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MULTICENTER RESEARCH | MEDICAL REHABILITATION

EFFECTIVENESS OF MULTIDISCIPLINARY TEAM AS A NEW MODEL OF AFTER STROKE

PATIENTS’ REHABILITATION

lvanova GE'2¢, Melnikova EV'48, Shmonin AA"%8, Verbitskaya EV®, Belkin AA'S, Bodrova RA'*7, Lebedev PV', Maltseva MN'®, Prokopenko SV'¢,
Prosvirnina MS'¢, Sarana AM', Stakhovskaya LV'?, Suvorov AYu'?° B4, Khasanova DR'*7, Shamalov NA'29

" All-Russian Union Rehabilitators, Moscow, Russia

2 Pirogov Russian National Research Medical University, Moscow, Russia

3 Ural State Medical University, Ekaterinburg, Russia

4 Kazan State Medical Academy, Kazan, Russia

5 Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia

6 Krasnoyarsk State Medical University, Krasnoyarsk, Russia

7 Kazan State Medical University, Kazan, Russia

8 City Hospital Ne 26, Saint Petersburg, Russia

¢ Federal Centre of Cerebrovascular Pathology and Stroke, Moscow, Russia

Modern papers on treatment and rehabilitation of stroke patients describe the advantages and effectiveness of certain medical rehabilitation types, but these data are
not enough to evaluate the efficiency of the whole rehabilitation system. The study was aimed to investigate the potential of the patient-centered problem-oriented
multidisciplinary three-stage system for medical rehabilitation of stroke patients. The study included 1021 patientsover 18 affected with ischemic or hemorrhagic stroke in
the acute phase. All patients had a disability of admission at the time (but no persisting disability in their history). Two models of rehabilitation measures were compared in
two consecutive phases of the study. The linear model of rehabilitation assistance was mainly implemented in phase 1, and the multidisciplinary model was implemented
in phase 2. The patients’ condition was evaluated using the Modified Rankin Scale (mRS) at the end of rehabilitation. Comparison of the 1t and 2" phase results demonstrated
that the number of patients with mRS score 0-1 in the 2™ phase was lower by 18%. The proportion of patients with positive dynamics was significantly higher in the 2
phase than in the 15t phase, (16 and 30% respectively). In the 2" phase there were significantly more patients who demonstrated improvement by 1-4 (mRS score). Thus,
the use of a multidisciplinary model provides a significant benefit compared with a linear rehabilitation model.

Keywords: medical rehabilitation, physical and rehabilitation medicine, multidisciplinary team, development of a medical rehabilitation system, pilot project, acute
stroke, neurorehabilitation
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Various terms are used in the literature to describe the work of
a multidisciplinary team (MDT) in medical rehabilitation [1-3].
It is written in the White Book on Physical and Rehabilitation
Medicine (PRM) in Europe, that the rehabilitation team should
work using a multi-professional, interdisciplinary, team-based
approach [4-6]. In Russia, this principle is called multidisciplinary [1].

The study was aimed to investigate the efficiency of a
patient-centered, problem-oriented multidisciplinary three-
stage system of medical rehabilitation of patients with stroke
compared with the linear rehabilitatopn model in the framework
of a multi-center study.

METHODS

The study protocol was published earlier [7-9].

The study design was comparative, consistent and included
two phases. The study involved 22 medical organizations of
the first, second and third stages of medical rehabilitation from
8 regions of the Russian Federation: St. Petersburg, the Tver
Region, the Sverdlovsk Region, the Republic of Tatarstan,
the Krasnoyarsk Region, Chuvash Republic, Perm Krai. The
staffing and equipment of all centers complied with the order
of medical rehabilitation (order of the Ministry of Health of the
Russian Federation Ne 1705+ dated 29.12.2012) [10] and with
the order of medical care for patients with stroke (order of the
Ministry of Health of the Russian Federation Ne 928H dated
15.11.2012) [11].

Comparative study if the biomedical and biopsychosocial
medical rehabilitation models, implemented in phases
1 and 2, was published earlier [8, 9]. Phase 1 was the work
of a rehabilitation MDT that implemented a biomedical
rehabilitation model (all specialists worked separately, without
discussing the problems of patients at the MDT meetings).
Neurologists directed the patients to physical therapists,
speech-language pathologists, physiatrists and psychologists.
Functional impairments were described in accordance with
accepted forms and formalized records in the patient history.
Rehabilitation diagnosis was not made, rehabilitation goal
was not formulated. To assess the condition of the patient,
only the International Classification Of Diseases (ICD-10) was
used. The International Classification of Functioning, Disability
and Health (ICF) was not used. During the 1st phase all MDT
specialists were trained at 5 medical universities of the Ministry

Table 1. List of scales used in the phase 2

of Health of the Russian Federation and one university of the
Ministry of Education and Science of the Russian Federation
(Pirogov Russian National Research Medical University, Pavliov
First Saint Petersburg State Medical University, lvanovo State
Medical Academy, Krasnoyarsk State Medical University and
Lobachevsky State University of Nizhny Novgorod). All centers
used the same training program.

The training program included blocks on general issues of
medical rehabilitation, as well as blocks on particular issues
of cardiological and neurological rehabilitation, rehabilitation
traumatology, on psychological correction, occupational
therapy, physical therapy, speech-language therapy. Specialists
were trained to organize and conduct a multidisciplinary
rehabilitation process, to use ICF, to draw up the rehabilitation
diagnosis and plan. The program involved training of specialists
in basic rehabilitation interventions in accordance with Russian
clinical recommendations [12] nd recommendations of the
European Society of Physical and Rehabilitation Medicine
(ESPRM) [4-6, 13-21].

The main group of specialists, who developed the training
programs for the project participants and organized the
educational process, was previously trained by the ESPRM
specialists [7] according to the training program on physical
and rehabilitation medicine. The training program was modular.
The training programs available in Russia were supplemented
by modules on medical and social rehabilitation as well as the
other modules. Training and re-training were a key element of
the study.

Phase 2 implementing the new rehabilitation model began
after the completion of MDT specialists training. To assess
the conformity of the educational bases of universities with
the implemented training models, a clinical bases’ audit
was conducted by Russian and European specialists. It was
concluded that all clinical training facilities for MDT specialists
were complied with the rehabilitation organization order, the
research protocol and European standards of rehabilitation [22].

In phase 2, medical organizations worked in accordance
with principles, implementing a patient-centered, problem-
oriented multidisciplinary (bio-psychosocial) approach [8]. The
occupational therapist or a specialist who fulfilled the functional
duties of an occupational therapist after special training
(specialist with basic higher pedagogical, psychological or
medical education) was included in the MDT. The program for

Specialist

Scale

National Institutes of Health Stroke Scale (NIHSS)

Rehabilitation Modified Rankin Scale (mMRS)

physician

(neurologist) Pain Visual Analogue Scale (VAS)
Modified Ashworth Scale (MAS)
Montreal Cognitive Assessment (MoCA)

Psychologist

Hospital Anxiety and Depression Scale (HADS)

Speech-language

Scale designed by L.I. Wasserman for estimating the degree of speech disorders in patients with local brain injuries

pathologist Mann Assessment of Swallow Ability (MASA)

National Institutes of Health Stroke Scale (NIHSS)

Emergency
Glasgow Coma Scale

Medical Research Council scale (MRC)

Berg Balance Scale (BBS)

Physical therapist Functional Independence Measure (FIM)

Frenchay Arm Test

Quality of life assessment using EuroQ-5D questionnaire
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re-training of exercise therapy methodologists also included
modules on physical therapy.

MDT worked in accordance with the ESPRM standards.
All specialists met and discussed the patient’s problems at
the MDT meeting, set the goal of rehabilitation and drew up
a rehabilitation plan. Rehabilitation diagnosis was used for
coordination. Clinical psychologists and psychotherapists were
actively involved to provide a patient-centered approach.

To evaluate the role of the MDT specialists, rehabilitation
assessment scales were used [23]. Scales and questionnaires
were distributed in accordance with the competencies of
specialists to describe the main necessary for rehabilitation
patient functioning indicators (Table 1). If the changes had been
revealed that could be evaluated using certain scale, then such
a scale was used in case of the feasibility of the assessment
(for example, it is impossible to evaluate cognitive function
or anxiety in a patient with a decreased consciousness).
However, some scales were used regardless of the severity
of the patient's condition (MRS, Rivermead Mobility Index,
NIHSS and Glasgow Coma Scale). Assessment was carried
out at the beginning and at the end of hospitalization at all three
study stages. Specialists were allowed to use other scales and
questionnaires, which were not analyzed separately.

When transferring a patient from the intensive care unit or
vascular unit to the medical rehabilitation unit, only the Glasgow
Coma Scale was excluded from the list of scales.

After the rehabilitation completion (1.5 years), a delayed
assessment of the patient's condition based on a telephone
interview with the patient or his close relatives was carried
out using a modified set of tests and scales. For telephone
interviewing, a group of specialists trained to perform telephone
surveys was created. The training included psychologist's
lectures on the psychological features of performing surveys,
lectures on conflict management as well as training on
mRS implementation in telephone surveys for rehabilitation
physicians. After training all specialists passed the exam. The
following indices were chosen for telephone assessment: mRS,
Rivermead Mobility Index, adverse events and EQ-5D. During
the interview, specialists had access to the patients’ database,
so they could use information about the patient's condition
at various stages of rehabilitation to increase the interview
effectiveness. The interviewers did not know to what phase of
the study the patients they interacted with belonged. Patients
also did not know what phase of the study they were included
in. Thus, the study could be considered double blind.

Two mRS score values were selected as intermediate
points of the study: the value obtained at the 1st stage of
rehabilitation, and the value obtained 1.5 years (18 months)
after the rehabilitation. The mRS was chosen as a universal
indicator of the patient’s health, disability and the patient’s
independence, since the scale allows one to describe any
degree of disability regardless of the cause (not only related
to stroke).

The study included patients with acute ischemic or
hemorrhagic stroke who had a disability at the time (minimum
mRS score 2) and who had not have a disability prior to stroke
(score 2 or more). That is, patients without previous persistent
disabilities who were independent before stroke according to
information obtained from patient or his relatives were included
into the study.

Inclusion criteria: ischemic or hemorrhagic stroke acute
period (within 21 days from the onset), provided that surgery is
not required; age over 18. Exclusion criteria: mRS score over
1 before stroke; conducting or planning of any surgery (except
thrombectomy); isolated subarachnoid hemorrhage; transient
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ischemic attack; impaired consciousness upon admission
(coma score 2 or more).

The protocol of stroke patients’ survey during medical
rehabilitation at all stages in phase 1 and phase 2 was
published earlier [8]. After the 1st stage rehabilitation
completion, the patients were directed to the 2" and 3 stage,
depending on the level of vital activity restoration and the need
of further rehabilitation. Thus, the patients with mRS score
4-5 were directed to the 2™ stage of rehabilitation, and the
patients with mRS score 2-3 were directed to the 3¢ stage.
All patients directed to the 2™ and 3 stages of rehabilitation
had good prospects for recovery and a prognosis of full or
partial functioning restoration, or a prognosis of adaptation
and compensation. Patients with a prognosis of nursing and
palliative care were transferred to appropriate facilities or
discharged. Patients with mRS score 0-1 were also discharged,
since they had no disability and did not need rehabilitation. The
sampling was continuous.

Thus, patients received a three-stage medical rehabilitation
in accordance with the multidisciplinary problem-oriented
and patient-centered model in phase 2 or in accordance with
the biomedical model in phase 1, which made it possible to
compare the two systems of rehabilitation organization. The
protocol of patients’ examination used in phases 1 and 2 was
the same. It was based on the current rules and regulations of
the Russian Federation [10-11]) as well as clinical scales that
had shown validity in Russian and foreign studies on the stroke
patients rehabilitation.

ICF-reader application (developed by Shmonin AA,
Maltseva MN, Melnikova EV; Saint-Petersburg, Russia) was
used as an electronic registration card patients’ data collection.
The application was installed in all centers participating in the
study; it worked in accordance with the network principle.
Any registered employee could enter the application, see the
patient’s data and perform the assessment. The application
also promoted multidisciplinary approach because of better
information sharing. Due to the ICF-reader software, the
research organizers could conduct an electronic audit [9, 23].

Statistical analysis was performed using the SAS software
(SAS Institute Inc.; USA). The Shapiro-Wilk test was used for
assessment the distribution normality. Analysis of variance
(ANOVA) was used to compare the main quantitative indicators
in a normal distribution. Mixed-design analysis of variance
(MixedANOVA) was implemented for repeated measurements
in a normal distribution. Pairwise analysis of the groups was
carried out only if there were significant differences according
to the Breslow-Day test. For pairwise comparisons, the
Tukey—Cramer test was used. McNemar's test was applied to
contingency tables with a dichotomous trait. For a distribution
other than normal, the Mann-Whitney U test was used for
unrelated samples, and the Wilcoxon test was used for related
samples. To analyze the qualitative data, the Fisher exact test
and the Pearson x° test were used, depending on the number
of indicators. The differences were considered significant when
p < 0.05.

The study was registered as a clinical trial in the international
ClinicalTrials.gov registry with the following name: The Pilot
Project Development Of Medical Rehabilitation System in
Russian Federation (DOME) (NCT02793934).

RESULTS
There were 1021 patients registered in the electronic system.

Prior to the study, the groups of patients were comparable in
severity and major epidemiological parameters (Table 2). In
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The main endpoint of the study was the mRS score at the
end of rehabilitation (Fig. 1). In the phase 2, an 18% increase
in the proportion of patients without disabilities was observed
(MRS 0-1) compared with phase 1 (p < 0.0001). The mRS
score in the 1%t group in the end of rehabilitation was 3 (2; 4),
and in the 2™ group it was 2 (1; 3) (Mann-Whitney U test,
p < 0.01).

phase 2, there was a greater number of patients with a specified
stroke pathogenetic variant. Disability before stroke, as well
as the the proportion of patients who received reperfusion
therapy during the stroke acute period in phases 1 and 2 were
comparable.

At the beginning of the study, all patients had similar indices
values (Table 3).

Table 2. Comparison of two groups of patients with stroke before the start of the study

Indicator Phase 1 Phase 2 Significance

Nimber of patients 498 523 -
Sex (F : M) 1:15 1:1.2 0.06
Age 68 + 12 68 + 14 0.32
Smoke 14% 15% 0.26
Ischemic stroke 91.2% 92.7%

Hemorrhagic stroke 8.8% 7.3% 021
Alcohol addiction 4.5% 3.2% 0.16
Ischemic stroke history 20% 18% 0.23
Hemorrhagic stroke history 1% 1% 0.23

Disability history

mRS score before stroke 0 81.8% 84.0%

mRS score before stroke 1 18.0% 16.0% 0.33
mRS score before stroke 2 0.2% 0.0%

Reperfusion therapy
Intravenous fibrinolytic therapy 3.5% 1.5%
Thrombectomy 0.6% 0.6% 014
Ischemik stroke pathogenesis variant

NYD 11.7% 8.0%

Atherothrombosis 56.9% 51.4%

Cardioembolic stroke 13.3% 19.2%

<0.05

Lacunar stroke 7.8% 13.2%

Rare causes of stroke 0.2% 0.2%

Other 1.2% 0.7%

Note: phase 1 — biomedical rehabilitation model; phase 2 — multidisciplinary patient-centered problem-oriented rehabilitation model.

Table 3. Comparison of two groups of patients with stroke before the start of the study

Scales Phase 1 Phase 2 Significance, Tukey-Kramer test

NIHSS 6 (4; 10) 5(3;9 >0.05
MoCa 17.5 (8; 21) 18 (9; 23) 0.3287
Frenchay arm test 2(0; 4) 3(0;5) 0.0765
FIM 81 (56; 97) 76 (52; 95) 0.8394
BBS 25 (5; 38) 6 (0; 37) 0.1582
Proximal 3(0; 4) 3(0; 4) 0.5086

Right
Distal 3(0; 4) 3(0; 4) 0.3538

Hand

Lof Proximal 3(0; 4) 3(0;4) 0.0038

eft
Distal 3(0;4) 3(0;4) 0.0022

MRC

Proximal 3(0; 4) 3(0; 4) 0.5207

Right
Distal 3(0; 4) 3(0; 4) 0.3081

Leg

Proximal 3(0; 4) 3(0; 4] 0.0056

Left
Distal 3(0; 4) 3(0; 4) 0.0016
MASA 179 (169; 180) 180 (177; 180) 0.5601
L. I. Wasserman psychodiagnostic scale 6 (0; 25) 0(0; 24) 0.6027
EuroQ-5D 10 (8; 13) 11 (10; 15) 0.3648
Depression 6 (3; 12) 8 (4; 11) 0.427

HADS

Anxiety 7(3;11) 6 (4; 10) 0.9971
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In phase 2, the best improvement was demonstrated by
patients with score 4, 3, and 2 at the moment of admission
(o = 0.0009, 0.0019 and 0.001 respectively). Patients with
mRS score 5 and 1 did not have any advantage in the 1st stage
during rehabilitation in phase 2 compared with phase 1. Phase 2
rehabilitation was more effective in patients with moderate
severity and disability. In severe patients and patients with no
disability (mRS score 1), the efficiency remained the same as
when using the biomedical model.

Assessment scales were the secondary endpoints pomnu
(Table 4). By the time of the 1% stage rehabilitation completion,
the severity in accordance with the NIHSS scale in groups 1
and 2 was comparable (p > 0.05). The FIM score, reflecting
changes in self-care, mobility, communication and social
activity, showed that the 2nd group patients recovered better.

The Frenchay test (Table 4) in phase 2 revealed an
improvement in the patients’s condition. The number of patients
with score 5 (complete restoration of hand function) was 20%
more in phase 2 than in phase 1. In addition, there were less
patients with the score below 0, 1, 2, and 3 points in phase 2
(patients could not complete the test or made many mistakes)
than in phase 1. Analysis using the Pearson x? test revealed no
significant differences (p = 0.0604).

Assessment using the Berg Balance Scale (Table 4) revealed
a significant improvement by the end of rehabilitation in patients
of the 1st (p < 0.0001), and 2nd groups (p < 0.0001). The
improvement was more pronounced in the 2™ group, however,
the Tukey-Cramer test demonstrated that the differences were
not significant (p = 0.0859). The analysis (excluding patients
with normal score at the start of the experiment) showed an
increase in the proportion of patients with a low risk of falling
(score 41-56) by the time the hospital stay was completed in
phase 2 (59%) compared with phase 1 (47.3%). There was a
decrease in the proportion of patients with an average risk of
falling (21-40 points) from 39 to 19% in phase 2 (Pearson x?
test; p = 0.0077).

Assessment using MASA and L.I. Wasserman demonstrated
the ceiling effect. By the time of the 1st stage rehabilitation
completion, it was found that patients of both groups achieved
an almost complete functional restoration of swallowing (200,

MULTICENTER RESEARCH | MEDICAL REHABILITATION

maximum MASA score) by median and interquartile range;
therefore, there were no significant differences between the
groups. By the end of the 1st stage rehabilitation, the patients of
both groups achieved almost complete restoration of speech,
therefore, there were no significant differences between the
groups, although the median values were higher in group 2.

Assessment of cognitive functions was carried out using
MoCa. In phase 2, better cognitive functions’ recovery was
observed than in phase 1 (p < 0.0001). The improvement
was significant both in group 1 (p < 0.0001) and in group 2
(p < 0.0001).

Assessment of the anxiety level using the HADS scale did
not reveal any significant differences between groups 1 and 2
(o = 0.5422). Higher level of depression was detected in phase 2
(o = 0.0318). Removing of patients with a normal HADS score
from a sample at the beginning of the study showed that the
increase in the HADS score was due to a significant increase
in the proportion of patients subclinical depression (phase 1,
18%; phase 2, 44%; p = 0.0129). The number of patients with
clinical depression (HADS) in the phases 1 and 2 was the same
(28.3 and 28.8% respectively).

The use of the EuroQ-5D revealed a comparable quality
of life in both groups, there were no significant differences
(o = 0.0887). The best indicators were observed in the 2™
group. During hospitalization at the 1%t stage, both in group 1
(o = 0.0896) and in group 2 (p = 0.567) he quality of life did not
improve, which indicated lack of said indicator sensitivity at the
1st stage of the study.

A pairwise comparison (Mann-Whitney U test) showed that
hospitalization was shorter in phase 2 (14 (12; 19) patient days)
compared with phase 1 (16 (14; 20) patient days; p < 0.001).
Recalculation of the hospitalization duration in absolute terms
demonstrated that in phase 2 there was a reduction (saving) in
the length of hospitalization by 38% (patient days) compared
with phase 1. In phase 2, MDT specialists were advised to
regulate the hospitalization duration on their own, without
any limitations. Due to the introduction of a patient-centered
problem-oriented multidisciplinary rehabilitation, some patients
became able to remain at the 1% stage longer, because there
was a need for a longer rehabilitation. Some patients became
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Fig. 1. Results of stroke patients rehabilitation at the end of the 1% stage (Pearson x? test; p < 0.0001)
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able to be discharged earlier if the goals of the rehabilitation
program were achieved at the 1st stage. The principle of
"unlimited" hospitalization periods allowed us to reduce
the duration of hospitalization. Reducing the hospitalization
duration at the 1st stage (taking into account the cost of care
for patients with stroke in various regions from 75,000 to
180,000 rubles) should be regarded as ROI.

To evaluate the stroke patients’ condition 1.5 years after
rehabilitation using a biopsychosocial patient-centered and
problem-oriented model, the analysis included information on
the 237 people status received from patients or their relatives.
The main reason for the patient’s inaccessibility for a call was
the lack of a phone number (the patient did not leave a phone
number, specialists did not add it to the database) or the
number change. Twenty nine people refused to talk and did
not explain the reason (12%). The time between the onset and
the telephone interview was comparable in both groups (Table 5),
21 (19; 23) months in the 1%t group, 20 (18; 22) months in the
2" group.

The average duration of a telephone conversation was
7 (5; 9) minutes. The most of patients and their relatives were
positive and willing to communicate. In both groups, the
interviewers spoke more often with patients’ relatives than
patients themselves.

An analysis of the interviewer’s role and the assessment
of the patient's condition were carried out. It was found that
the results obtained by all specialists were the same and
corresponded to the real patients’ condition. The number of
refuses to talk in all interviewers was also comparable. The
data obtained were significant and did not depend on the
researcher.

According to a telephone survey (Table 5), 89% patients
underwent the 2" stage rehabilitation in phase 1, and 81%
patients in phase 2 (p = 0.324). The 3rd stage rehabilitation
was received by 50% phase 1 patients and 53% phase 2

patients (p = 0.7). In phase 2, patients received rehabilitation
in the institutions where the MDT specialists were trained.
The 57% patients were directed to the 2nd and 3rd stages of
rehabilitation immediately, avoiding getting home. This means
that there was no break between the medical rehabilitation
stages.

Since not all patients (only 237 people) were included in
the sample, a comparison was made of the groups of patients
who took part in a telephone interview according using the
baseline indicators for the 1%t stage (Table 5). The disability
prior to stroke baseline assessment obtained using mRS
and the patient’s history, was comparable in both groups
(p > 0.05). The mRS disability score was also the same in the
beginning of the 1%t stage (p = 0.967), which allowed us to
compare the groups.

mRS assessment was the main endpoint of the study, it
was performed by phone. The disability score in stroke patients
after 1.5 years was in lower 2nd group than in the 1%t group
(Fisher exact test; p < 0.05) (Fig. 2). The Mann-Whitney U test
showed that in the 15t group the mRS score was 3 (2; 4), and in
the second group it was 2 (1; 3) (o = 0.026).

Mortality in both groups was comparable and did not differ
significantly (1t group, 15.5 %, 2nd group, 16 % (Pearson x?
test, p = 0.532). Multidisciplinary rehabilitation together with
specialized and high-tech medical care did not affect mortality
within 1.5 years after a stroke.

The patients’ quality of life in accordance to EuroQ-5D
and VAS EuroQ-5D y the end of the study was comparable in
both groups (p = 0.1293 and p = 0.0903) (Table 5). However,
a subanalysis showed that when using a patient-centered,
problem-oriented multidisciplinary rehabilitation, the anxiety
level in accordance with EuroQ-5D was lower (Mann-Whitney
U test; p = 0,0045).

Rivermead Mobility Index score was better with a patient-
centered, problem-oriented multidisciplinary rehabilitation

Table 4. Results of stroke patients condition evaluation at the end of the 15t stage of rehabilitation

Significance, Significance, —
Scales pairwise comparison before i:dt :;‘tf:( rsetr:;téllltatlon Tests
Phase 1 Phase 2 Tukey-Kramer test Phase 1 Phase 2
NIHSS 5@3;7) 3(2;7) > 0.05 < 0.0001 < 0.0001 Tukey-Kramer test
FIM 100 (76; 114) 118 (103;125) < 0.0001 < 0.0001 < 0.0001 Tukey-Kramer test
5(3;5) 5(4.5; 5) 1.0 0.0041 Wilcoxon test
Frenchay arm test 0.0604 -
BBS 42 (27; 51) 50.5 (35; 54) 0.0859 < 0.0001 < 0.0001 Tukey-Kramer test
Right Proximal 3(0; 5) 4 (0; 5) 0.0355 Mann-Whitney U test
Hand Distal 3(0; 5) 4(0; 5) 0.0062 Mann-Whitney U test
Left Proximal 3(0; 5) 3(0;5) < 0.0001 Mann-Whitney U test
Distal 3(0; 5) 4(0; 5) < 0.0001 Mann-Whitney U test
MRC Right Proximal 4(0; 5) 4(0; 5) 0.110 Mann-Whitney U test
Distal 4(0; 5) 4(0;5) 0.0236 Mann-Whitney U test
Leg Left Proximal 4(0; 5) 4(0;5) 0.0003 Mann-Whitney U test
Distal 3(0; 4) 3(0;4) < 0.0001 Mann-Whitney U test
MASA 180 (178; 180) | 180 (178; 180) 0.8284 0.0033 0.0594 Tukey-Kramer test
L. I. Wasserman psychodiagnostic scale 2 (0; 10) 0(0;2) 0.5578 0.0387 0.086 Tukey-Kramer test
MoCa 21.5 (15; 25) 23 (19; 26) < 0.0001 p < 0.0001 p < 0.0001 Tukey-Kramer test
Depression 4(2;7) 7 (3;10) 0.0318 0.0009 0.2435 Tukey-Kramer test
HADS Anxiety 4(2;7) 5(3;7) 0.5422 < 0.0001 0.1048 Tukey—Kramer test
EuroQ-5D 8.5 (6; 10) 7 (5;10) 0.0887 0.0896 0.567 Tukey-Kramer test
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Fig. 2. mRS assessment carried out 1.5 years after stroke (score obtained during the telephone interview)

(14 (9; 14)) than with a biomedical model (13.5 (7; 14), p = 0.04),
i.e. patients became more mobile 1.5 years after the stroke.

The proportion of patients who were constantly under the
doctor’s care (Table 5) was greater in phase 2, the differences
were not significant (p = 0.123). In the phases 1 and 2 the same
number of patients was controlled by neurologist, physician and
other doctors (p = 0.123). Patient-centered problem-oriented
multidisciplinary rehabilitation did not affect the patient’s
commitment to control his condition with doctor’s assistance
after completing 3-stage rehabilitation. Ten percent of patients
who underwent rehabilitation according to the biomedical
model refused to take drugs after the completion of treatment
in medical institutions. When using a patient-centered problem-
oriented multidisciplinary rehabilitation, patients refused
less often (4% patients), however, there were no significant
defferences (p = 0.28). Blood pressure was not controlled
by 7% patients who underwent rehabilitation according to
the biomedical model, and by 4% patients who underwent
rehabilitation according to a multidisciplinary problem-oriented
and patient-centered model (p = 0.73).

DISCUSSION

Introduction of a patient-centered problem-oriented multidisciplinary
rehabilitation at the 1%t stage of treatment and rehabilitation
in our study provided a significant decrease in the level of
dependence in the daily life of stroke patients compared to the
traditional rehabilitation model. The effect of the new rehabilitation
model was associated with the rehabilitation optimization, better
rehabilitation organization, focus on functional outcome, greater
involvement of the patient and his relatives in the rehabilitation
process, as well as greater patient’s interest.

The patients’ condition changes analysis (MRS) demonstrated
that the proportion of patients who showed deterioration during
the 15t stage of medical rehabilitation in phase 2 was less than in
phase 1. Deterioration was associated with pneumonia, urinary
tract infections, pulmonary embolism, progression of cerebral
edema, etc. Significant improvement (by 3 and 4) was possible
only at the 1% stage of rehabilitation, in patients who had
functional disorders associated with “quick-fix” causes (stress,
pain, brain edema, intoxication, acute infection, etc.). The use
of a problem-oriented patient-centered and multidisciplinary
rehabilitation model provides significant improvement, fewer
patients show a deterioration during the rehabilitation.

The results obtained using the FIM scale emphasize the
features of the rehabilitation intervention, which, in case of
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impossibility of function restoring, improves functioning due to
the active patient’s participation. FIM also reflects the efficiency
of the occupational therapy and physical therapy specialists.

Assessment using the Frenchay test demonstrated that the
scale was not so sensitive and did not fully reflect the effects
of rehabilitation. It may be necessary to use more sensitive
evaluation instruments (for example, the ARAT test).

The Berg Balance Scale showed the effectiveness of the
physical therapists’ work in phase 2. Assessment using MASA
and L. . Wasserman scale for estimating the degree of speech
disorders in patients with local brain injuries demonstrated
the ceiling effect. Good speech and swallowing recovery
were associated with the effective work of speech-language
pathologists in both phase 1 and phase 2.

In patients with stroke, cognitive impairment could be both
a manifestation of a stroke and premorbid disorders associated
with cerebrovascular risk factors. In some cases, a combination
of one and the other could be present. The best recovery
of cognitive functions (MoCa) in phase 2 demonstrated the
advantage of the patient-centered problem-oriented approach
in the work of MDT psychologists.

Assessment using the HADS scale used for screening
assessment of emotional disturbances in patients with cerebral
stroke revealed a higher level of subclinical depression in
the phase 2 patients. That could be due to a higher level of
patient’s awareness and difficulty in adaptation during phase
2, which, among other things, was evidenced by a better
restoration of cognitive functions in phase 2. It is likely that the
use of a wider range of diagnostic tools will allow us to study
the manifestations of emotional disturbances in patients with
cerebral stroke during the recovery period better.

Evaluation using EuroQ-5D showed a comparable level of
quality of life in both groups. The lack of improvement in the
quality of life at the 1%t stage could be due to the necessity of a
hospital stay, communication with strangers and other factors.
A delayed assessment may provide an opportunity to obtain
objective information about the patients’ quality of life.

Hospitalization period duration change and, as a result,
the economic efficiency of rehabilitation indicates the
impossibility of introducing the fixed periods of hospitalization for
rehabilitation patients, since the needs of patients with stroke,
and therefore the duration of rehabilitation, can be different.
It is necessary to link the duration of hospitalization with the
rehabilitation potential implementation and the rehabilitation
goals achievement set upon admission of the patient to each
stage.
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Table 5. Groups of patients’ baseline indicators and results obtained during the telephone interview

Scales and questionnaires Phase 1 Phase 2 Significance Test
Time between entering the 1* stage and 21 (19; 23) 20 (18; 22) 0.09 Mann-Whitney U test
the telephone interview, months
mRS score before stroke 0 80% 79%
mRS score before stroke 1 20% 21% 047

Fisher's exact test

Relatives answered the call 73% 66%
Patient answered the call himself 27% 34% 0194
mRS score when entering the 1¢t stage 3(3;4) 3(3;4) 0.967 Mann-Whitney U test
mRS score 0 0% 0%
mRS score 1 0% 0%
:gz zzz: z V\tlr?:q S Zizggg ;:Z: ;(2):;: 0.109 Fisher's exact test
mRS score 4 43% 45%
mRS score 5 14% 13%
Rivermead Mobility Index 13.5 (7; 14) 14 (9; 14) 0.04
Total EuroQ-5D 7 (5; 10) 6 (5; 8) 0.1293
VAS EuroQ-5D, % 50 (20; 70) 50 (50; 70) 0.0903
EuroQ-5D Mobility 2(1;2) 2(1;2) 0.5097
EuroQ-5D Self-care 1(1;2) 1(1;2) 0.1517
EuroQ-5D Usual activities 2(1;2) 1(1;2) 0.2346
EuroQ-5D Pain/discomfort 2(1;2) 1(1;2) 0.125
EuroQ-5D Anxiety/depression 2(1;2) 1(1;2) 0.0045
Underwent rehabilitation at the 2™ stage 89.25% 81.33% 0.342 Mann-Whitney U test
Underwent rehabilitation at the 3™ stage 50.00% 52.78% 0.7
Obesity 37.78% 34.78% 0.251
Was under no doctor’s care 33.33% 27.14%
Was under neurologist’s care 22.22% 20.00% 0.123
Was under physician’s care 30.00% 22.86%
Was under other doctor’s care 14.44% 30.00%
Did not receive any medicine 10.11% 4.29% 0.23
Did not control blood pressure 6.74% 4.29% 73

An equal number of patients who received rehabilitation in
the 2" and 3 stages contributed to the objectivity of the study,
since the amount of care received by patients of phases 1 and
2 is the same. However, the quality of care received by patients
in the 2™ and 3" stages of the study in the institutions where
the teams implemented the multidisciplinary patient-centered
problem-oriented model was significantly higher.

Analysis of the main study endpoints demonstrated that
patient-centered, problem-oriented multidisciplinary medical
rehabilitation was more effective than traditional rehabilitation
of patients with stroke. It was shown that the rehabilitation effect
maintained at least for 1.5 years, which indicated its persistence.
Most of phase 1 patients did not pass to the 2@ and 3 stage
of rehabilitation immediately and “dropped out” of observation.
After the 1%t stage discharge patients registered in the waiting
list and received rehabilitation after months and years when the
rehabilitation efficiency became lower. In phase 2, the number
of patients who received rehabilitation at the second and third
stages in the participating institutions was significantly larger.
However, given the small sample size in phase 1 of the study,
no statistical analysis was performed. In phase 2, a continuity

ensuring system was created, which, with an equal amount of
assistance provided, demonstrated higher quality and better
effect of rehabilitation treatment.

The convenience of data collecting trough telephone
interviews using a number of scales is noteworthy. Telephone
interviews allow one to evaluate the patient’s mobility using the
Rivermead Mobility Index, to obtain information on complications
and recurrent events, as well as mortality and disability severity
(mRS). During the telephone interviews, we managed to obtain
valuable information about the patients’ condition and the
persistence of the rehabilitation, which could be used to create
databases on the volume and quality of medical care provided.

CONCLUSION

Three-stage patient-centered, problem-oriented, multidisciplinary
model is more cost-efficient, since the model ensures better
recovery of patients after stroke, improves the quality of life and
patient adherence to treatment, reduces secondary healthcare
costs, and helps to reduce the cost of specialized and high-
tech medical care for said category of patients.
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QUALITY OF LIFE OF PATIENT WITH MULTIPLE CEREBRAL ANEURYSMS AFTER ENDOVASCULAR
TREATMENT: ASSESSMENT BY THE CRITERIA OF INTERNATIONAL CLASSIFICATION OF FUNCTIONING
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The rate of mortality and disability associated with aneurysmal subarachnoid hemorrhage (SAH) is high. Patients with multiple cerebral aneurysms (MCA) require
repeated surgeries more often and they are likely to develop aneurysms de novo and suffer their rupture. This study aimed to apply the International Classification
of Functioning (ICF) to assess the quality of life (QOL) of MCA patients after endovascular treatment, late postoperative period. The study involved patients who
underwent endovascular treatment and had multiple (>2) cerebral aneurysms (141 people). All patients underwent 1-6 endovascular surgeries; complications
developed in 7.1% (10/141) of cases. The patients' QOL was assessed against the ICF 6 to 24 months post-surgery. We found that at such time points treatment
results deteriorate in a number of domains, namely those associated with pain, memory, motor coordination, limb strength. Patients with ruptured aneurysms
showed worse results for locomotion-related domains than patients with unruptured aneurysms (p < 0.05), in patients with aneurysms having a pseudotumor type
of flow, by domains associated with dysfunction of the cranial nerves responsible for innervation of the eye muscles (p < 0.001) (p < 0.001). Patients with ruptured
MCA were more active in the late post-surgery period, which was revealed by comparing that period's data to the baseline pre-surgery records (p < 0.05). The
severity of activity disorders depended on surgery complications, patient age (o < 0.05), complications that developed during the acute SAH stage (p < 0.001).
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AHeBpu3aMaT4eckoe cybapaxHonpansHoe KposousnmaHre (CAK) accoummpoBaHO C BbICOKOW NETANbHOCTLIO U MHBanMamsaumen 60bHbIX. MaumeHTbl ¢
MHOXECTBEHHbBIMU LiepebpanbHbiMi aHeBpuamamn (MA) vallle nofasep»KeHbl HEOO4HOKPATHBIM OrnepaTviBHBIM BMELLATENbCTBAM, Y HUX UMEETCSt BEPOSITHOCTb
obpazoBaHua aHeBpM3M de novo 1 ¥x paspbiBa. Llenbto nccnepoBaHys 6bino OLEHUTb KavecTBO »ku3HU (KXK) nauveHToB ¢ nomMoLlblo MexxayHapoaHom
knaccuvkaumn yHkUMoHpoBaHna (MK®) B oToaneHHoOM nocneonepauoHHOM Neprofe Nocne 3HAO0BACKYNAPHOro nedeHns MA ons onpegeneHvst nytu
onTMMM3aLMK peabunuTaumn. B nccnepoBaHui NpUHAAM yHacTe OnepyipoBaHHble SHAOBACKYNSPHO MaUMEHTbl C MHOXECTBEHHbIMU (> 2) LepebpanbHbiMm
aHeBpuaMamn (141 Yenosek). Bcem naupeHTam 6bIn0 BbINOAHEHO 1-6 3HA0BACKYNAPHBIX Onepauuii, OCNOXHEHMS feveHnst BO3HUKM B 7,1% (10/141). KK
onpegensm B CPokn oT 6 Ao 24 MecsaueB nocne onepaumn, ncnonedysd MK®. BbigeneHo, 4TO B OTAAIEHHOM MOCIE0NEePaLoHHOM Nepuoae pesynsratsl
OblIN Xy>Ke MO AOMeHaM, CBA3aHHbIM C 60MbLO, NaMSTLIO, KOOPAVHALWEA ABVKEHWIA, CUMON KOHEYHOCTEN. pK reMopparv4eckoM Tune TedeHnst peaynstaThl Mo
[lOMeHaM, CBSI3aHHbIM C NePeaBKEHVEM, ObIN Xy>Ke MO CPaBHEHWIO C ARYrMM TUnamm TedeHus (o < 0,05), a npu NCeBA0OMYXONEBOM — MO JAOMEHaM, CBA3aHHbLIM
C HapyLLeHneM yHKLMM HYepenHO-MO3roBbIX HEPBOB, OTBEHAIOLLIMX 32 MHHEPBALMIO MblLLLL rnada (p < 0,001). o cpaBHeHWIO ¢ nokasatensimy 4oonepaLyioHHOro
nepvoaa B OTAa/IEHHOM NOCNeonepaLoHHOM NepYoae BbISBIEHO NOBbILLEHME aKTUBHOCTY U yHaCTUst 6OSbHbIX C reMOopparMyeckiM TUnom TedeHnst (o < 0,05). Ha
BbIPXXEHHOCTb HapPYLLIEHWIA aKTUBHOCTU BAMSINIM OCNIOXKHEHNS Orepauui, Bo3pacT 6onbHbIX (0 < 0,05), ocnoxkHeHns ocTporo nepuopa CAK (p < 0,001).
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Cerebral aneurysms are some of the most common causes of  [3]. Pathophysiological mechanisms of vasospasm and cerebral
subarachnoid hemorrhage (SAH) [1-2]. Over the past 30 years,  ischemia after SAH were investigated; understanding of these
the approaches to SAH treatment have changed significantly ~ mechanisms allowed improving the acute period intensive care
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methods and reducing the incidence of ischemic complications
[4-5]. The achievements in the field of cerebral aneurysm
surgery, including methods designed specifically for the acute
SAH period, the improvement of the methods of endovascular
treatment of aneurysms resulted in reduction of the number of
repeated SAH occurrences [6]. Advancements in non-invasive
diagnostics and the growing availability of magnetic resonance
angiography, computed tomography angiography enabled
detection of asymptomatic cerebral aneurysms [7]. Assesing
the risk of hemorrhage from an aneurysm takes into account the
morphological features of the aneurysm (size, shape, location),
the only treatment remains surgical intervention [8]. The rate of
occurrence of complications related to such surgery ranges from
310 29% [9-11]. However, to date the quality of life of patients
after aneurysm surgery remains largely unresearched [12],
regardless of such aneurysms staying asymptomatic or causing
hemorrhage or have a pseudotumor course. It is known that
up to 20-30% of patients acquire disabilities after intracranial
hemorrhage [13]. The results of medical rehabilitation of
SAH patients, as well as those suffering from post-surgery
complications (ischemic or hemorrhagic), can be improved
through optimization of rehabilitation algorithms by factoring
in the principal neurological disorders [14]. Assessment of the
quality of life of patients based on the International Classification
of Functioning, Disability and Health (ICF) provides a holistic
view of various aspects of their health [15]. This study aimed
to apply the International Classification of Functioning (ICF) to
assess the quality of life of MCA patients after endovascular
treatment (late postoperative period); the goal was to discover
the rehabilitation algorithms optimization paths.

METHODS

The study included MCA patients (n = 141) who received
endovascular treatment at the Polenov Russian Research
Institute of Neurosurgery in 2010-2018. Seventeen percent
of the participants were male (24/141), 83% — female
(117/141); the mean age of the patients was 54.16 + 11.24
years. The inclusion criteria were: multiple (>2) cerebral
aneurysms treated endovascularly; opportunity to register
late results. The exclusion criteria were: age below 18
years; concomitant arteriovenous malformations; history of

microsurgical treatment of aneurysm. The number of aneurysms
detected ranged from 2 to 6: 2 aneurysms in 62.4% of cases
(88/141), 3 aneurysms in 26.2% (36/141), 4 —in 7.8% (11/141),
5 aneurysms in 2.8% (4/141), 6 — in 0.7% (1/141). All in all,
we detected 349 aneurysms in 141 cases. Their size varied:
22.9% (80/349) were miliary (up to 3 mm) aneurysms, the size
of 67.9% (237/349) was regular (4—15 mm), 5.2% (18/349) were
large (16-25 mm) and 4.0% (14/349) — gigantic (> 25mm). As
for the clinical course pre-surgery, 45.4% (64 cases) of patients
suffered one or several subarachnoid hemorrhages, 7.1%
(10 cases) had a pseudotumor that affected surrounding structures
volumetrically, and in 47.5% (67 cases) of patients the condition
developed asymptomatically (accidentally detected aneurysms).
All patients had 1 to 6 endovascular surgeries (271 surgeries in
total): endovascular occlusion of aneurysms with detachable
coils — 42.4% (115/271), assisted (stent and balloon) endovascular
occlusion of aneurysms with detachable coils — 32.8% (89/271),
flow diverter — 24.7% (67/271). Complications after endovascular
treatment (vasospasm, ischemic complications, hemorrhagic
complications) occurred in 7.1% of cases (10/141), of which
persistent neurological deficiency developed in 4.3% (6/141). We
assessed the quality of life in the late period, 6 to 24 months post-
surgery. For this purpose, we used the International Classification
of Functioning, Disability and Health [15], focusing on the domains
of body functions, activity and participation (Table 1).

