
YAKUT MEDICAL JOURNAL
42

or if the mother's life was in danger 
(χ2=47,676; P<0.001). When compar-
ing the willingness of female students 
to have an abortion under different cir-
cumstances of pregnancy, depending 
on religiosity, a statistically significant 
difference was proved in the following 
circumstances: in the case of "abortion 
on demand", regardless of the reason 
(χ2=11,908; P=0.012), teenage preg-
nancy (χ2=33,308; P<0.001) and if preg-
nancy interferes with the mother's career 
(χ2=35,897; P<0.001). Non-religious stu-
dents expressed more liberal views [11].

Conclusion. Social research on the 
study of the attitude of the population to 
artificial termination of pregnancy (abor-
tion) is relevant. It is especially important 
to know the opinion of young people of re-
productive age, since the attitude to abor-
tion in different societies cannot be called 
certain. The frivolous attitude of young 
people towards abortion may lead to 
significant demographic problems in the 
country in the future. In our study, the ma-
jority of young people not only condemn 
abortions (31.3%), but also believe that it 
is possible to allow artificial termination of 
pregnancy only for strict medical reasons 
(26%), legislative prohibition is supported 
by 7.7% of respondents, 29.3% adhere 
to liberal views on abortion. We did not 
find a connection between the attitude to 
abortion and the marital status of the re-
spondents, but the presence of children 
determines the negative attitude of re-

spondents to the artificial termination of 
pregnancy.
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dysplasia, or LSIL (16.3%). In more than half of the cases (60.2%) in women who were tested, 
positive HPV tests were observed. The majority of positive HPV tests in the were for high on-
cogenic risk (32%), with 16 (19.1%) and 31 (8.5%) being the most common types. It was found 
that the frequency of double staining of p16ink4a/Ki67 was noted in women with a high degree 
of intraepithelial lesion (37%), and the detection of HPV type 16 was prevailed - 19.1%. The 
number of cases in the group of women without pathology, but with latent HPV infection, cases 
with a positive HPV test and a negative result of p16/Ki67 protein expression prevailed was 
94.1%. It was found that the number of p16-positive cells was higher in women of group 1 with 
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but with latent HPV infection, indicators of weak expression of p16ink4a were most frequently 
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Relevance. Currently, there is an in-
crease in the number of patients with 
cervical cancer (CC) each year. Accord-
ing to the available data available for the 
year 2021, The incidence of CC in Rus-
sia has increased from 113.1 in 2011 to 
126.7 per 100 thousand females in 2021.
In recent years, the incidence CC has 
been in the second position after uterine 
body cancer in the structure of genital 
cancers in the country [1]. At the same 
time, in terms of prevalence in women 
in the age category from 35 to 49 years, 
it took the second place [3]. According 
to Minkin G.N., cervical pathology is a 
prevalent gynecological disease among 
women in their reproductive years, rang-
ing from 10% to 15% [1,6]. There are a 
number of background processes that 
are noted for the development of CC, in 
particular, candylomas, dysplasia of vary-
ing severity and cancer in situ. The ac-
cessibility of malignant neoplasms of the 
cervix and the possibility of using various 
diagnostic measures should help reduce 
the incidence of cervical cancer. Early 
detection and timely treatment of precan-
cerous diseases can prevent most cases 
of cervical cancer [7]. It is known that the 
most important factor in cervical carcino-
genesis is infection of women with hu-
man papillomavirus (HPV). In turn, early 
sexual activity, frequent changes of sex-
ual partners, non-compliance with sexual 
hygiene, sexually transmitted diseases, 
immunodeficiency, smoking and contact 
with toxic substances create condition for 
HPV infection, thereby increasing the risk 
of developing CC [2,6].

More than 15-20% of women are in-
fected with HPV, but only a few develop 
dysplasia of varying severity or cervical 
cancer, according to studies [10]. In this 
regard, early detection of background and 
precancerous cervical diseases associat-
ed with HPV is important. In addition to 
the detection of high-risk HPV (HR), nu-
merous foreign studies have shown that 
research data based on markers of prolif-
eration, methylation in HPV infection, and 
their introduction into clinical practice are 
carried out [4,9,13].

