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THE FEATURES OF HIV AND SARS-COV-2-COINFECTION IN A PANDEMIC
Oleynik AF'2E Revathy CG?, Fazylov VH'?

" Republic Center for AIDS and Infectious Diseases Prevention and Control, Kazan, Russia

2 Kazan (Volga region) Federal University, Kazan, Russia

% Kazan State Medical University, Kazan, Russia
COVID-19 is known to undertake a severe course in several groups of patients. The review presents the latest data on the main features of COVID-19 course in
HIV patients. People living with HIV, have not been found to be at a higher risk for acquiring COVID-19 and the disease runs a similar course compared to the
general population in HIV patients on continuous antiretroviral therapy (ART) with a suppressed viral load and CD4*-T-lymphocytes count > 200cells/ul. Fewer
than expected HIV patients have been reported to be hospitalised, this leads to hypothesize that infection may be majorly asymptomatic in this group of patients
owing to their weak immune response. The patient’s use of ART might also explain the comparatively milder disease course of COVID-19 seen in patients with
HIV/SARS-CoV-2 coinfection. While ART use cannot be considered to be a protective factor against contracting the SARS-CoV-2, researchers assume that the
therapy could stabilize the immune response in coinfected patients and thus prevent progression of the disease to the severe forms.

Keywords: COVID-19, SARS-CoV-2, HIV, human immunodeficiency virus, antiretroviral therapy, HIV/SARS-CoV-2-coinfection, PLHIV
Author contribution: Oleynik AF, Revathy Govindarajan C — literature review, manuscript authoring; Fazylov VH — manuscript authoring.
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OCOBEHHOCTU TEYEHUA COYETAHHOWN NHOEKUNN BNY/SARS-COV-2 B YCNIOBUAX MAHOEMANNA
A. ®. OneitHnk'2 = Y. . Pesatxii?, B. X. ®azbinos’?

T PecnybnvkaHcKuin LEeHTp no npodunaxtike 1 6opbbe co CMINLI 1 MHbeKUMOHHbIMN 3aboneBaHrsMm, KasaHb, Poccust
2 KazaHckuin (MprBomKeKnin) hepnepanbHbi yHrBepcuTeT, KasaHb, Poccus
3 KagaHckuii rocyaapCTBEHHbIN MeaULMHCKNIA yHBepcuTeT, KasaHb, Poccus

VI3BECTHO, YTO HEKOTOpble rpynnbl NauMeHToB Tshkeno nepeHocat COVID-19. B o63ope npeactaBneHbl nocnegHne faHHble 06 0COBEHHOCTAX TedeHus
COVID-19 y naumeHToB, MHDULMPOBaHHbLIX BUPYCOM MMyHodeduumTa Yenoseka (BIY). YctaHoBneHo, 4to y ntofdelt ¢ BIY, Haxomsawmxes Ha HenpepbiBHOM
aHTUPETPOBUPYCHOM Tepanun (APBT), nMetoLLmx NoAaBneHHyto BUPYCHYIO Harpy3ky 1 yncno CD4+-T-nnmdoumTtos 6onee 200 KNETOK/MKJIT, PUCK 3apaXKeHuns 1
TeyeHne COVID-19 conoctaBnMbl ¢ TakoBbIMU B 06LLen nonynsaumn. MNauneHTsbl ¢ BY-nHhekumen 0eMOHCTPUPYIOT MEHbLLYIO YaCTOTy FOCMUTaN3aLmin, Yem
OXMOAN0Ch, YTO NPEANONOKUTENBHO MOXKET ObITb CBA3AHO C 6€CCUMNTOMHbIM TedeHiem COVID-19 Ha hoHe cnaboro MMMYHHOro oTBeTa Y 3TuX 60sbHbIX. Kpome
TOro, CPaBHUTESBHO NIErkoe TeveHre 3aboneBaHns y NaumneHToB ¢ KoHdekLmel, BbidBaHHON BVIY/SARS-CoV-2, MOXeT BbiTb CBA3aHO ¢ nprmerHeHvem APBT.
HecmoTps Ha OTCyTCTBME NMPOTEKTMBHOIO AencTBud APBT B oTHOLLEHUM 3apaxkeHns Bupycom SARS-CoV-2, nccneposateny npegnonaratot, 4to APBT moxeT
CTabVNM3MPOBATL MMMYHHbI OTBET Y KOUHULIMPOBAHHBIX MALMEHTOB, YTO NMPENsSTCTBYET NPOrPecCMpoBaHo 3ab0neBaHns A0 TSXKeNbIX (hopM.

KntoueBble cnoa: COVID-19, SARS-CoV-2, BV, Bupyc uMmyHopoeduLmta YenoBeka, aHTMpeTpoBmpycHas Tepanus, BUY/SARS-CoV-2-konHdekuyst, niua
xvByLve ¢ BUY, TDKB

Bknap aBTtopoB: A. ®. OnenHuk, Y. I PeBatxn — 0630p nuTepatypbl, MOAroToBka pykonuncy; B. X. ®asbinoB — noarotoBka pyKonmcu.

D<] Ons koppecnoHgeHumn: Anbdust GapuaosHa OneiHik
yn. lBappevickas, g. 31/42-42, r. KasaHb, 420073; alfiyacleinik@yandex.ru

Cratbsl nony4eHa: 19.12.2020 CtaTtbsi NnpuHATa K nevatu: 26.01.2021 Ony6nukosaHa oHnaiH: 08.02.2021

DOI: 10.24075/vrgmu.2021.004

The coronavirus disease pandemic, announced by the World
Health Organization in 2020, plays a central role in destabilizing
health systems around the world, spreading rapidly and
causing adverse outcomes. The SARS-CoV-2 high risk groups
have been identified, yet pregnant women, children and chronic
patients still constitute groups with "unclear" vulnerability, both
socially and clinically, which is the reason for concern on the
part of the medical community. Among the said groups, HIV
patients form a separate category due to the immunodeficiency
nature of the disease and its treatment peculiarities. Moreover,
in many parts of the world it is difficult for HIV patients to
get medical care, and with SARS-CoV-2 coinfection, their
adherence to treatment protocols may become even more
complicated. It is already known that the coronavirus infection
manifestations in HIV patients were mainly limited to intestinal
disorders, such as diarrhea, and rarely led to severe respiratory
symptoms [1]. During the outbreak of SARS in 2003, only a few
cases of the disease were registered in HIV-positive people, all
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of them mild [2]. In 2012, Middle East respiratory syndrome
caused by MERS-CoV was a severe disease entailing high
mortality, but it did not affect people living with HIV (PLHIV)
significantly: the registered case describes patient's recovery
[3]. The short duration of the aforementioned outbreaks has
disallowed large-scale investigation of the ART's potential as
the anticoronaviral therapy. Thus, it is important to clarify all the
possible aspects of coinfection with two potentially dangerous
viruses, their strength, interaction, the impact of ART and other
issues.

Key features of COVID-19 and HIV infection

The first COVID-19 (Coronavirus Disease 2019) cases were
registered in December 2019 in Wuhan (Hubei Province,
China). The infectious agent was identified as a novel enveloped
RNA beta coronavirus dubbed Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). As of January 2021,
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it caused a disease in over 93 million cases worldwide. While
the susceptibility to COVID-19 seems to be high, the risk of
severe COVID-19 course increases with age and peaks in
those over 65. Studies have shown that men may be more
susceptible to the infection than women, and the incidence in
children is lower than in adults [4]. It was also established that
concomitant diseases, including arterial hypertension, diabetes
mellitus, chronic obstructive pulmonary disease, cardiovascular
and cerebrovascular diseases, increase the risk of COVID-19
infection and the associated complications [5, 6].

The main routes of transmission of the disease from
person to person are droplet and contact, with the former
involving respiratory droplets and the latter virus transfer
from a contaminated surface to the mucous membrane of
the host. In 70% of patients, the symptoms of COVID-19
never manifest or manifest lightly; in 30% of patients the virus
causes fever and a respiratory syndrome that can develop
into a severe respiratory failure requiring intensive care [7].
The infection also frequently manifests as cardiovascular,
neurological and gastrointestinal disorders. The most widely
used diagnostic method relies on PCR (polymerase chain
reaction). It aims to detect the nucleic acid of SARS-CoV-2.
Serological methods are used to detect antibodies to SARS-
CoV-2 in plasma and whole blood [7]. The recently developed
T-Detect Assay, a T-cell test, offers higher accuracy in
determining a pastinfection than antibody serology assay,
and therefore can be regarded as a sensitive and reliable
method to establish if a person has been infected earlier. This
test confirms the special role of T-cells in the development of
immunity to SARS-CoV-2 [8].

The treatment for COVID-19 is largely symptomatic and
supportive, focused on preventive strategies. The antiviral
agents involved are remdesivir and favipiravir, which can
suppress SARS-CoV-2, improve the patient's clinical status
and shorten the recovery period [9, 10]. In addition, based
on the previous experience with SARS and MERS and the
results of in vitro studies, researchers have also tested ribavirin,
interferon, chloroquine/hydroxychloroquine, lopinavir-ritonavir
for the purpose, with the latter seemingly delivering slightly
better results than the former. [11]. In severe cases, it is
recommended to administer corticosteroids [12].

HIV, transmitted during unprotected sex, through blood
when sharing non-sterile tools and transfusing contaminated
blood products, and transmitted from an HIV-positive mother
to her child, has caused millions of deaths worldwide and
continues to spread among the population. Having entered
the body, HIV replicates in activated T-cells, migrates to the
lymph nodes, which leads to a decrease in the overall CD4+-
T-cell count and inversion of the CD4+/CD8* T-cells ratio. As
a result, the host's immune response grows weaker, making
it susceptible to various opportunistic diseases, mainly viral
and mycotic by nature. ART suppresses the viral load, which
translates into lower HIV transmission risk, immune system
restoration, prevention of secondary diseases, HIV patient's life
duration and quality improvement.

From both diagnostic and clinical points of view, HIV/SARS-
CoV-2 coinfection is a combination of two separate diseases,
so considering their peculiarities is critical to understanding
how they interact. The clinical picture of the disease and the
treatment protocols developed for the HIV/SARS-CoV-2
patient group may differ from those for the general population,
therefore, a thorough study of cases from this group can give
us valuable information about the behavior of viruses within a
single host, the peculiarities of disease progression, effective
treatment strategies.

COVID-19 course and outcomes in HIV patients:
cases and discussion

Up to the present, the number of PLHIV infected with SARS-
CoV-2 has remained low. However, it is best to practice caution
in interpreting this fact: it does not prove that HIV-positive people
are less susceptible to contracting the disease, it may simply
be the result of HIV patients taking more serious precautions to
limit their exposure to SARS-CoV-2 [13].

One of the first cases of HIV/SARS-CoV-2 coinfection was
reported in Wuhan. The patient was 61-year-old man, longtime
smoker with type 2 diabetes and long dry cough and fever
manifestations. His blood test showed he suffered from mild
lymphopenia, which grew severe (lymphocyte count 0.56 x 10%L,
relative CD4+-T-lymphocyte count 4.75%). Treatment included
lopinavir/ritonavir on admission, moxifloxacin, gamma globulin,
and methylprednisolone. The patient recovered and was
discharged in 20 days after the first visit to the clinic [14].

A population study conducted in Wuhan among HIV/
SARS-CoV-2-coinfected people revealed no difference in the
severity of the disease and mortality associated with COVID-19
in HIV patients and general population. It is reported that the
incidence of COVID-19 among PLHIV on ART is 0.52%, 2.20%
among PLHIV who have interrupted ART, and 0.63% among
PLHIV who have never had ART [15].

Based on the few HIV/SARS-CoV-2 coinfection studies
available to date (Table), the international medical community
has concluded that HIV infection is not an independent risk
factor affecting COVID-19 infection possibility and the severity
of the disease [16]. PLHIV on ART, with suppressed HIV viral
load and over 200 cells/ul of CD4*-T-lymphocytes, endure
CQOVID-19 comparably to the general population [13, 17, 19].
Same as in the general population, the severity of the disease
in coinfected individuals depends on age, gender, and
concomitant diseases such as diabetes and hypertension
[18, 19]. One of the findings is that HIV/SARS-CoV-2 patients
often have a greater number of comorbidities than people not
suffering the diseases [18].

However, a number of researchers report opposite results.
For example, a retrospective study of HIV/SARS-CoV-2
coinfection cases conducted in New York clinics showed that,
compared to the HIV-negative cohort, HIV-positive patients
were more likely to need intensive care, invasive mechanical
ventilation (IMV), died or were discharged to a hospice more
often. At admission, radiological examination results of HIV
patients commonly presented various pathologies. Three
HIV/SARS-CoV-2 patients had bacterial complications and
died. All HIV-positive patients, except one, were on ART and
had the CD4+-T-lymphocyte count of over 200 cells/ul [20].

A large cohort study that involved 22,308 patients in South
Africa also reported a two-fold COVID-19-associated death
risk increase in HIV-positive persons. However, the author of
this study did not exclude the effect of confounding, which may
cast doubt on the results [21].

Some other factors considered in addition to comorbidities
as potentially capable of influencing the outcome are poor
immune status, race, ART regimen. The authors of one of the
prospective cohort studies involving 51 patients with controlled
HIV infection conclude that an unfavorable outcome (severe
course of COVID-19 and death) is probably associated with a
CD4+-T-lymphocyte count of less than 200 cells/uL [22].

A case series published by the King's College Hospital
(UK) describes clinical characteristics of 18 PLHIV (mean age
52 years) who were admitted with COVID-19. It was found
that the majority of patients belong to the Negroid race, have
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Table. Studies researching the impact of HIV on COVID-19 course
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Authors Year Region Number of patients Design Key results
COVID-19 course and outcome in PLHIV on ART
Shalev N et al. 2020 USA 81 Transverse with CD4 >200 comparable to those in general population
Gudipati S et al. 2020 USA 14 Transverse COVID-19 course anq outcome in PLHlIV comparable
to those in general population
Stosckle K et al. 2020 USA 120 Longitudinal COVID-19 course anq outcome in PLHlIV comparable
to those in general population
Karmen-Tuohy S et al. 2020 USA 63 Longitudinal COVID-19 course anq outcome in PLHlIV comparable
to those in general population
COVID-19 course and outcome in PLHIV comparable
Inciarte A et al. 2020 Spain 62 Longitudinal to those in general population. PLHIV exhibit lower
incidence than the general population
Vizcarra P et al. 2020 Spain 51 Longitudinal The ns_k of a severe course of COVID-19 among PLHIV
is not lower than in the general population
Western Cape
Davies MA 2020 Province, South 22308 Longitudinal Doubled risk of death of PLHIV from COVID-19
Africa
Huang J et al. 2020 China a5 Longitudinal COVID-19 course and prognosis in PLHIV may bg more
adverse compared to those in general population
Suwanwongse K et al. 2020 USA 9 Transverse HIV |nfect|op and low immune status may negatively
impact COVID-19 outcomes
. Reduced risk of severe course and adverse outcomes of
Gervasoni C et al. 2020 Italy 47 Transverse COVID-19 in PLHIV

a lower median number of CD4+-T-cells and tend to use more
protease inhibitors in the ART regimen than outpatients [23].

According to a study conducted in Turkey, out of 1224 HIV-
positive individuals only four male patients contracted SARS-
CoV-2, and three of them had no underlying conditions and
recovered fully. All three patients were on ART; COVID-19 in
their cases was mild. The fourth patient, a 44-year-old man,
was on ART, with low HIV viral load, high CD4*-T-cell counts
and several comorbidities. This patient died, proving that from
the point of view of comorbidities, HIV-positive people have
the same predictors of adverse disease outcome as general
population [24].

A number of other researchers report similarities in how
people with controlled HIV (as evidenced by high CD4+-T-
cells and low viral load) and the general population endure
COVID-19. The authors conclude that the reported deaths are
caused by old age and multiple comorbidities [25, 26].

There are results of the analysis of all admissions of PLHIV
with SARS-CoV-2 coinfection that are worth mentioning: most
patients were on ART for a long time, their HIV viral load was
suppressed or minimal, and the count of CD4+*-T-lymphocytes
exceeded 200 cells/uL. Only a few patients were not on ART,
had a detectable HIV viral load and CD4+*-T-cell count below
200 cells/pL. These patients recovered quickly [25].

Researchers from Spain described 5 cases of coinfection
and reported interesting observations: a patient not on ART
and with CD4+-T-lymphocytes counting less than 200 cells/
pL needed non-invasive ventilation only and was discharged
without any complications, while another patient with a CD4+-T-
lymphocyte count of more than 200 cells/pL and a suppressed
HIV load needed invasive mechanical ventilation [18].

Similarly, a 28-year-old male coinfected with SARS-CoV-2 and
HIV, without comorbidities, showed no severity in his disease
progression and improved smoothly in 9 days, eventhough
his immune status from HIV infection was not well-controlled
(CD4+-T-cell count is 194 cells) due to a lack of ART [27].

A similar trend was reported in another retrospective
cohort study of 23 patients with HIV/SARS-CoV-2 coinfection.
Three patients from the cohort were discharged home without
complications, while for the patients with undetectable viral load

BULLETIN OF RSMU | 1, 2021 | VESTNIKRGMU.RU

and relatively high CD4+-T-lymphocyte counts (over 400 cells/u)
the outcome was unfavorable. In this case series, CD4*-T-cell
lymphopenia was recognized as a factor protecting COVID-19
progression to severe stages, and the ART regimen was stated
to have no effect on the outcome [28].

A single-center prospective study conducted in ltaly tracked
the outcomes of HIV/SARS-CoV-2 coinfection cases; this effort
also revealed no association between immunosuppression and
the disease progressing to its severe forms. It is reported that
the only patient with severe COVID-19 was a Caucasian male
whose immunological profile was optimal (baseline CD4+*-T-
lymphocyte count of 438 cells/pL), while two Negroid patients
with severe immunodeficiency and comorbidities had the
disease asymptomatic [29].

In another retrospective study, the majority of the
participants from the coinfection cohort had the viral load
suppressed and the count of CD4+*-T-lymphocyte acceptable;
these patients had several comorbidities and were on average
10 years younger than the HIV-negative cohort. It was shown
that the risk of severe COVID-19, admission to intensive care
unit and death was significantly lower in HIV-positive patients.
However, it should be borne in mind that this study included
HIV patients with COVID-19 not confirmed by laboratory
methods, so its results may be questionable [30].

The reports published suggested that HIV-associated
immunosuppression may paradoxically protect against severe
manifestations of COVID-19 [17, 30, 31]. In one of the studies,
the HIV group exhibited low peak CRP levels, which, according
to the researchers, signals difficulties with development of
a pronounced immune response. It would seem like the
relative immune dysfunction plays a protective role in case of
CQVID-19 contraction, which makes the need for non-invasive
and invasive mechanical ventilation experienced by PLHIV less
urgent [19].

Recent reports have shown that HIV/SARS-CoV-2 coinfected
patients who had a fatal outcome had higher levels of soluble
markers of immune activation and inflammation than those who
survived, suggesting that PLHIV remain capable of a profound
inflammatory reaction in response to SARS-CoV-2 coinfection
13, 22, 32].
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An inverse relationship was noted between the number
of CD4+T-lymphocytes and the mortality rate. A case series
covering HIV/SARS-CoV-2 patients admitted to the South
Bronx Hospital, New York, describes nine participants (seven
male, two female), aged 58, with multiple comorbidities, CD4+-
T-lymphocyte count of 179-1827 cells/uL and HIV viral load
from very low to undetectable [33]. In the context of the series,
the researchers concluded that the predictors of disease
progression to its severe form and death are similar in HIV-
positive and HIV-negative groups. Comparing their findings to
the data reported in other studies, the authors state the patients
they worked with had a significantly lower CD4*-T-lymphocyte
count, but their mortality rate was higher, which allows refuting
the protective effect of immunosuppression. The results of
the study, however, must be interpreted with caution, as the
majority of the involved patients seeing adverse outcomes were
not on ART, had CD4+*-T-lymphocyte counts greater than 200
cells/uL and suffered multiple comorbidities [33].

Along with the conflicting reports on the peculiarities
of COVID-19 in HIV-positive individuals, it is necessary to
consider another theory that holds the possible effects
lopinavir/ritonavir has on SARS-CoV-2, the initiation time and
ART regimen balancing the immune response and clearance of
coronavirus, thus preventing the development of an unfavorable
hyperinflammatory condition in coinfected patients [34].

We hypothesize that severely immunocompromised
patients themselves are not protected from COVID-19, they
only may have the disease asymptomatic or manifesting mild
symptoms because they are unable to develop a sufficiently
strong inflammatory response to aggravate the symptoms.
Thus, such patients are admitted to hospitals less often.
However, such immunosuppression cannot be called a
protective factor, as it can lead to prolonged viral clearance.
With the virus clearance delayed and depending on a number
of factors (comorbidities, patient age, timeliness of treatment,
ART regimen etc), asymptomatic COVID-19 can progress to its
mild to severe forms, sometimes leading to death.

Alarge-scale testing of HIV-positive individuals for antibodies
(outpatients) could help clarify whether all immunosuppressed
COVID-19 patients indeed have asymptomatic form of the
disease [31].

At the same time, most of the HIV/SARS-CoV-2 patients
involved in the studies had a CD4*-T-lymphocyte level in excess
of 200 cells/uL, which, we assume, could add symptoms to
the course of the disease. In this group of patients, COVID-
19-induced lymphopenia was superimposed on the existing
mild or moderate immunosuppression, which probably caused
a stronger response against the background of previously
prescribed ART, thus increasing the number of lymphocytes to
the level of a stabilized immune response that prevents serious
inflamsnmation- or virus-caused damage.

There is another theory, which has the milder course of the
disease a result of action of the viral interference mechanism,
when HIV changes the host cells and creates the environment
unfavorable for other viruses, thus modifying the course of
COVID-19.

Immunological characteristics
of HIV/SARS-CoV-2 patients

Transient lymphopenia is common against the background
of COVID-19, but when combined with progressive HIV-
associated lymphopenia, lymphocyte counts in HIV/SARS-
CoV-2 coinfected patients improve only marginally after
recovering from COVID-19 [35].

The relatively lower number of CD4+-T-lymphocytes in
HIV/SARS-CoV-2 patients may be one of the reasons behind
the blurred clinical picture, as well as delayed and insufficient
production of antibodies to SARS-CoV-2. Moreover, the low
levels of IgM and IgG to SARS-CoV-2 were associated with
a higher HIV viral load, i. e. = 20 copies/ml, as compared to
patients with a viralload below 20 copies/ml [15].

A retrospective study of COVID-19 in PLHIV revealed
severe lymphopenia and a decrease in the number of CD4*-T-
lymphocytes, while the levels of CRP, fibrinogen, D-dimer,
interleukin-6, interleukin-8 and TNFa were increased. Higher
levels of inflammatory markers and more severe lymphopenia
were reported in HIV patients for whom COVID-19 ended
adversely compared to those who recovered [36]. While in
general population higher interleukin-6 and d-dimer levels are
associated with the severity of COVID-19, in PLHIV they may
be interpreted as biomarkers of chronic HIV infection [37].
Nevertheless, there were no biomarker content differences
registered between HIV/SARS-CoV-2 patients and HIV-
negative COVID-19 patients.

Severe lymphopenia can be explained by the accelerated
apoptosis of lymphocytes against the background of a viral
infection that activates them in the context of antiviral response
[38]. Another explanation for lymphopenia may be the direct
effect SARS-CoV-2 produces on lymphocytes through ACE2-
dependent and ACE2-independent pathways. It was reported
earlier that less than 5% of oral mucosa lymphocytes can
express ACE2 [39]. Besides, SARS-CoV-2 can use CD147
receptors to enter T-cells [40].

COVID-19 and antiretroviral therapy

Patients with ART-controlled HIV infection run roughly the same
risk of contracting COVID-19 as the general population [14],
however, the effect ART has on HIV/SARS-CoV-2 coinfection
remains to be studied further. The main reason why earlier
studies hypothesized about the protective effect of ART against
COVID-19 in PLHIV was that antiviral drugs, such as tenofovir
and lopinavir, showed anti-SARS-CoV-2 activity in vitro [41, 42].
This is indirectly confirmed by the results of a retrospective
study that included 20 HIV/SARS-CoV-2 patients and reported
lower ESR and CRP in those on ART compared to the patients
who did not receive such therapy [43].

A clinical trial involving hospitalized adult HIV-negative
patients with confirmed novel coronavirus infection showed
no significant difference in the timing of clinical improvement
backed by lopinavir/ritonavir treatment. However, the mortality
rates at 28 days, the time in ICU/hospital registered by the
researchers were generally lower, and more patients showed
clinical improvement on day 14 in the lopinavir/ritonavir group
compared to the standard treatment group. Compared to the
standard supportive regimens, protocols including lopinavir/
ritonavir enable reduction of SARS-CoV-2 RNA load and
shorten the time when viral RNA remains detectable [44].
Despite the reported results suggesting the potential clinical
benefits of lopinavir, it is necessary to evaluate the effectiveness
of this drug in HIV/SARS-CoV-2 patients [34].

Another HIV/SARS-CoV-2 case series report describes
the ART prescribed to the majority of patients and including
of a protease inhibitor, predominantly darunavir, boosted with
ritonavir or cobicistat [23].

[t has also been reported that 800 mg darunavir has no
protective effect against infection and progression of respiratory
failure, while for the patients that mainly received integrase
inhibitors COVID-19 ended favorably [30].
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Spanish researchers have shown a higher prevalence of
SARS-CoV-2 among those who resorted to pre-exposure
prophylaxis regimen of tenofovir disoproxil fumarate or tenofovir
alafenamide and emtricitabine (TDF/TAF+FTC); compared
to the control group, they exhibited no significant differences
in clinical manifestations [45], which refutes the hypothesis
about the protective effect of tenofovir against SARS-CoV-2
[42]. Several other studies also report a higher proportion of
HIV/SARS-CoV-2 patients on TDF-based ART compared to
patients with HIV alone [17, 22].

More research is needed on nelfinavir mesylate, an HIV
protease inhibitor that has recently been found to be an effective
inhibitor of the SARS-CoV-2 S-protein, the main determinant of
viral infectivity [46)].