All data were entered into a Microsoft Excel 7.0 spreadsheet.
The clinical data obtained in the study were processed with
STATISTICA for Windows 10.0 (StatSoft, Tulsa; USA). Mann-
Whitney test, median x?> and the ANOVA module were used
to compare the quantitative parameters (scores by ICF
domains, Rankin scale, Extended Glasgow Outcome Scale,
Barthel Index of Activities of Daily Living (by age groups), SAH
complications status, surgery-related complications status,
pre-surgery disease development groups). Wilcoxon test was
applied to evaluate the dynamics of the activity and participation
domain indicators before and after surgery. The findings were
considered statistically significant at p < 0.05.

RESULTS

Figure 1 presents the assessment of neurological symptoms
and patient complaints in the late postoperative period. Figure 2

Table 1. Domains of body functions, activity and participation, methods for their assessment

Body functions domains

Assessment method

b144 Memory functions MMSE [16]

b2152 Functions of external muscles of the eye

Isolated assessment of the eye muscle function using the Kurtzke Functional Systems Scores*

b2702 Sensitivity to pressure Scale score**

b167 Mental functions of language

Wasserman speech impairment scale [17]

b28010 Pain in head and neck

Visual analogue scale for pain assessment [18]

b320 Articulation functions

Severity assessment

b730 Muscle power functions

Muscle power assessment scale

b7602 Coordination of voluntary movements

GET UP AND GO TEST [19]

d450 Walking

Six-minute walk test [20]

d640 Doing housework

Rankin Scale [21], Extended Glasgow Outcome Scale [22]

d510 Washing oneself Barthel Index of Activities of Daily Living [23], Rankin Scale
d540 Dressing Barthel Index of Activities of Daily Living
d550 Eating Barthel Index of Activities of Daily Living

Note: *— 0 — no changes; 1 — symptoms present, no function impairment (mild disorder detected through neurological examination, no complaints from the patient);
2 — mild impairments (mild eye movement disorder, the patient complains of double vision, there is paresis of any one of the eye external muscles); 3 — moderate
impairments (moderate eye movement disorder, the patient complains of double vision); 4 — severe impairments (paralysis of one or more of the eye external muscles);
** — 0 — no impairments; 1 — mild impairments; 2 — moderate impairments; 3 — severe impairments; 4 — absolute impairments.
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presents the assessment of activity and participation domains
by the “capacity” and “performance” qualifiers.

The ICF allows a systematic assessment of the state of body
functions, with a single impairments severity scale; therefore,
we established that the scores registered in the pain (028010)
and memory function (b144) domains were low more often
than those describing the status in the voluntary movements
coordination (b7602) and muscle power (b7302) domains. In
the activity and participation section, the impairments were
registered more often in the walking (d450) and housework
(d640) domains.

Assessing the impairments detected in the late post-
surgery period through the lens of pre-surgery aneurysm
development pattern, we established that we found
that in patients with ruptured aneurysms, the movement
(b 7302, d4602, d640) domains indicators were significantly
worse compared to the other types of multiple aneurysms
development patterns (p < 0.05). Cranial nerves innervating the
eye muscles (lll, IV, VI) were significantly more often impaired in
the group that had the aneurysms developing pseudotumors,
even in the late postoperative period (p < 0.001). In other
domains, we registered no significant difference between the
MCA development patterns groups (o > 0.05). Assessment of
the cephalgic syndrome post-surgery revealed no significant
difference in patients with ruptured and unruptured aneurysms.
This fact underscores the importance of a detailed study of the
cephalgic syndrome structure and its causes.

Comparing the pre-surgery data and those obtained in the
late post-surgery period, we discovered that the patients with
ruptured MCA enjoyed enjoyed a better quality of life in domains
d4602 (Moving around outside the home and other buildings;
Fig. 3) (p = 0.004) and d640 (Doing housework) (o = 0.03).

The severity of activity impairments (assessed with the
Barthel Index of Activities of Daily Living, Rankin Scale,
Extended Glasgow Outcome Scale) depended on post-surgery
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complications (p < 0.05), patient age from 51 to 60 years
(o < 0.05), acute SAH period complications (p < 0.001).

The following complications were registered in the late
postoperative period: aneurysm rupture — 1.4% (2/141, with
focal neurological symptoms), vascular thrombosis — 2.1%
(8/141, with focal neurological symptoms in one case). Due
to the presence of an unoperated aneurysm that caused
intracranial hemorrhage the patients were referred to surgery
with subsequent rehabilitation measures.

Thus, using the ICF to score impairments allows qualifying
the rehabilitation courses for such patients.

DISCUSSION

The results of our study confirm findings of other researchers
[24-26]: a history of subarachnoid hemorrhages in patients
with both single and multiple aneurysms negatively affect
their functional status. Same as ours, a number of other
reports describe the following factors that influence functional
outcomes: age of patients at the time of hemorrhage [24],
intraparenchymal hemorrhage [24-25], large and gigantic
size of the aneurysm [25]. However, unlike other researchers,
we did not register as such factors the medial cerebral artery
localization of the aneurysm [24, 30] and intraventricular
hemorrhage [27].

In the recent years, it became customary to apply the ICF to
evaluate the results of treatment and/or rehabilitation in cases
with disorders and injuries of the nervous system [28] and other
body systems [29]. However, there is an insufficient number
of studies addressing application of the ICF in the context of
assessment of the results of endovascular treatment of MCA
patients. The ICF was used to classify the determinants when
summarizing data from various studies investigating QOL
deterioration determinants in SAH survivors [30]. It was found
that the determinants associated with body structure and
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Fig. 1. Assessment by the body function domains, MCA patients, late postoperative period
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functions (clinical condition at admission, low spirit), activity
limitations (physical disability, cognitive status complaints) and
personal factors (female sex, advanced age) negatively affect
QOL post-SAH. Our study confirms that the QOL of patients
with impaired body functions (07302, b2152) deteriorates.

CONCLUSIONS

In the late postoperative period after endovascular treatment of
MCA, a history of SAH and the presence of large aneurysms
following the pseudotumor pattern are the factors that
negatively affect the QOL of the patients. There is a risk of

another SAH linked to the possibility of aneurysm formation de
novo and aneurysm recanalization. Thus, further rehabilitation
measures should account for neuroimaging data obtained in
the late postoperative period. Application of the ICF to assess
status of the patient's body functions, activity and participation,
allow formulating the goals of rehabilitation, evaluating the
results of endovascular treatment and further rehabilitation
measures. Using separate scales disallows systematic analysis
of the patient's condition. A single description of the severity of
impairments is not only convenient in the context of evaluating
the results, it also enables research efforts and comparison
thereof.
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INTERICTAL EPILEPTIFORM ACTIVITY IN SLEEP AND WAKEFULNESS
IN PATIENTS WITH TEMPORAL LOBE EPILEPSY

Broutian AG >, Belyakova-Bodina Al, Dolgova SM, Pushkar TN, Abramova AA
Research Center of Neurology, Moscow, Russia

Sleep is an important activator of epileptiform activity, with epileptiform discharge (ED) probability varying among sleep stages. The aim of our study was
to analyze the association between epileptiform activity and sleep stages or wakefulness in adults with temporal discharges. We analyzed 32 long-term
overnight EEG recordings. All focal discharges were marked, and the entire sleep was staged. Absolute general epileptiform discharge index (EDI), defined
as a ratio of total ED number to the full recording time in hours, as well as absolute EDIs for REM, N1, N2 and N3 stages were calculated. The majority of
patients (28) had the highest EDI in N3. EDI increased significantly while sleep progressed to deeper stages, reaching its peak in N3. In REM sleep, EDI
sharply declined (p < 0.01) reaching the levels of wakefulness. Increasing synchronization of cortical neurons is thought to be the major mechanism of EDI
rise in NREM sleep. Hence, N3 seems to be the most sensitive stage to capture EDs, which highlights the importance of deep sleep recording in patients
with temporal epilepsy.
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WHTEPUKTAJIbHASA SMUNENTU®OPMHAA AKTUBHOCTb BO CHE U B 6OJPCTBOBAHUN
Y NALMEHTOB C BUCOYHOW 3NUIENCUENA

A. T. BpyTsaH &, A. 1. BensikoBa-BoguHa, C. M. Jonroea, T. H. MNywkaps, A. A. AGpamosa
Hay4HbI LeHTp Heponorumn, Mockea, Poccus

CoH ABngeTCs 3Ha4YMMbIM aKTUBATOPOM 3NUNENTUHOPMHOM aKTVBHOCTU, MPW 3TOM BEPOSITHOCTL PErncTpaLmn pas3psfoB MOXET MEHATECSA B 3aBVCYMOCTY OT
CTagmv 1 mMybuHbl cHa. Lienbto nccnenosaHmns Obiio OLEHWTE 3aBYCYMOCTb IMAENTUAOPMHOM aKTUBHOCTY OT YPOBHS 60APCTBOBAHS 1 ryOUHbI CHa B MOMYNSLWN
B3POC/bIX MALWEHTOB C BUCOYHOW NoKanm3aumen paspsaos. Hamm 6b110 npoaHanmampoBaHo 32 NpoaomKeHHbIX 3M-MOHUTOPUHIA C 3anchbio HOYHOrO CHa, B
KOTOPbIX BblNM OTMEYeHbI BCe (hoKasbHble pas3psfpl, a Takke NPoBOAWNOCE CTaavpoBaHue cHa. Onpeaensm obLwmin MHAEKS anunenTOPMHOA aKTUBHOCTU,
Kak OTHOLLEHME OOLLIEro KONMMYECTBa PaspsifoB K AMMTENBHOCTU UCCNEA0BaHNA B Hacax, a Takke VHAVBULAYaIbHbIE MHAEKCh dMMNenTUhOPMHON aKTUBHOCTU 415
60ApCTBOBaHNA 1 Kaxkaom 13 ctagui cHa: ana REM-dasel n N1, N2 n N3 ctaguin NREM-cHa. Y nofaensitoLLero 1ncna naumeHToB (28) MakCUMabHbI MHAEKC
3apervcTpyposaH B ctagun N3. o Mepe nepexofa k 6onee my6oKUM CTaaysiM CHa, MHAEKC pas3psaoB MOocefoBaTeNsHO 1 JOCTOBEPHO YBENMHMBANCS, AOCTUMAs
MakcumaneHbix BenndnH B ctagn N3 (o < 0,01). B hady REM-cHa nHaekc pesko cHkancs (p < 0,01), mprbnmkasce K 3Ha4eHnsM, 3aperncTpupoBaHHbIM B
6oapcTBoBaHMN. OCHOBHBIM MEXaH3MOM, KOTOPbIA MPUBOAUT K YBENMHEHNIO MHAEKCA anunenTudopmHor aktneHocT B NREM-cHe, MOXeT BbITb HapacTatoLLas
CUHXPOHV3aLMS KOPKOBbIX HEMPOHOB C YBENMYEHNEM [0 MeANeHHOM akTnBHOCTU B D3I Takum obpasom, ctaaus N3 asnsetca Havbonee nHhopMaTviBHO
B MnaHe perncrpaumm okanbHbIX pPaspsaos, YTO ANKTYET HEOOXOAVMOCTb AOCTWKEHWS AOCTATOYHOWM ryBMHbl CHA MPY MNPOBEAEHUM AVarHOCTUYECKX D3
1cenefoBaHnin y NaLneHToB ¢ BUCOHHbIMU (hopMamMit anunencum.

KntoueBble cnosa: anekTpoaHLedanorpadus, CoH, annnentuopmHas akTVBHOCTb, 3NWIENCKs, BUCOYHAs anunencus
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The likelihood of developing epileptic seizures depending on the
level of wakefulness and sleep depth is largely determined by the
epilepsy and seizure type [1, 2]. For example, in juvenile myoclonic
epilepsy seizures typically occur after awakening while in autosomal
dominant nocturnal frontal lobe epilepsy they only happen during
sleep. Sleep is also known to be a significant activator of interictal
epileptiform activity in electroencephalography (EEG), which is
more common for focal discharges than for generalized ones [3].

Sleep, however, is not a homogeneous state; it consists
of several states changing in a cyclic manner. These states
differ in depth, physiological parameters, and EEG patterns.
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A remarkable example is epileptic encephalopathy with
continuous spikes and waves during sleep (CSWS) in which
epileptic discharges almost replace the physiological patterns
of non-rapid eye movements sleep (NREM sleep) and disappear
during rapid eye movements (REM) sleep.

Thus, the probability of epileptiform activity is expected
to depend on sleep stage. Furthermore, ED number during a
certain sleep stage should be related to the duration of this
sleep stage. For example, stage 2 prevails in a healthy person’s
sleep, which may mislead an EEG interpreter into thinking that
EDs are the most prevalent during this stage.
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Epileptiform discharge index (EDI) is described for both
generalized and focal forms of epilepsy [4-8]. Studies on
focal discharges differ in number of patients, discharge
localization and epileptiform activity index calculation methods.
In the majority of studies, discharges were calculated in 5 to
20-minute intervals of wakefulness and each stage of sleep.
Both discharge localization and calculation methods can affect
the results [4-8].

Temporal epilepsy is the most common, comprising two
thirds of all focal epilepsies [9]. The aim of this study was
to assess the effect of various stages of sleep on interictal
epileptiform activity in a relatively homogeneous group of adults
with temporal lobe epilepsy by counting and analyzing EDs
throughout the entire EEG recordings.

METHODS

We scanned video EEG recordings obtained in the Research
Center of Neurology from February 2018 through June 2019
to select overnight recordings only. We found 709 recordings
which were 10 to 12 hours long and included night sleep,
evening and morning wakefulness. Initially, 142 recordings with
focal epileptiform activity regardless of the disease duration
and antiepileptic drug regimen were chosen. Inclusion criteria
were the following: 1) only temporal ED localisation; 2)
in case of repeated recordings, the first one was analyzed;
3) all sleep stages were present; 4) manual ED detection only,
no automatic algorithms were used; 5) at least 10 EDs in a
recording. Exclusion criteria were: 1) epileptic seizures during
recording; 2) more than 500 EDs. Recordings with epileptic
seizures were excluded due to their potential effect on EDI.
Recordings with more than 500 EDs were excluded because
of the technical limitations of ED manual detection. Finally,
32 recordings that met all the criteria were included in our
study. Among the included patients there were 17 females and
15 males, aged 19 to 79 years (median 41 years).

EEG was recorded with scalp electrodes placed according
to 10-20 international system with additional EKG channel. In
11 recordings, an inferior temporal chain (F9, F10, T9, T10, P9,
P10) was used as well. EEG was recorded with NicOne (Natus,

WAKE—
REM—
N1—
N2—
N3—

M| HHWL_U M

USA) and BePlus LTM (EBNeuro; ltaly) systems. Recordings
started between 20:00 and 21:00 and ended between 07:00
and 08:00. Photic stimulation and 5-minute hyperventilation
were performed in the beginning of the recordings and after
awakening in the morning. Epileptiform activity was defined
according to 2017 revised glossary of EEG terms [10]. Total
number of EDs varied from 13 to 401 (median 72 EDs). 27 patients
(84%) showed unilateral EDs, 5 patients showed bilateral EDs.
Number of patients with left-sided or predominantly left-sided
EDs (17) was comparable to the number of patients (15) with
right-sided or predominantly right-sided EDs.

Sleep was staged using 30-second epochs in accordance
with American Academy of Sleep Medicine Manual for
the Scoring of Sleep and Associated Events [11]. Since
we did not use electrooculographic (EOG) electrodes and
electromyographic (EMG) chin electrodes, REM sleep was
identified based on indirect signs, such as ocular artefacts in
frontal channels, muscle artifacts and REM-sleep-specific EEG
patterns [11]. In this paper, we used traditional designations for
sleep stages and wakefulness: Wake for wakefulness, N1 for
stage 1, N2 for stage 2, N3 for stage 3 (slow-wave sleep), REM
for REM sleep. Figure 1 shows an example of a hypnogram
with ED marks.

We created hypnograms and marked EDs on them for
each recording and calculated the following indices: 1) absolute
general EDI, defined as a ratio of total ED count to the full
recording time in hours; 2) absolute EDI for wakefulness and each
sleep stage (N1, N2, N3, REM), defined as a ratio of ED count
during stage to its duration in hours. For bilateral EDs, average
EDI from both sides were calculated. The range of absolute
EDIs was substantial. Since our study mainly focused on the
trends of EDIs in relation to sleep stages and wakefulness, we
did additional normalization, calculating relative EDIs, defined
as a ratio of absolute stage EDI to absolute general EDI. Further
in the text, EDI should be regarded as relative EDI, unless
otherwise specified.

STATISTICA 12.6 software (Statsoft, Dell Software; USA)
was used for statistical processing of the results. We applied
the Shapiro-Wilk normality test for distribution characteristics,
I\/Iann—Wnitney test for independent samples and Wilcoxon test

20:03:22

7460

Fig. 1. An example of a hypnogram with ED marks. X-axis shows astronomical time. Y-axis shows sleep stages and wakefulness. Blue vertical lines in the top are
ED marks. Wake, wakefulness periods; N1, stage 1; N2, stage 2; N3, stage 3 (slow-wave sleep); REM, REM sleep

l

6

\
\

l
mIm N3 FREM

l

10

Fig. 2. Registered combinations of sleep stages with EDs. Combinations of sleep stages with EDs are highlighted with braces. Numbers in the middle of the braces

reflect the number of patients with certain ED distribution
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Table 1. The number of recordings having EDs in certain sleep stages or wakefulness and average relative EDIs

Stage Wake N1 N2 N3 REM
Number of patients with/without discharges at this stage 18/14 16/16 311 32/0 9/23
Number of patients with maximum discharges at this stage 2 0 1 28 1
Relative discharge index, median [lower; upper quartile] 0.03 [0; 0.23] 0.11 [0; 0.89] 1.19[0.64; 1.64] | 3.92[2.74;6.64] | 0.19 [0; 0.06]

for dependent samples. Spearman's rank correlation coefficient
was used to calculate the correlation. The differences were
considered statistically significant at p < 0.05.

RESULTS

18 patients (56%) had EDs while being awake, 16 patients
(50%) had EDs in N1, 31 patients (97%) had EDs in N2, all
the patients had EDs in N3 and 9 patients (28%) had EDs in
REM sleep (Table 1). The combinations of wakefulness and
sleep stages with EDs varied (Fig. 2). No recording showed EDs
exclusively in wakefulness, N1, N2 or REM. Nevertheless, one
recording revealed EDs only in NG.

Stages with the largest EDI were identified. 28 patients
(87.5%) had the largest EDI in N3, 2 patients had the largest
EDI in wakefulness period, 1 patient had the largest EDI in N2,
1 patient had the largest EDI in REM, no patients were shown
to have the largest EDI in N1.

Relative EDIs with trends are shown in Fig. 3. The median
EDIs were: 0.03 for wakefulness periods, 0.11 for N1, 0.19 for
N2, 3.92 for N3, 0.19 for REM (Table 1, Fig. 4). Application
of the Wilcoxon signed-rank test revealed a significantly higher
EDI in NREM sleep compared to that of wakefulness: p < 0.05
for N1 and p < 0.01 for N2 and N3, with difference from REM

being not significant. N3 EDI was significantly larger than EDI
for other stages. EDI for REM was significantly smaller than EDI
for each NREM sleep stage. EDI for REM had no significant
difference from EDI for wakefulness period.

We divided our sample into 2 groups according to the total
ED number: patients with small ED number (14 to 75 EDs) and
large ED number (75 to 401 EDs). We compared EDIs between
these groups and found no significant difference.

We performed correlation analysis for absolute stage/ EDIs
and found significant correlation between EDI for N1 and REM,
N1 and N2, and N2 and N3.

There was no significant EDI difference between left and
right side temporal discharges in either wakefulness or sleep.

DISCUSSION

Our study showed N3 EDIs to be substantially higher than EDIs
in other stages. ED predominance in slow-wave sleep was
shown in earlier studies, in which EDI was analyzed for each
sleep stage [6-8, 12-14]. There were no patients without EDs
in N3 in our study, and EDs in N3 were on average three times
more probable than in N2. Comparing stages that harbored the
majority of EDs within a single EEG recording revealed even
greater difference, as recordings with the majority of EDs in N3

12.00
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Fig. 4. Relative EDIs for each sleep stage and wakefulness in patients with temporal discharges
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had a share of 87.5%. Analyzing the numerical data (Table 1)
and EDI trending (Fig. 3), we observed a burst in N3. Similar to
N3, EDI in N2, being smaller than in N3, was still significantly
larger than in wakefulness, N1 and REM. We found no previous
studies that showed significant difference in EDIs for N1 and
N2. The lack of such statistical significance in earlier studies
may be attributed to the method of ED marking, which was
performed in selected intervals of EEG recordings rather than
throughout the whole recordings [8, 15, 16].

Hence, we observed EDI increasing with sleep progression
from REM to N1, N2 and N3.

Such EDI changes through the sleep stages may be
explained by increased synchronization of neural networks in
NREM sleep. Scalp EEG electrodes are known to require quite
a large number of cortical neurons to discharge synchronously.
Experimental data suggest that such synchronously discharging
neurons should occupy at least an area of 6-8 cm?. Slow
activity, mainly that of delta range, is known to reflect high
synchronization of cortical neurons. A characteristic feature
of N3 is high-amplitude delta activity occupying at least 20%
of an epoch. However, thorough analysis may reveal gradual
increase of slow-wave activity occurring already in N2. Apart
from slow-wave activity not sufficient to meet N3 criteria, N2
is characterized by the presence of K-complexes which is the
most important criterion of this sleep stage. K-complexes are
relatively slow high-amplitude transients which may embed EDs,
becoming the so-called epileptic K-complexes. Such epileptic
K-complexes can be found in both generalized and focal
epilepsy [17, 18]. Furthermore, nocturnal frontal lobe epilepsy
seizures have been shown to be associated with K-complexes
[19]. Hence, an increased probability of EDs in NREM sleep may
be considered as a consequence of increased synchronization
of neural networks. This is supported by studies which showed
positive correlation between ED frequency and delta band power.

Despite sleep in general being the most potent ED activator,
REM sleep harbored the least of sleep EDs, with the index of
epileptiform activity being comparable to such of wakefulness.
Our data are consistent with earlier studies of the effect of REM
sleep on epileptiform activity [8, 14, 21, 22]. In all the studies,
EDI in REM was the lowest among sleep stages. Compared
to wakefulness, EDI in REM sleep was shown to be slightly
lower in the majority of studies. Having no activating effect on
epileptiform activity, REM sleep, however, has two aspects that
draw our attention. Firstly, if occurring in REM sleep, EDs tend
to be more localized, thus having greater localizing value than
in other sleep stages [23, 24]. Secondly, REM sleep, being an
integral part of healthy sleep, not only has no activating effect
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BRAIN-COMPUTER-INTERFACE TECHNOLOGY WITH MULTISENSORY FEEDBACK FOR CONTROLLED
IDEOMOTOR TRAINING IN THE REHABILITATION OF STROKE PATIENTS
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Motor recovery of the upper limb is a priority in the neurorehabilitation of stroke patients. Advances in the brain-computer interface (BCI) technology have significantly
improved the quality of rehabilitation. The aim of this study was to explore the factors affecting the recovery of the upper limb in stroke patients undergoing BCI-
based rehabilitation with the robotic hand. The study recruited 24 patients (14 men and 10 women) aged 51 to 62 years with a solitary supratentorial stroke
lesion. The lesion was left-hemispheric in 11 (45.6%) patients and right-hemispheric in 13 (54.4%) patients. Time elapsed from stroke was 4.0 months (3.0; 12.0).
The median MoCa score was 25.0 (23.0; 27.0). The rehabilitation course consisted of 9.5 sessions (8.0; 10.0). We established a significant moderate correlation
between motor imagery performance (the MIQ-RS score) and the efficacy of patient-BCl interaction. Patients with high MIQ-RS scores (47.5 (32.0; 54.0) achieved a
better control of the BCI-driven hand exoskeleton (63.0 (54.0; 67.0), R = 0.67; p < 0.05). Recovery dynamics were more pronounced in patients with high MIQ-RS
scores: the median score on the Fugl-Meyer Assessment scale was 14 (8.0; 16.0) points vs 10 (6.0; 13.0) points in patients with low MIQ-RS scores. However, the
difference was not significant. Thus, we established a correlation between a patient’s ability for motor imagery (MIQ-RS) and the efficacy of patient-BCl interaction.
A larger patient sample might be necessary to assess the effect of these factors on motor recovery dynamics.

Keywords: stroke, neurorehabilitation, brain-computer interface, ideomotor training
Funding: the study was supported by the Russian Foundation for Basic Research (Grant ID 16-29-08247 ofi_m).

Author contribution: Bushkova YuV — study planning; literature analysis; data acquisition, analysis and interpretation; manuscript preparation; Ivanova GE —
study planning; literature analysis; data interpretation; manuscript preparation; Stakhovskaya LV — study planning; data interpretation; manuscript preparation;
Frolov AA — manuscript preparation.

Compliance with ethical standards: the study was approved by the Ethics Committee of the Research Center of Neurology (Protocol Ne 12/14 dated December
10, 2014). The iMove study has been registered on Clinical Trials. gov (identifier: NCT02325947). All patients gave informed consent.

><] Correspondence should be addressed: Yuliya V. Bushkova
Ostrovityanova, 1, str. 10, Moscow, 117342; Julijabush777@gmail.com

Received: 12.11.2019 Accepted: 24.11.2019 Published online: 07.12.2019
DOI: 10.24075/brsmu.2019.078

TEXHONOIMNA NHTEP®ENCA MO3I-KOMIMbIOTEP KAK KOHTPOJIMPYEMbI UAEOMOTOPHbIN
TPEHWHI B PEABUJTUTALN BOJIbHbIX MOC/E NHCYJIbTA

tO. B. bBywkosa'™, I E. ViBaHoBa', J1. B. Ctaxosckas?, A. A. ®ponos®

T ®epepanbHbI LEHTP LiepebpoBackKyspHO natonorum u nHeynsta, Mockea, Poccust
2 POCCUINCKIMIA HaUMOHaNbHbI MCCneaoBaTensCkuin yHnBepcuTeT nmern H. V. Muporoea, Mocksa, Poccust
3 IHCTUTYT BbICLLIEN HEPBHOW AeATENbHOCTY 1 Herpoduranonorm, Mocksa, Poccurs

BoccTaHoBneHve GyHKLUMM PyKK Y MaumMeHTOB NOCAE MHCYNbTa ABASETCH NPUOPUTETHBIM HanpaBneHnem B Henpopeabunutaumm. PassuTre TexHonornm
VHTEpdenca Mo3r—-KoMnbtoTep—ak3ockeneT KUcTh (VIMKD) ka4eCTBEHHO yay4LUnio peabunutaumio B 9TOM HanpasneHun. Liensto aaHHoro nccnenoBaHmns
ObIN0 U3Y4NTb (HaAKTOPbI, BASAIOLLME HAa ABMraTeNbHOE BOCCTAHOBEHME BEPXHEN KOHEYHOCTW Y MaUVEHTOB Moce MHCyNsTa Ha (hOHE NMPUMEHEHNST TEXHONOT N
VIMKS3. Viccnenosanu 24 naupenta (14 my>xxdnH, 10 >xeHLmH) B BodpacTe oT 51 go 62 neT ¢ eAuHNYHBIM 04aroM MHCYNBTHOM TUOMOMK, CynpaTeHTOpHanbHOM
nokanmzaumm. B 11 (45,6%) cnydasix nesononyLuapHoe nopaxenue, B 13 (54,4%) cnydax — npasornonyLapHoe. JaBHocTb nHcynsta — 4,0 (3,0; 12,0) MecsiLa.
Megnmnana MoCA 25,0 (23,0; 27,0). Kypc 3anatuin VIMKS Bkntodan 9,5 (8,0; 10,0) npouenyp. BbisiBneHa 3Haqmmast yMepeHHast Koppensums Mexay YCrneLHOCTbIO
MoTopHoro npeactasneHns (MIQ-RS) n addexkTnBHOCTBIO B3aumomencTsms naupneHTos ¢ VIMKO knuctu. MaumeHTsl ¢ BbicOkMMM nokasatenamun MIQ-RS
47,5 (32,0; 54,0) nocToBepHO Nyulle B3avmopneiicTBosam ¢ VIMKS 63,0 (54,0; 67,0), R = 0,67 (o < 0,05). Y naumeHToB ¢ BbICOKMMI NokasaTensmv MIQ-RS
OHaMVKa OBuraTenbHOro BOCCTaHOB/EHMSt Oblna Bonee BblpaxxeHHo: MeayaHa AFugl-Meyer Assessment (FMA) coctasuna 14 (8,0; 16,0) 6annoB npotvs rpynmbl
nauveHToB ¢ H13kuMK nokadarensamm MIQ-RS, AFMA — 10 (6,0; 13,0), HO Npw 3TOM He JOCTUMA CTAaTUCTUHECKM 3HAYMMOrO YPOBHS. TakM 06pa3oM, BbisiBNeHa
B3aMOCBSA3b MEXy CrIOCOOHOCTHLIO MALMEHTOB K MOTOpHOMY MpencTtasneHno (MIQ-RS) 1 athdeKTUBHOCTBIO B3anMoaencTayst naumeHTos ¢ IMKS. [Ans BbiseneHvs
BAVSIHIS 9TUX (DaKTOPOB Ha AMHAMUKY ABMraTeNbHOro BOCCTAHOBMNEHWS PYKM, BEPOSTHO, TPeOyeTCA MPOAOIKUTL NCCNefoBaHMe ¢ 60bLUel BbIGOPKOW.

KnioueBble cnoBa: VHCYSLT, HepopeabunuTaums, MHTEPdENC MO3r-KOMMLIOTEP, NAEOMOTOPHASA TPEHNPOBKA
DuHaHCUpOBaHWe: 1CCneoBanHne NoaaePkaHo POCCUncKkM hoHAOM PyHOAMEHTaNbHbIX CCNeaoBaHUiA (fpaHT Ne 16-29-08247 our_m).
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Stroke is one of the leading causes of lasting disabilities worldwide.
Post-stroke motor and cognitive deficits impair patients’
mobility and everyday activities, prevent their reintegration in the
community and reduce their chances to return to work [1, 2.

A well-structured, gradual, specific, and adequate
neurorehabilitation (NR) program can significantly mitigate
stroke-related neurological deficit.

NR relies on the reserve capacity of the brain determined
by the systemic organization of brain functions. As the patient
relearns movement skills, their brain undergoes functional
reorganization resulting in the restoration of or compensation
for stroke-damaged functions. The ultimate goal of NR is true
recovery. This sounds like a very adequate approach since it
implies complete restoration of the affected function or the best
improvement possible. The affected functions are regained due
1o the reorganization of intact functional systems enabled by the
plasticity of the nervous system and the anatomic connections
between its compartments.

Rehabilitation of neurology patients boasts a variety of
methods aimed at initiating plasticity processes that make
up for or replace the lost function. However, the majority of
patients experience limited recovery after stroke. Advances
in brain-computer interface (BCI) technology for activating the
motor cortex that controls a specific movement, such as a BCI-
controlled robotic hand, have substantially improved the quality
of post-stroke rehabilitation [3, 4.

A BCl is directly operated by neurophysiological activity of
the brain in such a way that neuromuscular pathways typically
involved in the motion are bypassed [5]. A BCl-controlled
robotic hand with visual and kinesthetic feedback harnesses
the ability of patients to generate various EEG signals (the EEG
u-rhythm in the motor regions of the brain, in our case), allowing
the brain to “connect” to external devices without involving
neuromuscular pathways. The BCI rehabilitation device relies
on the mental imagery (M) of active movements. According
to functional neuroimaging studies, Ml activates cortical motor
areas [6], except when stroke disrupts the ability of the brain to
generate mental images [7].

It is known that repeated mental rehearsal of an action
(ideomotor training, IT) promotes development of a motor skill
under physiological conditions and recovery or regain of an
impaired/lost skill in patients with nervous system pathology.
An ideomotor task means a physical movement is performed
mentally. This is also known as mental practice. The patient
is asked to imagine a movement (such as reaching out with
their hand, opening a hand, clenching a fist, grasping a cup,
etc.) from a first- or third-person perspective. If the movement
is imagined from the first-person perspective, the patient is very
likely to perform it kinesthetically. If the task is performed from the
third-person perspective, this type of imagery is visual [8]. In
comparison with visual imagery, kinesthetic imagery is more
reliably associated with a patient’s ability to successfully interact
with brain-computer interfaces [9].

There are a few major hypotheses about the mechanism
underlying the effect of mental practice. One of them, the
so-called psychoneuromuscular theory [10], is based on the
assumption that mental practice activates muscles involved
in performing the movement at the subthreshold level and
consolidates the motor “script”. According to another
hypothesis, motor imagery evokes specific neurophysiological
patterns in the motor cortex; these patterns are similar
to those involved in implementing the actual movement.
Functional MRI studies suggest that mental practice leads
to the reorganization of the motor system in both brain
hemispheres [6, 11].

Various dosage regimens of ideomotor training have been
tested in randomized clinical trials. A statistically significant
effect on the FMA and ARAT scales has been demonstrated
for the following regimen: two 30-min sessions once a week
repeated over the course of 6 weeks [12]. The program included
functionally significant movements like reaching out or grasping
an object, using writing utensils, etc.

However, the use of IT for regaining control of movement in
adults after a catastrophic cerebral event produces controversial
results [13]. Damage to motor function negatively affects both
the patient’s ability to execute movements and to imagine them.
This could be due to post-stroke cognitive impairment [1,14].

Rehabilitation technologies based on motor imagery hold
promise for patients with cerebral injury [12]. IT is seen as an
adjunct to conventional rehabilitation. IT combined with physical
therapy for patients with neurological deficits shapes the basis
for repetitive task-specific practice (RTP). It has been shown
that prolonged regular motor imagery training has a positive
gradual and sustainable effect on neuronal plasticity [15].

Motor imagery is a subjective process and, therefore,
is difficult to evaluate. One of the solutions lies in measuring
desynchronization of sensorimotor EEG rhythms induced by
motor imagery [4, 16]. Desynchronization of sensorimotor EEG
rhythms can be used to detect the act of motor imagery, but its
specificity remains understudied.

Another problem addressed in the literature is assessing
a patient’s ability for motor imagery [17]. This can be done
using the movement imagery questionnaire (MIQ) adapted for
the clinical population. MIQ and MIQ-R are normally used in
athletes, whereas MIQ-RS, in individuals with motor deficit.

The BCI controlled robotic hand rehabilitation technology
with multisensory visual and kinesthetic feedback can be
described as controlled ideomotor training. This training is
based on the enhancement of afferent stimulation of the upper
limb by the mechanical force of the exoskeleton in response to
successful performance of a mental task.

Thus, one of the crucial problems facing mental imagery
research is detection of patients’ ability to implement mental
tasks because it determines the efficacy of interaction between
the patient and the rehabilitation device.

The aim of this study was to explore the factors affecting
motor recovery of the upper limb in stroke patients undergoing
rehabilitation with a BCl-controlled robotic hand in the early
rehabilitation period.

METHODS

The study was carried out by the Research Center of
Cerebrovascular Pathology (Pirogov Russian National Research
Medical University) at the facilities of Moscow City Clinical Hospital
Ne 31 (Neurology Unit for stroke patients) from September 2018
to April 2019.

Inclusion criteria were as follows: patients of both sexes
aged 18-80 years with a history of one subcortical stroke
experienced < 2 years before the study, retained cognitive
function (at least 22 points on the Montreal Cognitive
Assessment scale, MoCA) [18], motor deficit of the upper
limb (O to 4 points on the Medical Research Council Scale for
Muscle Strength) [19], and right-handedness according to the
Edinburgh Handedness Inventory [20].

The following exclusion criteria were applied: older stroke
(> 2 years before the study); left-handedness (the Edinburgh
Handedness Inventory); pronounced reduction in cognitive
function; sensory aphasia; severe motor aphasia; severe visual
impairment that prevented the patient from following visual
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instructions on the computer screen; excessive arm spasticity
(4 points on the Ashworth scale, mAS) [21].

We analyzed performance of 24 patients: 14 (58.3%) men
and 10 (41.7%) women. The median age was 56.5 (51.0;
62.0) years. Stroke was ischemic in 20 patients (83.3%) and
hemorrhagic in 4 (16.7%) patients. In all the participants, stroke
was localized to the supratentorial brain region (the location was
confirmed by CT or MRI). The lesion was left-hemispheric in 11
(45.6%) patients and right-hemispheric in 13 (64.4%) patients.
The median time elapsed from stroke was 4 months (3.0; 12.0).
The MoCA median was 25.0 points (23.0; 27.0), corresponding
to moderate cognitive deficit. Some of the participants were in
inpatient care (n = 11); others were outpatients (n = 13). The
BCIHE-based rehabilitation consisted of 9.5 sessions (8.0; 10.0).

The device used for rehabilitation was a brain-computer
interface-controlled hand exoskeleton with kinesthetic and
visual feedback (Exohand-2) developed at Pirogov Russian
National Research Medical University, Moscow (Fig. 1)

BCl relies on the analysis of EEG patterns and recognition
of sensorimotor p-rhythm synchronization/desynchronization
during hand motor imagery. EEG signals were bandpass-
filtered at 5-30 Hz. The Bayesian classifier used in our study is
described in [22]. Classification accuracy was measured using
Cohen’s kappa coefficient (perfect recognition accuracy: k = 1,
random chance: k = 0 [23]) and the percentage of correct
responses of the classifier (the recognition rate > 33% indicated
above random recognition accuracy because the patients had
a definite instruction to follow).

Recognition results were presented to the patient through
visual and kinesthetic feedback: if the classifier recognized
the motor imagery task given in the instruction, the cursor in
the middle of the screen changed its color to green and the
exoskeleton performed a hand opening movement. If other
tasks were recognized, the cursor did not change its color
and the exoskeleton did not produce any movement [4]. In
essence, this type of therapy is controlled ideomotor training
utilizing the principles of multichannel (visual, kinesthetic, EEG)
biofeedback.

During the session, the patient was wearing a cap with
EEG electrodes. Conductive gel was applied to the electrode
surface. The electromechanically powered hand exoskeleton
for hand opening was attached to both hands of the patient.
The patient was sitting in the armchair in front of the computer
screen. In the middle of the dark screen there was a circle
for gaze fixation; three arrows outside the circle represented
different instructions. A change of arrow color indicated task
presentation. The patient performed one of 3 mental tasks:
motor relaxation, kinesthetic imagery of slow right hand or
left hand opening. Hand opening commands (the arrows in
the right and left sections of the screen changed their colors
accordingly) were presented in random order for 10 seconds.
Mental imagery tasks were alternated with a task to relax
indicated by a flash of the upper arrow; during the resting task,
the patient had to sit for 10 s and look at the center of the
screen. A session consisted of up to 3 trials, each lasting for 10
minutes. The patient rested for at least 3 min between the trials.
The rehabilitation course lasted for 14-18 days; the interval
between the sessions could extend up to 2 days.

RESULTS
The participants took the motor rehabilitation course consisting
of standard physical therapy for post-stroke patients

(kinesiotherapy, PNF, Motomed movement trainer) [24] and 9.5
sessions (8.0; 10.0) of BCI-controlled robotic hand -based training.
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Motor activity of the upper limb was assessed using the
following scales: the Fugl-Meyer Assessment (FMA) [25],
the Medical Research Council Scale for Muscle Strength
(MRCMS), the modified Ashworth scale (MAS) for spasticity.
Functional activity of the upper limb was assessed using the
Action Research Arm Test (ARAT) [26]. The Barhtel Index (Bl) for
Activities of Daily Living was applied to understand the level of
patients’ functional independence. Motor imagery performance
was evaluated using the Movement Imagery Questionnaire
(MIQ-RS) for clinical populations.

Statistical analysis was carried out in Statistica ver. 13.0
(StatSoft; USA) using the Mann-Whitney U and Wilcoxon tests
and Spearman'’s correlation coefficient. In this article, the data
are presented as medians and interquartile ranges (25; 75%)
and differences are considered significant at p < 0.05.

The median efficacy of patient-BCl interaction (Cohen’s
kappa, the recognition rate) was 58.5% (45.7; 62.6) (p < 0.05),
suggesting that such interaction was successful.

In order to study the ability of patients for kinesthetic motor
imagery based on the MIQ-RS score, we divided them into two
groups depending on stroke lateralization (Table 1).

The obtained differences were statistically significant.
Patients with left-hemispheric lesions did better in generating
kinesthetic motor images than patients with right-hemispheric
lesions; these findings are consistent with the literature [27].

However, the attempt to establish a correlation between
motor imagery performance in patients with different stroke
localization and the efficacy of patient-BCl interaction using
the classifier output was unsuccessful. So we distributed
the patients’ data into 2 groups depending on the quality of
motor imagery inferred from the MIQ-RS total scores. The
first group comprised patients who scored over 50% of the
maximum score on the subscale representing the kinesthetic
component; the second group consisted of patients who
scored less than 50%. Thirteen patients perceived their ability

Fig. 1. The brain-computer interface-controlled hand exoskeleton with a kinesthetic
and visual feedback (Exohand-2)
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Table 1. Motor imagery performance in patients with different stroke lateralization

Parameter/the Mann-Whitney U test

Right hemisphere (n = 13)

Left hemisphere (n = 11)

MIQ-RS (p < 0.05)

29 (18.0; 35.0)

44.0 (25.0; 54.0)

Table 2. The efficacy of interaction between patients with different motor imagery performance and BCI (based on the MIQ-RS scale)

Parameter

Patients with MIQ-RS score > 50% (n = 13)

Patients with MIQ-RS score < 50% (n=11)

Spearman’s rank correlation coefficient

R=0.67 (p < 0.05)

R=0.43 (p < 0.05)

MIQ-RS

475 (32.0; 54.0)

27.0 (15.0; 29.0)

Classifier, p<0.05

63.0 (54.0; 67.0)"

39.0 (32.0; 48.0)"

Note: *— p < 0,05.

Table 3. The relationship between motor recovery of the upper limb, functional independence of the patients and the efficacy of their interaction with BCI

Parameter/the Mann-Whitney U test

Patients with MIQ-RS score > 50% (n=13)

Patients with MIQ-RS score < 50% (n = 11)

63.0 (54.0; 67.0)

39.0 (32.5; 48.5)

Classifier, p < 0.05
Before

After Before After

FMA, total score 88.0 (62.0; 102.0)

102.0 (66.0; 112.0)* 95.5 (67.0; 109.0) 105.0 (69.0; 110.0)*

MRCWS 3.0 (2.0; 4.0) 3.0 (3.0; 4.0) 3.0 (2.0; 4.0) 3.0 (3.0; 4.0)
mAS 1.5 (3.0; 1.0) 1.0 (1.0; 1.0)* 2.0 (1.0; 2.0) 1.0 (1.0; 1.0*
ARAT, total score 37.0 (4.0; 47.0) 42.0 (6.0; 53.0)" 35.0 (5.0; 43.0) 39.0 (4.0; 48.0)"
BI 90.0 (75.0; 95.0) 95.0 (80.0; 100.0)* 87.5 (75.0; 100.0) 92.5 (85.0; 100.0)*

for kinesthetic imagery as quite good: the median score was
47.5 (32.0; 54.0) points. For the rest 11 patients, the median
score was 27.0 (15.0; 29.0) points. The difference between the
groups was statistically significant (p < 0.05). In the next step,
we investigated the association between the quality of motor
imagery and the efficacy of patient-BCl interaction (Table 2).

