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ORIGINAL RESEARCH | MICROBIOLOGY

COMPARATIVE PHYLOGENETIC ANALYSIS OF NEISSERIA GONORRHOEAE CLINICAL
ISOLATES IN RUSSIA, EUROPEAN UNION, AND JAPAN

Shaskolskiy BL' &, Kandinov ID, Chestkov AV?, Solomka VS?, Kubanov AA?, Deryabin DG?, Gryadunov DA', Dementieva El'

" Center for Precision Genome Editing and Genetic Technologies for Biomedicine, Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russia
2 State Research Center of Dermatovenerology and Cosmetology, Russian Ministry of Health, Moscow, Russia

Surveillance of multidrug-resistant infections is a priority task for contemporary epidemiology. The aim of this study was to genotype modern clinical isolates of
N. gonorrhoeae using the NG-MAST technique (Neisseria gonorrhoeae multi-antigen sequence typing) and to compare the phylogeny of the gonococcal pathogens
coming from Russia, European Union and Japan. We studied a total of 822 isolates collected in Russia from 2013 through 2018. We also used NG-MAST data
from the following databases: PathogenWatch (European Union, 1,071 isolates) and PubMLST (Japan, 206 isolates). Russian isolates represented 301 different
NG-MAST types. The most common were types 807, 228, 1993, 5714, and 9476 (8.3%, 3.3%, 3.2%, 3.2%, and 2.7%, respectively). There were only 3 isolates
(0.4%) from Russia that represented the epidemiologically significant sequence type 1407 prevailing in many countries and characterized by multiple determinants of
antimicrobial resistance. A phylogenetic tree for the NG-MAST types found in Russia and European countries was constructed. The cluster analysis of the proportion
of isolates belonging to unique sequence types and the country population size allowed us to identify 2 clusters (significance level — 0.01): the first cluster included
Russia and Japan, the second, European countries. A distribution pattern was identified for unique sequence types: the greater is the population size, the higher
is their proportion. The phylogenetic analysis demonstrated a genetic distance between the most common Russian, European and Japanese sequence types,
suggesting that the Russian population of N. gonorrhoeae has been evolving relatively locally.

Keywords: Neisseria gonorrhoeae, NG-MAST, phylogenetic analysis

Funding: the study was supported by the Russian Science Foundation (Project 17-75-20039 on the assessment of genetic diversity of sequence types) and the
Ministry of Science and Higher Education of the Russian Federation (Agreement Ne 075-15-2019-1660 on the collection and verification of clinical isolates and the
establishment of the association between the unique sequence types and the population size). The isolates were sequenced at the facilities of the Genome center
for collective use (Engelhardt Institute of Molecular Biology; http://www.eimb.ru/ru1/ckp/ccu_genome_c.php).

Author contribution: Shaskolskiy BL, Dementieva El, Kandinov ID carried out the study, analyzed the data and wrote the manuscript; Gryadunov DA supervised
the study and wrote the manuscript; Chestkov AV, Solomka VS, Kubanov AA, Deryabin DG collected and verified clinical isolates, analyzed the obtained data.

Compliance with ethical standards: the study was approved by the Ethics Committee of the State Research Centre of Dermatovenerology and Cosmetology
(Protocol Ne 11, dated November 29, 2019). Specimens were collected in compliance with the Declaration of Helsinki (2000) and the European Convention on
Human Rights and Biomedicine (1999).
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CPABHUTEJIbHbIN ®UNOMEHETUYECKUI AHANTU3 KITMHUYECKUX N30NATOB
NEISSERIA GONORRHOEAE POCCIWWN, CTPAH EBPOCOIO3A N ANMOHUN

B. J. LWackonsckuin' ™=, . [. KanguHos!, A. B. YecTtkos?, B. C. Conomka?, A. A. Kybaros?, [. I. Oepsi6u, [. A. TpaayHos', E. V. JemeHTbesa’

" LIeHTp BbICOKOTOYHOrO PefaKTUPOBaHIIS U FEHETUHECKIIX TEXHONOIA AN GroMeanUmHbl, VIHCTUTYT MonekynspHor buonorun nvenn B. A. SHrenbrapara Poccuinckon
akagemun Hayk, Mocksa, Poccus

2 TocynapCTBEHHbI Hay4HbI LIEHTP AepMaToOBEHePONorn 1 kocmeTonorum MuHsapasa Poccun, Mocksa, Poccus

MoHWTOPUHI BO36yaAUTENEN MHPEKLIMOHHBIX 3a601EBaHNI, Pa3BMBAIOLLIMX MHOXECTBEHHYIO YCTOMYMBOCTL K aHTUMMKPOOHbBIM Npenaparam, SBASETCs BaXKHOW 1
aKTyasnbHoW 3afadent. Llenbto paboTbl SBNSNOCH reHOTUMMPOBaHME COBPEMEHHbBIX POCCUNCKIMX KNMHYECKMX n3onatoB N. gonorrhoeae no npotokony NG-MAST
(Neisseria gonorrhoeae multi-antigen sequence types) 1 cpaBHUTENbHbBIA (UNOrEHETUHECKIIA aHaNN3 BO3OYAWTENS FOHOKOKKOBOW MHMbEKLMN B Poccum, cTpaHax
EC un AnoHnn. Beero nccnenoaHo 822 n3onsra, cobparHbix B PP B nepuop ¢ 2013 no 2018 rr. Vicnonb3osanu Takke faHHble NG-MAST-TunvpoBaHmns 13 6a3
HaHHbIx «PathogenWatch» (cTpaHbl EC, 1071 obpaseLy) n «PUubMLST» (AnoHns, 206 obpasuos). Mzonatel PO npuHagnexanm k 301 pasnmaHomy NG-MAST
TUNY, Hanbonee pacnpocTpaHeHHbIMK sBasAMck 807, 228, 1993, 5714, 9476 (8,3%; 3,3%; 3,2%; 3,2%; 2,7% COOTBETCTBEHHO). B PD 06Hapy»eHO TOMbKO
3 n3onara (0,4%) naHaoemmyeckn 3Haqnumoro NG-MAST 1407, xapakTepuaytoLLerocsi MHOXXECTBEHHbIMW AeTEPMUHAHTaMN PE3UCTEHTHOCTU K aHTUMUKPOOHbBIM
npenaparam ¥ JOMUHMPYIOLLErO BO MHOIMX CTpaHax mupa. [ocTtpoeHo dunoreHeTuydeckoe apeso NG-MAST TrnoB, HanmaeHHbIX B Poccum 1 B eBponencKnx
cTpaHax. KnacTepHbIn aHannsa faHHbIX MO A0NE N30AATOB C YHUKANbHBIMY CUKBEHC-TUNAaMM 1 YUCNEHHOCTIN HACENEHWA NoKasan CyLLIeCTBOBaHVE ABYX K1acTEPOB
(ypoBeHb 3HaummMocTi 0,01): nepsbIi cocTaBun Poccust 1 SnoHWs, BTOPON — eBpOreickine CTpaHbl. [lokadaHa TeHAEHUMS B pacrpefeneHnn YHUKaIbHbIX
CVIKBEHC-TUMOB — WX JONSA TeM BbllLe, YeM BOMbLUE YCIEHHOCTb HaCeneHnst CTpaHbl. PUMOreHETUHECKUIA aHaIMS NMoKa3as reHETUHECKYIO OTAaNIeHHOCTb Havbonee
pPacnpOCTPaHEHHbIX POCCUIMCKMX, EBPOMENCKINX 1 AMOHCKMX CUKBEHC-TUMOB, YTO YKAa3bIBAET Ha JTIOKASIbHbBIN XapakTep (hOpMUPOBaHNS 11 SBOSKOLIM POCCUNCKOW
nonynaumn N. gonorrhoeae.
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Molecular genetic typing techniques revealing intraspecies
variability in pathogenic bacteria have been vigorously used
in epidemiological research since the early 21st century
[1]. Genotyping is especially important for the surveillance
of multidrug-resistant infections, such as those caused by
Neisseria gonorrhoeae. The World Health Organization (WHO)
has included N. gonorrhoeae in the list of 12 pathogens that
pose a global threat and require urgent development of novel
antimicrobial drugs [2].

Surveillance of epidemiologically significant clones of
N. gonorrhoeae, including multidrug-resistant isolates, and
control of their global and regional spread rely on the use of
Neisseria gonorrhoeae multi-antigen sequence typing (NG-
MAST), Multilocus sequence typing (MLST) [3, 4] and whole-
genome sequencing (WGS) [5]. WGS provides the most
comprehensive information on the phylogeny of clinical isolates,
but high costs and strict requirements for the quality of DNA
samples still limit its application in routine practice. MLST was
originally developed to type N. meningitidis and this method
analyzes genes that are more conserved than porB and tbpB
targeted by NG-MAST. Thus, NG-MAST currently remains
the main and the most widely used technique to study the
evolution of the pathogen and identify its transmission routes
[4, 6]. Moreover, NG-MAST has demonstrated high resolution
in the analysis of clinical isolates [7, 8].

NG-MAST consists in sequencing variable regions of two
genes encoding the transmembrane porin protein (porB) and
the transferrin-binding protein (tbpB). Based on sequencing
data, each unique sequence is assigned a reference allele
number, and the combination of allele numbers is assigned a
sequence type (ST). The list of the identified alleles is constantly
expanding. In January 2020, the database at www.ng-mast.
net contained over 11,000 porB alleles and over 2,900 tbpB
alleles that formed over 19,500 NG-MAST types.

The aim of this study was the NG-MAST typing of modern
N. gonorrhoeae clinical isolates collected in Russia and
the comparative phylogenetic analysis of bacteria causing
gonococcal infection in Russia, European countries and Japan.

METHODS

Clinical isolates of N. gonorrhoeae (822 specimens) collected
in 17 Russian regions under the Russian Gonococcal
Antimicrobial Surveillance Programme (RU-GASP) were
shipped to the State Research Center for Dermatovenerology
and Cosmetology (Moscow). The isolates had been collected
in 2013-2018 in 7 of 8 federal districts, except the Far Eastern
district, specifically from Arkhangelsk, Astrakhan, Bryansk,
Irkutsk, Kaluga, Novosibirsk, Omsk, Penza, Pskov, Ryazan,
Tomsk, Chelyabinsk and Stavropol regions, the city of Moscow,
the Republics of Tatarstan, Tyva and Chuvash. The specimens
came from specialized healthcare facilities for dermatology
and venerology (1 specimen per patient). The number of the
obtained clinical isolates varied across the regions between 1
and 10% of the total reported cases of gonococcal infection
in a given region (5 to 35 strains a year), depending on the
population density and the incidence of the infection. Sample
collection, shipment, culture, verification and storage conditions
are described in detail in [9-11]. The number of clinical isolates
analyzed during each year of our study are provided in Table 1.

Molecular typing of N. gonorrhoeae consisted in sequencing
the variable regions of the porB (490 bp) and tbpB (390 bp)
genes according to the NG-MAST protocol [12]. After the first
round of PCR ampilification and purification of PCR products,
the resulting DNA fragments were Sanger-sequenced using
a 3730xlI Genetic Analyzer (Applied Biosystems; USA). The
obtained allele sequences were compared to the reference
sequences from the NG-MAST database at www.ng-mast.
net in order to identify a sequence type of each clinical isolate.
Previously uncharacterized allele sequences detected in
porB and tbpB or their combinations were submitted to the
aforementioned NG-MAST database and assigned an NG-
MAST sequence type.

Data on N. gonorrhoeae circulating in the European Union
were retrieved from EUROGASP database at https://pathogen.
watch/collection/eurogasp2013. We analyzed a total of 1,071
isolates from 21 EU countries, including Austria, Belgium, UK,

Table 1. The most common NG-MAST types found in the Russian population (2013-2018)

Year Number Of. analy;ed clinical isolates The most common Propc_)r_'tion of samples with
(number of identified sequence types) sequence types a specified sequence type, %

807 13.1

2013 160 (81) 1152* 5.6
5941 3.7
9476* 11.4

2015 123 (57) 807 8.1
1544*. 571 4.9

807 6.5

2016 261 (128) 5714* 6.1
1993 4.6
807 10.2

2017 127 (63) 1751* 6.3
13058* 5.5
228* 14.6

2018 151 (67) 14942 5.3
807. 1993. 14020* 4.6

Note: * — NG-MAST types unique to Russia.
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Hungary, Germany, Greece, Denmark, Ireland, Iceland, Spain,
ltaly, Cyprus, Latvia, Malta, Netherlands, Norway, Portugal,
Slovakia, Slovenia, France, and Sweden. NG-MAST data on
206 isolates of N. gonorrhoeae circulating in Japan (2015)
were retrieved from the database at https://pubmist.org/ (we
selected samples of N. gonorrhoeae with known variants of
porB and tbpB). Isolates with a mixed or unknown NG-MAST
type were excluded from the analysis. A total of 29 isolates
were excluded, which amounts to 1.4% of the initial sample
size (EU + Japan).