Conclusion

It is likely that in HIV-positive patients on virologically and
immunologically effective ART, the course of COVID-19 is
comparable to that in general population. Apparently, ART
does not reduce the risk of SARS-CoV-2 infection, however,
stabilization of the immune system during therapy can help
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reduce the incidence of adverse COVID-19 outcomes.
SARS-CoV-2-associated  lymphopenia  superimposed
on immunodeficiency can make the clinical picture blurred,
delay virus clearance and production of antibodies to SARS-
CoV-2 and make their count insufficient. It is unclear whether
SARS-CoV-2-associated lymphopenia facilitates development
of opportunistic diseases or not. The above is a powerful
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with an insufficient sample size of HIV/SARS-CoV-2 patients
in some studies, lack of a large-scale effort to diagnose
asymptomatic cases, underestimation of the predisposing
factors when comparing HIV/SARS-CoV-2 patients with people
hosting HIV only, which leads to faulty estimation of the effects
of confounding of comorbid conditions, ART regimen on the
development of an adverse outcome in coinfection cases.
Subsequently, the results of the study are distorted. Thus, more
research is needed to confirm or refute some of the proposed
hypotheses, as well as to assess the effectiveness of ART in
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THE IMPORTANCE OF DETERMINING SARS-COV-2 N-Ag SERODIAGNOSTICS FOR
THE MANAGEMENT OF COVID-19 PNEUMONIA IN HOSPITAL SETTINGS

Lebedin YuS'™, Lyang OV?, Galstyan AG?, Panteleeva AV', Belousov VV? 2, Rebrikov DV®

" XEMA Co. Ltd., Moscow, Russia
2 Federal Center of Brain Research and Neurotechnologies of the Federal Medical Biological Agency, Moscow, Russia
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A new coronavirus infection caused by the SARS-CoV-2 virus, which appeared in December 2019, has claimed the lives of 2.5 million people in aimost a year. The
high contagiousness of this virus has led to its wide and rapid spread around the world. As of February 2021, the total number of cases is 111 million people; more
than 4 million cases of SARS-CoV-2 infection have been registered in the Russian Federation. To successfully combat the emerging pandemic, it is necessary to
quickly diagnose the disease at an early stage, which will prevent the further spread of this virus and prescribe the necessary treatment on time. The aim of the
work was to evaluate the use of the SARS-CoV-2 nucleocapsid antigen (N-Ag) and respective antibodies as diagnostic markers in pneumonia patients. The study
was conducted at the height of COVID-19 pandemic in Moscow, Russia. It included 425 emergency patients with clinical signs of COVID-19 pneumonia, of which
280 (66%) were positive for either serum N-Ag and/or its respective antibodies. We demonstrate the total prevalence of N-Ag seroconversion in SARS-CoV-2-
associated pneumonia patients within 3-5 days after hospital admission. The results indicate high feasibility of SARS-CoV-2 serodiagnostics in emergency patients.
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Immunochemical detection of antigens in blood is widely used
in the diagnostics of infectious diseases. The antigenemia tests
are usually targeted at blood-borne pathogens (notably chronic
viral infections including cytomegalovirus, hepatitis B and C
viruses, and HIV [1-3]). In respiratory diseases, the penetration
of the pathogen components (nucleic acids or proteins) into
non-respiratory body fluids is likely, but their detection is usually
considered of minor value because of the focal nature of the
pathogenesis and its strong association with mucous immunity.
Despite that, certain respiratory infections can be efficiently
diagnosed and monitored by detection of corresponding
antigens in the blood; the examples include galactomannan
in pulmonary aspergillosis [4] and L. pneumophila antigen in
urine of Legionnaires' disease patients [5]. In addition, the use
of serological immunoassays for the management of virus-
associated nosocomial pneumonias in intensive care unit
patients has been reported [4, 6]. Serum nucleocapsid antigen
(N-Ag) of SARS virus was described in SARS-associated
pneumonia by Che et al [7, 8].

The aim of the work was to evaluate the use of the SARS-
CoV-2 nucleocapsid antigen (N-Ag) and respective antibodies
as diagnostic markers and demonstrate the total prevalence of
N-Ag seroconversion in SARS-CoV-2-associated pneumonia
patients.

METHODS

The study was carried out at the Federal Center of Brain
Research and Neurotechnologies during the spring of 2020.
At the height of the COVID-19 pandemic, the in-patient care
facilities of the Center were redesigned for the emergency
hospitalization and management of the SARS-CoV-2-
associated pneumonia patients. The study involved patients
with clinical signs of COVID-19 pneumonia (n = 425) flown by
ambulance services from different districts of Moscow. Inclusion
criteria: presence of clinical signs of COVID-19 pneumonia
(fever with a combination of two or more clinical signs, including
body temperature = 38.5 °C, respiratory rate = 30 breaths per
minute, and/or SpO, < 93%) [9]. Serum samples for the study
were collected from each patient at least twice; sampling at the
admission and at the discharge was carried out concomitantly
with the mandatory procedure for routine blood tests. The
in-patient care lasted 20 + 2 days. Criteria for the discharge
included a reduction in C-reactive protein levels at WBC counts
within the normal range (above 4.0 x 10° L) and, notably, a clear
tendency towards regression of characteristic signs revealed
by computer tomography: the absence of new ground glass
opacities, a decrease in the severity of the corresponding
changes in the lung tissue and/or a decrease in the volume or
degree of consolidation of the ground glass opacities (no more
than three, each within 3 cm along the maximal dimension)
[10]. The qualitative RT-PCR detection of SARS-CoV-2 RNA
in nasopharyngeal swabs was carried out at the admission
with the use of SARS-CoV-2/SARS-CoV Multiplex Real-Time
PCR Detection Kit (DNA-Technology LLC; Russia); analytical
sensitivity is 10 copies per amplification tube, diagnostic
sensitivity — 100% (95% Cl: 95.6-100%), diagnostic specificity —
100% (95% Cl: 96.7-100%) according to the manufacturer’'s
protocol.

SARS-Cov-2 nucleocapsid antigen (N-Ag) coding
sequence

SARS-Cov-2 nucleocapsid antigen (N-Ag) coding sequence
(NCBI accession number 045512.2) was cloned by Ndel/Xhol

into pET-30b(+) vector, Novagen (EMD Millipore; USA); the
plasmid was expanded in E. coli Top10 and transformed into
E. coli Rosetta (DE3) for N-Ag expression.

The conditions were optimized for 37 °C bioreactor
fermentation in 3000 mL of rich media (yeast extract, bacto
peptone, glucose and trace salts). After 12 h incubation,
the culture was induced with 2.5 mM imidazole for 4 h. The
obtained biomass was resuspended in phosphate buffered
saline (PBS) in 1 : 3 (w/v) proportion and disrupted using
APV-2000 homogenizer (Spx Flow; USA) at 1200 bar.
The solution was clarified by centrifugation at 12,000 g.
The insoluble fraction (inclusion bodies) containing the target
protein was washed sequentially with PBS, 2% Triton in PBS
and a fresh portion of PBS to remove the residual detergent.
The protein was dissolved in 8 M urea with 250 mM NaCl and
50 mM phosphate, pH 10.0. The solution was incubated at
+4 °C overnight and centrifuged at 15,000 g; the collected
supernatant was filtered and supplemented with 20 mM
imidazole to prevent the non-specific binding of impurities. The
polyhistidine-tagged N-Ag protein was purified by immobilized
metal affinity chromatography using a nickel column High
Density Nickel #6BCL-QHNi (ABT; Spain) equilibrated with the
urea buffer. The protein was eluted with 250 mM imidazole
buffer and filter-sterilized through filters with a diameter of 0.45 pm.

Serum IgG antibodies against nucleocapsid
antigen (N-IgG)

Serum IgG antibodies against nucleocapsid antigen (N-IgG)
were detected by solid-phase enzyme immunoassay. Briefly,
the recombinant full-length SARS-CoV-2 nucleocapsid antigen
produced in E. coli (XEMA; Russia) was coated onto the
surface of polystyrene microwells. The sera pre-diluted 100-
fold in the ELISA buffer (0.1% Tween-20 and 1% hydrolyzed
casein in 0.1 M PBS) were placed in the microwells for 30
min at 37 °C. After 3 washes with 0.1% Tween-20 in 0.9%
sodium chloride, the wells were exposed to the conjugate
of murine monoclonal antibodies XG78 against human IgG
(gamma chain) with horseradish peroxidase (XEMA; Russia) for
30 min. After 5 washes with 0.1% Tween-20 in 0.9% sodium
chloride, the bound enzyme was revealed by addition of the
substrate-chromogenic mix (TMB substrate, XEMA; Russia).
The color development was stopped by 5% sulfuric acid and
the optical density (OD) at 450 nm was measured in a plate
reader Multiskan MC (Thermo Labsystems; Finland). The
internal controls (stabilized human serum containing specific
IgG antibodies) were included in all microplates to calculate the
positivity threshold OD for each run individually. The results are
expressed as positivity indexes (calculated as OD for a sample
of interest related to OD for the internal control).

Serum IgM antibodies against nucleocapsid
antigen (N-IgM)

Serum IgM antibodies against nucleocapsid antigen (N-IgM)
were detected by reverse solid phase enzyme immunoassay.
Briefly, murine monoclonal antibody against the mu chain of
human IgM (clone X616, XEMA; Russia) was adsorbed on
the surface of polystyrene microwells. The dilutions of sera
(prepared in the same way as for the IgG assay) were placed
in the microwells for 30 min at 37 °C. After 3 washes with
0.1% Tween-20 in 0.9% sodium chloride, a working dilution
of the recombinant full-length SARS-CoV-2 nucleocapsid
antigen conjugated with horseradish peroxidase in the ELISA
buffer was placed in the microwells for 30 min at 37 °C. After
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Fig. 1. Dynamics of serum N-Ag levels in the studied cohort of hospital patients. ULQ, upper limit of quantification. The 'PCR+' and 'PCR-' indications refer to the

patient's status on admission

5 washes with 0.1% Tween-20 in 0.9% sodium chloride, the
bound labeled antigen was detected by TMB substrate and
OD reading. The calculation of positivity index (similarly with the
IgG assay) was performed by using the internal IgM+ control.

Serum N-antigen (N-Ag) determination

Serum N-antigen (N-Ag) determination was performed by
the two-site solid-phase sandwich method using monoclonal
antibodies (mAbs) generously gifted by Hytest Ltd (Turku;
Finland). The microwells were coated with the capture mAb
NP1510. Serum samples or assay calibrators (solutions of
nucleocapsid antigen in donor serum in the range 20-2000
pg/ml) were incubated with a working dilution of HRP-labeled
tracer monoclonal antibody (clone NP1517) in ELISA buffer with
the addition of heterophilic immunoglobulin elimination reagent
(10 pg/ml, HIER-E-010, Fapon Biotech; China) for 2 h at 37 °C
under continuous 600 rpm shaking in a PST-60HL-4 shaking
incubator (Biosan; Latvia). The detection was performed with
the use of TMB substrate (XEMA; Russia) and OD reading.
The N-Ag concentrations were determined by calibration curve
method using. N-Ag concentrations exceeding the upper limit
of calibration curve (2000 pg/ml) were shown as 2222 pg/ml in
calculations and graphic presentation. The samples with OD
readings corresponding to concentrations lower than 20 pg/ml,

A

lacking resolution from the zero calibrator, were conventionally
assigned 15 pg/ml values in the presented data.

Statistical processing

The data were processed in GraphPad Prism 8.0 (GraphPad
Software, Inc.; USA) and Microsoft Excel 2016 (Microsoft; USA).

The reference ranges were determined by analysis of serum
samples collected from healthy donors (n = 250) before Dec
2019. In both assays, the threshold (cutoff) values were set
to attain full specificity (none of the donors being considered
positive).

RESULTS

The immunoassay-based detection of serum N-Ag in
combination with its respective antibodies confirmed COVID-19
in 280 patients (66%) of the studied cohort. RT-PCR analysis
of nasopharyngeal swabs confirmed COVID-19 in 76% of the
patients; the interception constitutes 63% and corresponds to
the concordance of 79%.

Several patients (n = 21; 5%) were identified as SARS-
CoV-2 negative by both RT-PCR tests and serodiagnostics,
and most likely represented cases on non-SARS-CoV-2-
associated pneumonias. The small number of such patients is

B
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Fig. 2. Dynamics of serum N-Ag levels vs. respective IgG antibodies in patients IgG-seropositive on admission (A) and patients IgG-seronegative on admission (B).
Vertical axes correspond to Ag concentration (on the left) and Ab index (on the right). ULQ, upper limit of quantification; LOD, (lower) limit of detection

BULLETIN OF RSMU | 1, 2021 | VESTNIKRGMU.RU



OPUTMHAJIbHOE UCCJIEQOBAHNE | UMMYHOJIOI A

A B
uQL = 2000 4% uQL = 2000 43
[ 10 1000 4
pg/ml-1
: index PY/mMI-11¢
100 4~
: 100 o
LOD =20 LOD =20
10 - T 10 44 - 0,1
On admission On discharge On admission On discharge

-o- N-Ag 4 1gG

-o- N-Ag ~A- 1gG

Fig. 3. Dynamics of serum N-Ag levels vs. respective IgM antibodies in patients IgM-seropositive on admission (A) and patients IgM-seronegative on admission (B).
Vertical axes correspond to Ag concentration (on the /eft) and Ab index (on the right). ULQ, upper limit of quantification; LOD, (lower) limit of detection

explained by the fact that the study was carried out at the peak
of the pandemic.

According to the data, N-Ag antigenemia is characteristic
of the majority of patients with severe COVID-19 (63%).

The disease phase-related dynamics of serum N-Ag levels
are shown in Fig 1. At the discharge, most of the patients
N-Ag positive at the admission (104 of 116; 90%) showed
serum N-Ag levels below the lower limit of the calibration curve
(< 20 pg/ml; 104 of 116; 90%). However, some patients were
clearly positive for serum N-Ag even at the discharge.

By the time of discharge, seroconversion was observed
in most of the patients N-Ag positive at the admission (108
of 116; 93%), although the degree of seroconversion varied
considerably.

DISCUSSION

To determine seroconversion patterns, we plotted serum N-Ag
levels with two isotypes of antibody response for individual
cases, dividing them in two subgroups by Ab-seropositivity on
admission (Fig. 2A and 3A vs. 2B and 3B). The results indicate
reciprocal patterns for N-Ag and respective antibodies, which
is characteristic of classical seroconversion. The patients
Ab-seronegative on admission (presumably being at the
earlier stage of the disease) showed more distinct patterns of

classical seroconversion. The IgG-antibody patterns were more
pronounced than the IgM-antibody patterns in both groups.

Co-detection of N-Ag and anti-N-Ag antibodies in 92
(18%) of 503 serum samples demonstrates that the epitope
recognized by immunoassay pair used for the antigen
determination is at least not fully overlapped (masked) by the
human antibody response.

For a subcohort of 20 patients, we had the opportunity to
evaluate seroconversion within a shorter period of several days.
According to the results shown in Figure 4, in the majority of
cases the switch from Ag+Ab- to Ag-Ab+ status proceeded
within 3-5 days after the emergency admission.

According to the results of the study, hospitalization of the
patients with SARS-CoV-2-associated pneumonia at the height
of pandemic most frequently occurred before the onset of
seroconversion (i.e. against the background of detectable serum
N-Ag concentrations). In the majority of patients the antigen
prevailed at the time of admission and was "replaced" with
respective antibodies by the time of discharge. Nevertheless, in
some cases, by the time of emergency hospitalization, the level
of antibodies to N-Ag in the patient's blood was already high,
probably reflecting either delayed hospitalization or individual
variation in the COVID-19 pathogenesis.

Overall, the obtained results indicate high feasibility of SARS-
CoV-2 serodiagnostics in the emergency patients (along the

UQL = 1000 =

N-Ag pg/ml

100 =

LOD =20 =
10 =

N-IgG index

Fig. 4. Individual patterns of seroconversion in the course of 3-5 days after the admission. ULQ, upper limit of quantification; LOD, (lower) limit of detection; PT,

positivity threshold
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lines of ‘rapid tests’ Capillus HIV-1/HIV-2°, Determine HIV-1/2°,
etc. currently proposed as a gold standard of HIV diagnostics
instead of the more expensive and time-consuming western
blot analysis [11]). Similar conclusions were drawn in the study
of small groups of patients with confirmed SARS-CoV-2 using
various methods of immunochemical analysis [12, 13].

[t should be noted that false-positive results of SARS-
CoV-2 serodiagnostics may appear in patients with high levels
of rheumatoid factor or HAMA antibodies, which underscores
the significance of personalized comprehensive diagnostics for
the patients with severe COVID-19.

CONCLUSION

Overall, the results indicate high relevance of combined
serological tests for SARS-CoV-2 N-Ag and the antibodies to
SARS-CoV-2 antigens as applied to the infectious pneumonia
emergency patients at the admission, since 1) sensitivity and
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ASSOCIATIONS BETWEEN GLUTAMATE CYSTEINE LIGASE CATALYTIC SUBUNIT GENE
POLYMORPHISMS AND CLINICAL CHARACTERISTICS OF ISCHEMIC STROKE

Bocharova YA!2E=

' Belgorod State National Research University, Belgorod, Russia
2 Kursk Regional Clinical Hospital, Kursk, Russia

An imbalance between the production of reactive oxygen species and their neutralization lies at the core of oxidative stress implicated in ischemic stroke (IS) and
the subsequent brain tissue damage. The aim of this study was to investigate the effects of common polymorphic variants of the glutamate cysteine ligase catalytic
subunit gene on the extent of brain damage and clinical manifestations in patients with ischemic stroke. A total of 589 ischemic stroke survivors were genotyped
for 6 single nucleotide polymorphisms (SNPs) of the GCLC gene, including rs12524494, rs17883901, rs606548, rs636933, rs648595 and rs761142, using a
MassARRAY-4 analyzer. The study found that genotypes rs636933-G/A-A/A (p = 0.009) and rs761142-A/C-C/C (p = 0.015) were associated with an enlargement
of the cerebral lesion size. Genotypes rs12524494-G/G (p = 0.05) and rs606548-T/T (p = 0.003) were associated with a risk of 2 or more IS episodes. Genotype
rs17883901-G/A was associated with early onset of IS (p = 0.004). The study revealed multiple associations of GCLC SNPs with the clinical manifestations of
ischemic stroke. Thus, GCLC polymorphisms are important DNA markers affecting the size of the cerebral lesion in patients with ischemic stroke and are associated
with age at onset, the number of past strokes and the clinical manifestations of the disease.
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ACCOLVALNSA MOJIMMOP®HbIX BAPUAHTOB MEHA KATAJINTUYMECKOW CYEbEAVUHULIBI
MYTAMATUNCTEUHITUTA3bI C KTMHUHYECKUMUWN XAPAKTEPUCTUKAMU NLLEMWYECKOIO MHCYJIbTA

tO. A. Bovaposa'? =

" BenropoacKuii rocyaapCTBEeHHbIV HaLMOHabHBIN MCCnenoBaTenbCKuin yHBepceuTeT, Benropon, Poccus
2 Kypckasi obnactHas KnnHudeckas 6onbHmua, Kypek, Poccust

[ucbanaHc Mexay o6pas3oBaHneM akTVBHbIX (hOPM KUCIOPOoAa 1 1x 06e3BPEXMBAHNEM NIEXWT B OCHOBE OKVCIIUTENIBHOrO CTpecca — MnaTofiorniyeckoro
npoLiecca, NaToreHeTUHECKN CBA3aHHOMO C PasBUTMEM ULLIEMMNYECKOrO MHCymbTa (M) 1 nocnepytolMm atanamy MOCTULLEMUHECKOTO MOBPEXIAEHNS TKaHen
ronoBHOro Mosra. Llensto HacTosiLLero nccnefoBaHvst b0 U3ydYeHre BAUSHUS HacTbiX MOMMMOPMHbIX BapunaHToB reHa GCLC KaTanuTuyeckon cybbeanHmLbl
ryTaMaTUMCTEMHNIa3bl Ha CTEMNEeHb MOPavKEHWs! FOMIOBHOMO MO3ra U KIMHUYECKUE MPOSIBAEHUS Y OOMbHBIX C ULLEMUYECKUM MHCYNLTOM. Y 589 naumpeHToB
C VLLEMWYECKVM UHCYNIETOM 6bIIO MPOBEAEHO MEHOTUMMPOBAHME LLIECTU OOHOHYKIEOTUAHbIX MonmMopdmamoB (SNP) rs12524494, rs17883901, rs606548,
rs636933, rs648595 n rs761142 reHa GCLC c MoOMOLLbIO reHeTndeckoro aHanmsatopa MassARRAY-4. YcTaHOBNEHO, YTO reHoTurMbl rs636933-G/A-A/A
(o = 0,009) 1 rs761142-A/C-C/C (p = 0,015) accoummpoBaHbl C yBeM4eHeM 30Hb! MHapkTa Moara. feHoTunbl rs12524494-G/G (p = 0,05) n rs606548-T/T
(o = 0,003) accoummpoBanCb C BO3HVKHOBEHVEM ABYX 1 6onee anmdonos V. MeHoTun rs17883901-G/A 6bin accoummpoBaH ¢ 6onee paHHUM aebtotom Vi
(o = 0,004). BbisiBneHbl MHoro4mcneHHble accoumaumm SNP reHa GCLC ¢ KIMHUYECKMU NPOSIBREHNAMN 601e3HM. Takum 06pa3oM, nonmmopHble BapuaHTbl
reHa GCLC asnstoTcs 3HauvMbiMn JHK-Mapkepamu, BAUSIOLLMMI Ha 30HY MH(apKTa MO3ra 'y 60/bHbIX MLLEMUHECKIM UHCYIETOM, aCCOLMMPOBaHbI C BO3PaCTOM
[neboTa NepBoro NHCYNLTa, YACIOM NMEPEHECEHHBIX MHCYMBTOB U KIMHUYECKMMM MPOSIBNEHVSIMM OONE3HN.

KntoyeBble CNoBa: NLLIEMUHECKIIA VHCYNBT, MH(aPKT MO3ra, PEAOKC-TOMEOCTAa3, MyTaTUOH, MyTaMaTUMCTEVHMIa3a, OAHOHYKIEOTUAHbIN NOMMOPHU3M

BnaropgapHocTu: aBTop BbipaXaeT 61arofapHOCTb COTPYAHVKAM Hay4YHO-UCCNenOBATENbCKOrO MHCTUTYTA MEHETUHECKOW 1 MOMEKYNSPHON 3MaemM1onorin
Kypckoro rocynapcTBeHHOro MeamuvHCKoro yHmsepceuteta A. B. Monorukoy, HO. 3. Asaposoii, E. 0. Knécosoir, M. A. Bbikarosoli 1 O. HO. byluyesoit 3a
MOMOLLL B BbINOSHEHN MONEKYAPHO-MEHETUHECKNX MCCNEA0BaHMIA.
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Cerebrovascular disease or, more specifically, ischemic stroke
(IS) is among the leading causes of death and disability in high-
income countries [1]. The etiology of IS is multifactorial, i.e.
the disease is driven by the complex interplay of genetic and
environmental factors [2]. Multiple studies have demonstrated
that redox homeostasis disturbances manifesting as an
imbalance between the production of reactive oxygen species
and their neutralization lie at the core of oxidative stress
implicated in IS and the subsequent brain tissue damage [3]. It
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is a well-known fact that oxidative stress plays a significant
role in the pathogenesis of IS, especially in the acute stroke
phase [4, 5]. Glutathione is a powerful body antioxidant;
disorders of glutathione metabolism often result in disrupted
redox homeostasis and oxidative stress, possibly contributing
to postischemic brain damage [6, 7]. In patients predisposed
to IS, glutathione deficiency might be associated with genetic
variation that affects the activity of enzymes involved in
glutathione synthesis [8, 9]. Glutamate cysteine ligase is the key
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enzyme that catalyzes the first step of glutathione synthesis. It
is composed of a catalytic and a modifier subunits encoded
by several genes. Their polymorphic variants determine the
variability in glutamate cysteine ligase activity and glutathione
levels. However, so far no research studies have explored the
effects of polymorphisms in glutathione metabolism genes on the
extent of ischemic brain damage and the clinical manifestations
of stroke. The aim of this study was to investigate the effects of
common polymorphic variants of the glutamate cysteine ligase
catalytic subunit gene on the extent of brain damage and the
clinical manifestations of stroke in patients with IS.

METHODS

The study was carried out in 589 ischemic stroke survivors
(830 men and 270 women; mean age 61.1-9.8 years) admitted
to Kursk Regional Clinical Hospital between 2007 and 2017.
The following inclusion criteria were applied: IS confirmed
by clinical examination and imaging tests; Caucasian origin;
voluntary informed consent to participate. Patients of non-
Caucasian origin, with hemorrhagic stroke or those who
did not give voluntary consent to participate were excluded
from the study. Of all patients included in the study, 75% were
Russian, i.e. at least 2 previous generations of the probands
were Russian. IS was confirmed by qualified neurologists of
Kursk Regional Clinical Hospital; the diagnosis was based on
the neurological examination and imaging tests, including brain
CT and MRI scans.

The patients were genotyped for 6 GCLC polymorphisms:
rs12524494, rs17883901, rs606548, rs636933, rs648595,
and rs761142. Candidate SNPs available in the HapMap
catalogue were selected using the GenePipe tool [10]. Only
those tagSNPs were selected that had at least 5% minor allele
frequency and were in linkage disequilibrium with 2 or more
SNPs. The functional significance of SNPs was assessed using
the FuncPred software (SNPinfo Web Server) [11].

DNA was isolated from the frozen venous blood samples of
the participants according to the standard protocol of phenol-
chloroform extraction and ethanol precipitation. Molecular-
genetic procedures, including SNP genotyping, were carried
out at the Research Institute for Genetic and Molecular
Epidemiology of Kursk State Medical University in 2016-2017.
SNPs genotyping was performed using the iPLEX technology and
a MALDI-TOF MassARRAY 4 analyzer (Agena Bioscience; USA).

The associations between the studied SNPs and the clinical
manifestations of IS were analyzed by calculating the odds
ratio and 95% CI using logistic regression with adjustments
for age and sex; the statistical analysis was carried out in
SNPStats (Catalan Institute of Oncology; Spain). Effects of
the studied SNPs on the size of cerebral lesions measured
by MRI and expressed in millimeters, on age at stroke onset
and the number of previous cerebrovascular episodes were
analyzed in SNPStats. The functional annotation of GCLC
polymorphisms and the assessment of their regulatory potential
from tissue-specific expression were performed using a battery
of bioinformatic tools, including GTEx portal [12] and eQTLGen
[13]. These databases host genomic and transcriptomic data
that can be used to assess the effects of the analyzed SNPs on
the levels of GCLC expression in the brain, arteries and blood.

RESULTS
The analysis of genotype frequencies revealed that only one

GCLC polymorphism (rs648595) significantly deviated from the
Hardy-Weinberg equilibrium due to a decrease in heterozygosity

(p < 0.05). In patients with IS, genotype frequencies of the studied
GCLC polymorphisms were as follows (the numbers represent
genotypes homozygous for the reference allele, heterozygous,
and homozygous for the minor allele, respectively): 93.5,
5.8, 0.7 (rs12524494); 85.4, 13.7, 1.0 (rs17883901); 93.7,
6.0, 0.3 (rs606548); 63.5, 31.6, 4.8 (rs636933); 16.3, 52.1,
31.6 (rs648595); 57.2, 37.8, 4.9 (rs761142). Clinically, it was
interesting to explore the potential involvement of the studied
polymorphisms in cerebral infarction growth, necrotic cell death
and inflammation due to cerebral artery occlusion, and in some
processes related to postischemic repair of damaged tissue.
Using linear regression, we analyzed associations between the
studied GCLC polymorphisms and the size of cerebral lesions
(S, mm) in patients with IS. We found that polymorphisms
rs636933 and rs761142 were significantly associated with
the size of the cerebral lesion in patients with ischemic stroke
regardless of their age or sex. Specifically, genotypes G/A-
A/A of the rs636933 polymorphism (the dominance effect of
SNP) were associated with a statistically significant (oy 196.36 mm;
p = 0.009) increase in the infarction size, in comparison with
the wild type (G/G). Genotypes A/C-C/C of the rs761142
polymorphism also had a significant impact (p = 0.015) on
the size of the lesion: we detected an increase in the lesion
size by 173.92 mm in comparison with the A/A genotype (the
dominance effect of SNP).