The analysis of the obtained data revealed a significant
moderate correlation between the quality of motor imagery
(MIQ-RS) and the efficacy of patient-BCl interaction. In other
words, the accuracy of the classifier was higher for patients
with high MIQ-RS scores; patients with lower MIQ-RS scores
interacted with the exoskeleton much less effectively.

The relationship between motor recovery/functional
improvement of the upper limb and the efficacy of interaction
with the exoskeleton is shown in Table 3.

In both groups, the dynamics were positive and statistically
significant in terms of motor recovery and functional improvement
of the upper limb. The dynamics were more pronounced in
patients with a better ability for kinesthetic imagery; however,
the difference between the groups was insignificant. Besides,
we failed to establish a significant correlation between the
efficacy of patient-BCl interaction (the classifier output) and
the dynamics of motor recovery of the upper limb, which might
be explained by the small sample size. Improved Bl scores
observed for both groups were due to the movements that
involved both hands.

DISCUSSION

Noninvasive neurointerfaces decode brain activity in real
time and thus allow users to manipulate external devices. In
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CHANGES IN THE NOCICEPTIVE RESPONSE TO THERMAL STIMULATION IN RATS FOLLOWING
ADMINISTRATION OF N-TERMINAL ANALOGS OF THE ADRENOCORTICOTROPIC HORMONE

Dodonova SA'=, Bobyntsev II', Belykh AE", Andreeva LA?, Myasoedov NF?

" Kursk State Medical University, Kurks, Russia
2 Institute of Molecular Genetics, Moscow, Russia

Melanocortins (MCs) are an increasingly studied class of regulatory peptides exerting a wide range of biological effects. All naturally occurring MCs share a His-Phe-
Arg-Trp fragment (HFRW) corresponding to the sequence of amino acid residues 6-9 of the adrenocorticotropic hormone (ACTH, ), which is also a central active
component of ACTH. Attaching the Pro-Gly-Pro (PGP) sequence to the C-end of the peptide extends the duration of the peptide’s effect. The aim of this study
was to investigate the effects of ACTH, ,-PGP (HFRWPGP) on the spinal and supraspinal mechanisms involved in the nociceptive response in rats and to compare
them to those of its structural analog ACTH, ,-PGP (MEHFPGP). ACTH, ,-PGP effects were studied following the intraperitoneal administration of the peptide at
doses 0.5, 1.5, 5, 15, 50, 150, or 450 pg/kg 15 minutes before the hot plate and tail flick tests. ACTH, ,-PGP effects were studied under the same conditions at
the following doses: 50, 150 and 450 pg/kg. We found that ACTH, ,-PGP administered intraperitoneally at 5 or 150 pg/kg induced a pronounced reduction in pain
sensitivity 15 and 45 minutes after the injection (o = 0.04); this effect was implemented via supraspinal mechanisms. In the tail flick test, 150 pg/kg ACTH, ,-PGP
increased pain sensitivity, with the participation of segmental spinal mechanisms (o = 0.04). ACTH, ,-PGP did not have any effect on the studied mechanisms of
pain sensitivity. Thus, unlike ACTH, .-PGP, ACTH, ;-PGP can both increase pain sensitivity and exert an analgesic effect.
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W3MEHEHWE TEMMNEPATYPHOW BONIEBOW YYBCTBUTEJIbHOCTU Y KPbIC NOCJIE BBEOAEHUSA
N-KOHLIEBbIX AHAJTOIOB AAPEHOKOPTUKOTPOIMHOIO rOPMOHA

C. A. JopoHosa'=, V. . BobbiHues!, A. E. Benbix', J1. A. AHgpeesa?, H. ®. Msacoenos?

KA FOCYAapCTBEHHbIN MEAVLIHCKIMIA YHUBEPCUTET, K, 1
" Kypc oC! C l¢] C Kypck, Pocc
2 IHCTUTYT MONeKynsipHol reHeTukn, Mocksa, Poccus

MenaHokopTuHbI (MK) — 0fWH 13 aKTUBHO MCCRedyembIX KNacCoB NENTUAHBIX PEMYISTOPOB C LUMPOKMM CNEKTPOM Bronorndeckix apdekTos. B cTpykType Bcex
npupoaHbix MK npucyTcTByeT obLumin pparmeHT — His-Phe-Arg-Trp (HFRW), COOTBETCTBYOLLMIA MOCNEA0BATENBHOCTI C 6-T0 MO 9-1 @MUHOKNCIOTHBI OCTaTOK
MOJIEKY/Tbl 8PEHOKOPTUKOTPOMHOIO ropMoHa (AKTT, ) 1 ABNAIOLACS €8 aKTUBHBbIM LIEHTPOM. [okagaHo, YTo MpucoeanHeHne K C-KOHLY aMUHOKUCIOTHOW
nocnefosaresnsHocTv Pro-Gly-Pro (PGP) npvBognT K mposnioHraummn aenctens nenmuaos. Llensio pabotsl Gbiio nayunTts sivaHie addextos AKTT, -PGP
(HFRWPGP) Ha crivHanbHble ¥ cynpacnvHasibHble MexaH3mbl (hopM1poBaHs 60MeBON YyBCTBUTENBHOCTY Y KPbIC, & Takke CpaBHWUTL X C adhdpekTamm ero
CTpyKTypHOro aHanora — AKTT, -PGP (MEHFPGP). Sddextbl AKTT -PGP 6binn nccnenosaHs Mpuy ero BHYTPUOPIOLLMHHOM BBeAeHuM B fosax 0,5, 1,5, 5, 15,
50, 150 1 450 mKr/kr 3a 15 MIH 80 HaYana onbita Mo M3y4eHMo TeMNepaTypHON 60NEBOIN HyBCTBUTENBHOCTI Y KPbIC C MCMONMB30BaHVEM TECTOB «ropsiHas niacTvHa»
1 «oTaeprusaHie xsoctar. dpektbl AKTT, -PGP 6bim nccnenosaHbl B aHaorv4Hbix yenosusx B gosax 50; 150 n 450 MKr/kr. MNokasaHo, 4to AKTT -PGP B
[03ax 5 1 150 MKI/Kr BbI3blBaU1 BbIPaXKEHHOE CHIPKEHME TEMMepaTypHOM 60N1eBOI HyBCTBUTENBHOCTY Hepes 15 1 45 MUH Nocne ero BHYyTPUOPIOLUMHHOIO BBEAEHNS
(0 =0,04), peannaosaHHOro Ha CyrpacnHaibHOM ypoBHe. B TecTe «otaeprusarie xsocta» AKTT, -PGP B oge 150 MKI/KI NoBbiLLas TeMnepatypHyto 6onesyio
YyBCTBUTENBHOCTb G YHaCTUEM CerMeHTapHbIX CriMHabHbIX MexaHnaMoB (o = 0,04). AKTT, -PGP He okasbiBas BIMAHUSA Ha UCCNeoBaHHbIE MexaHM3Mbl 60NeBsol
YyBCTBUTE/IBHOCTW. TakyiM 06pasoM, ycTaHoBeHo, 4to AKTT, -PGP, B otmune ot AKTT, -PGP, criocobeH o6riafars Kak aHasibreTU4ecKumMm, Tak anrm4eckimm
ahhexTamn.
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Regulatory melanocortin peptides and their fragments exert a
wide range of biological effects. This phenomenon has inspired
the creation of synthetic melanocortin analogs for structure-
function analysis and therapeutic applications [1, 2]. It is known
that N-terminal regions of the adrenocorticotropic hormone
(ACTH) have a neurotropic effect and affect the body’s response
to pain [3]. The His-Phe-Arg-Trp sequence found at ACTH,_ is
required for the activation of all melanocortin receptor types
[4]. Some of ACTH, , effects are retained after the Pro-Gly-Pro
(PGP) tripeptide is attached to its C-terminus so as to enhance
resistance to carboxypeptidases [5]. However, the impact
of the ACTH, ,-PGP peptide on sensitivity to pain has not
been studied so far. At the same time, a synthetic fragment
ACTH, -PGP, which is structurally close to ACTH, ,-PGP and
is also an active ingredient of a pharmaceutical drug Semax,
has similar effects [3]. Therefore, it is important to investigate
the neurotropic action of ACTH, ,-PGP as part of the structure-
function analysis of N-terminal ACTH fragments.

The aim of this work was to study the effect of the
ACTH,,-PGP peptide on the spinal and supraspinal
mechanisms of nociceptive response in rats and to compare
them to the effects of ACTH, -PGP.

METHODS

Our experiments were carried out in 121 male Wistar rats
weighing 150-190 g. The animals were kept in cages (10 rats
per cage) in standard housing conditions at a 12/12 light/dark
cycle at controlled ambient temperature (22 + 2 °C). The rats
were fed a standard pellet diet and had free access to water.
The experiments were carried out between 9 am and 15 pm.
Ten experimental and one control groups were formed
consisting of 11 rats each. Each experimental group received
a single dose of either ACTH, ,-PGP or ACTH, _-PGP (Semax)
from the dose range specified below. The peptides used in the
experiment had been synthesized in advance at the Institute
of Molecular Genetics (RAS). ACTH, ,-PGP was dissolved in
0.9% normal saline. Fifteen minutes before the experiment,
7 experimental groups received a single intraperitoneal injection
of ACTH, ,-PGP at one of the following doses: 0.5, 1.5, 5, 15,
50, 150, or 450 pg/kg. ACTH, ,-PGP was also dissolved in normal
saline and administered intraperitoneally to the animals from the
3 remaining experimental groups at a single dose of 50, 150 or
450 pg/kg 15 min before the tests. The control group received
equivalent amounts of normal saline (1 ml per 1 kg body weight).
Pain response to thermal stimulation was assessed using
the hot plate and the tail flick tests [6] and the corresponding
equipment: a hot plate (model LE7406) and a tail-flick meter
(model LE7106) (PanLab Harvard Apparatus; Spain). The hot
plate test consisted of 4 trials separated by 15-min breaks
and conducted at 53 °C. In this test, the nociceptive threshold
was measured once before the injection and 3 times after the
injection. Each animal was placed on a hot plate and the latency
to the first behavioral response (hind paw licking, jumping) to
the nociceptive stimulus was measured. In the tail flick test,
the middle section of the tail was exposed to the heat stimulus
of fixed intensity (set to 50 units) and the latency to tail flicking
was recorded. In this test, 5 measurements were taken at
15-min intervals: 2 pretreatment measurements of the baseline
nociceptive threshold (averaged) and 3 measurements of the
nociceptive threshold after the injection. The maximum possible
effect (MPE) was calculated using the following formula: [6]:
LP —-LP

MPE = " e x100%,
co,,, - LP

time re

where LP_ is posttreatment latency, LP_ is pretreatment
latency, CO, _ is cut-off time (45 s in the hot plate test and
9 s in the tail flick test).

Statistical analysis was carried out in MS Excel 2016
(Microsoft; USA), Statistica 13.3 (StatSoft; USA) and the
R environment (The R Foundation for Statistical Computing;
Austria). Normality of data distribution was assessed using the
Shapiro Wilk test. The equality of variances was tested using
Levene’s test (lawstat). The obtained results were expressed as
a median (Me), lower (25) and upper (75) quartiles (Q1 and Q3).
Statistical significance was assessed using the nonparametric
univariate Kruskal-Wallis test; post-hoc intergroup comparisons
were done using the Mann-Whitney U test and the Benjamini—
Hochberg procedure. The results were considered significant
atp <0.05

RESULTS

A single injection of the ACTH, ,-PGP peptide produced a
dose-dependent effect on the MPE value in the hot plate test
(see Table). The analgesic effect was the most pronounced
for the 5 pg/kg dose 15 and 45 min after the injection, with a
significant 2.5-fold (o = 0.04) and 7-fold (o = 0.02) elevation
of the nociceptive threshold, respectively. At a lower dose of
1.5 pg/kg, the peptide did not have any considerable impact
on pain sensitivity. However, further dose reduction to 0.5 ug/kg
changed the trend: 30 min after the ACTH, ,-PGP injection, the
MPE value dropped by 193% (p = 0.15) and remained at this
low level for at least 45 min (p = 0.07).

Increasing the ACTH, ,-PGP dose to 15 pg/kg did not have
any significant effect. However, the peptide tended to increase
sensitivity to pain 45 min after the injection when administered
at 50 pg/kg (o = 0.1). Further dose increase to 150 pg/kg
was accompanied by a significant elevation of the nociceptive
threshold 15 min (p = 0.04) and 45 min (p = 0.04) after the
injection. When administered at 450 pg/kg, ACTH, ,-PGP did
not have any significant effect on the studied parameters.

No statistically significant differences in the studied
parameters were observed between the rats in the experimental
groups following the injection of ACTH, -PGP at all studied
doses in comparison with the controls.

Based on the results of the tail flick test, no reliable changes
in the nociceptive threshold were observed in the rats injected
with 0.5, 1.5, 15, 50, and 450 pg/kg of ACTH, ,-PGP (see Table).

Although no significant effect of ACTH, .-PGP administered
at 5 and 150 pg/kg was observed in the hot plate test 30 min
after the injection, the peptide did affect the rats’ sensitivity
to heat in the tail flick test 30 min after its administration: at
150 pg/kg the nociceptive threshold was significantly lower
(o = 0.04) and at 5 ug/kg the peptide tended to increase pain
sensitivity (o = 0.1).

The tail flick test did not reveal any significant changes in
pain sensitivity in the animals treated with ACTH, -PGP.

DISCUSSION

Biological effects of melanocortin peptides are implemented via
a variety of melanocortin receptors (MCRs). Specifically, MCR1
is expressed in the neurons of the periaqueductal gray, MCR3 is
expressed in the cortex and the thalamus, whereas MCR4, in
the brain stem. The activation of these brain structures plays
an important role in nociception by reducing pain progression
[7, 8]. Considering that supraspinal structures are involved
in the nociceptive response to thermal stimulation in the
hot plate test [6], the interaction between ACTH, -PGP and
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Table 1. Effects of ACTH, ,-PGP and ACTH, -PGP on pain sensitivity in rats in the hot plate and tail flick tests, MPE (Me (Q1; Q3))

0y
MPE, % 15 min 30 min 45 min 15 min 30 min 45 min
Group e
Hot plate test Tail flick test
Control 12.92 1.9 3.58 15.53 15.69 -17.81
(-6.05; 26.83) (-6.93; 5.84) (-3.18; 9.53) (-22.91; 29.78) (-5.07; 28.69) (-46.16; 25.12)
ACTH, ,-PGP 4.41 -18.11 -18.73 17.08 0.05 -14.31
0.5 ug/kg (n=11) (-16.20; 7.73) (-38.62; -0.72) (-31.94; -7.92) (6.06; 50.00) (-30.59; 23.43) (-41.03; 5.79)
ACTH, ,-PGP 8.98 16.28 -9.05 11.68 22.42 -5.95
1.5 pyg/kg (n=11) (-0.59; 19.74) (8.43; 23.68) (-26.00; 11.33) (8.08; 38.79) (-3.37; 54.11) (-7.98; 19.13)
ACTH, ,-PGP 45.44* 28.05 31.11* -7.73 -8.76 8.6
5 pg/kg (n=11) (23.88; 54.69) (-1.46; 42.62) (27.57; 36.58) (-28.83; 16.98) (-19.43; 12.29) (-8.97; 41.44)
ACTH, ,-PGP 16.48 11.75 10.83 0.62 -6.11 1.96
15 pg/kg (n=11) (11.57; 48.20) (-0.76; 29.79) (-11.48; 46.64) (-8.11; 22.87) (-17.38; 12.50) (-8.77; 22.24)
ACTH, ,-PGP 3.57 -4.09 -10.42 11.65 19.97 15.73
50 pg/kg (n=11) (-9.45; 23.48) (-32.97; 7.96) (-23.20; 2.20) (-13.77; 40.37) (9.45; 40.40) (-5.16; 20.34)
ACTH, ,-PGP 41.02* 10.06 30.40* -18.04 -31.67* —20.85
150 pg/kg (n=11) (16.37; 66.96) (2.88; 29.73) (19.13; 37.31) (—44.05; 6.37) (-36.45;-21.85) (-43.43; 8.58)
ACTH, -PGP 2415 6.61 4.56 3.77 11.16 -5.78
450 pg/kg (n=11) (9.36; 26.39) (-7.00; 17.15) (-2.13; 6.92) (-21.28; 23.96) (-28.31; 40.84) (-22.03; 38.22)
ACTH, ,-PGP 0.45 11.01 10.23 1.21 22.7 -4.63
50 ug/kg (n=11) (-14.1; 37.27) (-18.57; 23.17) (-0.03; 42.15) (—22.86; 38.97) (-58.53; 32.46) (-47.24; 25.36)
ACTH, -PGP 12.07 12.48 1.52 10 0.1 -3.91
150 pg/kg (n=11) (-5.06; 34.59) (0.64; 31.16) (-5.75; 16.44) (-43.69; 26.44) (-44.11; 27.93) (-40.36; 21.57)
ACTH, ,-PGP 20.37 12.19 21.9 25.78 -16.71 11.83
450 pg/kg (n=11) (8.63; 27.69) (-9.18; 32.12) (-9.19; 35.83) (1.54; 80.88) (-35.19; 25.67) (-27.97; 26.38)

Note: * — differences are significant (o < 0,05) in comparison with the control group at the same time points (according to the Mann-Whitney U test and the Benjamini—

Hochberg procedure).

melanocortin receptors localized in the brain can affect pain
sensitivity.

MCR4 is found in the spinal cord [3, 8]; a ACTH, ,-PGP-
induced change in their activity can affect the function of
segmental mechanisms involved in nociception, which was
observed in our flick tail test. It is still unclear how melanocortin
receptors mediate the effect of ACTH analogs; it is hypothesized
that there is at least one previously undescribed receptor
subtype involved [9, 10].

The observed differences in the intensity and directionality of
the effects induced by different peptide doses can be explained
by the interaction of the peptide with various types of MCRs
it encounters when travelling across the brain or by some
aspects of intracellular mechanisms of its action. Specifically,
transmembrane and subsequent intracellular signaling from an
MCR can be implemented via different pathways depending
on the concentration of the ligand: through cAMP activation,
by inositol phosphates [1, 11], Ca* and protein kinases [1].
This is true for all types of melanocortin receptors [1]. The
direction, intensity and duration of the nociceptive response to
a stimulus are determined by the type of the activated signal
transduction mechanism [1, 2]. These facts are consistent
with our findings demonstrating the opposite dose-dependent
trends in responding to the thermal stimulus following
ACTH, ,-PGP administration; these effects are typical of
regulatory peptides as a separate class of bioactive substances
[11,12].

The opposite trends in the nociceptive response following
ACTH, ,-PGP administration observed in our study are also
consistent with the literature reports on the effects of ACTH
fragments and analogs on nociception [3, 13]. It could be
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hypothesized that the mechanisms of the ACTH, ,-PGP effect
on the response to pain are similar to those of its structural
analog ACTH, ,-PGP (Semax), which reduces sensitivity to pain
and exerts its effects via opioid and serotonin receptors [3].

Because the ACTH, ,-PGP sequence is required for the
activation of all types of melanocortin receptors [4], the effects
of ACTH, ,-PGP on pain sensitivity (compared to those of
ACTH, ,-PGP) observed in our study may result from the
interaction of the peptide with all types of MCRs in CNS structures
involved in nociception and antinociception. Interestingly, we did
not observe the pain-reducing effect of ACTH, .-PGP described
by other authors [3]. Considering that the character of pain
response can be largely determined by the features of a specific
animal breed or line [14, 15], the differences observed in our
study may be to some extent explained by the use of Wistar rats
vs outbred rodents exploited in the studies cited above.

CONCLUSIONS

In the hot plate test, a reduction in pain sensitivity was observed
15 and 45 minutes after the intraperitoneal injection of 5 and
150 pg/kg ACTH, ,-PGP; this reduction was mediated by
supraspinal mechanisms. Other studied doses of the peptide
did not produce any effect on the nociceptive response. In
the tail flick test, the injection of 150 pg/kg ACTH, ,-PGP
increased pain threshold, with the participation of segmental
spinal mechanisms. No effect on pain response was observed
for ACTH, ,-PGP. Our findings broaden the knowledge of
physiological effects of N-terminal ACTH analogs and can
provide a theoretical rationale for developing neurotropic
pharmaceutical agents based on these compounds.
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ENGINEERING A RECOMBINANT HERPESVIRUS SAIMIRI STRAIN BY CO-CULTURING
TRANSFECTED AND PERMISSIVE CELLS

Hamad A', Chumakov SP?=

" Moscow Institute of Physics and Technology, Moscow, Russia
2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Moscow, Russia

Recombinant herpesviruses can be used as oncolytic therapeutic agents and high packaging capacity vectors for delivering expression cassettes into the cell.
Herpesvirus saimiri is a gamma-herpesvirus that normally infects squirrel monkeys but also has a unique ability to infect and immortalize human lymphocytes
while allowing them to retain their mature phenotype and functional activity. Recombination of the Herpesvirus saimiri genome in permissive cells is impeded
by its resistance to chemical transfection and electroporation. The aim of this study was to develop an effective method for incorporating expression cassettes
into the genome of Herpesvirus saimiri without having to transfect a permissive cell culture. Transfected HEK-293T cells expressing glycoproteins of the
measles virus vaccine strain were co-cultured with permissive OMK cells infected with Herpesvirus saimiri. Cell fusion and formation of syncytia stimulated
recombination between the viral genome and the expression cassette; this allowed us to obtain a recombinant Herpesvirus saimiri variant without chemical
transfection in permissive cells. The genetically modified virus expressed a selectable marker and retained its ability to persist in the cell in the latent state; it
also caused immortalization of primary lymphoid cells. The proposed approach allows engineering recombinant Herpesvirus saimiri strains carrying a variety
of expression cassettes in its genome.
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MOJIYYEHME PEKOMBMHAHTHOIO LUTAMMA HERPESVIRUS SAIMIRI NYTEM COBMECTHOW
KYJIbTUBALIMN TPAHCO®ULIMPOBAHHOW N MEPMNCCUBHOW KJIETOYHbIX KYJIbTYP

A. Xamapg', C. M. Yymakos? =

" MOCKOBCKUIN (hUBUKO-TEXHUHECKIIA MHCTUTYT, MockBa, Poccus
2 VIHCTUTYT BroopraHnyeckoi xummm uvernt M. M. LLlemsikuHa n FO. A. OBumHHVKOBa, Mocksa, Poccust

PekoMBMHaHTHbIE reprecBMPYCbl MOXHO MPVMEHSTE B Ka4ECTBE TepaneBTUHECKIMX areHTOB-OHKOIMTVKOB, a TakKe B Ka4eCTBEe BEKTOPOB OOMbLLION eMKOCTU
[ONs OCTaBKN MPOTSXEHHbBIX OKCMPECCHOHHBIX KOHCTPYKLMIA B KNETKW. TammMa-repnecBupyc 6enmybix 0b6esbsiH Herpesvirus saimiri obnagaet yHUKanbHOM
CMOCOBHOCTBIO MHPULMPOBATL YenoBeYecKre NMMAQOLMTLI U BbI3biBaTb X VMMOPTaIM3aLMIO MPU COXPaHeHUM 3penoro deHoTuna 1 dyHKLMOHaIbHOM
aKTMBHOCTW. [poBeaeHne pekombuHaumm reHoma Herpesvirus saimiri B NnepM1UCCUBHON KNETOYHOW KymnbType 3aTpyAHEHO 13-3a ee YCTOMYMBOCTU K XMMUYECKOM
TpaHchekumn 1 anekTponopauui. Llensio paboTbl sBnsnack padpabotka ahdexkTMBHOro cnocoba BBeASHWA SKCMPECCUMOHHbIX KacceT B reHoM Herpesvirus
saimiri 6e3 NpoBefeHVst TPaHCMEKLMN NMEPMUCCHBHOM KNETOYHOW KyNnbTypbl. s 3TOro Mbl UCMONb30BaIM COBMECTHYHO KySBTUBALMIO TPaHCHULIMPOBaHHbIX
kneTok HEK-293T, akcnpeccupyrowyx Takke MMKONPOTENHbI BAKLMHHOMO LWITaMMa BUPYCa KOPW, U MHMULMPOBaHHbIX Herpesvirus saimiri nepMmUCCUBHBIX
kneTtok nuHUM OMK. CnnsiHre KNeTok 1 0b6pa3oBaHne CUHLMTVIEB NPUBENN K 3aryCKy PEKOMOMHALMM MEXAY BUPYCHBIM FEHOMOM 1 SKCMPECCUOHHOW KacCeTow,
YTO MO3BOAMIO MOMY4UTb PEKOMOUHAHTHBIA BapuaHT Herpesvirus saimiri 663 Heo6XxoAMMOCTY MPOBEAEHNS XUMUHECKOIN TPaHCMEKLMN NEPMUCCUBHBIX KIETOK.
TpaHCreHHbIn BapnaHT BUpYCa XapakTepn3oBancs CTabuIbHON SKCMPECCUel CENEKTUBHOMO MapKkepa 1 COXPaHs CMOCOBHOCTb NEPCUCTUPOBATL B KIIETOHHOM
Ky/nbType B naTeHTHOM hopMe, a Takke Bbi3biBaTb MMMOPTAIM3ALMIO NEPBUYHBIX TMMEOUOHBLIX KNETOK. MMPUMEHEHHBIN METOA, MO3BOMSIET B KOPOTKME CPOKM
rofly4aTb PEKOMOVHAHTHbIE BapuaHTbl Herpesvirus saimiri ¢ BBEAEHHbIMY B FEHOM pa3HOOOPasHbIMN SKCTPECCUOHHBIMU KacceTamu.
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Herpesviridae are a large family of DNA viruses that infect humans
and animals. These viruses have a lengthy genome of about
100 to 200 genes that replicate in the nucleus of the infected
cell. The assembly of progeny virions and their release from the
host cell cause its lysis. Herpesviruses can go into latency. In
the latent phase, the full-sized episomal viral DNA is retained
in the nucleus and replicates at the same rate as the host cell
genome; by attaching to chromatid centromeres, the episomes
can be distributed to daughter cells during cell division. Only a
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small number of specialized genes are expressed in latency,
and the infection persists asymptomatically [1]. Members of
the gamma-herpesvirus subfamily with tropism for lymphoid
cells often have oncogenic potential: the Epstein—Barr virus
(EBV) [2] and Kaposi’s sarcoma-associated herpesvirus (KSHV)
[3] are linked to lymphoproliferative disorders, specifically
B-cell neoplasms. EBV is a common cause of spontaneous
immortalization of B cells isolated from the blood of healthy
donors [4].
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The phylogenetic relative of KSHV, a rhadinovirus called
Herpesvirus saimiri (HVS), infects New-World squirrel monkeys.
This infection is usually asymptomatic and latent. However, it
rapidly unfolds in other New-World monkey species, causing
acute T-cell leukemias and death. HVS can induce spontaneous
immortalization of animal T cells [5]. The same effect was
observed when human lymphocytes and natural killer cells were
infected with HVS group C strains [6]. In a similar experiment,
infected cells acquired the ability for continuous IL2-dependent
proliferation without losing their mature T-cell and natural killer
cell phenotypes [7]. Three viral genes were reported to retain
their expression, including STP, TIP (transforming genes) (8]
and ORF73 [9], a homologue of the latency-associated nuclear
antigen (LANA) of KSHV required for segregating viral episomes
to the host’s daughter cells during mitosis [10]. In the daughter
cells, the viral genome maintained its latent state; the attempts
to induce lytic infection or otherwise track down formation
of virions in the immortalized lymphoid cells of humans and
New World monkeys ended up in failure. The experiments on
macaques demonstrated that autologous reinfusion of T cells
immortalized by the most aggressive HVS strain (C488) did not
trigger neoplasms. The viral DNA persisted in the samples of
peripheral mononuclear cells for at least 16 weeks, and the
animals acquired immunity to HVS infection [11].

Homologous recombination of the viral genome
inside permissive cells, as well as BAC (bacterial artificial
chromosome)-based recombination, can be successfully used
to engineer a herpesvirus vector for transgene expression
[12]. For example, the genome of the HVS A11-S4 strain
has been cloned into the bacterial chromosome. The HVS
genome contains a few homologues of bacterial genes the
majority of which can be found in other members of the HVS
subfamily. The vCD59 gene, however, does not occur in other
gamma-herpesviruses; the receptor it codes for is responsible
for inhibiting complement-mediated cytotoxicity [13]. This
gene is expressed in the lytic phase and is not required for
generating viral particles in vitro. In the studies of HVS-based
vectors, the vCD59 sequence has been successfully replaced
by expression cassettes [14].

The accumulated body of data provides for a hypothesis
that HVS can be exploited for the development of novel
immunotherapy agents [15]. HVS-transformed T cells and NKs
retain their effector function and can be directed against tumor
antigens when equipped with chimeric antigen receptors. This
approach allows generating an infinite number of effector cells
from a relatively small volume of the patient’s peripheral blood
or through allogeneic cell transplantation. The length of the HVS
genome and its good packaging capacity as a vector [14] means
that cell immortalization and transduction of the expression
cassette can be done in a single step. The aim of this study was
to elaborate a fast method for engineering a recombinant HVS
(488 strain that can carry a variety of transgenes in its genome.

METHODS
Cell culture and production of viral particles

The cell lines used in this study, including HEK-293T (transformed
human embryonic kidney cells), OMK (Aotus trivirgatus kidney
cells) and A549 (lung carcinoma cells), were provided by
American Type Culture Collection (ATCC; USA). The cells were
grown in the DMEM-F12 medium (PAA; Austria) supplemented
with 10% fetal bovine serum, 2 mM alanyl glutamine (PanEco;
Russia), 20 mM HEPES, 100 pg/ml penicillin, and 100 pg/ml
streptomycin (PanEco; Russia).

Peripheral blood mononuclear cells (PBMC) were cultured
in RPMI-1640 (PAA; Austria) supplemented with 10% fetal
bovine serum, 2 mM alanyl glutamine (PanEco; Russia), 20 mM
HEPES, 100 pg/ml penicillin, 100 pg/ml streptomycin, and
70 ng/ml IL2 (Peprotech; USA). All cells were cultured in a 5%
CO, atmosphere at 37 °C.

HVS (strain C-488; ATCC VR-1414) was also provided
by ATCC. Subconfluent OMK cells were infected with a small
amount of the virus (MOl < 0.1) and grown in the culture
medium for 5 to 15 days until complete cell lysis was achieved.
Then, the virus-containing fluid was harvested and centrifuged
at 5,000 g in the Eppendorf 5920R centrifuge (Eppendorf;
Germany) for 15 min to separate cell debris. The supernatant
was collected, aliquoted and stored at —20 °C.

Plasmid constructs

Plasmids pCG-4AHcA24 and pMD2-FA30 expressing surface
glycoproteins of the measles virus had been synthesized
previously. The design of the pUC-HVS-OFP vector is described
below. Briefly, the vCD59-encoding region of the viral genome
was chosen as a recombination site. Homology regions were
represented by 600 bp-long sequences corresponding to the 3'-
and 5'-end of vCD59. DNA isolated from the concentrated HVS
stock was amplified by PCR. The promoter of the murine spleen
focus-forming virus (SFFV), as well as sequences of a puromycin
resistance gene (pac) and orange fluorescent protein (OFP), was
inserted between the flanking regions of the expression cassette;
the T2A signal peptide sequence was inserted between pac
and OFP sequences to allow their polycistronic expression.
The sequence consisting of two 600 bp-long flanking regions
homologous to the vCD59 region of the HVS genome and the
expression cassette was cloned into the pUC18 plasmid carrier
(Fig. 1) at Notl and BamHlI restriction sites. Three components of
the cloning fragment were assembled using overlap extension
PCR [16]. Primers used for the ampilification of HVS regions and
the expression cassette are described in Table 1. The sequences
of the assembled constructs and recombinant HVS DNA were
validated by Sanger sequencing (Eurogen; Russia).

Transfection

In order to determine the most effective transfection technique
for OMK cells, 3 techniques were assessed for efficacy, including
transfection by 25 kDa cationic linear polyethyleneimine
(PEI-25) (Polysciences; USA), cationic Lipofectamine 2000
(Invitrogen; USA) and electroporation. Twenty-four hours before
transfection, the cells were plated onto 10 cm-sized culture
dishes (SPL; Korea) in the amount of 2 x 10° cells per dish.
The cells were transfected with either circular or linearized
pPUC-HVS-OFP plasmid (the plasmid was linearized with Notl
and BamHI restriction enzymes immediately before transfection).
PEI-25-assisted transfection was performed using previously
described buffers and conditions [17]. Briefly, plasmid DNA
was combined with PEI-25 (5 pg/ul) at a 6 : 1 ratio in the lactate
buffer (pH 4) and incubated for 15 min. Then, the OptiMEM
reduced serum medium (Invitrogen; USA) was added, and the
resulting mixture was introduced into the dishes with growing
cell cultures. To determine optimal transfection conditions,
transfection was performed with 3, 5, 10, 15, and 20 ug of
the circular plasmid and with 1, 3, 5, 10, and 15 pg of the
linearized plasmid. Lipofectamine 2000-based transfection
was carried out following the manufacturer’s protocol. We used
7,10 and 15 pg of circular or linearized plasmid DNA and 17.5,
25 and 37.5 pl of the reagent, respectively. Three hours after
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Fig. 1. A schematic representation of the HVS vCD59 region after insertion of the expression cassette. vCD59 flank 1 and vCD59 flank 2 represent recombination

homology regions

transfection the medium was replaced with the fresh growth
medium used to culture OMK cells. For electroporation, the
cells were dissociated from the adherent surfaces using TrypLE
(Gibco; USA) and centrifuged in the Eppendorf 5702 centrifuge
(Eppendorf; Germany) at 1,100 rpm for 5 min. The cell pellet
was resuspended in 500 pl of phosphate buffered saline.
Electroporation was carried out in electroporation cuvettes with
0.4 cm interelectrode distance in a GenePulser pulse generator
(Bio-Rad; USA) operated at 300 v / 500 uF or 200 v / 250 uF.
Prior to electroporation, 5 or 10 pg of circular or linearized
plasmid DNA were added to the cells. After electroporation,
the cells were immediately plated onto 10 cm-sized culture
dishes containing 10 ml of full growth medium. Forty-eight
hours after transfection, the proportion of the transfected cells
was estimated in a FacsVantage SE flow cytometer (Beckton-
Dickinson; USA). Cell viability was assessed using a Cytosmart
Cell Counter (Corning; USA) after the cells were dissociated
from the adherent surfaces with TrypLE and stained with
trypan blue (Paneco; Russia).

Overnight cultures of HEK-293T cells (40 to 60%
confluence) were transfected in the presence of PEI-25 in 6-well
plates coated with the OptiMEM culture medium. The cells
were transfected with the pUC-HVS-OFP construct containing
the expression cassette flanked by homologous regions from
the HVS genome and with the plasmids expressing surface
glycoproteins F (fusion protein) and H (haemagglutinin) of the
measles vaccine strain. The F glycoprotein was expressed by

Table 1. Primers used for the assembly of the expression cassette

the pMD2-FA30 plasmid, whereas H, by the pCG-4AHcA24
plasmid. The pMD2-FA30 plasmid encoded the F protein
with a shortened (minus 30 amino acid residues) C-terminal
cytoplasmic domain. The pCG-4AHcA24 plasmid encoded
the H protein sequence in which the first 24 amino acids of
the N-terminal cytoplasmic domain were substituted with
4 alanine residues. Protein expression was driven by the
cytomegalovirus promoter. During transfection, plasmids pUC-
HVS-OFP, pMD2-FA30 and pCG-4AHcA24 were combined in
theratio 8 : 7 : 1. After HEK-293T cells were incubated with the
transfection mix for 3 h, they were dissociated from the dishes
using trypsin solution (Paneco; Russia) and co-cultured with
OMK cells infected with HVS-C488. The ratios are provided in
Table 2.

Virus titration and cloning

OMK cells were infected with a serial 5-fold dilution of the viral
stock; the procedure was performed in 96-well plates (Greiner;
Austria) in 4 replicates. After the cytopathic effect was achieved,
the virus was titrated using the Reed-Muench method. Twenty-
four hours before the cloning procedure, fresh subconfluent
OMK cells were seeded in the 96-well plate. A culture
medium containing infected fluorescent OMK cells sorted in a
FacsVantage SE flow cytometer (Beckton-Dickinson; USA) was
introduced into the wells immediately before HSV-OFP cloning.
The concentration of the infected cells per well was 10, 1, 0.1

Name

Nucleotide sequence

vCD59 F1 dir

AGAGAGGCGGCCGCACAGGCTGCTCTTCAGGAGCACCAG

vCD59 F1 rev

CAATTGATTTGAGATGCGTTTGAAGC

vCD59 F1 bridge

GCAAAATGGCGTTACCTCGAGCAATTGATTTGAGATGCGTTTGAAGC

SFFV dir CTCGAGGTAACGCCATTTTGC

OFP rev CCTGCAGGTCAAGCTTCGAA

vCD59 F2 bridge TTCGAAGCTTGACCTGCAGGTCTGAAACACAGTTAAAGTATCATTGTTG
vCD59 F2 dir TCTGAAACACAGTTAAAGTATCATTGTTG

vCD59 F2 BamHI rev

TCTCTCGGATCCGCTGGCAGATATTTC ATAAACAGG

vCD59 F1 diag dir

GCACAGGCTGCTCTTCAGGAGCACCAG

vCD59 F2 diag rev

GCTGGCAGATATTTC ATAAACAGG

Table 2. The number and ratios of co-cultured cells and the viral titer in the supernatants

Ne OMK (thous) HEK-293T (thous) Ratio Virus titer
1 450 1333 0.34 1.60E + 03
2 100 1333 0.08 8.00E + 02
3 23 1333 0.02 0

4 68 200 0.34 2.56E + 04
5 27 200 0.14 1.28E + 04
6 10 200 0.05 0

7 450 133 3.38 2.56E + 04
8 225 266 0.85 2.56E + 04
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and 0.01. Five to seven days later, the wells were checked for
the presence of single fluorescent foci indicating cytotoxicity.

Detecting recombination

To confirm recombination, the cloned HVS-OFP samples
were concentrated using 3kDA Amicon Ultra centrifugal filters
(Merck; Germany). The target insertion in the HVS genome was
detected by PCR with the vCD59 F1 diag dir and vCD59 F2
diag rev primers. The reaction product of ~3000 bp suggested
the presence of the target insertion; the length of ~1200 bp
indicated the wild type virus.

Statistical analysis

Statistical analysis was carried out in Prism 6.0 (GraphPad
Software; USA).

RESULTS

In order to achieve viral genome recombination and engineer
a transgenic HVS-C488 variant, we designed an expression
cassette containing 2 selectable markers: the orange
fluorescent protein (OFP) gene and the puromycin resistance
gene coding for puromycin-N-acetyltransferase (Pac).
Transfection of permissive OMK cells was the most effective
with PEI-25 and the linearized expression cassette (the PEl to
DNA ratio was 6 : 1; 10 ug DNA per 2 x 10° cells; Table 3).
However, the proportion of transfected cells did not exceed
50 % of the total cell population (Fig. 2). Using more DNA and
more transfection reagent caused a significant reduction in cell
viability. Electroporation did not have a negative effect on cell
viability, but the proportion of cells successfully transfected by

electroporation was very low. In order to find out if the most
effective transfection technique could produce recombinant
viral particles capable of inducing expression of selectable
markers in the infected cells, we collected clarified virus-
containing culture fluid from OMK cells infected with HVS-C488
and transfected by PEI-25 and the linearized fragment of the
expression cassette. Culture fluids were used to infect fresh
OMK cells. Subsequent observation of OMK culture did not
reveal any presence of cells expressing the fluorescent marker.

An alternative technique for delivering modified DNA
into permissive cells was developed to increase the odds of
recombination between HSV and the expression cassette.
We hypothesized that the ability of OMK cells to maintain
the Iytic cycle of the virus would be retained after fusion with
nonpermissive HEK-293T cells transfected with the expression
cassette immediately before fusion. For recombination in the
mixed cell system, HEK-293T cells were transfected with the
linearized expression cassette or the nonlinearized plasmid
containing the cassette and the plasmids coding for the surface
glycoproteins of the measles vaccine strain (proteins F and H
with shortened cytoplasmic domains). The presence of these
glycoproteins in the cell membrane induces fusion of contacting
cells into syncytia via CD46 binding (Fig. 3E, F). Three hours
after transfection, the cells were suspended and seeded
into the wells containing OMK cells infected with HVS-C488
(MOI = 4) two days before transfection. Cell ratios and densities
are provided in Table 2.

Four days into culture, the supernatant was collected and
the virus was titrated. After viral concentrations were compared,
sample 5 was chosen for further selection of the monoclonal
recombinant virus because it contained the highest viral titer
relative to the total number of permissive cells and their ratio to
the HEK-293T cells.

Table 3. Conditions for permissive OMK cell line transduction with the expression cassette for HVS recombination and transduction efficacy

Transfection technique Conditions

Percentage of transfected cells Reduction in viability

3 g of circular DNA

0.7% = 0.15% -

5 ug of circular DNA

1.82% + 0.15% -

10 pg of circular DNA 3.73% + 0.15% +/-
15 pg of circular DNA 3.13% + 0.15% +
20 pg of circular DNA 1.77% + 0.15% +

PEI25 1 pg of linear DNA <0.15% + 0.15% -
3 ug of linear DNA 0.85% + 0.15% -
5 ug of linear DNA 1.91% + 0.15% -
10 pg of linear DNA 4.76% + 0.15% +/-
15 ug of linear DNA 3.2% + 0.15% +
7 ug of circular DNA 3.11% + 0.15% -
10 pg of circular DNA 4.11% +0.15% -
Lipofectamine 2000 15 g of circular DNA 4.09% + 0.15% +

7 g of linear DNA

3.18% + 0.15% -

10 pg of linear DNA

4.63% +0.15% -

15 pg of linear DNA

4.54% +0.15% +

5 ug of circular DNA, 200V/250uF

<0.15% + 0.15% -

10 pg of circular DNA, 200V/250uF

<0.15% + 0.15% -

5 ug of linear DNA, 200V/250uF

<0.15% = 0.15% -

10 pg of linear DNA, 200V/250uF

<0.15% + 0.15% -

Electroporation
5 pg of circular DNA, 300V/500uF

<0.15% = 0.15% -

10 pg of circular DNA, 300V/500uF

<0.15% + 0.15% -

5 ug of linear DNA, 300V/500uF

<0.15% + 0.15% -

10 pg of linear DNA, 300V/500uF

<0.15% + 0.15% -
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The medium with the viral particles collected from sample
5 was used to infect OMK cells (MOI = 0.01). Seven days after
infection, foci of lytic infection started to form in the confluent
culture. Some of the foci contained single plaques constituted
primarily by fluorescent cells (Fig. 3B). The population of
fluorescent cells was sorted and used to infect permissive cells
in a 96-well plate at a concentration of 10, 1, 0.1, and 0.01
infected cells per well. Ten days after infection, 3 (out of 96)
single fluorescent plaques appeared in the samples infected
at a concentration of 0.1 cells per well; the plaques were most
likely formed by individual recombinant viral particles. The virus-
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containing culture fluid from well 2, where the lytic infection
was the most aggressive, was used to produce preparative
amounts of the recombinant virus for further analysis.
Sequencing of the vCD59 region of the recombinant HVS-
OFP revealed the presence of the target expression cassette.
Transduction of peripheral blood mononuclear cells and A549
cells with the HVS-OFP virus (MOl = 5) yielded a fraction
of fluorescent cells (Fig. 3C, D); in the A549 culture, their
proportion was constant for 5 weeks after infection; for PBMC,
this proportion was continuously growing (Fig. 3A). This leads
us to conclude that our recombinant herpesvirus HVS-OFP

A 30 -
-+ A549 -= PBMC

N
o
1

—_
o
1

OFP* cells (%)

0 10 20 30 40
Days after infection

Fig. 3. A. Dynamics of fluorescent populations after HVS-OFP infection. B. A fluorescent plaque formed after OMK cells were infected with the recombinant HVS-OFP.
C, D. PBMC (C) and A549 cells (D) transduced with HVS-OFP. E, F. Co-culturing of HEK-293T cells transfected with the recombination cassette and the expressers
of the measles virus strain glycoproteins with OMK cells infected with HVS at low (E) and high (F) confluence
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did not lose its ability for latency and immortalization of healthy
lymphoid cells. The cassette retained its expression both in the
lytic and latent cycles of herpesvirus infection.

