups = CIN Il and < CIN | with an accuracy
of 98.3%. The coincidence of the classification with the
data of histological examination for the group = CIN ||
was 100.0% of cases, and 96.0% for the group with
histologically confirmed < CIN I.

CONCLUSION

Currently, in the Russian Federation, cotesting with
the use of a cytological method is recommended as
the primary triage followed by HR HPV study, which is
characterized by greater sensitivity, which determines
the need to refer the patient for colposcopy. Study of
new molecular genetic predictors, developed over the
past decade, will help improve the patient triage capa-
bilities, which will help optimize diagnostic and thera-
peutic measures. The introduction of methods of such
a quantitative assessment as an addition to the existing
morphological assessment will enable to solve more
effectively the problem of detecting precancerous le-
sions of the cervix.

ADDITIONAL INFORMATION

Author contribution. A.K. Aksamentov — literature
analysis, manuscript writing; V.P. Baklaushev, N.V. Mel-
nikova — concept of the review, literature analysis, ma-
nuscript editing; N.A. Kolyshkina, O.N. Kucherova —
literature analysis from the viewpoint of clinical
relevance, manuscript editing. The authors made a
substantial contribution to the conception of the work,
acquisition, analysis, interpretation of data for the work,
drafting and revising the work, final approval of the ver-
sion to be published and agree to be accountable for
all aspects of the work.

Funding source. The study had no sponsorship.
Competing interests. The authors declare that
they have no competing interests.

REFERENCES

1. Wild CP, Weiderpass E, Stewart BW. World Cancer Report:
Cancer Research for Cancer Prevention. Lyon, France: International
Agency for Research on Cancer, 2020. Avalable from: https:/www.
iarc.who.int/featured-news/new-world-cancer-report/

2. Malignant neoplasms in Russia in 2019 (morbidity and mor-
tality). Ed. by A.D. Kaprin, V.V. Starinsky, A.O. Shakhzadova. Mos-
cow: P.A. Herzen Moscow State Medical Research Institute-branch
of the Federal State Budgetary Institution «<NMIC of Radiology» of
the Ministry of Health of Russia; 2020. 252 p. (In Russ).

3. Clinical recommendations. Cervical intraepithelial neopla-
sia, erosion and ectropion of the cervix. All-Russian public organiza-
tion «Russian Society of Specialists in the Prevention and Treatment

www.clinpractice.ru 85

2021

Tom 121


https://www.iarc.who.int/featured-news/new-world-cancer-report/
https://www.iarc.who.int/featured-news/new-world-cancer-report/

of Tumors of the Reproductive System», Russian Society of Obste-
tricians and Gynecologists; 2020. (In Russ). Available from: https:/
sudact.ru/law/klinicheskie-rekomendatsii-tservikalnaia-intraepiteli-
alnaia-neoplaziia-eroziia-i/klinicheskie-rekomendatsii/. 12.02.2021.

4. Rozemeijer K, Penning C, Siebers AG, et al. Comparing Sure-
Path, ThinPrep, and conventional cytology as primary test method:
SurePath is associated with increased CIN Il + detection rates. Cancer
Causes Control. 2016;27(1):15-25. doi: 10.1007/s10552-015-0678-1

5. De Oliveira AC, Domingues MF, Neufeld PM, et al. Compar-
ison between Conventional Cytology and Liquid-Based Cytology in
the Tertiary Brazilian Navy Hospital in Rio de Janeiro. Acta Cytol.
2020;64(6):539-546. doi: 10.1159/000508018

6. Taylor S, Kuhn L, Dupree W, et al. Direct comparison of lig-
uid-based and conventional cytology in a South African screening
trial. Int J Cancer. 2006;118(4):957-962. doi: 10.1002/ijc.21434

7. Comprehensive Cytopathology. 3th Edition. Bibbo M.D.,
Wilbur, Elsevier; 2008.

8. Hoda RS, VandenBussche C, Hoda SA. Liquid-Based
Specimen Collection, Preparation, and Morphology. In: Hoda RS,
VandenBussche C, Hoda SA, ed. Diagnostic Liquid-Based Cytol-
ogy. Berlin, Heidelberg: Springer; 2017. P. 1-12.