Then, we studied the associations of GCLC polymorphisms
with the number of IS survived by the patients (Table 1). The
participants were divided into two subgroups: group 1 included
patients with a history of one stroke, group 2 comprised
patients with a past history of 2 or more strokes. We were
able to establish statistically significant associations between
2 SNPs and the number of past ischemic strokes. Carriers of
the rs12524494-G/G and rs606548-T/T genotypes were at a
higher risk of 2 or more IS than carriers of alternative genotypes
(see Table 1).

It is known that the early onset of any multifactorial disease
may be associated with genetic factors [14]. So, we attempted
to investigate whether GCLC polymorphisms might affect
age at ischemic stroke onset. Using linear regression with
adjustments for age and sex, we discovered that rs17883901
was significantly associated with age at IS onset. Polymorphism
rs17883901, and more specifically, the G/A genotype, was
associated with earlier (56.8 + 1.65 vs. 60.52 + 0.42 years)
onset of the first IS episode (p = 0.0038; see Figure).

Using logistic regression, we analyzed association between
GCLC polymorphisms and the clinical manifestations of IS,
including motor and sensory impairments. Multiple statistically
significant associations were established between GCLC
polymorphisms and the clinical manifestations of IS. Sensory
symptoms were associated with rs636933 (OR =2.72; 95% Cl:
1.01-7.33; p = 0.032). The loss of temperature sensation was
associated with rs17883901 (OR = 0.27; 95% Cl: 0.09-0.86;
p = 0.006) and rs12524494 (OR = 2.25; 95% Cl. 1.13-4.46;
p = 0.032). The loss of sense of touch was associated with
rs12524494 (OR = 2.51; 95% Cl: 1.27-4.99; p = 0.016) and
rs606548 (OR = 2.36; 95% Cl: 1.08-5.16; p = 0.04). Facial
muscle impairment was associated with rs648595 (OR = 0.53; 95%
Cl: 0.34-0.81; p = 0.0029). Gait disturbances were associated
with 3 GCLC SNPs: rs648595 (OR = 1.67; 95% Cl: 1.03-2.71;
p = 0.039), rs761142 (OR = 1.50; 95% ClI: 1.11-2.01;
p = 0.007) and rs636933 (OR = 1.39; 95% ClI: 1.03-1.88;
p = 0.03). Muscle weakness was associated with rs761142
(OR = 1.46; 95% CI: 1.02-2.10; p = 0.037). Diplopia was
associated with rs17883901 (OR = 0.12; 95% ClI: 0.02-0.88;
p= 0.0028). Strabismus was associated with 2 different SNPs:
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p=0,004

56,8 + 1,6 years
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G/A

Fig. Associations between the rs17883901 polymorphism of the GCLC gene and age at ischemic stroke onset

rs606548 (OR = 7.68; 95% Cl: 1.32-44.56; p = 0.04) and
rs12524494 (OR = 6.67; 95% Cl: 1.23-36.24; p = 0.05).
Dysarthria was associated with rs636933 (OR = 0.69; 95% Cl:
0.48-0.99; p = 0.04). Vision impairment was associated with
rs636933 (OR = 0.61; 95% CI: 0.39-0.94; p = 0.023).

The analysis of genomic and transcriptomic data on the
GCLC gene extracted from the GTEx database allowed us
to establish statistically significant cis-eQTLs (expression
Quantitative Trait Loci) linked to changes in the transcriptional
activity of GCLC. Table 2 illustrates the effects of GCLC
polymorphisms on the expression of this gene in different
brain regions, arteries, and whole blood. We found that
the rs648595-G allele was associated with reduced GCLC
expression in basal ganglia (p = 0.00002), cerebral cortex
(p = 0.000001) and blood (p = 1.2 x 10-70). The rs636933-A
allele was associated with reduced GCLC in basal ganglia
of the brain (p = 0.00005) and blood (p = 2.1 x 10-26). The
rs761142-C allele was associated with reduced GCLC
expression in the blood (p = 5.2 x 10-52), basal ganglia
(o = 0.000002) and cerebral cortex (o = 0.000004). However,
rs17883901 was not associated with GCLC expression in any
of the analyzed tissue types involved in the pathogenesis of IS.

DISCUSSION

Our pilot study looked into the effects produced by the
polymorphic variants of the gene encoding the key enzyme
of glutathione synthesis (the catalytic subunit of glutamate
cysteine ligase) on the extent of cerebral damage and the
clinical manifestations of IS. The study found that the rs636933
and rs761142 polymorphisms of the GCLC gene are important

DNA markers associated with the size of the cerebral lesion
in patients with IS. Besides, the study demonstrates that
rs12524494 and rs606548 are significantly associated with an
increase in the frequency of IS episodes in the affected patients.
The study shows that polymorphism rs17883901 is significantly
associated with earlier onset of the first IS episode. The
bioinformatic analysis uncovered the functional significance of
some polymorphic loci associated with the studied phenotypes.
Notably, the alternative alleles of the studied GCLC SNPs have
a loss-of-function effect on GCLC expression, as revealed
by the analysis of genomic and transcriptomic data from the
GTEx database; this suggests a possible association between
the expansion of the cerebral lesion and the reduced GCLC
expression in the affected brain region. Thus, the obtained
data indicate that the studied polymorphic variants of the
glutamate cysteine ligase catalytic subunit gene are important
DNA markers determining the size of the ischemic stroke lesion
and the clinical manifestations of IS. Indeed, the analysis of
possible associations between GCLC polymorphisms and the
clinical manifestations of ischemic stroke is an important aspect
of genetic and epidemiological research and can provide new
evidence supporting the pathophysiological implication of the
gene in ischemic stroke, thereby allowing researchers to deepen
their understanding of molecular mechanisms underlying this
pathology [15].

According to the literature, glutathione deficiency in the
brain may be indirectly linked to the increased susceptibility of
brain tissue to oxidative stress during cerebral artery occlusion.
Experiments conducted in astrocyte cultures demonstrated
that depletion of the glutathione pool in astrocytes did not affect
their viability, at least during the first 24 hours of exposure, but

Table 1. Summary of the associations between GCLC polymorphisms and the number of past ischemic strokes

n (%)
Gene (SNP ID) Genotype, allele P - OR (95%Cl)?
Patients with 1 IS Patients with 2 or more IS
A/A-A/G 518 (99.6) 65 (97) 1.00
GCLC A>G (rs12524494) 0.05
G/G 2 (0.4) 2 (3.0 7.78 (1.07-56.42)
C/C-C/T 470 (100.0) 58 (96.7) 1.00
GCLC C>T (rs606548) 0.003
/T 0(0.0) 2(3.3) 40.2 (1.91-847.9)
Note: ' — indicates the significance of the association with the risk of 2 or more IS adjusted for age and sex; ? — OR and 95% Cl for the associations between the

studied SNPs and the risk of 2 or more IS adjusted for age and sex.
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Table 2. Effects of GCLC polymorphisms on its expression in the brain, arteries and blood (https://www.gtexportal.org)

Whole blood* Arteries Basal ganglia Cerebellum Cerebral cortex
leH Effect. Allele’ SNP ID

p z P beta P beta p beta P beta

GCLC A>G rs12524494 8.5x10"® | -8.59 - - - - - - - -

GCLC G>A rs17883901 - - - - - - - - - -

GCLC C>T rs606548 8.8x10® | -8.04 - - - - - - - -

GCLC G>A rs636933 2.1x10% | -10.63 - - 0.00005 -0.25 - - - -
GCLC T>G rs648595 12x107 | -17.77 - - 0.00002 -024 | - - 0.000001 -0.21
GCLC A>C rs761142 52x10% | —15.04 - - 0.000002 | -0.27 - - 0.000004 -0.23

Note: ' The allele that was analyzed for the possible effect on GCLC expression is shown in bold. Significant effects of SNPs on GCLC expression (o < 0.05) are
shown in bold. * — p — the level of statistical significance and the Z — score describing the effects of a given SNP on GCLC expression in the blood (eQTLGen,

www.eqgtlgen.org).

substantially increased their sensitivity to nitrogen or peroxynitrite
[7]. In vivo, the selective depletion of glutathione develops
during focal brain ischemia and persists during reperfusion [7].
The time and degree of glutathione depletion are associated
with the risk of tissue infarction. A study established that the
lesion size significantly decreased after intracerebroventricular
infusions of glutathione monoethyl ester, the compound
capable of raising mitochondrial glutathione levels [7].
Glutathione monoethyl ester was experimentally proved to have
neuroprotective properties in the setting of focal brain ischemia
[16]. Thus, changes in glutathione levels may contribute to the
severity of tissue damage in patients with ischemic stroke. It
is hypothesized that acrolein (a highly toxic a,B-unsaturated
aldehyde) produced in the setting of oxidative cerebral tissue
damage is one of the factors contributing to neuronal death
linked to the depletion of the reduced intracellular glutathione
pool in stroke patients [17].

CONCLUSION

The polymorphic variants rs636933 and rs761142 of the
GCLC gene are important markers determining the size of
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CHARACTERISTICS OF BRCA-ASSOCIATED BREAST CANCER IN THE POPULATION
OF THE RUSSIAN FEDERATION

Novikova El &=, Kudinova EA, Bozhenko VK, Solodkiy VA
Federal State Budgetary Institution Russian Scientific Center of Roentgenoradiology (RSCR) of the Ministry of Healthcare of the Russian Federation, Moscow

"Standard" diagnostic panels allow identification of only a few of BRCA1 and BRCA2 gene mutations most common in a population. Therefore, tests relying on
such panels may return false negative results, since the coding regions of these genes may have other defects. For breast cancer (BC) patients, false negative
test results may translate into selection of inadequate therapy by their doctors. This study aimed to identify the features of BRCA-associated breast cancer
in the population of the Russian Federation. The study included breast cancer patients (n = 4440). At the first stage, all patients were screened for the eight
most common BRCAT and BRCA2 genes mutations with the help of real-time PCR. Next, patients that exhibited clinical signs of a hereditary disease (CSHD)
in the absence of common mutations (n = 290) had the entire coding regions of BRCA1 and BRCA2 genes studied with next generation sequencing (NGS).
"Standard" mutations in the BRCAT and BRCAZ2 genes were identified in 169 (3.8%) cases. In the CSHD group, such mutations were revealed in 15.4% of
cases. NGS uncovered 33 rare pathogenic BRCAT and BRCA2 gene mutations in 40 out of 290 breast cancer patients (13.8%). It was concluded that among
the residents of the Russian Federation, the range of pathogenic variants of BRCA-associated breast cancer is wide, and it stretches beyond the mutations
considered by the "standard" diagnostic panels. Analysis of the entire coding regions of BRCA1 and BRCA2 genes allows increasing efficiency of detection of
germline mutations in breast cancer patients at least twofold.
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XAPAKTEPUCTUKA BRCA-ACCOLIMMPOBAHHOIO PAKA MOJIOYHOW XXENES3bI
B POCCUNCKOW nonynaumm

E. V. Hosukoea B E. A. KyauHoBa, B. K. BoxeHko, B. A. Conoaxwit
Poccuiickuin Hay4HbIn LEHTP peHTreHopaauonorun, Mocksa, Poccrs

Vicnonb3oBaHne «CTaHOaPTHbIX» AVAarHOCTUHECKUX MaHEeNen, AatoLLyX BO3MOXHOCTb ONPEAENSAThb NNLLb HECKOMBKO Hanbonee pacnpoCcTpaHeHHbIX B MOMyNsumm
MyTaumin B reHax BRCAT n BRCA2, MOXET NPUBOANTL K MOABNEHNIO JIOXKHOOTPULIATENBHBIX PESYNETATOB 13-3a HAMHNA APYIVX MOBPEXAEHWA B KOAVPYIOLLIX
06nacTsX AaHHbIX reHoB, YTO, B CBOK O4epefb, MOXET MPUBECTV K HeafeKBaTHOMY BbIGOPY TaKTVKW NeHeHnst y 60MbHbIX PakoM MOSIOHHOM xenesbl (PMK).
Llensto paboTbl 66110 BbISBUTL 0CO6EHHOCTV BRCA-acCcoLmMmMpOBaHHOMO paka MOSIOYHOW »eneabl B POCCUICKOM nonynsaumm. B nccneposaHve BOLWM NauyeHTb!
¢ anarHozom PMK (n = 4440). Ha nepeom atane metopom lNLP B peasibHOM BpemMeHr MPOBEAEHO CKPVMHUHIOBOE UCCIEA0BaHME BCEX MALMEHTOB Ha Hann4ne
BOCbMW Havbonee pacrnpocTpaHeHHbIX MyTauui B reHax BRCAT n BRCAZ2. [danee npu Hanu{um y NauyeHToB KIMHUYECKNX MPU3HAKOB HacneacTBEHHOro
3aboneBaHns (KIMH3) 1 oTcyTCTBUM pacnpocTpaHeHHbIX MyTauui (n = 290) NpoBoAMNM MCCnefoBaHe BCei koampytollen Yactun reHoB BRCAT n BRCA2
METOAOM CEKBEHMPOBaHMA HOBOrO nokoneHns (NGS). B 169 cnyqasx (3,8%) Oblm BbiBIEHbI «CTaHAAPTHbIe» MyTaumn B reHax BRCAT n BRCA2. B rpynne
naupeHToB ¢ KIMNH3 YacToTa BbISBEHHbBIX «CTaHAAPTHbIX» MyTauuii coctaBuna 15,4%. Metogom NGS y 40 13 290 60nbHbix PMXK (13,8%) Gbinn 06Hapy»KeHb!
33 pepkve natoreHHble MyTauum B reHax BRCAT n BRCAZ2. CpenaH BbiBog, 4To BRCA-accoummpoBaHHblin PMXK B pOCCUINCKOM MOMYASLMM XapakTepnayeTcs
LLUIMPOKWUM CMEKTPOM MaTOreHHbIX BAPUAHTOB, KOTOPbIN HE OMPaHNHEH MyTaLWAMM, BKIFOYEHHbIMU B «CTAHOAPTHbIE» KIMHUKO-ANArHOCTUHECKME MaHenn. AHaimna
BCel kogvpytoLein Yact reHos BRCAT n BRCA2 no3BonsieT noBbICUTb 3DMEKTUBHOCTL BbIABNEHUSI repMUHaNbHLIX MyTauuii y 60mbHbIX PMXK no kpaiiHei
Mepe B 2 pasa.

KnioueBble cnosa: myTaummn B reHax BRCAT n BRCA2, cekBeHMpoBaHme HOBOro nokoneHns, NGS, HacneACcTBEHHbIN pak MOMIOYHOM »Xenesbl
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Hormonal status and genetic predisposition are the key factors ~ CHEK2, NBN, ATM, PALB2 etc. [2, 3], are diagnosed in 5-10%
influencing breast cancer (BC) development [1]. of BC patients [2].

In up to 90-95% of BC patients, the cancer is sporadic, The most common hereditary reasons behind BC are
non-hereditary by nature. Its hereditary forms, which are  BRCA7T and BRCA2 gene mutations. These genes encode
characterized by various mutations in genes BRCA1, BRCA2,  proteins that enable double-strand DNA break repairs, control
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cell cycle, regulate transcription and apoptosis, maintain
genomic stability [4]. Damage to these genes increases the
likelihood of development of cancer, with the majority of such
progressions registered in young patients [5, 6]. The mutations
registered in genes BRCA71 and BRCA2 largely determine the
choice of therapy and preventive measures [7].

The current approach to diagnosing hereditary forms of BC
adopted in the Russian Federation implies using "standard"
diagnostic panels that, relying on PCR, make detection of
the BRCA1 and BRCA2 gene mutations most common in
our population quick and relatively inexpensive [8]. However, a
number of studies points to other clinically significant mutations
that cannot be detected with the "standard" panel but increase
the risk of cancer development. Therefore, their presence
requires a specialized approach in the treatment and prevention
of diseases [9].

This research effort aimed to study the features of BRCA-
associated breast cancer in the population of the Russian
Federation.

METHODS

The study included 4440 patients who underwent
examination and treatment at the Russian Scientific Center of
Roentgenoradiology from 2010 to 2019. The inclusion criteria
were: any age; diagnosed BC. The exclusion criterion was
patient's refusal to participate in the study. The age of cancer
onset varied from 20 to 90 years (Table 1). Samples of the tumors
of all patients were subjected to histological examination and
immunohistochemical analysis (IHC). Compiling the patients'
medical histories, we paid special attention to the signals of
possible hereditary nature of the disease.

Based on the medical histories and following
recommendations of the US National Comprehensive Cancer
Network (NCCN) [7], we formed a high-risk group exhibiting
clinical signs of hereditary disease (CSHD). The group included
1026 breast cancer patients aged 20-90 years. The patient
was added to the high-risk group if she had at least one CSHD:
disease manifestation at any age under 50, multiple primary
tumors (BC and/or ovarian cancer (OC)), cancer in the family
history (BC and/or OC in first- and/or second-degree relatives),
triple negative molecular subtype of the tumor.

At the first stage of the study, we employed real-time PCR
(RT PCR) in search of the BRCAT and BRCA2 mutations most
common in the Russian Federation: 185delAG, 4153delA,
5382insC, 3819delGTAAA, 3875delGTCT, 300T>G, 2080delA
(BRCAT) and 6174delT (BRCA2). All 4440 patients participating
in the study were examined. For DNA isolation, we used the
M-Sorb kits (Syntol; Russia). OncoGenetics BRCA reagent
panel (DNA-Technology; Russia), which includes specific
primers for detection of the eight studied mutations, was used
to carry out RT PCR.

At the second stage, we examined 290 patients from
the high-risk BC development group that had no "standard"
mutations detected at the first stage of the study. The entire
coding regions of their BRCAT and BRCAZ2 genes were
analyzed using next generation sequencing (NGS).

Using QlAamp DNA Blood Mini Kit reagents (Qiagen;
Germany) and relying on the protocol suggested by the
manufacturer, we isolated genomic DNA from peripheral
blood. The minimal acceptable DNA concentration was 10 ng/pL.
TruSight Cancer panel (lllumina; USA) and TruSight Rapid
Capture reagent kit (lllumina; USA) allowed us to prepare the
sequencing libraries. We followed manufacturer's instructions
and used the selective DNA region capture method.
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The prepared libraries were pair-end sequenced (2 x 151
base pairs) on a MiSeq system (lllumina; USA) using MiSeq
Reagent Kits v2 (lllumina; USA). The average coverage of the
target DNA regions was 100x and over.

The sequencing data were processed with the help of the
standard MiSeq Reporter v2.5 (lllumina; USA) software. In some
samples, the regions studied presented genetic abnormalities.
To increase accuracy, we excluded poor quality sequencing
reads from the analysis. Variant Studio 2.2 (lllumina; USA)
software was used to annotate and classify the identified
sequence variants.

Assessing the clinical significance of the genetic
abnormalities identified, we relied on the sequence variant
pathogenicity criteria suggested by the American College
of Medical Genetics and Genomics (ACMG) [10] taking into
account information published in accessible databases: doSNP
(The Single Nucleotide Polymorphism database), ClinVar
(Clinical Variation), HGMD (Human Gene Mutation Database),
BIC (Breast Cancer Information Core), OMIM (Online Mendelian
Inheritance in Man), EXAC (Exome Aggregation Consortium),
1000G (1000 Genomes Project) and CADD (Combined
Annotation Dependent Depletion), PolyPhen (Polymorphism
Phenotyping) and Sift (Sorting Intolerant from Tolerant). We
did not consider sequence variants that have no clinical
significance, as well as those of unknown clinical significance.

The identified nucleotide sequence changes were verified
with the help of the Sanger sequencing method. The analysis
was enabled by the ABI PRISM 3100 automated capillary
electrophoresis system (Applied Biosystems; USA).

RESULTS

Out of the total sample of RT PCR-diagnosed BC patients
(n = 4440), 169 people (3.8%) had BRCAT and BRCA2 gene
mutations detectable with the "standard" diagnostic panels
(Table 2). In the CSHD group, the share of patients with such
"standard" gene mutations was 4 times higher: the analysis put
it at 15.4%. The most common mutation was 5382insC in the
BRCAT gene. In the overall sample, this variant was detected in
2.9% of patients, while for the high-risk CSHD group this figure
was 11.5%, i.e., every 9th patient had the said mutation. Among
the identified "standard" mutations, the 5382insC variant was
found in 75% of cases. The remaining genetic variants included
in the "standard" diagnostic panel were detected at least an
order of magnitude less frequently (Table 2).

Next generation sequencing of the entire coding regions,
as well as the BRCAT and BRCA2 splicing regions, revealed
33 clinically significant variants in 40 out of 290 (13.8%) BC
patients from the high-risk group. In 18 cases, the abnormalities
were in the BRCAT gene: nine variants of nonsense mutations,
three variants of frameshift deletions, and two abnormalities in
splice sites. BRCA2 pathogenic sequence variants were found
in 22 patients; there were seven nonsense mutations, eight
variants of frameshift deletions and insertions, and two splice
site abnormalities (Table 3).

Among the identified genetic disorders, the most common
abnormal nucleotide sequence change was the ¢.3607C>T
mutation in BRCAT (7.5% of cases, three patients). The
following pathogenic mutations were detected in approximately
5% of cases: ¢.4689C>G and ¢.5224C>T in BRCAT,
€.1301_1304delAAAG, ¢.9089_9090insA and ¢.3283C>T in
BRCA2.

With the exception of mutation 5382insC in BRCAT, the
frequency of occurrence of each pathogenic variant detected
through NGS is comparable to the frequency of "standard"



ORIGINAL RESEARCH | MEDICAL GENETICS

Table 1. Clinical characteristics of the examined BC patients group

Characteristic BC patients (n = 4440)
Age
Average age of disease manifestation, years 52 (20-90)
Under 50 y.o., people (%) 1332 (30)
51 y.o. and older, people (%) 3108 (70)
Family cancer history
Yes, people (%) 533 (12)
No, people (%) 3907 (88)
Diagnosis
PMMN (BC/BC or BC/OC), people (%) 313 (7)
BC, people (%) 4127 (93)
Molecular subtype of tumor
ER(+) and/or PR(+)Her2(-), people (%) 2930 (66)
ER(+) and/or PR(+)Her2(+), people (%) 888 (20)
ER(-)PR(-)Her2(+), people (%) 222 (5)
ER(-)PR(-)Her2(-), people (%) 400 (9)
Histological type of tumor
Infiltrating ductal carcinoma, people (%) 3330 (75)
Invasive lobular carcinoma, people (%) 577 (13)
Other, people (%) 533 (12)

Note: PMMN — primary multiple malignant neoplasms.

BRCAT1 and BRCA2 gene mutations, with the difference insignificant
(o > 0.05).

Taking into account the available information on the features
of BRCA-associated breast cancer, we analyzed some clinical
characteristics of the patients that carried BRCAT and BRCA2
gene mutations, and studied morphological features of their
tumor samples (Table 4). In 94% of patients with BRCAT-
associated breast cancer and in all patients with BRCA2-
associated breast cancer, we detected at least one hereditary
disease sign (age under 50, cancer in family history, primary
multiple tumors, triple negative molecular subtype of the
tumor). Six percent of the patients exhibited no clinical signs of
a hereditary disease.

Comparison of the groups of patients with identified BRCA1
and BRCA2 gene mutations showed that in the BRCAT-
associated BC group, the average disease manifestation age
was 42 years (20-82 years), and in the BRCA2-associated BC
group the onset of the disease was registered at 44, on average
(25-79 years old). Moreover, 87% of the BRCA2-associated
BC group patients had the cancer diagnosed when they were
under 50, and in the BRCAT-associated BC group this figure
was 81%.

Over half of gene mutation carriers (63% with abnormal
BRCA1 and 74% with mutations in BRCAZ2) mentioned having
blood relatives with BC/OC. In both BRCA7-associated and
BRCAZ2-associated BC groups the frequency of detection of
primary multiple malignant neoplasms was rather high (22%
and 30% of cases, respectively) (Table 4).

The examination revealed that the majority of both BRCAT-
(91%) and BRCA2-associated tumors (61%) were infiltrating
ductal carcinomas (Table 4). However, upon comparison of the
groups it was found that the carriers of BRCA1 gene mutations
had the said type of cancer in 91% of cases, while those with
mutations in BRCA2 — only in 61% (p = 0.0003). For BRCA2-
associated tumors, on the contrary, there was a predominance
of invasive lobular breast cancer (30%) compared with BRCA1-
associated tumors (5%) (p = 0.0005).