DISCUSSION

We have developed and tested a new approach to the
recombination-based genetic engineering of herpesviruses.
We tested a few different techniques for increasing the odds
of recombination and found that it was necessary to use an
expression cassette with two selectable markers. Before the
tests, we had hypothesized that puromycin-based artificial
selection or sorting of fluorescent OMK cells immediately
after transfection would allow us to eliminate nontransfected
cells from the population. However, the period between the
delivery of the expression cassette and the onset of the
cytopathic effect/the release of the virus into the environment
was too short for puromycin-based selection, while the stress
accompanying fluorescence-based sorting of transduced
cells inhibited production of virions. The use of two selectable
markers made it more convenient to sort and monitor the
proportion of cells successfully transduced with recombinant
HVS. Speaking of the HVS-C488 strain, our approach helps
to overcome the major obstacle associated with transfection of
permissive cells with a transgenic cassette: its low efficacy [18].
Transfection is a key step in all HVS recombination methods
described so far [15, 19]. The efficacy of recombination
depends on the length of a recombined fragment, meaning
that insertion of larger cassettes expressing several genes will
either result in more recombination steps or necessitate the use
of larger cell populations for transfection and artificial selection.
Our approach is not as effective as BAC-based recombination
that has proved its efficacy in the experiments on the HVS
genome [20, 21]. Although recombination in eukaryotes is
more laborious than BAC-based recombination, it might still
be preferred when a single transgene expressor is introduced
or when a viral genome is being prepared for cloning into a
BAC and a selectable cassette should be inserted for easier
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A MUTANT OF THE PHOTOTOXIC PROTEIN KILLERRED THAT DOES NOT FORM DSRED-LIKE CHROMOPHORE
Gorbachev DA, Sarkisyan KS =
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia

Genetically encodable photosensitizers based on fluorescent proteins produce reactive oxygen species when illuminated with light. Although widely used as
optogenetic tools, existing photosensitizers with green fluorescence possess suboptimal properties motivating for a search of new protein variants with efficient
chromophore maturation and high phototoxicity. Here we report a mutant of the phototoxic fluorescent protein KillerRed protein with fluorescence in the green
part of the spectrum. The mutant variant carries mutations 164L, D114G, and T115S and does not form a DsRed-like chromophore. The protein can be used as a
template to create new genetically encodable photosensitizers that are spectrally different from KillerRed.
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MYTAHT ®OTOTOKCUYHOI'O BEJIKA KILLERRED, HE CDOPMI/IPYI'OLIJ,I/IVI DSRED-INMOAOBHOINO0 XPOMO®OPA
0. A. Top6aves, K. C. CapkumcsH B9

VHCTUTYT BroopraHmnyieckor xummm nvern M. M. LLiemsikuHa u FO. A. OBunHHMKOBa, Mockea, Poccust

TeHeTn4ecKn Kopmpyemble (hOTOCEHCUBUIM3ATOPbI Ha OCHOBE (hTyOPECLIEHTHBIX BENKOB CMIOCOGHBI MPOV3BOANTL aKTVBHbIE (DOPMbI KUCNIOPOAa Mpu 0ByHeHM
CBETOM, ¥ MOTOMY UX LUMPOKO MCMOMb3YIOT B KAYECTBE OMTOrEHETUYECKMX MHCTPYMEHTOB. PagdpaboTaHHble Ha CeroaHsiLLHNA AeHb (hOTOCEHCMONIM3aTOPbI C
3eneHoin dnyopecLeHUmein obnagatoT HeonTMabHbIMIU cBocTBaMN. Llenbio HacToswen paboTbl Gbin MOUCK HOBbIX BapuaHTOB (hilyOpPECLEHTHbIX 6ENKoB ¢
3(hHEKTMBHBIM CO3pEBaHMEM XPOMOdOpa U BbICOKOM (POTOTOKCUHYHOCTHIO. C MOMOLLBIO Cly4aiiHOro MytareHe3a (hOTOTOKCUYHOMO (hlyopecLieHTHOro benka
KillerRed n HanpasneHHon aBontoummn B E. coli nonydeH 6enok ¢ XpoMOOpOM Ha OCHOBE TMPO3MHA, (DNyopeCcUMPYIOLLIIA B 3eneHOo obnact cnektpa. HoBbln
6enok, Hecywmin mytaumm 164L, D114G n T115S, He dopmmpyeT DsRed-nogobHoro xpomModopa U MOXeT BbiTb MCMob3oBaH Kak 6a30Bbii reHOTUN OJ1st
paspaboTKM HOBbIX CrieKTpasibHO OTAMYHbIX OT KillerRed reHeTnyecku koampyembix (hOTOCEHCMBUNIN3aTOPOB.
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Fluorescent proteins are widely used as genetically encodable
tags for optical labeling of living systems [1]. Their chromophores
are located inside the protein structure and are protected from the
surrounding solvent; therefore, most of the existing fluorescent
proteins are passive reporter molecules: irradiation with light
does not significantly affect cells expressing these markers.

At the same time, a unique family of genetically encoded
photosensitizers has been developed based on the fluorescent
protein anm2CP. Upon light illumination, members of the family
produce reactive oxygen species that can damage the cell [2].
Structural studies of these proteins have identified a water-filled
channel that connects the chromophore to the solvent. This
structural feature of phototoxic fluorescent proteins is thought
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to be responsible for the efficient diffusion of reactive oxygen
species into the environment [3, 4].

KillerRed was the first protein engineered to produce
reactive oxygen species demonstrating phototoxicity levels
exceeding other fluorescent proteins more than thousand-fold
[2]. Depending on the cellular localization and the excitation
light dose, reactive oxygen species generated by KillerRed
can lead to various physiological consequences — from
inactivation of fusion proteins [2], to cell division arrest [5, 6]
or cellular death through necrosis or apoptosis [2, 7]. Due to
these capabilities, KillerRed is used as an optogenetic tool in
cell biology to inactivate proteins with light, to study intracellular
oxidative stress or to ablate specific cell populations. KillerRed
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has also been used as a photosensitizer for treatment of tumors
in model systems [7-9].

Other genetically encoded photosensitizers have been
created based on KillerRed, including SuperNova, a monomeric
KillerRed variant with similar spectral characteristics [10], as
well as orange fluorescent protein KillerOrange [11] and green
fluorescent protein SuperNova Green [12]. Besides that, non-
fluorescent protein-based photosensitizers miniSOG, Pp2FbFP
and others that generate singlet oxygen have been developed
(183, 14].

None of the existing photosensitizers with green fluorescence
can be universally used in relevant applications. Some proteins
demonstrate incomplete or slow chromophore maturation rate;
others may not generate the type of reactive oxygen species
suitable for a particular application, or their phototoxicity may
depend on the availability of external chromophore [15]. In this
work, we aimed to find a mutant version of KillerRed that did
not form a DsRed-like “red” chromophore and, therefore, could
serve as a basis for the development of the new generation of
efficient photosensitizers with green fluorescence.

METHODS
DNA amplification and analysis of amplification products

DNA amplification was performed using the Encyclo PCR Kit
(Evrogen; Russia) on a PTC-200 Thermal Cycler (MJ Research;
USA). The analysis of amplification products was carried
out in 1-2% agarose gel. Ethidium bromide was used at a
concentration of 0.5 pg/ml.

Generation of the mutant library for directed evolution

Mutagenesis was performed by error-prone PCR. We added
manganese ions and a skewed ratio of nuclectide triphosphates
(50x mix: 0.2 MM dGTP, 0.2 MM dATP, 1 MM dCTPR, 1 MM dTTP)
into the PCR reaction mixture leading errors in Tag-polymerase-
based DNA amplification. The average mutation rate was 8
nucleotide substitutions per 1000 amplified nucleotides after
25 cycles of PCR.

For electroporation, the ligation mixture was purified on
Cleanup Mini DNA purification columns (Evrogen; Russia).
40 pl of electrocompetent cells were thawed on ice, and up
to 5 pl of purified ligation mixture was added to thawed cells.
Cells were then transferred into a pre-cooled electroporation
cuvette (Bio-Rad; USA) and electroporated on the MicroPulser
device (Bio-Rad; USA). Immediately after electroporation, 3 ml
of SOB medium was added to the cuvette, and the bacterial
suspension was transferred into 1.5 ml plastic tubes. The
tubes were incubated for one hour in an incubator at 37 °C
and then plated on LB agar. The plates were incubated at
37 °C for 18 hours. The average density of E. coli colonies was
5,000 per plate and the total diversity of genotypes in the library
was estimated to be around 100,000 clones. The number of
fluorescent colonies was 22%.

Expression and purification of recombinant proteins

E. coli XL1 Blue was grown in 800 ml flasks in LB medium
with ampicillin (100 mg/ml), induced with isopropyl-B-D-1-
thiogalactopyranoside to the final concentration 0.5 mM and
incubated for 3 hours. All further operations were performed
on ice. The culture was centrifuged, the supernatant was
discarded, the pellet was resuspended in 4 ml of phosphate
buffer (pH 7.4), the suspension was lysed in Sonics Vibra Cell
sonicator (Sonics & Materials; USA) and centrifuged again.
The supernatant was transferred into a new tube with 400 pl
of Talon metal-affinity resin (Clontech; USA), equilibrated with
phosphate buffer. The tube was placed in a shaker for one
hour at 200 rpm at room temperature. Then, the resin with the
protein was washed several times with phosphate buffer and
eluted with phosphate buffer containing imidazole (250 mM).

RESULTS

We relied on random mutagenesis to find KillerRed mutant with
green fluorescence. The mutant library was cloned into pQE-30
vector, transformed into E. coli cells and grown on agar plates
without induction. We visually screened bacterial colonies
exposed by 400 nm and 480 nm light to identify mutants with
significant green fluorescence and identified the KillerRed 164L/
D114G/T1156S mutant (see Table, the numbering of positions
in the protein is indicated according to the established notation
so that the chromophore-forming residues are in positions
65-67 [1]). This mutant had very dim fluorescence in the red
part of the spectrum while being noticeably fluorescent in green
under when illuminated with 480 nm light. Observed spectral
properties indicated that the protein formed the “classical”
GFP-like chromophore instead of the DsRed-like chromophore
found in the parental KillerRed.

Since proteins with GFP-like chromophores and DsRed-
like chromophores have specific absorption spectra that are
easily distinguishable from each other, we isolated and purified
KillerRed protein and it's mutant KillerRed 164L/D114G/T115S
(Fig. 1). The absorption spectrum of purified KillerRed 164L
D114G T115S was significantly different from the absorption
spectrum of KillerRed and had a pick with the maximum at
514 nm and a blue-shifted shoulder characteristic of GFP-like
chromophores.

DISCUSSION

The lack of absorbance at 550-600 nm in KillerRed 164L/
D114G/T115S indicated that introduced mutations almost
entirely prevented formation of DsRed-like chromophore. The
peak with a maximum at 514 nm and a characteristic shoulder
at 480-485 nm suggested that chromophore catalysis stopped
at a “classical” GFP-like chromophore [1].

Mutations found in the KillerRed variant we identified are
interesting in the context of existing literature on fluorescent
proteins mutagenesis. In particular, mutations at position 64

Table. Amino acid sequences of proteins described in this study. Chromophore-forming residues are highlighted in purple, positions containing mutations are highlighted

in orange

Amino acid sequence of KillerRed 164L D114G T115S
(identified in this study)

MRGSHHHHHHGSEGGPALFQSDMTFKIFIDGEVNGQKFTIVADGSSKFPHGDFNVHAVCETGK
LPMSWKPICHLLQYGEPFFARYPDGISHFAQECFPEGLSIDRTVRFENDGTMTSHHTYELDGSC
VVSRITVNCDGFQPDGPIMRDQLVDILPNETHMFPHGPNAVRQLAFIGFTTADGGLMMGHFDS
KMTFNGSRAIEIPGPHFVTITKQMRDTSDKRDHVCQREVAYAHSVPRITSAIGSDED

Amino acid sequence of KillerRed

MRGSHHHHHHGSEGGPALFQSDMTFKIFIDGEVNGQKFTIVADGSSKFPHGDFNVHAVCETGK
LPMSWKPICHLIQYGEPFFARYPDGISHFAQECFPEGLSIDRTVRFENDGTMTSHHTYELDDTCV
VSRITVNCDGFQPDGPIMRDQLVDILPNETHMFPHGPNAVRQLAFIGFTTADGGLMMGHFDSK
MTFNGSRAIEIPGPHFVTIITKQMRDTSDKRDHVCQREVAYAHSVPRITSAIGSDED
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Fig. 1. Absorption spectra of purified proteins KillerRed and KillerRed 164L/D114G/T115S
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D114G/T115S

Fig. 2. Location of the chromophore and mutations 164L, D114G and T1158S in the structure of KillerRed.

were previously described as affecting chromophore maturation:
for instance, in Aequorea victoria GFP, the F64L mutation
improves maturation of the chromophore when expressed at
37 °C [1], while in the chromoprotein from Acropora millepora the
S64C mutation changes the color of the protein [16]. Mutations
D114G and T115S are located in the neighboring positions on
the loop connecting the beta-strands 5 and 6 (Fig. 2) and may
contribute to the adaptation of the beta-barrel to the replacement
of isoleucine with leucine at position 64.
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CONCLUSION

The KillerRed variant described in this work is a promising
template for further directed evolution to create a new
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ASSOCIATIONS BETWEEN SNPS IN THE GENES ENCODING UROKINASE SYSTEM PROTEINS

AND THE RISK OF PLACENTAL INSUFFICIENCY
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Placental insufficiency (Pl) and its complications are multifactorial conditions that cause perinatal morbidity and mortality. Since the urokinase system is involved in
placentation, it should have a role in Pl pathogenesis. The aim of this work was to study the associations between single nucleotide polymorphisms (SNPs) of genes
coding for protein components of the urokinase system and PI, as well as investigate their effect on the expression of these proteins in the placenta and placental
structure. We examined 114 women with uncomplicated pregnancy and delivery, 48 female patients with pre-eclampsia and/or intrauterine growth restriction
(IUGR), and 95 newborns, (pre-eclampsia and/or IUGR: n = 60; uncomplicated pregnancy and delivery: n = 35). Maternal and fetal DNAs were genotyped using
real-time PCR. Placenta fragments were subjected to morphometry and immunohistochemistry. We discovered the associations between Pl and the maternal
C allele of rs4065 (Pl group: CC-CT 64.1%, TT 35.9%; controls: CC-CT 25.6%, TT 74.49%; OR (95%Cl): 6.83 (2.63-17.79)), the maternal A allele of rs2302524
(GG-GA 20.5%, AA 79.5% vs. GG-GA 48.1%, AA 51.9%, OR (95%Cl): 0.27 (0.1-0.71)), the fetal C allele of rs4065 (CC-CT 76.4 %, TT 23.6% vs. CC-CT 69.6%,
TT 30.4%, OR (95%Cl): 1.37 (0.45-4.17)), and the fetal C allele of rs344781 (TT-TC 69.1%, CC 30.9% vs. TT-TC 95.7%, CC 4.3%, OR (95% Cl): 5.02 (1.07-23.6)).
The multivariate analysis confirmed the significance of the fetal rs4065 genotype. In patients with PI, uPA expression was lower (ME (95%ClI): 116.45 (100.5; 128.74) vs.
126.09 (113.76; 139.19); p < 0.05). No associations were established between SNPs and protein expression. The degree of vascularization depended on the
maternal rs4065 genotype (the stroma-to-vessel ratio for the CC genotype was 0.17 (0.15; 0.19); for the CT genotype, 0.18 (0.15; 0.21) and for the TT genotype,
0.23 (0.2; 0.27); p < 0.05). We conclude that high placental uPA and the presence of the fetal TT rs4065 genotype are protective against the risk of PI.
Keywords: pre-eclampsia, intrauterine growth restriction, placental insufficiency, urokinase-type plasminogen activator, urokinase-type plasminogen activator
receptor, single nucleotide polymorphism, angiogenesis
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ACCOUMALNA §NP MEHOB BE/IKOB YPOKUHA3HOW CUCTEMbI C PASBUTUEM
NMIALEHTAPHOU HEQOCTATO4YHOCTH
[. B. Pesnra' B4, A. B. Banauxuin'?, E. B. lapuHa®, H. A. OneitHinkosa', . A. Muwyposckuid', . T Manekos!, J1. M. Camoxoackast!, O. b. ManuHa', B. A. Tkauyk'?

" MOCKOBCKMIA rocyAapCTBEHHbIV yHBEpCUTET MMeHn M. B. JTomoHocoBa, Mocksa, Poccust
2 HaupoHanbHbIl MeAULIMHCKMIA CCneaoBaensCkuii LEHTP Kapanonorun, Mocksa, Poccust
3 KnuHudeckuii rocnmtans JlanuHo «Matb 1 auTs», Mocksa, Poccust

MnaueHTapHas HegocTaTtodHOCTb (MH) 1 ee 0CNOXHEHNUA — MHOrOaKkTopHble 3aboneBaHns, BeayLUmMe K neprHaTanbHON 3ab0NeBaeMoCT U CMEPTHOCTH.
YpokvHa3Hasi crctema 3afencTeoBaHa B (hOPMUPOBaHIM MaLEHTbI U MOXET ObITb PACCMOTPEHA Kak yHacTHVK naToreHesa MNH. Liensto paboTbi 66110 Uccnenosats
accoLmaLmnio OOHOHYKIEOTUAHbIX MonMMopdnamoB (SNP) reHoB 6eNkoB YPOKMHA3HOW CUCTeMbI C pasBuTeM MNH, NX BIIMSHME Ha SKCMPECCUIO COOTBETCTBYHOLLIMX
6enKoB B nnaueHTe 1 ee cTpoeHve. O6cnenoBaHbl 114 XeHLWUH ¢ hU3MONOrM4ecknM TedeHneM 6epeMeHHOCT 1 POAOB 1 48 NauUMeHTOK C Npeaknamrcuen
n/vinn 3apepxxkoii pocta nnoga (3PM), 95 HOBOPOXXAEHHbIX AETeN (6epeMeHHOCTb C npeaknamncuelt n/mnm 3PT — 60, huraronornieckoe TedeHie 6epemMeHHOCTI
n ponos — 35). MNpoBeneHo reHoTVMMpoBaHWe npu nomolw MLP B peansHoM BpemeHr, MOPGOMETPUHECKOE ¥ UMMYHOMMCTOXUMUYECKOE UCCefoBaHMS
hparMeHToB NnaveHT. BbigBneHbl accoumaLmmn Mmexay passutrem INH 1 Hanndem y matepy — annensa C rs4065 (8 rpynne MH — CC-CT 64,1%, TT 35,9%, B
KoHTponbHOM rpyrnne — CC-CT 25,6%, TT 74,49%, OLL (95% OW) — 6,83 (2,63-17,79)), annens A rs2302524 (GG-GA 20,5%, AA 79,5% npotve GG-GA 48,1%,
AA 51,9%, OLLI (95% OW) — 0,27 (0,1-0,71)), y nnopa — annenst C rs4065 (CC-CT 76,4 %, TT 23,6% npotns CC-CT 69,6%, TT 30,4%, OLL (95% ON) — 1,37
(0,45-4,17)), annensa C rs344781 (TT-TC 69,1%, CC 30,9% npotve TT-TC 95,7%, CC 4,3%, OLU (95% [OV) — 5,02 (1,07-23,6)). MHOrogakTopHbIn aHanm3
MOATBEPAVI 3HAYVMOCTb reHoTUMNa nnoaa no rs4065. Skenpeccust UPA Bbina Hibke npu MH (Megmaqa (95% AW — 116,45 (100,5; 128,74) npotvis 126,09 (113,76;
139,19); p < 0,05). Accoumaumm SNP ¢ akcnpeccuelt 6enkoB BbisiBNeHO He Bbino. Backynspusaums 3aBvcena oT reHotuna matepu no rs4065 (CTpomMansHo-
COCyaNCTOE COOTHOLLEHWe npu reHoTvne CC — 0,17 (0,15; 0,19), CT — 0,18 (0,15; 0,21), TT — 0,23 (0,2; 0,27); p < 0,05). Taknm 06pa3omM, BbICOKMIA YPOBEHb
uPA B nnaueHTe 1 Hann4me reHoTuna rs4065 TT y nnofa HOCAT NPOTEKTUBHBIN XapakTep B OTHOLLEHWN pa3sutus MH.

KnioueBble cnosa: Mpeaknamncus, 3afepkka pocta nioaa, NiaLeHTapHasi HEAOCTaTO4YHOCTb, aKTVBATOP MAa3MUHOreHa YPOKMHA3HOMo TUNa, PeLenTop akTvBaropa
NAa3MmnHOreHa YPOKMHA3HOrO TvNa, OAHOHYKEOTUAHbI MOMMMOPMM3M, aHroreHes
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Placental insufficiency (Pl) and the ensuing pregnancy
complications, including intrauterine growth restriction (IUGR)
and pre-eclampsia, are clinical manifestations of impaired
placental perfusion. The mechanisms implicated in Pl involve
abnormal placental angiogenesis and villous maldevelopment
caused by: 1) insufficient trophoblast invasion; 2) incomplete
remodeling of spiral arteries; 3) imbalance between pro- and
antiangiogenic factors; 4) maternal coagulation defects [1].
Therefore, research into Pl etiology should be focused on the
potential role of multifunctional regulatory systems, including
the urokinase system, as contributors to the defects described
above. The urokinase system consists of the urokinase-type
plasminogen activator (uPA), its main substrate (plasminogen),
plasminogen activator inhibitors (PAI-1, PAI-2), and the
uPA receptor (UPAR); the latter regulates and improves the
efficacy of urokinase-mediated proteolysis by binding to uPA
[2]. The urokinase system can trigger a variety of signaling
cascades and thereby transform the cellular environment
through proteolysis of the extracellular matrix, as well as
induce cell migration and proliferation in response to such
transformations [3].

Almost all components of the urokinase system have
genetic polymorphisms that affect uPA activity or the level of
its expression. Today, there is sufficient evidence confirming
the role of some of those genetic variants in promoting
pregnancy complications. So far, associations between such
polymorphisms and Pl have been best studied for PAI-1. For
example, the indel mutation in the SERPINET promoter (<675
5G/4G) has been reliably linked to early pregnancy loss/pre-
eclampsia [4, 5].

Polymorphisms of the urokinase and urokinase receptor
genes are less studied. In this article, we investigate possible
associations between Pl and 4 SNPs: 2 of the PLAU gene
(rs4065, rs2227564) and another 2 of the PLAUR gene
(rs344781, rs2302524). PLAU rs4065 C/T 3'-UTR is a C/T
substitution in the noncoding gene region resulting in enhanced
mRNA stability and hence aberrant uPA levels [6]. PLAU
Pro141Leu (rs2227564) results in the increased hydrophobicity
of the kringle domain, which reduces uPA affinity to fibrin
and possibly the components of the extracellular matrix [7].
Although the role of the urokinase kringle domain is not fully
clear, this polymorphism can alter urokinase activity. PLAUR
rs2302524 (A659G) is another missense mutation that
presumably affects the activity of the urokinase system [8].
PLAUR rs344781 affects the activity of the PLAUR promoter;
the T allele enhances transcription [9]. Considering the
significance of assessing both maternal and fetal components
of the mother-placenta-fetus system, we analyzed the
genotypes of the mother and the fetus. Genotyping data were
compared to the results of a histopathological examination
of placental specimens so as to determine the effect of gene
polymorphisms on placental tissue morphology and the
expression of urokinase system proteins. The aim of this work
was to study the associations between Pl and SNPs in the
genes coding for the components of the uPA-uUPAR-system,
as well as their effects on the intensity of protein expression in
placental tissue and placental morphology.

METHODS

The study was conducted at the Medical Research and
Educational Center of Lomonosov Moscow State University in
2018. Samples of venous blood, placental tissue and umbilical
cords, as well as clinical data, were obtained from the Center’s
Biobank. Originally, the samples had been collected from

162 female patients aged 20 to 49 years and 95 newborns
immediately after delivery.

The control group consisted of 114 healthy women with
uncomplicated pregnancy and delivery. The Pl group included
48 patients with early pre-eclampsia (< 34 weeks into gestation)
and/or early grade II-lll IUGR (< 32 gestational weeks). IUGR
was diagnosed based on a biometric lag of 2 weeks; the
actual gestational age was inferred from the first day of the last
menstrual period and from the findings of the early ultrasound
scan. Pre-eclampsia was defined as elevated systolic
BP > 140 mmHg and diastolic BP > 90 mmHg on at least
two occasions after week 20 into gestation in the presence of
at least one of the following signs: proteinuria = 300 mg/day,
renal failure (hypercreatininemia > 90 pymol/L), liver dysfunction
(ALT or AST > 40 IU/L), impaired blood flow in the mother-
placenta-fetus system on the Doppler scan, thrombocytopenia
< 150,000/uL, and neurological symptoms. The exclusion
criteria were as follows: multifetal pregnancy, Rh-sensitization,
gestational diabetes mellitus, severe extragenital pathology,
drug abuse, smoking, fetal abnormalities or genetic disorders.
All pregnancies were spontaneous. In order to exclude “small
for gestational age” fetuses from the study, a Doppler scan of
the umbilical artery was performed. Women with normal blood
flow parameters were excluded.

Umbilical cord samples were collected from 60 newborns in
the PI group (pregnancies complicated by pre-eclampsia and/
or IUGR) and 35 newborns in the control group (uncomplicated
pregnancies and delivery). For the analysis, we selected
umbilical cord fragments located 8-10 cm away from the
placenta. The samples were fixed in 10% formalin or frozen
at -80 °C. In 53 cases (25 patients with Pl and 28 controls),
we collected samples of maternal blood, umbilical cord
fragments and placental tissue. For each mother-newborn pair,
3 fragments of seemingly healthy tissue sized 1 x 0.5 x 0.5 cm
were collected from the peripheral, paracentral and central
areas of the placenta; the fragments were fixed in 10% buffered
formalin for 12 h; then the samples were dehydrated and
embedded in paraffin. All placenta donors in the Pl group gave
birth by Caesarian section at >28 weeks gestation (2 patients
before gestational week 34; 6 patients after week 34); in the
control group, the babies were delivered at term.

Genotyping

DNA was isolated from K, EDTA-containing peripheral maternal
blood using a QIAmp DNA Blood Mini Kit and from umbilical
cord fragments using a DNeasy Blood and Tissue Kit (QIAGEN;
Germany) following the manufacturer's protocol. (the minimum
sample weight of 25 mg and prolonged overnight lysis).

PLAU C/T 3'-UTR (rs4065) and PLAUR T(-516)C
(rs344781) polymorphisms were detected by real-time PCR.
Amplification was performed in a RotorGene Q thermocycler
(QIAGEN; Germany). Allele-specific hydrolyzed probes were
used. The following primers and probes were used:
rs4065_F: 5'-TGGTTGTCATTTTTGCAGTAGAGTC-3';
rs4065_R: 5'-GGCCTATGCCTGAGGGTAAAG-3';
rs4065_prC:FAM-5'-AAGCTATTGTCGTTCGCCCTGGTGG-3'-BHQT;
rs4065_prT: HEX-5'-AAGCTATTGTCGTTCACCCTGGTGGG-
3'-BHQ1;
rs344781_F: 5'-ATCCTGAAATATGCATCTCTTAAACACT-3';
rs344781_R: 5'-TTAACATTTACCAAGGACCTACTTCG-3;
rs344781_prC:FAM-5'-CACAGCGGGAAGCAAAGCAAGGGT-
3'-BHQ1;
rs344781_prT:HEX-5'-CACAGCAGGAAGCAAAGCAAGGGT-
3'-BHQ1).
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PLAU C/T 7240 (rs2227564), PLAUR AB59G (rs2302524)
and SERPINE1 -675 5G/4G polymorphisms were detected by
real-time PCR using commercial kits for SNP detection (DNA-
Technology; Russia).

Morphometry and immunohistochemistry

Four-um thick sections were prepared from paraffin blocks
and mounted on Polysine Slides (Menzel GmbH & Co KG;
Germany). Dewaxing, rehydrating and epitope retrieval were
performed using Dewax and HIER BufferM (pH 8.0) (Thermo;
UK) at 95-98 °C for 20 min in the pre-treatment PT-Module
(Thermo; UK). Immunohistochemistry reactions were carried
out in a Thermo Scientific LabVision Autostainer 480S (Thermo;
UK). The sections were incubated with 1 : 150 monoclonal rabbit
anti-uPA antibodies (ab133563) and 1 : 100 polyclonal rabbit
anti-uPAR antibodies (ab103791) (Abcam; UK) for 30 min.
A chromogenic (DAB) Ultra Vision Quanto Detection System
(Thermo; UK) was used to detect staining. Then, the sections
were treated with hematoxylin (1-3 min) and covered with a
cover-glass. The slides were examined under a Leica DM 1000
microscope equipped with an HI PLAN 40%/0.65 «/0.17/0FN25
lens and a digital high-resolution camera Leica DMC 2900; the
images were processed in Leica Application Suite 8.0 (Leica;
Germany). A total of 1,060 microphotographs were taken: 530
for uPAR-treated and 530 for uPA-treated slides.

Image processing

On each image, an area of 7 x 7 pixels was selected in the
background outside the specimen; this area was assigned an
average color value of all the pixels it contained. This average
value was used to white-balance the image, so that the corrected
color would be white. As a result, the background on all images
appeared very close to white and all microphotographs did not
differ in color tones. After color normalization, large clusters
of red blood cells and artifacts were manually selected and
removed on each photograph. All images were resized to
1024 x 768 pixels.

Measured parameters

Using Imaged, v1.51s (National Institutes of Health; USA), we
calculated the villi surface area (mm?) and the area occupied
by the intervillous space (mm?2) for each image. To estimate the
vessel surface area (% of the villi surface area), the stroma-to-
vessel ratio and the intensity of uUPA/UPAR expression in the
villi, blood vessels were highlighted manually. The stroma-to-
vessel ratio was determined by the formula: vessel surface
area / (villi surface area — vessel surface area). All parameters
were calculated as a geometric mean from 10 processed
images per section.

Measurement of marker expression intensity

To estimate the intensity of uPA and uPAR expression, the
Imaged color threshold function was applied to the areas
representing villi on the images. The following parameters were
used: hue [0;37], saturation [46;255] and brightness [62;251],
as they allow detecting a vast variety of brown tones. The
selected areas were converted into black and white to evaluate
pixel color intensity. Purely black pixels were assigned the value
of 255, whereas purely white pixels, 0. All pixels outside the
villi or those outside the specified color range were assigned a
0 value. The mean color value was calculated for each image
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based on non-white pixels (color=0). Expression intensity was
calculated by the formula:

255:500 ></\/C
T Vx1024x768

where INT is intensity; ¢ is the mean color value for non-white
pixels; N is the number of pixels with the specific ¢; V is the
area of the image occupied by the villi expressed in the range
from O to 1. The yielded values can be interpreted as uUPA/UPAR
expression intensity in the range from O (no expression) to
255 (maximum expression) providing that staining of the villi is
uniform.

INT

Statistical analysis

Statistical analysis was conducted in RStudio v1.1.453 and the
SNP Stats web tool [10] developed for the analysis of genetic
polymorphism data. The Akaike information criterion was used
to choose the type of inheritance model (codominant, dominant,
recessive, overdominant, or log-additive). We selected models
with the lowest AIC indicating better goodness of fit in the
presence of fewer parameters. Continuous variables were
tested for normality using the Shapiro-Wilk test. Differences
between the groups were assessed using Student’s t-test,
one-way ANOVA for parametric data, the Wilcoxon rank-sum
test, or the Tukey test for nonparametric data depending on the
number of groups, the Kruskal-Wallis test. Categorical variables
were assessed using the x° test. Odds ratios for the risk of PI
were also calculated. Univariate binary logistic regression models
were used to construct 95% Cl and estimate OR pointwise.
Statistical weight and significance of individual genotypes were
analyzed using logistic regression. Differences were considered
significant at p < 0.05.

RESULTS

Table 1 shows frequencies of maternal and fetal SNPs
significantly associated with the risk of Pl (corrected to maternal
age). Associations have been established between Pl and
the following alleles: the maternal C allele PLAU rs4065, the
maternal A allele PLAUR rs2302524, the fetal C allele PLAU
rs4065, and the fetal C allele PLAUR rs344781. To study the
effects of both maternal and fetal genotypes, we built a model
in which Pl was the dependent variable and maternal and fetal
genotypes were predictors (the presence of 2 mutant alleles
scored 2 points, heterozygous variants scored 1 point, and the
presence of 2 referent alleles scored 0). Then, we estimated the
statistical significance of the predictors, their weight and effect
(positive or negative). Characteristics of the model are provided
in Table 2; a statistically significant effect was demonstrated for
the fetal PLAU rs4065 polymorphism: the C to T substitution
was protective against P, i.e. reduced its probability; TT was
the most prognostically favorable genotype.

In the control group samples, villous tree architecture
was normal, dominated by terminal villi with sinusoidally
dilated capillaries and showing an intimate contact between
the trophoblastic surface and the vascular wall underneath.
In the PI group, a variety of histopathologic phenomena
were observed. In some cases, nonbranching angiogenesis
prevailed presenting as the lack of terminal villi, small villous
diameter and the absence of syncytial knotting. In 16 cases,
an excessive compensatory placental response was observed,
including angiomatosis of the villi, extensive syncytial knotting in
the aggregated terminal villi and the narrowing of the intervillous
space. These findings were fortified by the estimates of
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the villi surface area and the intervillous space (Table 3). No
differences were found between the Pl and control groups in
the vessel surface area and the stroma-to-vessel ratio (Table 3),
which may be explained by the morphological heterogeneity
observed in patients with preeclampsia and IUGR, as well as
by the difference in gestational age at delivery.

The data yielded by genotyping of maternal and fetal
specimens were compared to the results of the microscopic

examination of the placenta (morphometric parameters and
the immunohistochemical expression of uPA and uPAR). The
intensity of UPA/UPAR expression in syncytiotrophoblasts
exceeded that in the stromal cells and the endothelium of
villous vessels (Fig. 1 A-D). The intensity of uPA expression
was reliably lower in the placental tissue of patients with Pl
(o =0.033) (Table 3; Fig. 1A-B); no difference in uPAR expression
was observed between the groups (Table 3; Fig. 1C-D).

Table 1. Genotype frequencies for urokinase system SNPs associated with the risk of Pl

Inheritance model Genotype Pl, % (n) Control % (n) OR (Cl 95%)* p AIC
maternal SNP
C/C 23.1(9) 3.8(3) 12.90 (2.68-51.68)
Codominant C/T 41 (16) 21.8(17) 5.46 (1.94-15.37) 0.0001 120.9
T/T 35.9 (14) 74.4 (58) 1
C/T-C/C 64.1 (25) 25.6 (20) 6.83 (2.63-17.79)
Dominant <0.0001 120.1
T/T 35.9 (14) 74.4 (58) 1
PLAU rs4065
C/C 23.1(9) 3.8(3) 6.97 (1.58-30.68)
Recessive 0.006 130
T/T-C/T 76.9 (30) 96.2 (75) 1
C/C-T/T 59 (23) 78.2 (61) 1
Overdominant 0.01 131
C/T 41 (16) 21.8(17) 3.46 (1.33-9.03)
Additive - - - 4.14 (2.02-8.51) <0.0001 119.5
A/A 79.5 (31) 51.9 (42) 1
Codominant AG 15.4 (6) 38.3 (31) 0.27 (0.09-0.77) 0.02 133.7
G/G 5.1(2) 9.9 (8) 0.30 (0.05-0.68)
A/A 79.5 (31) 51.9 (42) 1
Dominant 0.005 131.8
A/G-G/G 20.5 (8) 48.1 (39) 0.27 (0.1-0.71)
PLAURrs2302524
A/A-A/G 94.9 (37) 90.1 (73) 1
Recessive 0.31 138.5
G/G 5.1(2) 9.9 (8) 0.43 (0.08-2.41)
A/A-G/G 84.6 (33) 61.7 (50) 1
Overdominant 0.018 134
A/G 15.4 (6) 38.3 (31) 0.31(0.11-0.87)
Additive - - - 0.39 (0.18-0.85) 0.01 132.9
fetal SNP
C/C 30.9 (17) 4.3(1) 8.25 (0.88-77.21)
Codominant C/T 45.5 (25) 65.2 (15) 0.91 (0.29-2.87) 0.031 92.8
/T 23.6 (13) 30.4 (7) 1
C/T-C/C 76.4 (42) 69.6 (16) 1.37 (0.45-4.17)
Dominant 0.58 97.4
T/T 23.6 (13) 30.4 (7) 1
PLAU rs4065
C/C 30.9 (17) 4.3(1) 8.82 (1.09-71.67)
Recessive 0.009 90.8
T/T-C/T 69.1 (38) 95.7 (22) 1
C/T 45.5 (25) 65.2 (15) 0.47 (0.17-1.31)
Overdominant 0.14 95.5
C/C-T/T 54.5 (30) 34.8 (8) 1
Additive - - - 1.99 (0.92-4.29) 0.073 94.5
T/T 23.6 (13) 30.4 (7) 1
Codominant T/C 45.5 (25) 65.2 (15) 0.28 (0.11-0.71) 0.014 117.9
c/C 30.9 (17) 43(1) 2.71(0.53-13.76)
T/T 23.6 (13) 30.4 (7) 1 0.098 131.4
Dominant
PLAUR rs344781 T/C-C/C 76.4 (42) 69.6 (16) 0.49 (0.21-1.16)
T/T-T/C 69.1 (38) 95.7 (22) 1 0.018 128.5
Recessive
C/C 30.9 (17) 4.3 (1) 5.02 (1.07-23.6)
C/C-T/T 54.5 (30) 34.8 (8) 1 Te-4 122.7
Overdominant
T/C 45.5 (25) 65.2 (15) 0.22 (0.09-0.54)
Additive - - - 1.00 (0.57-1.77) 0.99 134.1

Note: * — OR (95% Cl) adjusted for maternal age.

BECTHUK PIrMY | 6, 2019 | VESTNIKRGMU.RU



No associations were established between the studied
SNPs in PLAU and PLAUR and the intensity of protein
expression in placental tissue.

The protective effect of the C to T substitution in maternal
PLAU rs4065 was confirmed by its relationship with the
degree of villous vascularization: the vessel surface area
(% of the villi surface area) and the stroma-to-vessel ratio varied
depending on the genotype (Fig. 2). The maximum vasculature
corresponded to the TT genotype (Table 4).

DISCUSSION

The uRA-UPAR system is multifunctional. It exerts fibrinolytic
activity, participates in degrading the extracellular matrix,
affects the bioavailability of growth factors, and regulates
cell migration and proliferation. Once the embryo has been
implanted, trophoblast cells start to express urokinase [11],
and UPAR expression increases at the cell pole involved in
trophoblast invasion; throughout the process, uPA activity is
regulated by PAI-1,2. Thus, the urokinase system takes an
active part in the modulated trophoblast invasion. Natural killers
and macrophages are another source of uPA in the placenta.
They ensure remodeling of spiral arteries in the endometrium
at trophoblast-independent stages; by interacting with NK
and macrophages, uPAR-positive smooth muscle cells and
endothelial cells acquire their migration phenotype [12, 13].
The urokinase system (specifically, the cells expressing its
protein components) “supervises” formation and degradation
of fibrin-type fibrinoid [14]. Proteolysis of the extracellular matrix
by serine proteases leads to the release of angiogenic factors
from its scaffold, including vascular endothelial growth factor

ORIGINAL RESEARCH | MEDICAL GENETICS

(VEGF). The interaction between VEGF and its class 2 receptor
results in the exposure of the proteolytic uUPA-UPAR complex
to integrins [15], confirming the role of the urokinase system as
a mediator of angiogenic factors and an active participant of
angiogenesis in the placenta.

In this study, we attempted to assess the risk of placenta-
associated pregnancy complications based on the presence of
SNPs in maternal and fetal genes. We were able to demonstrate
that the TT genotype of PLAU rs4065 was associated with the
lowest risk for Pl. Considering that in the majority of cases
the placental and the fetal genotypes are the same, the fetal
T allele should be regarded as more significant. Unfortunately,
we could not prove that abnormal uPA levels in the placenta
are determined by the SNPs in the corresponding gene, which
might be explained by the small sample size. However, the
association between the TT genotype and the greater vessel
surface area in the villi confirms the observed phenomenon.

Previously uPAR expression in chorionic villi was
demonstrated to be higher in females with uncomplicated
pregnancies than in those at risk of pregnancy loss [16]. The
immunohistochemistry analysis conducted as part of our study
revealed that uPAR levels in the placenta did not differ between
healthy females and patients with placenta-related pregnancy
complications. However, the groups did differ in terms of
urokinase expression intensity.