Phylogenetic analysis was performed on the concatenated
sequences of porB and tbpB. Model selection was done
using Bayesian and Akaike information criteria. The best
substitution model for our dataset was GTR with the calculation
of the proportion of invariant sites and the G model of rate
heterogeneity. Based on the obtained sequences and the
chosen model, a maximum likelihood phylogenetic tree was
constructed in RAXML ver. 7.4.8 [13]. The phylogenetic tree was
created using the software at http://galaxy-dev.cnsi.ucsb.edu/
osiris/. The number of iterations applied was 999. The tree was
constructed from the data on Russian and European clinical
isolates of N. gonorrhoeae collected in 2013. For phylogenetic
tree clades, bootstrap values of 90% or above were considered
statistically significant.

The data on the population size and the proportion of
isolates representing unique sequence types in each country
were analyzed using Ward’'s agglomerative hierarchical
clustering procedure in the «cluster» package for R. The optimal
number of clusters was computed in the «Nbclust» package for
R [14]. Information on the population size in different countries
and the net migration rate (number of migrants per 1,000
population) were taken from The World Factbook: https://www.
cia.gov/library/publications/the-world-factbook/.

RESULTS

Based on the results of molecular typing, 822 clinical isolates
of N. gonorrhoeae collected in Russia between 2013 and 2018
were attributed to 301 different NG-MAST types. The most
prevalent sequence types were 807, 228, 1993, 5714, and
9476 (8.3%, 3.3%, 3.2%, 3.2%, and 2.7% of the total sample
size, respectively). In 2013, isolates of NG-MAST type 807
made up over 13% of the Russian N. gonorrhoeae population;
in the next few years, this number gradually declined, reaching
4.6% in 2018 (Table 1). Representatives of sequence types 807
and 1993 were also detected among European specimens, but
occurred there sporadically: type 807 was found in the Spanish
and Slovakian populations, whereas type 1993, in Denmark.
In 2018, sequence type 228, which is unique to Russia, was
the most common type in Russia, amounting to 14.6% of the
gonococcal population. The proportion of Russian isolates
classified as unique Russian sequence types (marked by an
asterisk in Table 1) remained constant relative to the total number
of isolates analyzed between 2013 and 2018 (80% on average).

Notably, the proportion of sequence types represented by
only one specimen was high and stable over the entire studied
period, amounting to 25-31% of the total number of isolates.
In the European population of N. gonorrhoeae, it was as high
as 24% in 2013 [6].

Results of N. gonorrhoeae molecular typing in European
countries [5, 6] and the most common sequence types are
shown in Table 2. In 2013, 389 sequence types were circulating
in the EU, the most prevalent being sequence type 1407, which
occurred in 13 countries and constituted 7.3% of the total
analyzed clinical isolates.
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The Japanese population of N. gonorrhoeae (Table 2) was
very different from both Russian and European populations.
Japanese isolates represented 65 molecular types, of which
only 2 sequence types were present in Russia and European
countries: NG-MAST 1407 (found in EU and Russia) and
NG-MAST 4186 (one specimen from Sweden). The rest 63
molecular types were unique to Japan.

In order to establish a phylogenetic relationship between
Russian and European clinical isolates of N. gonorrhoeae, a
maximum likelihood phylogenetic tree was constructed. The
phylogenetic tree colored according to the presence of NG-
MAST type in each country is shown in Fig. 1.

The analysis of sequence types distribution on the tree for the
isolates from Russia and EU identified 16 clades with bootstrap
values higher than 90% (Fig. 1). Some clades fully or partially
corresponded to the European genogroups established for
N. gonorrhoeae samples collected in Europe in 2013 in the
report of the European center for disease prevention and
control [6].

Clade a (bootstrap value = 100) comprises 40 NG-MAST-
types (82 isolates) from 17 European countries and Russia;
of them 6 sequence types are represented by 7 Russian
isolates (8.5%). The clade also includes sequence type
5624 (represented by 15 specimens from 7 countries) and
corresponds to the previously described European genogroup
G5624 [6].

Clade B (bootstrap value = 94) is formed by 33 sequence
types (91 isolates), including type 225 commonly found in
Europe (24 specimens from 12 European countries) and type
292 (15 specimens from 6 countries; of those specimens,
one comes from Russia). Russian contribution to this clade is
represented by 19 isolates (21.3%) belonging to 12 different
sequence types. Clade B corresponds to the European
genogroup G225 [6].

Clade Y (bootstrap value = 96) is constituted by 14 sequence
types (98 isolates) collected in 17 European countries (1 isolate
comes from Russia), of them 78 isolates represent sequence
type 2992, which is the second most common NG-MAST type
in Europe. Clade Y corresponds to the European genogroup
G2992 [6].

Clade & (bootstrap value = 98) comprises 3 sequence
types (Portugal, Norway, UK). Clade & (bootstrap value =
100) consists of 4 sequence types (4 isolates from Norway,
Greece and UK). Clade T (bootstrap value = 100) contains only
sequence types unique to Russia (7 specimens representing 5
NG-MAST types).

Clades 1 and 6 (bootstrap values 98 and 90, respectively)
contain only European sequence types not found in Russia.
Clade n is formed by 9 NG-MAST types (16 samples), clade 6
consists of 11 sequence types (34 samples). NG-MAST-types
of these 2 clades represent the European genogroup G5333 [6].

Clade 1 (bootstrap value = 98) consists of 4 sequence types
(4 samples collected in Portugal, Italy and the Netherlands).

Clade K (bootstrap value = 94) comprises 4 European
sequence types (36 samples), including sequence type 4995
(the fourth most common type in Europe found in 10 European
countries) represented by 31 isolates. Clade K corresponds to
the European genogroup G4995 [6].

Clade A (bootstrap value = 95) includes 3 sequence types
from European countries represented by 10 samples, of which
8 represent NG-MAST type 5441 detected in 5 countries.

Clade p (bootstrap value = 94) comprises 4 sequence types
(10 samples from Greece, Denmark, Slovenia, and Portugal).
Clade v (bootstrap value = 98) is formed by 3 sequence types
(5 samples from 5 European countries).
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Table 2. NG-MAST types most common to EU and Japan

Number of analyzed clinical isolates

The most common

Proportion of samples

Country (ID) Year . - representing a specified
(number of identified sequence types) sequence types sequence type, %
3785* 18.0
Austria (AT) 2013 50 (24) 11575 12.0
387, 4994 8.0 each
1407 16.4
Belgium (BE) 2013 55 (24) 387, 2992 145
2400, 5624 7.3 each
1407 49
Cyprus (CY) 2013 6(4) 4269, 6146*, 10803* 17.0 each
4995 8.9
Germany (DE) 2013 45(0) 359, 5441, 9500 6.7 each
1993 20.4
Denmark (DK) 2013 54 (28) 1407 14.8
2400 7.4
1407 10.0
Spain (ES) 2013 110 (64) 2400 9.1
21 7.3
645 8.9
France (FR) 2013 56 (40) 4995, 5624, 11352* 5.4 each
3128 18.8
Greece (GR) 2013 48 (20) 225, 4730, 11055 10.4 each
1407 21.7
Hungary (HU) 2013 46 (20) 995 13.0
387, 11046* 6.5 each
2992 15.9
Ireland (IE) 2013 44 (26) 384 1.4
21,225, 437, 649*, 2400, 10843*, 10846" 4.5 each
Iceland (IS) 2013 5 (5) 1034, 2400, 9541*, 10640*, 11080* 20.0 each
2992 33.3
ltaly (IT) 2013 24 (13) 6360 12,5
5624, 8826 8.3 each
5 36.8
Latvia (LV) 2013 38 (15) 10828 13.2
21, 4269 7.9
2992 35.0
Malta (MT) 2013 20(10) 1407, 484*, 9905*, 10788 10.0 each
2992 13.6
Netherlands (NL) | 2013 66 (38) 2400 12.1
4995, 5624, 8154, 8919 4.5 each
1407 9.1
Norway (NO) 2013 55 (41) 4275 7.3
2400 55
1407 16.5
Portugal (PT) 2013 103 (54) 7445 1.7
1034 4.9
5445 10.2
Sweden (SE) 2013 4961) 3128, 7164, 7445 6.1 each
21 13.2
Slovenia (Sl) 2013 53 (26) 10800, 10801* 11.3 each
10798*, 10799* 7.5 each
. 1407, 10800, 11042* 13.2 each
Slovakia (SK) 2013 38 (19) 350, 2992 10.5 each
2992 1.3
UK (UK) 2013 106 (52) 51 10.4
4995 6.6
1407 47.0
Poland (PL)™ 2012 - 8391 7.0
1861, 2992 5.0 each
5687 7.8
Japan (JP) 2015 206 (65) 1407 6.3
6778* 4.4

Note: * — NG-MAST types unique to the specified country; ** — NG-MAST types common to Poland and described in [17].
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Clade & (bootstrap value = 100) consists of 3 sequence types
(4 samples from Ireland and Denmark). Clade o (bootstrap value
= 98) is formed by 5 NG-MAST types (17 samples), including
types 1993 and 5714 that are frequently found in Russia.

Clade m (bootstrap value = 97) includes 7 sequence types
(12 isolates) found both in Russia and European countries.
Those include sequence types 5792, 9485, 9490, and 9491,
all of which are unique to Russia.

In each analyzed country there were isolates representing
unique sequence types not found in any other country. For
European countries, the proportion of isolates representing
unique sequence types (relative to the total number of isolates
in a given country) varied between 25 and 56%. The lowest
proportion was observed in the UK and Belgium, the highest,
in Austria, Slovenia and Sweden (> 50%). In Russia and Japan,
the proportion of unique sequence type isolates exceeded
80% (Table 3).

To identify groups with similar distribution patterns
for unique sequence types and their relationship with the
population size in a country of interest, cluster analysis
was carried out. Twenty-one countries were included in the

ORIGINAL RESEARCH | MICROBIOLOGY

analysis (Table 3). Cyprus and Iceland were excluded due to
the small number of isolates available (6 and 5, respectively).
After applying Ward’s agglomerative hierarchical clustering
procedure, the optimal number of clusters was determined in
NbClust for R using the majority rule. Nine out of 30 methods
(Silhouette, Duda, PseudoT2, Beale, Ratkowsky, PtBiserial,
McClain, Dunn, SDindex) showed that the optimal number of
clusters was 2 (bootstrap value = 0.01); 6 methods (Hartigan,
Scott, Marriot, TrCovW, TraceW, Ball) showed that the optimal
number of clusters was 3. Following the majority rule, it was
decided that two clusters were the optimal choice; at the same
time there was a statistically based rationale for breaking down
cluster 2 into 2 sub-clusters (Fig. 2A).

Cluster 1 included Russia and Japan (countries with a
population size of over 125 million people). Cluster 2 comprised
all European countries with a population size from 0.4 to 81
million. Cluster 2 was divided into 2 subclusters: 2a and 2b.
Subcluster 2a was composed of the UK, Germany, Spain, Italy,
and France (countries with a population size of 47-81 million);
subcluster 2b included European countries with populations
below 17 million (Ireland, Norway, Denmark, Slovakia, Malta,

gpiaaedt
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Fig. 1. A phylogenetic tree of N. gonorrhoeae NG-MAST types detected in Russia and EU. Branches with bootstrap values of 80-89 are shown in blue; red indicates
bootstrap value of 90-100. Phylogenetic clades (bootstrap values = 90%) are designated by Greek letters a—m. Black arrows indicate NG-MAST types that are most
common in Russia. Gray dashed arrows indicate NG-MAST types that are most common in European countries
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Latvia, Slovenia, Netherlands, Belgium, Portugal, Greece,
Austria, Hungary, Sweden).

In general, the greater was the population size, the more
isolates of unique sequence types were present in the country,
as demonstrated by the countries with a population size over
47 million included in cluster 1 and subcluster 2a (Fig. 2B).
This pattern was not observed for the countries with smaller
population sizes constituting cluster 2b. Transition from cluster
2 to cluster 1 occurred for the countries with the population
size over 125 million (Russia, Japan).

It was also interesting to analyze the contribution of
migration to the distribution of unique sequence types across
different countries. If only net migration rates and proportion
of isolates of unique sequence types were analyzed, we
were unable to find statistically significant clusters. When 3
parameters were included in the analysis (migration, population
size and the proportion of unique sequence types), the
agglomerative coefficient was 0.83, which is lower than 0.93,
the value yielded by the analysis of 2 parameters (population
size and the proportion of unique sequence types).