The current classification of molecular subtypes of BC relies
on the IHC-enabled detection of expression levels of estrogen
(ER), progesterone (PR) and epidermal growth factor (Her2)
receptors. These indicators, scored in points, allow classifying
the cancer as one of the molecular subtypes, which, in turn,
largely determines the disease therapy and prognosis. In the
context of this study, we detected triple negative breast cancer

Table 2. Frequency of occurrence of BRCAT and BRCA2 gene mutations most common in the population (BC patients)

Gene Mutatioq name Number of mutation carriers in Mutation frequency, % Number of mutation carriers in Mutation frequency, %
(BIC classification) the examined group, people the CSHD group, people

BRCAT1 5382insC 127 2.9 118 1.5
BRCAT1 4153delA 5 0.1 4 0.4
BRCAT1 300T>G 10 0.2 10 1.0
BRCAT1 2080delA 8 0.2 8 0.8
BRCAT1 185delAG 10 0.2 9 0.9
BRCAT1 3819delGTAAA 8 0.2 8 0.8
BRCAT1 3875delGTCT - - - -

BRCA2 6174delT 1 0.02 1 0.1

Total 169 3.8 158 15.4
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Table 3. Characteristics and frequency of rare pathogenic BRCAT and BRCA2 sequence variants, CSHD BC patients group

Gene Genetic varia_n_t name Identification number Variant characteristic Number of patients,
(HGVS classification) (dbSNP) people
BRCA1 c.4327C>T (p.Arg1443Ter) rs41293455 nonsense mutation 1
BRCA1 €.4689C>G (p.Tyr1563Ter) rs80357433 nonsense mutation 2
BRCA1 ¢.5531-1G>A rs80358048 splicing site mutation 1
BRCA1 €.3607C>T (p.Arg1203Ter) 62625308 nonsense mutation 3
BRCA1 ¢.5224C>T (p.GIn1721Ter) rs878854957 nonsense mutation 2
BRCA1 ¢.4258C>T (p.GIn1420Ter) rs80357305 nonsense mutation 1
BRCAT1 ¢.1687C>T (p.GIn563Ter) rs80356898 nonsense mutation 1
BRCA1 c.4165_4166delAG (p.Ser1389Terfs) rs80357572 frameshift deletion 1
BRCA1 €.3257T>G (p.Leu1086Ter) rs80357006 nonsense mutation 1
BRCAT1 c.5152+1G>T rs80358094 splicing site mutation 1
BRCAT1 ¢.1510delC (p.Arg504Valfs) rs80357908 frameshift deletion 1
BRCAT1 c.83_84delTG (p.Leu28Argfs) rs80357728 frameshift deletion 1
BRCAT1 ¢.5314C>T (p.Arg1772Ter) rs80357123 nonsense mutation 1
BRCAT1 c.763G>T (p.Glu255Ter) rs80357009 nonsense mutation 1
BRCA2 8002A>T (p.Arg2668Ter) rs276174900 nonsense mutation 1
BRCA2 6070C>T (p.GIn2024Ter) rs80358844 nonsense mutation 1
BRCA2 €.6997_6998insT (p.Pro2334Thrfs) rs754611265 frameshift deletion 1
BRCA2 €.3748_3749insA (p.Thr1251Asnfs) rs397507683 frameshift deletion 1
BRCA2 ¢.5718_5719delCT (p.Leu1908Argfs) rs80359530 frameshift deletion 1
BRCA2 €.1301_1304delAAAG (p.Lys437llefs) rs80359277 frameshift deletion 2
BRCA2 ¢.9117G>A (p.Pro3039=) rs28897756 splicing site mutation 1
BRCA2 €.9089_9090insA (p.Thr3033Asnfs) rs397507419 frameshift deletion 2
BRCA2 c.632-1G>A rs81002820 splicing site mutation 1
BRCA2 c.4111C>T (p.GIn13717Ter) rs80358659 nonsense mutation 1
BRCA2 c.7254_7255delAG (p.Arg2418Serfs) rs80359644 frameshift deletion 1
BRCA2 c.3881T>A (p.Leu1294Ter) rs80358632 nonsense mutation 1
BRCA2 €.8909G>A (p.Trp2970Ter) - nonsense mutation 1
BRCA2 c.8168A>G (p.Asp2723Gly) rs41293513 nonsense mutation 1
BRCA2 ¢.5633delA (p.Asn1878ThrfsTer31) - frameshift deletion 1
BRCA2 €.7007G>A (p.Arg2336His) rs28897743 missense mutation 1
BRCA2 €.658_659delGT (p.Val220llefs) rs80359604 frameshift deletion 1
BRCA2 €.3283C>T (p.GIn1095Ter) rs397507662 nonsense mutation 2
BRCA2 c.8437G>T (p.Gly2813Ter) - nonsense mutation 1

(TNBC) in 29% of cases (54 patients) in the BRCAT-associated
BC group, while for the BRCA2-associated BC group the same
figure was only 4% (1 patient). We have also established that
almost all BRCA2-associated tumors (96%) were of the luminal
subtype and were characterized by the expression of estrogen
(ER) and progesterone (PR) receptors (Table 4).

DISCUSSION

The results of this study are consistent with the data of previously
published works. We confirmed that in the population of the
Russian Federation, BRCAT and BRCA2 gene mutations are
rather frequent, with the most common of them being 5382insC
in BRCAT, which is found an order of magnitude more often
than other mutations in these genes [2, 3, 8]. This fact confirms
the assumption that this sequence variant is of Slavic origin [2].

Among the rare pathogenic mutations detected with NGS,
the most common sequence variant was the ¢.3607C>T
mutationin the BRCAT gene. This genetic variant was described
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previously; it is associated with a high risk of development of
both BC and OC [11, 12].

The analysis of international and Russian publications
and databases showed that only a few of the identified rare
sequence variants were covered in the Russian studies. The
€.3607C>T mutation in the BRCAT gene was described in a
BC patient from St. Petersburg whose family history included
cancer patients [13]. The BRCAT gene mutations ¢.5224C>T
and ¢.5314C>T were found in the Tatar population in patients
with hereditary BC and OC [14]. Mutations ¢.4689C>G,
c.5152+1G>T in BRCA7T and mutations ¢.6997_6998insT,
C.7254_7255delAG and c¢.658_659delGT in BRCA2 were
detected in residents of Siberia and the Far East with hereditary
BC and OC [15]. The remaining variants, detected with the
help of NGS, were described in foreign publications and
databases only.

The results of this study confirm that BC patients with
mutations in the BRCAT and BRCA2 genes often exhibit
CSHD, including: disease manifestation at any age under 50,
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Table 4. Comparison of BRCA1- and BRCA2-associated BC, main clinical and morphological characteristics

Characteristic BRCAT1-associated BC (n = 187) BRCAZ2-associated BC (n = 23)
Age
Average age of disease manifestation, years 42 (20-82) 44 (25-79)
Under 50 y.o., people (%) 152 (81) 20 (87)
51 y.o. and older, people (%) 35(19) 3(13)
Family cancer history
Yes, people (%) 118 (63) 17 (74)
No, people (%) 69 (37) 6 (26)
Diagnosis
PMMN (BC/BC or BC/OC), people (%) 41 (22) 7 (30)
BC, people (%) 146 (78) 16 (70)
Molecular subtype of tumor
ER(+) and/or PR(+)Her2(-), people (%) 122 (65) 22 (96)
ER(+) and/or PR(+)Her2(+), people (%) 9 (5 0
ER(-)PR(-)Her2(+), people (%) 2(1) 0
ER(-)PR(-)Her2(-), people (%) 54 (29) 14
Histological type of tumor
Infiltrating ductal carcinoma, people (%) 171 (91) 14 (61)*
Invasive lobular carcinoma, people (%) 9 (5) 7 (30)*
Other, people (%) 74) 209
Presence of clinical signs of hereditary BC
With clinical signs of the disease, people (%) 176 (94) 23 (100)
Without clinical signs of the disease, people (%) 11 (6) 0

Note: * — significant differences with the BRCA1-associated BC group (o < 0.05); PMMN — primary multiple malignant neoplasms.

multiple primary tumors (BC and/or OC), cancer in the family
history (BC and/or OC in first- and/or second-degree relatives),
triple negative molecular subtype of the tumor. The absence of
CSHD in 6% of patients with mutations in the BRCAT may be
associated with their unawareness of cancer cases in the family
history or development of such mutations de novo.

In conformity with the previously published papers, we
found that the average age of cancer onset in the BRCA2-
associated BC group is 44, which is older than the average
onset age registered in the BRCAT-associated BC group (42).
According to the results of the combined study that merged
the analysis of pathomorphological characteristics of tumors
and clinical data of 3797 carriers BRCA71 gene mutations and
2392 patients with abnormal BRCA2 genes, the median age
of disease manifestation for the BRCAT7-associated BC group
was 40, for the BRCA2-associated BC group — 43 [16].

The data obtained in this study confirm that the majority of
BRCA-associated tumors are infiltrating ductal carcinomas, but
among the BRCA2-associated tumors, invasive lobular breast
cancer predominates, compared with BRCAT-associated
tumors [16].

We have shown that in carriers of the BRCAT gene mutations
(compared to BC patients with this gene undamaged), the tumor
is most often characterized by the absence of expression of the
estrogen (ER), progesterone (PR) and epidermal growth factor
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ANALYSIS OF 13 TP53 AND WRAP53 POLYMORPHISM FREQUENCIES IN RUSSIAN POPULATIONS
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In the last decade the search for and annotation of human genome polymorphisms associated with phenotype have become particularly important concerning the
opportunity of their use in medical and population genetics, pharmacogenomics and evolutionary biology. The study was aimed to calculate the frequencies and analyze
the prevalence of 13 germline polymorphisms of two genes, TP53 encoding the genome-keeper p53 protein and WRAPS3 involved in regulation of p53 production,
in 28 Russian populations. We obtained data on 9 exonic TP53 variants (rs587781663, rs17882252, rs150293825, rs112431538, rs149633775, rs144340710,
rs1042522, rs1800371, rs201753350), one intronic polymorphism (rs17881850), and three variants of WRAP53 (rs17880282, rs2287499, rs34067256). In the
majority of populations the sample size was over 50 people (except five populations with 30-49 surveyed people). The alternative alleles’ population frequencies for
studies genetic variants in most Russian populations were close to appropriate allele frequencies in European and Asian populations of similar origin taken from global
databases. The exceptions were six populations ("Central Caucasus", "Dagestan”, "northern Russians", "southeastern Russians", "Tatars" and "Transcaucasia") with
increased alternative alleles’ population frequencies. All listed populations except the population of “southeastern Russians” are characterized by polymorphisms with
high allele frequencies not satisfying the Hardy-Weinberg principle.
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AHAJIN3 YACTOT 13 NOJIMMOP®U3MOB B FrEHAX TP53 1 WRAP53 B POCCUNCKMX NONYNALUAX

M. B. Onbkosa'? B, B. C. MeTpyLueHko?, I tO. MNoHoMapes?

" MeAVKO-reHeTU4eCKUA HayHHbIN LIEHTP UMeHn akagemmnka H. 1. Boykosa, Mocksa, Poccust
2 NHcTuTyT 00LWei reHeTvku menn H. V. Baesunosa PAH, Mocksa, Poccuist

B nocnegHee pecsatunetvie MOMCK 1 aHHOTaLMSA aCCOLMMPOBAHHbIX C (PEHOTUMOM reHOMHbIX MOIMMOPGN3MOB HENTOBEKA, a TaKXKe U3YHeHNe 1X MONYAALMOHHBIX
4acTOT CTa/M OCOBEHHO aKTyaslbHbIMU B CBSA3M C BO3MOXHOCTBIO VX MPVMEHEHUS B MEAVILIMHCKON W MOMYNAUMOHHOW reHeTVKe, hapMakoreHoMuKe v
3BOSIOLMOHHON Bronormn. Llensto nccnenoBaHms 610 paccymTaTb HacToTy U MPOaHaIM3MPOoBaTh PacnpOCTPaHEHHOCTb B 28 POCCUMCKMX nomynaumax 13
repMUHaTbHBIX MOMMMOPVBMOB [BYX eHOB — TP53, MatpuLbl «xpaHUTens reHoma» 6enka ps3 1 reHa WRAPS3, BIMSIOLLETO Ha MPOM3BOACTBO Oenka p53. Bbum
Nosly4eHbl faHHble 419 9 9K30HHbIX BapuaHToB reHa TP53 (rsb587781663, rs17882252, rs150293825, rs112431538, rs149633775, rs144340710, rs1042522,
rs1800371, rs201753350), 0AHOrO MHTPOHHOrO NomMopdmrama (rs17881850), a Takke Tpex BapnaHToB reHa WRAPS3 (rs17880282, rs2287499, rs34067256).
[ns 60nbLUMHCTBA NOMyNALMIA BbIOOPKa Obina MpeacTasieHa Yncnom 6onee 50 4enoBek (3a UCKITKOHEHNEM MATY MOMyALMIA, B KOTOPbIX Obl1o 06cnenosaHo ot 30
10 49 Yenosek). [MNonynauUmoHHblE YaCTOTbl anbTEPHATVBHBIX aslieneit N3y4eHHbIX reHHbIX BapyaHTOB B GOMBbLUMHCTBE POCCUINCKX MONYNAUMA OKa3amncb 6M3Kn
K 3HA4YEHVSIM YaCTOT STUX aslneneit B COOTBETCTBYIOLLEN VX MPOVCXOXKAEHMIO EBPOMECKON UM a3naTCcKom NoMynsaLmm U3 MUPOBbIX 6a3 AaHHbIX. VIcKioyeHre
COCTaBUM LLECTb NOonynaumin («LleHTpanbHbIn KaBkad», «[arectaH», «CeBEPHbIE PYCCKME», «IOr0-BOCTOYHBIE PYCCKUE», «TaTapbl» U «3aKaBKas3be»), B KOTOPbIX
MONYNALMOHHbIE YaCTOTbl aNbTEePHATVIBHBLIX asenei ans 6obLUMHCTBA MapKepOoB OKa3aMch MOBbILUEHHbIMU. [19 BCex BbillenepeHmcneHHbIX MomnymsLuin, Kpome
«IOr0-BOCTOYHbIX PYCCKUNX», XapakTePHO HECOOTBETCTBYIE annener NoaMMopdU3MOB C MOBbILLEHHbBIMI HYacToTaMi paBHOBECUIO Xapan-BaiHbepra.

KnioueBble cnoBa: p53, TP53, WRAPS3, oHkoMapkep, NoamMopduram, NonynsuMoHHas 4actoTa, reHeTnyHecKast anuaeMmonoris
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BbICOKOTOYHOIO PEAAKTUPOBAHNS U FEHETUHECKMX TEXHONOMU Ans GromeamLHel PHIAMY v, H. /. Tnporosa (Mockea, Poccust) 3a BO3MOXHOCTb MCMOMb30BaHNS
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TP53 gene is responsible for synthesis of one of the most
notorious tumor suppressors, the p53 protein, which plays a
vital part in maintaining genetic stability of the cell and cancer
prevention. After activation due to cell damage, p53 triggers
a number of cellular responses aimed at cell recovery and
survival, or, in case the recovery is impossible, at programmed
cell death. Such diverse pleiotropic tissue effects of p53 are
due to total effect of co-expressed p53 isoforms. To date, at
least 12 p53 isoforms have been reported, which are produced
through alternative initiation of translation, the alternative
promoter usage and alternative splicing [1]. All p53 isoforms
share the common DNA-binding domain, but contain distinct
transactivation and inhibitory domain, enabling the differential
regulation of gene expression [2].

The TP53 gene shows an autosomal dominant pattern
of inheritance; it is associated with the risk of Li—Fraumeni
syndrome and other hereditary cancer syndromes. The altered
sensitivity to certain medications in people with a number of
TP53 gene polymorphisms has been confirmed (Table 1).

The region of WRAP53 gene with at least three alternative
promoters is located in the region 13.1 of the short arm of
chromosome 17 partially overlapping the 5'-region of the
TP53 gene, which is located on the chain oppositely oriented
to WRAP53 in a head-to-head orientation [3]. The WRAP53
gene plays a dual role. First, it encodes the antisense RNA
(WRAP53a), which regulates the levels of p53 mRNA through
interaction with the first exon of TP53, and is also involved in
stimulation of p53 protein production due to its impact on the
5'- untranslated region of p53 mRNA [4, 5]. Second, WRAP53
is responsible for WRAP53 protein (also called WDR79 and
TCABH1) synthesis; WRAPS38 belongs to WD40 protein family.
This protein contributes to maintaining the integrity and normal
function of the Cajal bodies essential for maturation of the
splicing machinery and telomere maintenance [6-8]. WRAP53f3
also promotes accumulation of the repair factor 53BP1 at DNA
double-strand breaks, thus stimulating the DNA repair [9]. The
WRAPS53 protein possibly possesses oncogenic properties, as
evidenced by the WRAPS3B overexpression in various cancer
cell lines compared to normal cells [7, 8]. It should be noted
that the involvement of this protein in carcinogenesis currently
remains questionable: there is a theory that overexpression may
be caused by the involvement of WRAP53B in DNA multiple
double-strand break repair in case of cancer development in
certain tissue [7].

The WRAP53 gene mutations show the autosomal
recessive pattern of inheritance. The homozygous mutations of
this gene may result in dyskeratosis congenita and Li-Fraumeni
syndrome.

The clinical significance of genes TP53 and WRAP53, as
well as high prevalence of their germline pathogenic variants
in various cancer types [10], explain the need for studying the
frequencies of these genes in populations of different countries.
The frequencies of polymorphisms of these genes have already
been studied in some European countries and the United
States: the details on frequencies of both clinically significant
polimorphisms and markers with uncertain significance may
be found on the web-sites of such projects as Clinvar [11] of
the National Center for Biotechnology Information of the USA,
Ensembil (joint scientific project of the European Bioinformatics
Institute and Sanger Institute) [12], and Genome Aggregation
Database (gnomAD) [13]. In Russia, “Genokarta”, the web-
site of genetic encyclopedia created by researchers from the
Novosibirsk State University is being actively developed [14].
Our study aimed at exploring distribution and frequencies of
13 polymorphisms of TP53 and WRAP53 genes in Russian
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populations is directed to expand the scientific knowledge in
this area with regard to populations living in our country.

METHODS
DNA sampling

DNA samples were provided by Biobank of North Eurasia [15].
DNA was extracted from blood and saliva using the standard
phenol-chloroform extraction method. The study included
1,785 DNA samples of volunteers who belonged to 28 Russian
populations, which, based on their places of residence,
covered the main regions of Russia (Table 2). Inclusion criteria:
volunteers belonging to certain ethnic group (based on the
self-identified ethnicity in four or more generations). Exclusion
criteria: samples failing to meet criteria of belonging to certain
ethnic group. Since the study was aimed at investigation of
autosomal markers, the gender distribution was not taken into
account during DNA sampling.

The size of each population was 30-87 people. The
composition of studied populations is presented in Table 2.
It should be taken into account that the studied genes TP53
and WRAP53 were autosomal, therefore, the actual number
of studied alleles was twice as much: 60-174 alleles for each
population.

Selection of polymorphisms

The list of TP53 and WRAP53 polymorphisms was established
based on genetic variants with proven clinical significance
submitted to ClinVar database (except the TP53 intronic
variant, rs17881850). The intronic variant rs17881850 was
included in the study in order to compare the allele frequencies
of neutral polymorphism with the allele frequencies of genetic
variants with confirmed clinical significance. Unfortunately, after
genotyping much of polymorphisms included in original list had
to be excluded from analysis, i. e. the population frequencies
were calculated only using markers genotyped successfully in
all populations.

Genotyping

Allindividuals were genotyped for nine TP53 exon polymorphisms
(rs587781663, rs17882252, rs150293825, rs112431538,
rs149633775, rs144340710, rs1042522, rs1800371,
rs201753350) and one intronic variant (rs17881850), as well as
for three WRAP53 polymorphisms (rs17880282, rs2287499,
rs34067256). Genotyping was carried out using the lllumina
(llumina Inc.; USA) genomic analysis microarray technology.
The standard 0.15 GenCall score cutoff value was used to
discard the poorly typed samples.

Basic data on studied polymorphisms

Full information on studied polymorphisms was obtained
from the web-site of the National Center for Biotechnology
Information of the USA [16], in particular from the ClinVar
archive [17] and Genome Aggregation Database (gnomAD)
[18]. The position of polymorphism in the human genome
was specified based on the version GRCh38.p12 of human
reference Genome Assembly (Table 1).

Since the information about some polymorphisms available
from public domains was incomplete, all markers were also
studied by functional analysis through hidden Markov models
designed for prediction of missense protein variants using the
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fathmm web-site [19]. To minimize the number of false positives,
a conservative threshold of —3.0 was chosen for analysis. The
data obtained were included in Table. 1.

Mathematical and statistical methods

Calculation of population alternative allele frequencies for
studied polymorphisms, calculation of x? criterion and p-value
for assessment of Hardy-Weinberg genotype frequencies, as
well as assessment of alternative allele frequency distribution
normality in studied populations were performed with RStudio R,
version 4.0.2 (RStudio; USA) and Microsoft Excel (Microsoft
Corp.; USA). The differences were considered significant at
p <0.01.

Multidimensional scaling

Two-dimensional representation of spatial distribution of
populations based on the alternative allele frequencies
calculated for studied markers TP53 and WRAP53 was
obtained with STATISTICA10 software package (StatSoft; USA)
via multidimensional scaling using the Nei's genetic distances
calculated with the DJ genetic software (RCMG; Russia).

RESULTS

Calculation of alternative allele frequencies for studied
markers in Russian populations

Based on the genotyping of 28 Russian populations, we
calculated alternative allele frequencies for nine exon TP53
polymorphisms (exon 2 — rs201753350; exon 3 —rs1042522,
rs1800371; exon 6 — rs144340710; exon 7 — rs112431538,
rs149633775; exon 10 — rs587781663, rs17882252,
rs150293825), one intronic TP53 variant (rs17881850), as
well as for three polymorphisms of exon 2 of WRAP53 gene
(rs17880282, rs2287499, rs34067256). The calculated
population alternative allele frequencies for the listed markers
are presented in Table 2.

Alternative allele frequencies and Hardy-Weinberg
equilibrium

To test the studied markers TP53 and WRAP53 for Hardy—
Weinberg equilibrium in the population, x® criterion was
calculated based on the existing allele ratio and the calculated
in accordance with the Hardy-Weinberg principle marker
population frequencies. Table 3 was compiled in order to
visualize the relationship between the alternative allele
frequencies and the Hardy-Weinberg equilibrium. In five of
28 studied populations (“Central Caucasus”, “Dagestan”,
“northern Russians”, “Tatars” and “Transcaucasia”) the
combination of high (compared to the listed in Table 2 reference
frequencies for the world’s populations of appropriate origin)
alternative allele frequencies and their non-equilibrium pattern
in the population (orange cells) were observed for most
markers. This suggests that the external factors (for example,
accidental inbreeding) may affect the pattern of studied alleles
in the discussed population. Genotyping errors may also
affect the results.

In the population of “southeastern Russians” alternative
alleles for many markers were identified; the frequencies of
those were higher compared to reference European population,
however, the alleles showed no deviation from the Hardy—
Weinberg equilibrium.

In some populations (“Komi and Udmurts”, “Siberian
Tatars”, “Western Caucasus”), the diversity of identified markers
was higher compared to reference populations of appropriate
origin, however, their frequencies were low (close to reference
values) and satisfied the Hardy-Weinberg principle. Among
studied markers, two markers (rs1042522, located in exon 3
of TP53, and rs2287499, located in exon 2 of WRAP53) were
characterized by high frequencies and satisfied the Hardy—
Weinberg principle in all populations.

Assessment of normality for distribution of alternative
allele frequencies in the populations

Since in theory the neutral alleles are not affected by natural
selection, and their population frequencies may follow a normal
distribution, we have assessed the normality of the marker
frequency distribution in the population using the Shapiro-Wilk
test. The test results have made it possible to confirm the null-
hypothesis for two markers: rs1042522 (W = 0.95, p = 0.18)
and rs2287499 (W = 0.97, p = 0.46). For other markers, the
normal distribution has not been confirmed.

Analysis of marker population frequencies by
multidimensional scaling (MDS)

In our study, multidimensional scaling was the most effective
method for the studied populations’ positioning in the low-
dimensional space allowing us to evaluate the genetic distances
between populations. MDS was performed for 29 populations
(Tatar and African populations were excluded due to sharp
contrast between their marker frequencies and the data for the
main population pool) (see Figure). For the MDS performed the
stress value was 0.068, and the alienation coefficient was 0.058.

The populations were pre-labeled as belonging to one
of three groups: Asian, European and Caucasian. The
populations grouped based on their origin (see Figure) allowed
us to determine three appropriate clusters: Asian, European
and Caucasian. In the Asian and European clusters having the
overlap area of a significant size, the populations are closer to
each other based on polymorphism frequencies, and in the
Caucasian cluster, the large frequencies’ variability between
populations is observed.

The boundaries of Asian cluster are quite clear. The only
exception is the joint population which includes Kazakhs,
Karakalpaks, Uighurs and Nogais; the position of this
population outside the cluster is due to higher level of some
markers showing the equilibrium pattern compared to other
Asian populations (Table 3).

European cluster has a more compact shape with high
population density around the central reference European
population, the marker frequencies for which have been
obtained from public sources. The following three European
populations appear to be far beyond the cluster: “northern
Russians", "southeastern Russians" and the joint population
of Mari and Chuvash. The population of “northern Russians”
is the only European population showing higher frequencies
of many markers deviating from equilibrium, which are
absent in other European population (Table 3). Compared
to the “northern Russians" population, the population of
"southeastern Russians" characterized by high frequencies of
some polymorphisms unusual for European populations, the
majority of which are in Hardy—Weinberg equilibrium (Table 3), is
extended beyond European cluster in the opposite direction on
the plot. The "Mari and Chuvash" population is deep inside the
Asian cluster, which may be due to anthropological composition
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Fig. Multidimensional scaling plot based on Nei's genetic distance matrix for 29 populations (Tatar and African populations were excluded from analysis due to
excessively large frequency differences with the rest of populations); stress value is 0.068, and the alienation coefficient is 0.058. The populations are divided into three
groups: Asian (red triangle), European (green triangle) and Caucasian (blue sign). The appropriate clusters have been distinguished: orange — Asian populations, green —
European populations, blue — Caucasian populations.
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of the Chuvash that includes both Caucasian individuals and
a significant proportion of Mongoloid individuals together with
mixed forms.

All populations of Caucasian cluster, except for the
"Western Caucasus” population falling in the overlap area with
Asian cluster and being in the close proximity to European
cluster, are characterized by high frequencies of all analyzed
polymorphisms and their non-equilibrium patterns (Table 3),
which brings them close to “northern Russians" based on the
discussed parameters (see Figure).

DISCUSSION

The study of TP53 and WRAP53 gene polymorphisms in
28 populations covering all major regions of Russia made it
possible to assess the frequency and distribution of selected
markers in various Russian regions and populations.

Assessment of alternative allele frequencies for the studied
markers in Russian populations revealed two major trends:

— two of 13 studied markers (rs1042522, located in exon
3 of TP53, and rs2287499, located in exon 2 of WRAP53) are
characterized by high frequencies in all populations, normal
distribution of marker population frequencies, and Hardy—
Weinberg proportions of alleles;

— in five populations (“Central Caucasus”, “Dagestan”,
“northern Russians”, “Tatars” and “Transcaucasia”), the
frequencies of most markers (except the mentioned above
rs1042522 and rs2287499, as well as the benign rs144340710
located in exon 6 of TP53) appeared to be high, and the alleles
of these markers showed non-equilibrium patterns. In the Tatar
population the abundance, frequencies and distribution of the
studied polymorphisms’ alternative alleles were significantly
higher compared to reference global values; they also
significantly exceeded the frequencies and abundance of these
polymorphisms in the major pool of Russian populations (Table 2).
This matter is subject to further research.

Two prevalent equilibrium markers, rs1042522 of TP53
gene and rs2287499 of WRAPS3 gene, are listed in the ClinVar
data base as benign markers. It means that their frequency
is too high for markers to be pathogenic mutations; markers
are found in hetero- and homozygous state in individuals
without severe disease for that gene; markers show no disease
association in appropriately sized case-control studies [20].
The fact that the alternative allele of rs1042522 polymorphism
being a part of p53 DNA-binding domain [21] shows high
frequency in all populations compared to reference genome
may indicate the reference genome carrying a random minor
allele. This assumption is indirectly supported by the reported
increased functional ability to induce apoptosis and prevent
cancer development in alternative Arg72 variant of p53 protein
compared to reference Pro72 variant [22].

Despite rs1042522 and rs2287499 are listed in scientific
databases as benign markers, literature contains a large
amount of data on their involvement in carcinogenesis. In
particular, it has been reported that heterozygous variant Arg/
Pro of p53 Pro72Arg polymorphism (Table 1) is associated with
high risk of melanoma compared to heterozygous variant Pro/Pro
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[23]; another paper reports association of the marker Pro/Pro
genotype with increased risk of nonsmall cell lung cancer in
patients from Moscow Region [21].