There was no previous solid evidence of the direct effect
of rs4065 on the level of uPA expression. Our findings suggest
that the TT genotype stimulates cell migration and proliferation,
is proangiogenic and reduces the risk of Pl. Our observation
is confirmed by the fact that this polymorphism increases the
risk of tumor growth and enhances tumor angiogenesis. There

Table 2. Parameters of the regression model showing the relationship between the risk of Pl and SNPs in the genes encoding urokinase system proteins

Coefficients of factors Standard error z-score p
Free coefficient -0.6347 1.4248 -0.445 0.656
Fetal SNP
PLAU rs2227564 4.0476 2.4788 1.778 0.075
SERPINE-1rs1799889 0.1157 1.2417 0.093 0.926
PLAU rs4065 -3.3538 1.3791 -2.432 0.015
PLAUR rs344781 2.7448 1.5893 1.727 0.084
PLAUR rs2302524 0.3755 1.4117 0.266 0.79
Maternal SNP
PLAU rs2227564 -1.9485 1.3233 -1.472 0.141
SERPINE-1rs1799889 -2.276 1.387 -1.641 0.101
PLAU rs4065 1.8566 0.985 1.885 0.059
PLAUR rs344781 -0.7773 1.3769 -0.564 0.572
PLAUR rs2302524 2.0156 1.3489 1.494 0.135
Table 3. Morphological characteristics and immunohistochemical expression of uPA/UPAR in placental tissue
Median (95% CI) p
Pl Control

Villi surface area (mm2) 7.445 (6.852; 7.863) 6.464 (6.213; 7.157) 0.005
Intervillous space (mm?) 6.621 (6.22; 7.17) 7.611 (6.887; 7.84) 0.007
Vessel surface area (% of villi surface area) 19.55 (16.45; 24.85) 18.2 (14.2; 22.6) 0.326
Stroma-to-vessel ratio 0.206 (0.166; 0.26) 0.178 (0.147; 0.253) 0.462
uPA expression 116.449 (100.496; 128.74) 126.087 (113.761; 139.191) 0.033
uPAR expression 117.59 (96.24; 138.94) 130.42 (107.93; 152.91) 0.351
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Fig. 1. Immunohistochemical expression of UPA (A, B) and uPAR (C, D) in the chorionic villi in the controls (A, C) and the PI group (B, D). Staining of syncytiotrophoblast
cells with anti- uPA and anti- uPAR antibodies produces intense coloration in healthy tissue and samples of Pl patients (A-D). Placental tissue of patients with PI (A) shows
less intense coloration of ssyncytiotrophoblast cells after uPA staining in comparison with the control group (B). No difference was observed in immunohistochemical
UPAR expression between the groups (C, D). Scale bar: 25 pm
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Fig. 2. The vessel surface area and the stroma-to-vessel ratio for different maternal PLAU rs4065 genotypes. The ends of the box are Q1 and Q3; the vertical line inside
the box is the median. The ends of the whiskers: Q1 minus 1.5 IQR; Q3 plus 1.5 IQR. Outliers are represented by dots. Confidence intervals are represented by notches

Table 4. The vessel surface area and the stroma-to-vessel ratio for different maternal PLAU rs4065 genotypes

Vessel surface area, mm? Stroma-to-vessel ratio
rs4065 genotype
Median 95% CI P Median 95% ClI P
CC 0.1655 [0.1461; 0.1849] 0.1715 [0.1524; 0.1907]
CT 0.182 [0.1528; 0.2112] 0.0305 0.1804 [0.1485; 0.2123] 0.0265
T 0.225 [0.1969; 0.2531] 0.2306 [0.1959; 0.2652]

Note: ** — the Kruskal-Wallis test applied.

are reports of the significantly increased risk for cancer in the ~ CONCLUSIONS

presence of the T allele and the TT genotype [17-19]. At the

same time, it is known that high uPA levels in some tumors  High placental uPA and the fetal TT genotype (PLAU rs4065)
predict a poor outcome [20]. Besides, the T allele of rs4065  are protective against the risk of Pl. We hope that our findings
has been linked to Quebec platelet disorder caused by excess  will expand the potential of noninvasive prenatal screening and
fibrinolysis due to elevated uPA content in platelets [21]. predict Pl by genotyping fetal DNA for rs4065 PLAU.
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Acute respiratory infections (ARI) are very common in children and often prompt parents to seek medical advice. Increased susceptibility to ARI is caused
by a number of factors, including genetically determined imbalances in cytokine production. The aim of this study was to analyze the frequency of 6
clinically relevant polymorphisms of proinflammatory cytokine genes in girls predisposed to recurrent respiratory infections. The study was conducted
in girls aged 7-17 years who were undergoing a routine medical checkup. A group of children with frequent respiratory infections was identified. The
following polymorphisms were analyzed for possible associations with predisposition to frequent respiratory infections: IL18 T-31C (rs1143627), IL1B T-511C
(rs16944), IL1B C-3953T (rs1143634), IL1B8 G-1473C (rs1143623); IL6 C-174G (rs1800795), and TNFa G-308A (rs1800629). For polymorphism detection,
PCR and gel electrophoresis were used. The following alleles were found to be associated with an increased risk for recurrent respiratory infections in girls
aged 7-17 years: C-31 (rs1143627) (OR = 2.05; Cl: 1.16-3.64; p = 0.013) and C-5717 (rs16944) (OR = 3.11; Cl: 1.25-7.76; p = 0.013) of the /L-1 gene.
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OCOBEHHOCTHU NOJINMOP®U3MA NEHOB MNPOBOCTAJIUTEJIbHBIX LIUTOKNHOB Y IEBOYEK,
MPEAPACIONOXXEHHBIX K HACTbIM PECIMNNPATOPHbLIM 3ABOJIEBAHUAM
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PecnunpatopHble 3abonesanna (OP3) oTHOCAT K 4ucny Hambonee pacnpocTpaHeHHbIX 3aboneBaHuin OeTCKOro Bo3pacTa M Ciy)KaT MOBOAOM 4acToro
obpaLLeHns 3a MeAULIMHCKOM NMOMOLLbLO. TMoBbIlLeHHas 3aboneBaeMoCTb feTeit onpenenseTcs LenbiM psfoM hakTopoB, B TOM Y1CHe HamyimeM aucbanaHca
B CUCTEME LIMTOKMHOB, YPOBEHb CUHTE3a KOTOPbIX MEHETUHECKN AETEPMUHMPOBaH. Llensto paboTtel BbI10 NpoaHamanpoBaTb OCOOEHHOCTN pacnpeneneHns
LUIECTN KIMHNHECKN 3HAYYMBIX MOSMMOPMHBIX JIOKYCOB B FeHax MpPOBOCMANUTENbHBIX LIMTOKMHOB Y AEBOYEK C 4acTbiMU PECMMPATOPHLIMY 3a60NEBAHUSMU.
Cpean gesovek 7—-17 net, NpoxoasLmX NnaHoBbIA NPodUNaKTUYecKnii 0CMOTP, Ha OCHOBaHM aHamHesa Obifia BblaeneHa rpynna 4acto 6onetolmnx aeTen.
[MpoBeaeH aHanM3 accoupaLmn NOAMMOPMHbIX BapraHTOB reHOB MpoBOCHanuUTeNbHbIX UMTOKMHOB IL 18 T-31C (rs1143627), IL18 T-611C (rs16944), IL1B8 C-3953T
(rs1143634), IL1B G-1473C (rs1143623) B reHe nHTepneikuHa-1p; IL6 C-174G (rs1800795) — B reHe uHtepnenkmnHa-6 n TNFa G-308A (rs1800629) — B reHe
(hakTopa HeKPO3a OMyxonu anbda C NPeLPaCMONOXEHHOCTHIO K HaCTbIM PECMMPAaTOPHbBIM 3a601eBaHMsIM. [oNMMOPMHbIE BapUaHTbl FEHOB BbISIBIISIM METOLOM
MUP ¢ anektpodopeTnyeckon AeTekumeit. IokasaHo, YTO C MOBbILLEHHBIM PUCKOM PELVANBUPYIOLLMX PECnMPaTopHbIX 3abonesaHuin y aeBodek 7-17 net
accouuvpoBaHbl annenm C-37 (rs1143627) (OLL = 2,05; A: 1,16-3,64; p = 0,013) n C-571 reHa IL-1B (rs16944) (OLU = 3,11; OWN: 1,25-7,76; p = 0,013).
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To date, it has been convincingly demonstrated that the immune
system plays a critical role in disease progression. In both health
and pathology, immune response is regulated by cytokines, the
key mediators of cell-cell interactions in the immune system [1, 2].
An imbalance between pro- and anti-inflammatory cytokines
compromises immune defense against infection and leads to
chronicity [3]. The intensity of cytokine secretion depends on
the expression of cytokine-encoding genes, which, in turn, is
determined by the presence of persistent microorganisms and
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genetic features of the host [4]. Single nucleotide polymorphisms
(SNPs) of human genes coding for immunocompetent molecules
determine the level of cytokine production in response to
infection, affecting the clinical course of the disease [5-7]. So far,
a number of polymorphic loci have been identified in promotor
regions of the genes involved in the production of proinflammatory
cytokines (IL1B, IL6, TNFa, etc.) [8-12].

Acute respiratory infections (ARI) are very common in
childhood. A child falls in the “frequently ill” category if he/she
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has more than 6 episodes of ARI a year; this definition refers to
repeated or recurrent viral, bacterial or mixed infections of ear,
nose and throat (adenoiditis, tonsillitis, ofitis), upper (laryngitis)
or lower respiratory tract (tracheitis, bronchitis, pneumonia)
developing as a result of compromised immunity or inadequate
therapy for ARI [13-15]. Increased susceptibility to ARI is
determined by a few factors, including genetic ones. There
is an ongoing search for possible immunogenetic markers of
such predisposition.

The aim of our study was to explore possible associations
between the polymorphisms of genes coding for key
proinflammatory cytokines and predisposition to frequent
respiratory infections in girls aged 7 to 17 years.

METHODS

We examined 116 girls aged 7 to 17 years residing in Samara
who visited a pediatric/adolescent gynecologist for a routine
checkup in 2014-2016. The following inclusion criteria were
applied: age between 7 and 17 years; the absence of severe
organic pathology; normal physical, sexual and cognitive
development. Exclusion criteria: age outside the specified
range; severe organic pathology; developmental abnormalities.
We analyzed the medical history of the patients (frequency of
respiratory infections and their course) and allele and genotype
frequencies for proinflammatory cytokine genes using PCR with
gel electrophoresis (SNP-EXPRESS assay; Litech; Russia). We
searched for the following SNPs: IL18 T-31C (rs1143627), IL18
T-511C (rs16944), IL1B8 C-3953T (rs1143634), IL1B G-1473C
(rs1143623); IL6 C-174G (rs1800795), and TNFa G-308A
(rs1800629). DNA was isolated from the buccal mucosa using
an express DNA isolation kit (Litech; Russia). SNPs selected
for our study are associated with human immune status and
were proposed as clinically and diagnostically relevant at the
15th International Histocompatibility and Immunogenetics
Workshop in Brazil in 2008 [16].

DNA was amplified in a DTlite-4S1 thermocycler (DNA-
Technology; Russia). The observed genotype frequencies
were tested for conformity to Hardy-Weinberg expectations
using Pearson’s 2. We measured possible associations and
assessed the significance of differences in the distribution of
categorical variables (odds ratios and 95% confidence intervals).
Statistical analysis was performed online on the website of the
Institute of Human Genetics (Munich, Germany) using DeFinetti
software [17]. The minor alleles were hypothesized to be risk
alleles and were analyzed in all combinations.

RESULTS

The analysis of clinical data and medical histories revealed
that 56.9% of the participants had ARI 6 to 10 times a year.
Of them, 10.6% had a chronic ENT pathology (tonsillitis,
pharyngolaryngitis) with frequent relapses (4 to 6 times a year)
in the setting of acute viral and/or bacterial infection. The girls
were divided into 2 groups: 65 girls constituted the group of
children with recurrent respiratory infections and 51 girls made
up the group without recurrent ARI.

The genotype frequency of 5 out of 6 analyzed SNPs
conformed to the Hardy-Weinberg equilibrium. The only
exception was TNFa (G-308A); therefore, this polymorphism
was excluded from further analysis (see Table).

The analysis of allele/genotype frequencies of the genes
encoding proinflammatory cytokines demonstrated that the
general sample was dominated by the carriers of the alleles 7-37,
G-1473 and C-3953 in the IL1B gene (p < 0.05) determining

the high levels of the encoded cytokines. In the case of IL183
(T-511C) and IL6 (C-174G), the alleles associated with high
and low levels of /L7 and /L6 were distributed in our sample
relatively equally.

Comparison of individual polymorphisms occurring at
the clinically relevant loci of the studied cytokine genes and
associated with high/low levels of their expression revealed that
homozygous and heterozygous C alleles at positions 37 and
511 of the IL15 gene were significantly more frequent in the
group of girls suffering from recurrent infections. The presence
of the C-37 allele increased the risk of frequent respiratory
infections twofold (OR = 2.05; Cl: 1.16-3.64) in comparison
with the T-37 allele. The highest risk of recurrent infections was
detected in the carriers of the CC genotype in comparison with
heterozygous CT carriers (OR = 2.58; Cl: 1.14-5.85) and the
pooled CT and TT genotypes (OR = 2.65; Cl: 1.25-5.63). The
presence of any C-571 allele variant also indicated a high risk
of recurrent respiratory infections (OR = 1.68; Cl: 0.99-2.83;
p =0.053). The risk of frequent respiratory infections increased
more than threefold in the carriers homozygous for CC in
comparison with heterozygous CT (OR= 3.28; Cl: 1.22-8.79),
homozygous 7T (OR = 2.9; Cl: 1.03-8.17) and the pool of
children with CT or TT (OR = 3.11; Cl: 1.25-7/76) at -511C/T
of the IL18 gene.

We failed to establish a statistically significant association
between recurrent respiratory infections and the IL6 (C-174G)
polymorphism, but the girls suffering from recurrent infections
were homozygous for the G allele associated with high levels of
IL6 1.5 times as rare as the girls without recurrent respiratory
infections (OR = 0.57; Cl: 0.20-1.59; p = 0.77).

DISCUSSION

Long-lasting and frequent respiratory infections, especially at
early age, present a medical challenge yet unsolved, creating
a serious social and economic burden for the family and the
society in general. The contemporary view on the problem
is that the primary causes of high susceptibility to infection
in children are the immaturity of the immune system and
genetic predisposition [18, 19]. Cytokines play an important
role in defense against pathogens: they regulate response to
infection not only at the immune system level but also at the
level of the whole organism. So far, extensive evidence has
been accumulated suggesting that SNPs of cytokine genes
can be functional and alter expression of the latter. Such
functional polymorphisms hereditarily determine the levels of
cytokine production in an individual, affecting the progression
and outcome of infectious diseases and immunopathological
processes [20]. Anti-inflammatory cytokines play a central role
in the formation and regulation of inflammatory response in
both innate and adaptive immunities. Therefore, research into
the polymorphisms of genes coding for key proinflammatory
cytokines can result in the emergence of new diagnostic and
therapeutic approaches [21, 22].

In this study, we analyzed associations between polymorphisms
of genes coding for key proinflammatory cytokines and
predisposition to recurrent respiratory infections in 7 to 17-year
old girls. Clinically relevant functional polymorphisms were
assessed, including IL1B (T-31C), IL1B (T-511C), IL1B (C-3953T),
IL1B (G-1473C), IL6 (C-174G), and TNFa (G-308A).

In the first stage of the study, we analyzed allele/genotype
frequencies of polymorphic variants of the genes encoding
proinflammatory cytokines in all study participants regardless of
their predisposition to frequent ARI and tested the conformity of
the observed data to the Hardy-Weinberg equilibrium. This is an
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Table. Polymorphic allele and genotype frequencies for the genes encoding proinflammatory cytokines in girls aged 7 to 17 years

G Allel Frequency, abs / %
ene ele,
polymorphism | genotype Al girls Without recurrent ARI | With recurrent ARI Odds ratio (Confidence interval)
n=116 n=>51 OP3 n=65 (minor allele dominating)
T 100/67.0 + 3.3* 46/75.0 + 4.7 54/60.0 + 4.4
—~
i';: [1]<—>[2]**: 2.05 (1.16-3.64), x* = 6.18. p=0.013 [11]<—>[12]**:

I 2.58 (1.14-5.85), x? = 5.28. p = 0.022[11]<—>[22]:
’u\:, C 61/33.0 £ 3.3 20/25.0 + 4.7 41/40.0 + 4.4 2.84 (0.87-9.28), y* = 5.28, p = 0.077 [11]<—=[12 + 22]"*
3 55/47.4 31/60.8 24/36.9 2.65 (1.25-5.63), x> = 6.53, p=0.011

CT 45/38.8 15/29.4 30/46.2
CC 16/13.8 5/9.8 11/16.9
. T 78/45.0 + 3.4 36/52 + 5.5 42/39 + 4.1
Q
= C 90 /55.0 + 3.4 34/48 + 5.5 56/61 + 4.1 [1]<—>[2]: 1.68 (0.99-2.83), x* = 3.74, p= 0.053
[

: [11]<—>[12]**: 3.28 (1.22-8.79), x* = 5.80, p = 0.016
% 26/224 17/333 9138 [11]<—>[22]**: 2.90 (1.03-8.17), x* = 3.13, p = 0.042
~ CT 52/44.8 19/37.3 33/50.8 [11]<—>[12+22]"*: 3.11(1.25-7.76), x> = 6.24, p = 0.013
h CcC 38/32.8 15/29.4 23/35.4
o) G 94/57.0 + 3.3 40/59.0 + 5.3 54/55 + 4.1
E C 78/43.0+3.3 31/41+5.3 47/45 + 41 [1]<=>[2]: 1.15 (0.68-1.94), 2 = 0.28, p = 0.600 [11]<->[12]:
i 2.00 (0.86-4.63), x? = 2.65, p= 0.104 [11]<—>[22]:

|
e @ s8/82.7 20/89.2 18/21.7 1.11 (0.39-3.18), x> = 0.04, p = 0.844 [11]<—>[12 + 22]:
Q GC 56 /48.3 20/39.2 36/55.4 1.69(0.77-3.68), x> = 1.72, p= 0.189
=
= CC 22/19.0 11/21.6 11/16.9
= 109/78.0 + 2.8* 48/80 + 4.2 51/77.0 + 3.8
§ T 43/22.0+2.8 17/20.0 + 4.2 26/23.0 + 3.8 [1]<=>[2]: 0.28 (0.65-2.33), x2 = 0.41, p = 0.524 [11]<—>[12]:
© 1.37 (0.61-3.09), x*> = 0.58, p = 0.447 [11]<—>[22]:

|
Q ce 737629 34/66.7 39/60.0 1.16 (0.24-5.57), x> = 0.04, p = 0.851 [11]<—>[12 + 22]:
= TC 36/31.0 14/27.5 22/33.9 1.33 (0.62-2.87), x2 = 0.54, p = 0.461
S|

7/6.0 3/5.9 4/6.2
C 79/45.0+34 31/40.0 + 5.2 48/48.0 + 4.3
)
N G 91/55.0+34 41/60.0 + 5.2 50/52.0 + 4.3 [1]<—>[2]: 0.72 (0.42-1.21), x* = 1.58, p = 0.209 [11]<—>[12]:
in 1.05 (0.40-2.76), x> = 0.01 p = 0.925 [11]<—>[22]:
]
Q ce 257215 10/19.6 15/231 0.57 (0.20-1.59), x2 = 1.18, p=0.277 [11]<—>[12 + 22]:
9 CG 54 /46.5 21/41.2 33/50.8 0.81 (0.33-2.00), x2 = 0.20, p = 0.652
GG 37/31.9 20/39.2 17/26.2
2 G 32/18.0+29
S A 106/92.0 = 2.9
&'IJ_ GG 10/8.6 Does not conform to the Hardy-Weinberg equilibrium
= (p=0.0001)
LZL GA 22/19.0
IS
AA 84/72.4

Note: ARI — acute respiratory infections; * — statistically significant differences in the allele frequency at the given locus (p < 0.05); ** — statistically significant

associations with increased risk of respiratory infections.

important stage because if observed frequencies are consistent
with those predicted by the Hardy—Weinberg equation, it
means that patient selection for a genetic study is adequate.
The frequencies of 5 out of 6 analyzed polymorphisms was
consistent with the Hardy-Weinberg equilibrium, except for
TNFa (G-308A). For the G-308A polymorphism of the TNFa
gene, the frequency of the heterozygous genotype observed
in the general sample was different from the predicted
frequency. This could be explained by the insufficient number
of observations and the character of allele distribution for this
locus in the studied group. Therefore, TNFa (G-308A) was
excluded from further analysis.

The analysis of allele and genotype frequencies of /L78and
IL6 revealed that the general sample was dominated by the
carriers of the T-37, G-1473 and C-3953 polymorphisms of
the IL1B gene and the G-174 polymorphism of the IL6 genes.
The distribution of IL1B (T-511C) alleles was relatively even. The
pattern of allele/genotype distribution for this polymorphism
was similar to that observed in the European female population
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[23] and Russian females residing in Moscow [24], which may
indicate the evolutionary advantage of the alleles that determine
high levels of proinflammatory cytokines in the Caucasian
population.

The subsequent analysis of the associations between
predisposition to frequent ARI and the carriership of the
studied alleles at the polymorphic loci of the genes encoding
proinflammatory cytokines demonstrated that the presence
of the C-37 and C-571 alleles in the IL75 gene significantly
increased the risk of recurrent respiratory infections (2- to
3-fold), especially in the homozygous patients. In the girls with
recurrent respiratory tract infections, the G allele in locus 174
of the IL-6 gene was 1.5 times rarer (p > 0.05). The discovered
association between the polymorphic C-37 and C-571 alleles of
the IL71p gene and frequent respiratory infections is consistent
with the literature: IL-78 plays a central role in the generation and
regulation of immune response against infection; carriership of
polymorphic variants at positions 37T and 577T in most cases
leads to an increase in the production of this cytokine in vivo
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and in vitro in comparison with C alleles, whose carriership
increases the severity and frequency of respiratory infections in
children and adults [25-27].

For some European populations, IL18 (T-31C) is in 100%
linkage disequilibrium with IL718 (T-511C) [28], which seems to
explain similar risks associated with this pair of SNPs.

The fact that only 2 SNPs of the /L7 gene were significantly
associated with frequent respiratory infections suggests the
need for identifying the subgroups with high prevalence of
bacterial/viral infections, the presence/absence of allergies, etc.
in the general sample of children predisposed to recurrent AR,
as well as the need for a larger patient sample. At the same time,
the cytokine system is a polymorphic, highly reliable pleiotropic
regulatory network of mediators whose biological effects are
exerted in a cascade manner, are very diverse and sometimes
excessive [29]. Therefore, a decrease in the expression of one
or several cytokine genes and the resulting low production
of the peptide mediator will not always be accompanied by
a pronounced pathology. This means that research into the
effects of polymorphisms in the cytokine genes should not be
limited to the analysis of carriership of individual polymorphic
variants occurring in a few cytokine genes. It is important to
consider linked inheritance, mutual effects, interactions with
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AUTONOMOUS BIOLUMINESCENT SYSTEMS: PROSPECTS FOR USE
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Bioluminescent systems are increasingly being used for the development of highly sensitive optical imaging techniques in vivo. However, it is necessary to inject
expensive and unstable synthetic substrates (luciferins) before each analysis for most of the systems applied. Autonomous bacterial and fungal bioluminescent
systems, that recently have become available for implementation in eukaryotic cells, in our opinion, may be developed into an effective tool in new technologies

of bioluminescent imaging.
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ABTOHOMHbIE BUOJIIOMUHECLIEHTHBIE CUCTEMBbI: MEPCMEKTUBbLI UCIMOJIb3OBAHUA
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BUOMOMVHECLIEHTHbIE CHCTEMbI BCE Yallle MPVMEHSIOT AN Pas3paboTKM BbICOKOUYBCTBUTESbHBIX OMTUHECKVX METOLOB MMUMKUHIA in vivo. OfHako npu
MCMOMb30BaHNN MOMYNAPHBIX CUCTEM HEOBXOAUMO UHBEKLMOHHO BBOAUTL AOPOrVE ¥ ManocTabusibHble CUHTETUHECKME cybCTpaThl (MoumbeprHbl) nepes,
KaXK[bIM aHanM3oM. ABTOHOMHbIE CUCTEMbI GaKTepwii 1 rpbOB, KOTOPbIE HEAABHO CTaun AOCTYMHbI AN paboThl C 3yKapMOTUHECKMI KIETKaMM, MO HaLlemy
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The use of in vivo optical imaging as a visualization method is
growing in modern biomedical research [1, 2]. A non-invasive
investigation of animal objects takes place during bioimaging,
in which light is emitted as a result of the oxidation of a
luciferin molecule (a chemical reaction catalyzed by the protein
luciferase), or in response to the excitation of a fluorescent
protein by light from an external source. To date the most
popular optical reporter proteins are fluorescent (GFP and its
homologs of different colors) as well as bioluminescent proteins
from insects (FLuc) and marine organisms (RLuc, GLuc). The
scope of bioluminescent and fluorescent imaging in medicine
based on these proteins is very wide and includes (but is
not limited to) the study of gene functions, protein-protein
interactions, pathological processes and oncogenesis, drug
development, etc. both in cells and tissues, as well as in lab
animals real-time assays [3].

A huge variety of fluorescent proteins with different spectral
properties available and a large functional toolset based on
them (photoactivated, photoswitchable proteins and sensors)

are the indisputable benefits of the existing fluorescence
imaging technologies [4]. However, the use of fluorescent
proteins requires the external source of light, resulting in
the sharp decrease of sensitivity due to autofluorescence,
phototoxicity and background noise. High-resolution imaging in
vivo is usually accompanied by a complex invasive procedure
[5]. Bioluminescent systems are free from such flaws and
therefore successfully compete with fluorescent proteins. The
resolution up to a single cell inside a living organism recently
became available for bioluminescent imaging. Meanwhile,
possible toxicity, low stability and high cost of synthetic
luciferins (bioluminescent substrates), which have to be injected
into the studied organism prior to every analysis, complicate
bioluminescent imaging procedures.

The use of autonomously luminescent systems, for which
the biosynthesis of luciferin can be reproduced by genetic
engineering in the cells of the studied organism, can become
an effective alternative to the existing in vivo bioimaging
technologies. Unfortunately, among thousands (~10°%) of
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glowing species and around 40 (~10?) different bioluminescence
mechanisms, only 10 luciferins’ (glowing substrates) structures
and 7 luciferases’ gene families (~107") [6, 7] are discovered
to date, and the complete pathway of luciferin biosynthesis is
determined only for bacterial [3] and, more recently, for fungal
[8] bioluminescent systems. There is some evidence that firefly
D-luciferin in insects is synthesized from p-benzoquinone and
L-cysteine [9], but proteins responsible for these processes
have not yet been isolated. LRE protein, regenerating D-luciferin
from oxyluciferin [10, 11], cannot become an only substitute for
the complete biosynthesis pathway of a luminescent substrate
fromm common metabolites. Thus only two luminescent systems
are real candidates for the development of new autonomous
imaging technologies for now.

Bacterial bioluminescence:
from prokaryotes to eukaryotes

Luminescent bacteria are the most widespread glowing
organisms, being represented by both marine and terrestrial
species. Bacterial bioluminescence is well studied: the cassette
of five genes luxCDABE is responsible for the generation of light.
LuxAB gene encodes a heterodimeric bacterial luciferase, luxC,
luxD and luxE encode three proteins (reductase, transferase
and synthase) which perform biosynthesis of the substrate
(dodecanal) for bioluminescence reaction (Fig. 1A). Also, the frp
gene encoding flavin reductase, responsible for the synthesis
of flavin mononucleotide FMNH,, an essential component for
the luminescence reaction, can also be included in the cassette
[12]. Thus, bacterial bioluminescence could be completely
transferred to a new organism and make it glow without the
addition of luciferin from the outside. The dependence on the
presence of FMNH, and fatty aldehydes, low brightness and,
most importantly, the blue color of luminescence (490 nm),
which is inconvenient for in vivo deep tissue imaging, are the
main disadvantages of this system.

Heterologous gene expression of an autonomous bacterial
luminescent system was quickly and successfully implemented
in prokaryotic cells [13], however, the large size of the operon,
its multigenic organization and the toxicity of the system to the
host organism (due to the cytotoxicity of dodecanal) became
a fundamental difficulty for its transfer to eukaryotic cells. To
solve this problem a large-scale structural rearrangement of the
operon was necessary.

A
NAD(P)* NAD(P)H, H*
FRP
FMNH, FMN
O
LuxD

RCHO

(dodecanal) RCOOH "'HZT RC(O)S-ACP

AMP,PP  ATP
NADP* NAD(P)H
H,0 He
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H,O
2 malonyl-CoA ?
pyruvic acid
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The first success in transferring autonomous bacterial
luminescence to eukaryotes came with the transgenic luminous
yeast Saccharomyces cerevisiae [14]. Efficient expression
of genes was achieved by codon optimization and addition
of linker regions. The choice of a thermostable luciferase of
terrestrial species Photorhabdus luminescens, which remains
active at 37 °C, instead of a marine one from Vibrio harveyi, was
also important. Nevertheless, the glow was dim and unstable.
The first successful adaptation and optimization of genes luxAB
of bacterial luciferase for HEK293 cells was made after 2 years
[15]. And finally, the first application of autonomous bacterial
luminescence in mammalian cells for in vivo bioimaging with a
sensitivity of about 20,000 cells was described in 2010 [16]. In
parallel, first autonomously luminescent plants were obtained [17].

However, despite all the work done to further optimize and
reduce the operon for its application in mammalian cells (for
example, [18]), there is a limited number of examples of the use
of bacterial bioluminescence for eukaryotic bioimaging [19-21]
due to its low brightness in comparison with non-autonomous
systems, for example, D-luciferin-dependent. Recently, after
additional changes in the operon and the use of individual
plasmids for optimized gene expression a new bacterial system
“co Lux” was developed with the brightness sufficient for single-
cell imaging of HEK293 cells and comparable to that of FLuc
luciferase [22, 23]. Low concentration of long chain aldehyde
does not lead to adverse toxic effects. The only noticeable
effect was a decrease in NADPH concentration in luminous cells
(due to its increased consumption during the bioluminescence
reaction). The first example of autonomous biocimaging based
on a fuse between LuxAB and yellow fluorescent protein YPET
was also described [24].

Autonomous luminescence from fungi:
an alternative to bacteria

The study of luminous fungi has a long history. For the first
time, the structure of fungal luciferin (3-hydroxyhispidin) was
established in 2015 [25]. In 2018 fungal luciferase and the
complete cycle of luciferin biosynthesis from a widespread
secondary plant metabolite caffeic acid were described,
followed by the application of this system to developing
autonomously luminescent yeast [8] (Fig. 1B).

The luminescence of fungi is based on the genes hisps, h3h,
luz (luciferase) and cph. Hisps and h3h encode the proteins that

B
AMP, PP 0,
3 CoA NAD(P)H
2CO He

2

CoA

NAD(P)*
ATP

3-hydroxyhispidin
(luciferin)

caffeic acid

caffeylpyruvic acid
(oxyluciferin)
H,0 CO

Fig. 1. Biochemical cycles of autonomous bioluminescence in bacteria (A) and fungi (B)
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sequentially assemble hispidin from "caffeic acid" and luciferin
(8-hydroxyhyspidin), respectively. Luz encodes luciferase, and
cph is responsible for the protein which converts the product
of luciferin oxidation (oxyluciferin) back into caffeic acid. It was
shown recently that the expression of only three genes hisps,
h3h and luz in Nicotiana tabacum plants is sufficient for the creation
of bright, autonomously luminescent plants [26, 27]. Unlike the
bacterial luminescent system, thorough codon optimization is not
necessary to obtain transgenic plants, since the genetic material is
originally taken from eukaryotes and the new biosynthetic cycle fits
into the metabolism of the host organism.

The first example of autonomously glowing mammalian
HEK293T cells based on fungal bioluminescence genes
required the use of a mixture of eight plasmids [26]. The
resulting low brightness and instability of the glow indicates the
necessity to further optimize the genetic constructs to achieve
maximum light emission. The total length of the currently used
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Despite the considerable progress in the therapy of autoimmune pathologies, the existing methods are associated with the risk of serious adverse events. We
think that regulatory T cells hold great promise for the therapy of disorders caused by a breakdown in immunological self-tolerance. This article aims at estimating
the possible challenges facing Treg-based clinical approaches and offers solutions to the technical issues associated with the use of these cells in the therapy of
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BO3MO>XHOCTU NMPUMEHEHUA CD4+-PEINYNIATOPHbBIX T-K/NIETOK B TEPAMNIA
AYTOUMMYHHbIX SABOJIEBAHUIA

A. B. Yypos' =, A. 1. CioTkmHa?, K. bl. Mamauog?, E. K. OneiHmk’

' ®efepanbHbIi UCCNEAOBATENBCKUN LEHTP «KapenbCKui HayYHbI LIEHTP Poccuiickorn akagemumn Hayk», [MeTpo3aBoack, Poccus

2 MNepMckas rocygapcTeeHHast hapmMalieBTudeckast akagemusi, MNepmb, Poccus

3 KeMepoBCKWiA rocyaapCTBEHHbI MeOMLMHCKII yHBepcuTeT, Kemeposo, Poccust
Ha cerogHsWHWA aeHb OOCTUMHYTbI 3HAYUTENBHBIE YCMEXV B Tepanin ayTOMMMYHHbIX NaTONOMMiA, OQHAKO CYLLECTBYIOLLME METOAbI COMPSKEHbl C PUCKOM
BO3HVIKHOBEHVISI TSXKEMbIX MOBOUHBIX 3PeKTOB. MprMeHeHre Treg-KNeTok, Ha Halll B3rnsif, NPeACTaBNSeT 3HaUMTENbHYIO NEPCNEKTUBY B Tepanmnm COCTOSHUIM,
CBSI3aHHbIX C HapyLLIEHVIEM ayToTonepaHTHOCTV. B paboTte AaHa oLieHKa BO3MOXHbIX TRYAHOCTEN UCTMONb30BaHUS KIMHUYECKOTO MOAXOAA Ha OCHOBE Treg-KNeToK u
NPELNOKEHBI MYTU PELLEHNA HAYHHO-TEXHNHECKMX 3a4a4, BOSHUKAIOLLMX NPV NPUMEHeHUN Treg B Tepanum ayTOUMMYHHbIX 3a60neBaHniA.
Knto4yeBble cnoBa: perynatopHble T-knetku, FOXP3, ayToummyHHoe 3abonesaHne, MMyHoTepanus, knetodHas Tepanus, CAR-Treg-Tepanus, CRISPR/Cas9
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B pamKax MofroToBKM CTaTby.
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Autoimmune diseases constitute a group of disorders arising  tolerance. Tregs constitute 3-5% of the peripheral CD4+

from an imbalance in the immune system and a breakdown of
self-tolerance mechanisms; these defects trigger a cascade of
immune reactions against the body’s own tissues.

At present, the treatment of choice for autoimmune
disorders includes immunosuppressants, disease modifying
antirheumatic drugs (DMARD) or genetically engineered
therapeutics. However, these drugs are associated with
the risk of serious adverse events. Regulatory T cells
(Tregs) prevent immune responses to self-antigens, keep
inflammation in check and thus block the development of
autoimmune disorders by inducing and maintaining peripheral

T-cell population and can inhibit activation, proliferation and
effector functions of CD4+ and CD8* T cells, natural killer
cells, B lymphocytes, and antigen presenting cells (APCs)
[1]. In patients with autoimmune disorders, Treg levels are
aberrant and Treg function is often weakened or impaired
[2, 3]. Experiments conducted in the mouse models of
autoimmune diseases have demonstrated that adoptive
transfer of Treg cells isolated from healthy mice has a good
therapeutic effect [4]. The positive outcomes of preclinical
trials have raised hopes for Treg-based approaches to the
therapy of autoimmune diseases.
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The current state of research in the field and the limitations
of the existing treatments for autoimmune disorders dictate the
need for novel, highly specific, safe and effective approaches.
We believe that Tregs can become the key component in
the combination therapy of autoimmune disorders once the
existing technical hurdles are overcome.

Based on the results of research and clinical trials, we offer
our opinion on the prospects of harnessing Tregs for treating
autoimmune diseases, assess challenges facing this approach
and offer potential solutions.

Regulatory T cells and suppressive mechanisms

The key Treg markers are CD25 (a membrane antigen) and
FOXP3 (an intracellular transcription factor). FOXP3 expression
enables Tregs to exert their suppressive function [5], whereas
CD25 is an IL2 receptor a-chain, whose expression is correlated
with proliferation and differentiation of Tregs [6].

Treg differentiation occurs in the thymus and peripheral
tissues. After leaving the thymus, Tregs migrate into the blood
stream and to peripheral lymphoid organs during the first 2
or 3 days of their life [7], where those with the CD4*FOXP3-
phenotype can further differentiate into induced Tregs that
actively express FOXP3 (CD4*CD25*FOXP3).

Tregs exert their suppressive activity against immunocytes
either via direct contact with the latter or by secreting bioactive
molecules. There are 4 major mechanisms involved: a direct
cytotoxic effect mediated by PD-1/PD-L1, OX40/0OX40L and
granzyme B; induction of metabolic changes in the target cells
(CD25, CD39, tryptophan); secretion of inhibiting cytokines
(IL10, TGFB and IL35); suppression of APCs (CD80 and CD86/
CTLA-4) [8].

Clinical trials of Treg immunotherapies

Clinical trials of Treg immunotherapies for autoimmune diseases
began less than a decade ago. They sought to investigate
technical challenges associated with Treg infusion, as well as
to assess its safety and efficacy. In these clinical trials, a general
approach is used: sorting of Treg cells, polyclonal expansion
of Treg cells, Treg dose selection and infusion into patients.
However, this approach does not account for the functional
state of the used cells. The lack of stable FOXP3 expression
and sustained suppressive activity are the common problems
facing this approach to cell therapy and often the root cause of
its low efficacy.

Publishedin2012, aphasel/llaocpen-label multicenter clinical
study known as CATS1 conducted in 4 groups of 20 patients
with symptomatic refractory Crohn’s disease has demonstrated
the safety of Treg infusions [9] In February 2018, a double-blind
placebo-controlled trial (TRIBUTE; NCT03185000) was started
to assess the effect of CD4+*CD25*CD127°*CD45RA* Treg
immunotherapy in patients with Crohn’s disease resistant to at
least two standard regimens.

Trials of Treg immunotherapy for type 1 diabetes mellitus
(DM1) have produced favorable results. They began in 2014;
the first trial was a phase | randomized study aimed at assessing
the safety and feasibility of autologous Tregs isolated ex vivo
from patients aged 7 to 18 years with a recently diagnosed
DM1 [10]. This one-year-long trial did not reveal any serious
adverse effects of Treg infusions and confirmed their safety.
Besides, 8 of 12 patients participating in the trial showed signs
of remission.

Another study carried out at the University of California
and Yale University also investigated the efficacy and safety
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of Treg-based immunotherapy in adult patients with DM1; its
results were published in 2015 [11]. Fourteen patients recruited
for the study (6 females and 8 males aged 18-43 years) were
distributed into 4 groups depending on the Treg dose. The
participants received infusions of polyclonal Treg cells with the
CD4+CD127°-CD25* phenotype in the amount of 0.05 x 10° to
26 x 108 cells. Up to 25% of the cells (from their peak amount)
were retained in the peripheral blood of the recipients for the
entire year following the adoptive transfer. No infusion-related
or adverse effects were observed [11]. However, the optimal
number of cells for infusion was not determined in the study
and the effect of Treg therapy on the function of pancreatic
B-cells was not established. A new phase I multicenter
randomized double-blind placebo-controlled ongoing clinical
trial (NCT02691247) is now attempting to fil this knowledge
gap. The use of umbilical cord Treg cells with liraglutide and
insulin therapies in adult/elderly patients with autoimmune
diabetes is now being assessed in two phase /Il randomized
open-label trials NCT03011021 and NCT02932826 (Central
South University, Changsha).

In addition, two trials of immunotherapies with autologous
polyclonal Treg cell infusions have already been initiated to
test its efficacy and safety in patients with active pemphigus
(NCT03239470) and autoimmune hepatitis (NCT02704338).

Prospects and challenges of Treg immunotherapy

The feasibility of Treg immunotherapy in patients with autoimmune
pathology and the relative safety of this approach have been
demonstrated in a few pilot clinical trials. Further research
should focus on how immunosuppressive therapies can be
combined with Treg infusions as some immunosuppressants
affect Treg properties in a dose-dependent manner and can
reduce the efficacy of these cells [12]. The use of Treg cells
in combination with other therapies tailored to an individual
patient holds the greatest promise for the future.

One of the major challenges impeding successful translation
of Tregs into the clinic is production of stable Treg populations
with sustained immunosuppressive activity. Currently, Tregs
are isolated from peripheral blood cells and expanded ex
vivo. Peripheral blood cells are heterogeneous and largely
represented by the cells with induced FOXP3 expression.

Improving the specificity of Treg therapy is another important
task. Treg functional activity is essentially antigen-specific.
Antigen presentation leads to Treg activation and enhances the
expression of membrane-bound inhibitory molecules that exert
a suppressive effect on the target cell.

This phenomenon has been demonstrated in vivo for CTLA-4,
the key inhibiting molecule of Treg cells. CTLA-4 is constitutively
expressed by Tregs and T-effector cells [13]. Tregs control
activation of T effectors by blocking their access to the co-
stimulating molecules CD80/86 on the APC membrane. CTLA-4
competitively blocks CD80/86 on the APC surface, binds
and transports CD80/86 into the cell in the process of trans-
endocytosis. Thus, Tregs can regulate the APC phenotype
and effectively restrain the CD28-dependent activation of
T effectors. The competitive effect is achieved due to the
fact that CTLA-4 expression on antigen-specific Treg cells is
significantly higher than on T cells. The capture of CD80/86 by
Treg is triggered by self-antigen presentation [13].

Clinical trials of Treg immunotherapy typically assess the
effect of infusions of polyclonally expanded Treg cells with
unknown antigen specificity. The majority of fused clones
cannot effectively inhibit effector cells and suppress immune
response. Besides, with polyclonal lymphocytes there is a high
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risk of adverse events, such as systemic immune suppression
and reactivation of latent infection. Thus, clinical approaches
based on polyclonal Treg cells are inevitably weak.

The past decade has seen the emergence of new highly
effective therapeutic approaches based on adoptive cell transfer
that can overcome the barriers preventing the use of Treg cells
in the treatment of autoimmune diseases. Such approaches
include genetically engineered effector T cells expressing highly
specific chimeric antigen receptors (CARs), as well as genome
editing techniques, such as CRISPR/Cas9.

T cells modified with CARs are successfully used in the
therapy of some cancers. Such modification can also be
effectively applied to Treg cells. CAR-Tregs have enormous
potential: due to their antigen specificity, they can significantly
improve the efficacy of treatment while causing very mild side
effects [14]. In comparison with polyclonal Tregs, CAR-Tregs can
bind to a specific protein on the membrane of the target cell.
However, the manufacturing of CAR-Treg cells with sustained
suppressive activity is technologically demanding. Besides,
similarly to CAR-T cells, there is a risk of inducing the so-
called cytokine storm and neurotoxicity. This is a very serious
obstacle preventing the use of CAR-Tregs in the clinical setting.
Moreover, identification and selection of targets for targeted
therapy also pose a difficulty, especially in autoimmune
diseases due to some aspects of their pathogenesis and the
lack of knowledge of their etiology.