It is known that cytological examina-
tion is the main method of screening for 
cervical cancer and precancerous dis-
eases. Despite the general availability, 
reliability, and widespread use of this 
method, there are several disadvantag-
es: the lack of standard methods for sam-
pling biomaterial for research, which can 
lead to false negative results in 20-30% 
of cases, the probability of false positive 
results in 5-70% of cases, and the prob-
lems associated with repeated sampling 
of material. In recent years, the method 

of obtaining smears using the method of 
liquid cytology has been improved, which 
makes it possible to perform addition-
al molecular types of research, one of 
which is immunocytochemical examina-
tion (ICC) [5].

The immunocytochemical method is 
a method of molecular immunological di-
agnostics that allows the identification of 
cellular and tissue antigen molecules as 
a result of their binding to antibodies and 
the formation of an “antigen-antibody” 
complex. In modern diagnostics, CC ICC 
is a combination of cytological and en-
zyme immunoassay methods. It detects 
the pathological process directly in the 
cell under study, and also determines 
the parameters of HPV aggressiveness. 
The determining factor in the patholog-
ical process is the presence of cancer 
proteins p16ink4a and Ki-67, whose con-
centrations increase in response to the 
viral assault [8]. The index of proliferative 
activity of p16ink4a and Ki-67 expression 
should be determined by the immunocy-
tochemical method for the differential di-
agnosis of the severity of cervical lesions, 
according to the data of the All-Russian 
public organization "Russian Society of 
Specialists in the Prevention and Treat-
ment of Tumors of the Reproductive 
System" [11]. The immunocytochemical 
analysis of the p16ink4a cancer protein 
permits the precise distinction between 
tumor and non-tumor dysplasia, as well 
as demonstrating a high degree of spec-
ificity. It is known that the expression of 
this protein is associated with mild (CIN 
I), moderate (CIN II) and severe dyspla-
sia (CIN III), as well as intraepithelial cer-
vical cancer. It's rare to find it in the cells 
of the squamous epithelium without signs 
of dysplasia.According to the results of 
studies by different authors, it seems im-
portant to find out if the p16ink4a protein 
is expressed by immunocytochemical 
method in addition to the routine method 
of liquid cytology and Pap smear staining 
[5,15]. A marker of proliferation, Ki-67, is 
an antigen of a cancerous tumor that is 
detected in a cell when it divides, but it is 
not detected in the resting phase of the 
cell cycle. The aggressiveness of a ma-
lignant tumor and unfavorable prognosis 
can be predicted by this feature of Ki-67, 
which is a useful indicator of the progno-
sis of its behavior [14,16].

There are a number of studies that 
present data that the diagnostic value is 
not only the mono-expression of p16in-
k4a and Ki-67 proteins, but their simul-
taneous detection (co-expression) in the 
form of double staining. Some authors 
say that the cytological method of double 
staining is recommended for addition-

al examination of HPV-positive patients 
during primary HPV screening because 
it makes cytology being a more specif-
ic test for sorting HPV-positive women 
[12,17]. 

The purpose of the study.To evalu-
ate the results of expression of p16ink4a 
and Ki-67 protein in cytological samples 
by immunocytochemical method in wom-
en with cervical pathology associated 
with HPV.

Materials and methods of research: 
the research used a comprehensive cyto-
logical, immunocytochemical and molec-
ular genetic examination of 245 women 
aged 22 to 56 years and older. It was 
performed on the basis of the Yakut Sci-
entific Center for Complex Medical Prob-
lems.  The obtained material from each 
woman was examined by the method 
of liquid cytology (LC) on the automat-
ed CellPrepPlus system (Korea), as an 
independent highly informative method 
that contributes to the improvement and 
standardization of all stages of cytolog-
ical examination. Glass staining by the 
Romanovsky–Giemsa method was used 
for traditional smears and Pap staining 
for smears by liquid cytology. The inter-
pretation of the results was in line with 
the terminology of the Bethesda System, 
2015[16], which is based on the introduc-
tion of the term SIL (Squamous Interaep-
ithelial Lesion) – squamous intraepithe-
lial lesion. It is divided into categories: 
NILM (negative for intraepithelial lesion 
or malignancy) – characterizes the clin-
ical norm, i.e. the absence of pathology 
or the presence of benign changes due 
to reparative and reactive changes. LSIL 
(low-grade squamous intraepithelial le-
sion): These lesions are changes in the 
squamous epithelium that are typical of 
HPV infection and mild dysplasia CIN I. 
HSIL (high grade squamous intraepithe-
lial lesion) - intraepithelial lesions of the 
squamous epithelium of a high degree, 
the group covers moderate and severe 
dysplasia, CIN II, CIN III, ASCUS- atyp-
ical squamous epithelial cells of unclear 
significance, ASC-H – atypical squamous 
epithelial cells that do not allow to ex-
clude HSIL, CIS – carcinoma in situ, SIL 
- squamous intraepithelial lesion.