DISCUSSION

The comparative analysis of N. gonorrhoeae molecular
typing data revealed significant differences between Russian,
European and Japanese gonococcal populations. The
majority of Russian isolates belonged to the sequence types
that were not detected in European countries or Japan in the
analyzed period. In Russia, only 3 (0.4%) isolates represented
the epidemiologically significant sequence type 1407, which
prevailed in Belgium, Hungary, Denmark, Spain, Norway
Portugal, Slovakia, and Japan. It is worth mentioning that in
2010 this sequence type amounted to over 10% of all isolates
in many European countries, including Austria, Belgium,
UK, Netherlands, Spain, Italy, Portugal, Romania, Slovenia,

Table 3. Distribution of isolates of unique NG-MAST types (2013)

and Poland [15-17], as well as Japan and USA [18, 19].
This sequence type poses a great threat because it carries
multiple determinants of antimicrobial resistance, including the
mosaic penicillin-binding protein PBP2 and a mutation of the
Ala501 residue in PBP2, both of which cause resistance to
cephalosporins [16, 20, 21].

In the Russian dataset, there were only 3 (0.4%)
N. gonorrhoeae isolates representing sequence type 2992 and
7 (0.9%) isolates representing type 2400. Those sequence
types were second and third most common types in Europe
in 2013 (7.0 and 4.7%, respectively). By contrast, types 228,
5714, and 1751 were not detected in the European population,
although they were highly prevalent in the Russian population.

For Poland, NG-MAST data were retrieved from [17], as
they were missing in the EUROGASP database. The distribution
of NG-MAST types in Poland was closer to that in European
Union than in Russia; the Polish gonococcal population was
dominated by sequence type 1407 (Table 2).

The analysis of the phylogenetic tree constructed for NG-
MAST types of clinical isolates collected in Europe and Russia
reveals that N. gonorrhoeae populations are heterogenous
both in Russia and Europe. There are sequence types that are
present in many countries; at the same time, isolates coming
from one and the same country can belong to phylogenetically
distant clades. The most common European sequence types
(NG-MAST 1407, 2992, 2400, 4995, 21, 225) that amount to
the total of 25.9% of all European strains are phylogenetically
distant from each other and distributed throughout the entire
tree. Notably, there is no close relationship between the most
common European sequence types and Russian sequence
types, including NG-MAST 807, 1152 and 5941. Sixteen
clades of the tree are characterized by high bootstrap values
and partially or fully correspond to the European genogroups [6].

Further phylogenetic analysis of NG-MAST types drove
us to the conclusion that geographically distant populations

Number of unique Number of isolates of unique Proportion of isolatgs of unique Population, . .
Country sequence types sequence types sequence types n_elatwe to the total thousand Net migration rate
number of isolates, %

Russia 73 129 80.6 142 500 1.69
Japan 63 192 93.2 126 920 0
Germany 15 18 40.0 81147 0.89
France 24 27 48.2 65 952 1.10
UK 24 27 25.5 63 396 2.57
Italy 6 7 29.2 61482 4.47
Spain 31 36 32.7 47 370 6.14
Netherlands 18 19 28.8 16 805 1.99
Portugal 32 40 38.8 10799 2.82
Greece 10 21 43.8 10773 2.32
Belgium 13 14 25.5 10 444 1.22
Hungary 10 14 30.4 9939 1.36
Sweden 19 25 51.0 9119 1.64
Austria 13 28 56.0 8222 1.78
Denmark 14 17 31.5 5 556 2.30
Slovakia 9 13 34.2 5488 0.28
Ireland 12 15 34.1 4776 2.51
Norway 20 21 38.2 4723 1.68
Latvia 1 16 421 2178 -2.36
Slovenia 14 27 50.9 1993 0.38
Malta 5 8 40.0 411 1.99
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Fig. 2. Associations between the proportion of N. gonorrhoeae isolates of unique sequence types and the country population size. Country codes are given in Table 1.
A. A dendrogram. The clusters are indicated by numbers. B. The relationship between the proportion of N. gonorrhoeae clinical isolates representing unique sequence

types and the population size

of N. gonorrhoeae evolve more or less locally. This could be
one of the reasons underlying the difference in the incidence
of gonococcal infection in Russian and EU [22]: in Russia, the
incidence of the infection is declining [9, 23] and there are no
isolates resistant to ceftriaxone (the primary drug for gonorrhea
treatment) [9, 10].

We have analyzed the associations between the proportion
of isolates of unique sequence types and the population size
of the country of interest. In Russia and Japan, the majority
of isolates (> 80%) belonged to NG-MAST types unique to
this country. The cluster analysis of the population size and
the proportion of isolates belonging to unique sequence types
detected in a country allowed us to identify two clusters: the first
cluster included Russia and Japan (population over 125 million
people), the second cluster included European countries with
population between 0.4 and 81 million people. On the whole,
there was a certain distribution pattern for unique sequence
types: the greater the country’s population, the higher the
proportion of samples with unique sequence types.

CONCLUSIONS

NG-MAST typing of N. gonorrhoeae clinical isolates collected
in Russia has demonstrated their significant difference from
the gonococcal populations circulating in the EU and Japan.
The Russian N. gonorrhoeae population was dominated by
sequence types 807, 11562 and 5941, which occurred only
sporadically in other countries; sequence types 228, 5714
and 1751 were not detected in Russia at all. Between 2013
and 2018, in Russia there were only 3 isolates of epidemically
significant sequence type 1407 (0.4% of the total samples
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THE USE OF REAL-TIME PCR FOR EVALUATION OF ENDOMETRIAL MICROBIOTA
Voroshilina ES'?5, Zornikov DL?, Koposova OV?, Islamidi DK, Ignatova KY', Abakumova EI', Kurbatova NV', Plotko EE'

" “Garmonia” Medical Center, Yekaterinburg, Russia
2 Ural State Medical University, Yekaterinburg, Russia

Chronic endometritis (CE) in women of the reproductive age is associated with infertility and recurrent pregnancy loss. The aim of this study was to evaluate the
endometrial microbiota by means of real-time PCR in reproductive-age women depending on the morphological pattern of the endometrium. Using the Androflor
real-time PCR kit, we analyzed endometrial aspirate collected from 23 patients with chronic endometritis, 30 patients with endometrial hyperplasia, and 19 healthy
women. DNA of up to 9 groups of microorganisms was detected in all the analyzed samples in the amounts exceeding negative control. The total bacterial load
(TBL) of the detected microorganisms was 10°-10%* (median 10°8) GE/ml. Lactobacillus spp. were detected the most often (86.1% of all samples). Opportunistic
microorganisms (OM) were identified in 36.1% of all samples, including 22.2% of samples with lactobacilli and 13.9% — without lactobacilli. The variant of
microbiota composition with Lactobacillus-dominance (more than 90%. in the TBL) was detected significantly less often in women with chronic endometritis
compared to healthy women. Real-time PCR could be used for assessment of endometrial microbiota and allows us to determine its characteristics depending
on the morphological pattern.

Keywords: endometrial microbiota, real-time PCR, chronic endometritis, Lactobacillus spp.
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BO3MO>XHOCTU OLIEHKN MUKPOBWOTbI MONTOCTU MATKW C UCMNOJIb3OBAHUEM T1LIP
B PEAJIbHOM BPEMEHMU

E. C. BopowwunuHa'? &, 1. J1. BopHukos?, O. B. Konocosa?, [. K. Vicnamuaun'?, K. tO. VirnaTosa', E. M. Abakymoga', H. B. Kypbatosa', E. 3. [notko'

T MegunumHeknin LeHTp «fapmoHmns», EkatepuHbypr, Poccus
2 YpanbCKuin rocyaapCTBEHHbIN MEAVLIMHCKWIA yHMBEepcuTeT, EkatepunHbypr, Poccus

Hannyre xpoHn4eckoro aHAoMeTpUTa (X3) y >KEHLLWH PEenpopyKTMBHOIO BO3pacTa acCoLMMPYIOT C 6eCnoavemM 1 HeBblHaLLMBaHeM 6epemMeHHoCTH. Lienbto
paboTbl ObINIO OLIEHWUTL COCTOAHME MUKPOBMOTHI MOMOCTU MaTK METOAOM NOAMMEPA3HOM LIEMHOWM peakLmn B pexxrme peanbHoro Bpemenn (MLP-PB) y »eHLLmH
PENPOAYKTUBHOrO BO3pacTa B 3aBVICYMOCTY OT MOPAONOrMHECKON KapTuHbI aHAOMeTpUs. C MOMOLLBIO TecTa «AHAPOdIOoP» MCCNefoBan MUKPOBUOTY acnmparta
9HAOMETPUS, NMOMYHEHHOro OT 23 nauneHTok ¢ X3, 30 naumeHToK ¢ runeprnasvien sHooMeTpua 1 19 300poBbIX XeHLLMH. Bo Bcex nccnegyembix obpaduax
obHapy>xun OHK ot 1-9 rpynn MUKPOOPraHW3MOB B KOMMHYECTBaX, MPEBbILLAOLLMX NokasaTenn, nofyHeHHbIe A8 OTprLaTenbHbIX KOHTPOSBbHBIX 06pasLoB.
Oblas bakTepranibHas Macca BbisBsSieMbIX MyKpoopraHimamos (OBM) coctasuna 10°-10°4 (vemparna 10%8) F9/mn. B 86,1% cnyyaes BbisiBAnm Lactobacillus spp.
YCNOBHO-NaTOreHHble MUKPOOPraHn3mMbl naeHTuduumposam B 36,1% o6paduos, B ToM 4ucne B 22,2% — B codeTaHnn ¢ naktobauunnamu n 8 13,9% —
6e3 nakTobaumn. Y naumeHTok ¢ X3 OOCTOBEPHO PEXEe B CPABHEHWUM C FPYMMOn 300POBbIX YKEHLLVH BbISBNANM BapyaHT MUKPOOMOTbI, XapakKTepuayoLLMIACS
Hanu4vem Lactobacillus spp. ¢ yaeneHeiM Becom B OBEM He MeHee 90%. Takvm o6pasom, meTog, MNLP-PB MoxeT 6bITb MCMoNb30BaH A5 OLEHKM MUKPOBMOTbI
MOIOCTV MaTKN 1 MO3BONISET ONPEeAeTb ee 0COBEHHOCTY NP Pa3NN4HON MOPONOrNHECKOM KapTUHE 3HAOMETPHS.

KntoueBble cnoBa: MvkpoburoTa aHgomeTpust, MNLIP-PB, xpoHuyeckmin aHgomeTpuT, Lactobacillus spp.

BnarogapHocTu: asTopbl bnarofapsar B. XatomnHa, avpekTopa MeauUMHCKOro LieHTpa «fapMonns» (. ExkatepuHOypr), 3a BO3MOXXHOCTb BbIMOMHEHWS MCCNeaoBaHust
Ha 6ase LeHTpa. ABTOpbI NpuaHaTenbHbl LIeHTPY BbICOKOTOYHOMO peaakTMPOBaHMS 1 FeHETUHECKINX TEXHONOrMn ang GromeamnumHel (MockBa) 3a MOMOLLb B
MeTofax 1CCNefoBaHys.

Bknap aBtopos: E. C. BopowmnnHa — opraHv3aumst NCCnefoBaHns, MONEKYNSAPHO-rEHETUHECKME NCCNEeA0BaHVs, aHanM3 AaHHbIX, CTAaTUCTUHECKUA aHanna,
Hanmcanve ctatbu; [. J1. 30pHUMKOB — aHanm3 AaHHbIX, CTaTUCTUHECKUA aHanm3, HanucaHne ctatbu; O. B. KonocoBa — aHanv3 gaHHbIX, MONEKYNSpHO-
reHetnyeckve mccnenosaHust; O. K. Vicnammgy — KIMHUYECKWA aHannad, oToop naumeHToB, B3ATWE 06pasduos, HanucaHuwe ctateu; K. FO. VirHatoBa —
naromopdonorndeckune nccnenosaHus; E. . AbakymoBa — KIIMHUHECKWA aHannm3, OTOOP MauneHToB, B3saTne obpasuos; H. B. Kypbatosa — KnnHu4eckuin
aHanma, oTbop NauneHToB, B3sTue 06pa3LoB; E. 3. MNnoTko — opraHu3dauns nccnefoBaHvs, aHanmna JaHHbIX, HanMcaHue cTaTbi.