Previously, we mentioned that it is hard to produce a
stable fraction of Treg cells. CRISPR/Cas9 (clustered, regularly
interspaced, short palindromic repeats / CRISPR-associated
protein) technologies or their advanced counterparts can
offer a solution. The first preclinical studies of using CRISPR/
Cas9 for immunotherapy have yielded encouraging results.
Attempts are being made to stabilize and enhance the
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Non-alcoholic fatty liver disease is associated with a number of disorders (diabetes, obesity, cardiovascular diseases), and can also be induced by drugs or toxic
compounds. Recently the important branch of medicine is the search for effective means of prevention and treatment of fatty hepatosis. Our work was aimed to
study the effect of some biologically active natural polyphenols (resveratrol and pinosylvin stilbenes as well as dihydromyricetin dihydroflavonol) on the function
and histologic features of the liver. In the experimental model of thioacetamide-induced toxic hepaptitis, the male rats of the Wistar line daily received the effective
doses of polyphenols intragastically by gavage together with 0.05% thioacetamide added to drinking water. All studied polyphenols contributed to stabilization of
rat weight and a two-fold significant (o < 0.05) decrease in the level of direct bilirubin in the blood serum of animals treated with thioacetamide. Histological analysis
of the liver confirmed a decrease in inflammation and hemorrhage in animals treated with polyphenols amid continued administration of thioacetamide for 30 days.
Based on the data obtained, it can be concluded that the natural polyphenols which belong to the classes of dihydroflavonols (dihnydromyricetin) and stilbenes
(resveratrol and pinosylvin) have a positive effect on liver function in the experimental model of toxic hepatosis. The studied polyphenols can be considered as
potential hepatoprotective drugs used as a part of the liver diseases complex therapy.
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FEMNATOMPOTEKTOPHOE AEUCTBUE NMOJIMPEHOJI0B NMPU SKCMNEPUMEHTAJIbHOUN TOKCUYECKOWN
MATOJIOM'MX NEYEHWN, BbI3BAHHOWN TUOALETAMUOOM
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HeankoronbHas xu1poBas AUCHYHKLMS NMeYeHr COMPOBOXAAET LieNbld psf 3abonesaHuin (anabeT, oxXUpeHne, KapamoBacKynspHble 60Me3HN), a Takke MOXKeT
pas3BMBaTLCA MOA, AECTBMEM JIEKAPCTBEHHbBIX MPEnapaToB UM TOKCUHECKUX COEOVHEHWUN. AKTyaslbHbIM HanpaBfieHneM COBPEMEHHON MEAVLIMHbI SBNSETCS
NMonck 3PMEKTUBHBIX CPEACTB MPOMUNAKTVKA 1 fIEHEHNs XXMPOBOro renatosa. Llenbio paboTbl 6bI10 MccnefoBath OeNCTBUE HEKOTOPbIX GMONOrMyeckm
aKTVBHbIX MPUPOAHBIX MOAMEMEHONOB — CTUALOEHOB PECBEPaTPOa U NMHOCUIBBIHA, & Takke AMrvapohiaBoHoNa ANMMAPOMUPULETHA — Ha (DYHKLMOHANBHOE
COCTOSHHME M TMCTONOMMHECKYIO KapTUHY NedeHn. B Moaen TOKCU4eCcKoro renatnTa, BbIi3blIBaEMOro BBEAEHVEM renaTtoToKCHKaHTa TroaleTammaa, camuam KpbiC
nmHumM Wistar BHYTRVKENYOOYHO eXeaHEeBHO BBOAMAN 30HAOM 3(PdeKTVBHbIE A03bl NONNGEHONOB Ha (hoHe Oo6aBneHVst TMoaleTaMmaa K NiTbEeBON Boae B
KoHueHTpauum 0,05%. Bce nccnepgoBaHHble nonvdeHosbl cnocobCTBOBaIN CTabunmnsaumm Beca KpbIC 1 ABYXKPATHOMY AOCTOBEPHOMY (0 < 0,05) CHUXEHWUO
YPOBHS MPAMOro OnnmMpyornHa B CbIBOPOTKE KPOBU »KMBOTHbIX, MOy4aBLUMX TroaueTammy,. [MCTonornieckoe nccnefoBaHmne neveHn NoaTeepanio 3amenieHne
BOCMaMTENbHbIX MPOLECCOB ¥ YMEHbBLLUEHNE KPOBOUINSIHWA Y XKMBOTHbIX, MOMyHaBLUMX NOAMMEHObI Ha (hOHE MPOAOMKAIOLLEroCs BBEAEHNS ToaLleTaMnaa B
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3a00M1eBaHNSX MEYEHM.
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Liver diseases include a wide range of pathologies, from
fatty hepatosis (steatosis) and hepatitis to liver cirrhosis and
hepatocellular carcinoma. These disorders are common all
over the world and have high social significance [1]. Hepatic
failure, especially its severe form caused by liver cirrhosis, is
on the 12" place among the causes of deaths in the world
[2]. The cirrhosis not only leads to impaired liver function,
but also causes the hepatic encephalopathy syndrome
which is associated with cognitive function and psychomotor
impairment. Hepatic syndrome can be a cause of disability [3].
Over the past 10 years, non-alcoholic fatty liver dysfunction has
become the main type of the liver chronic lesions. It has been
revealed in more than 30% of population [4]. Fatty hepatosis
is statistically associated with diabetes mellitus, cardiovascular
diseases and obesity. The occurrence of fatty hepatosis
is provoked by the use of drugs and exposure to toxicants.
Association of steatosis with other chronic diseases, such as
sleep apnea, colorectal cancer, osteoporosis, psoriasis and
endocrine disorders, has been revealed [5]. Non-alcoholic fatty
liver disease is a non-specific response of hepatocytes to toxic
effects. It is characterized by an abnormal fat accumulation in
the liver. In patients with severe fatty liver dystrophy, steatomas
and proliferation of connective tissue can be observed, which
lead to functional disorders of the liver and associated systemic
pathologies.

Multiple signaling and metabolic pathways involved in the
regulation of liver function make it possible to select therapeutic
targets [6]. Various agents are used as hepatoprotective
compounds as part of complex therapy: antibiotics (neomycin,
paromycin, metronidazole, vancomycin, rifaximin) [7] and
poorly digested disaccharides (lactulose, lactitol) [8], natural
amino acids and nitrogen metabolites (ornithine aspartate,
branched chain amino acids) [9], modulators of gut microbiota
(probiotics, synbiotics) [10], bile acids derivatives and thyroid
hormone receptors B-agonists [11]. However, the currently
existing means for the liver pathologies of varying severity and
etiology prevention and treatment include mainly symptomatic
drugs of a rather wide range of effects. A significant amount of
these drugs is either not recommended for prolonged use or is
not approved in a number of countries. Essential phospholipids
(EPL), ursodeoxycholic acid (UDCA), milk thistle extract based
drugs, ademethionine can be distinguished as long-term use
hepatoprotective drugs with high proven efficacy and safety [12].

Natural polyphenols are now widely used as antioxidant
pharmacological substances that have a general anti-
inflammatory, neuro- and cardioprotective effect simulate
autophagy and protect mitochondria from pathological
events inducing the cell survival signaling pathways [13].
The success of the use of polyphenols for the treatment of
complex etiology diseases (neurodegenerative disorders of
various origins, autoimmune, allergic, oncological and prion
diseases) is associated with the direct effect on the cells of the
body defense systems and the main tissues cells apoptosis
induction [14]. Plant polyphenols affect oxidative stress, lipid
metabolism, insulin resistance and inflammation, which are the
most important pathological processes in the etiology of the
liver diseases [1]. The positive effect of some polyphenols on
the liver functional state in a model of toxic hepatitis induced
by various hepatotoxicants was demonstrated. This, quercetin
natural flavonoid protected the liver from carbon tetrachloride-
induced dysfunction (CCl,). The authors associated its
action mechanism with antioxidant effect, as well as with
the suppression of a number of reactions with NF-kB, which
led to a decrease in the level of inflammatory liver cytokines
[15]. Another flavonoid, puerarin, also significantly attenuated
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the effects of CCl,- induced hepatotoxicity by reducing the
production of reactive oxygen species (ROS), activating the
antioxidant enzyme system, and regulating the expression of
genes responsible for liver lipid biosynthesis and metabolism
[16]. The isolated from skullcap (Scutellaria radix Georgi)
baikalin flavonoid was effective in protecting the liver from
acetaminophen-induced toxic damage due to suppression of
the extracellular signal-regulated kinase pathway signaling [17].

Administration of thioacetamide (TAA) leads to the liver
fibrosis and cirrhosis induction in rats and mice. In a number of
studies, 2 weeks after the start of TAA administration a significant
increase in the activity of hepatic aminotransferases (alanine
aminotransferase (ALT) and aspartate aminotransferase (AST))
was observed, indicating the development of a pathological
process. By the end of the 4" week, the activity of AST and
ALT was back to normal, while the level of collagen in the liver
tissue increased [18]. Oxidative stress is considered the main
factor of TAA-induced liver fibrous degeneration caused by
the thioacetamide-S-oxide toxic metabolite formed during the
transformation of TAA by cytochrome P450 family enzymes
(CYP1A2, CYP2C6, CYP2E1, CYP3A2) and microsomal
FAD-containing monooxygenases [19, 20]. According to the
published data, resveratrol significantly reduced the TAA-
induced liver damage. The mechanism of its action is due to a
decrease in the intensity of oxidative stress, the suppression of
the NF-xB- dependent cascade and apoptosis [21].

Our work was aimed to investigate the potential
hepatoprotective effect of stilbene-type polyphenals (resveratrol
(RSV) and pinosilvin (PS)) and dihydromyricetin (DHM)
dihydroflavonol on the functional state and histological picture
of the liver in a rat model of TAA-induced toxic hepatitis.

METHODS

Experiments were conducted on the male white rats of the
Wistar line (initial weight of the rats was 190-230 g) obtained
from Stolbovaya breeding nursery (Moscow Region). The
animals’ care in the breeding nursery complied with the GLP
requirements. During the experiment the animals were kept
in vivarium with natural light (day 12 hours, night 12 hours),
the nutritionally balanced laboratory animal diet was used in
accordance with GOST Standard P502580092. The study was
carried in accordance with the Guidelines for Preclinical Trials of
Medicinal Products (2 parts, editor Mironov AN (latest version))
and corresponding regulatory documents.

To induce toxic liver damage and the development of liver
pathology, 0.05% TAA aqueous solution was administered to
animals with food daily, which demonstrated a high efficiency
in developing a liver pathology model [18, 20]. The TAA
administration led to liver fibrosis and cirrhosis induction in rats
and mice.

The rats were divided into groups of 10 animals:

1 — group of intact animals which were kept on a normal diet;

2 — group of control animals which received 0.05% TAA in
drinking water;

3 — treatment group which received 0.05% TAA in drinking
water together with RSV (15 mg/kg orally);

4 — treatment group which received 0.05% TAA in drinking
water together with DHM (10 mg/kg orally);

5 — treatment group which received 0.05% TAA in drinking
water together with PS (5 g/kg orally).

TAA was administered to animals during 30 days.
Examination of animals was carried out daily, weighing was
carried out every 3 days. Polyphenols were isolated and purified
from plant raw materials (coniferous biomaterials available in
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Russian Federation). Polyphenols were administered as a
solution in an aqueous 2% starch gel intragastically by gavage
daily after feeding at a dose of not more than 0.4 ml for each
animal. Animals’ blood and liver samples for biochemical and
histological studies were collected on the 10", 20", and 30"
days of the experiment. Liver tissue and blood samples were
collected immediately after autopsy. The direct bilirubin and
enzyme activity (AST and ALT aminotransferases) in the blood
serum samples were assayed using the AU 480 Chemistry
Analyzer (Beckman Coulter; USA). Blood chemistry tests for
the laboratory animals were carried out in the Bio Chance
Independent Veterinary Laboratory (participant of the Federal
System of External Quality Assessment of Clinical Laboratory
Testing, ID 10705) using the AU Chemistry Analyzer 480
(Beckman Coulter; USA), BA 400 analyzer (BioSystems; Spain)
and Abacus Vet 4 analyzer (Diatron; Austria). The fatty liver index
was determined as the ratio of the weight of organ to body
weight (%). For histological studies, liver fragments were taken
from the lower part of the right lobe. Histological preparations
(thin sections) were obtained by making paraffin microsections
according to the method described in [22]. Sample preparation
included the following stages:

1. Preparation of organs for placement into the 4%
paraformaldehyde (PFA) solution in phosphate-buffered saline
(PBS). The collected during autopsy rat organs were kept in the
plates with 4% PFA for 30 minutes. Every 30 min, a 4% PFA
was changed thrice, after which the organs were left for 24
hours at a temperature of +4 °C.

2. Preparation of organs for placement in the sealing
media was carried out according to the following procedure:
a) washing 3 times with PBS for 30 min at +4 °C; b) incubation
in 70% ethanol, 3 turns 30 min each; c) incubation in 80%
ethanol for 40 minutes; d) incubation in the 82% ethanol-
butanol mixture (3 : 1) for 40 minutes; e) incubation in the 96%
ethanol-butanol mixture (1 : 1) for 50 minutes; f) incubation
in the 100% ethanol (absolute) — butanol mixture (1 : 3) for
50 minutes; g) incubation in butanol | for 1 hour; h) incubation
in butanol Il for 1 hour.

3. Organs embedding in paraffin wax. Paraffin wax heated
to +60 °C was poured in the prepared and heated foil mold,
after that the sample was placed in paraffin wax. Paraffin wax
blocks had been dried for 10-12 hours.

4. Sections preparation for staining. Cooled paraffin blocks
were fixed on a wooden block with melted paraffin. Sections
(slices) were obtained using the MC-2 sliding microtome
(Tochmedpribor; Russia). Then the slices were mounted on the glass
slides and placed in a dryer for 30 min at a temperature of +40 °C.
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5. Staining of sections. Before staining, paraffin wax was
removed from slices using toluene or xylene. Sections were
stained using the hematoxylin—eosin staining system. After
staining, Immuno Mount with DABCO™ (Genetex; Canada)
was applied to sections and a glass cover was placed on top.

Statistical analysis was performed using STATISTICA
6.0 software for personal computer (Dell; USA). Data were
presented as arithmetic mean and standard error of the
mean (M + m). Student t-test was used for evaluation of the
differences between groups of animals. The differences were
considered significant when p < 0.05.

RESULTS

The animals’ weight dynamics assessment demonstrated
that the body weight of intact animals increased throughout
the entire period of the experiment (Fig. 1, curve 1). Against
the background of the TAA introduction, regardless of the
administration of polyphenols, the weight of the animals
decreased significantly during the first week of the experiment.
The polyphenols administration provided a positive trend
in increasing the animals’ weight compared with the control
group, starting from the third week, which could indicate
a positive effect of polyphenols on the liver function. By the
end of the experiment, the liver index (the ratio of organ mass
to animal body weight) increased from 3.65 = 0.2 in intact
animals to 5.1 + 0.3 in treated with TAA animals of the control
group. In the groups treated with polyphenols together with
TAA, the liver index was 4.5 + 0.19, 4.6 + 0.23 and 4.4 + 0.16
for animals treated with RSV, DHM and PS respectively. A
decrease in the liver index in animals treated with polyphenols
indicated a decrease in pathological changes caused by the
TAA administration.

Analysis of the biochemical blood parameters dynamics of
laboratory animals treated with TAA demonstrated that the level
of bilirubin in the blood increased by almost 10 times, while the
administration of polyphenols decreased that indicator by 2-4
times (Table 1). It should be noted that the effect of lowering
serum bilirubin level was observed throughout the entire
period of the polyphenols administration. The total protein and
glucose level decreased slightly in all treated with TAA groups,
regardless of the administration of polyphenols (no significant
differences, data not shown).

AST activity significantly increased (p < 0.05) in the blood
serum of animals in all treated with TAA groups compared to
control (Fig. 2A). An almost twofold AST increase in animals of
the control group by the 20" day and then a slight decrease

Weight (g)

180

160 |
140 —
120
100 T T T T T T 1

Days

Fig. 1. Dynamics of animals’ weight changes during the experiment: 1 — intact animals group; 2 — control group treated with TAA; 3-5 — groups of animals treated

with TAA together with polyphenols (RSV, DHM and PS respectively)
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Table 1. Bilirubin level change in the blood serum of rats during the experiment

Direct bilirubin, ymol/I
Period
Intact Control RSV DHM PS
10 days 0.4 + 0.1 4.9 + 0.5 1.1+£02%* 1.5+ 0.6** 1.2 +0.6**
20 days 0.4+0.2 4.4 +0.5* 2.0 £ 0.8*.* 1.3 +0.5%* 25+ 02
30 days 0.45+0.2 42 +1.1* 1.1 +0.1%% 2.4 + 0.6 1.5+0.7**

Note: * — p < 0.05 in relation to corresponding indicators of intact animals group; ** — p < 0.05 in relation to corresponding indicators of control group.

by the 30" day of the experiment is characteristic of this
hepatotoxicity model, it is in line with the data of other authors
[18, 21]. In rats receiving polyphenols, AST was lower. By the
end of the experiment, in the groups receiving resveratrol and
pinosylvin, a significant decrease in this indicator was observed
compared to the control group (Fig. 2A).

ALT activity in the control group receiving TAA significantly
increased (p < 0.05) by 40% only after the 20th day of the
experiment (Fig. 2B). An increase in ALT activity in the middle
of the experiment was also noted in animals which received
RSV together with TAA (about 30%), as well as slight increase
(20%) in animals which received PS by the 30th day of the
experiment. In the group treated with DHM, ALT values did not
differ from those in intact animals throughout the observation
period. By the end of the experiment, ALT values were back to
normal in animals of the RSV-treated group (Fig. 2B).

At the next stage, histological sections of the liver of
all the studied treatment groups of animals were analyzed.
Hepatocytes of intact animals were characterized by normal
cytomorphology with well-defined nuclei and moderate tissue
polymorphism (Fig. 3A). TAA hepatotoxicant intoxication
led to diapedetic hemorrhage (Fig. 3B) and small-droplet
(microvesicular) steatosis. The obtained histological picture
corresponded to the known symptoms of liver pathology
arising due to the action of xenobiotics (TAA and CCl,) [23].
Administration of polyphenols (Fig. 3D-F) prevented significant
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degradation of liver tissue: hepatocytes structure violation, the
development of hematomas and inflammation foci containing
small cell formations (Fig. 3D-F).

DISCUSSION

The positive effect of a number of natural polyphenols on
hepatotoxicant-induced liver pathologies is well known.
The quercetin flavonoid exhibited a protective effect on the
CCl4-induced toxic hepatitis in mice [15]. Eisenia bicyclis
(Kjellman) Setchell brown algae polyphenol dieckol protected
the liver of mice from CCl,-induced destruction through
regulation of genes responsible for the expression of apoptotic
proteins Bax and Bcl-xI [24]. In the other work, isorhamnetin
3-0O-galactoside polyphenol isolated from Artemisia capillaris
Thunberg also had a positive effect on CCl,-induced liver
pathology by decreasing the level of phosphorylated c-JNK,
extracellular signal-regulated kinase (ERK) and p38 MAPK
[25]. The baikalin flavonoid had a significant protective effect
in mice with acetaminophen-induced hepatitis [17]. In the
model of TAA-induced toxic liver damage used in our work,
the protective effect of polyphenols was studied only on the
example of the RSV stilbene polyphenol. In the recent work
[21], RSV-induced inflammation and oxidative stress inhibition
in rat liver tissues due to reduction of the expression level of
NF-kB and CYP2E1 as well as necrotic hepatocytes apoptosis
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Fig. 2. AST (A) and ALT (B) change in the blood serum of rats during the experiment. * — p < 0.05 in relation to corresponding indicators of intact animals group;

**— p < 0.05 in relation to corresponding indicators of control group
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Fig. 3. Micrographs of treatment groups animals’ liver sections stained with hematoxylin-eosin. A. Intact animals group (1). B, C. Control group (2). D. Treatment group

(). E. Treatment group (4). F. Treatment group (5). Magnification x400

increase was demonstrated. In addition, stabilization of blood
biochemical parameters (ALT and AST) was shown as well as
normalization of tissue architecture of the liver in laboratory
animals receiving RSV (10 mg/kg per animal). Given these data,
we can assume that in our studies there is a similar mechanism
of RSV action, based on its powerful antioxidant effect. There
are no literature data on the effects of DHM and PS in the
model of toxic hepatitis induction in laboratory animals. There
is only evidence of a pro-apoptotic effect of DHM on HepG2
cells of hepatocellular carcinoma [26]. Given the high biological
activity of these polyphenols in various disorder models, it can
be assumed that the protective effect of DHM and PS studied
by us in rats with TAA-induced hepatopathology can also be
associated with powerful antioxidant potential.

Some authors [27] demonstrated, that dioscin (saponin
isolated from Dioscorea nipponica Makino), like the studied by
us polyphenoals, decreased the TAA hepatotoxicity, increasing
the level of glutathione in the liver cells and the activity of the
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COLUMNAR METAPLASIA AND BARRETT’S ESOPHAGUS: MORPHOLOGICAL HETEROGENEITY
AND IMMUNOHISTOCHEMICAL PHENOTYPE
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Barrett’s esophagus (BE) is a pathologically confirmed intestinal metaplasia (CM) of the distal esophagus. BE is recognized as a potential complication of
gastroesophageal reflux disease (GERD) and a premalignant condition with a high risk of neoplastic progression. The aim of this study was to compare the
morphology of biopsied BE segments and CM segments extending < 1 cm and > 1 cm above the gastroesophageal junction (GEJ), as well as to perform the
immunohistochemical analysis of biopsies with BE and CM > 1 cm above GEJ with or without dysplasia. The study recruited 92 patients with GERD: 42 patients
with BE, 24 patients with CM > 1 cm above GEJ (COM1.5-C13M14) and 26 patients with CM < 1 cm above GEJ (COM0.3-0.8). Comparative analysis of tissue
morphology revealed an association between the reactive changes in the epithelium and the severity of esophagitis in all groups. Reactive changes were detected
significantly more often in BE segments than in CM segments > 1 cm (Mann-Whitney U, p < 0.05). Eight patients with BE (19.05%) were found to have low-
grade dysplasia. One patient with CM > 1 cm above GEJ (4.2%) had high-grade dysplasia with cardiac-type metaplasia and immunohistochemical features of
submorphological enteralization. Immunohistochemical testing for the intestinal and gastric markers of cell differentiation revealed the signs of submorphological
enteralisation in all esophageal specimens with cardiac and fundic type metaplasia and in the specimens with BE in the areas lacking goblet cells.
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LUNNMHOPOKITETOYHAA METAMNA3NA U MALLEBO BAPPETTA: MOP®OJIOTMYECKASA
HEOAHOPOOHOCTb 1 UMMYHOIMCTOXUMUYECKUI ®EHOTUIN

. M. Muxanesa'?= K. C. BonTkoBckas?, E. [1. ®enopos??, H. A. Tpadesa?, A. E. Buptokos'?, A. B. LLnaun-3akpya®, M. tO. MyLmH'

T Hay4Ho-uccnenoBaTensCKuin IHCTUTYT Mopdonorin Yenoseka, Mocksa, Poccust
2 fopoackas knmHnyeckas 6onbHMua Ne 31, Mocksa, Poccus
3 POCCUNCKUIA HAUMOHAUTbHBIA CCNEn0BaTENbCKUN MEAVLIMHCKIMA yHBEpcUTeT Mmenn H. . Tinporoea, Mockea, Poccus

Muwesop BappetTa (MB), nnn fokadaHHas MOPdONOrNHecKn KULLEYHast MeTannasus CimancTon 060M104KY AVICTaNbHOrO OTAeNa NULLEBOAA, SBNSETCS ObMraTHbIM
npenpakoBbIM 3a00/1eBaHNEM, KOTOPOE Pa3BMBAETCS Kak OCNOXHEHME racTpoasodareansHor pedokcHon 6onesHmn (MOPE). Llens nccnenoBaHnst — BbINOMHWUTL
CpaBHUTENBHBIN MOP(ONOrMYECKNI aHann3 GroncnpoBanHbix hparmMeHToB B, LIM Ha paccTosHum < 1 cm i > 1 cM OT racTpoasodareansHoro nepexoga (Morl),
a Takke NPOBECTU UMMYHOMMCTOXUMUYECKOE UcCnefoBaHne dparmeHTos ¢ M6 1 LM > 1 cm ot M3l npu Hanuymm 1 oTcyTcTBUM AMcnnasun. B nccneposaHime
BoLLM 92 nauvienTa ¢ MOPB: 42 nauperTa ¢ 1B, 24 nauventa ¢ UM > 1 cm ot 3N (COM1,5 go C13M14) n 26 naupertos ¢ LIM < 1 cm ot '3 (COMO0,3-0,8). Mpun
CPaBHUTENBHOM MOPMONONMHECKOM aHaIM3e HalMume PEaKTUBHBIX U3MEHEHI SNUTENNS BbINO CBA3AHO C TSHXKECTLIO 330¢harnta BO BCEX rpymnnax. PeakTuBHbIe
N3MEHEHWNS SNUTENVS BbISBNANM AOCTOBEPHO Hallle npu N6 no cpasHeHuto ¢ LIM > 1 cm ot MMM (p < 0,05 npu ncnonb3osaHun kputepns ManHa—YuTtHn). Mpw N6
B BOCbMY HabnofeHwsx (19,05%) BbisiBneHa low-grade gvcnnaaus. B ogHom HabntogeHun LIM > 1 cm ot 'Ol (4,2%) BbisiBneHa high-grade ancnnasvs Ha oHe
KapayanbHoOM MeTannasun ¢ UMMYHOTUCTOXMMNHECKUMI MPU3HaKamn cybMophonormyecko aHTepanmsaumm. Mpn MMMYyHOrMCTOXVMUHECKOM UCCNEA0BaHM
C MapKepamu XenyfoHHOM ¥ KMLLEeYHON AnddepeHUMPOBKIM NMPU3HaK CybMOPdONOrMHecKon sHTepanm3aLmmn BeisiBeHbl BO BCex parmMeHTax nuiiesoga
KapamanbHOM MeTannaaven vy naumeHToB ¢ b B 30Hax C OTCYTCTBYEM BOKANOBUOHBIX KIETOK.
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Barrett’s esophagus (BE) refers to intestinal metaplasia (CM) of
the distal esophagus confirmed by endoscopy and histological
examination. BE is recognized as a potential complication of
gastroesophageal reflux disease (GERD) and a premalignant
condition with a high risk of neoplastic progression. At present,
there is no universally accepted definition of BE because the
affected tissue is very heterogeneous and can present as a
mosaic of various metaplastic phenotypes within one biopsied
fragment of the distal esophageal mucosa. The American
Gastroenterological Association maintains that BE should
be diagnosed only in the presence of intestinal metaplasia
in the biopsies collected from the sites of the columnar-lined
esophagus [1]. The British Society of Gastroenterology (BSG)
defines BE as any type of columnar metaplasia (CM) extending
>1 cm above the gastroesophageal junction (GEJ) [2]. The
International Consensus BOB CAT group (2015) recognizes
BE as any type of CM of the distal esophagus but emphasizes
that the type of metaplasia should be clearly specified in the
pathology report [3].

Embraced by many clinicians, the definition formulated by
BSG has become fairly popular. But of course, it did not make
the underlying biology of the disease any different. Therefore, for
the sake of diagnostic accuracy, it is essential to meticulously
compare endoscopy and pathology findings, especially for
biopsies collected <1 cm above GEJ [4].

In the distal esophagus, 3 types of metaplasia can be
distinguished, including cardiac, fundic and intestinal. The first
is often seen in short-segment BE and is the earliest metaplastic
transformation of the esophagus in patients with GERD. In
cardiac-type metaplasia, squamous epithelium is replaced with
foveolar cells. Fundic-type metaplasia is characterized by the
presence of chief and parietal cells as normally in the gastric
corpus mucosa. Intestinal metaplasia usually presents as a
patchwork of goblet and foveolar cells and sometimes Paneth
cells [5].

Biopsies of one and the same patient can contain different
types of columnar-lined epithelium. As a rule, intestinal metaplasia
affects the proximal side of columnar-lined esophagus, whereas
cardiac and fundic types usually occur more distally, close to
GEJ. Intestinal metaplasia is reported to be twice as prevalent in
the biopsies from the proximal side of columnar-lined esophagus
than in the fragments close to GEJ [6].

Today, the pathogenesis of esophageal CM is linked to the
transdifferentiation of the stratified squamous epithelium or to
the transcommitment of progenitor cells involved in the repair
of reflux-induced damage [7].

The prevalence of goblet cells is associated with the pH
gradient along the BE segment: the lower the pH value (i.e.
the closer to GEJ), the fewer and more scattered the goblet
cells. This phenomenon might be tied to the solubility gradient
of bile acids determined by pH levels: at more acidic pH (closer
to GEJ) the solubility of bile acids is the lowest; at neutral pH
typical of the proximal BE, the solubility of bile acids increases
[8]. A study conducted in mice has shown the role of bile acids
in the pathogenesis of BE with intestinal metaplasia and CDX2/
MUC2 expression [9].

Another study has demonstrated that cardiac CM can
undergo early enteralization, i.e. retain morphological features
of cardiac-type cells but start expressing markers of intestinal
differentiation, such as Villin and CDX2 [10].

There is ongoing debate about whether goblet cells play an
exclusive role in carcinogenesis in the distal esophagus or other
CM types can also contribute to dysplasia and development
of esophageal adenocarcinoma. In one of epidemiological
studies, the incidence of progression to malignancy in patients

with intestinal metaplasia was higher (0.38% per year) than in
patients without this condition (0.07% per year) [11]. However,
this trend was not corroborated by another long-term
observation (8-20 years) [12]. In over 70% of patients with small
(<2 cm) esophageal adenocarcinomas, cancer was preceded
by columnar metaplasia of the esophagus, but the metaplastic
transformation of mucosa adjacent to the tumor was not
intestinal but cardiac [13]. These findings were confirmed by
other researchers [14] who reported expression of gastric
markers (MUC5A and MUCS6) in minute Barrett's tumors
(< 5 mm). Non-goblet cardiac-type CM epithelium without
CDX2 expression can also undergo malignant transformation
[15]. At the same time, high density of goblet cells can reduce
the risk of adenocarcinoma [16, 17]. Perhaps, there are two
independent carcinogenesis pathways in the distal esophagus:
foveolar and intestinal, i.e. involving both gastric-type and
specialized intestinal metaplasia [18-20]. The implicated type
of carcinogenesis can be identified by immunohistochemistry
from the expression of gastric (MUC1, MUC5A, MUCB6) and
intestinal (MUC2, CD10, CDX2, Villin, etc.) markers.

According to the definition proposed by BSG, BE should
be diagnosed if the metaplastic epithelium extends =1 cm
above GEJ. Although this criterion is increasingly applied, it
is still arbitrary. So far, research into the contribution of ultra-
short BE (<1 cm) to esophageal carcinogenesis has produced
conflicting evidence.

The aim of this study was to compare the morphology of
columnar-lined esophagus segments extending < 1 cm above
GEJ (ultra-short BE), classic goblet BE and CM extending
> 1 cm above GEJ, to identify the relative prevalence of
different metaplasia types, the frequency of reactive changes
in the epithelium (indefinite for metaplasia) and dysplasia of the
metaplastic esophageal epithelium, as well as to carry out the
immunohistochemical analysis of BE specimens with different
types of metaplastic transformations with or without dysplasia.

METHODS

The study was carried out at the City Clinical Hospital Ne 31
between January 1, 2018 and September 1, 2019. The
study recruited patients with GERD who were undergoing
medical examination at the Hospital at that time. The following
inclusion criterion was applied: the presence of columnar-lined
esophageal segments of any length detected on endoscopy and
subsequently confirmed by histological examination. Mucosal
biopsies were taken from the distal esophagus of 92 patients with
GERD during upper endoscopy (EGD) and then examined by
the pathologists. Of all the examined patients, 42 had BE, 24
had CM extending > 1 cm above GEJ (COM1.5 to C13M14)
and 26 patients had endoscopic features of CM < 1 cm above
GEJ (COMO0.3-0.8). Exclusion criteria were as follows: the absence
of columnar metaplasia in the biopsy histological examination; the
absence of esophageal mucosa components in the biopsied
specimens (stratified squamous epithelium, glands of the
esophageal lamina propria and their ducts), especially in ultra-
short BE, which prevented us from drawing a firm conclusion
that the biopsies had been collected from the esophagus but
not from the stomach. In the group of patients with CM < 1 cm
above GEJ, the mean age was 55.50 + 1.10 years (range 22-82
years); of them 11 were men (mean age 50.09 + 18.03) and
15 women (mean age 59.47 + 14.57); the male to female ratio
was 1 : 1.36. The group of patients with CM segment length
> 1 cm consisted of 24 individuals aged 19-94 years (mean
age 52.21 + 18.00); of them 7 were male (mean age 47 + 20.05)
and 17 were female (mean age 53.5 + 17.47); the male to
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female ratio was 1 : 2.4. The group of patients with BE was
represented by 42 patients aged 19-93 years (mean age
61.80 + 16.33); of them 29 were men (mean age 54.47 + 21.79)
and 13 women (69.23 + 13.57); the male to female ratio was
2.23 : 1. The patients with CM length < 1 cm and > 1 cm
tended to be younger than those with BE, but the difference
between the groups was insignificant. In the group with CM
<1 cmand CM > 1 cm above GEJ, as well as in the BE group,
the mean age of male participants was lower than that of women,
because the male sex is one of the risk factors for GERD.

Pre-existing conditions predisposing our patients to the CM
of the distal esophagus and BE included sliding hiatal hernia and
cardiac sphincter incompetence. Endoscopy was suggestive
of sliding hiatal hernia in 14 of 26 (53.8%) patients who had
endoscopic evidence of CM < 1 cm; another 3 (11.5%) patients
with CM < 1 cm had signs of cardiac sphincter incompetence
in the absence of hiatal hernia. In the group with CM extending
> 1 cm above GEJ, hiatal hernia was detected by EGD in
11 (45.83%) patients and cardiac sphincter incompetence, in
3 (12.5%) individuals. Of all study participants with BE, endoscopy
was suggestive of hiatal hernia in 18 (42.86%) patients and of
cardiac sphincter incompetence, in 6 (14.29%) participants.

Biopsied esophageal specimens were processed following
the standard protocol. The slides were stained with hematoxylin-
eosin and Schiff reagent-Alcian blue. The latter helps to identify
goblet cells and discriminate between goblet and dystrophic
pseudogoblet cells. Pseudogoblet cells were detected in 88.04%
of all examined specimens.

Biopsies with intestinal metaplasia were evaluated for the
density of goblet cells in the glands. If goblet cells made less than
5% of all epithelial cells in the glands, the sample was categorized
as containing few goblet cells; if these cells amounted to 5-50% of
all epithelial cells, the sample was categorized as containing low-
density goblet cells; if the proportion of goblet cells exceeded 50%,
the sample was regarded as containing high-density goblet cells.

All biopsies collected from the patients with CM < 1 cm were
analyzed for the presence of esophageal mucosa components,
including stratified squamous epithelium (20 patients, 76.92%),
esophageal glands (19 patients, 73.07%) and their excretory
ducts (5 patients, 19.23%). This helped us to determine
whether the studied specimens had been collected from the
distal esophagus vs the stomach. The fragments that lacked
the aforementioned components of the esophageal mucosa
were excluded from the final analysis.

In 24 cases of BE and CM > 1 cm above GEJ,
immunohistochemistry was performed using the following

26.92%

Il Cardiac [l Fundic M Intestinal

Fig. 1. Prevalence of different metaplasia types in CM segments extending
<1 cmabove GEJ
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antibodies: anti-MUC1 (1 : 100, Ventana; Roche), anti-MUC2
(1 : 125, Ventana; Roche), anti-MUC5A (1 : 250, Ventana;
Roche), anti-MUCB6 (ready to use, Ventana; Roche), anti-CDX2
(1: 125, Ventana; Roche), and anti-Villin (ready to use, Leica).

RESULTS

Three metaplasia types were identified in the patients with
CM < 1 cm above GEJ: cardiac, fundic and intestinal. In
the absence of other metaplastic changes, cardiac-type
metaplasia was present in 7 (26.92%) patients and fundic-type,
in 4 patients (15.38%) in the group with CM < 1 cm (Fig.1).
Intestinal metaplasia with different relative goblet cell density
was observed in 15 patients (57.69%) (Fig. 2). In 5 patients
(33.33%), goblet cells were few. Low-density goblet cells (10
to 49%) were observed in 8 patients (53.33%); high-density
goblet cells (50 and 70%), in 2 patients (13.33%). Biopsies
of 6 patients (23.07%) contained a mosaic of 3 metaplasia
types. Esophagitis was a pre-existing condition in all study
participants. Inflammatory cell infiltration was moderate in
69.23% of specimens and pronounced in 30.77% of cases.
Erosions of esophageal mucosa were observed in 8 patients
(80.77%); ulceration was detected in 1 patient. Biopsies
of 9 patients (34.62%) were described as indefinite for
dysplasia (reactive changes of the epithelium characterized
by the irregular arrangement and crowding of the glands, their
angulated shape, slightly enlarged and hyperchromic nuclei,
and single mitotic cells). In 2 specimens, reactive changes of
the epithelium were observed in the presence of cardiac-type
metaplasia; in 6 cases, in the presence of intestinal metaplasia
with low density of goblet cells; in 1 case, in the presence of
intestinal metaplasia with high density of goblet cells. Low-
grade or high-grade dysplasia was not detected in any of the
esophageal specimens with CM < 1 cm.

In the group with CM > 1 cm above GEJ, cardiac-type
metaplasia was detected in 14 of 24 patients (58.33%),
whereas fundic, in 10 individuals (41.67%). The group
of patients with BE included 42 individuals with intestinal
metaplasia. If we merge these two groups into one, the ratio
of metaplasia types will be as follows (Fig. 3): cardiac type,
14 of 66 patients (21.21%), fundic type, 10 (15.15%), intestinal
type, 42 (63.64%). The mosaic of all 3 types was observed in
8 patients with BE (12.12%). In the BE group (42 patients with
intestinal metaplasia; Fig. 4), few goblet cells were detected in 8
participants (18.18%); low-density goblet cells, in 15 individuals
(43.09%); high-density goblet cells, in 21 patients (47.73%).

13.33%

57.69%

H Few cells [l Low density [ High density
Fig. 2. The relative number of goblet cells in CM segments extending < 1 cm

above GEJ
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Thus, intestinal metaplasia was more prevalent in the
biopsies of patients with CM > 1 cm above GEJ and BE than
in the group with CM < 1 cm above GEJ (63.64 and 57.69%
respectively; Fig. 5). High-density goblet cells occurred in the
patients with BE 3.5 times more often than in those with CM < 1 cm
(Fig. 6).

Signs of esophagitis with moderate inflammatory
lymphocyte/plasma cell infiltration were detected in 16 patients
with CM > 1 cm above GEJ (66.67%), whereas signs of
pronounced inflammation, in 8 patients (33.33%). Erosions of
the metaplastic mucosa were present in 11 patients (45.83%);
of them 1 patient had areas of ulceration. Reactive changes
of the epithelium were observed in 5 patients with columnar
metaplasia (20.83%); of them 3 had cardiac type and 2, fundic
type. One patient was found to have high-grade dysplasia
of the metaplastic segment in the presence of cardiac-type
metaplasia (4.2%).

Signs of esophagitis with moderate inflammatory
lymphocyte/plasma cell infiltration were detected in 18 patients
with BE (42.86%), whereas signs of pronounced inflammation,
in 26 patients (57.14%); 27 patients had erosions of metaplastic
esophageal segments (64.29%), of them 4 individuals had areas
of ulceration. Erosions were detected 2.1 times more often
in the patients with BE than in those with CM < 1 cm above
GEJ and 1.4 times more often than in the patients with CM
> 1 cm above GEJ. Reactive changes of the epithelium were
observed in 15 patients (35.71%). Thus, reactive changes of
the epithelium occurred with the same frequency in the patients
with BE and CM < 1 cm above GEJ and were 1.7 more rare
in the patients with CM > 1 cm without intestinal metaplasia.
Reactive changes of the epithelium were significantly more
frequent in the patients with BE than in those with CM > 1 cm
above GEJ (Mann-Whitney U test; p < 0.05). Such changes
were equally prevalent in the samples differing in the density of
goblet cells (few goblet cells, low density of goblet cells and high
density of goblet). In all cases, the changes were associated
with the severity of inflammation (Mann-Whitney U, p < 0.05).

Low- or high-grade dysplasia was absent in the patients
with CM < 1 cm. Low-grade dysplasia (Fig. 7A) was diagnosed
in 8 patients with BE (19.05%); of them 6 patients had high-
density goblet cells and 2, single goblet cells. One patient with
CM > 1 cm was found to have high-grade dysplasia (4.2%;
Fig. 7B).

Eight specimens of CM > 1 cm and 16 specimens of BE
were tested for the markers of intestinal (MUC2, CDX2, Villin)
and gastric (MUC1, MUC5A, MUCG6) differentiation using

63.64%

Hl Cardiac M Fundic

Fig. 3. Prevalence of different types of columnar metaplasia in different parts of
the biopsied segment > 1 cm above GEJ, including BE

M Intestinal

immunohistochemistry assays. Samples with cardiac and
fundic-type metaplasia were characterized by strong diffuse
expression of MUC5HA in the cytoplasm of the surface epithelial
layer, weak diffuse expression of MUC1 in the cytoplasm of the
surface epithelial layer, diffuse expression of MUC1, MUC5A
and MUCS6 in the cytoplasm of glandular epithelium. MUC2
was not expressed in the samples with cardiac or fundic-type
metaplasia. CDX2 was expressed in 5 patients with cardiac
and fundic-type metaplasia (in up to 30% of the cells in the
biopsied fragment); Villin expression was noted in 8 cases
(in 15-20 to 80% of glandular epithelial cells). Expression of
intestinal markers (CDX2 and Villin) in the samples with cardiac
and fundic-type metaplasia is a sign of submorphological
enteralization. In our study, intestinal markers (MUC2, CDX2,
Villin) were expressed in all 16 patients with BE and intestinal
metaplasia. Their expression depended on the density of goblet
cells: cytoplasmic expression of MUC2 was observed in 10 to
50% of the cells; nuclear expression of CDX2 was discovered
in 10 to 90% of epithelial cells, including cells of the columnar
glandular epithelium with the cardiac phenotype; cytoplasmic
expression of Vilin was detected in 70-100% of epithelial
cells. Because goblet cells in the metaplastic BE epithelium
are interspersed with foveolar cells, intestinal metaplasia is also
characterized by the expression of gastric markers: MUCT,
MUC5A and MUCB, which seems to be weaker than in cardiac-
type metaplasia and not so spread out.

The immunohistochemical analysis of BE fragments with
low-grade dysplasia revealed pronounced expression of MUC2,
CDX2 and Villin and weak expression of MUC1, MUC5A and
MUC6. MUC1, MUC5A, MUCB, and Villin were also expressed
in one sample with high-grade dysplasia and cardiac-type
metaplasia negative for MUC2 and CDX2 expression.