Immunocytochemical examination 
of smears for the protein p16ink4a and 
Ki-67 was performed using the CINtec 
PLUS kit (Germany). The nuclear and cy-
toplasmic reactions were evaluated, and 
the nuclear reaction was compares to the 
cytoplasmic reaction (pic.3). The results 
of liquid cytology were compared with the 
results of traditional cytology.

The HPV typing was conducted us-
ing a PCR test referred to as "Kvant-21" 
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(Moscow, Russia) on the basis of the 
microbiological laboratory of the NEFU 
Clinic. The real-time PCR method can 
quickly tell what type of HPV it is by mea-
suring the amount of virus and compar-
ing it to other samples. It can also tell the 
difference between 21 different types of 
HPV (6,11, 16, 18, 26, 31, 33, 35, 39, 
44, 45, 51, 53, 56, 58, 59, 66, 68, 73, 82, 
serotypes). Including high- and low-onco-
genic types.

Relative indicators (P) and their errors 
(m) were calculated and intergroup and 
intragroup differences were estimated. 
The calculation was performed using the 
SPSS Statistics 19 package.The differ-
ences were considered statistically sig-
nificant at p<0.05.

Results and discussion. The ab-
sence of intracellular lesion (NILM) was 
detected in 171 women, which was 
69.8% of all women studied, according to 
the results of cytological examination by 
liquid cytology.The prevalence of squa-
mous intraepithelial lesions of low (LSIL) 
and high (HSIL) degree was observed 
in 28.6% of cases, with LSIL detect-
ed in 40 cases (16.3%), HSIL detected 
in 30 cases and accounting for 12.2% 
of the total number of women studied. 
In 1 case (0.4%), ASCUS, ASC-H, SIL 
and CIS were diagnosed. Patients with 
HPV-associated CIN and patients with-
out cervical pathology, but with a latent 
form of HPV infection, were selected for 
the study. A total of 78 women were ex-
amined. The average age of women was 
44.27+11.7 years. Three distinct groups 
were established: group 1 comprised pa-
tients with LSIL (mean age 47.32+12.1) 
(n=34), group 2 comprised patients with 
HSIL (mean age 42.19+12.5) (n=27), and 
group 3 comprised patients who did not 
have cervical pathology but had latent 
HPV-infection with a diagnosis of NILM 
(mean age 41.47+8.31) (n=17).

Given the role of HPV in the develop-
ment of cervical cancer, HPV testing is 
currently the most important moment of 
screening, [7,13]. The results of the study 
showed that 47 women had confirmed 
HPV carrier status, which was 60.2% of 
all surveyed women. The presence of on-
cogenic HPV types of high oncogenic risk 
was detected in 25 women and amount-
ed to 32%. The most common types were 
highly oncogenic HPV types 16 and 31 
(19.1 and 8.5%, respectively). Papilloma-
virus infection was found to be monoin-
fection (68%) or coinfection (31.9%) on a 
quantitative basis. The evaluation of the 
indicators revealed statistically significant 
patterns among the analyzed groups, as 
well as a favorable response to the HPV 
test (r=0.444, p=0.000).