9. Whitlock EP, Vesco KK, Eder M, et al. Liquid-based cy-
tology and human papillomavirus testing to screen for cervi-
cal cancer: a systematic review for the U.S. Preventive Ser-
vices Task Force. Ann Intern Med. 2011;155(10):687-697. doi:
10.7326/0003-4819-155-10-201111150-00376

10. Ho GY, et al. Natural history of cervicovaginal papillomavi-
rus infection in young women. N Engl J Med. 1998;338(7):423-428.
doi: 10.1056/NEJM199802123380703

11. Koliopoulos G, et al. Diagnostic accuracy of human papil-
lomavirus testing in primary cervical screening: a systematic review
and meta-analysis of non-randomized studies. Gynecol Oncol.
2007;104(1):232-246. doi: 10.1016/j.ygyno.2006.08.053

12. Mayrand MH, et al. Human papillomavirus DNA versus
Papanicolaou screening tests for cervical cancer. N Engl J Med.
2007;357(16):1579-1588. doi: 10.1056/NEJM0a071430

13. Altobelli E, et al. HPV-vaccination and cancer cervical
screening in 53 WHO European Countries: An update on prevention
programs according to income level. Cancer Med. 2019;8(5):2524—
2534. doi: 10.1002/cam4.2048

14. Leeman A, et al. Reliable identification of women with
CIN3+ using hrHPV genotyping and methylation markers in a cytol-
ogy-screened referral population. Int J Cancer. 2019;144(1):160-168.
doi: 10.1002/ijc.31787

15. Schmitz M, et al. Performance of a methylation specific re-
al-time PCR assay as a triage test for HPV-positive women. Clin
Epigenetics. 2017;9. doi: 10.1186/s13148-017-0419-2

16. Arbyn M, et al. Evidence regarding human papillomavi-
rus testing in secondary prevention of cervical cancer. Vaccine.
2012;30(Suppl 5):F88-99. doi: 10.1016/j.vaccine.2012.06.095

17. Bergeron C, et al. Prospective evaluation of p16/Ki-67
dual-stained cytology for managing women with abnormal Pa-
panicolaou cytology: PALMS study results. Cancer Cytopathol.
2015;123(6):373-381. doi: 10.1002/cncy.21542

18. Lannér L, Lindstrom AK. Incidence of HPV and HPV
related dysplasia in elderly women in Sweden. PloS One.
2020;15(3):e0229758. doi: 10.1371/journal.pone.0229758

19. Luttmer R, et al. p16/Ki-67 dual-stained cytology for de-
tecting cervical (pre)cancer in a HPV-positive gynecologic out-
patient population. Mod Pathol Off. J. U. S. Can Acad Pathol Inc.
2016;29(8):870-878. doi: 10.1038/modpathol.2016.80

20. Wentzensen N. et al. p16/Ki-67 Dual Stain Cytology for De-
tection of Cervical Precancer in HPV-Positive Women. JNC/ J. Natl.
Cancer Inst. 2015;107(12. doi: 10.1093/jnci/djv257

21. Wentzensen N, et al. Clinical Evaluation of Human Papil-
lomavirus Screening With p16/Ki-67 Dual Stain Triage in a Large
Organized Cervical Cancer Screening Program. JAMA Intern Med.
2019;179(7):881-888. doi: 10.1001/jamainternmed.2019.0306

86

REVIEWS

22. Carozzi F, et al. Use of p16-INK4A overexpression to in-
crease the specificity of human papillomavirus testing: a nested
substudy of the NTCC randomised controlled trial. Lancet Oncol.
2008;9(10):937-945. doi: 10.1016/S1470-2045(08)70208-0

23. Ovestad IT, et al. Clinical value of fully automated p16/Ki-
67 dual staining in the triage of HPV-positive women in the Nor-
wegian Cervical Cancer Screening Program. Cancer Cytopathol.
2017;125(4):283-291. doi: 10.1002/cncy.21807

24. Collago LM, Zardo L. CHAPTER 3 - Cytologic Screen-
ing Programs. Comprehensive Cytopathology (Third Edition). Ed.
Bibbo M., Wilbur D. Edinburgh: W.B. Saunders; 2008. P. 47-57.

25. Jamison J, Wilson RT, Carson J. The evaluation of hu-
man papillomavirus genotyping in cervical liquid-based cytology
specimens; using the Roche Linear Array HPV genotyping as-
say. Cytopathol Off J Br Soc Clin Cytol. 2009;20(4):242-248. doi:
10.1111/j.1365-2303.2009.00643.x

26. Sahebali S, et al. Immunocytochemistry in liquid-based cer-
vical cytology: analysis of clinical use following a cross-sectional
study. Int J Cancer. 2006;118(5):1254-1260. doi: 10.1002/ijc.21489

27. Bubendorf L. Multiprobe fluorescence in situ hybridization
(UroVysion) for the detection of urothelial carcinoma — FISHing for the
right catch. Acta Cytol. 2011;55(2):113-119. doi: 10.1159/000323652