DISCUSSION

This study compares morphological phenotypes of columnar-
lined epithelium segments extending < 1 cm above GEJ, > 1 cm
above GEJ, and BE segments. Interestingly, our groups
of patients with CM > 1 cm and BE were almost mirror-
symmetrical in terms of male to female ratio: for the patients
with CM > 1 cm, the male to female ratio was 1 : 2.4, whereas
for the patients with BE, it was 2.23 : 1. In all groups, the mean
age of male participants was a bit lower than the mean age
of women because the male sex is one of the risk factors
for GERD. It is believed that cardiac-type metaplasia is the
earliest type of CM in patients with GERD. In our study, in the

47.73%

43.09%
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Fig. 4. The relative number of goblet cells in BE segments.
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absence of other metaplastic changes cardiac-type metaplasia
was detected more frequently in the patients with CM < 1 cm
(26.92%) than in COM1.5-C13M14 biopsies (21.21%). Goblet
cells occurred more frequently in the metaplastic segments
> 1 cm in length; high-density goblet cells were seen 3.5 times
more often in the patients with CM < 1 c¢cm than in those with
CM < 1 cm. According to the literature, the frequency of goblet
cell occurrence increases with the length of the metaplastic
esophageal segment [6]. In our next study, we will be attempting
to establish a correlation between the length of the BE segment,
the frequency of goblet cell occurrence and their density.
Reactive changes of the epithelium were observed
significantly more often in the group of patients with BE vs
the group with CM > 1 cm above GEJ and were associated
with the severity of inflammation (Mann-Whitney U, p <
0.05). In the patients with BE, dysplasia was detected more
often (19.05%) than in the patients with CM > 1 cm (4.2%).
Biopsies characterized by low-grade dysplasia in the presence
of BE showed pronounced expression of intestinal (MUC2,
CDX2, Vilin) and weaker expression of gastric (MUCT,
MUC5A, MUCB) markers, which is consistent with the mixed
metaplastic phenotype dominated by intestinal metaplasia
[13, 14, 18-20]. The only case of high-grade dysplasia with
CM > 1 cm was characterized by bright expression of MUCT,
MUC5A, MUCS, and Villin and was negative for MUC2 and
CDX2 expression, suggesting the cardiac phenotype. Thus, we
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Fig. 5. The relative number of different metaplasia types in CM segments
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observed both intestinal (BE) and foveolar (CM >1 cm above
GEJ) carcinogenesis pathways, but the intestinal one prevailed
in our sample, in spite of the miniature size of the dysplastic
focus (= 2 mm).

It is hypothesized that high density of goblet cells can be
protective against dysplasia [16, 17]. In our sample, low-grade
dysplasia was detected in 6 of 8 biopsies (75%) characterized
by high density of goblet cells in the adjacent esophageal
mucosa. This can be explained by a small number of low-
grade dysplasia cases in our patient sample. Further research
is needed to provide a more objective morphological profile for
patients with BE in the early stage of dysplasia and to identify
the group at risk for this condition.

CONCLUSIONS

The accuracy of ultra-short BE diagnosis largely depends
on precise targeting during biopsy sampling. This diagnosis
can be established only if the biopsied specimen contains
esophageal components (stratified squamous cell epithelium,
excretory ducts and glands of the mucosa) and shows distinct
metaplastic changes in the esophageal epithelium. Our
comparative analysis of biopsy samples revealed that reactive
changes in the epithelium were more frequent in the BE
segments than in the specimens with CM > 1 cm above GEJ
(Mann-Whitney U, p < 0.05); in the group with CM < 1 cm, these

60.00

50.00

40.00

X 30.00

20.00

10.00

00.00 T T 1
Few cells Low density High density

___ The relative number of goblet cells in CM
segments extending < 1 cm above GEJ

The relative number of goblet cells
in BE segments

Fig. 6. The relative number of goblet cells in CM segments < 1 cm above GEJ
and in BE segments

Fig. 7. A. Low-grade esophageal dysplasia in patients with BE. B. High-grade esophageal dysplasia in patients with CM > 1 cm above GEJ. Staining: hematoxylin-

eosin; magnification x200
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changes were observed more often in the presence of goblet
cells. Reactive changes in the epithelium were associated with
the severity of esophagitis. Genuine dysplasia was detected
in 8 patients with BE (low-grade dysplasia, 19.05%) and in
1 patient with CM > 1 cm above GEJ (high-grade dysplasia,
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LIPIDOME FEATURES IN PATIENTS WITH DIFFERENT PROBABILITY OF FAMILY HYPERCHOLESTEROLEMIA
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Development of modern methods for metabolome assessment, such as gas chromatography-mass spectrometry, allows one to expand the knowledge about
the features of lipid metabolism in various clinical conditions. The study was aimed to investigate lipidome features in patients with different probability of family
hypercholesterolemia (FH). The study involved 35 patients: 15 men (42.9%) and 20 women (57.1%) with dislipidemia or early cardiovascular diseases which
manifested below 55 in men and 60 in women (average age of patients was 49.8 + 9.96). The family dislipidemia probability was evaluated using the Dutch Lipid
Clinic Network Score. In 10 patients the probability of FH was low (score 1-2), 22 patients had possible FH (score 3-5). Three patients had probable or definite FH
(score 6 in 2 patients, score 9 in one patient). Determination of molecular species of sphingomyelins, ceramides and sphingoid bases (sphingosine, sphinganine)
as well as galactosylceramide was carried out using gas chromatography-mass spectrometry. In patients with definite/probable FH the sphingosine level was
significantly higher compared with patients having low probability of FH (144.36 + 107.863 and 50.14 + 62.409 ng/ml; p = 0.01). In patients with FH, an increase
in the proportion of long chain sphingomyelin SM 18 : 1/22 : 0 as well as a significant increase in the level of long chain ceramides with C 20 : 1 and C 22 : 1 was
determined. Positive correlation of low-density lipoproteins and sphingosine level (r = 0.344; p = 0.047) together with negative correlation of high-density lipoproteins
(HDL), sphinganine (r = —0.52; p = 0.002), and galactosylceramide level (r = -0.56; p = 0.001) were detected. Thus, in patients with high probability of FH the
lipidome changes were observed, which could be considered the cardiovascular risk markers.
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OCOBEHHOCTU NIUMNOOMA Y BOJIbHbIX C PA3JTMYHON KITMHUYECKOW
BEPOATHOCTbIO CEMEMHOW MNEPAUNUAEMUA

A. A. Poroxuna'?, J1. O. MunywkuHa' B A B. Anecerko?®, Y. A. TytHep®, M. A. LLynnk®, V. H. Kypoukur®, O. A. Manowwvukas®, C. A. Cokosnos?,
. A. Sateniuykos'?

" LleHTpanbHas rocynapcTeeHHast MeavUvHCKas akagemmst YnpasneHus aenamu MNpeavaerta Poccuinckon ®epepaunn, Mocksa, Poccurst
2 Topopackast knuHndeckas 6onbHMua Ne 51, Mocksa, Poccus

8 VIHCTUTYT BroxmmMmndeckoi madnkn nmeHn H. M. Smanyans PAH, Mocksa, Poccuist

4 MOCKOBCKWIA rOCYAaPCTBEHHBIN yHMBEpCHTET nMern M. B. JlomoHocosa, Mocksa, Poccust

PagpaboTka coBpeMeHHbIX METOAOB OLEHKM METab0IoMa, TakMX Kak XpOMaTO-Macc-CrnekTPOMETPUS, MO3BONAET CYLLECTBEHHO PacLUMPUTL NPeacTaBNeHns
O NMNUAHOM OBMeHe B KOHKPETHbBIX KIMHUYECKMX cuTyaumsx. Llensto nccnepoBaHvst 6bi10 M3y4MTb OCOBEHHOCTV NMnaoma y GOMbHbIX C pasiuyHomn
BEPOSATHOCTBLIO cemelHon rnnepxonectepuHemunmn (CIXC). B nccnepgoBaHnn NpuHAnm yqactie 35 naumeHToB — 15 MyxxduH (42,9%) n 20 »eHwuH (57,1%) ¢
OVCIMMUAEMUEN NN PaHHMK CEPAEHHO-COCYANCTbIMN 3a60NeBaHNsMI, Pa3BMBLLMMICA B BO3pacTe A0 55 neT y MyxyrH 1 oo 60 net y >xeHwmH. CpegHuin
BO3pacT naumeHToB coctaBun 49,8 + 9,96 neT. BeposTHOCTb CEMENHOW AUCANMNAEMUN OLEHVBAIN MO KPUTEPUSM CETU FOANAHACKMX MAWOHBIX KAMHUK,
Y 10 naupeHToB BeposiTHOCTb CIMXC oueHvBanm kak HU3kyto (1-2 6anna), y 22 naumeHToB AmarHo3 paclieHvBann kak BepositHyto CIMXC (3-5 6annos). Y
3 mauveHToB MPUCYTCTBOBaNa BO3MOXHaA unm onpegeneHHas CIXC (2 naumeHta — 6 6annos, oguH naumeHt — 9 6annos). OnpeneneHrie MONeKyNsApHbIX
BUAOB CPVMHIOMUENNHOB, LiepamMmnaoB 1 COUHMOMAHBIX OCHOBaHWIA (COMHIo3nHa, ChUHraHnHa), a Takxke rafjakto3oLepammaa NpoBOAMAN METOLOM XPOMaTo-
Macc-cnexkTpomeTpuu. MaupmeHTsl ¢ onpeaeneHHoln/BeposTHon CIMXC nmenn [oCTOBEPHO 60Mee BbICOKUIA YPOBEHb CIMHIO3MHA MO CPaBHEHWIO C MaLMeHTamm
C HM3KOW KNMHM4Yeckon BeposaTHocTelo CIMXC (144,36 + 107,863 n 50,14 + 62,409 Hr/mn; p = 0,01). B cnyyae cemerHon CIMXC oTMedany yBenmyeHre fonm
ONMHHOLLENoYeYHoro cuHrommenHa SM 18 : 1/22 : 0 1 cylecTBEHHOE YBENMYeHWe YPOBHS LigpamMmaoB C AnMHHOM yrnepoaHoi uenbto C 20 011 C 22 : 1.
Bbina BbisBNEHa 3HAYMMAs NMPsiMast KOPPENALWS YPOBHS JIMMOMPOTEMHOB HW3KoM nnotHocTy (JTHIM) n cduHrosunHa (r = 0,344; p = 0,047) Hapsigy ¢ obpaTHbIMM
KOPPENALMAMI YPOBHS JIMMOMPOTEVHOB BbICOKOW nioTHOCTW (J1IBMM), cduHranvHa (r = =0,52; p = 0,002) n ranaktosunuepamuga (r = =0,56; p = 0,001). Takum
06pa3oMm, y NMaLMeHTOB C BbICOKON KIMHUYECKON BeposTHOCTEIO CIXC 6binn BbISIBNEHb! U3MEHEHWSI IMMMAOMA, SBASIOLLMECS MapKepaMn pricka CepaeyHo-
COCYONCTbIX OCNOXHEHWI.

KnioyeBble cnoBa: aTepoCKepo3, ceMenHas rmnepamnuaemms, COUHroMmenHbl, COUHrO31H, LiepaMunpl, MapKepbl prcka
®uHaHcupoBaHue: rpaHT PODIU 19-04-00870A «ChHUHIONMMNMAOMHBIN aHaIM3 MapKepoB CepaeyHO-COCYaMCTbIX 3ab0neBaHN».
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Lipid metabolism disorders, including the hereditary ones, are
a key risk factor for atherosclerosis and its complications. The
development of newest metabolome investigation methods,
such as gas chromatography-mass spectrometry, allows one
to expand the knowlege about the features of lipid metabolism
in various clinical situations.

It was found that sphingolipids (sphingomyelins, ceramides,
sphingosine, sphinganine sphingosine-1-phosphate (S1P) etc.)
can play a significant role [1]. A change in the ratio of various
sphingolipids is detected in patients affected with certain
metabolic, genetic and autoimmune diseases (Fabry disease,
Niemann—-Pick diseases, Gaucher disease etc., some types of
epilepsy, migraine, Alzheimer's disease).

An active study of the lipidome features associated with
cardiovascular diseases is currently carried out. The prognostic
value of some lipid fractions, mainly ceramides, in acute
coronary syndrome has been revealed. The ratios of ceramides
C16:0,C20:0,C 24 :1 and their relationship k C 24 : 0 are
considered as possible risk markers.

The prognostic value of ceramides was evaluated in
prospective studies. The ceramides’ level was determined
in patients with acute coronary syndrome [2]. It was found
that the level of sphingomyelins, sphingosine, sphingazine-1-

OPUTMHAJIbBHOE NCCJIEOOBAHWME | TNMNMNAOO A

phosphate and ceramides can differ significantly in patients
with acute and chronic forms of coronary heart disease [3].

At the same time, the lipidome features in patients with
hereditary dislipidemia have not been studied. There are still no
convincing data on the dynamics of the level of sphingolipids
and ceramides against the background of lipid-lowering
therapy. There are only single cases of comparison of the level
of sphingolipids in patients without therapy and in patients
receiving the lipid-lowering therapy [4, 5].

The study was aimed to investigate the features of
sphingolipids in patients with different probability of family
hypercholesterolemia.

METHODS

The study was carried out at the City Clinical Hospital Ne 51 in
March-October 2019. Thirty five patients were surveyed. In the
group of patients under study there were 15 men (42.9%) and
20 women (57.1%), average age was 49.8 + 9.96. Inclusion
criteria: early manifestations of atherosclerosis (coronary heart
disease, peripheral artery disease or cerebrovascular disease
with the age of onset below 55 in men and 60 in women,
and/or dislipidemia (LDL > 4,9 mmol/l). Exclusion criteria:

Table 1. Lipids and sphingolipids level in patiens with different probability of family hyperlipidemia

Unlikely FH Probable FH Possible/definite FH
Parameters (n=10) (n=22) (n=3) i
1 3
TC, pmol/I 6.79 + 0.627 8.04 + 1.746 12.00 + 5.344 0.006
LDL, pmol/I 4.32 + 0.45435 5.40 + 0.973 7.24 +1.447 0.001
HDL, umol/I 1.52 + 0.431 1.45 + 0.457 1.15+0.578 0.713
TG, pmol/l 1.81£1.123 2.46 + 3.245 5.80 + 6.141 0.240
Sphingosine, ng/ml 50.14 + 62.409 83.59 + 70.774 144.36 + 107.863 *0.010 (g?c;gf):s 1and 3)
Sphinganine, ng/ml 0.752 + 0.3713 0.895 + 0.5841 1.663 + 1.4619 0.142
Galactosylceramide, ng/ml 55.48 + 29.867 66.60 + 43.291 76.95 + 25.626 0.473
Sphingomyelines
SM 18:1/16: 0, ug/ml 18997.6 + 13203.93 15407.2 + 7769.07 9557.6 + 2435.11 0.274
SM18:1/16 : 1, yg/ml 1893.9 + 714.16 1861.1 + 1642.95 2208.3 + 1071.19 0.432
SM 18:1/18: 0, ug/ml 3646.2 + 2447.91 3322.6 + 1981.05 2392.6 + 1758.81 0.629
SM 18:1/18 : 1, ug/ml 6138.8 + 4915.11 5605.4 + 2747.14 7240.6 + 3716.52 0.806
SM 18:1/20: 0, ug/ml 19573.6 + 9198.49 22693.9 + 15985.31 24874.3 £ 6191.24 0.525
SM 18:1/20: 1, ug/ml 55331.1 + 34643.17 55612.7 + 32720.49 45554.0 + 17549.55 0.924
SM 18:1/22: 0, ug/ml 6484.3 + 3692.833 7141.1 £ 2842.95 10927.6 + 4151.37 0.028
SM 18:1/22 : 1, yg/ml 407.4 £ 191.59 416.9 £ 211.78 478.6 + 143.01 0.721
SM 18:1/24 : 0, ug/ml 1759.7 + 1613.16 2155.4 + 1063.40 1728.0 + 337.634 0.328
SM 18 :1/24 : 1, uyg/ml 6095.1 + 3364.35 4835.2 + 2611.45 4711.3 £ 1018.43 0.569
Ceramides
C18:0, pg/ml 3.70 + 8.820 6.04 +9.740 0.018 + 0.186 0.513
C20:0, ug/ml 224.70 + 655.577 240.60 + 431.668 367.67 + 144.417 0.075
C20:1, ug/ml 85.10 + 124.969 98.00 + 229.133 698.67 + 1138.155 0.019
C22:0, ug/ml 149.60 + 347.728 75.96 + 71.642 221.33 + 170.365 0.100
C22:1, ug/ml 77.00 + 82.254 60.80 + 111.859 714.67 £ 1118.787 0.003
C24:0, ug/mi 587.80 + 200.069 737.96 + 354.259 782.00 + 357.669 0.598
C24:1, ug/mi 206.20 + 77.150 313.08 + 254.952 465.67 + 457.362 0.546
C18:0/C24:0, ug/ml 0.0043 + 0.00938 0.0079 + 0.01275 0.0000 + 0.00000 0.963
C24:1/C24:0, ug/ml 0.3678 + 0.13805 0.4600 + 0.35776 0.5124 + 0.29631 0.675

Note: Kruskal-Wallis test.
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acute myocardial infarction, acute stroke, diabetes mellitus,
secondary dislipidemia. The study did not include patients who
received lipid-lowering therapy at the time of the examination.

In the beginning of the study 16 patients had arterial
hypertension (45.7%), 10 patients had coronary heart disease
(28.6%) and one patient had peripheral artery disease (2.9%).
Nineteen patients (54.3%) had significant family history of
cardiovascular diseases. Nine patients (25.7%) smoked in their
past but stopped smoking before inclusion in the study, 8 patients
smoked at the moment of inclusion in the study (22.9%)

The familial hypercholesterolemia (FH) probability was
evaluated using the Dutch Lipid Clinic Network Score. In 10
patients the probability of FH was low (score 1-2), 22 patients
had possible FH (score 3-5). Three patients had probable or
definite FH (score 6 in 2 patients, score 9 in one patient).

Blood sampling for biochemical analysis and mass
spectrometry was performed on the day the patients were
included in the study (in the morning on an empty stomach, after
a 12-hour fast). Blood was taken from the cubital vein into sterile

Table 2. Blood lipids and sphingolipids in patients with family history and in patient

Vakutainer tubes. Serum was obtained by blood centrifuging
at a speed of 3000 rpm for 15 minutes. Parameters with the
following reference values were defined: total cholesterol (TC,
2.0-5.2 mmol/l), low-density lipoprotein cholesterol (LDL-C,
up to 3.3 mmol/l), high-density lipoprotein cholesterol (HDL-C,
0.91-1.56 mmol/l), blood serum triglycerides (TG, 0.50-1.70
mmol/l). To determine the parameters of serum, the CLIMA
MC-15 biochemical analyzer was used (RAL; Spain).

Lipids were extracted from plasma in accordance with
Bligh and Dyer Procedure [6]. Mass-spectrometry of molecular
species of sphingomyelins, ceramides and sphingoid bases
(sphingosine and sphinganine), as well as galactosylceramides,
was performed using the TSQ Endura Triple Quadrupole Mass
Spectrometer (Thermo Fisher Scientific; Germany) working
in the MMP mode. The pressure at the collision cell was 1.5
mTorr. The resolution on Q1 and Q3 was 1.2 Da.

Ceramides: fragmentation of the protonated and dehydrated
molecules was carried out at the energy of 25 eV down to ion
with m/z 264.4 Da, the dwell time was 25 ms.

s without family history

Parameters No family history (n = 16) Family history (n=19) p
TC, ymol/I 8.11 +£1.142 7.35 + 1.881 0.026
LDL, pmol/I 5.49 + 1.063 4.75 + 0.820 0.039
HDL, umol/I 1.63 + 0.352 1.832 £ 0.479 0.034
TG, pmol/l 1.91£1.119 2.57 +3.712 0.845
Sphingosine, ng/ml 65.31 + 55.298 82.37 + 84.841 0.021
Sphinganine, ng/ml 0.25 + 0.447 0.47 +0.612 0.062
Galactosylceramide, ng/ml 59.38 + 46.989 67.00 + 33.579 0.123
Sphingomyelines
SM 18:1/16 : 0, pg/ml 15812.5 + 8874.74 16142.37 + 10210.772 0.678
SM 18:1/16 : 1,ug/ml 1703.38 + 1153.149 2079.74 + 1637.244 0.635
SM 18:1/18: 0, ug/ml 3446.00 + 2012.195 3115.37 + 1651.906 0.942
SM 18:1/18 : 1, ug/ml 6066.06 + 4210.684 5388.68 + 2755.342 0.862
SM 18:1/20: 0, ug/ml 21605.00 + 6986.063 22197.89 + 18558.786 0.756
SM 18:1/20: 1, ug/ml 57836.31 + 37448.414 51584.74 + 29461.884 0.684
SM 18:1/22: 0, ug/ml 8366.13 + 3752.568 8090.74 + 2977.416 0.862
SM 18:1/22 : 1, ug/ml 387.56 + 224.592 441.26 + 183.190 0.672
SM 18:1/24 : 0, ug/ml 1809.31 + 983.979 2218.1 + 1409.971 0.584
SM 18:1/24 : 1, ug/ml 5398.19 + 2713.511 5094.32 + 2995.497 0.682
Ceramides
C18:0, pg/mi 6.31 + 10.163 4.58 + 8.946 0.213
C20:0, pg/ml 78.56 + 150.510 391.21 + 629.556 0.021
C20:1, pg/ml 57.38 + 108.836 121.32 + 257.882 0.010
C22:0, ug/ml 60.19 + 64.744 130.21 + 252.256 0.040
C22:1, ug/mi 47.75 + 52.003 77.16 + 133.153 0.252
C24:0, ug/ml 726.69 + 334.931 622.16 + 255.175 0.572
C24:1, ug/ml 324.25 + 264.550 247.05 + 181.903 0.457
C18:0/C24:0, ug/ml 0.0072 + 0.01166 0.0067 + 0.01235 0.323
C24:1/C24:0, ug/ml 0.4730 + 0.37832 0.4078 + 0.24104 0.872

Note: Mann-Whitney test.
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Sphingomyelines: fragmentation of the protonated molecules
was performed at the energy of 25 eV down to ion with m/z
184.1 [a, the dwell time was 25 ms.

Sphingosine and its deuterated standard (d7, Avanti; USA):
fragmentation of the protonated molecules was carried out at
the energy of 12.5 eV down to ions with m/z 264.4 and 259.3
Da respectively. The dwell time was 25 ms.

Sphinganine: fragmentation of the protonated molecule
was performed at the energy of 12.5 eV down to ion with m/z
266.4 [a, the dwell time was 50 ms.

Galactosylceramide d18: 1/18 : 0: [M + H]* ion with a mass
of 728.5 Da.

The following parameters of the ionization source were
used: heater temperature 300 °C, capillary temperature 340 °C,
sheath gas flow 45 arb, auxiliary gas flow 13 arb, sweep gas
flow 1 arb.

Sphingosine d7, sphinganine, sphingomyelin d18: 1/16: 0,
sphingomyelin d18:1/18: 0, ceramide d18: 1/16 : 0, ceramide
d18:1/18: 1, ceramide d18: 1/18: 0, ceramide d18: 1/24 : 1,
ceramide d18 : 1/24 : 0 and galactosylceramide d18: 1/18: 0
(Avanti; USA) were used as standards.

Chromatography

Chromatography was performed using the Ultimate 3000
system (Thermo Fisher Scientific; Germany) and Eclipse Plus
C8 column 3.0 x 150 mm (Agilent; USA), the particle size was
3.5 pm. The temperature was 50 °C, and the flow rate was
400 pl/min.

When determining sphingosine, ceramides and sphingomyelin,
the following mobile phases were used: phase A, water + 0.1%
(v.v.) formic acid, phase B, methanol + 0.1% (v.v.) formic
acid (0.7 minutes 55% of phase B, 100 % of phase B up to
6.7 minutes, 100% of phase B up to 12" minute, 55% of phase B
up to 1 =17" minute, 55% of phase B up to 13th minute).

When determining sphinganine, the following mobile phases
were used: dasa A, water + 0.1% (v.v.) formic acid, phase B,
50% methanol + 50% acetonitrile + 0.1% (v.v.) formic acid (1.5
minutes 20% of phase B, 100 % of phase B up to 3.2 minutes,
100% of phase B up to 6.7 minutes, 20% of phase B up to
7.7 minutes, 20% of phase B up to 10th minute).

Data processing

The relative content of ceramides was evaluated using external
calibration (method of standard addition). The Ceramide
Porcine Brain 860052P ceramide mixture (Avanti; USA) was

9F %

LDL (mmol/I)

0 50 100 150 200 250 300
Sphingosine (ng/ml)

Fig. 1. Correlation of LDL and blood sphingosine level
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used for calibration with 50% of Cer d18 : 1/18 : 0 and 20% of
Cer d18 : 1/24 : 1. The calculation was based on the sum of
peak areas of the MMP transitions MH*— m/z 264.4 Da and
(MH-H,0)"— m/z 264.4 Da.

When determining sphingomyelines, the Sphingomielin
Porcine Brain 860062P mixture (Avanti; USA) and
sphingomyelines d18 : 1/16 : 0, d18 : 1/18 : 0 (Avanti; USA)
were used for calibration. The sum of peak areas of the MRM
transitions MH*"— m/z 184.1 Da was used for calculation.

The sphingosine d18 : 1 content was determined by internal
calibration (internal standard method, the standard was D-erythro-
sphingosine d7, Sigma; USA) using the sum of peak areas of the
MMP transitions (m/z 300"— m/z 264.4 Da for non-deuterated
and m/z 307+— m/z 259.3 Da for deuterated sphingosine).

The sphinganine d18 : 0 content was determined by external
calibration (the standard was DL-erythro-dihidrosphingosine,
Sigma; USA) using the sum of peak areas of the MMP
transitions (m/z 302+— m/z 266 Da).

Statistical analysis

Statistical analysis was carried out using the SPSS software,
version 23.0 (IBM; USA). Quantitative variables were presented
as mean with standard deviation. All variables were checked
for compliance with normal distribution using the Shapiro-Wilk test.
The distribution of all quantitative variables was different from
normal. The significance of differences for two independent
samples was evaluated using the Mann-Whitney test, and
for three of more samples using the Kruskal-Wallis test. The
significance of correlations was determined using the Sperman
rank correlation test. The differences were considered
significant when p < 0.05.

RESULTS

Comparison of blood lipids and sphingolipids was carried
out in groups of patients with different probability of family
hyperlipidemia (Table 1).

Higher level of TC and LDL was observed in patients with
FH. In addition, in patients with FH, a tendency was observed to
sphingosine level increase compared with a group of patients
having a low probability of FH (p < 0.05).

In patients with FH, an increase in the proportion of long-
chain sphingomyelin SM 18 : 1/22 : 0 was noted, as well as a
significant increase in the level of long chain ceramides, C 20 : 1
and C 22 : 1. No significant differences of C 18 : 0/C 24 : 0 and
C 24 :1/C 24 : 0O ratios were revealed.

25 -

2.0

0.5

0.0

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Sphinganine (ng/ml)

Fig. 2. Correlation of HDL and blood sphinganine level




Table 3. Correlation of blood lipids, sphingomyeline and ceramide levels
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TC, ymol/l TG, ymol/I LDL-C, pmol/l HDL-C, pmol/I
0.178 -0.104 0.084 0.162
SM 18:1/16 : 0, ug/ml 0.307 0.564 0.636 0.391
0.260 -0.171 0.093 0.045
SM18:1/16: 1, pg/ml 0.132 0.341 0.602 0.813
0.257 -0.140 0.278 0.236
SM 18:1/18 : 0, ug/ml 0.135 0.439 0.111 0.210
-0.139 -0.095 -0.202 0.077
SM18:1/18 : 1, pg/ml 0.426 0.597 0.251 0.686
0.363* -0.015 0.184 -0.110
SM 18:1/20: 0, ug/ml 0.032 0.934 0.297 0.561
-0.101 0.111 -0.098 0.334
SM 18:1/20: 1, pg/mil 0.562 0.540 0.581 0.072
-0.017 -0.313 -0.155 0.165
SM 18:1/22: 0, ug/ml 0.924 0.076 0.383 0.382
0.082 0.146 0.125 -0.187
SM18:1/22 : 1, pg/ml 0.642 0.419 0.481 0.321
0.048 -0.183 0.100 -0.254
SM18:1/24: 0, yg/ml 0.782 0.307 0.572 0.175
0.217 -0.297 0.148 0.046
SM 18:1/24 : 1 uyg/mi 0.210 0.094 0.403 0.809
0.104 -0.041 0.105 -0.104
C18:0, ug/mi 0.552 0.820 0.556 0.584
0.055 0.141 -0.003 -0.420"
C20:0, pg/mi 0.752 0.433 0.987 0.021
-0.177 0.447* -0.425* 0.525**
C20:1, ug/mi 0.310 0.009 0.012 0.003
0.015 0.342 0.049 -0.429*
C22:0, pg/mi 0.932 0.052 0.783 0.018
0.070 0.051 -0.094 -0.168
C22:1, ug/mi 0.689 0.776 0.598 0.374
0.475** 0.100 0.334 0.008
C24:0, ug/mi 0.004 0.579 0.054 0.965
0.558** 0.005 0.471* 0.296
C24:1, ug/mi 0.000 0.976 0.005 0.112

Note: r — Spearman rank correlation; * — p < 0.005; ** — p < 0.001.
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Fig. 3. Correlation of LDL and blood sphingosine level

We analyzed the relationship between the level of various
lipids and sphingolipids and the presence of a significant
family history in patients (Table 2). In patients with significant
family history, the higher level of sphingosine and significantly
higher level of ceramides C 20 : 0, C 20 : 1, C 22 : O were
observed.

Positive correlation of LDL and sphingosine level was revealed
(Fig. 1). In addition, it was possible to identify negative correlation
of HDL and sphinganin (Fig. 2) and galactosylceramide levels
(r = -0.56; p = 0.001). Correlation analysis of sphingomyelin
fractions level and ceramides with classical lipid fractions
is presented in Table 3. A positive correlation of the level of
ceramides C 24 : 0 and C 24 : 1 with the TC and LDL level is
noteworthy. For C 20 : 0 ceramide, a positive correlation with
the HDL and TG level and a negative correlation with LDL level
were revealed. Negative correlation of the C22 : 0 ceramide
level with the HDL level was determined.

We analyzed correlations between the level of classical lipids
and sphingolipids in patients having a significant family history
and in patients with no sifnificant family history. It is noteworthy,
that a positive correlation between the level of LDL-C and
sphingosine, revealed in the whole group, was of greater
strength in patients with a significant family history (- = 0.536;
p = 0.022). In patients with no significant family history, there
was a negative correlation between LDL-C and sphingosine
levels (r=-0.351; p = 0.048) (Fig. 3).

DISCUSSION

There are few studies of the sphingomyelins’ and ceramides’
profile in patients with family hyperlipidemia. The animal
model of family hyperlipidemia associated with LDL receptor
gene mutations demonstrated the significant increase of total
sphingomyeline and C18 : O ceramide in homozygotes [7]. In
our study we noted only the SM 18 : 1/22 : 0 fraction and
C20 : 1 ceramide increase.

It was shown that the level of ceramides is associated with
other coronary heart disease risk factors (obesity and insulin
resistance). It was believed that some ceramide fractions were
able to stimulate the synthesis of pro-inflammatory cytokines
(e.g., tumor necrosis factor) in case of increased consumption
of saturated fat with food [8]. In patients after bariatric surgery,
a decrease in the level of atherogenic sphinogomyelins and
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ceramides was observed earlier and to a much greater extent
than weight loss, which correlated with a decrease in coronary
risks [9].

[t was found that in oxidized LDL the content of total
sphingolipids and ceramides was significantly higher,
which could be an evidence of the role of sphingolipids in
destabilization of atherosclerotic plague and coronary heart
disease and other disorders’ complications manifestation [10].
Sphingosine causes aggregation of Cu?* peroxide vesicles and
accelerates LDL peroxidation, making them more atherogenic.
Long chain ceramides can serve as catalysts for said process.
Ceramides with chain length C6, C8, C10 do not possess such
activity. Sphinganine, on the opposite, blocks peroxidation
processes [11]. In our study we noted the significant increase
of sphingosine level in patients with definite family dislipidemia.
There were no significant differences in the sphinganine level in
patients with low and high probability of family hyperlipidemia.

ApoE gene polymorphism (2/3/4) is associated with the
increase of ceramide pathogenic fractions which may be
related with increased coronary heart disease risk in young
people [12].

The value of ceramides C16:0,C22:0,C24:0,C 24 : 1
in the carotid atherosclerosis pathogenesis in HIV patients
was shown. For the long chain ceramides C : 22 and C : 24 a
positive correlation with the TC and LDL level was determined
[13]. Positive correlation of sphingomyelines SM d16 : 0/28 : 5,
SM d18 : 1/24 : 1 and SM d18 : 1/16 : 0 with the TC and
LDL level was revealed in the animal model of dislipidemia
(ApoE-deficient mice). The level of said fractions in animals
with hyperlipidemia was elevated. Sphingolipides of such kind
are considered pro-atherogenic [14]. There is evidence that
oxidative stress and lipotoxicity are associated precisely with
an increase in the level of long chain ceramides, which, for
example, becomes apparent in patients with insulin resistance
[15]. In our study the SM 18 : 1/22 : 0 sphingomyeline was
increased in patients with definite/probable hyperlipidemia.
Positive correlations of blood cholesterol with ceramides C24 : 0,
C24 : 1 level were revealed.

Our study had a number of limitations: single site study,
small sample size, lack of data from large studies on the
epidemiological relationship between detected changes in lipid
component and cardiovascular events (heart attacks, strokes,
cardiovascular death).
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CONCLUSION

Patients with definite/probable FH demonstrate not only high
level of TC and LDL, but also the high level of pro-atherogenic
sphingosine, sphingomyeline SM 18 : 1/22 : 0, and long chain
ceramides (C 20 : 1, C 22 : 1). The revealed lipidome features
require further clarification of their clinical significance.
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REVERSE MERIDIONAL CYCLODIALYSIS AB INTERNO IN MANAGEMENT
OF OPEN ANGLE GLAUCOMA — A PRELIMINARY REPORT
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The uveoscleral outflow as an alternate route of aqueous drainage is of great interest in glaucoma surgical treatment. A cyclodialysis cleft allows one to create
a direct connection between the anterior chamber (AC) and the suprachoroidal space (SCS) which is the key element of uveoscleral outflow. The purpose
of the study was to evaluate the safety and effectiveness of reverse meridional cyclodialysis ab interno (RMCai) in decreasing intraocular pressure (I0P) in
patients with primary open-angle glaucoma (POAG) and refractory glaucoma (RG). Fourteen patients who exhibited POAG and RG (11 men and 3 women, age
77.3 + 7.8 years) were included in the study. All patients underwent RMCai with the help of custom-designed spatula. The spatula, inserted through a clear
corneal incision, was used to detach the ciliary body from the scleral spur to create a 2.0-2.5 mm wide and 6.0-6.5 mm deep cleft. Outcome measures were
IOP change, use of hypotensive medication(s), complications, and need for a second surgery. Decrease in IOP by more than 20% and IOP between 6 and
21 mmHg without hypotensive medication constituted complete success. Similar changes in IOP with medication constituted partial success. Need for second
surgery constituted failure. The follow-up period was >3 months. Baseline IOP and hypotensive medication use were 22.0 + 8.5 mmHg (95% confidence interval (Cl),
17.6-26.4) and 2.6 + 0.9 (95% Cl, 2.2-3.1). At 3, 6, 12, 18, and 24 months, complete success was achieved in 64.3%, 77.8%, 55.6%, 37.5%, and 40% of
patients respectively; partial success — in 14.3%, 22.2%, 44.4%, 50.0%, and 60.0%. Four patients required a second surgery. Failure occurred because of
cleft closure by fibrosis. It was concluded that RMCai is safe and effective in decreasing IOP in POAG and RG patients.

Keywords: glaucoma, intraocular pressure, cyclodialysis, cyclodialysis ab interno, uveoscleral outflow

Author contribution: Kumar V — conception, design, data collection, analysis and interpretation, writing and editing, overall responsibility; Frolov MA — overall
responsibility; Dushina GN — data collection and editing; Shradga AS — conception, design and data collection; Bezzabotnov Al — conception, design and
editing; Abu Zaalan KA — data collection.

Compliance with ethical standards: appropriate approval was obtained from the ethics committee of Peoples’ Friendship University of Russia (protocol
Ne 16 dated 17.11.2016), the study was conducted in accordance with the tenets of the World Medical Association Declaration of Helsinki. Informed consent was
obtained from all patients after the experimental nature of the procedure had been fully explained.

> Correspondence should be addressed: Vinod Kumar
ul. Miklukho-Maklaya, 6, Moscow, 117198; kumarvinod1955@gmail.com

Received: 27.11.2019 Accepted: 11.12.2019 Published online: 16.12.2019
DOI: 10.24075/brsmu.2019.081

OBPATHbI MEPUAVNOHANBHbIN LUMKNOANANNS AB INTERNO B NEHYEHUN OTKPbITOYIOJIbHON
MAYKOMbI — NMPEABAPUTEJIbHbIE PE3YJILTATbI
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YBeocKepasbHbIA MyTb OTTOKA BHYTPUMMA3HOW xumakocTv (BIK) npencraBnseT 60bLIOM MHTEPEC B XMPYPrUHECKOM NevdeHnn rnaykombl. CyTb onepaummn
LKofvianmsa 3aKo4aeTcs B CO3AaHNN MPSIMOro COOBLLEHVS Mexxay nepeaHeit kamepoi (IMK) rmasa n cynpaxopviongansHeiM npocTpaHcTBom (CXI), rmasHbiM
3BEHOM YBeOCKepansHoro Nyt ottoka BIMK. Llensto Hallero nccneqoBanmns 6bi1o OLeH!Tb 6e30MnacHOCTb 1 ahheKTUBHOCTL 0OPaTHOrO MepUaNoHaNEHOrO
uvknopmanmaa ab interno (OMLUai) B CHVKEHWM BHYTPUMMAa3HOro Aasnenns (BM) y NauveHToB C NMepBUHHON OTKPLITOYromnbHOM rmaykomoit (MOYT) 1 pedbpakTepHoii
rnaykomoli (PT). Y 14 naupentos ¢ MOYT (11 My>4mH 1 3 XKeHLLMHbI B Bo3pacTe 77,3 + 7,8 neT) 6bin nposegeH OMLlai ¢ nomoLLpto creumansHo paspaboTaHHOro
wnatens. LLinatenem cogpasany UKNoaUannaHyto Wesnb WprnHon 2,0-2,5 MM 1 rmybuHoi 6,0-6,5 Mm. KputeprsiMim OLEHKIM yernexa onepauyn 6binv auHammka
B, noTpebHOCTb B LOMONHUTENBHON MMNOTEH3UBHOW TEPanunm 1 MOBTOPHOM X1PYPrMYECKOM BMELLIATENBCTBE, a TakKe Halmyime OCNOXHEHW. Yenex cuutani
nonHbIM, ecnn Bl cHwxanock 6onee Yem Ha 20% u ocTaBaniocb B nepefenax 6-21 MM pT. CT. 63 NpUMEHeHUs MNOTEeH3VBHBLIX CPeacTB. [MpusHaHHbIN
ycrex CBA3bIBaNM C MOTPEOHOCTHIO B MMNOTEH3MBHOM Tepanuu. JledeHre cHmTanv HeyaadHbiM, eCA BO3HMKaNa HEOOXOAMMOCTb B MOBTOPHOM XUPYPrUHECKOM
BMeLLaTenbeTae. MNalyeHTbl ocTaBanmch nog HabmofaeHneM He MeHee Tpex MecsiLieB. VcxonHoe B 1 KonM4ecTBO MCMONb3yeMbIX MMNOTEH3MBHBIX MPenaparos
cocTasnanm 22,0 + 8,5 MM pT. CT. 1 2,6 + 0,9 cooTBeTCTBEHHO. Hepes 3, 6, 12, 18 1 24 Mecsia nocne onepaumn NonHbI yenex 6bin gocTurHyT B 64,3, 77,8, 55,6,
37,5 1 40% cnyyaeB COOTBETCTBEHHO, NMpu3HaHHbIi — B 14,3, 22,2, 44,4, 50 1 60% cny4ae. [oBTOpHasA onepauusa notpebosanack 4 nauyeHTam. [NpuimnHon
Heypaqn ctana rbposHas obnnTepaLmns LMKNoAuanM3How wenu. Beino yctaHosneHo, 4to OMLlai 6e3onaceH v aheKTvBeH B CHYDKeHU BI y naumeHToB ¢
Moyr n Pr.
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Open-angle glaucoma (OAG) is the leading cause of irreversible
blindness worldwide [1]. Although glaucoma is a multifactorial
disease, its management primarily focuses on control of
intraocular pressure (IOP). Notably, IOP can be controlled either
medically or by laser treatment. For patients with glaucoma that
is refractory to medical or laser treatment, surgical management
is indicated.

In the past, surgical techniques focused on creation of
an artificial pathway for aqueous humor to bypass obstacles
in drainage from the anterior chamber (AC); this led to
development of penetrating glaucoma surgeries. A classic form
of these surgeries is trabeculectomy [2], which is regarded as
the gold standard in surgical management of glaucoma; its
hypotensive effect remains for an extended period, but many
complications arise during surgery and in the postoperative
period [3, 4]. Development of non-penetrating surgeries
(deep sclerectomy and its various modifications) reduced the
complication rate; however, these techniques provide only a
short-term hypotensive effect [5].

Recently, minimally invasive glaucoma surgeries have
been developed to enhance the natural trabecular outflow,
which comprises the conventional route of aqueous drainage
[6, 7]. These surgeries are safe, and patient rehabilitation
is rapid; notably, such surgeries do not involve use of a
bleb, which enables them to remain free from bleb-related
complications, such as cosmesis, bleb leakage, bleb infection,
and endophthalmitis [6]. However, there are certain limitations
which are associated with these surgeries. Their IOP-lowering
effects are dependent upon episcleral vein pressure, and IOP
decrease is moderate [8].

There also exists an alternate route of aqueous drainage:
uveoscleral outflow. Because of its anatomical and physiological
characteristics, uveoscleral outflow has tremendous potential
for use in controlling IOP. This outflow, which comprises
approximately half of the aqueous drainage in normal human
eyes [9, 10], occurs by bulk flow of aqueous humor through
the ciliary muscle into the suprachoroidal space (SCS); then
flows into the choroid and suprachoroidal clefts, subsequently
exiting the eye through perivascular spaces of the emissarial
scleral channels, or directly through permeable scleral collagen
bundles. There is a possible connection between the uveoscleral
outflow pathway and the lymphatic system of the eye and orbit,
which maintains tissue fluid balance [11]. A gradient of negative
pressure within the SCS serves as the conduit for this aqueous
flow pathway. Notably, exploitation of this pathway may
enable development of safer and less invasive techniques with
improved surgical success, which may thus increase quality of
life for glaucoma patients.

A technique for reverse meridional cyclodialysis ab interno
(RMCai) has been developed (patent of Russian Federation N
2676967, dated 19.01.2019) and a pilot study was undertaken
to evaluate its safety and effectiveness in decreasing IOP in
patients with POAG and RG [12].

The purpose of the study was to evaluate the safety and
effectiveness of RMCai in decreasing IOP in patients with
POAG and RG.

METHODS

In a consecutive interventional case series, a total of
17 patients (11 men and 6 women) who exhibited POAG and
RG were operated upon during the period from February 2015
to December 2017. The average age of the patients was
77.3 £ 7.8 years (95% CI 73.2-81.4). Inclusion criteria: POAG
or RG, more than 3 months of follow-up. Glaucoma patients
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having visually significant cataract, thus requiring a combined
procedure (phacoemulsification and hypotensive surgery),
were also included. Exclusion criteria: angle-closure glaucoma,
neovascular glaucoma, secondary glaucoma, or crystalline
lens-induced glaucoma.