Fig. 1. Positive ICC reaction to p16ink4a and Ki-67 (Pap staining, x200). A- expression of p16in-
k4a protein, B – expression of Ki-67 protein, C –coexpression16ipk4a/Ki-67, D– monoexpressi-
on16ipk4a and Ki-67

Fig. 2. Evaluation of detection of expression of proteins p16ink4a and Ki67

Fig. 3. Combination of HR-HPV infection detection results and p16ink4a/Ki67 protein detection
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The simultaneous co-expression of 
p16ink4a and Ki67 in the same cell indi-
cates a violation of the regulation of the 
cell cycle characteristic of HPV transfor-
mation and the development of dysplasia 
of cervical epithelial cells. The frequency 
of positive results from double staining 
of p16ink4a/Ki67 by immunocytochemi-
cal examination in 78 examined patients 
revealed that co-expression of p16ink4a/
Ki67 was detected in 12 examined wom-
en, representing a percentage of 15.4%. 
As depicted in Pic. 1, it can be observed 
that in patients belonging to group 1 
with LSIL, there were two instances of 
double staining of p16ink4a/Ki67, which 
accounted for 5.9% of the total cases. 
In contrast, in group 2 with HSIL, the 
frequency of p16ink4a/Ki67 cases in-
creased with the severity of dysplasia, 
reaching a total of 37%. The correlation 
analysis between the examined groups 
and the positive p16ink4a/Ki67 test re-
vealed the presence of a negative cor-
relation (r=-0.391, p=0.000). There was 
no expression of the studied marker in 
any material among patients without cer-
vical pathology (group 3).

Positive expression of p16ink4a pro-
tein was detected in 37 examined women 
and amounted to 47.4%. It was discov-
ered that the highest prevalence were ob-
served in the first group of women, which 
was 55.8%. Moreover, in 44.1% of cas-
es, the expression was considered mod-
erate, in 8.8% of cases, it was severe, 
and in 2.9%, it was considered weakly 
expressed. In group 2, the p16ink4a pro-
tein was found in 44.4% of cases, 26% 
of them were moderate, 7.4% were se-
vere and 11.1% were weakly expressed. 
In group 3 - 35.2% of cases, weakly ex-
pressed p16 protein expression prevailed 
the most – 57.1% and in 11.7% of cas-
es – moderate. Thus, a direct correlation 
was also established between the posi-
tive p16ink4a test between the groups 
of the examined (r=0.401, p=0.000). The 
expression of the Ki67 protein cell prolif-
eration marker was detected in 2.9% of 
women from group 1, 7.4% of women 
from group 2, and 5.9% of women from 
group 3. 

Various combinations of p16ink4a/
Ki67 expression with the presence or 
absence of HR-HPV, depending on the 
severity of cervix epithelial dysplasia, 
are presented in Pic.2.The difference be-
tween the selected subgroups was statis-
tically significant (r=-0.924, p=0.000).

In group 1, patients with LSIL patholo-
gy were most often characterized by the 
absence of HR-HPV-/ p16/Ki67- -58.8% 
(20 cases), in 35.3% (12 cases) - HR-
HPV+/p16/Ki67- and in 1 case (2.9%, 

respectively) HR-HPV+ was detected/
p16/Ki67+ and HR-HPV-/p16/Ki67+. In 
group 2, cases with overexpression of 
HR-HPV+/p16/Ki67+ prevailed in HSIL - 
10 cases (37%), while 8 (29.6%) cases 
with HR-HPV+/p16/Ki67- and 9 (33.3%) 
cases with absence of HR-HPV+/p16/
Ki67- prevail. It should also be noted that 
with a high intraepithelial lesion of the 
cervix, the detectability of HPV type 16 
in the presence of p16/Ki67 coexpres-
sion was higher and amounted to 19.1%, 
while the detectability of other HPV types 
varied from 4.2 to 2.1% of cases. The fre-
quency of cases in the group of women 
without pathology but with latent HPV 
infection was dominated by cases with 
HR-HPV+/p16/Ki67- - 16 cases (94.1%) 
and in 5.9% with a negative result of the 
presence of the virus and the expression 
of the protein p16/Ki67.

It's important to know that if a group 
of women with latent infection have the 
p16ink4a marker, they might have dys-
plasia even if they don't have any symp-
toms or signs of cancer at the time of the 
study. This means more research should 
be done with these women.