CobniofieHne 3TUYECKUX CTaHAAPTOB: VICCNEA0BaHE OJ0OPEHO STUHECKMM KOMUTETOM YpasibCKOro rocyiapCTBEHHIO MEOULIMHCKOrO YHMBEPCHTETA (MPOTOKON
Ne 7 oT 20 ceHTsI6psi 2019 r). Bce yqacTHULBI MCCneaoBaHns noanmcani o6poBonbHOE MHPOPMUPOBaHHOE COrfacue Ha NpoBeaeHNe UCCNEA0BaHMS.
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For a long time, uterine cavity was thought to be sterile [1].
Recently, the implementation of molecular-based assays has
made it possible to identify difficult to culture or unculturable
microorganisms collected from the endometrial surface of
reproductive-age women [2-7]. There is no consensus on
the contribution of opportunistic microorganisms (OM) to the
development of endometrial inflammation [8, 9], and this raises
doubts about the necessity of antimicrobial therapy in patients
with chronic endometritis (CE). Importantly, CE is diagnosed in
about 10% of women of reproductive age [10] and is associated
with infertility and recurrent pregnancy loss [1, 8, 11-14].

For weak positive results of molecular assays, interpretation
is always difficult due to the possibility of contamination of
the analyzed sample. On the one hand, vaginal or cervical
microbiota could be the source of such contamination because
the transcervical method for endometrial sampling is common in
clinical practice [5, 6]. On the other hand, small concentrations
of bacterial DNA could be present in DNA extraction kits (this is
known as kitome) due to a number of reasons, and it is almost
impossible to fully exclude the presence of contaminating DNA
[15]. The latter does not present a problem when analyzing
biotopes with high bacterial concentrations, such as feces or
vaginal discharge, because in this case the concentrations
of the analyzed DNA by far exceed those of the kitome.
However, even minor amounts of such contaminants can
endanger endometrial testing: in the endometrium, microbial
concentrations rarely exceed 10* cells per sample [16].

Currently, most endometrial microbiota testing relies on
the use of next-generation sequencing (NGS) [3-6], which
is an expensive and labor-intensive approach more suitable
for scientific research rather than routine analysis and not
universally available in practical healthcare. By contrast,
quantitative real-time polymerase chain reaction (real-time
PCR) is a molecular technique most suitable for routine usage:
robust, simple, affordable and easily standardized. However,
there have been only few reports on the use of real-time PCR
for endometrial microbiota analysis [7, 17].

The aim of this study is to evaluate a potential correlation
of the state of endometrial microbiota and the morphological
pattern of the endometrium in women of reproductive age by
means of real-time PCR.

METHODS
Participants

Seventy-two reproductive-age women (age range 21-45
years, mean age 33 + 5.2 years) who sought preconception
care or medical advice about their reproductive health at the
“Garmonia” Medical Center (Yekaterinburg) between September
and December 2019 were recruited for the studly.

The following inclusion criteria were applied: age of 18-45
years; no current pregnancy; a regular menstrual cycle; bad
obstetric and gynecological history including infertility, induced
or spontaneous abortion, missed abortion, chronic endometritis.

Exclusion criteria: intake of hormonal contraceptives or
an intrauterine device at the time of examination or within
6 months before it; cancer; HIV; pelvic or lower genital tract
inflammation at the time of examination; antibacterial treatment
within 4 weeks before the study.

Endometrial sampling

Endometrial aspirates were collected on day 7-10 of the
menstrual cycle using Endobrush Standard for Endometrial
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Cytology (Laboratoire C.C.D.; France). Endobrush is protected
from endocervical contamination by a sheath. It opens only
after being introduced into the endometrial cavity and retracts
into the sheath before withdrawal. For sampling, the cervix
was brought into full view using a speculum. The cervix was
swabbed with 0.05% chlorhexidine solution applied on a
cotton ball, and the brush was inserted into the endometrial
cavity so that it did not come in contact with the vaginal wall.
After the brush was withdrawn from the endometrial cavity,
the sheath surface was cleaned with a sterile swab soaked in
95% ethanol in order to remove cervical discharge and prevent
contamination of the specimen with cervical microbiota. Then
the brush was released from the sheath and the specimen was
immersed in PreservCyt Solution (Hologic, Inc.; USA) intended
for the preservation of cell samples for in vitro diagnostic tests.
After endometrial aspiration, Pipelle biopsy was performed
on all the participants in order to collect endometrial samples
for a histopathological examination. Biopsy samples were
placed into test tubes containing 10% buffered formalin.

DNA extraction

DNA extraction was done using PREP-NA-PLUS kit (DNA-
Technology, Russia). Before DNA extraction, endometrial
specimens were deproteinized. Briefly, test tubes containing
endometrial aspirates were centrifuged in a MiniSpin centrifuge
(Eppendorf; Germany) at 13,000 rpm for 10 min; the supernatant
was removed, and the pellet was resuspended in 100 pl of the
lysing solution from the PREP-NA-PLUS kit. The homogenized
sample (50 pl) was transferred into a clean tube containing a
mixture of 25 pl of the lysing solution (from the PREP-NA-PLUS
kit), 5 ul of proteinase K (20 mg/ml) (VWR Life Science; USA)
and 120 pl of sterile normal 0.9% saline. After the components
were mixed, the samples were incubated at 60 °C for 30 min
and then at 95 °C for 10 min. Upon incubation, the tubes were
centrifuged at 13,000 rpm for 60 s. The supernatant (100 pl)
was then used for DNA extraction following the manufacturer’s
protocol.

Evaluation of endometrial microbiota

Detection of DNA of sexually transmitted obligate pathogens
and of opportunistic microorganisms (OM) in the endometrial
samples by means of real-time PCR was performed using
the Androflor real-time PCR kit and DTPrime 4M1 real-time
PCR instrument (DNA-Technology, Russia). The kit allows
detection of a wide range of bacteria, which could play a role
in endometrial inflammation. Androflor allows quantification
of 24 groups of bacteria, including Lactobacillus spp.,
Staphylococcus spp., Streptococcus spp., Corynebacterium spp.,
Gardnerella vaginalis (G. vaginalis), Megasphaera spp.,
Veillonella spp., Dialister spp., Sneathia spp., Leptotrichia spp.,
Fusobacterium spp., Ureaplasma urealyticum (U. urealyticum),
Ureaplasma parvum (U. parvum), Mycoplasma hominis (M. hominis),
Atopobium cluster, Bacteroides spp., Porphyromonas spp.,
Prevotella spp., Anaerococcus spp., Peptostreptococcus spp.,
Parvimonas spp., Eubacterium spp., Haemophilus spp.,
Pseudomonas aeruginosa, Ralstonia spp., Burkholderia spp.,
Enterobacteriaceae spp./Enterococcus spp., Trichomonas vaginalis
(T vaginalis), Neisseria gonorrhoeae (N. gonorrhoeae), Chlamydia
trachomatis (C. trachomatis), Mycoplasma genitalium (M. genitalium),
and Candida spp.

The quantity of each bacterium/group of bacteria was
automatically estimated from threshold cycle values, and the
proportion of the microorganism in relation to the total bacterial
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load (TBL) was calculated. Sterile deionized water was used
as a negative control (NC). For some groups of bacteria, NC
produced positive signals at the cycle of quantification (Cq) with
value more than 35 (which corresponded to the bacterial DNA
concentration of < 10° genome equivalents per sample, GE/
sample). With that in mind, we assumed the DNA concentration
of at least 10° GE/sample to be significant (Cq values less
than 35). Lower values were interpreted as negative, considering
the high sensitivity of the method and the inability to differentiate
between potential DNA-contaminations and very weak positive
signals in the samples.

U. urealyticum, U. parvum and M. hominis were an
exception, as no positive signal was recorded in the NC. For
these groups of microorganisms, a detectable signal during
any amplification cycle was interpreted as positive.

Histopathological examination

Pipelle biopsy samples were subjected to a histopathological
examination. The specimens were fixed in 10% neutral buffered
formalin and processed following the standard protocol.
Paraffin sections of standard thickness (5.0 um) were stained
with hematoxylin-eosin. Microscopy was carried out using a
light binocular microscope Eclipse E200 (Nikon; Japan) (10x,
40x objective lens, 10x eyepiece lens).

Statistical analysis

The mean age of the patients was expressed as an average
and a standard deviation. Average TBL and microbial
concentrations were expressed as medians. Dispersion within
the groups was described using 5" and 95" percentiles. These
parameters were calculated in Microsoft Office Excel 2007
(Microsoft Corp.; USA).

The significance of differences between mean TBL and
microbial concentrations was measured using the Kruskal-
Wallis test (for the comparison of 3 groups) and the Mann-

Whitney U test (for the comparison of 2 groups). The data were
processed in IBM SPSS Statistics 20 (IBM Corp.; USA). To
compare frequencies between the groups, two-tailed Fisher’s
exact test was applied (WinPepi; JH Abramson; Israel). In all
cases the differences were considered significant at p < 0.05.

RESULTS
Histopathological examination results

Depending on the morphological appearance of the
endometrium, the participants were divided into 3 groups [18].

Group 1 (chronic endometritis, CE) included 23 patients
with CE. The diagnosis was based on the signs of productive
inflammation, formation of lymphoid follicles, endometrial
stromal fibrosis, and sclerotic changes to the walls of spinal
arteries.

Group 2 (endometrial hyperplasia, EHP) consisted of 30
patients with simple endometrial hyperplasia without atypia.
The diagnosis was based on histology findings showing signs of
cell proliferation in endometrial crypts and cytogenous stroma,
spiral arteries with/without cell and nuclear polymorphism.

Group 3 (healthy women) included 19 patients without
any structural changes in the endometrium; its morphology
matched the day of the menstrual cycle.

Molecular screening results

Bacterial DNA was detected in all of 72 endometrial samples:
TBL ranged from 10° to 10%* (median: 10°%) GE/sample. No
significant differences in TBL were detected between the
group of patients with endometrial pathology and healthy
women. Endometrial TBL measured by real-time PCR varied
100-10,000-fold from vaginal TBL typically observed in
reproductive-age women [19].

Lactobacillus spp. were detected the most often (in
86.1% of cases; n = 62). G.vaginalis were detected in 19

Table 1. Detection rate of bacterial groups determined by real-time PCR in morphologically different endometrial samples

Detection rate in the studied patient groups (n/ %)

Groups of bacteria Grotll\;l)j 2; CE Groulg\)li ;)EHP Grvc\)lz;r)ngrrNhj?I;hy I\'Il'c;til2
Lactobacillus spp. 19/82.6 25/83.3 18/94.7 62/86.1
Staphylococcus spp. 0 0 0
Streptococcus spp. 1/43 0 0 114
Corynebacterium spp. 3/10.0 0 3/4.2
Gardnerella vaginalis 7/30.4 9/30.0 3/15.8 19/26.4
Megasphaera spp. / Veillonella spp. / Dialister spp. 1/4.3 2/6.7 0 3/4.2
Sneathia spp. / Leptotrichia spp. / Fusobacterium spp. 1/4.3 0 0 1/1.4
Atopobium cluster 1/4.3 3/10.0 0 4/5.6
Bacteroides spp. / Porphyromonas spp. / Prevotella spp. 2/8.7 3/10.0 2/10.5 7/9.7
Anaerococcus spp. 1/3.3 0 114
Peptostreptococcus spp. / Parvimonas spp. 2/8.7 0 2/10.5 4/5.6
Eubacterium spp. 2/8.7 3/10.0 1/5.3 6/8.3
Haemophilus spp. 1/4.3 0 0 1/1.4
Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp. 1/3.3 0 1/1.4
Enterobacteriaceae spp. / Enterococcus spp. 4/17.4 3/10.0 1/5.6 8/11.3
Ureaplasma urealyticum 1/3.3 0 114
Ureaplasma parvum 4/17.4 4/13.3 1/5.3 9/12.5
Mycoplasma hominis 3/13.0% 2/6.7 0 5/6.9
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(26.8%) samples, U.parvum, in 9 (12,7%) samples, and
Enterobacteriaceae spp. / Enterococcus spp., in 8 (11.3%)
samples. Other groups of microorganisms were detected in
single samples (Table 1).

The detection rate of certain groups of bacteria varied in
women with different histological pattern. Although the variance
was insignificant, which might be explained by the small sample
size, we noticed a few interesting trends. Only a few groups
of OM included in the kit were detected in the samples with
normal histological pattern. By contrast, OM detected in the
samples collected from patients with CE and EHP represented
the entire range of the target microorganisms, except for
Staphylococcus spp.

Some OM were detected more frequently in women with
CE and EHP. For example, DNA of G. vaginalis was found in
30% of patients with endometrial pathology, whereas only
16.7% of healthy women had this pathogen. U. parvum and
M. hominis were detected in 17.4 and 13.0% of the samples
that met the criteria for CE, respectively, whereas only one
woman from the group of healthy women had U. parvum.

No obligate sexually transmitted pathogens were detected
in the endometrial tissue of our patients.