28. Macfarlane LA, Murphy PR. MicroRNA: Biogenesis, Func-
tion and Role in Cancer. Curr Genomics. 2010;11(7):537-561. doi:
10.2174/138920210793175895

29. lorio MV, Croce CM. Causes and consequences of mi-
croRNA dysregulation. Cancer J Sudbury Mass. 2012;18(3):215-
222. doi: 10.1097/PP0O.0b013e318250c001

30. Ribeiro J, et al. miR-34a and miR-125b Expression in HPV
Infection and Cervical Cancer Development. BioMed Res. Int.
2015;(2015):304584. doi: 10.1155/2015/304584

31. Malta M, et al. Let-7c is a Candidate Biomarker for Cervical
Intraepithelial Lesions: A Pilot Study. Mol Diagn Ther. 2015;19(3):191-
196. doi: 10.1007/s40291-015-0145-4

32. Tian Q, et al. MicroRNA detection in cervical exfoliated cells
as a triage for human papillomavirus-positive women. J Natl/ Cancer
Inst. 2014;106:9. doi: 10.1093/jnci/dju241

33. Lu J, et al. Regulation of Canonical Oncogenic Signaling
Pathways in Cancer via DNA Methylation. Cancers. 2020;12:11. doi:
10.3390/cancers12113199

34. Tirado-Magallanes R, et al. Whole genome DNA methyla-
tion: beyond genes silencing. Oncotarget. 2016;8(3):5629-5637. doi:
10.18632/oncotarget.13562

35. Mirabello L, et al. Elevated methylation of HPV16 DNA is as-
sociated with the development of high grade cervical intraepithelial
neoplasia. Int J Cancer. 2013;132(6):1412-1422. doi: 10.1002/ijc.27750

36. Piyathilake CJ, et al. A higher degree of methylation of
the HPV 16 E6 gene is associated with a lower likelihood of be-
ing diagnosed with cervical intraepithelial neoplasia. Cancer.
2011;117(5):957-963. doi: 10.1002/cncr.25511

37. Kottaridi C, et al. Quantitative Measurement of L1 Human
Papillomavirus Type 16 Methylation for the Prediction of Preinvasive
and Invasive Cervical Disease. J Infect Dis. 2017;215(5):764-771.
doi: 10.1093/infdis/jiw645

38. Lorincz AT. Virtues and Weaknesses of DNA Methylation as
a Test for Cervical Cancer Prevention. Acta Cytol. 2016;60(6):501-
512. doi: 10.1159/000450595

39. Bonde J, et al. Methylation markers FAM19A4 and MIR124-2
as triage strategy for primary human papillomavirus screen posi-
tive women: A large European multicenter study. Int J Cancer.
2021;148(2):396-405. doi: 10.1002/ijc.33320

40. Leeman A, et al. Expression of p16 and HPV E4 on biopsy
samples and methylation of FAM19A4 and miR124-2 on cervical cytol-
ogy samples in the classification of cervical squamous intraepithelial
lesions. Cancer Med. 2020;9(7):2454-2461. doi: 10.1002/cam4.2855

41. Dippmann C, et al. Triage of hrHPV-positive women: com-
parison of two commercial methylation-specific PCR assays. Clin
Epigenetics. 2020;12. doi: 10.1186/s13148-020-00963-w

https://doi.org/10.17816/clinpract64982


https://sudact.ru/law/klinicheskie-rekomendatsii-tservikalnaia-intraepitelialnaia-neoplaziia-eroziia-i/klinicheskie-rekomendatsii/
https://sudact.ru/law/klinicheskie-rekomendatsii-tservikalnaia-intraepitelialnaia-neoplaziia-eroziia-i/klinicheskie-rekomendatsii/
https://sudact.ru/law/klinicheskie-rekomendatsii-tservikalnaia-intraepitelialnaia-neoplaziia-eroziia-i/klinicheskie-rekomendatsii/
https://pubmed.ncbi.nlm.nih.gov/?term=Rozemeijer+K&cauthor_id=26458884
https://pubmed.ncbi.nlm.nih.gov/?term=Penning+C&cauthor_id=26458884
https://pubmed.ncbi.nlm.nih.gov/?term=Siebers+AG&cauthor_id=26458884
https://pubmed.ncbi.nlm.nih.gov/?term=Domingues+MF&cauthor_id=32516778
https://pubmed.ncbi.nlm.nih.gov/?term=Neufeld+PM&cauthor_id=32516778
https://pubmed.ncbi.nlm.nih.gov/?term=Kuhn+L&cauthor_id=16152600
https://pubmed.ncbi.nlm.nih.gov/?term=Dupree+W&cauthor_id=16152600
https://pubmed.ncbi.nlm.nih.gov/?term=Vesco+KK&cauthor_id=22006930
https://pubmed.ncbi.nlm.nih.gov/?term=Eder+M&cauthor_id=22006930