There are many literary sources on survival of cancer
patients, homo- and heterozygous for Pro72Arg, however, the
reported data is controversial. There is evidence of increased
median survival time in cervical cancer patients carrying Arg/Pro
genotype when compared with patients with Arg/Arg and Pro/
Pro genotypes [24], however, the extensive research carried
out by Danish specialists [25] has shown no association of
the mentioned above polymorphism with lower mortality after
cancer and lower cancer incidence in the general population.

However, rs1042522 is better known as a marker included
in the expert panel of Pharmacogenomics Knowledgebase,
which is associated with altered body response to some
antineoplastic drugs [26]. There is evidence of the p53 Pro
allele association with toxicity due to chemotherapy [27], as
well as evidence of lower response rate to fluorouracil-based
chemotherapy in gastric cancer patients carrying the Pro/Pro
genotype compared to patients carrying the Arg/Arg genotype [28].

The clinical significance of rs2287499 marker of gene
WRAP53 is much less well understood, however, there
is evidence of moderate linkage disequilibrium between
studied markers rs1042522 and rs2287499. The haplotype
combination CA/GC is associated with increased risk of breast
cancer, and the haplotype combination GA/CC, by contrast, is
assumed to be a protective factor against breast cancer [29].

The abundance and frequencies of other polymorphisms
in Russian populations vary significantly, however the
calculated frequencies of most polymorphisms correspond
to reference marker frequencies for Asian and European
populations in accordance with the origin of surveyed Russian
populations. Exceptions are five listed above populations
with high frequencies of the discussed markers. The clinical
significance of some studied polymorphisms (for example,
the intronic variant rs17881850) remains poorly understood.
However, recent evidence suggests that intronic TP53 gene
polymorphisms may also have some clinical significance [30].

CONCLUSION

The study allowed us to obtain data on germline TP53 (10 markers
of five exons and one intron) and WRAPS3 (three markers of exon 2)
polymorphism frequencies for 28 Russian populations. In the
majority of populations the calculated polymorphism frequencies
are close to values obtained for reference global population (Asian
or European) of appropriate origin. Six populations ("Central
Caucasus", "Dagestan", "northern Russians", "south-eastern
Russians", "Tatars" and "Transcaucasia") are characterized by
increased marker frequencies compared to reference values;
in all listed populations except the population of “southeastern
Russians” the marker alleles with high frequencies do not
satisfy the Hardy-Weinberg principle. The Tatar population is
characterized by high frequencies of polymorphisms’ allelic
disequilibrium, which demonstrates the need for more detailed
investigation of those in this population in order to reveal the
cause of such differences.
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MORPHOFUNCTIONAL CHARACTERISTICS OF CUTANEOUS CONNECTIVE TISSUE SCARS IN WOMEN
WITH PAST HISTORY OF CHILDBIRTH AFTER CESARIAN DELIVERY
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The inevitable outcome of skin injuries caused by a variety of external factors is the formation of a connective tissue scar. A scar can deform when exposed to
stretching, pressure or repeat surgeries and undergo structural changes leading to its dehiscence. Scar dehiscence is a common problem seen in women with a
past history of cesarean delivery. There have been comprehensive studies of uterine scars formed after the C-section, but the morphology of cutaneous C-section
scars has not yet been investigated. The aim of this study was to look into the morphology of connective tissue scars in multiparas with a past history of cesarean
delivery. Specimens of cutaneous scars were collected from 30 women after the C-section. Within one age group, fiber thickness was directly proportional to the
number of previous deliveries. Comparison of different age groups with the same number of previous deliveries revealed the thinning of collagen fibers and the
increased density of type Il collagen fibers. The most pronounced changes were observed in women with a history of 3 or more deliveries. We hypothesize that
a connective tissue scar undergoes structural transformation, becomes thinner, and its fibers dissociate due to repeated skin stretching, which might indirectly
suggest the dehiscence of the postoperative scar.
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MOP®O®YHKUMNOHAJIbHbIE OCOBEHHOCTU COEOUHUTENIbHOTKAHHOIO PYBLIA HA KOXKE
Y MOBTOPHOPOOALLNX XKEHLLIMH NMOCJE OMNMEPATUBHOIO POOOPASPELLIEHUA

E. C. MuwimHa' = M. A. 3atonoknHa', M. B. MHuxoBu+?, B. B. Xap4eHko'

" Kypckui rocynapCTBeHHbIn MEAMLIMHCKIIA yHUBepcuTeT, Kypck, Poccns
2 Hay4Ho-1ccnenoBaTensckuin MHCTUTYT Mopdonornmn Yenoseka, Mockea, Poccust

HapyLueHne LenoCTHOCTY KOXKHOMO MOKPOBa NoA, AeNCTBUEM Pa3NNYHbIX (HaKTOPOB HEN3HEXKHO MPUBOAWT K 00Pa30BaHNIO COeAVHUTENBHOTKAHHOMO pybua. Mog,
BO3[ENCTBMEM AMHAMUHECKVIX (DaKTOPOB (PacTshkeHve, AaBneHre, MoBTOPHO MPOBeAeHHbIe onepaLyv) pybeL, noasepraeTcs aedopmanmn, BCAeacTsue Yero
BO3MOXHA [A€30praHn3aLmns ero CTPYKTYPHbIX KOMMOHEHTOB 1 MOCNeAytoLLas ero HECOCTOATENBHOCTE. Havbonee YacTor Npobnemort Takoro nnaHa SBaseTcs
HECOCTOATENBHOCTL PYOLIOB Y MOBTOPHOPOASALLIMX XKEHLLMH, B aHaMHe3e KOTOPbIX MMEETCS XMPYPrudeckoe popopaspeLLeHre nyTem kecapesa cedeHist. B
nvTepaType NpeacTasfieHbl peaynsTaTbl KOMMNEKCHOMO 13y4eHnst pybLOB Ha MaTke Mocne onepauyn Kecapesa CeqeHyst, B TO Bpems Kak Mopdonornieckoe
nccnefoBaHe KOXHOro pybua y atux ke 6epemMeHHbIX He npoBogunock. Llenbto paboTtbl 6bI10 M3y4nuTb MOPEOMYHKLMOHANBHbIE 0COOEHHOCTM
COEAVHUTENBHOTKAHHOO pybLia Ha KOXe y MOBTOPHOPOAALLMX YKEHLLMH NMOCNe OnepaTvBHOrO PoAopaspeLLeHns. Viccnenosanu parMeHT koxHoro pybua y 30
>KEHLLH MOCne Kecapesa CedeHVisi. Y KEHLLMH B OAHON BO3PACTHOW rpynne yTOonLeHne BONIOKOH BbIo MPSMONPONOpLVOHasHO Yy poaos. Mpy cpasHeHnn
pa3HbIX BO3PACTHbIX MPYMM C OAMHAKOBBIM YCNIOM POAOB HAOMOAAM NCTOHYEHNE KOMIAreHOBbIX BOIOKOH, a Takke YBEMYEHe NIOTHOCTU BOSIOKOH KomnareHa
3-ro Tuna. Hanbonee BbIpaXKeHHbIE V3MEHEHS BbISIBNIEHbI Y XKEHLLWH C Tpems 1 6onee popopaspeLLeHmsMi. MoxXHO MPeamnonoxuTb, YTO MOf, BMSHUEM KPaTHOCTU
PaCTSHKEHUI KOXI MPOVCXOANT CTPYKTYPHAs NepecTpoiika COeAVNHNTENBHOTKAHHOO pybLia B BIAE VICTOHYEHVS 1 Ae30praHmn3aLiyii BONOKHUCTbIX CTPYKTYP, YTO
MOXET KOCBEHHO FOBOPWTL O HECOCTOATENBHOCTY MOCNEoNePaLWOHHOro pybLia.

KniouyeBble cnoBa: COeaVHUTENBHOTKAHHbIN pyﬁeu, KOXXa, KoJilareHoBble BOJIOKHA, pereHepauns, pactshKeHne, KecapeBo ceveHre

Bknap aBTopos: E. C. MulLHa — amnsariH nccnefosaHvis, coop 1 06paboTka MaTepranoB, aHanma Nosy4eHHbIX AaHHbIX, HanncaHne TekcTa; M. A. 3aTonokmHa,
M. B. MHunxoBwu4, B. B. Xap4eHKo — KOHLIENLMS 1 peflakTpOoBaH1e TEKCTa; BCE aBTOPbI MPOYN 1 0f00pUnv (DrHabHYO BEPCUIO CTaTbU.

CobniofeHne 3TUHECKUX CTaHAApPTOB: VICCNefoBaHNe Of0OPEHO PErvoHasbHbIM 3TUHECKUM KOMUTETOM KypCKOro rocynapCTBEHHOrO MeLULIMHCKOrO
yHmBepcuTeTa (MpoTokon Ne 4 ot 10 nioHs 2019 1), BbINONHEHO C COBMIOAEHNEM STUHECKIMX MPUHLMNOB NPOBEAEHMSI HayYHbIX MEOULMHCKNX UCCNefoBaHWiA C
y4acTVEM YeNOBEKa; BCE YHaCTHVKIM noanvcani 4o6poBosibHOe MHGOPMMPOBAHHOE Cornacyie Ha y4acTue B UCCNeAoBaHNM.
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The inevitable outcome of skin injuries caused by a variety of
exposures is the formation of a connective tissue scar [1-3].
Some scars, including hypertrophic scars and keloids, can
be esthetically displeasing; immature scars are prone to more
serious complications. Differences in scar tissue organization
and morphology are determined not only by the type of injury
but also by the duration and frequency of injurious exposure

[4-10]. This might explain the phenomena of wound dehiscence,
postoperative hernias and other negative outcomes [11, 12].
As indications for cesarean delivery are expanding, more
women of childbearing age are acquiring uterine scars, which,
in turn, necessitate cesarean delivery in future pregnancies [13].
In some cases, a C-section is combined with genitoplasty or
abdominal wall reinforcement to avert scar dehiscence, the
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most common complication of the C-section [14-17]. So, it
would be clinically relevant to study cutaneous scar morphology
and the reorganization of scar tissue in women with a past
history of childbirth.

METHODS

QOur study recruited 30 patients of Kursk Maternity Hospital.
The following inclusion criteria were applied: the absence of
obstetric or gynecologic pathology; delivery by cesarean
section. Exclusion criteria: preterm labor; systemic connective
tissue disorders. Fig.1 illustrates the distribution of the
participants by age.

The mean age of the participants was 33.1 + 3.93 years;
the mean height was 164.3 + 6.47 cm; the mean weight,
74.57 + 3.13 kg; the mean BMI, 0.28 + 0.05 kg/m?. The total
number of pregnancies specified in medical histories was 89.
The total number of deliveries was 77. Twenty-three women
(76.67%) had a past history of 2 cesarean deliveries; 6 women
(20%) had undergone a total of 3 cesarian sections; 1 woman
(8.33%) had a history of 4 cesarean deliveries. These figures
include cesarean sections performed during the study.

The participants were grouped by age and the number
of deliveries. A total of 5 groups with 1 to 12 women in each
group)were formed (Table 1).

Specimens of scar tissue with the adjacent flaps of normal
skin sized 3 x 6 cm were collected from all study participants
after the C-section. For light microscopy, the specimens were
fixed in 10% neutral buffered formalin. The specimens were
embedded in paraffin and sliced on a microtome following
the standard protocol. Sections of 5-7 pm were stained with
hematoxylin-eosin and Mallory’s trichrome stain. The presence
of collagen fibers in the specimens was verified by means of
immunohistochemical staining (IHC) with anti-collagen type |
and Il monoclonal rabbit antibodies (Novocastra; Germany).
Staining was performed in an automated LEICA BOND MAX
IHC stainer (Leica; Germany). Digital photos geometrically
and optically calibrated in Imaged 14,7a (National Institutes of
Health; USA) were further used to measure fiber thickness, the
areas of collagen fibers (for each collagen type) and interfiber
space in 30 fields of view (x10). The scar density coefficient
was calculated using the previously proposed formula:

K= (S, %)/(S,, %),
where K is the scar density coefficient;

S, is the area of collagen fibers;

S, is the area of interfiber space.

Then, the cellular makeup of the sampled scar tissue
was analyzed. Based on karyological features (x40), we
identified fibroblast cell lineages and proinflammatory cells.
Immunophenotyping tests were not performed. Cell count was
done per 100 cells in several (at least 10) non-overlapping fields
of view. Then, mean values were calculated. Statistical analysis
was carried out in Statistika 10.0 (Stat Soft; Russia). The
normality of data distribution was tested using the Kolmogorov-
Smirnov and the Shapiro-Wilk tests. The significance of
differences was assessed using the Mann-Whitney U test for
independent samples. Differences were considered significant
atp < 0.05.

RESULTS
Fiber analysis revealed that all the studied connective tissue
structures were composed of mature granulation tissue. In

groups I and lll (see Table 1), the fibers lied closest to each other
and were organized in one direction. In all groups, the fibers were
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fairly thick, with dense intrafibrillar structures. However, the major
fibers in groups Il and V (see Table 1) were composed of multiple
thin branching fibers. Cross-sectionally, all fibers were mostly
round. The morphometric analysis revealed that collagen fibers
in the studied fibrous tissue differed significantly in their thickness
between the groups. The thickest fibers were observed in the
specimens obtained from women of young reproductive age
with a past history of 3 deliveries. The thickness of collagen fibers
was 1.2 lower in women of the same age with a past history of
2 deliveries (7.8 = 0.11 um). In women of late reproductive age,
the thickness of collagen fibers was directly proportional to the
number of previous deliveries, decreasing from 6.1 + 0.12 to
4.7 + 0.1 pm for women with a history of fewer deliveries.

The analysis of the ratio of collagen fibers area to the area of
interfiber space in postoperative scars revealed that connective
tissue fibers were more densely arranged in women with a past
history of 2 deliveries at young reproductive age. The lowest
ratio was observed in women with a history of 3 to 4 deliveries.
These morphometric characteristics are shown in Fig. 2.

The IHC study of scar fragments revealed a decrease in
collagen content in patients with a history of 2 and 3 deliveries
at late reproductive age. Type | collagen was the most prevalent
in the scar tissue of younger women (Table 2).

The dynamics of inflammation and tissue repair was analyzed
by means of cell count in the scar tissue. The analysis revealed
that collagen synthesis was the dominant process in the scar
tissue of all study participants at the end of gestation. However,
the fact that immature fibroblast lineage cells dominated the
cellular composition of scars in women of late reproductive age
led us to hypothesize that collagen synthesis was still ongoing.
The dynamics of scar tissue cellular composition is illustrated
in Fig. 3.

DISCUSSION

With regard to the dynamics of cutaneous scar tissue structure,
the roughness and thickness of collagen fibers were directly

[l 20-30 years

B 30-45 years

Fig. 1. The distribution of the participants by age

Table 1. The distribution of the participants by age and the number of cesarean
deliveries

Number of deliveries
Age
2 3 4
20-30 years Group | Group Il
31-40 years Group Il Group IV Group V
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80 —

Group |
Group Il
Group Il
Group IV

Group V

Collagen fiber Collagen fiber Interfiber space Scar density
thickness area (%) area (%) coefficient

Fig. 2. The dynamics of morphometric characteristics of fibrous tissue. * — differences are statistically significant relative to the previous group (o < 0.05)

Table 2. The distribution of collagen types in the scar tissue between different groups of patients

Group Type | collagen density Type Il collagen density Type 1 to 3 collagen ratio
| 234 £1.1* 20.7 £1.2 1.1+0.32
Il 19.6 £ 0.76 18.9+1.3 1.03 £ 0.1
1] 234 £1.1 259 +1.2* 0.9 +0.07
\Y 149 +1.3* 10.7 + 0.4* 1.4+0.05
\Y 17913 16.6 + 0.5 1.07 + 0.05

Note: * — differences are statistically significant relative to the previous group (o < 0.05).

proportional to the number of previous deliveries (groups | past deliveries revealed collagen fiber thinning. These structural
and ll). The densest scars with the narrowest interfiber space  changes were the most pronounced in groups IV and V, i.e.
were observed in young women with a history of 3 deliveries.  in women with a past history of 3 or more deliveries. One of
Comparison of different age groups with the same number of ~ the main characteristics of a mature scar is its thickness and

60 —

50

40
M Group |
M Group Il

30 M Group Il
M Group IV

20 Group V

Lymphocytes (%) Macrophages (%) Fibrocytes (%) Fibroblasts (%)

Fig. 3. The dynamics of scar tissue cellular composition. * — differences are statistically significant relative to the previous group (o < 0.05)
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structural heterogeneity [18]. The scar density coefficient
calculated in the study reflects fiber thickness and the size of
the interfiber space. The greater is the scar density coefficient,
the thicker is the scar and the less pronounced is the interstitial
edema, which can expand the interfiber space. The obtained
data are indirectly suggestive of scar tissue dehiscence after
the third delivery in young patients. The analysis of collagen
types distribution demonstrated that the greatest number of
fibrous structures made up of type lll collagen was observed
in young women; in older women, scar tissue was mainly
composed of type | collagen. These data are consistent
with the data on the mechanisms of collagen synthesis in
uterine scars. Immunohistochemically, connective tissue is
characterized by moderate expression of type Il collagen [19].
Cellular mechanisms play a significant role in the formation of
a mature scar. One of the most important criteria of a mature
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ELEMENTAL COMPOSITION OF BLOOD OF INFERTILE PATIENTS PARTICIPATING
IN ASSISTED REPRODUCTION PROGRAMS

Syrkasheva AG =, Frankevich VE, Dolgushina NV

Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia

The association between levels of trace elements, endocrine diseases and reproductive impairments is actively investigated currently. In this connection, it
seems relevant to study elemental status (elemental composition of blood and amounts of elements therein) of infertile patients enlisted in programs employing
assisted reproductive technologies (ART). This study aimed to analyze trace elements in blood of infertile patients, relationship between the level of such trace
elements and parameters of the ART programs they are in. The study included 30 infertile patients aged 18-39 years. Relying on inductively coupled plasma
mass spectrometry, we identified concentrations of 31 chemical element in blood of the participants. Two elements out of 31 (antimony and beryllium) were not
found in any blood sample; 10 elements (titanium, chromium, cobalt, nickel, arsenic, mercury, barium, gold, vanadium) were detected in some blood samples,
the remaining 19 elements were found in all samples. Age of the patients correlated negatively with the level of silicon (- = -0.384; p = 0.036) and positively
with the level of molybdenum (r = 0.384; p = 0.036). The level of anti-mullerian hormone was in a significant negative correlation with the level of lithium
(r=-0.367; p = 0.046). The level of free thyroxine was in a significant negative correlation with the level of boron (r = -0.402; p = 0.028) and a positively correlated
with the levels of iron (r = 0.410; p = 0.024) and silver (r = 0.432; p = 0.017). Considering the embryological cycle, we noted a positive correlation between the
level of silicon and the number of blastocysts obtained (r = 0.387; p = 0.034). There was no statistical relationship registered between elemental composition of
blood the frequency of pregnancy in ART cycles.
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SNIEMEHTHbI COCTAB KPOBW MALMEHTOK C BECMJIOOVEM B NPOrPAMMAX
BCMOMOIATEJIbHbIX PENPOAYKTUBHbIX TEXHOJTOMMIA

A.T. Cbipkawesa =, B. E. ®parkesud, H. B. JonrywmHa
HaLI,I/IOHaJ'IbeIIZ Me,EI,I/ILI,I/IHCKI/IVI I/ICCJ'Ie,EI,OBaTeJ'IbCKI/IIZ LIEHTP aKyLlepcTBa, MHEeKOoorMmn 1 NepnHaToNnorni NMeHn B. . KyJ'IaKOBa, MOCKBa, Poccus

B CBA3M C aKTVBHbIM 13y4eHEM accoLaumnii Mexay YPOBHAMU MUKPOINEMEHTOB, SHAOKPVHHbIMU 3a00MEBaHMSMI 1 HAPYLLEHNEM PEMPOLYKTUBHOM yHKUMN
NPEenCTaBNSETCS akTyanbHbIM U3YyHYeHVe SNEMEHTHOMO CTaTyca Yy MauveHToK ¢ H6ecnnogMeM B NporpaMmax BCroMoraTesibHbIX PEnpOLyKTUBHBIX TEXHOMOMWIA
(BPT). Llenbto paboTbl 6bi110 NpoaHanmManpoBaTe Y NauneHTok ¢ 6ecniogreM CoaepKaHe MUKPOSEMEHTOB, CBSA3b MEXY YPOBHEM MUKPOSMEMEHTOB B 1X
KpOBW 1 MapameTpamu nporpammv BPT. B nccneposanve BkoveHo 30 naumeHTok ¢ Gecnnoavem B Bodpacte 18-39 net. Onpepensnm KoHueHTpaummn 31
XUMUHECKOTO 3/IEMEHTa B KPOBW NaLWIEHTOK METOAOM Macc-CreKTPOMETPUN C UHOYKTUBHO-CBA3aHHOM nna3mMoit. [1ga anemenHTa 13 31 (cypbMma 1 6epunnuil He
Obln 0BHaPY>KEHbI HU B 0AHOM 06pasLie kposu, 10 3M1eMeHTOB (TUTaH, XPOM, KObanbT, HUKENb, MbILLbSK, PTyTb, 6apuii, 30/10TO, BaHaOMWI) BbISBEHb! B YacTV
06pasLoB KpoBW, OcTaslmecs 19 anemeHToB — BO BCex obpasuax. Bo3pacT naumMeHTOK Haxoamncs B OTPULIATENBHOM KOPPENALMOHHON CBA3KN C YPOBHEM
KpemHus (r = —-0,384; p = 0,036) 1 B NONOXUTENBHOM — C YPOBHEM MonnbaeHa (r = 0,384; p = 0,036). YpoBeHb aHTUMIONIEPOBa rOPMOHa HAXOAWIICS B 3HAYVMOW
oTpULIaTENBHON KOPPENALMOHHON CBA3M C ypoBHEM nutus (r = =0,367; p = 0,046). YpoBeHb CBOOOAHOMO TUPOKCUHA HAXOAWUCS B 3HAYMMON OTpuLaTeIbHON
KOPPENSLMOHHOI CBSA3M C ypoBHEM 6opa (r = -0,402; p = 0,028) 1 NONOXMTENBHON KOPPENSALMOHHOM CBSA3M C ypoBHEM xenesa (r = 0,410; p = 0,024) n cepebpa
(r = 0,432; p = 0,017). Mpw OLEHKe 3MOPVONOrMYECKOrO 3Tana OTMeYeHa MONoXKMTENbHAS KOPPENSALMOHHAS CBS3b MEXY YPOBHEM KPEMHUSI U YKCIIOM
nony4eHHbIX 6nactoumncT (r = 0,387; p = 0,034). He BbIsSIBNIEHO CTATUCTUHECKON 3aBUCUMOCTI MeXOy 3/1EMEHTHbIM COCTABOM KPOBU 1 HaCTOTOW HaCTynneHus
B6epemeHHoCTY B Umknax BPT.

KrntoyeBble cnoBa: BCrioMoraTesbHble PENPOLYKTUBHbIE TEXHOMOMMM, AMOPUOHBI, OEPEMEHHOCTb, TSXKEbIE METaNSbl, MacC-CreKTPOMETPUS, MUKPOINEMEHTI,
3MIEMEHTHbIN cocTas kposu, AMIT
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The term "trace elements" appeared in the middle of the
20" century. According to the definition from the Medical
Encyclopedic Dictionary, trace elements are chemical elements
contained in body tissues at the concentrations of 1:100,000 or
below. There are essential (necessary) trace elements, which are
bioelements vitally important for sustaining life. They are integral

BULLETIN OF RSMU | 1, 2021 | VESTNIKRGMU.RU

components of the human body. There are also conditionally
essential trace elements, for which there is a growing body of
evidence backing their role in supporting normal functioning of
the body. Finally, there are toxic or potentially toxic trace elements,
those that the body holds in small amounts only, with their role
and possible negative effects not well understood currently [1].
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The world scientific community has grown interested in
trace elements when researchers began investigating specific
diseases that have a direct connection with certain elements.
The most prominent examples of such diseases are the
Minamata disease (mercury poisoning) and ltai-ltai (cadmium
poisoning).

Elemental status is also well known to play a role in
development of other diseases, as is the case with iron
deficiency and anemia, iodine deficiency and thyroid pathology,
zinc deficiency and skin diseases and nervous system disorders.

However, this area of medicine remains one of the least
studied. Firstly, this is due to the low concentrations of various
trace elements in the human body: detecting and quantifying
them requires application of complex and expensive methods.
Secondly, there are no data on the metabolism of rare trace
elements in the body: samples of human blood and/or hair are
mainly used to study them. Thirdly, changes in the composition
of trace elements are well studied only in the context of specific
diseases. Currently, researchers actively develop this area. For
example, there are studies aimed at uncovering the relationship
between changes in the composition of trace elements and
endocrine system diseases [2, 3].

In 1984, the International Society for Trace Element
Research in Humans was founded. Its goals are to consolidate
and distribute data on the biological role of trace elements in
various pathological processes in human beings.

Investigating the role of trace elements in reproductive
disorders is a difficult yet rewarding task. Patients participating
in programs relying on assisted reproductive technologies
(ART) are an interesting group to study. Firstly, they are young
women without chronic somatic diseases and with good
medical examination results (the examination mandatory before
joining an ART program). Secondly, this group allows studying
the embryological parameters, such as quality of oocytes
and embryos, frequency of oocyte fertilization. Therefore, we
decided to select this category of patients for the present study.

This study aimed to analyze the content of trace elements
in infertile patients, investigate the relationship between the
level of trace elements in their blood and the parameters of
ART programs designed for them.

METHODS

The study included 30 patients who applied for ART infertility
treatment 2017 to 2018. The inclusion criteria were: no
contraindications for ART,; normal karyotype of both spouses;
absence of severe male factor (100% teratozoospermia,
absolute asthenozoospermia, all types of azoospermia); age
18 through 39 years; body mass index (BMI) 19-25 kg/m2.
All the participating patients have been residents of Moscow
for the last 5 years. The exclusion criteria were: use of donor
gametes, surrogacy; obtaining three or less oocytes on the day
of transvaginal ovarian puncture.

All the couples included in the study were examined as
necessary before enrolling in an ART program [3].

Ovarian stimulation followed the protocol with gonadotropin
releasing hormone antagonists [4]. For transvaginal ovarian
puncture and oocyte aspiration, we relied on the standard
technique [4].

Venous blood was sampled for examination on the day
of transvaginal puncture; the samples, once taken, were
cryopreserved at =70 °C. Inductively coupled plasma mass
spectrometry enabled quantification of essential and toxic
trace elements in the patients' blood. The laboratory that
studied the samples had no access to the clinical particulars of

the participants. We identified concentrations of the following
trace elements: lithium (Li), boron (B), sodium (Na), magnesium
(Mg), aluminum (Al), silicon (Si), potassium (K), calcium (Ca),
titanium (Ti), chromium (Cr), manganese (Mn), iron (Fe), cobalt
(Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), selenium
(Se), molybdenum (Mo), cadmium (Cd), antimony (Sb), mercury
(Hg), lead (Pb), barium (Ba), gold (Au), vanadium (V), silver (Ag),
beryllium (Be), bismuth (Bi), tungsten (W), gallium (Ga) (31
elements).