We detected from 1 up to 9 microbial groups in every
sample (Fig. 1.) The endometrial microbiota of healthy women
was represented by one group of bacteria in 78.9% of cases (15
of 19 samples), in their endometrium, whereas only 9 (39.1%)
of 23 patients with CE had one group of bacteria detected
in their specimens (p = 0.013). Most often, the microbiota of
patients with CE was represented by two microbial groups
(11 or 47.8% of 23 samples). In patients with EHP, one group
of bacteria was detected in 16 (53.3%) of 30 samples; for
the remaining 14 patients, the microbiota was represented
by two or more bacterial groups. On the whole, the microbiota
of patients whose histology was suggestive of EHP or CE
tended to be more diverse in its composition than in healthy
women.

Quantitative parameters for every group of bacteria are
shown in Table 2. No statistical differences were observed
between 3 groups of patients (CE, EHP, healthy women).

Given the large number of microbial groups identified by
the kit, we decided to calculate the quantity of OM per sample
for further analysis. Then, we calculated the proportion of
lactobacilli and the proportion of OM relative to TBL per sample.
Based on these calculations, 3 types of endometrial microbiota
were distinguished:
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Type 1) Lactobacilli-dominated type of microbiota. The
proportion of Lactobacilli constituted no less than 90% of the
TBL; the rest groups of bacteria were either undetected or
found in very small quantities (less than 10% of the TBL).

Type 2) Mixed type microbiota. The proportion of Lactobacilli
was no more than 90% (but at least 10%) of the TBL,
OM made up at least 10% of the TBL. Depending on the
prevalent microorganisms, there can be subtypes of this
microbiota type.

Type 3) Opportunistic microorganisms (OM)-dominated
type microbiota (in the total absence of Lactobacillus spp.).
Depending on the OM group detected, this type of microbiota
can be also divided into a few subtypes.

Forty-six (63.9%) of 72 samples met the criteria for type
1 microbiota; 16 (22.2%),for type 2, and 10 (13.9%), for type
3. Thus, in the majority of the participants, the endometrial
microbiota was represented by either lactobacilli or a
combination of lactobacilli and the OM. In the next step, we
analyzed the detection rate of the identified microbiota types in
the studied groups of patients.

The endometrial microbiota of 16 (84.2%) out of 19 healthy
women fitted the criteria for type 1 (Lactobacilli-dominated)
(Fig. 2). Two (10.5%) of 19 samples met the criteria for type 2.
Type 3 (OM-dominated) was identified in one (5.3%) sample.
Interestingly, OM were represented by G. vaginalis in all the
3 samples.

In patients with EHP, microbiota types 2 and 3 were detected
more frequently than in healthy women, but the differences
were statistically insignificant. Five (16.7%) of 30 samples were
classified as type 2; in all those samples, OM were represented
by G. vaginalis. Type 3 was observed in 5 (16.7%) samples; in
4 of them, OM were represented by G. vaginalis; in one case,
by Enterobacteriaceae spp. / Enterococcus spp.

The greatest diversity was observed for the microbiota
of women with CE. Type 1 (dominated by lactobacill) was
identified in 10 (43.5%) of 23 women (p = 0.012, comparison
with healthy women). Type 2 microbiota was observed in 9
(839.1%) samples; in 5 of them, OM were represented by obligate
anaerobes (G.vaginalis and Bacteroides spp. / Porphyromonas
spp. / Prevotella spp.) and in other 4 samples, OM were
represented by facultative gram-positive and gram-negative
anaerobes. Type 3 microbiota was identified in 4 (17.4%) of
23 samples. In this subset, OM were represented by G. vaginalis
in 2 cases and by Enterobacteriaceae spp. / Enterococcus spp.
in one case; the association of Peptostreptococcus spp. /

90,0
78.9
80,0
70,0
M 1 group
60,0 7 53.3 M 2 groups
47.8
50,0 — 3 groups
R
40,0 — 39.1 H 4 groups
M 5 groups
30,0 — group
23.3 7 groups
20,0
15.8 M 9 groups
10.0 8.7
10,0 =3 6.7 6.7 i3
0 [ | I
Healthy women (n = 19) EHP (n=30) CE (n=23)

Fig. 1. The number of microbial groups detected per sample in patients with different morphological appearance of the endometrium (‘o = 0.013)

BECTHVK PrMY | 1, 2020 | VESTNIKRGMU.RU




ORIGINAL RESEARCH | MICROBIOLOGY

Table 2. Qualitative and quantitative endometrial microbiota composition assessed by real-time PCR in the study participants (N = 72)

Median
(595" percentile)
Groups of bacteria
Group 1 Group 2 Heaﬁl':m\fo?nen Total
CE, N=23 EHP, N=30 Ny=19 ’ N=T72
1 03.8 1 03.8 1 03.9 1 03.8
TBL (1 0321 04.7) (1 0331 05.1) (1 0331 05.1) (1 0331 05.1)
. 1038 1037 10%8 10%8
Lactobacillus spp. (0-10%%) (0-105) (1026-105) (0-10*9)
Staphylococcus spp. g g g g
0 0 0 0
Streptococcus spp. 0 0 0 0
Corynebacterium spp. g (0_10 0%) 8 g
. 0 0 0 0
Gardnerella vaginalis (0-10°9) (0-1087) (0-10°3) (0-10%%)
. e 0 0 0 0
Megasphaera spp. / Veillonella spp. / Dialister spp. 0 0 0 0
. . . 0 0 0 0
Sneathia spp. / Leptotrichia spp. / Fusobacterium spp. 0 0 0 0
. 0 0 0 0
Atopobium cluster 0 (0-10%3) 0 (0-10"9)
. 0 0 0 0
Bacteroides spp. / Porphyromonas spp. / Prevotella spp. 0 (0-10°?) (0-10°9) (0-1082)
0 0 0 0
Anaerococcus spp. 0 0 0 0
, 0 0 0 0
Peptostreptococcus spp. / Parvimonas spp. (0-1029) 0 (0-10%9) (0-10'9)
) 0 0 0 0
Eubacterium spp. (0-1027) (0-10%9) (0-10°9) (0-10%9)
Haemophilus spp. g g g g
. . . 0 0 0 0
Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp. 0 0 0 0
. 0 0 0 0
Enterobacteriaceae spp. / Enterococcus spp. (0-10%9) (0-10%) (0-10°9) (0-103)
Ureaplasma urealyticum g g 8 8
0 0 0 0
Ureaplasma parvum (0-10"9) (0-10"9) (0-10°1) (0-10'9)
. 0 0 0 0
Mycoplasma hominis (0-1024) (0-10") 0 (0-1023)

Parvimonas spp. and Enterobacteriaceae spp. / Enterococcus
spp. was observed in one sample.

Thus, OM-dominated endometrial microbiota was more
commonly observed in patients with CE.

DISCUSSION

In this study, endometrial microbiota was evaluated by real-
time PCR, an inexpensive and technologically advanced
technique. Our findings were consistent with the reports of
other researchers who used costly techniques like NGS [2-6].

Bacterial DNA was detected in all endometrial samples in
quantities ranging from 10° to 10° GE/sample; DNA content
differed between the samples 10-100-fold. Similar results are
reported by other authors who collected samples transcervically
[2, 5, 6]. This sampling approach carries a risk of contamination
[5, 6]. This could explain the presence of bacterial DNA in all
samples analyzed in our study. For the sake of the experiment,
the researchers analyzed endometrial samples collected

from the middle section of the endometrial cavity after
transabdominal hysterectomy in females of late reproductive
age with uterine/endometrial pathology [20]. Bacterial DNA
(in quantities exceeding NC counts) was detected in 60%
of the samples. However, such approach is unacceptable
in clinical practice. The sampling technique and the device
we used for transcervical collection of endometrial samples
minimized the risk of contamination, but could not eliminate
it completely.

Lactobacilli DNA was detected in the majority of the
analyzed samples, which is also consistent with the literature [7].
Lactobacilli-dominated endometrial microbiota is considered
to be a positive prognostic factor for successful embryo
implantation via assisted reproductive technology and for good
pregnancy outcome [2]. In our study, lactobacilli were detected
in the majority of the samples, but their concentrations and
proportion in relation to TBL varied.

Obligate and facultative anaerobes were detected in every
third sample, both in the presence or absence of lactobacilli.
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Fig. 2. Detection rate of different endometrial microbiota types in women with different morphological appearance of the endometrium (*p = 0.011)

OM were detected significantly less often in healthy women
than in patients with CE.

Based on the proportion of lactobacill and OM, we
identified 3 types of endometrial microbiota; their detection
rates varied in patients with CE or EHP and healthy women.
In most cases, the endometrial microbiota of healthy women
was represented by one group of microorganisms; as a rule,
it was Lactobacillus spp. The presence of this microbiota
type in women with CE does not seem to require antibacterial
treatment and is consistent with contemporary views on the
leading role of autoimmune mechanisms in the pathogenesis
of CE. OM detected in the endometrial cavity of women
with histology results suggestive of endometritis could be an
additional marker indicating the significance of these bacteria
for promoting inflammation. Further research is needed to explore
a possible association between the presence of OM and EHP.

Our findings confirm that endometrial cavity is not a sterile
environment. In some aspects, endometrial microbiota is similar
to vaginal microbiota: in our study, lactobacilli were detected in
the uterine cavity in 86.1% of all samples and were prevalent
in the endometrial microbiota in 63.9% of all cases. At the
same time, the quantity of bacteria present in the uterine cavity
is much lower (100 to 10,000-fold) than that in the vagina.
Compositional similarities between the microbiotas of upper
and lower female genital tracts and the role of lactobacilli found
in the endometrial cavity are yet to be elucidated. Also, it is not
clear whether the bacteria detected in the endometrium should
be considered resident or transient microorganisms.
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ISONIAZID-RESISTANT MYCOBACTERIUM TUBERCULOSIS: PREVALENCE, RESISTANCE SPECTRUM
AND GENETIC DETERMINANTS OF RESISTANCE

Andreevskaya SN 5, Smirnova TG, Larionova EE, Andrievskaya IYu, Chernousova LN, Ergeshov A
Central Tuberculosis Research Institute, Moscow, Russia

The lack of simple, rapid diagnostic tests for isoniazid-resistant rifampicin-susceptible tuberculosis infection (Hr-TB) can result in low treatment efficacy and further
amplification of drug resistance. Based on the clinical data, this study sought to estimate the prevalence of Hr-TB in the general population and characterize
the phenotypic susceptibility and genetic determinants of isoniazid resistance in M. tuberculosis strains. Molecular-genetic and culture-based drug susceptibility
tests were performed on M. tuberculosis isolates and M. tuberculosis DNA obtained from the patients with pulmonary TB undergoing treatment at the Central
Tuberculosis Research Institute between 2011 and 2018. The tests revealed that H-TB accounted for 12% of all TB cases in the studied sample. Hr-TB strains
were either resistant to isoniazid only (45%) or had multiple resistance to 2-6 anti-TB agents. Resistance to isoniazid was caused by mutations in the katG gene.
Based on the literature analysis and our own observations, we emphasize the importance of developing simple molecular drug susceptibility tests capable of
detecting simultaneous resistance to rifampicin and isoniazid and the necessity of their translation into clinical practice.
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N3OHNA3NA-PESUCTEHTHLIE MYCOBACTERIUM TUBERCULOSIS: HACTOTA BbISIBJIEHUA,
CMNEKTPbl PEBUCTEHTHOCTU U MTEHETUMECKUE AETEPMUHAHTbI YCTONYMBOCTU

C. H. AHgpeeBckas =, T. I. CmupHoBa, E. E. laproHosa, . FO. AHopviesckas, J1. H. YepHoycosa, A. Spreluos
LleHTpanbHbIA Hay4YHO-UCCRnenoBaTeNnbCKA MHCTUTYT Ty6epKynesa, Mockea, Poccus