Thus, the predominance of NILM in 
cytological samples (69.8%) compared 
with intraepithelial lesions of the cervix 
(28.6%) was revealed. Among the these 
groups, low–grade dysplasia - LSIL 
(16.3%) was more common. 60.2% of 
women had positive HPV tests.The ma-
jority of positive HPV tests revealed high 
oncogenic risk (32%), while HPV of 16 
(19.1%) and 31 (8.5%) types were most 
common. It was discovered that the fre-
quency of double staining of p16ink4a/
Ki67 was observed in women with a high 
degree of intraepithelial lesion (37%), 
while the detection of HPV type 16 pre-
vailed at 19.1%. The frequency of cases 
with a positive HPV test and with a neg-
ative result of p16/Ki67 protein expres-
sion was highest (94.1%) in the group of 
women without pathology but with latent 
HPV infection. It was found that the pro-
portion of p16-positive cells was higher 
among women belonging to group 1 with 
LSIL (55.8%) and group 2 (44.4%) with 
HSIL. Among the group of women with-
out cervical pathology, but with latent 
HPV infection, indicators of low expres-
sion of p16ink4a (57.1%) were most of-
ten recorded. This may suggest a threat 
of dysplasia in the absence of clinical and 
cytological signs of the lesion.

Conclusion. A comprehensive exam-
ination of women with various cervical 
pathologies was carried out with the in-
clusion of a molecular diagnostic method. 
The evaluation of the expression of the 
protein p16ink4a and Ki-67 in the tissues 

of the cervix revealed the presence of 
precancerous changes.

The aim of early detection of cervical 
pathology is achieved through cytolog-
ical and PCR-based diagnostics of the 
human papillomavirus. Screening diag-
nostics provide additional opportunities 
for the prevention of cervical cancer at an 
early stage, which determines the basis 
for the prospects of preserving women's 
health.
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L.D. Olesova, A.P. Chevychelov, P.I. Sobakin, E.D. Okhlopkova, 
T.E. Popova, S.I. Sofronova, A.N. Romanova

THE STATE OF THE ADAPTIVE POTENTIAL 
OF THE WORKING POPULATION
IN THE ZONE OF INCREASED RADIATION
EXPOSURE

A radiological and medical-biological study of the population of Aldan and Tommot of the Aldan region of South Yakutia, located in the zone of 
increased natural radiation, was carried out. The annual individual effective exposure dose to the population turned out to be 2 times higher in the 
city of Aldan (6.22 mSv). The contribution of radon and its decay products in the city of Aldan was 59.5%, in the city of Tommot - 48.3%.

Assessment of the adaptive potential (AP) of the circulatory system of the population showed a high percentage of the occurrence of functional 
stress of adaptation mechanisms, especially among residents of the city of Aldan (86.5%). The correlation showed a negative role of an increase 
in the level of triglycerides, urea, the activity of LDH, CK, and a decrease in the activity of alkaline phosphatase on AP. The presence of GBL dys-
function and, especially, fatty hepatosis was also associated with a decrease in AP.

Keywords: radon, radiation, adaptive potential, Yakutia, fatty hepatosis.
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Introduction. Natural sources of ion-
izing radiation, as a constant physical 
environmental factor, dominate the col-
lective effective dose, causing the main 
harm to public health (about 70%), and 
cause reasonable concern among the 
population in areas with an unfavorable 
radioecological situation. In the Republic 
of Sakha (Yakutia), in the Aldan region, 
there are 2 uranium-bearing provinces, 
where the main uranium reserves of the 
Russian Federation are concentrated. 
The Elkon uranium ore region with an 
area of 1,500 km2 is located 50 km east 
of the administrative center, the city of 
Aldan, with a population of more than 
20,000 people. and 40 km southeast of 
the city of Tommot with a population of 
more than 7 thousand people. The fed-

eral highway Neryungri -Yakutsk  pass-
es through the central part of the district 
from south to north with a high traffic in-
tensity [2].

According to the Gosatomnadzor of 
the Far Eastern District of the Russian 
Federation, in the process of large-scale 
geological prospecting since 1959, more 
than 1 million tons of mining and ore 
mass containing about 2000 tons of ura-
nium have been extracted from the bow-
els and stored on the day surface in the 
form of dumps. There were centers of 
radioactive contamination with high DER 
values (equivalent dose rate), reaching 
1500-2000 μR/h. In 2022, in 40 premis-
es of public buildings in the Aldan district, 
the values of ERVA (equivalent equilibri-
um volumetric activity) of radon exceed-
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