A complete ophthalmological examination was performed
before surgery including visual acuity evaluation, IOP
measurement (by Maklakov’s method or with tonometer), slit
lamp biomicroscopy, 78 diopter ophthalmoscopy, perimetry,
and gonioscopy. For statistical purposes, IOP values obtained
by Maklakov’s method were converted to PO, using a custom
conversion table [13]. For IOP measurement by ICare tonometer
ic100 (Icare Finland Qy; Finland) the median of 3 consecutive
measurements per eye was analyzed [14, 15].

Surgical technique

Only 1 eye per patient was eligible for surgery. Retrobulbar
anesthesia was preferred. After insertion of the lid speculum,
a clear corneal incision (2.75 mm) was made at the 10-11
o'clock position. The AC was irrigated with 0.2-0.3 ml of
0.01% solution of carbachol (Appasamy Ocular Devices,
Pvt. Ltd.; India) to constrict the pupil and pull the iris away
from the angle. The AC was filled with cohesive viscoelastic
device, the 1.4% solution of sodium hyaluronate (Beaver
Visitec International, Inc.; USA). Two paracenteses were
made at 180° apart from each other. The patient's head was
turned away from the surgeon by approximately 30° and
the optical head of the operating microscope was tilted by
30° toward the surgeon. A surgical goniolens, held in the left
hand of the surgeon, was placed on the cornea and angle
structures were identified and studied. A custom-designed
cyclodialysis spatula (Fig. 1) was inserted into the AC through
the corneal incision, and the ciliary body was gently detached
from the scleral spur.

Through this cleft the spatula was further meridionally
advanced via slight sideways movements until a 6-6.5-mm long
and 2.0-2.5-mm wide tunnel was made in the SCS, thereby
joining the AC with the SCS. The spatula and goniolens were
withdrawn. The patient’s head and the operating microscope
were returned to their primary positions. If hemorrhage occurred
from the cyclodialysis site, a “wait and watch” strategy was
used. Typically, bleeding stopped spontaneously after some
time. Viscoelastic device was irrigated out from the AC by using
a bimanual technique with the aid of irrigating and aspirating
cannulas inserted through the paracentesis. An air bubble was

Fig. 1. Side view of the custom-designed spatula for reverse meridional
cyclodialysis ab interno: distal end of the working portion of the spatula is
6.0-6.5 mm long and 2.0 mm wide; further, it is curved and repeats globe
curvature
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injected into the AC in order to prevent cleft closure. At the end
of the operation, all incisions were sealed by hydration of the
corneal stroma. Then, 0.2-0.3 ml of dexamethasone solution
was injected subconjunctivally, and antibiotic ointment was
placedin the conjunctival sac. Amonocular patch was applied. In
eyes with coexisting pathology, ultrasound phacoemulsification
(phaco) was performed with initial implantation of a foldable
hydrophilic intraocular lens (IOL). Before RMCai, all viscoelastic
was removed from behind the IOL through irrigation. The pupil
was constricted by irrigating the AC with carbachol solution
and the AC was filled with cohesive viscoelastic. RMCai was
performed as per the technique described above. Incisions
were sealed by hydration of the corneal stroma.

Follow-up evaluation

Follow-up evaluation was performed as following. Patients
discontinued IOP-lowering medications 1 day before surgery.
Oral acetozolamide 0.25 g (Diacarb, Polpharma, Starogard
Gdanski; Poland) twice daily was prescribed for 1 day; patients
were instructed to resume IOP-lowering medications only if
the investigator determined that additional IOP lowering was
needed. After surgery, patients were instructed to instill antibiotic
and steroid eye drops for a period of 10-12 days. Patients were
evaluated daily during hospital stay, after 1 week, and at 1, 3, 6,
12, 18, and 24 months after surgery. Postoperative assessment
included visual acuity evaluation, tonometry, biomicroscopy,
and ophthalmoscopy. If corneal condition allowed, eyes were
evaluated via gonioscopy; wherever possible, findings were
documented via photography and videography. Adverse events
(if any) and number of glaucoma medications used were noted.
Field of vision was tested with an interval of 6 months or 1 year.

Outcome measures and statistical analysis

The primary outcome was IOP change. The secondary
outcomes were pre- and postoperatively used number of
hypotensive medications, as well as complications and need
for a second surgery. Reduction in IOP > 20% and IOP
between 6 and 21 mmHg without medication constituted
complete success; similar changes in IOP with medication

Table 1. Patient demographics

constituted partial success. Failure constituted IOP < 6 mmHg
or > 21 mmHg, IOP reduction <20%, or subsequent need for
second glaucoma surgery. Success rates were evaluated at
each follow-up visit, beginning 3 months after surgery.

Statistical analysis was performed using Microsoft Excel
2007 (Microsoft; USA) at each follow-up visit, considering
changes in the number of patients. Paired Student’s t-tests
were used for IOP and medication analyses. Differences were
significant when p < 0.05.

RESULTS

Fourteen eyes of 14 patients (11 man and 3 women) fulfilled the
inclusion criteria. The baseline characteristics of the patients
are described in Table 1.

Right eyes underwent operation in 5 patients, while left
eyes — in 9 patients. Severe glaucomatous damage was
present in 11 eyes (79%). Eight eyes (57%) had previously
undergone surgery for glaucoma; of these, 3 underwent a
combined surgical procedure in the present study: phaco with
implantation of an acrylic hydrophilic IOL along with glaucoma
surgery.

The mean follow-up period was 68.2 + 44.2 weeks (95% Cl
45.1-91.4). Two patients were lost to follow-up after 3 months;
1 patient was lost to follow-up after 18 months and 2 patients
were lost to follow up after 24 months. Mean baseline IOP was
22.0 £ 8.5 mmHg (95% CI 17.6-26.4). A significant reduction in
mean |IOP and use of hypotensive medications was observed
at each time point (Table 2). There were no cases of hypotony
at any follow-up visits.

Success rate outcomes are described in Table 3.

Three eyes (21.4%) underwent repeat glaucoma surgery
after 3 months following RMCai; 1 eye underwent repeat
glaucoma surgery after 18 months. The Kaplan—Meier survival
curve is shown in Fig. 2.

The mean best-corrected visual acuity before surgery was
1 £ 0.9 logarithm of the minimum angle of resolution (LogMAR).
Mean LogMAR at 3, 6, 12, 18 and 24 months was 0.9 + 0.9,
1.0+1.0,09%1.0,0.8+ 1.0, and 0.6 £ 0.5, respectively.

In 11 of 14 eyes (79%), there was some hemorrhage at
the cleft site, obscuring the view of the tunnel. In these eyes,

Ne Sex / age Eye Previous glaucoma surgeries Other ocular surgeries Concomitant pathology
1 F/74 LE 21. S'\gg; - Cataract

2 M/ 82 RE - - Cataract

3 F /87 RE - - Cataract

4 M/ 87 RE - - Cataract

5 M/ 87 LE 1. Trabeculectomy - Cataract

6 M/ 82 LE - - Cataract

7 M/ 64 RE - - Cataract

8 M/ 69 LE 1. Trabeculectomy - Cataract

9 M/ 69 LE 1. Trabeculectomy - Cataract
10 M/ 78 RE 1. Trabeculectomy - Cataract

1 M/ 77 LE 1. Trabeculectomy Phaco + IOL Pseudophakia
12 M/ 75 LE - - Cataract
13 M/ 64 LE 1. SDSC Phaco + IOL Pseudophakia
14 F/82 LE 2 Tr;BeS(:EEgtomy Phaco + IOL Pseudophakia

Note: M — male; F — female; RE — right eye; LE — left eye; MTF — Singh's microtrack filtration operation; SDSC — segmental dilation of Schlemm's canal

(implantation of Kumar's stainless-steel spiral expander in lumen of Schlemm's canal); Phaco — phacoemulsification; IOL — intraocular lens.
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hemorrhage either stopped spontaneously after some time, or
a bolus of viscoelastic was placed at the tunnel opening. In 3
eyes that underwent combined surgery, some blood reached
the capsular bag behind the IOL. In these eyes, the blood was
washed out with the aid of irrigating and aspirating cannulas.

In 11 of 14 eyes (79%), the early rehabilitative period was
uneventful. In 3 eyes on the first postoperative day, hyphema
was observed, which resolved within 1 week without any
specific treatment. No second visit to the operation theatre
was required because of hyphema. Furthermore, there were
no noticeable complications in the late postoperative period.
During gonioscopic evaluation of the cyclodialysis site at 3,
6, 12, 18, and 24 months after surgery, the cleft was open in
10, 8, 8, 5, and 3 eyes, respectively; moreover, the cleft was
noticeably shallow in 3, 4, 6, 4, and 2 eyes, respectively, and
completely closed in 4, 2, 1, 3, and 3 eyes, respectively (Fig. 3).

In all eyes with unsuccessful outcome, retrograde
placement of the iris root at the cyclodialysis site was prevalent.
During ultrasonic biomicroscopy of the AC angle in eyes with
successful outcome, the cyclodialysis cleft could be easily
identified.

DISCUSSION

Glaucoma surgery in the SCS has several important
advantages relative to penetrating procedures. Some surgeons
have attempted to improve supraciliary outflow using a non-
penetrating deep sclerectomy procedure [16-18]. The results
were encouraging, but not definitive. It is likely that the presence
of a conjunctival bleb as a main filtration site for the aqueous
humor did not completely open this pathway, thus affecting the
final results.

The SCS offers the surgeon 2 surgical approaches: ab
externo and ab interno. In the ab externo approach, a direct
passage is created from the AC to the SCS by separation of
the ciliary body from the scleral spur. This approach is easy

Table 2. Efficacy data
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to learn and does not require mastery of unfamiliar techniques
and maneuvers. However, it requires extensive dissection of
ocular tissues, and is thus very traumatic to the eye. There is a
high risk of complications, such as postoperative hypotony and
massive bleeding from scleral vessels. Several studies have
demonstrated that when the SCS is reached through an ab
externo approach, fibroblast activation is a primary cause of
surgical failure [19, 20].

There are certain advantages with ab interno approach. This
approach spares conjunctival dissection, retaining this structure
in an intact state, which may be useful for future glaucoma
procedures. It is minimally invasive and less traumatic; the
resulting reduction in scarring leads to increased success rate.
This surgery can be performed as an ambulatory procedure.
The numbers of intraoperative and postoperative complications
are negligible, and they are easily managed. The ab interno
procedure can be performed, regardless of whether previous
traditional glaucoma surgeries (e.g., trabeculectomy) have
depleted viable conjunctiva tissue. The rehabilitation period is
short [21-23]. However, this approach also involves limitations:
it requires the use of costly instruments and apparatuses, such
as an operating microscope in which the optical head can be
tilted, as well as a surgical goniolens and viscoelastic devices;
moreover, the surgeon should be familiar with the intraoperative
gonioscopy procedure.

The concept of creating direct communication between
the AC and SCS for reduction of IOP is not new. The first
operative procedure to employ incision through insertion of the
ciliary body to enable communication between the chambers
of the anterior segment and the suprachoroid was performed
by Hancock in 1861 [24], who described 6 cases in which the
operation was used.

In 1905, a procedure was described for operative
detachment of the ciliary body from its insertion, using an
operation that was described as cyclodialysis [20]. Notably,
the success of the operation depended upon communication

Follow-up visit
N of patients at follow-up visit Pre-operative 3 months 6 months 12 months 18 months 24 months
14 14 9 9 8 5
IOP change, mmHg 22.0+85 13.8+£5.0 119+ 34 10.1+24 12.9+3.9 13.0+5.7
(95% CI) (17.6-26.4) (11.2-16.4) (9.8-14.0) (8.6-11.7) (10.1-15.6) (8.4-17.6)
% IOP decrease - 30.8+29.8 36.0 + 35.1 48.0 + 26.0 35.5+35.6 34.5+33.8
(95% CI) - (15.4-46.3) (14.3-57.7) (31.1-65.0) (10.8-60.2) (7.4-61.6)
N of medications 2.6+0.9 0.5+0.8 0.4+0.7 0.6+0.7 0.9+0.8 1.0+ 0.9
(95% ClI) (2.2-3.1) (0.1-0.9) (0-0.8) (0.1-1.0) (0.3-1.5) (0.3-1.7)
aNtEgiiﬁﬁsqﬁ'Q?Syheysp;’ttfgﬁévﬁTpes.'iﬁ‘t('&“) 14/14 (100) 2/14 (14.3) 2/9 (22.2) 4/9 (44.4) 4/8 (50.0) 3/5 (60.0)
N of patients requiring repeat surgery 0 2 1 0 0 0
Note: N — number; IOP — intraocular pressure; Cl — confidence interval.
Table 3. Success rate
Follow-up visit
N of patients at follow-up visit 3 months 6 months 12 months 18 months 24 months
14 9 9 8 5
N of patients lost to follow-up 0 2 0 1 2
N of eyes with complete success (%) 9 (64.3) 7(77.8) 5 (55.6) 3(37.5) 2 (40)
N of eyes with partial success (%) 2(14.3) 2(22.2) 4 (44.4) 4 (50) 3 (60)
N of eyes with failure (%) 3(21.4) 0 0 1(12.5) 0
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Fig. 2. Kaplan-Meier survival curve of eyes after RMCai

18 24

Fig. 3. Cyclodialysis cleft (red arrow) at different follow-up visits (different patients): 1 week (A); 1 month (B); 2 years (C); there are no signs of fibrosis or inflammation

between the AC and SCS. This hypothesis was supported by
a number of works [25]. The other author [26] hypothesized
that the operation acted by reducing pathologic accumulation
of intraocular fluid by eliciting atrophy of the uveal tract.

The long-term success of this operation for reduction of IOP
depends upon the patency of the cyclodialysis cleft. Notably,
fibrosis of the cyclodialysis cleft may be the major factor for
procedural failure; this has been reported by several authors
[27-29]. Detailed morphological studies have demonstrated
that fibroblasts and myofibroblasts are present throughout all
layers of the choroid. These cells readily respond to trauma,
surgical manipulation, and any foreign body by causing scar
formation [30].

In our study, during gonioscopic evaluation of the
cyclodialysis site, we noticed that in all eyes that showed
procedural failure, there was reattachment of the iris root to
the scleral wall. In most of these eyes, the reattachment site
was posterior to its original anatomical attachment, constituting
retrograde placement of the iris root. Our findings are like those
reported by [27], who examined the angle of the AC in 14 eyes
that underwent cyclodialysis. All eyes that underwent successful
operation showed surgical cyclodialysis or detachment of the
iris root, combined with communication between the AC and
SCS. Three unsuccessful operations resulted in reattachment
of the iris root to the scleral wall; the site of reattachment in
these cases was posterior to its original anatomical attachment,
constituting retrograde placement of the iris root (as noted in
our study).

In a prospective, consecutive, case-control study, a group
of authors [31] included 28 eyes of 20 patients with intractable

glaucoma. Under gonioscopic control, cyclodialysis ab interno
was performed over 2 clock hours to enable access to the
SCS. After surgery, baseline IOP decreased from 34.3 + 10.5
to 14.6 + 12.4 mmHg. After a mean of 60 days, 21 eyes (75%)
required further surgical intervention. Qualified success was
observed in 4 eyes (14.3%); only 3 eyes (10.7%) demonstrated
complete success. In their series, the authors obtained the best
results for phakic eyes. In our study, at 12, 18, and 24 months
of follow-up, absolute success was achieved in 55.6%, 37.5%,
and 40% of eyes, whereas partial success was achieved in
44.4%, 50.0%, and 60.0% of eyes, respectively. Our results
were more favorable than those of the prior study; this may be
because minimum trauma occurred during surgery, due to the
use of modern surgical microscopes and surgical goniolenses,
which allowed identification of the anatomical structure of
the angle.

There were several limitations to this study. These included
absence of a control group, nonrandomized nature of the study,
and small sample size (n = 14); further studies will require a larger
sample of patients to confirm the findings reported here.

CONCLUSION

RMCai is an easy and safe procedure to perform, it effectively
decreases IOP in patients with POAG and RG. lts success
depends upon the patency of communication between the
AC and SCS. Fibrosis of the cyclodialysis cleft is the primary
reason for failure of this procedure. Use of measures to prevent
its obliteration (e.g., implantation of various devices or materials
to connect the AC with the SCS) may increase its success rate.
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RE-ESTABLISHING THE PATENCY OF THE HEPATIC VEIN AND THE PORTOSYSTEMIC SHUNT 10 YEARS
AFTER THE TIPS PROCEDURE: A CLINICAL CASE

Tsitsiashvili MSh', Shipovskiy VN'?, Monakhov DV'?, Chelyapin AS'? 5 Huseynov AB'

' Pirogov Russian National Research Medical University, Moscow, Russia
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Transjugular intrahepatic portosystemic shunt is one of the few available options for treating complications of portal hypertension in patients with chronic diffuse
liver diseases. Over time, shunt patency can become compromised, causing a recurrence of such complications. The clinical case presented below demonstrates
the potential of TIPS and illustrates the use of an endovascular reintervention for re-establishing shunt patency, which improves the life expectancy of patients, as
well as their quality of life.
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Bleeding from esophageal (EVs) and gastric (GVs) varices is
a life-threatening complication of portal hypertension. Mortality
rates associated with first-time variceal hemorrhages and
rebleeds are 50% and 70%, respectively [1, 2]. To reduce
mortality, a special algorithm has been developed in Russia; it is
detailed in the “clinical practice guidelines on the management
of bleeding esophageal and gastric varices” [3]. According to
this algorithm, endoscopic band ligation following emergency
esophagogastroduodenoscopy (EGD) should be preferred over
other endoscopic interventions because it allows achieving
hemostasis in 80% of patients with refractory bleeding [3].
However, this treatment option works most effectively as primary
prophylaxis for variceal bleeding and does not relieve portal
pressure. Late recurrence of EVs and rebleeds occur in 50-60%
of patients undergoing band ligation [4]. This necessitates the
use of alternative treatments in relapsed patients, such as
portosystemic shunts that relieve pressure in the portal venous
system and azygoportal disconnection. Of all portosystemic
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shunting options, transjugular intrahepatic portosystemic shunt
(TIPS) is the treatment of choice for patients with class B/C
cirrhosis. So far, we have performed 226 TIPS procedures in
our clinic.

Intrahepatic shunt dysfunction can result in the recurrence
of complications associated with portal hypertension and,
therefore, is a relevant clinical problem [5-8]. Poor shunt
patency can be caused by shunt thrombosis and pseudointimal
hyperplasia, intimal hyperplasia of the hepatic vein,
compression of the stent by high-density liver tissue, migration
or disengagement of shunt components. On average, a shunt
created from a stent-graft remains functional for 3-5 years; in
extremely rare cases, it can retain its patency for up to 10 years.

To date, there are a variety of different endovascular
techniques for restoring shunt patency. They help to extend the
life of the shunt, reduce the risk of complications associated
with portal hypertension and improve life expectancy in patients
with end-stage diffuse chronic liver diseases.
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Below, we describe a case of TIPS revision 10 years after
stent implantation in the liver parenchyma.

Clinical case

Patient K., 40 years, was diagnosed with liver cirrhosis (LC)
complicated by portal hypertension in 2006 at the Central
Research Institute of Gastroenterology (Moscow). On
December 10, 2007 the patient was urgently admitted to the
Surgery Unit No. 4 of the City Clinical Hospital Ne 57 (Moscow).
Diagnosis on admission: liver cirrhosis (class B on the Child-
Pugh score) complicated by portal hypertension and recent
grade lll esophageal variceal bleeding.

The patient’s condition was assessed as moderate. On
physical examination, there was pallor and mild scleral icterus.
Normal vesicular breathing was heard over both lungs. The
respiratory rate was 14 breaths per minute. Heart tones were
muffled. Blood pressure was 110/70. The patient’s heart  Fig. 1. patient K. with class B liver cirrhosis, after TIPS. Stenosis of the proximal
rate was 96 beats per minute. The abdomen was soft and TIPS segment. Intrashunt velocity of 37 cm/s
nontender. The liver edge extended 3 cm below the costal
margin. The patient showed no signs of urinary tract pathology.

Instrumental examinations revealed the following signs of \ . ; o
portal hypertension: dilated portal (14 mm) and splenic (9 mm) . _ ‘ g defeeinithe right
veins, hepatosplenomegaly, grade Ill EVs. Blood tests revealed S " hepatic Veinsit
mild posthemorrhagic anemia (hemoglobin < 96 g/L), low red | ! ' ;
blood cell count (3.89 x 10'?/L), low platelet count (102 x 10%L), and
unconjugated hyperbilirubinemia (34 pmol/L). The coagulation
test came back normal.

On day 2 after admission to the hospital, there was a
recurrence of gastrointestinal variceal bleeding confirmed
by EGD. The bleeding was stopped using a Sengstaken—
Blakemore tube. The patient was transferred to the Intensive
Care Unit. Follow-up EGD revealed engorged varices (7-9 mm
in diameter) in the middle and lower thirds of the esophagus.
The mucosa above the varices was cyanotic-looking, with an
overlayer of hemin. To reduce the risk of rebleeds, endoscopic
band ligation was performed first on December 17, 2007;
a total of 20 ligatures were placed. In the second step, on
December 19, 2007 the patient underwent TIPS with a Viatorr
TIPS Endoprosthesis stent-graft (Gore; USA). Intraoperatively,
the portal pressure decreased from 520 to 300 mm H,0O.

The postoperative period was uneventful. On December 22,
2007, the patient underwent a Doppler ultrasound scan, which
showed a normal blood flow throughout the entire length of the
shunt with the intrashunt velocity of 85 cm/s. Postoperatively,
the patient was receiving conventional medication therapy P _
until he was stable; on December 25, 2007 the patient was By b

g

Stenosis of the right
. hepatic vein

discharged in a satisfactory condition.

In the 9-year follow-up period, the patient was hospitalized
every 6 months to receive supportive therapy for his liver
function. No clinical signs of complications associated with
portal hypertension were observed during the entire follow-up
period.

In December 2017 during one of such hospitalizations,
a dupplex Doppler scan revealed a high-velocity flow in the
proximal TIPS portion and a low-velocity flow in its distal
segment, suggesting stenosis of the right hepatic vein (Fig. 1).
EGD revealed grade lll EVs indicative of the increasing pressure
in the portal venous system.

In order to verify the diagnosis, a contrast-enhanced CT
scan of the abdomen was performed, which confirmed stenosis
of the right hepatic vein (Fig. 2).

Considering that there were signs of right hepatic vein
stenosis, including the changed hemodynamics in the shunt :
and the portal vein (low velocity flow in the portal vein), as well  Fig. 3. Transjugular portal venogram of patient K
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Fig. 4. Transjugular portal venogram of patient K. Stages of stent-in-stent placement. A. Stent implantation. B. Stent expansion

as progressing EVs, a decision was made to restore TIPS
patency.

Stenosis was visualized by portal venography. After
acquiring a portal venogram, it was decided to apply a stent-
in-stent technique (Fig. 3 and 4).

Follow-up portal venography performed after the procedure
revealed that the patency of the transjugular intrahepatic shunt
had been re-established; no signs of stenosis were present on
the venogram (Fig. 5).

The postoperative period was uneventful. On the Doppler
image of the portal system, the intrashunt flow was normal,
with a velocity of 112 cm/s. The patient received a course of
medication therapy for his liver and was discharged when his
condition was found to be satisfactory.

Since the procedure, the patient has been undergoing
regular checkups in our clinic. His last hospitalization took
place in August 2019. So far, no complications associated with
portal hypertension have arisen in this 2-year follow-up period.

Discussion

As we were analyzing the literature and our own clinical
experience, we arrived at the conclusion that stent-grafts are
the best option for creating intrahepatic shunts during a TIPS
procedure. The use of stent- grafts reduces the risk of shunt
thrombosis in the early postoperative period and the incidence
of TIPS dysfunction in the late postoperative period [8, 9.

However, in spite of all advantages of stent-grafts, shunt
patency can deteriorate over time due to stenosis caused by
intimal hyperplasia of the right hepatic vein. To reduce the risk
of this complication, the stent should be placed in the ostium of
the right hepatic vein [10, 11].

The clinical case presented in this article demonstrates that
reinterventions after TIPS, including placement of stents in the
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Blood flow in
the shunt

Fig. 5. Transjugular portal venogram of patient K. after TIPS revision and stent-
in-stent placement

right hepatic vein, reduce the risk of complications associated
with portal hypertension, improve life expectancy of the affected
patients and the quality of their lives.

CONCLUSIONS

Re-establishing the patency of a compromised intrahepatic
shunt has serious implications. A long-lasting TIPS allows liver
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CASE REPORT: REMOVAL OF A PROLIFERATING PILOMATRICOMA WITH A CO, LASER

Gaydina TA =, Dvornikov AS, Skripkina PA

Pirogov Russian National Research Medical University, Moscow, Russia

Tumors of the skin/skin adnexa are astonishingly diverse. The diagnostic algorithms for skin neoplasms includes history taking, the assessment of clinical data,
dermoscopy and a histopathological examination. Literature descriptions of a histologically confirmed pilomatricoma are scarce. If the lesion is localized to an
esthetically sensitive body area, it is important to minimize the postoperative cosmetic defect. In the case described below, we were able to achieve a positive
esthetic outcome in a patient with a facial pilomatricoma sized < 2 cm using a CO, laser.

Keywords: pilomatricoma, benign skin tumor, removal, CO, laser, diagnostic methods for skin neoplasms, artificial intelligence
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KIMHUYECKWUIA CNYYAW: YOANEHUE NPOJIM®EPUPYIOLLIEN MUTOMATPUKCOMbI CO,-/TASEPOM
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Poccuiickunii HaumoHanbHbI CCNeaoBaTeNbCKNA MEANLMHCKUIA YHUBepcuTeT umenHn H. V1. Muporosa, Mockea, Poccus
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The diversity of clinical presentations of skin neoplasms (SN)
seen on physical examination and the ensuing difficulty in their
differential diagnosis necessitate the use of additional diagnostic
techniques. The initial examination of SN includes dermoscopy
[1]; ultrasonography, siascopy, confocal laser scanning
microscopy, [2] and near-infrared multispectral imaging [3] can
also facilitate the diagnosis, if available. However, the application
of these tools does not eliminate the possibility of misdiagnosis;
even the findings of a histopathological examination, the gold
standard of modern medicine, can be subject to misinterpretation
[4]. Dermoscopy is a widespread technique for diagnosing
melanocytic skin tumors in the first place [5]. Dermoscopy
images of rare SN, such as pilomatricoma, are underrepresented
in the literature.

Pilomatricoma, also known as benign calcifying epithelioma,
necrotizing epithelioma, calcifying epithelioma of Malherbe,
and pilomatrixoma, is a rare benign skin neoplasm with
follicular differentiation. In 1880, A. Malherbe and J. Chenantais
hypothesized that the tumor derived from sebaceous glands [6].
In 1961, R. Forbis and E. Helwig coined the term “pilomatricoma”
because they found that the tumor arose from the outer sheath
cells of the hair follicle root [6]. F. Moehlenbeck reported that
pilomatricoma accounted for 0.12% of 140,000 SN he had
analyzed [6]. Today, it is known that pilomatricoma originates
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from the hair follicle matrix [7]. It is usually localized to the head
or neck and is more often seen in children, especially girls,
although adults are also affected [8]. Its clinical manifestations
are diverse. The tumor can present as a small, barely noticeable
subcutaneous lesion, as well as a bigger, more aggressive
and locally invasive growth [9]. Due to its varying clinical
presentations, pilomatricoma can be mistaken for a malignancy.
Unattractive postoperative scars can cause emotional distress
in patients with facial pilomatricomas. Therefore, the size and
location of the lesion, the risk of developing a hypertrophic or
keloid scar, comorbidities, and the patient’s age should all be
taken into account when deciding on the best treatment option.
It is important to minimize the postoperative cosmetic defect and
achieve an esthetically acceptable result.

Clinical case

Female patient K., aged 52, presented with a skin lesion on
her left cheek (Fig.1). She had first spotted the lesion 20 years
before but never sought medical advice. The patient had tried
to squeeze it on repeated occasions before she noticed the
mass was growing.

Status localis: the patient’s skin color was normal; her
Fitzpatrick skin type was Ill. On the left cheek, there was
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a nodular pink-pale mass sized 10.0 x 10.0 x 0.5 mm with
a heterogenous lobular structure and yellow inclusions. The
mass was soft and non-tender on palpation. The surrounding
skin was intact.

Dermoscopy allowed a 20x magnification. The examination
revealed a mass with clear margins and a lobular structure,
symmetrical on two axes; the mass had homogenous yellow
and pale pink inclusions, tortuous blood vessels and skin flakes
(Fig. 2).

The analysis of the dermoscopy image by a convolution
neural network suggested a benign tumor.

Clinical diagnosis: a benign skin neoplasm of the face
(D23.3).

Differential diagnosis: basal cell carcinoma, epidermoid
cyst, atheroma, xanthogranuloma, dermal cylindroma,
dermatofibroma.

Considering the location of the neoplasm and its size (up to
2 cm?), it was decided to remove it under local anesthesia using
a CO, laser; the procedure was preceded by a scalpel biopsy.

Histopathology: D17.0 Proliferating pilomatricoma (necrotizing
epithelioma of Malherbe) (Fig. 3). ICD-O code: 8110/0.

The follow-up examination conducted 2 weeks after surgery
revealed formation of a neat scar (Fig. 4, 5)

Discussion

Patients with SN seek medical advice from both cancer
specialists and non-oncologists. According to the literature,
skin malignancies are the most common cancer type reported
in the Russian Federation, amounting to 12.6% (excluding
melanoma) or 14.2% (including melanoma) [10]. It is critical
that the patient should be immediately referred to an oncologist
if clinical examination is suspicious of a skin/skin adnexa
malignancy in order to make a timely diagnosis and decide on
an adequate treatment strategy [11]. Pilomatricoma is a rare
skin lesion, and physical examination alone does not provide
the accurate diagnosis. In the case described in this article,
we performed dermoscopy and carried out a histopathological
study of the excised mass. With rare SN, there is always a risk
that dermoscopy findings can be misinterpreted. In this regard,
the use of artificial intelligence (Al) for the initial screening for
SN is a promising approach [12]. At present, Al is employed
to analyze digital microphotographs; it demonstrates high
sensitivity in detecting malignancies. A convolutional neural
network (CNN) is trained on over 100,000 microphotographs

Fig. 1. A pale-pink skin nodule with yellow inclusions on the left cheek

Fig. 2. Dermoscopy: a mass with a clear lobular structure, showing homogenous areas
of yellow and pale pink, tortuous blood vessels and skin flakes (magnification: x20)

Fig. 3. A skin fragment with a nodule consisting of proliferating epithelial cells
in a garland-resembling arrangement. Some of the cells are necrotic (the so-
called shadow cells). Inflammatory cell infiltrate is seen around the layers of the
epithelium (staining: hematoxylin and eosin; magnification x40)

Fig. 4. Dermoscopy: a well-demarcated symmetrical pale pink area (magnification: x20)
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of SN with a histologically confirmed diagnosis [13]. It can build
its own algorithms for decision making during the analysis. A
trained CNN demonstrates better specificity and sensitivity in
comparison with dermatologists who have little (<2 years) or
moderate (>5 years) experience in dermoscopy [13]. Of course,
Al cannot replace humans in diagnosing SN, but it can assist
fledgling doctors in decision making. In the nearest future CNNs
will continue to develop and will be trained on real clinical data;
this will improve the diagnostic accuracy for such rare SN as
pilomatricoma.

Due to the risk of postoperative hypertrophic scarring, facial
surgery can be a stressful factor for the affected patients. The
arsenal of techniques for pilomatricoma removal is broad and
includes surgical excision, curettage, cauterization, cryosurgery,
photodynamic therapy, and laser ablation. It is reported that the
use of a CO, laser for removing various SN and appendageal
tumors of the face produces a good esthetic result [14, 15].
A CO, laser reduces the rate of pilomatricoma recurrence,
the time needed for the surgical wound to epithelize, the
incidence of intraoperative and postoperative complications,
and increases the positive feedback rate. A CO, laser is highly
effective in removing small (<2 cm?) pilomatricomas, providing
a good esthetic result.

CONCLUSIONS

Physical examination alone is not enough to diagnose a
pilomatricoma; additional noninvasive diagnostic tools should
be employed. Dermoscopy is the most common technique in
dermatology; however, the literature shows a lack of dermoscopy
images of rare skin neoplasms, such as pilomatricoma. There is
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This article describes the contemporary methods of diagnosing sexually transmitted infections, their advantages and disadvantages, indications for use. The authors
describe application of quantitative polymerase chain reaction in diagnosing inflammatory diseases and dysbiotic conditions in men and women. This method,
which is currently the “golden standard” in urogenital pathology diagnostics, has undeniable advantages over microbiological methods and qualitative polymerase
chain reaction: the preanalytical stage requirements (preservation of quantitative ratios between microorganisms or nucleic acids of microorganisms) are not as
strict, the risk of contamination from outside environment and subsequent corruption of the results is significantly smaller, the conditions for all microorganisms,
including those impossible and hard to cultivate, are the same sensitivity and specificity-wise, it is possible to sample materials and evaluate microbiota (ratios of
microorganisms and their groups) and also possible to collect samples non-invasively, the speed of testing is high.
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OVWATHOCTUKA MHOEKLIMOHHOW YPOIEHUTAJIbHON MATONIOMNA
METOAOM KOJINHECTBEHHOW NUP
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B cTatbe npenctaBneHbl COBPEMEHHbIE METOAbI AVArHOCTVKI MHAEKLWIA, NepefaBaeMblX MNOMOBLIM NMyTEM, X NPENMYLLIECTBA Y HeLOCTaTKM, NoKadaHus K
npuMeHeHnto. OnmncaHbl BO3MOXKHOCTY KONMHECTBEHHOM MOMMMEPA3HON LIENHOM peakumn Ana AMarHOCTUKM BOCNANUTENbHbIX 3a60neBaHni 1 ANCONOTNHECKINX
COCTOSIHUA Y MYXUMH W >XEHLUMH. [laHHbI METOA, SBNSIOMINCS B HACTOSILLEe BPEMSI «30/10TbIM CTaHAAPTOM» AMArHOCTUKN YPOreHUTanbHOM naTonoriu,
MMEET HeoCrnopuMble MPEUMyLLECTBA Nepen MUKPOBMONOrMYECKUMN METOAAMI U NOANMMEPA3HOW LEMNHOM peakLein B Kad4eCTBEHHOM dopmare: MeHee
>KECTKME TPEOOBaHNS K MPeaHaMTUHECKOMy 3Tary AJ1st COXPaHEHWST KONMHYECTBEHHBIX COOTHOLLEHWIA MEXAY MUKPOOPraHi3MamMi (HyKEVHOBBLIMM KUCIOTaMm
MVKPOOPraH3MOB), 3HAYMTENIBHO MEHBLLNIA PUCK BAMSIHUS Ha pe3ynsTaT UCCNEA0BaHNS KOHTaMMHaLMy 06pasLoB MUKPOOPraHM3Mammn 13 BHELLHe cpefpl,
paBHble YCNOBYS MO YyBCTBUTENIBHOCTY 11 CREUMMUYHOCTI ANt BCEX MVKPOOPIaHN3MOB, B TOM HYIUCIE HEKYBTUBUPYEMbIX 11 TRYAHOKYIETUBMPYEMBIX, BOSMOXXHOCTb
KOHTPOSS B3ATVISt MaTepyiana 1 OLEHKM COCTOSIHMIS MUKPOBUOTbI MO OTHOLLEHWIO MUKPOOPTaHN3MOB 1 X Fpynn APy K Apyry, CKOPOCTb NOSyYeHnst pesynsraTa u
BO3MOXXHOCTb VCCNEA0BaHNA HEMHBA3VBHO B3ATbIX 06pa3LioB.
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Contemporary researchers estimate that over 357 million people
a year contract bacterial pathogens of sexually transmitted

Until recently, culture test was the “golden standard”
in urogenital infections diagnostics. However, a significant

infections (STls) [1, 2], and the frequency of inflammatory
diseases of urogenital tract caused by aerobic and anaerobic
opportunistic microorganisms reaches 80% among genital
sphere pathologies [3-5].

With the aim to reduce incidence of and eliminate STls
there was developed the Global Health Sector Strategy on
Sexually Transmitted Infections (2009-2016, 2016-2021).
One of the missions pursued by the strategy is popularization
of early diagnostics of such diseases, including symptom-
free cases, since diagnosing an STl at an early stage creates
optimal conditions for effective treatment and helps prevent
further spread of the infectious agents [2].
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number of etiological agents of urogenital tract infections and
inflammations are hard to culture or unculturable. Besides,
culture testing is labor intensive and time consuming, which
significantly limits its use in routine clinical practice. Thus,
there is a need for new diagnostic technology for urogenital
pathology.

Diagnostic methods for urogenital infections
The current recommendation is to perform extra tests to

confirm gonococcal infection diagnosed through microscopic
examination only if the patient is male and the disease
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manifests itself. Microscopy has a number of deficiencies
that limit its applicability significantly: the assessments of
results are subjective, the sensitivity is low (30-40%) when
examining cervical, pharyngeal and rectal samples, as well as
in cases of asymptomatic infections [6]. For children, pregnant
women, women during menopause and in suspected cases
of extragenital and complicated forms of the disease it is
necessary to use culture and/or molecular biological testing
methods. In N. gonorrhoeae identification, the specificity and
sensitivity offered by molecular biological methods reaches
100%. They are given priority in the routines of diagnosing
asymptomatic forms of the disease, when a mixed infection
is suspected, in screening examinations and when there are
anamnestic and/or clinical signs of gonococcal infection
with negative results of microscopic examination or when
there are altered gram-negative or gram-stable diplococci
detected [7, 8.

The basic methods of diagnosing urogenital trichomoniasis
are native preparation microscopy, molecular biological and
culture methods. Native preparation microscopy is performed
immediately after sampling biological material, which limits

applicability of this method. Microscopy of stained preparations
is not recommended for diagnostic purposes since its sensitivity
and specificity are the lowest (30-60%) compared to other
laboratory methods (Trichomonas vaginalis are often round
and resemble polymorphonuclear leukocytes, and its typical
morphological signs are lost during fixation and staining) [6].

Culture method's sensitivity and specificity largely depend
on the composition of culture media and conditions of
Trichomonas culturing. This method is more labor intensive
and time consuming than molecular biological methods,
the sensitivity of which is 88-97% and specificity — 98-99%.
Molecular biological testing is given priority in cases of
asymptomatic trichomoniasis (most often observed in males),
when there is a mixed infection suspected, in screening
examinations, and also when there is a need to control the
quality of microscopic examination [5, 8].

It is recommended to apply only the molecular biological
methods, with their specificity and sensitivity approaching
100% [5, 9], to validate diagnosis of chlamydial infection,
diseases caused by M. genitalium, and viral STIs (anogenital
herpes virus and human papillomavirus infections).
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Fig. 1. The basic algorithm for interpreting urogenital tract microflora examination, female patients, real-time PCR

BECTHVK PrMY | 6, 2019 | VESTNIKRGMU.RU



Thus, molecular biological methods — polymerase chain
reaction (PCR), real-time PCR (RT PCR), NASBA — were
added to the official lists as methods to diagnose all sexually
transmitted infections.

Possibilities offered by molecular biological methods in
diagnosing urogenital system pathologies

Introduction of PCR to clinical practice had a truly revolutionary
effect on identification of STls agents. However, improperly
selected genetic targets and/or various inhibitory factors
can affect sensitivity of PCR. Moreover, its specificity may
also be hindered by non-pathogenic representatives of the
same genus/family of microorganisms present in the sample.
Besides, qualitative PCR does not provide sufficient information
to identify opportunistic microorganisms.

Real-time PCR is a modification of PCR that combines
amplification and simultaneous detection of accumulation of its
products directly during the reaction. This method allows not
only to determine DNA of the microorganism but also quantify
its content in the sample. Real-time PCR does not involve
post-amplification analysis of reaction products and extraction
of the test tube contents, which significantly lowers the risk of
sample contamination and eliminates the need for a separate
laboratory zone, as well as reduces testing time and augments
objectivity of interpretation of its results [10].

Until recently, only the culture method allowed identification
of opportunistic aerobic microorganisms, while anaerobic
microorganisms, which often cause inflammatory and dysbiotic
diseases of genitourinary system, remained undetected.
Meanwhile, it is known that this group of bacteria often
competes with lactobacilli for biotope dominance, and with
dysbiotic disorders in women, it is usually obligate-anaerobic
microorganisms that colonize the vaginal epithelium [11].
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Today, real-time PCR enables adequate diagnostics of
STIs and simultaneous detection of dysbiotic conditions
(aerobic/anaerobic  vaginitis, urethritis, balanoposthitis,
bacterial vaginosis, etc.) resulting from an imbalance between
opportunistic microorganisms and normal urinary tract
microbiota. There is a number of testing systems based on
this method (Florocenosis, Ampliflor, Amplisens etc.) registered
in Russia; they allow qualitative and quantitative assessment
of pathogenic and opportunistic aerobic microorganisms.
Florocenosis and Ampliflor enable identification of lactobacilli,
representatives of the Candida genus, family Enterobacteriaceae,
Streptococcus spp., Staphylococcus spp., G.vaginalis, A.vaginae,
opportunistic mycoplasmas, but they do not allow detecting
obligate anaerobic microorganisms. Femoflor-16 and Androflor
testing systems offer the widest detected range of opportunistic
aerobic and anaerobic microorganisms of all the systems
available. Application of these unique “paired” tests, developed
for women and men, allows developing an effective algorithm
for laboratory examination of couples and selection of therapy
if one or both partners have infectious diseases of reproductive
system or reproductive function disorders (Fig. 1, 2) [12, 13].

From the clinical point of view, one of the most important
features of these testing systems is sampling quality control:
the marker of sufficiency of collected epithelial cells that
enter transport medium when scraping. At the early stages
of examination, this indicator allows assessing adequacy
of biomaterial sampling and avoiding false positive and false
negative results [14, 15].

Absolute quantitative results of real-time PCR are given in
genome equivalents (GE), the values of which are proportional
to microbial contamination of urogenital biotope. However,
according to some researchers, absolute quantitative indicators
do not always correlate with severity of clinical picture of the
disease, and values in excess of their thresholds do not always

Biomaterial sample
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biomaterial biomaterial Candida spp.
hgDNA > 10° and/or
TBM > 10*
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TBM evaluation OM evaluation
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Normal flora evaluation | | Normal flora evaluation -
hgDNA < 10* and hgDNA > 103 §
[0}
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I I I I I I vV Vv
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Abbreviations: TBM — total bacterial mass, hgDNA — human genomic DNA, LB — lactobacilli, OM — opportunistic microorganisms, TH — threshold value

Fig. 2. The basic algorithm for interpreting urogenital tract microflora examination, male patients, real-time PCR
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signal of clinical manifestations of an infectious-inflammatory
process. Back in 1986, F. J. Roberts found a bacteriuria
level below significancy in 30% of patients with clinically and
laboratory confirmed bacterial infections of genitourinary
tract, and in 1987 J. A. Kellogg et al. found no correlation
between clinical manifestations of urethritis and a significant
level of bacteriuria. In this connection, determining the relative
quantitative indicators (shares) of opportunistic microorganisms
as a logarithmic difference and as a percentage of the total
bacterial mass is of great practical interest. This indicator
allows a specialist to assess the share of each microorganism
or group of microorganisms in a specific biological sample, as
well as evaluate their prevalence over other species, including
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