OTCyTCTBME YCKOPEHHOWM AMarHOCTUKN TyBepKynesa ¢ yCTOMYMBOCTHIO BO3OYAUTENS K M30HMA3UIy C COXPaHEHHOW YyBCTBUTENBHOCTBIO K pudamnmumHy (P-
TB) MOXET BbITb MPUHNHON HU3KOM 3PPEKTVBHOCTY TEpann 1 NPUBOAUTL K aMNangUKaLmm NeKapCTBEHHOM PESVCTEHTHOCTU, B TOM Y1CAE K (DOPMMPOBaHNIO
MHOXECTBEHHOW NIEKapCTBEHHOM YCTONYMBOCTU. Lienbto paboTbl 6bi10 onpeaennTs YacToTy BCTpedaemocT VIP-TE B cOBpeMEHHOW MonymsLmmn, OXapakTepn3oBaThb
(HEHOTUMNYECKYIO HyBCTBUTENBHOCTE U FeHETUYECKMEe AETEPMUHAHTbI YCTOMYMBOCTU K M30HMa3nay NpeacTaBuTenein ston rpynnel M. tuberculosis Ha
penpeseHTaTMBHOM MaTepuane. AHaM3VPOBAIN PE3YNLTaTbl ONPEAENEHNS IEKAPCTBEHHOM YyBCTBUTENBHOCTY, NONyHEHHbIE MPU UCCNEA0BAHNM MOSIEKYISIDHO-
rEHETUHECKUMIU W/ UN KyNbTypasibHbIMU MeTodammn uonatoB M. tuberculosis / OHK M. tuberculosis, BbloeneHHbIX OT 60MbHbIX Ty6EepKyne3oM nerkux us
KNMHUYECKNX oTaeneHui LieHTpanbHOoro Hay4Ho-1cCneaoBaTeNbCkoro MHCTUTYa Tybepkynesa 3a nepuog 2011-2018 rr. Yactota VIP-TE coctasuna 12% ot
BCEX BbISBNEHHbIX Cly4aes Tybepkynesa. M. tuberculosis ¢ VIP Bbinn Kak MOHOPE3NCTEHTHBIMU K 30HMa3nay (45%), Tak 1 NONMPE3NCTEHTHBIMM (YCTOMHMBBLIMIA
K 2-6 NpoTMBOTYOEPKYNE3HbIM NpenapaTam), a yCTOMYMBOCTb K M30HMa3udy Obina obycnoBneHa MyTaumsiMm B reHe katG, NPYBOASLLMMU K BbICOKOMY YPOBHIO
PE3VCTEHTHOCTW. Ha OCHOBaHMM aHanM3a nMTepaTypHbIX AaHHbIX M COOCTBEHHbBIX HAbMOAEHNIA MOAYEPKVBAETCA BXKHOCTb Pa3paboTK/ 1 BHEAPEHWS HOBbIX
MPOCTbIX MOJNEKYSSIPHbIX TECTOB AJ1st ONPefeNeHns yCTONHMBOCTI OOHOBPEMEHHO K pUMaMIULVHY U M30HUa3uay.

KnioueBble cnosa: M. tuberculosis, W30HWa3WA-PE3NCTEHTHOCTb, JIeKaPCTBEHHAs YyBCTBUTENbHOCTb, MOJIEKYSPHas OMarHOCTUKA, OAHOHYKNEOTUOHbIN
nonMMmopdram, Tybepkynes

®duHaHcupoBaHue: paboTa BbiNofHeHa Npu UHAHCOBOW Mofaepkke MUHUCTepCTBa HaykM 1 BbicLlero obpasoBaHust Poccuickont defepauyn B pamkax
DenepanbHoOl LieneBoi NporpaMmel «/iccnefoBaHns 1 pa3paboTKy MO MPUOPUTETHBIM HAMPABNEHNSAM Pa3BUTYIS HayHHO-TEXHONOTUYECKOro KoMmnekca Poccumn Ha
2014-2020 rogpl», cornauenne Ne 05.586.21.0065 (yHrkanbHbIn naeHTudmnkatop cornaeqns RFMEFIS8619X0065).

Bknap, aBTopoB: A. Oprewes, J1. H. YepHoycoBa — paspaboTka Au3aiHa nccneposanus; E. E. JlaproHosa, V. FO. AHgpueBckasi — nosyyeHne faHHbIX Ans
aHanmza; T. . CMMpHOBa — aHanm3 nonyyeHHbIX faHHblx; C. H. AHapeeBckas — HanmcaHvie TekcTa pyKonvcy, 0630p NybnvkaLwii Mo Teme cTaTbyi; BCe aBTopsbl
y4acTBOBa/IN B OOCYXAEHWN PE3YNETaTOB.

CobniofieHne 3TUHECKUX CTaHAAPTOB: Obll NMPOBEAEH PETPOCMEKTUBHBIA aHaNN3 Pe3dynsTaToB, NONYyHYEHHbBIX MPUW BbINOMHEHUN PYTUHHBIX NabopaTopHbIX
1cenefoBaHnii ANs NaumeHToB, NPOXodsWmx nedeHne B LieHTpansHom HUW Ty6epkynesa; Bce nauveHTbl nognvcani 1o6poBofibHoe MHOopMUpoBaHHOE
cornacvie Ha NpoBegHNE UCCNeLoBaHYIS.

><] Ans koppecnoHpeHumn: Cohbst HrkonaesHa AHapeeBckast
sy3ckast annes, o. 2, . Mocksa, 107564; andsofia@mail.ru

Cratbs nonyyeHa: 11.12.2019 CrtaTtbsa npuHsTa K nevatu: 07.01.2020 Ony6nnkoBaHa oHnaiiH: 12.01.2020

DOI: 10.24075/vrgmu.2020.001

Drug-resistant tuberculosis (TB) is a serious public health  [1]. Russia has the third-highest burden of MDR-TB [2]. In 2018,
concern. At present, the major focus is on fighting multidrug-  the incidence and prevalence of MDR-TB in Russia stabilized
resistant TB (MDR-TB), i.e. caused by strains resistant to at  at 5.6 and 23.6 cases per 100, 000 population, respectively.
least 2 most effective anti-TB drugs: isoniazid and rifampicin ~ However, the share of patients with MDR-TB among individuals
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with active TB disease increased both in terms of incident cases
(from 27.4% in 2017 t0 29.3% in 2018) and the total respiratory
TB burden (from 54.0% in 2017 to 55.3% in 2018) [3].

By contrast, other forms of drug-resistant TB are receiving
less attention, including isoniazid-resistant TB (Hr-TB) assigned
to a separate category by WHO. Its causative agent is resistant
to isoniazid but sensitive to rifampicin [4]. Isoniazid is a first-
line drug that exerts a bactericidal effect on M. tuberculosis
and is highly effective in treating active TB forms. Phenotypic
resistance to isoniazid is associated with mutations in katG,
inhA, ahpC and some other genes that encode proteins
involved in the pharmacokinetics and pharmacodynamics of
isoniazid in the bacterial cell [5, 6].

Inadequate therapy for Hr-TB promotes a high risk of
acquiring resistance to other anti-TB drugs, including rifampicin,
and results in MDR [7]. According to WHO, Hr-TB prevalence
varies from 5 to 11% across WHO regions [8]. The data on Hr-
TB prevalence in Russia is scarce.

This study aimed to estimate the prevalence of isoniazid-
resistant M. tuberculosis in patients presenting with puimonary TB
at the clinical departments of Central Tuberculosis Research
Institute between 2011 and 2018, as well as to provide an
extensive phenotypic drug sensitivity profile and describe
genetic determinants of resistance to isoniazid in this group of
M. tuberculosis isolates.

METHODS
Object of research

In this study, we looked at M. tuberculosis isolates and/or DNA
isolated from the clinical specimens collected from the patients
with pulmonary TB who had presented at the counselling and
clinical departments of Central Tuberculosis Research Institute
in 2011-2018. All microbiological tests were performed on the
same sample.

Culture tests

The cultures were grown and analyzed for the presence of
M. tuberculosis in a Middlebrook 7H9 broth base in a BACTEC
MGIT 960 system (BD; USA) following the manufacturer’s
protocol [9]. For drug susceptibility testing, we used BACTEC
MGIT 960 instrumentation (BD; USA) and a modified proportion
method. The isolates were tested for sensitivity to 8 drugs taken at
critical concentrations, including isoniazid (H, 0.1 pg/ml), rifampicin
(R, 1.0 pg/ml), ethambutol (E, 5.0 pyg/ml), pyrazinamide
(Z, 100.0 pg/ml), ethionamide (Eto, 5,0 pg/ml), amikacin (Am,
1.0 pg/ml), capreomycin (Cm 2.5 pg/ml), and levofloxacin (L,
1.0 pg/ml). Standard protocols were applied [9, 10].

DNA isolation

DNA was isolated from the clinical specimens using an
Amplitub-RV reagent kit 1 for the isolation, detection and
quantification of mycobacterial DNA by real-time PCR (Syntol;
Russia) following the manufacturer’s protocol.

Detection of M. tuberculosis DNA was performed using
an Amplitub-RV reagent kit 2 for the isolation, detection and
quantification of mycobacterial DNA by real-time PCR (Syntol;
Russia) following the manufacturer’s protocol. DNA fragments
were amplified in a thermocycler equipped with a CFX96 optical
reaction module (Bio-Rad; USA).

Genotypic resistance to rifampicin, isoniazid and
fluoroquinolones was tested using either TB-Biochip-1 and

TB-Biochip-2 kits that utilize a microarray technology (Biochip-
IMB; Russia) or Amplitub-MDR-RV and Amplitub-FQ-RV kits
(Syntol; Russia). All procedures were carried out in compliance
with the manufacturers’ guidelines.

Statistical analysis

Descriptive statistics were used to analyze the results of the
study, including the number of observations, frequencies,
percentages, and 95% CI. The analysis was conducted in MS
Excel (Microsoft; USA).

RESULTS

Clinical specimens collected from 4056 patients with pulmonary
TB were subjected to culture-based and molecular testing.
In 71 cases, neither M. tuberculosis DNA nor tubercle bacilli
themselves were detected; so those cases were excluded
from the analysis. Phenotypic/genotypic drug susceptibility
was determined for M. tuberculosis DNA/cultures isolated
from the remaining 3985 samples. If the results of culture
tests contradicted those of molecular tests, priority was given
to culture-based data (Table 1). For example, 38 strains that
demonstrated resistance to both isoniazid and rifampicin in
culture tests but had no mutations in the rpoB gene implicated
in rifampicin resistance were put into the MDR category
because molecular rifampicin susceptibility tests used in our
study could only detect a limited number of mutations, meaning
that genetic determinants of rifampicin resistance might have
been overlooked in the analysis. And, vice versa, 29 strains
that tested positive for mutations in the rpoB gene and did not
have the rifampicin-resistant phenotype were categorized as
isoniazid-resistant.

The total sample of drug-resistant M. tuberculosis strains
was dominated by MDR isolates (Table 1). However, isoniazid-
resistant strains that were susceptible to rifampicin were also
well represented in the sample (502/3985; 12.60%).

The analysis of clinical data over the period from 2011 to
2018 revealed that Hr-TB amounted to about 14% of all TB
cases per year reported in 2011-2012 and 2017-2018. In
2013-2016, the rate of detection for this TB form was lower
(10-11%). We were unable to describe this linear trend with a
sufficient degree of reliability (Table 2).

Because culture-based tests are less sensitive than
molecular methods, the growth of M. tuberculosis in culture
media was not detected for some specimens. Therefore,
phenotypic sensitivity to anti-TB drugs was only determined
for 260 isoniazid-resistant isolates of M. tuberculosis (Table 3).
The following definitions were applied to identify the type of
drug resistance of M. tuberculosis isolates [1]: monoresistance,
i.e. resistance of the mycobacterium to only one anti-TB drug,
and polyresistance, i.e. resistance of the mycobacterium to 2
or more anti-TB drugs but not to the combination of isoniazid
and rifampicin.

Monoresistant isolates amounted to 117/260 (45%)
cases. The rest 143 (55%) isolates were polyresistant (to
2-6 drugs). Polyresistant isolates were equally represented
by M. tuberculosis strains resistant to both isoniazid and
first-line drugs (42/143; 29.37%) and by the strains resistant
to both isoniazid and second-line drugs (38/143; 26.57%);
resistance to second-line drugs almost always included
resistance to ethionamide (31/38; 81.58%). Co-resistance to
first- and second-line drugs was the most common among the
polyresistant isolates (63/143; 44.06%). Of them, co-resistance
to isoniazid, ethambutol and ethionamide (HEEto), including
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their combinations with other second-line medications,
was detected in 20/63 (31.75%) cases; polyresistance to
isoniazid, pyrazinamide and ethionamide (HZEto), including
their combinations with other second-line drugs, was not so
common (9/63 cases or 14.29%). Polyresistance to HEZEto
was observed in 15/63 (23.81%) isolates. In 19/63 (30,16%)
isolates, resistance spectra included other combinations of
drugs (a total of 12 resistance spectra with 3 to 5 drugs).

Data on mutations in the genes associated with resistance
to isoniazid were acquired for 451 M. tuberculosis isolates
resistant to isoniazid (Table 4). In most cases (386/451 isolates
or 85.59%), single nucleotide polymorphisms (SNPs) were
detected in one of the genes associated with resistance to
isoniazid. The presence of SNPs in 2 genes associated with
isoniazid resistance was not so common (65/451 cases or
14.41%). The most prevalent were mutations at codon 315
of the katG gene (413/451 cases or 91.57%). In 348/413
(84.26%) cases, mutations were detected only in katG; in
62/413 (15.01%) isolates, mutations in katG co-occurred with
SNPs in the inhA gene. In single cases, katG mutations co-
occurred with SNPs in the ahpC gene.