The oocytes were fertilized in vitro, following the "classical"
in vitro fertilization (IVF) technique, or through intracytoplasmic
sperm injection (ICSl). The embryos were cultivated and
transfered using methods accepted in clinical practice [4].

Fourteen days after transfer to the uterine cavity, we
measured the concentration of B-hCG in the patient's blood.
In case of registration of the embryo's heartbeat 5 weeks after
the transfer, we announced clinical pregnancy.

SPSS 22 (IBM; USA) software package enabled statistical
analysis. Normally distributed data were presented as mean
(standard deviation). In comparison of category variables,
our statistical analysis relied on the x2 test, in comparison of
medians — on the Mann-Whitney test. Abnormally distributed
data were presented as median (interquartile range). Pearson
criterion was factored into the correlation analysis.

The differences between statistical values were considered
significant at p < 0.05.

RESULTS

We analyzed concentrations of 31 chemical element in blood
of 30 patients. Two elements (antimony and beryllium) were not
found in any blood sample; 10 elements (titanium, chromium,
cobalt, nickel, arsenic, mercury, barium, gold, vanadium) were
detected in some blood samples, the remaining 19 elements
were found in all samples. Table 1 presents the chemical
elements distribution data.

Age of the patients correlated negatively with the level of
silicon (r = —0.384; p = 0.036) and positively with the level of
molybdenum (r = 0.384; p = 0.036). Body weight and BMI were
not connected to the patients' elemental status.

In smoking patients (n = 5), the median calcium level was
significantly (p = 0.02) lower than in non-smokers (n = 25):
98.2 mg/l versus 102.4 mg/I.

Assessing the obstetric history, we noted that the number
of pregnancies positively correlated with the patient's levels of
sodium (r = 0.455; p = 0.012) and chromium (- = 0.484; p = 0.007).

Studying gynecological histories of the patients, we found
no connection between the level of trace/macroelements and
recorded gynecological diseases (endometriosis, myoma,
inflammatory diseases of the pelvic organs), primary or
secondary infertility and duration thereof.

Analyzing laboratory indicators of the patients, we
discovered a relationship the level of trace elements, anti-
mullerian hormone (AMH) and free thyroxine (T4,_). The level
of AMH was in a significant negative correlation with the level
of lithium (r = -0.367; p = 0.046). The level of free thyroxine
correlated negatively (significant correlation) with the level of
boron (r = -0.402; p = 0.028) and positively with the levels of iron
(r=0.410; p = 0.024) and silver (r = 0.432; p = 0.017) (Table 2).

Evaluation of features of the ovarian stimulation protocol
revealed a relationship between the total dose of gonadotropins,
the duration of stimulation, the levels of aluminum, zinc,
selenium and barium (Table 3).

Analysis of the parameters of oogenesis and early
embryogenesis allowed discovering a positive correlation
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Table 1. Concentrations of essential and toxic trace elements in patients
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Element Detection frequency Median Interquartile range Minimum/maximum
Lithium (Li), pg/I 100% 18.17 1.01-34.43 10.22-29.83
Boron (B), pg/! 100% 141.6 84.0-165.7 68.6-206.5
Sodium (Na), mg/I 100% 3213.5 3070.0-3459.0 2946.0-3567.0
Magnesium (Mg), mg/| 100% 20.0 18.8-21.4 13.3-25.9
Aluminum (Al), pg/Il 100% 60.145 51.55-85.03 24.19-126.45
Silicon (Si), pg/! 100% 493.200 179.9-636.9 38.5-892.1
Potassium (K), mg/| 100% 165.5 152.0-190.0 136.0-210.0
Calcium (Ca), mg/I 100% 100.550 95.2-106.0 92.3-109.5
Titanium (Ti), pg/I 93.3% (n=28) 2.745 1.88-3.56 0-4.95
Chromium (Cr), pg/I 26.7% (n=8) 0 0-1.41 0-0.40
Manganese (Mn), ug/| 80.0% (n=24) 0.76 0.63-0.93 0-1.59
Iron (Fe), ug/! 100% 1377.5 965.0-1754.0 401.0-2568.0
Cobalt (Co), ug/! 76.7% (n=23) 0.197 0.113-0.339 0-0.412
Nickel (Ni), pg/!l 36.7% (n=11) 0 0-0.61 0-6.18
Copper (Cu), ug/!l 100% 1401.5 1121.0-1740.0 788.0-2427.0
Zinc (Zn), pg/l 100% 873.0 781.0-960.0 593.0-1150.0
Arsenic (As), pg/I 96.7% (n=29) 0.41 0.23-0.80 0-3.20
Selenium (Se), ug/! 100% 85.3 76.5-95.6 55.0-119.5
Molybdenum (Mo), pg/! 100% 0.705 0.640-0.860 0.400-1.150
Cadmium (Cd), pg/I 100% 0.275 0.20-0.38 0.1-2.42
Antimony (Sb), pg/| 0 - - -
Mercury (Hg), pg/l 96.7% (n=29) 0.19 0.14-0.41 0-0.70
Lead (Pb), pg/I 100% 8.970 7.43-12.98 4.80-17.86
Barium (Ba), pg/I 40.0% (n=12) 0 0-0.55 0-2.28
Gold (Au), pg/! 96.7% (n = 29) 0.034 0.019-0.072 0-0.099
Vanadium (V), pg/I 3.3% (n=1) 0 0-0 0-0.278
Silver (Ag), pg/I 100% 0.270 0.160-0.760 0.030-3.410
Beryllium (Be), pg/I 0 - - -
Bismuth (Bi), ug/! 100% 2.068 0.935-2.839 0.107-3.408
Tungsten (W), pg/! 100% 0.034 0.028-0.045 0.0015-0.050
Gallium (Ga), ug/! 100% 0.007 0.005-0.009 0.001-0.010

between the number of blastocysts obtained and the level of
silicon (r = 0.387; p = 0.034). No other significant differences
between levels of trace elements and parameters of oogenesis/
early embryogenesis were detected.

Clinical pregnancy was registered in 15 cases (50%). The
level of trace elements did not differ significantly in patients with
different ART program outcomes (p > 0.05).

DISCUSSION

The number of studies demonstrating relationship between a
person's elemental status and peculiarities of various diseases
in this person has been growing in the recent years [2, 5, 6].
In a healthy body, homeostatic mechanisms keep the levels
of trace elements within physiological range. However, against
the background of changing external conditions (as a rule —
changes in diet and the surrounding environment, ecology),
the balance of trace elements may be broken, which leads to
a deficiency or, conversely, an excess of certain substances
[3]. Such conditions are difficult to diagnose, mainly due to the
lack of a characteristic clinical picture associated with them
and problematic access to laboratories capable of analyzing
elemental composition of the human body. The discussion about
the ideal matrix for trace element analysis (blood/urine/hair)
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is ongoing [1, 7]. It should also be remembered that it is still
unclear what roles many of the trace elements play in the
human body, same as the processes of metabolism of trace
elements. Elemental status of a person may depend on sex,
age and other less obvious attributes [8]. All these factors make
research in this area extremely promising.

In this study, we evaluated elemental status of blood
of infertile patients who applied for ART programs. One of
the inclusion criteria required residency in a region of Russia
favorable from the point of view of the trace element balance [9].
Selection of patients with certain clinical characteristics reduces
the likelihood of influence of known factors (obesity, endocrine
diseases, ecologically unfavorable region of residence) on the
elemental status.

The study revealed a relationship between elemental
composition of the patients' blood and their clinical
characteristics, but uncovered no connection between the
women's elemental status and ART program outcomes.

Age of the patients was negatively associated with the level of
silicon, while correlating positively with the level of molybdenum.
Molybdenum is an essential trace element; silicon can be called
an element "probably necessary" for functioning of a human
body. Silicon is concentrated in connective tissue: arterial
walls, tendons, skin. It is assumed that the content of silicon
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Table 2. Correlation between hormonal parameters and elemental composition of the patients' blood

AMH T4, . Lithium Boron Iron Silver
r=0.130 r=-0.367 r=-0.055 r=0.040 r=0.253
AMH 1
h=0.495 p=0.046 p=0.773 p=0.835 p=0.177
r=0.130 r=0.183 r=-0.402 r=0.410 r=0.432
T4, 1
e h=0.495 p=0.334 p=0.028 p=0.024 p=0017
r=-0.367 r=0.183 r=0.104 r=0.258 r=-0.281
Lithium
p=0.046 p=0.334 p=0.583 p=0.168 p=0.133
r=-0.055 r=-0.402 r=0.104 r=-0.074 r=-0.329
Boron 1
p=0.773 p=0.028 p=0.583 p=0.698 p=0.076
| r=0.040 r=0.410 r=0.258 r=-0.074 ; r=-0.59
ron
p=0.835 p=0.024 p=0.168 p=0.698 p=0.758
r=0.253 r=0.432 r=-0.281 r=-0.329 r=-0.59
Silver 1
p=0.177 p=0.017 p=0.133 p=0.076 p=0.758

in the human body changes with age, but the mechanisms
behind this change have not been described exhaustively [10].
Molybdenum plays a controversial role in the human body. It is
a component of various enzymes. Molybdenum preparations
are traditionally used to treat Wilson's disease; in addition,
there are reported cases when it was used successfully to treat
Crohn's disease [11]. Researchers have shown angiogenesis
suppressing properties of molybdenum preparations in the
context of pre-clinical anticancer drug studies [12]. At the
same time, at elevated concentrations, this metal is toxic. High
level of molybdenum in the blood translates into higher risk of
arterial hypertension and other cardiovascular diseases [13].
Further research is needed to assess the negative effects of
molybdenum on human health.

Osteoporosis and osteopenia are the background
conditions for studies analyzing the effect of smoking on
calcium metabolism [14]. In our study, smoking patients had
reduced calcium levels compared with nonsmokers. Calcium
is an important element for a human body; during pregnancy
and lactation, the need for this element increases significantly.
The data obtained can be used in counseling patients,
recommending smoking cessation during pregnancy planning.

The analysis of laboratory indicators showed a negative
correlation between levels of lithium and AMH. AMH is most
widely used descriptor of ovarian reserve. Lithium preparations
have long been used to treat psychiatric conditions (mainly
manic depressive disorders). In some cases, it is necessary to
continue taking lithium preparations during pregnancy, which

is why researchers pay special attention to evaluation of their
negative impact on the reproductive and endocrine systems
[15]. A group of Iranian researchers demonstrated a decrease
in the expression of genes for steroidogenesis in rat ovaries
[16]. The connection between lithium and human ovarian
reserve values requires further study.

The level of free thyroxine is connected with the levels of iron,
boron and silver. At the same time, there was no connection
registered between the levels of thyroid-stimulating hormone
and trace elements. Various authors have reported negative
relationship between boron and the level of thyroid hormones
in animals [17, 18]. In laboratory animals, boron preparations
were associated with development of hypothyroidism. Boron
regulates the activity of parathyroid hormone, which may
explain the link between boron and trace element levels.

Analyzing the ovarian stimulation protocol, we discovered
a connection between the levels of aluminum and zinc and the
total dose of gonadotropins, as well as a relationship between
selenium, barium and the duration of ovarian stimulation. No
other studies published report such correlations. Overall, the
number of days of stimulation correlates with the duration of
the patient cycle's follicular phase, which, in turn, is associated
with the ovarian reserve. Duration of the cycle may be influenced
by the increased levels of selenium, which is a coenzyme of
glutathione peroxidase, an antioxidant enzyme. At the same
time, growing level of selenium may be a compensatory response
to the increasing concentration of barium, a toxic heavy metal,
since selenium plays a key role in detoxification of heavy metals.

Table 3. Features of the superovulation stimulation protocol and elemental composition of the patients' blood

Number of days of Total dose of . . ) .
. - . Aluminum Zinc Selenium Barium
stimulation gonadotropins
Number of days of ; r=0.318 r=0.209 r=0.296 r=0.409 r=0.562
stimulation p=0.087 p=0.268 p=0.113 p=0.025 p=0.001
Total dose of r=0.318 ; r=0.588 r=0.469 r=0.246 r=0.029
gonadotropins p=0.087 p=0.001 p =0.009 p=0.190 p=0.881
r=0.209 r=0.562 r=0.354 r=0.006 r=-0.153
Aluminum 1
p=0.268 p=0.001 p=0.055 p=0.977 p=0.420
- r=0.296 r=0.469 r=0.354 ] r=0.351 r=0.175
inc
p=0.113 p=0.009 p=0.055 p=0.057 p=0.355
r=0.409 r=0.246 r=0.006 r=0.351 r=0.492
Selenium 1
p=0.025 p=0.190 p=0.977 p=0.057 p =0.006
r=0.562 r=0.029 r=-0.153 r=0.175 r=0.492
Barium 1
p=0.001 p=0.881 p=0.420 p=0.355 p =0.006
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We have identified a positive link between total gonadotropin
dose and zinc and aluminum levels, with a weak positive
association between these elements. Zinc is a component of
at least 200 different enzymes, and perhaps some of them play
a role in the synthesis of steroid hormones and their receptors.
The toxic effect aluminum has on oogenesis in rodents was
demonstrated by biologists from Brazil. They assume aluminum
directly damages ovarian tissues and inhibits antioxidant
enzymes [19].

Considering the embryological cycle, we noted a positive
correlation between the level of silicon and the number of
blastocysts obtained, while the relationship between silicon and
the number of oocytes was not registered. Silicon is necessary
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OCULOMOTOR RESPONSE TO IMAGES IN PRIMARY SCHOOL CHILDREN WITH
MILD INTELLECTUAL DISABILITY

Nikishina VB!, Prirodova OF', Petrash EA'™, Sevrukova IA?
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Oculomotor activity (eye movements) is an essential component of visual data acquisition, analysis and use. The aim of this study was to determine the characteristics
of oculomotor response to static images in primary school children with mild intellectual disability (ID). Our sample included a total of 49 schoolers (23 children
with mild ID and 26 typically developing children). Oculomotor activity was evaluated using a GP3 Gazepoint eye tracker. The participants were presented with
15 visual stimuli: 10 pictorial and 5 mixed (pictures + text) static color images. Children with mild ID generated significantly fewer fixations (o = 0.038) than typically
developing children. So, learning materials containing both pictorial and textual images are ineffective because textual elements are completely ignored by children
with mild ID. The total duration of gaze fixations was significantly longer (p = 0.029) in typically developing children than in children with mild ID. However, the average
duration of a single gaze fixation was longer in children with mild ID. The identified features of oculomotor response can help to optimize the format of instructional
materials for primary school children with mild ID.
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rMA3OBUIATE/IbHbIE PEAKLIW MPU BOCMPUATUN U3OBPAXKEHUI MNIALLLNMUA
LWIKOJIbHUKAMW C NIEFKOW CTENEHBIO YMCTBEHHOM OTCTAJIOCTU

B. B. Hukuwwmna', O. @. Mpupogosa’, E. A. MeTpaw' =, U. A. Cesptokosa?

" Poccuiickunii HaumMoHabHbIA MCCReaoBaTeNbCKU MeAULMHCKIIA yHMBepcuTeT umenn H. V1. Muporosa, Mockea, Poccus
2 Kypckuii rocyaapCTBEHHbIN MEAULIMHCKUIA yHUBepCHTeET, Kypek, Poccus

OKynoMoTOpHas akTUBHOCTb (rna3oaBuraTesnibHble peakummn) MOXXET OblTb HEOOXOANMbIM KOMMOHEHTOM MCUXUHECKMX MPOLIECCOB, CBS3AHHbIX C MOSyYeHreM,
npeobpazoBaHNEM 1 UCMONB30BaHNEM 3PUTENBHON HopMaumn. Lienbto paboTbl BbI10 onpeaeniTb, KakoBbl OCOBEHHOCTI ras3oaBuUraTesibHbIX peakLmi npm
BOCMPUSITUN CTaTUYHBIX M300PaXKEHNI Y MNaALLIMX LLIKOMBHUKOB C NIErKOM CTeneHbto yMcTBeHHoW otcTanocTu (YO). O6bem BbIGOPKM COCTaBmn 49 YenoBek:
23 yenoBeka ¢ nerkon cteneHbto YO, 26 4enoBek ¢ HOPMaTMBHBIM TUMOM MCUXUHECKOro pasBuTust. OUeHKy rnadoaBuraTenbHbiX peakLinii OCyLLECTBASN C
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In 2019, O to 14-year-old Russians with first-time diagnosed
intellectual disability (ID) amounted to 4.8% of all pediatric
patients with mental disorders [1]. This number has been
showing a positive curvilinear trend over the past 10 years.

At primary school, intentional learning is the leading type
of activity, i.e. the main driver of a child’s mental development.
Visual perception forms the basis for intellectual activity. Children
with perceptual differentiation deficiency cannot recognize an
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object from its parts and are unable to discriminate between
similar-looking objects [2].

In order to address educational challenges faced by the
teachers and parents of children with developmental disorders,
visual perception should be viewed as a function involving the
encoding and analysis of object features, their multisensory
convergence, object identification, and the assessment of
object importance [3].
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Intellectual disability coded as F70 by ICD-10 is a type of
developmental disorder. It is characterized by incomplete brain
development, increased exhaustibility of mental activity, slow
cortical activity, and compromised anatomy and physiology of
the visual system underlying cognitive impairments, including
sensory and perceptual dysfunction [4-10].

Visual perception is the sum of processes involved in
creating a visual impression of the environment based on visual
input [3].

In primary school children with cognitive disorders the
generality of perception is compromised. Minor details and
small objects go unnoticed; only salient features are perceived.
The structural elements of an object are not recognized [4].
Children with ID have a narrow scope of visual perception.
Typically developing primary school children are capable of
simultaneously perceiving 8 to 12 small objects, whereas their
peers with ID can only perceive 4-6 objects at a time [10].

Size constancy (perception of distant objects) is much worse
in children with ID than in their typically developing peers [8].

Children with ID cannot establish connections or identify
a relationship between animate or inanimate objects in a
genre scene [5]. This may be due to slow mental activity and
sequential picture processing. The analysis of eye trajectory
during picture viewing reveals that the glance is often drawn to
the same, probably more informative elements of the picture;
other elements receive much less attention [7].

Summing up, the following aspects of visual perception are
compromised in primary school children with mild ID: integrity,
concreteness, fidelity, wholeness, constancy, scope, generality,
selectivity, rate, and differentiation. Ocular motor responses
(oculomotor activity) are the critical components of mental
processes implicated in visual data acquisition, processing
and use.

Dyslexic children are reported to generate more saccades
when reading a static text than their typically developing peers.
Dyslexic children also generate more than 3 saccades during
gaze fixation tasks. This might be explained by the immaturity of
their cortical structures responsible for saccadic inhibition [11].

A study of oculomotor reactions revealed that children
with autism spectrum disorders were fast to fixate on human
faces when presented with a socially relevant stimulus; after
that, however, their attention slackened. The more pronounced
was developmental delay, the more the participants fixated
on the central elements of the presented picture. This might
be explained by the low average saccade velocity in autistic
children [12].

It is reported that lower |1Q is associated with slower
response and less stable gaze fixations in children with various
grades of ID [13].

A Russian study investigated oculomotor responses to texts
in different age groups [14]. None of the studied eye movement
parameters differed between older and younger dyslexic
children. The immaturity of some brain structures might disrupt
the formation of basic components of reading skills required
for the successful analysis and understanding of written texts.

In contrast to typically developing children, their peers
with mild ID need more time to read a text and make more
fixations; fixation duration is longer, and the amplitude of
saccades is reduced. This may be due to the impaired ability
to perform phonemic analysis and understand letter/sound
correspondences [15].

Preschoolers with mild ID make fewer and longer fixations
when viewing static images due to limited visual perception [10]
and its slow rate [4]. Incomplete or arrested development of
brain structures can affect oculomotor response to images.

The aim of the study was to investigate the characteristics
of oculomotor response to static images in primary school
children with mild ID. The obtained data might be used to
optimize the format of teaching materials for such children.

METHODS
Study participants

The study was carried out in 49 children aged 7-9 years who
were in their first year at school (non-repeaters). The following
inclusion criteria were applied: any sex; no visual impairment
confirmed by an ophthalmologist. Exclusion criteria: chronic
diseases.

The children were grouped by the type of mental
development. The main group comprised 12 boys and 11 girls
with mild ID (F70.0, MCI-10) and the average 1Q of 63.57 + 3.24,
attending specialized schools for emotional and behavioral
disorders (type VIl schools). The mean age of the children was
8.63 + 0.57 years. The control group consisted of 26 typically
developing children (11 boys and 15 girls; mean age: 8.12 +
0.81 years) pronounced healthy by the expert panel.

Equipment: technical specifications, setup, calibration

Oculomotor response studied using a GP3 Gazepoint eye-
tracking system (Gazepoint Research Inc.; Canada) that
exploits a 60 Hz machine-vision camera to collect and analyze
visual data. This eye tracker comes with Gazepoint Control
and Gazepoint Analysis software for calibration, running
experiments and data analysis.

Both eyes were tracked simultaneously

Technical specifications of the eye tracker: accuracy 0.5-1
degree of visual angle; 60 Hz update rate; 5- and 9-point
calibration; open-standard API; 25 x 11 cm horizontal x vertical
movement; +15 cm range of depth movement; USB-powered.

Computer requirements: modern processor  (i5-i7);
memory: 2 Gb; OS: Windows XP / Vista / 7/8, 32/64 bit; 15.6-
inch monitor; 1920 x 1080 screen resolution.

The following instructions were applied to create a project
for each study participant: start Gazepoint Analysis — create
a New project — select a folder to save the project — add a
stimulus (a static image).

1. Areas of interest (AOI; images of individual objects
simultaneously presented on the computer screen) were
selected in the Analyze data mode. It is possible to select areas
of interest on each presented image. The software collects
statistics on the number of viewers who view the selected
AQOI; the average time to the first view (latency); the average
time spent on viewing the selected AQI (fixation duration); the
average percentage of the total time spent on AOI; the number
of revisitors.

2. The Gazepoint Control window shows 4 types of
settings: Calibrate, Gaze pointer, Select screen, and Switch
Tracker Type.

The camera view in the middle of the screen helps to
adjust the distance between the camera and the subject and
right/left eye capture. Feedback information is provided in the
bottom status bar, which shows frame time (16.6 ms; 60 Hz),
the number of participants connected to the server and the
ongoing data transmission.

The eye tracker must be placed directly below the computer
screen. Direct and indirect light casting on the subject’s face
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must be avoided because it interferes with the recording of
corneal reflexes. In our experiment, the distance between the
camera and the subject’s eyes was 65 cm.

For better accuracy, a calibration step must be performed.
Calibration reveals possible differences between the eyes
of the participant and the eye model. During calibration, the
eye tracker analyzes light reflections from the subject’s eyes.
A bright marker will appear on the dark calibration screen,
moving between 5 or 9 different positions. The participant is
requested to look at each marker position. Then, a white point-
of-gaze dot appears on the screen and the participant is again
requested to look at each calibration point.

The following instruction was given during the calibration
step: You will see white dots on the screen. You will need to
look only at these dots.

-
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r

Interfering background image

Fig. 1. Example of a visual stimulus
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3. During the data collection step, the following instruction
was given to the participants: You will see images on the
screen. You will need to look at the images very attentively
without changing your posture.

Data collected during the experiment can be exported
in various formats including static images, videos of gaze
trajectories, heat maps and numerical *.csv data.

Visual stimuli

Visual stimuli were shortlisted by the panel of experts:
teachers of primary schools for typically developing children
and specialized type VIII schools for children with intellectual
disabilities. Image selection criteria: image type (photos,
diagrams, genre scenes, pictures of individual objects); image
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Fig. 2. The schematic representation of the overlap in the range of mean total number of fixations (A) and total latency (B) in children with ID and their typically

developing peers

quality, sharpness and contrast. Criteria for final choice: bitmap
images and static 2D color images (children with ID recognize
basic colors but have difficulty differentiating between poorly
saturated colors).

A total of 15 static color images were selected (Fig.1). Each
presented image was followed by the gray background image.

The selected visual stimuli were divided into 3 groups:
images depicting 6 objects (2 images showing individual
objects and 3 genre scenes); images depicting 12 objects
(2 images showing individual objects and 3 genre scenes);
5 images containing both pictorial and textual (task description
or a legend) elements. In each experiment, images were
presented in the same sequence: 1) images depicting
6 objects, 2) images depicting 12 objects, 3) images containing
both pictorial and textual elements.

Resolution of the presented images: 1200 x 1373 for
vertical images, 1920 x 1080 for horizontal images (consistent
with the resolution of the computer screen; the aspect ratio was
preserved). File format: jpg (JPEG). The children were presented
with pictures from traditional school textbooks and textbooks
for children with ID. Presentation time: 20 s. Background image
presentation time: 3 s. Total presentation time: 7 min.

The following parameters of oculomotor response to AOI
were analyzed: latency (average time to the first view); mean
fixation duration (time spent looking at AQI); the average
percentage of the total time spent on viewing AQOI; the total
number of fixations per image (the sum of gaze fixations on
each AOI per image). Each parameter was evaluated for each
presented images (a picture or a combination of a picture
and text).
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Statistical analysis was carried out using descriptive
(mean values, standard deviations) and comparative statistics
(nonparametric Mann-Whitney U test, Wilcoxon T test). Absolute
values were compared between the groups.

RESULTS

The total number of fixations and total latency varied within
both groups (children with ID and typically developing children
(Fig. 2A, B).

The total number of fixations was significantly higher in the
group of typically developing children than in their peers with
mild ID (p = 0.038). At the same time, the overlap in the range
of mean values for this parameter between the groups was
minimal. The average number of fixations was 15.68 (17.27;
32.95) in the main group and 15.25 (30.88; 46.13) in the control
group. Total latency was significantly higher (o = 0.044) in the
group of children with mild ID than in the group of typically
developing children. Average latency was 0.33 (0.18; 0,.51) in
the main group and 0.2 (0.09; 0.29) in the control group.

These results reveal the following trend: children with mild
ID fixate their gaze at fewer objects (points on the image)
because they need significantly more time for fixation than
typically developing children (Fig. 3).

In both groups, the number of fixations increased for
pictures containing more objects (12 vs 6 objects depicted in
the picture) (Table).

In both groups, the highest number of fixations was
registered when children were presented with images
containing 12 objects. For images containing 6 objects and

04 —
0.35 —
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Fig. 3. A histogram showing mean values for the total number of fixations in children with mild ID and their typically developing peers
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Table. Differences in the total number of fixations between the groups presented with images containing 6 and 12 objects (Wilcoxon sign-ranked test; p < 0.05)

Number of objects: 6 Number of objects: 12
(X + o) (x + o) p
Children with mild ID 25.15+4.49 30.22 + 6.24 0.029*
Typically developing children 36.18 + 9.12 41.39 + 8.42 0.027*

Note: * — differences are statistically significant.

images containing both pictorial and textual elements, the
average number of fixations did not differ significantly between
the groups (Fig. 4).