REVIEWS

42. De Vuyst H, et al. Methylation Levels of CADM1, MAL, and
MIR124-2 in Cervical Scrapes for Triage of HIV-Infected, High-
Risk HPV-Positive Women in Kenya. J Acquir Immune Defic Syndr.
2015;70(3):311-318. doi: 10.1097/QAI.0000000000000744

43. Kong L, et al. DNA methylation for cervical cancer
screening: a training set in China. Clin Epigenetics. 2020;12. doi:
10.1186/s13148-020-00885-7

44. van Leeuwen RW, et al. DNA methylation markers as a triage
test for identification of cervical lesions in a high risk human papil-
lomavirus positive screening cohort. Int J Cancer. 2019;144(4):746-
754. doi: 10.1002/ijc.31897

45. Kim MK, et al. DNA methylation in human papillomavi-
rus-infected cervical cells is elevated in high-grade squamous in-
traepithelial lesions and cancer. J Gynecol Oncol. 2016;27:2. doi:
10.3802/jgo.2016.27.e14

46. Tsoumpou |, et al. p16(INK4a) immunostaining in cytological
and histological specimens from the uterine cervix: a systematic re-
view and meta-analysis. Cancer Treat Rev. 2009;35(3):210-220. doi:
10.1016/j.ctrv.2008.10.005

AUTHORS INFO

The author responsible for the correspondence:

47. Del Pino M, et al. mRNA biomarker detection in liquid-based
cytology: a new approach in the prevention of cervical cancer. Mod
Pathol Off J. U. S. Can Acad Pathol Inc. 2015;28(2):312-320. doi:
10.1038/modpathol.2014.106

48. Melnikova NV, Antonova IB, Babaeva NA, et al. Results of
detection, typing and quantification of human papillomavirus by
PCR in thepractice of liquid cytology in postmenopausal women.
Bulletin of the Russian Scientific Center of Roentgenoradiology.
2020;20(4): 134-151. (In Russ).

49. Wang HY, et al. Use of hTERT and HPV E6/E7 mRNA
RT-gPCR TagMan assays in combination for diagnosing high-
grade cervical lesions and malignant tumors. Am J Clin Pathol.
2015;143(3):344-351. doi: 10.1309/AJCPF2XGZ2XIQYQX

50. Melnikova NV, Bozhenko VK, Antonova IB, et al. Cervical in-
traepithelial neoplasia: analysis of mrna profile in the practice of lig-
uid-based cytology. Obstetrics and gynegology. 2017;(4). 95-100. (In
Russ). doi: 10.18565/A1G.2017.4.95-100

Artem K. Aksamentov, MD; address: 28 Orekhovy boulevard, Moscow, 115682, Russia; e-mail: temaaxe@rambler.ru;
eLibrary SPIN: 7861-6556; ORCID: https://orcid.org/0000-0002-7980-2537

Co-authors:

Nadezhda V. Melnikova, Cand. Sci. (Med.); e-mail: n_melnikova@list.ru; eLibrary SPIN: 5050-8605;

ORCID: https://orcid.org/0000-0003-1193-352X

Nadezhda A. Kolyshkina, MD; e-mail: baklab_83@mail.ru; ORCID: https://orcid.org/0000-0003-4486-5412
Olga N. Kucherova, Cand. Sci. (Med); e-mail: ola-kucherova@mail.ru; ORCID: https://orcid.org/0000-0003-3773-9629
Vladimir P. Baklaushev, Dr. Sci. (Med.); e-mail: baklaushev.vp@fnkc-fmba.ru; eLibrary SPIN: 3968-2971;

ORCID: https://orcid.org/0000-0003-1039-4245

www.clinpractice.ru 87

2021

Tom 121


https://en.aig-journal.ru/archive?release=aig
mailto:temaaxe@rambler.ru
mailto:baklab_83@mail.ru
mailto:ola-kucherova@mail.ru
mailto:baklaushev.vp@fnkc-fmba.ru

	Factbook
	IBD
	Ocansey
	Tolar
	Zuk
	Gronthos
	Prockop
	Lv
	Caplan
	Wang
	Caplan2
	Bernardo
	Spaggiari
	Terai
	Sisakhtnezhad
	Jo
	Самойлова
	Mendt
	Yang
	_Hlk68796041
	Ko
	Panes
	GarciaOlmo