The spatial distribution of gaze fixations on the image
differed significantly between typically developing children and
their peers with ID.

Fig. 5 shows heat maps revealing the distribution of the
number of fixations over the presented stimuli. Fig. 5A shows
heat maps for a child with mild ID (age: 8 years 7 months). Fig.
5B shows heat maps for a typically developing child (age:
8 years 1 month).

In the main group, the total number of fixations on images
containing 6 unrelated individual objects and on genre scenes
containing 6 objects was almost the same (p = 0.75). Similarly,
the total number of fixations on images containing 12 unrelated
individual objects and on genre scenes containing 12 objects
did not differ significantly in the group of children with mild ID
(o = 0.73). Typically developing children made more fixations
(o = 0.027) on genre scenes containing 6 objects than on
images containing 6 unrelated individual objects. In this group
of children, the number of fixations increased significantly
(o = 0.029) for genre scenes containing 12 objects, as compared
with images containing 12 unrelated individual objects.

Children with mild ID ignored textual elements in mixed
images and fixated on pictorial elements. Typically developing
children tended to fixate their gaze predominantly on textual
elements.

The fact that children with mild ID did not fixate their gaze on
written text means that texts do not facilitate visual perception
and are excluded from it.

Images containing 6 or 12 objects were divided into 2 groups:
images of unrelated individual objects and genre scenes.

Children with mild ID tended to make fixations on the central
elements of images containing unrelated individual objects
(6 objects). Typically developing children made gaze fixations
on the objects contained in the pictures and the space between
the objects. This facilitates spatial perception, allowing the
child to perceive the size of the viewed object relative to other

140 -
120
100 -
80 —
60 —

40 -

Total number of fixations

20 —

objects. In children with mild ID, spatial perception is impaired,
which might be associated with some aspects of volitional
visual perception.

When viewing genre scenes, children with mild ID tended to
fixate their gaze on the heads of the depicted objects (animals
and birds) and on the faces of the depicted people (teachers
and children), and made only single fixations on secondary
objects. In typically developing children, fixations were distributed
equally between primary and secondary objects.

The ratio of gaze fixations on the peripheral elements to the
fixations on the central part of the presented image (6 objects)
was uniform in both groups.

When viewing images containing 12 objects, children
with mild ID made more fixations on primary objects depicted
in the presented images, whereas secondary objects were
almost completely ignored. The maximal number of fixations
was observed for the central part of the presented image vs
its peripheral elements. Peripheral elements were ignored
regardless of their number and importance (primary and
secondary objects). In typically developing children, the number
of fixations was distributed equally between the central and
peripheral elements of the image.

In both groups, fixations were concentrated on human
faces in cases when humans were depicted in the presented
pictures. Children with mild ID tended to make fixations on
adult faces, whereas their normally developing peers fixated on
children’s faces.

Total latency was calculated as the sum of latencies for all
AOI perimage. Total latency shows time from the presentation
of the first stimulus to the first registered fixation. Average total
latency was higher in children with mild ID than in typically
developing children (p = 0.024), i.e. children with mild ID needed
more time to fixate the gaze when viewing static images (Fig. 6A).

Regardless of the number of objects in the picture (12
or 6), children with mild ID exhibited longer latency for both
central and peripheral elements than their typically developing
peers. Typically developing children were faster to fixate on the
peripheral elements of the presented pictures. This suggests

Children with mild ID

H Image containing 12 objects

Typically developing children

Il Image containing 6 objects

Il Image containing both textual and pictorial stimuli

Fig. 4. Cumulative histograms showing average values for the total number of fixations in the groups presented with different types of visual stimulus
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Fig. 5. Heat maps of gaze fixations on the elements of mixed images in the main and control groups
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Fig. 6. Cumulative histograms showing average values for total latency (A) and fixation duration (B) in the groups presented with different types of visual stimulus

that faster fixations may be associated with faster attentional
shifts in healthy children. In children with mild ID, the minimal
time to a fixation on a central or peripheral element was
observed for pictures containing 6 objects; so, it could be
hypothesized that it is easier for such children to control their
attention in the presence of fewer depicted objects.

The total duration of fixations was significantly longer in the
control group (p = 0.029) than in the main group. The average
duration of one fixation was 0.29 + 0.08 ms for typically
developing children and 0.33 + 0.11 ms for children with
mild ID. Thus, children with mild ID need more time to visually
perceive a static image. Fewer and longer fixations made by
children with mild ID are exhausting for active perception and
reduce the scope of perception.

The analysis of the total duration of fixations following the
presentation of different stimulus types (6 or 12 objects, text)
suggests that the mean total duration of fixations is significantly
longer (p = 0.027) in typically developing children than in
children with mild ID (Fig. 6B). Children with mild ID spent
62.37 + 8.31% of the total fixation time on viewing AOI,
whereas for their typically developing peers this parameter
equaled 68.42 + 9.14%.

For children with mild ID, the total number of fixations was
lower and total latency was longer.

DISCUSSION

While perceiving a static image containing multiple objects, the
attention of children with mild ID is drawn to the central part of
the image. This finding is consistent with the results of previous
studies [10, 12]. When presented with images containing fewer
objects, the attention of children with mild ID is distributed more
uniformly. Such children make fewer fixations when presented
with images containing both textual and pictorial elements;
those fixations are concentrated on pictorial elements, whereas
the text is completely ignored. This is associated with the
informative value of pictorial elements [7].

On the whole, typically developing children make more
fixations during the experiment. The number of gaze fixations
on each object (AQI) is relatively stable regardless of the total
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number of objects depicted in the image (6 or 12). Fixations
are uniformly distributed between the central and peripheral
elements of images containing only pictorial elements. For mixed
images, most fixations are concentrated on textual elements;
only single fixations are registered for pictorial elements.

Children with mild ID exhibit longer latency than their
typically developing peers. Children with ID need more time to
perceive an image. The detected trend is consistent with the
findings of other researchers who reported increased duration
of gaze fixations in such children [15]. The total duration of
gaze fixations in typically developing primary school students
is longer than in children with mild ID. Considering that the
number of fixations is greater in healthy children, the duration
of a single fixation is shorter. So, the lower total number of
fixations and shorter duration of fixations in children with mild
ID might be explained by the fact that they need more time to
perceive a static image.

CONCLUSION

The structural and dynamic characteristics of oculomotor
response (the number of fixations, total fixation duration and
latency) described in the study show that children with mild ID
ignore textual elements on textbook pages containing a pictorial
element and a task; their attention is focused on the periphery
of an image if the image contains more than 6 objects.

These characteristics of oculomotor response of children
with mild ID may help to optimize the form in which learning
materials are presented. Attention is distributed uniformly
between simultaneously presented objects if their number
does not exceed 6. If more than 6 objects are simultaneously
presented on a textbook page, some of them located on the
periphery escape from the field of active perception. Learning
materials containing both pictorial and textual elements are
ineffective because the textual elements are completely
ignored. Texts and pictures should be presented in sequence.
This will help to optimize the process of active perception in
children with mild ID. Increased latency and increased duration
of a single fixation mean that image presentation should be
extended in time.
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BONE TURNOVER MARKERS IN PATIENTS WITH ISOLATED FEMORAL SHAFT FRACTURE
UNDERGOING SYSTEMIC OZONE THERAPY

Osikov MV B Davidova EV, Abramov KS
South Ural State Medical University, Chelyabinsk, Russia

Efferent physical therapy holds promise as an adjunct to the combination treatment of femoral fractures in young, working-age individuals. The aim of the study
was to investigate the dynamics of bone turnover markers at different stages of femoral fracture consolidation in patients undergoing ozone therapy. The study
enrolled 20 men (group 2, 47.8 + 3.5 years) with a femoral shaft fracture (AO/ASIF 32A, 32B). The control group (group 1, 46.8 + 3.7 years) comprised 10 healthy
males. Subgroup 2a (n = 10) was assigned to receive standard therapy; subgroup 2b (n = 10) was assigned to receive standard therapy complemented by minor
autohemotherapy (MAHT) at 20 mg/L ozone concentrations. On days 7, 30 and 90, fracture consolidation was assessed on the RUST scale and blood levels
of C-terminal telopeptides of type | collagen (bCTx, pg/ml) and procollagen type | carboxy-terminal propeptide (PICP, ng/ml) were measured. On day 7, the total
RUST score in subgroups 2a and 2b was 4 points; on day 30, it was 6.5 and 8.7 points, respectively, and on day 90, it reached 10 and 11.5 points, respectively.
Bone mineral density was as high as 90% in the MAHT subgroup vs. 78% in subgroup 2a, indicating faster bone healing. On day 30, bCTx levels in subgroup 2b
were higher than in subgroup 2a (2289.4 [2145.3; 2365.4] vs. 1894.6 [1745.3; 2098.2], respectively. On day 7, PICP was significantly elevated in subgroup 2b in
comparison with subgroup 2a; its levels peaked on days 30 and 90 (day 30: 268.3 [231.2; 286.3] vs. 183.2 [174.6; 195.6]; day 90: 584.6 [512.3; 589.3] vs. 351.2
[312.3; 369.4]. Thus, MAHT produces a positive effect on the quality and intensity of bone healing in men with isolated closed femoral shaft fractures.
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MAPKEPbI PEMOAEMPOBAHUNSA KOCTHOWN TKAHWU NMPU KOHCONUAALUN N30TMPOBAHHOIO
MEPENIOMA BELPEHHOW KOCTU B YCJ/TOBUAX CUCTEMHOW O30HOTEPAMUN

M. B. Ocukos ™=, E. B. [aebigoBa, K. C. A6pamoB
HOXHO-YpanbCkuii rocyapCTBEHHbI MEAVLIMHCKIMIA YHUBEPCUTET, YenabuHek, Poccus

B koMMnekcHOM nedeHnn nepenoMos 6eapa y nL, MOIOAOrO TPYAOCNOCOBHOIO BO3pacTa NEPCneKTUBHO CMONb30BaHNe 3PMEPEHTHON (DU3NHECKON Tepanin.
Llensto paboTbl 66110 U3YHUTL MapKEPbl PEMOAEMPOBAHNS KOCTHOM TKaHW B AMHAMVIKE KOHCOMMAALWN nepeniomMa 6eipeHHOR KOCTU B YCIIOBUSIX O30HOTEpanmm.
B nccnepoBaHue 6binn BktoHeHsl 20 My><4mH (rpynna 2, 47,8 + 3,5 neT) ¢ nepenomom avadusa 6egpeHHoit kocTtu (AO/ASIF 32A, 32B). KoHTponbHyto rpymny
(rpynna 1, 46,8 + 3,7 net) coctaBum 10 340POBbIX My>XHMH. [NaumeHTam nogrpynnsl 2a (n = 10) npoBoaumn CTaHOapTHOE neveHne, nogrpynnel 26 (n = 10) —
CTaHAapTHOE JledeHre 1 Mayto aytoremMoo3oHoTepannio (MAIFOT) mpu koHUeHTpaumm o3oHa 20 Mr/n. B guHamuke Ha 7-e, 30-e, 90-e cyTku onpenensamm
WNHTEHCUBHOCTb KoHconmaaumm (no wkane RUST), C-koHueBble Tenonentnasl konnareHa | Tvna (0CTx, nr/mi) B kposw, C-KOHLEBOW NponenTug, npokonnareHa
| Tvina (PICP, Hr/mn). Pesynetatsl oueHkmn no wkane RUST B nogrpynnax 2a n 26 Ha 7-e cyTkn — 4 6anna, Ha 30-e cyTtku — 6,5 1 8,7 6annos, Ha 90-e — 10 n
11,5 6annoe cooreeTcTBEHHO. Ha thoHe MATOT M1HepaneHast MIOTHOCTb KOCTHOM TKaHM B nogrpynne 26 Ha 90-e cyTku gocturana 90% npotve 78% B nogrpynne
2a, YTO OTparkaeT 3Ha4YMMO BbICOKME TeMMbl koHconmaauwmn. Ha done MAFOT bCTx Ha 30-e cyTku Obifl Bbile, Y4eM B noarpynne 2a (CooTBETCTBEHHO 2289,4
[2145,3; 2365,4] npotve 1894,6 [1745,3; 2098,2], PICP 3Ha1vMo noBbILancst B CPaBHEHMM C MOArPYMMoi 2a Ha 7-e CyTKU1, C MakCUMyMoM Ha 30-e 1 90-e cyTkn
HabntopeHns (30-e cyTku: 268,3 [231,2; 286,3] npoTve 183,2 [174,6; 195,6], 90-e cyTkn: 584,6 [512,3; 589,3] npotuns 351,2 [312,3; 369,4]. MNpumerenre MATOT
OKa3blBaeT MO3UTUBHOE BINSIHME HA KAYECTBO W MHTEHCKBHOCTb (DOPMUPOBaHYIS KOCTHOIO PereHepata y My>KHMH C 3aKPbITbIM HEOCTIOXHEHHbBIM N30MMPOBaHHBLIM
nepenoMom avaduraa 6egpeHHon KoCTL.

KniouyeBble cnoBa: 3aKpbITbl M301MPOBaHHbIV Nepenom anaduaa 6eapa, 030HOTepaniis, Mapkepbl PEeMOAEIMPOBaHNA KOCTHON TKaHn

Bknap aBTopoB: M. B. OCMKOB — KOHLENUWs 1 An3aiH NCCNefoBaHns, aHanm3 nosyyYeHHbIX JaHHbIX, HanvMcaHe TekcTa, pefakTMpoBaHne pyKonucu;
E. B. [aBblgoBa — KOHLENUMSA 1 An3aliH MCCneaoBaHns, aHanmna nosyYeHHbIX gaHHbIx, HanncaHne TekcTa; K. C. AbpamoB — Habop KIMHNYECKOoro martepviana,
aHanm3 pesynsTaToB, HanvcaHue TekcTa, pefakTMpoBaHve Pykonucu. Bece aBTOpbl BHECIM CYLLECTBEHHDIA BKNaL B NPOBEAEHNE UCCNEA0BaHNS 1 MOArOTOBKY
cTaTby, NPOYM 1 0fobpUIN hrHABHYIO BEPCUIIO Neper, MyonmkaLmei.
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Traumatic femoral fractures are among the leading causes of  conditions and to develop efferent therapies for restoring
morbidity and mortality in low- and middle-income countries.  the biochemical and immune homeostasis in patients with
They typically occur in young, working-age individuals [1, 2].  musculoskeletal injuries underscores the significance of
The need to clarify the pathogenesis of trauma-associated  studying bone turnover markers. The standard treatment

BULLETIN OF RSMU |1, 2021 | VESTNIKRGMU.RU Es



OPUTMHAJIbHOE UCCJIEQOBAHNE | TPABMATOJIOI A

of orthopedic pathology can be complemented by physical
therapy, like ozone therapy. Ozone therapy produces a local
pain-relieving, anti-edematous, anti-inflammatory and tissue-
regenerative effect, improves circulation, and exerts systemic
immunomodulatory, anti-hypoxic, and redox-state-regulating
activity. At the immune system level, ozone therapy stimulates
the synthesis of pro- and anti-inflammatory cytokines and growth
factors, contributing to tissue healing and remodeling [3]. When
administered at therapeutic concentrations, ozone actively
participates in the mitochondrial respiratory chain, accelerates
glycolysis through the activation of phosphofructokinase and
boosts the synthesis of ATP and 2,3-diphosphoglycerate,
thereby improving oxygen uptake. It is reported that ozone
therapy is effective in treating musculoskeletal disorders,
such as rheumatoid arthritis, subacromial and other types
of bursitis, osteoarthritis, capsulitis, temporomandibular joint
pathology, etc. [4]. According to some authors, intravenous and
intraarticular ozone injections benefit patients with osteoarthritis
[6]. The aim of this study was to investigate the dynamics of
bone turnover markers at different stages of simple (closed)
femoral shaft fracture consolidation in the setting of systemic
ozone therapy.

METHODS

This pilot study enrolled 20 male patients admitted to
Chelyabinsk Regional Clinical Hospital for isolated closed
displaced midshaft femoral fractures coded as 32A or 32B
according to the AO/ASIF classification and as S72.3 according
to ICD-10 [6]. The mean age of the participants, who formed
group 2, was 47.8 + 3.5 years. The following inclusion criteria
were applied: age between 35 and 55 years; an isolated closed
midshaft femoral fracture sustained 5-7 days before admission.
Patients with acute pathology, cancer, lymphoproliferative
disorders or osteoporosis were excluded from the study. The
control group (group 1) comprised 10 healthy males aged
46.8 + 3.7 years; their levels of bone turnover markers were
used as a reference. All patients from group 2 underwent
surgery on day 5-7 after the injury. The surgical procedure
was performed using the standard surgical approach and
involved closed reduction followed by intramedullary fixation
with self-locking nails. Postoperatively, both groups received
conventional treatment with antibiotics and non-steroid anti-
inflammatory drugs.

Immediately after the surgical intervention, patients from
the main group (0 = 20, group 2) were randomized into
2 equally sized subgroups 2a and 2b (10 persons per group).
Group 2a was assigned to receive standard therapy; group
2b was assigned to receive standard therapy complemented
by minor autohemotherapy (MAHT), i.e. injections of ozone-
enriched autologous blood. The ozone-oxygen mixture
(OOM) was prepared using an automated UOTA-60-01
machine (Medozone; Russia) fitted with an ozone destructor.
Ozone concentrations in the ozone-oxygen mixture were
20 mg/L. First, the medical grade gas was collected in a 20-ml

syringe; then it was combined 10 ml of venous blood drawn
from the cubital vein. The blood was combined with OOM by
vigorous stirring for 2-3 seconds; the resultant mixture was
injected deep into the gluteal or femoral muscles. The regimen
consisted of 7-9 injections on alternate days. None of the
patients developed adverse reactions to ozone therapy (fever,
chills, malaise, infiltration at the injection site).

On admission and during treatment, the severity of pain at
the fracture site was assessed using a visual analog scale (VAS)
[7]. This scale is an ungraded 10cm-long line, the left and right
ends of which represent no pain and extreme pain, respectively.
Pain scores were measured immediately after the surgical
procedure, prior to administering pain killers. Postoperatively,
general condition was assessed every day; the patients were
monitored for a fever and local signs of inflammation (edema,
hyperemia, tissue infiltration, wound discharge). The day after
surgery, each patient underwent a CT scan to rule out systemic
osteoporosis and check the adequacy of the applied surgical
technique. The scans were performed using a SOMATOM
Definition Edge scanner (Siemens; Germany). Bone mineral
density (BMD) measured in the paracortical bone at the fracture
site was expressed in Hounsfield units (HU) and compared to
BMD of the cortical bone in the contralateral leg. Follow-up CT
scans were performed on days 7, 30 and 90 after the injury.
In addition, the RUST scale [8] was applied to assess bone
healing in each of 4 cortices (anterior, posterior, medial, lateral).
The total score of 4 points was interpreted as the absence of
consolidation; the total score of 10-12 points was interpreted
as complete bony union. Clinical criteria for consolidation
included the absence of edema or soft tissue infiltration and no
pain on axial, ipsilateral and rotational loading.

Bone turnover markers were measured in fasting venous
blood samples collected on days 7, 30 and 90 after the injury.
Bone resorption was assessed from the levels of C-terminal
telopeptides of type | collagen (bCTx, Beta-Crosslaps, pg/ml)
measured by ELISA (ProteinsAntibodies; Russia). Bone
formation was assessed from the levels of procollagen type |
carboxy-terminal propeptide (PICP, ng/ml) (ProteinsAntibodies;
Russia). The measurements were conducted in a Multiskan
Multisoft plate reader (Labsystems Oy; Finland) at the
corresponding wavelength.

Statistical analysis was carried out in IBM SPSS Statistics
19 (IBM; USA). Below, the data are presented as median (Me)
values and quartiles [Q,,; Q,.]. The significance of differences
between the groups was assessed with the Wilcoxon, Kruskal—-
Wallis, Mann-Whitney and Wild-Wolfowitz tests. Correlations
between the studied parameters were tested using Spearman’s
rank correlation coefficient (R). The discovered differences were
considered significant at p < 0.05.

RESULTS
VAS pain scores measured on days 5-7 after the injury (prior

to surgery) were above average (5.6 [4.8-6.4] points), i.e.
subjectively the pain was moderately severe, persistent, and

Table 1. Bone mineral density and RUST scores for the periosteal callus in patients with a closed isolated femoral shatft fracture, (Me [Q,.; Q,])

Healthy leg (cortical bone) Fractured leg, (subgroup 2a, n= 10)
Parameter
(n=10) Day 7 Day 30 Day 90
HU units | % HU units % HU units %
BMD 1956.5 [1789.5; 2035.8]
0.5 0 | 354.4[327;368.8]" | 18 | 1544.2[1468.2; 1632.1]* | 1544. 2 [1468.2; 1632.1]*
TOt:‘l:?rgs-r 12.0[12.0; 12.0] 4.0 [4.0; 4.0 6.5 [5.5; 7.0]* 10.0[9.0; 11.0]

Note: * — differences are significant (p < 0.05; the Mann-Whitney, Kruskal-Wallis, Wilcoxon and Wild-Wolfowitz tests) for comparison with the healthy leg.
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Table 2. Bone mineral density and RUST scores at the site of the periosteal callus in patients with an isolated closed femoral shaft fracture in the setting of ozone

therapy (Me [Q,.; Q,))

Fractured leg (n = 20)
Healthy leg Day 7 (immediately after surgery), Day 30, Day 90,
Paramater (cortical bone) HU, un. (%) HU, un. (%) HU, un. (%)

(n=20) No O, MAHT No O, MAHT No O, MAHT
(subgroup 2a) (subgroup 2b) (subgroup 2a) (subgroup 2b) (subgroup 2a) (subgroup 2b)
1956.5 * N0, * 110, 354. 4 [327.3; 372.8 [262.5; 1544. 2 [1468.2; 1825.3 [1726.1;
BMD [1789.5; 2035.6] 0.5 (0%) 0.6" (0%) 368.8] (18%)" | 381.4](19%) | 1632.1] (78.2%)" | 1911.3] 90%"
T"t:(':grléST 12.0[12.0; 12.0] | 4.0 [4.0; 4.0 4.0 [4.0; 4.0 6.5[5.5; 7.0] 8.7 [5.9; 8.9]* 10.0[9.0; 11.0] | 11.5[10.5; 2.0}

Note: * — differences are significant (p < 0.05; the Mann-Whitney, Kruskal-Wallis, Wilcoxon and Wild-Wolfowitz tests) for comparison with the healthy leg;

# — differences are significant for comparison with subgroup 2a.

interfered with any activity or mental concentration. The patients
could ignore the pain for several minutes at the longest. After
the surgical intervention, the pain reached its intensity peak and
was assessed as 8-9 points on the visual analog scale. Now,
the pain became intense, excruciating, and was a serious
constraint on physical activity. According to the CT scans
performed on the day after the surgical procedure (i.e., on
day 7 after the injury), none of the patients had osteoporosis.
No visual signs of inflammation in the affected limb were
detected on physical examination. On days 30 and 90, VAS
scores were as low as 1.2 [0.9-1.4] and 0.8 [0.6-0.9] points,
respectively.

Throughout the entire observation period, bone fragments
retained a stable position and no signs of intramedullary nail
dislocation were detected on CT scans in both subgroups
(2a and 2b) of the main group. On day 7, the radiographic
assessment of BMD showed an almost complete absence
of the periosteal callus in subgroup 2a (standard treatment;
Table 1), also indicated by the low total score on the RUST
scale. On day 30, the periosteal callus was visualized as a
distinct nebulous area of newly formed tissue; its BMD was
18% (relative to the cortical bone of the healthy contralateral
limb). The average RUST score was 6.5, suggesting the
ongoing process of callus formation. On day 90, there were
no clinical signs of soft tissue infiltration and no pain on axial,
ipsilateral and rotational loading. The callus BMD value was
close to that of the cortical bone in the healthy contralateral
limb, equaling 78% on average. The RUST score for fracture
consolidation was 10 points, confirming complete bony
union.

C-terminal telopeptides of type | collagen (bCTx, Beta-
Crosslaps) are known markers of bone resorption. They
are the products of collagen helix degradation; importantly,
collagen makes up 90% of the bone matrix. Procollagen type
| carboxy-terminal propeptide (PICP) is the marker of bone
formation; its C(carboxyl) and N(amino) termini are cleaved by
proteinases, resulting in collagen formation and its integration
into the bone matrix. The cleaved C- and N-terminal fragments
join extracellular fluid and enter the bloodstream. PICP levels
in the blood are directly proportional to the amount of newly

synthesized collagen in the bone. The dynamics of bone
turnover markers are shown in Tables 3 and 4.

The analysis of Tables 3 and 4 reveals that bone metabolism
(bone resorption and formation) was more active in patients
from subgroup 2a at all stages of the observation period (days
7, 30, 90) than in the healthy males of the same age; this
suggests the intensity of metabolic processes throughout the
entire healing period.

The standard postoperative therapeutic regimen applied in
subgroup 2a was complemented by systemic ozone therapy
(MAHT) in group 2b. Subjectively, on day 7 (immediately after
surgery) VAS pain scores in subgroup 2b were as high as in
group 2a (8-9 points). By days 30 and 90, pain intensity in
group 2b had declined to its minimal values (1.1 [0.8-1.2] and
0.4 [0.2-0.6], respectively) and did not differ from pain scores
in group 2a.

The bone mineral density test showed the absence of the
periosteal callus in subgroup 2b on day 7 (Table 2); RUST
scores reflecting the degree of fracture consolidation were
low (4 points). CT findings on day 30 indicated the presence
of an actively forming periosteal callus. BMD was 19% relative
to the cortical bone in the healthy contralateral limb and did no
differ significantly from BMD values in subgroup 2a. The average
RUST score (8.7) was also suggestive of active periosteal callus
formation. On day 90, the patients from subgroup 2b had no
pain on axial, ipsilateral and rotational loading. The average
RUST score was 11.5, indicating complete bony union. The
mineral density of the periosteal callus was about 90% vs. 78.2%
in subgroup 2a and did not differ significantly from the density of
the cortical bone in the healthy contralateral limb, suggesting the
stimulating effect of ozone therapy on bone metabolism.

The levels of bone turnover markers also changed following
the administration of systemic ozone therapy (see Tables 3 and 4).

On day 30, bCTx levels (marker of bone resorption) were
significantly higher in subgroup 2b (ozone therapy) than in
subgroup 2a. PICP levels (marker of bone formation) were
significantly higher in group 2b than in group 2a starting from
day 7 and then on days 30 and 90. This suggests fast bone
tissue repair continuing in the setting of the clinical signs of
bony union.

Table 3. Levels of C-terminal telopeptides of type | collagen in patients with an isolated femoral fracture undergoing ozone therapy (Me [Q,; Q,.))

bCTx, pg/ml
Control group, n= 10 Subgroups(zfztr;%)maln group Day of observation Day 7 Day 30 Day 90
1572.3 1894.6 851.3
5556 Subgroup 2a (n = 10) [1452.3;1638.4 | [17453;20982]" | [745.9;870.2]"
[324,5; 378,6] 1505.2 2289.4 915
Subgroup 2b MAHT (n = 10) [1356.2; 1624.7]° | [2145.3; 2365.4]* | [868.3; 925.4]"

Note: * — differences are significant (p < 0.05; the Mann-Whitney, Kruskal-Wallis, Wilcoxon and Wild-Wolfowitz tests) for comparison with the control group; #* —

differences are significant for comparison with subgroup 2a.
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Table 4. Levels of procollagen type | carboxy-terminal propeptide (PICP) in patients with an isolated femoral fracture undergoing ozone therapy (Me [Q,; Q..])

PICP, ng/ml
Subgroups of the main group .
Control group, n=10 (n=20) Day of observation Day 7 Day 30 Day 90
55.9 183.2 351.2
4 Subgroup 2a (1= 10) [49.1; 76.6]" [174.6; 195.6]* [312.3; 369.4]*
[38.6; 43.6] 106.5 268.3 584.6
Subgroup 2b MAHT (1 = 10) [75.3; 138.6]" [231.2;286.3]% | [512.3; 589.3]

Note: * — differences are significant (p < 0.05; the Mann-Whitney, Kruskal-Wallis, Wilcoxon and Wild-Wolfowitz tests) for comparison with the control group;

# — differences are significant for comparison with subgroup 2a.

DISCUSSION

According to the currently held view, bone tissue is an
active, dynamic metabolic system ensuring continuous bone
remodeling. Bone healing consists of a few consecutive stages
of resorption and repair [9]. During the first 5 days after a
traumatic injury, fibroblasts, endothelial cells, leukocytes and
monocytes migrate to the injury site and promote necrosis
of damaged tissue. At the same time, molecules released by
these cells trigger the process of granulation tissue formation;
this granulation tissue includes elements of mesenchymal,
0sseous, cartilage and vascular tissues. Necrosis of dead or
damaged cells in soft and bone tissues is accompanied by
intense pain. According to the International Association for the
Study of Pain (IASP), it is not only the actual tissue damage
during a traumatic injury that causes pain but also the inflicted
emotional stress which reflects the changed mental state of an
injured individual. Pain experienced during high-energy long-
bone fractures results from the hyperalgesia of the nociceptive
system due to the effects exerted by inflammatory mediators
(proinflammatory cytokines, chemokines, bradykinin) and the
efferent effects of the sympathoadrenal axis.

The outer (the most massive) layer of the callus is derived
from the cambium layer of the periosteum rich in fibroblasts,
blood vessels and osteoblasts. During the first 5 weeks after
a traumatic injury, a fibrocartilage callus is formed. In the
next 3 to 4 months, the callus remodels. This process can
be distinctly visualized on CT scans and identified during
clinical examinations. The intensity of bone metabolism (bone
resorption and formation) at all stages of our observation (days
7, 30, 90) was significantly higher than in the healthy men of the
same age. This suggests active metabolic processes unfolding
in the bone throughout the entire healing period.

The applied physical therapy (minor autohemotherapy)
included in the regimen to complement the standard treatment
of a closed femoral shaft fracture produced a number of
positive effects on bone healing that were associated with the
multimodal properties of molecular ozone derivatives. In minor
autohemotherapy with ozonated blood, ozone molecules and
their derivatives do not enter the bloodstream, so ozone cannot
reach its molecular targets. However, when a small volume of
blood is combined with the ozone-oxygen gas in a syringe,
ozone molecules start to interact with the unsaturated fatty
acids of blood cell membranes and plasma components; this
results in the production of aldehydes and hydroperoxides
(ozone peroxide) and their subsequent transformation into
H,0, and 4-hydroxynonenal (4-HNE), one of the most active
aldehydes [10, 11]. Endogenous hydrogen peroxide and
4-HNE are secondary messengers that modulate the activity
of immune cells and hematopoietic tissue and participate in the
regulation of cellular antioxidant systems [10, 11]. It is known
that H,0, is capable of entering the cytoplasm of mononuclear

cells (monocytes, macrophages) and modulates the activity of
the nuclear factor kappa B (NF-«B) [10].

There is ongoing debate about the pluripotent effects
of 4-HNE on the immune system that are mediated by the
regulatory effect on the NF-kB pathway [10, 11]. This pathway
triggers release of proinflammatory cytokines (TNFa, INFy,
IL18, IL6, and IL8) and expression of proinflammatory
genes, such as the cyclooxygenase-2 gene (COX-2) and
the inducible nitric oxide synthase gene (INOS) [10, 11].
The therapeutic dose of O, blocks NF-«xB signaling, thereby
reducing inflammation. The hormetic role of ozone is definitive
in the regulation of inflammatory/proinflammatory responses.
This underscores the therapeutic potential of ozone against a
variety of pathologies.

The literature also mentions the analgesic effect of ozone
therapy linked to the ozone derivatives-based oxidative
modification of inflammatory mediators involved in the
transmission of the nociceptive signal to CNS, balance
restoration between pro- and antioxidant systems, and the
declining levels of toxic molecular lipid peroxidation products
[12]. Our study demonstrates the effects of ozone therapy on the
optimization of bone repair confirmed by follow-up CT scans:
on day 30, the total RUST score (fracture consolidation) was
higher for the group receiving ozone therapy, indicating faster
bone healing. However, it was only by day 90 that differences
in the periosteal callus BMD between subgroups 2a (no ozone
therapy) and 2b had reached statistical significance. The
complex biochemical processes unfolding at the hematoma
site create the conditions for bone tissue regeneration. Here,
the special regulatory role is played by activated T cells and
osteoclasts. In bone tissue, the majority of the regulatory
mechanisms mediated by the immune system promote bone
resorption [13, 14]. The key role in this process is played by
the receptor activator of NF-kB (RANK), its ligand (RANKL)
and osteoprotegerin (OPG) responsible for osteoclastogenesis,
regulation of bone resorption and bone remodeling at the
stages of fracture consolidation [15]. Some studies report that
bCTx reaches its peak levels (3 times higher the age norm) 3-4
months after the sustained injury and declines substantially 6
months later [15]. Similar data were obtained during the study
of bone turnover markers in patients with concomitant spinal
and femoral fractures: the levels of bCTx and other bone
resorption markers (OPG and RANKL) peaked at weeks 6-12
after the injury [16]. Some authors hold the opinion that OPG
production by osteocytes is required to regulate the balance
between bone remodeling and receptor-dependent activation
of RANKL [16]. We think that the regulatory role of ozone is
mediated by the non-classic secondary messenger 4-HNE and
consists in the ability of ozone to modulate bone remodeling
[17]. This supposition is indirectly confirmed by the increase in
the mineral density of the periosteal callus in patients receiving
ozone therapy, elevated bCTx on day 30 (relative to the values
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observed in group 2a) and the increase in PICP levels (bone
formation marker) on days 7, 30 and 90, which suggests a
higher level of bone tissue metabolism at the earliest stages of
bone repair.

Thus, our study demonstrates the positive effect of systemic
ozone therapy on bone tissue metabolism at the stages of
bone formation in patients with isolated closed femoral shaft
fracture, which is indicated by the relative increase in bone
mineral density and the high total RUST score reflecting fracture
consolidation.
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CONCLUSION

QOur study reached its goal and showed that systemic ozone
therapy used as an adjunct to the standard treatment regimen
for a closed isolated femoral shaft fracture produces a positive
effect on the quality and intensity of bone repair, leading to
significant changes in BMD, a higher total RUST score, and
faster bone remodeling. MAHT can be used as an auxiliary
method of efferent physical therapy in the combination
treatment of the abovementioned pathology.
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REFINEMENT OF NONINVASIVE METHODS FOR DIAGNOSING PRECANCER AND CANCER OF ORAL
MUCOSA IN GENERAL DENTAL PRACTICE
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The search for and the application of available noninvasive methods for early diagnosis of oral mucosa (OM) neoplasia is a clinically significant problem. The aim of
this study was to evaluate the effectiveness of the original score-based algorithm for assessing clinical data generated by a conventional and an autofluorescence-
based examination in diagnosing OM cancer and assessing indications for a biopsy. We analyzed 134 medical histories and pathology reports of patients with oral
neoplasia. The patients were assigned to 2 groups: the control group included 63 patients who underwent a standard visual and tactile examination with history
taking and then were referred for an incisional biopsy followed by a histopathological examination of the specimens. In the main group consisting of 71 patients,
a standard visual and tactile examination was complemented by an autofluorescence-based examination and the original score-based algorithm with the original
index of required histopathological verification (RHV) were used to assess indications for a biopsy. In both groups, the most commonly affected site was the tongue
(72.4%). The histopathological examination revealed that 28 patients from the main group and 14 patients from the control group had OM cancer (o = 0.051).
Histologically, early-stage cancer was diagnosed in 17 patients from the main group and in 4 patients from the control group (o = 0.004). The proposed algorithm
allowed us to effectively (in 90% of cases) diagnose precancer and cancer and avoid unnecessary biopsies.
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COBEPLLEHCTBOBAHVE HEMHBA3MBHbLIX METOOOB OUATHOCTUKU NMPEAPAKOBbBLIX
1 3NIOKAYECTBEHHbIX 3ABOJIEBAHUIA CITU3UCTON OB0JI0MKU PTA HA MPUEME Y CTOMATOJIOTA

M. A. MocTtHrkos', A. I. MabpuensH®? B, [1. A. TpyruH', O. L. Karanos'?, B. . Kupunnosa', A. M. Xamaneesa', O. B. Ocokun?, U. C. KoneLkuin®,
0. A. EpemunH®

T CamapCKuii rocyaapcTBeHHbI MeaULIMHCKUI yHuBepcuTeT, Camapa, Poccus
2 CamapCckmin 06n1acTHON KIMHUHYECKMIA OHKONorM4eckmin aycnarcep, Camapa, Poccuist
2 Poccuickuin Hay4Ho-1MccnenoBaTenbCKmin MeauUMHCKIA yHBepeuTeT umenn H. . Muporosa, Mocksa, Poccust

[Monck 1 NpuMeHeHre AOCTYMHbIX HEMHBA3MBHbIX METOA0B PaHHEN ANAarHOCTUKI HOBOOBPAa30BaHMii cnmancTon obonoqkm pta (COP) anseTca akTyansHon
3apadelt. Liensto paboTbl 610 BbISIBUTL 3hEKTUBHOCTL CMONB30BaHUS pa3paboTaHHOro anroputMa 6annbHOM OLEHKN AaHHbIX KIMHUYECKOro obcnefoBaHyst
B COYETaHMN C NpoBefeHnem ayTodnypocueHTHon ctomaTockonum (APC) Ans nocTaHOBKM AvarHo3a 3nokaqecTBeHHbIX HoBoobpasoBaHuii COP 1 npuHATUS
peLLeHns 0 HeobXxoAMMOCTM NpoBedeHNs broncum. MNposeaeH aHanma 134 ambynaTopHbIX KapT 60SbHbIX, KOTOPBIM BbINOAHAMM 6uoncuto. MNaumneHTs! Obinn
pasfeneHbl Ha Be rpynmbl: B KOHTPOSbHYIO pynny BoLLIM 63 YenoBeka, KOTopbIM Mocne NpoBefeHHOro TpaaMLMOHHOro 0bcneloBanmns (onpoca, ocMoTpa,
nanbnaun) NPOBOAUM UHLIMSUOHHYIO B1MOMNCUI0 C MOCNEAYIOLLMM MOPdONOrMYeckM UccnefoBaHmneM; y 71 nauveHta OCHOBHOWM rpynnbl npumeHsnn (VIHMB).
YcTaHoBNeHo, YTO natonornyeckme coctosHmns COP nokan3oBanvce B 60MbLLUER CTENeHN Ha A3blke y 72,4% naumeHToB B 00eux rpynnax. [1ocne BbimoMHEHHbIX
61oncuii B OCHOBHOV rpynne 3nokadecTseHHble oryxonn COP Obinv anarHoCTUpOoBaHb! y 28 nauyeHToB, B KOHTponbHon — vy 14 (p = 0,051). B ocHoBHOW rpynne
HadanbHble cTagun paka COP ycTaHoBneHbl y 17 4venosek mnocne 6uoncun, B KOHTPobHOM — y 4 (p = 0,004). Vicnons3oBaHre padpaboTaHHoro anroputmMa
MO3BOMNO C BbICOKVM MPOLIEHTOM TOYHOCTY (90%) AvarHOCTVPOBAaTh MPEenpaKkoBble U 3N10Ka4ECTBEHHbIE HOBOOOPA30BaHNA 1 MPOBOAWTL MHBA3VIBHbIE METOAbI
1cenenoBaHns (61MoncKko) CTPOro Mo NoKa3aHUsaM.

KntoueBble cnoBa: cnnancTtast obonodka pra, COP, npeapak, 3noka4ecTBeHHoe 06pa3oBaHie, NHOEKC HeOBXoaMMOCTI rMcTonorieckon sepudmnkaumn, IHMB
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CobniofieHne 3TUYECKNUX CTaHAAPTOB: UCCMEAoBaHNe Of0OPEeHO TUHECKUM KoMuTeToM CamapcKoro rocyAapCTBEHHOrO MEeAULMHCKOrO YHUBepCHUTeTa
(npoTtokon Ne 27 oT 12 deBpansa 2018 ).

D><] Ans koppecnoHgeHuumn: Anekceli lpuropbesiny fabpriensH
yn. MuuypuHa, a. 138, kB. 85, . Camapa, 443086; gabriel_002@mail.ru

Cratbsi nonyyeHa: 18.12.2020 CtaTtbsa npuHsTa K nevatu: 29.01.2021 Ony6nvkoBaHa oHnaiiH: 18.02.2021

DOI: 10.24075/vrgmu.2021.005

BULLETIN OF RSMU | 1, 2021 | VESTNIKRGMU.RU | 65




OPUTMHAJIbHOE UCCJIEQOBAHNE | CTOMATOJIOI A

According to statistics, over 300,000 new cases of oral cancer
are reported worldwide annually [1]. In Russia, over 9,000
patients were diagnosed with oral mucosal (OM) malignancies
in 2018; of them, 199 were residents of Samara region. OM
cancer is the 18" most common cancer; this malignancy
is histologically confirmed in 97% of suspected cases [2].
Although OM cancer develops on external body surfaces, 62%
of Russian patients and 63% of patients residing in Samara
region present with advanced stages. Delays in diagnosis are
associated with a number of factors, including low suspicion
by dentists, the lack of awareness among patients, and the
absence of screening programs. General dentists working in
secondary prevention do not have a clear diagnostic algorithm
for oral cancer screening and often misdiagnose their patients
[3-5]. A physical examination remains the main screening (but
not diagnostic) test for oral cancer [6-8]. Most patients with
suspicious lesions are referred for a biopsy. This may result in
overdiagnosis [9-11]. A biopsy is an invasive method of tissue
sampling. Biopsied specimens of oral mucosa are subjected
to a histopathological examination performed to establish a
differential and a final diagnosis. An oral tissue biopsy poses
a risk of adverse events, so a patient should be referred for
this procedure only when he/she has clear indications for it,
including a suspicious lesion. A pathology report plays a critical
role in establishing a definitive diagnosis, choosing an adequate
treatment and predicting a patient’s outcome. This is why an
OM biopsy should be performed only when clearly indicated
and required for a differential diagnosis. Autofluorescence-
based visualization of the oral cavity is a well-known method
of oral cancer detection [12-14]. There has been a wealth of
studies investigating this diagnostic method, but none of them
looked at the integrated approach combining a conventional
clinical examination and autofluorescence-based visualization
[15-18]. In 2020, we patented a simple noninvasive method for
assessing indications for biopsy in patients with a suspected
vermillion lip border neoplasm that can be used in general
dental practice [19].

The aim of this study was to evaluate the effectiveness of the
original score-based algorithm in diagnosing OM precancer and
cancer and assessing indications for biopsy during a standard
clinical examination complemented by autofluorescence-based
visualization of the oral cavity.

METHODS

We analyzed 134 medical histories and pathology reports of
patients with oral neoplasia who had been referred to Samara

Table 1. Lesions sites in the main and control groups

Regional Clinical Cancer Center by the general dentists of
Samara clinics between 2014 and 2019.

The patients were divided into 2 groups according to
the method of clinical examination. The control group (M2)
comprised 63 patients with suspicious oral mucosal lesions
(preliminary diagnosis: oral neoplasia) who had been referred to
the Cancer Center by their dentists between 2014 and 2019.
At the Center, the patients underwent a standard visual and
tactile examination, and their medical histories were taken;
then, the patients underwent an incisional biopsy. The collected
specimens were studied by a pathologist at the Center’'s
laboratory. In the main group (M1) consisting of 71 patients,
a standard visual and tactile examination was complemented
by an autofluorescence-based examination and the original
score-based algorithm with the original index of required
histopathological verification (RHV) were used to assess
indications for a biopsy. This algorithm allows discriminating
between inflammation or precancer and cancer (Fig. 1). In
both groups, incisional biopsies were performed under local
anesthesia using conchotomes; the obtained specimens were
subjected to a histopathological examination (Fig. 2). In the
main group incisional biopsy was performed on those patients
whose RHV index was above 5.

The following inclusion criteria were applied: any age or
sex; superficial oral cavity neoplasia; first-time referral to an
oncologist by a general dentist. Patients who had been referred
to an oncologist by other specialists, self-referred patients,
those who had submucosal malignancies and those who
refused to participate were excluded from the study.

The patients were comparable in terms of sex M : F= 3: 1;
p=0.858), age (63 + 2.8 yearsinthe controlgroup, 71 + 2.8 years
in the main group) and lesion site (Table 1). The original protocol
for cancer detection applied in the main group consisted
in taking a medical history, conducting a visual and tactile
examination of the oral cavity, and a visual autofluorescence-
based examination with an AFS400 handpiece (Polironik;
Russia). Results produced by each component of the
protocol are expressed as points and are then summated
and expressed in the form of the RHV index. The index value
specified in the oral cavity assessment form must contain a
letter indicating the site of the detected lesion. The RHV index
must be calculated for each detected lesion. There must be
a separate assessment form for each detected lesion. If the
RHV index value is below 5, a patient should receive treatment
and be invited for a follow-up examination. If the RHV index
value is 5 or above, a biopsy is recommended. The pathology
report concluding precancer or cancer is the main criterion

Groups
Site Control M2 Main M1
n==63 n=71

n % n %
Tongue 29 46 33 47
Upper alveolus 1 2 - 0
Lower alveolus 3 5 1 1
Mouth floor 14 22 17 24
Hard palate 2 3 3 4
Soft palate 1 2 2 3
Cheek 13 20 15 21
Total 63 100 71 100

Note: Pearson’s coefficient = 2.7567; p = 0.8386.
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Date:
First visit/followup visit
(underline as appropriate)

Patient’s full name POINTS

Date of birth

Protocol for visual, tactile and autofluorescence-based examination of

vermillion lip border and oral mucosa

History (underline as appropriate)

Any symptoms — 0.25 points, no symptoms — 0 points
Onset of symptoms — 14 days ago or earlier — 0.25 0,25
points

Less than 14 days ago — 0 points
Any unhealthy lifestyle habits (except smoking) — 0.25 0,25
points

Smoking — 0.5 points
No unhealthy lifestyle habits — 0 points 0
Occasional exposure to occupational
hazards — 0.25 points

No exposure to occupational hazards — 0 points 0

Visual examination (underline as appropriate)
Erosions, excoriation, aphthae, ulceration, chapping or
cracking, scarring, hyperkeratosis — 2 points 2
Discoloration, nodules, bumps, vesicles, abscesses,
cysts — 1 point

No lesions — 0 points

Does not require dental care — 0 points

Requires dental care — 0.25 points 0,25

a) lip, vermillion border / labial mucosa, corner upper / lower / right / left

b) mouth vestibule upper / lower / right / left

c) vestibular alveolar mucosa upper / lower jaw, right / left / front
d) buccal mucosa right / left

e) labial alveolar mucosa upper / lower jaw, right / left / front

f) retromolar space right / left

g) floor mouth mucosa frontal / lateral / right / left

h) ventral surface of tongue right / left

i) lateral border of tongue right / left

j) tip of tongue

k) dorsal surface of tongue right / left

I) base of tongue right / left

m) hard palate mucosa right / left n) soft palate mucosa right / left
0) anterior faucial pillars right / left

Note: underline as appropriate

Tactile examination (underline as appropriate)
No palpable growth — 0 points

Palpable growth — 1 point 1
Palpable regional lymph nodes — 0.5 points
Regional lymph nodes not palpable — 0 points 0

Autofluorescence-based examination
(underline as appropriate)

Dark-brown fluorescence — 2 points
Pinkish red fluorescence — 1 point
Green fluorescence — 0 points

RHV index WNHIB = 5,75)

Fig. 1. An algorithm for assessing indications for biopsy in patients with vermillion lip border and oral mucosa neoplasia presenting to a dentist for a clinical examination

indicating the efficacy of the proposed algorithm. Fig. 1-4
show a visual examination of the patient with a tongue
neoplasm conducted under natural light and with an AFS
handpiece. The following variables were compared between
the main and control groups: presenting complaints,
pathologies detected on examination, the proportion of
precancerous conditions and malignancies, histologically
identified stages of cancer. Multivariate logistic regression
models were applied to analyze the data of patients with
OM malignancies. Differences were considered significant at
p < 0.05 Statistical analysis was carried out in Statistica 10.0
(Dell; USA).

RESULTS

The groups differed in terms of frequency of complaints. In
the main group, complaints of a suspicious growth were
more frequent than in the control group (0.54 vs. 1.17 times,
respectively). Pain was reported by 23.9% of patients from M1
and by 47.6% of patients from M2. In both groups, discomfort
was very pronounced; a burning sensation and itching were
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Fig. 2. Biopsy of a buccal mucosa lesion
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Table 2. Presenting complaints in the main (M1) and control (M2) groups

Groups Complaints Suspicious growth Pain Discomfort szz;git?gn ltching Bleeding
Detected 35.2% 23.9% 64.8% 40.8% 29.6% 7.04%
M1 Not detected 64.8% 76.1% 35.2% 59.2% 70.4% 92.96%
Difference 0.54 times 3.17 times 1.84 times 1.45 times 0.98 times 13.2 times
Detected 53.9% 47.6% 47.6% 42.9% 39.7% 22.2%
M2 Not detected 46.1% 52.4% 19.1% 57.1% 60.3% 77.8%
Difference 1.17 times 1.1 times 4.25 times 1.33 times 1.52 times 3.5 times

reported at the same frequency (Fig. 5). Table 3 compares the
clinical manifestations of the pathology between groups M1
and M2. Mucosal discoloration was observed 0.82 times more
often in the main group than in the control group (54.9% vs.
28.4%). A coated tongue was present in 62.0% and 60.3%
of patients from the main and control groups, respectively.
Hyperkeratosis was detected in 45.1% and 58.7% of patients,
respectively. Erosions prevailed in the control group (55.6% vs.
36.6%). Hyperplasia and atrophy were detected in 11.1% to
31.0% of cases.

The histopathological examination confirmed precancer
in 18 and 36 patients from the main and control groups,
respectively (o = 0.016). Oral cancer was confirmed in 28
patients from the control group and only 14 patients from the
main groups (p = 0.051). According to the pathology reports,
7 patients in the main group and 31 patients in the control
group had inflammation (p = 0.001) (Fig. 6). Early-stage
cancer was detected in 17 patients from the main group
and 4 patients from the control group (p = 0.004). There
were no significant differences in the frequency of late-stage
cancer between the groups: advanced cancer was detected

in 11 and 10 patients from the main and control groups,
respectively (Fig. 7).

DISCUSSION

Pain, discomfort and a burning sensation were more
pronounced in the control group than in the main group;
erosions were also more common for the control group.
By contrast, a coated tongue and dysplasia were more
prevalent in the main group. The tongue was the most
commonly affected site in both groups (46% and 47% in the
control and main groups, respectively), which is consistent
with the literature [2, 5]. Patients with OM inflammation pose
the main diagnostic challenge for primary care dentists. They
are often referred for invasive diagnostic procedures for no
justified reason. The proposed score-based assessment of
biopsy indications in patients with suspicious growths on the
vermillion border or oral cavity mucosa during a conventional
clinical examination complemented by autofluorescence-
based visualization allowed us to confirm precancerous
conditions and cancer in 90% of patients in the main group

Fig. 3. Lingual mucosa lesion detected on clinical examination

Fig. 4. Brown autofluorescence of lingual mucosa under AFS400 light
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Fig. 5. Distribution of presenting complaints in the main (M1) and control (M2) groups on clinical examination

Table 3. Clinical manifestations detected on examination in the main (M1) and control (M2) groups (under natural light)

Signs of pathology
Moist Coated tongue
Oral mucosa Mucosal g|OSS)’/ )
examination discoloration | = oo Hyperkeratosis | Hyperplasia | Atrophy uIIEchfEI:\(t)i?)/n
Present Removable | Non-removable
Detected 54.9% 43.7% 62.0% 31.0% 28.2% 45.1% 31.0% 12.7%
M1 | Not detected 45.1% 56.3% 38.0% 69.0% 71.8% 54.9% 69.0% 87.3%
Difference 0.82 times 1.29 times | 1.63 times | 2.23 times 2.55 times 1.22 times 2.23 times 6.9 times | 1.73 times
Detected 28.4% 53.9% 60.3% 33.8% 36.5% 58.7% 17.5% 11.1%
M2 | Not detected 71.4% 46.1% 39.7% 66.2% 63.5% 41.3% 82.5% 88.9%
Difference 2.5 times 1.17 times | 1.52 times 3.2 times 1.7 times 1.42 times 4.7 times 8.0 times | 1.25 times

Inflammation

M Main group n=71

51%

Precancer

Fig. 6. Distribution of patients in the groups by histologically verified diagnoses

and 51% of patients in the control group (o = 0.001). The
proposed method has advantages over the conventional
examination in terms of early cancer detection and secondary
prevention because it can be used by general dentists.
According to the literature, a physical examination cannot

BULLETIN OF RSMU | 1, 2021 | VESTNIKRGMU.RU

Cancer

Il Control group n =63

be used as a diagnostic test for establishing a differential
diagnosis and should be complemented by fluorescence-
based and other methods. Our study demonstrates the
effectiveness of such methods used as an adjunct to
traditional procedures [12, 14-16].



OPUTMHAJIbHOE UCCJIEQOBAHNE | CTOMATOJIOI A

18%

17%

16% —

14% —

12% —

10% —

8% —

6% -

4%

4% — 3% 3%

2% —

0% —

Stage 0 Stage |

Fig. 7. Distribution of patients in the groups by cancer stages

CONCLUSION

Our score-based assessment of data yielded by a conventional
clinical examination complemented by an autofluorescence-
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