The inhA15_C->T substitution was quite common (94/451;
20.84%); in 33/94 (35.11%) cases it was the only mutation
detected. In other samples, this mutation co-occurred with an
SNP at codon 315 of the katG gene.

For 209 isolates of M. tuberculosis with phenotypically
confirmed resistance to isoniazid, the following distribution
of mutant variants was observed: 152/209 (72.73%) carried
a mutation in the katG gene only (315_Ser->Thr(1)); 32/209
(15.31%) carried a combination of katG315_Ser->Thr(1) and
inhA15_C->T, 17/209 (8.13%) only inhA15_C->T was detected.
The remaining 8 (3.83%) isolates with phenotypically confirmed
resistance to isoniazid had mutations in other regions of the
genes associated with isoniazid resistance (@hpC10_C->T in

Table 1. M. tuberculosis isolates and drug susceptibility tests

ORIGINAL RESEARCH | MICROBIOLOGY

the absence of other mutations, katG315_Ser->Asn; co-occurring
katG315_Ser->Gly + inhA15_C->T, katG315_Ser->Thr(1) +
inhA8_T->G, katG315_Ser->Thr(1) + ahpC10_C->T).

Thus, our sample of isoniazid-resistant M. tuberculosis was
dominated by the katG315_Ser->Thr(1) mutation corresponding
to the substitution AGC->ACC (333/451; 73.84%), followed
by the co-occurring katG315_Ser->Thr(1) + inhA15_C->T
(60/451; 13.30%), and single inhA15_C->T (33/451; 7.32%).
On the whole, these 3 mutant variants amounted to 426/451
(94.46%) isoniazid-resistant M. tuberculosis isolates.

DISCUSSION

We attempted to estimate the prevalence of isoniazid-resistant,
rifampicin-susceptible M. tuberculosis strains isolated from
the patients with pulmonary TB, who had presented at clinical
departments of Central Tuberculosis Research Institute in
2011-2018.

The prevalence of this TB form and the rate of its spread vary
across the world’s regions. For example, the analysis of data
on drug susceptibility collected by WHO from 131 specialized
healthcare institutions in 1994-2009 reveals that Eastern
Europe had the highest burden of Hr-TB (15%), followed by
Western and Central Europe (11%); in other WHO regions,
Hr-TB prevalence did not exceed 8% [11]. In some regions, the
prevalence of Hr-TB tended to decrease, whereas in others, it
was increasing. No clear linear dynamics were established for
the majority of WHO regions. In our study, the prevalence of
isoniazid-resistant M. tuberculosis (12%) was similar to that in
Eastern Europe and its dynamics were non-linear, just like in the
majority of the world’s regions.

The systematic review of the link between primary resistance
to isoniazid and the acquisition of secondary resistance to other
anti-TB drugs [12] concludes that monoresistant strains acquire

) ) e The total number of M. tuberculosis isolates assigned to
Number of isolates for which data on drug sensitivity e

e ) each sensitivity type based on culture and

Types of sensitivity to was obtained (abs.) mol :
i olecular testing
antituberculous drugs
Molecular and culture tests | Culture tests only | Molecular tests only abs. % (95% ClI)
Sensitive 478 207 673" 1358 34.08 (32.62-35.56)
MDR 11792 256 613 2048 51.39 (49.84-52.94)
Hr 209% 51 242 502 12.60 (11.60-13.66)
Other® 42 23 12 77 1.93 (1.55-2.41)
Total 1908 537 1540 3985 100
Note: ' — including cases for which no mutations were detected in the genes associated with resistance to isoniazid, rifampicin and fluoroquinolones; ? — including

38 M. tuberculosis isolates for which no mutations in the rpoB gene (see the article) were detected; ® — including 29 M. tuberculosis isolates carrying mutant rpoB but
having no resistance phenotype; * — mono- or polyresistance to antituberculous drugs, excluding isoniazid.

Table 2. The frequency of detection of isoniazid-resistant M. tuberculosis in 2011-2018

Number of M. tuberculosis isolates
Year Hr isolates
Total isolates studied (abs.)
abs. % (95% Cl)

2011 458 67 14.63 (11.69-18.16)
2012 355 52 14.65 (11.35-18.70)
2013 530 54 10.19 (7.89-13.06)
2014 554 65 11.73 (9.31-14.68)
2015 569 65 11.42 (9.06-14.30)
2016 502 56 11.16 (8.69-14.21)
2017 557 76 13.64 (11.04-16.75)
2018 460 67 14.57 (11.64-18.08)
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additional resistance (no necessarily MDR) to other anti-TB
drugs 5.1 times more often than drug-susceptible strains. High
occurrence rates of polyresistant strains demonstrated in our
study (565% of all Hr-TB isolates) insensitive to 1-5 drugs apart
from isoniazid corroborate the possibility of drug resistance
amplification in isoniazid-resistant M. tuberculosis.

Because first-line antituberculous drugs ethambutol and
pyrazinamide are included in the standard chemotherapy
regimen often prescribed empirically to newly diagnosed
patients, it would be reasonable to expect high prevalence
rates of Hr M. tuberculosis strains additionally resistant to these
2 drugs. Indeed, resistance to ethambutol was detected in
almost half of all polyresistant M. tuberculosis isolates analyzed
in our study (70/143, 48.95%; 95% Cl: 40.89-57.06%);
pyrazinamide-resistant isolates were slightly rarer (57/143,
39.86%; 95% ClI: 32.20-48.05%).

Polyresistant M. tuberculosis strains resistant to ethionamide
(the second-line medication) were much more prevalent
(80/143, 55.94%; 95% Cl: 47.76-63.82%). This can ben
explained by the fact that ethionamide is a structural analogue
of isoniazid; it inhibits synthesis of mycolic acids, thereby
disrupting the structure of the bacterial cell wall. Therefore,
these two drugs may have common targets and genetic
determinants of resistance [5, 13].

In general, the use of first-line drugs in the therapy of H-TB
leads to poor outcomes, including the lack of therapeutic effect,
relapses, acquired MDR. Besides, standard empiric treatment
of H-TB can promote MDR-TB epidemics, especially in the
regions where such TB forms are not rare [7]. At the same time,
timely adjustments to the regimen based on results of isoniazid
susceptibility testing and the use of modified regimens reinforce
therapeutic success and reduce the risk of relapses [14— 16].

In this light, 2 clinical studies should be mentioned that
aimed to establish an association between mutations in
M. tuberculosis and the efficacy of treatment of Hr-TB with high
doses of isoniazid [17, 18]. It is known that mutations in the
katG gene, which dominated our sample, result in a high level
of resistance to isoniazid whereas mutations in inhA, in a low
level of resistance [5]. The studies revealed that therapy with
isoniazid was effective when mycobacteria carried mutations
in the inhA gene; katG mutations were associated with poor
treatment outcomes [17, 18].

This emphasizes the need for effective regimens for the
therapy of Hr-TB [8, 19]. Rapid drug susceptibility testing is
critical. Molecular diagnostic methods are highly sensitive and
rapid (1-2 days in comparison with weeks required for culture);
they also provide valuable information about mutations carried
by the strain and the level of isoniazid resistance [1]. Therefore,
the demand for molecular methods in the diagnosis of TB and
drug susceptibility testing is high. However, although tests
based on allele specific PCR, bioarray technologies or DNA
strips used in large TB healthcare centers expedite diagnosis,
they impose strict requirements on staff qualifications and
laboratory infrastructure.

Today, the only molecular test that can be deployed in
any laboratory is Xpert MTB/RIF that utilizes the GeneXpert
platform [20]. Unfortunately, this test can detect only genotypic
resistance to rifampicin because these days all diagnostic
procedures are largely focused on detecting MDR strains,
which are resistant to rifampicin. Therefore, Xpert MTB/RIF
cannot detect resistance to isoniazid in the strains that are
sensitive to rifampicin (12% of our isolates). In the absence of
additional diagnostic tools, isoniazid resistance of such strains
will never be revealed, leading to inadequate chemotherapy
regimens and amplification of MDR. This indicates the need for

a simple molecular test that is as convenient as Xpert MTB/RIF
and can be used in any laboratory.

CONCLUSIONS

Isoniazid-resistant tuberculosis can be regarded as a potential
predecessor of MDR disease. It is important to control the
spread of primary resistance to isoniazid and prevent acquisition
of further resistance. Our analysis revealed high prevalence

Table 3. Resistance spectra of isoniazid-resistant strains of M. tuberculosis

Number of M. tuberculosis strains
Resistance spectra
abs. % (95% Cl)
Monoresistance (H) 117 45.00 (39.07-51.08)
Zﬂéf;f;i’;f%’* + other anti-T8 143 55.00 (48.95-61.05)
To 2 anti-TB drugs: 71 27.31 (22.25-33.02)
HE 17
HZ 16
H Eto 31
H Am 3
H Cp 1
H Lfx 3
To 3 anti-TB drugs: 36 13.85 (10.17-18.57)
HEZ 9
HE Eto 13
HE Lfx 1
HZ Cp 1
HZ Eto 7
H AmCp 2
H EtoAm 3
To 4 anti-TB drugs: 21 8.08 (5.34-12.03)
HEZ Eto 6
HEZ Am 1
HEZ Lfx 3
HE AmCp 2
HE EtoAm 4
HE EtoLfx 2
HZ EtoCp 1
H EtoAmCp 1
H AmCpLfx 1
To 5 anti-TB drugs: 12 4.62 (2.66-7.89)
HEZ EtoAm 2
HEZ EtoLfx 4
HEZ AmCp 2
HE EtoAmLfx 1
HZ AmCpLfx 1
HZ EtoAmLfx 1
H EtoAmCpLfx 1
To 6 anti-TB drugs: 3 1.15 (0.39-3.34)
HEZ EtoAmCp 2
HEZ EtoAmLfx 1
Total 260 100

Note: in the lists of resistance spectra, first-line drugs are separated from second-
line medications by a space character.
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Table 4. Isoniazid-resistant M. tuberculosis isolates with different combinations of mutations in the genes associated with isoniazid resistance

Mutations in katG At codon 351, substitution of Ser to
Not detected Total
Mutations in ahpC and inhA Arg Asn Gly Thr(1)* Thr(2)*
o . _ 4(0.89; 7 (1.55; 3(0.67; | 333(73.84; 1(0.22; 348 (77.16;
No detected mutations in ahpC or inhA 0.35-2.26) | 0.75-3.17) | 0.23-1.94) | 69.59-77.68) | 0.04- 73.07-80.80)
~ ~ ~ ~ B 1(0.22; ~ 1(0.22;
6 | G>A 0.04-1.25) 0.04-1.25)
~ 1(0.22; ~ ~ B B ~ 1(0.22;
C=>A 1 0.04-1.25) 0.04-1.25)
SNP in ahpC at position 10
CaT 1(0.22; ~ ~ _ 1(0.22; ~ 2 (0.44;
0.04-1.25) 0.04-1.25) 0.12-1.60)
- ~ ~ ~ ~ 1(0.22; ~ 1(0.22;
12 C=>T 0.04-1.25) 0.04-1.25)
-~ 2 (0.44; ~ ~ ~ ~ ~ 2 (0.44;
. A | 012-1.60) 0.12-1.60)
1(0.22; 1(0.22;
T->G - - - - 0.04-1.25) - 0.04-1.25)
SNP in inhA at position
c>G | 1022 - _ _ _ ~ 1(0.22;
s 0.04-1.25) 0.04-1.25)
ot 33 (7.32; ~ ~ 1(0.22; 60 (13.30; ~ 94 (20.84;
5.26-10.10) 0.04-1.25) | 10.48-16.75) 17.35-24.83)
38 (8.43; 4(0.89; 7 (1.55; 4(0.89; | 397 (88.03; 1(0.22;
Total 6.20-11.35) | 0.35-2.26) | 0.75-3.17) | 0.35-2.26) | 84.70-90.71) | 0.04-1.25) 451 (100)

Note: SNPs occurring in only one gene associated with isoniazid resistance are highlighted in gray; other cells show combinations of >1 mutation. * Thr(1) represents
the AGC->ACC substitution, Ser->Thr(2) represents the AGC->ACA substitution.

of Hr-TB (over 12% of all analyzed cases) among isoniazid-
resistant rifampicin-susceptible M. tuberculosis strains isolated
from patients with pulmonary TB. The majority of such isolates
carried mutations causing strong resistance to isoniazid. Our
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HEREDITARY RISK FACTORS FOR UTERINE LEIOMYOMA: A SEARCH FOR MARKER SNPS
Svirepova KA'B, Kuznetsova MV', Sogoyan NS, Zelensky DV?, Lolomadze EA', Mikhailovskaya GV', Mishina ND', Donnikov AE', Trofimov DYu'

" Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia
2 Valuyki Central Hospital, Valuyki, Russia

Uterine leiomyomas are a worrying reproductive health issue that has serious social implications. The aim of this study was to conduct a search for marker single
nucleotide polymorphisms (SNPs) associated with uterine leiomyoma. To test the hypothesis about the contribution of genetic predisposition to the pathogenesis
of myomas, the initial group of 100 patients with a verified diagnosis of uterine leiomyoma was divided into 2 subgroups: subgroup la (women with a family history
of the disease) and subgroup 1b (women with no family history of the disease). The control group consisted of 30 postmenopausal patients who did not have
a medical history of uterine fibroids and denied uterine fibroids in their close female relatives. DNA sequences were read using Sanger sequencing. Statistically
significant differences (p < 0.05) were discovered between the analyzed groups in terms of genotype frequencies for rs12637801 and rs12457644. Also, previously
unknown protective SNPs were identified whose rare alleles could predict the reduced risk of uterine leiomyomas.
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HACJEAQCTBEHHbIE ®AKTOPbI PUCKA PA3BUTUA MUOMbI MATKW:
MONUCK MAPKEPHbIX OAHOHYKJIEOTUAHbIX NMOJINMOP®UN3MOB

K. A. Caupenosa'®™ M. B. KyaHeuosa', H. C. CorosH', [1. B. 3enerckuii®, E. A. Jlonomange', . B. Muxaiinosckas', H. . MuwmHa’, A. E. [JoHH/KOB!,
. 0. Tpodumos'

" HaupnoHanbHbIM MeguUMHCKNIA MCCNeaoBaTeNbCKUI LIEHTP akyLlepcTsa, MHeEKoNorm 1 nepuHatonorum nvenn B. V. Kynakosa, Mocksa, Poccust

2 Banyiickas LeHTpaneHas parioHHast 6onbHuLa, Banyiikv, Poccust

Mvoma MaTkin SBNSIETCS OOHOWM 13 BaXKHEWLLMX COLMANBbHO 3HaYMMbIX MPOBIEM XXEHCKOrO PenpomyKTMBHOMO 3A0poBbA. Lienbto nccneposanns Obino Hamtm
MapKepHble OOHOHYKNEoTAHbIE nonmmophramel (SNP), accoummpoBaHHble C pa3BUTVEM MUOMbI MaTKW. [1ns NpOBEPKM rMnoTesbl O TOM, YTO HACNEACTBEHHOCTb
NrpaeT BakHYO POJIb B MaTtoreHeae Myom, rpynny 13 100 naumeHToK ¢ MOATBEPXXASHHbIM AVarHO30M MVOMbI MaTK Pa3Aenvv Ha Ase Noarpynnbsl: noagrpynny la
C OTArOLLEHHBIM CEMENHBIM aHaMHE30M, NOArpynny 16 ¢ HEOTArOLLEHHBIM CEMENHBIM aHaMHE3OM MO M1OME MaTku. [pynna cpaBHeHns Gbina chopmMmpoBaHa
13 30 NaumEeHTOK (PKEHLLWHbI B MOCTMEHoMNay3e, He MMEBLLUME B aHAMHE3E MVUOMY MaTKW, OTPULABLLME HANMNHME MVOM Y BrvpKanLLMX pOACTBEHHNLY. [epBuYHYIO
HYKNEOTWAHYIO NMOCNEeA0BaTENbHOCTL ONPeenanm ¢ MOMOLLBIO CEeKBEeHMpoBaHUA No metody CoHrepa. Bbinn BbiSiBNEHbI CTaTUCTUHECKN 3HaqYuMble (0 < 0,05)
pasn4ms Mexay MCCnefoBaHHbIMM rpynnamMm No 4acToTam reHoTunos no rs12637801 1 rs12457644. Bnepsble 0OHapy»eHbl «MpoTekTuBHble» SNP, peakve
annenn KoTopbIX MOMYT CNY>XXUTb MapKepamm MOHXEHHOO PYCKa PasBUTUS IEMOMNOM MaTKU.

KniouyeBble cnoBa: M1omMa MaTtku, COMaTU4ecKme MyTaun, OOHOHYKNeoTnaHble I'IOJ'II/IMOp(bVISMbI

®duHaHcupoBaHue: paboTa BbinosHeHa B pamkax rocsafaHis 2019 r. «CoBepLUeHCTBOBaHME TaKTUKM BefleHWs 60/1bHbIX 0OPOKa4eCTBEHHbIMM 3a00NeBaHVSIMI
OpraHoB PEernpOLyKTUBHOM CUCTEMbI C UCMOMb30BAHNEM BbICOKOTEXHOMOMMHYHBIX METOLOB (DYHKLOHABHON BU3YaIbHON ANArHOCTUKA 1 NaHEN MOSEKysip-
HO-61ONOMMHECKIX MapKepPOB MPOrpecCcUMpoBaHns 1 peLamea 3a6oneBaHunii».

Bknap aBTopoB: K. A. CBupenoBa — aHann3 nuTepatypbl, MPOBEAEHVE UCCNEA0BaHWs, HanncaHne Tekcta ctaTtbk; M. B. KysHeloBa — npoBefeHne
1cenefoBaHuns, HanvcaHme Teketa ctatbi; H. C. CorosH — cbop mMaTtepuana 1 BeaeHve konnekumn B 6nobarke; [. B. 3eneHckuin — cbop 1 npegocTaBneHve
mMatepvana ana vucenepgosanus; E. A. Jlonomanze, I B. MuxarnoBckas — noMoLLb B MPOBEAEHUN nabopaTtopHon YacT uccnenosanmns; H. . MuwmHa —
cTaTucTudeckast obpabotka peaynsratos; A. E. JoHHrkos, . FO. TpohrmoB — o6LLiee PyKOBOACTBO M pefakTVpOoBaHne CTaTbu.

CobniofeHne aTUYECKNUX CTaHOAPTOB: VICCNEA0BaHNe Of0OPEHO STUHECKMM KOMUTETOM HauMoHabHOrO MeavUMHCKOrO UCCefoBaTensCKoro LeHTpa
aKyLIepPCTBa, MMHEKONOMI 1 nepyHaTonori nmenn B. V. Kynakosa. Bce naumeHTK nognvcani 4o6pososibHoe MHOPMUPOBaHHOE COrmacue Ha y4acTue
B VICCrefoBaHum.
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Uterine leiomyomas (fibroids, leiomyomas) are some of the That said, uterine leiomyomas are often asymptomatic,
most common benign neoplasms of the female reproductive  especially at the onset of the disease or in women with
system [1]. Its prevalence among women of reproductive ageis ~ small or not too many nodules. However, some symptoms
as high as 40-50%; in one-third of patients, uterine leiomyomas  can have a huge negative impact on the patient’s quality of
manifest themselves in serious symptoms [1-4]. life. Patients often complain of pain accompanying fibroid
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growth; fatigue, weakness and absent-mindedness resulting
from menometrorrhagia and chronic anemia; dyspareunia,
psychological stress related to the symptoms, fear of possible
medical interventions or reproductive dysfunction [5-8].

This gynecologic pathology is one of the causes underlying
female infertility. Uterine leiomyomas are diagnosed in 23.5%
of women seeking medical advice about primery or secondary
infertility [9]. Worldwide, leiomyoma is associated with 10%
of infertility cases in women and is the only cause of infertility
in 1-3% of female patients. The contribution of leiomyoma to
infertility is determined by the location of nodular growths [10].

The social implications of this disease cannot be
overestimated. The modern woman is socially active, and the
symptoms associated with leiomyoma can significantly reduce
her quality of life, impair the ability to work, increase the number
of hospital stays and therefore become a great financial burden
for the state.

There is an extensive body of literature on the search
of factors that cause uterine leiomyomas, including genetic,
hormonal and some others. But so far, no clear association
between these factors and the pathogenesis of the disease
has been established. According to the population studies
focusing on the prevalence of uterine leiomyomas, genetic
predisposition plays the key role in their development: in about
510 10% of women, the disease is familial [1]. There are some
publications pointing out that women of Afro-American descent
are at increased risk for uterine leiomyomas, suggesting genetic
differences between races in terms of risk for this pathology.
Today, it is reported that about 70-80% of women aged 50
have at least one uterine fibroid nodule and 15-30% of patients
with myomas develop serious complications [11-14].

The search for leiomyoma-specific genetic markers has
been going on for over 20 years now. Uterine myomas are
monoclonal neoplasms arising from a single progenitor cell,
and the advent of next-generation sequencing stimulated
vigorous research into the somatic mutations found in myomas.
Mutations in the MED12 gene have been shown to be the most
common somatic mutations in uterine leiomyomas; the majority
of them are single nucleotide polymorphisms in codons 43 and
44 of exon 2 [15] and are found in 70% of uterine nodules. So
far, this is the most important discovery about the pathogenesis
of uterine leiomyomas as no other somatic mutations have
been detected in the tumors carrying the mutant MED72
gene. Besides, uterine leiomyomas with mutant MED12 are
characterized by elevated RAD51B expression, which can
stimulate cell proliferation and promote tumor growth [16-17].
The MED12 gene is located on the X chromosome and
encodes a 250 kDa subunit of a big mediator protein complex
participating in the regulation of RNA polymerase Il transcription.

Subsequent research revealed that the most common
somatic mutation in the MED12 gene is 131G>A. In total, 6
SNPs were identified at 3 different positions in exon 2 of MED12:
130G>A, 130G>C, 130G>T, 131G>T, 130G>T, 131G>C (listed
in the ascending frequency of occurrence) [18].

Although MED172 mutations are frequently found in
human leiomyomas, their causes and mechanisms of action
are still unknown. In a study by our research team published
in 2006, somatic mutations in exon 2 of the MED12 gene
occurred in 50% of uterine fibroid tissue samples collected
from a population of Russian females [19-20]. Further
search for genetic markers associated with the risk of
uterine leiomyoma seems very promising. This approach is
now used to study some types of cancer. A few SNPs have
already been identified whose pathogenic alleles increase
the risk of endometriosis [21].

Today, the search for uterine leiomyoma-specific genetic
markers is being conducted globally. A meta-analysis study
carried out in 2020 [22] showed a direct link between 9 SNPs
and the risk for uterine leiomyoma at the genomic level of
significance (p < 6.6 - 10°): rs3820282 (1p36.12), rs124793436
(2p25.1), rs2251795 (3026.2), rs2242652 (5p15.33), rs75228775
(10g24.33), rs2280543 (11p15.5), rs17033114 (12923.2),
rs7989971 (13g14.11) and rs12484776 (22g13.1) in a population of
Japanese women. Some SNPs, including rs2251795, rs2242652,
rs75228775, rs2280543, and rs7989971, had statistically
significant effects in patients with multiple myomatous nodules
in comparison with patients who had single nodules. Two
SNPs (rs2251795 and rs75228775) were associated with the
submucosal leiomyoma of the uterus, while rs2280543 on
11p15.5 was linked to the intramural uterine leiomyoma. These
associations emphasize the importance of further research in
the field aimed at identifying the effects of different alleles on the
pathogenesis of this widespread and yet understudied disease.

The objective of the study was to find genetic markers, i.e.
SNPs, specific to uterine leiomyoma.

METHODS

Patients were recruited at the Department of Gynecologic
Surgery (Kulakov Research Center for Obstetrics, Gynecology
and Perinatology) and at the Gynecologic Department of
Valuyki Central Hospital in 2018-2019. The study included 100
patients with uterine leiomyoma who met the following criteria:
reproductive age; uterine leiomyoma confirmed by clinical
examination and functional diagnostic tests (the main group);
indications for surgery. Patients with acute infections, grade
lI/IV adenomyosis, pelvic cancers and contraindications for
surgery were excluded from the study. To test the hypothesis
about genetic predisposition to uterine leiomyomas, we divided
the main group consisting of 100 patients with confirmed
uterine leiomyomas into 2 subgroups: subgroup la comprised
53 patients aged 20-46 years with single or multiple fibroids
and a family history of the disease (leiomyomas diagnosed in
close maternal relatives, including the mother, grandmothers,
sisters, or aunts); subgroup 1b included patients aged 19 to
42 years with single or multiple fibroids and no family history of
leiomyomas. The subgroups were formed upon history taking.
The control group included 30 postmenopausal women who
had no personal or family history of uterine leiomyomas.

Sampling

Fibroid tissue samples were collected during myomectomy or
hysterectomy (the extent of surgery was determined by the
number and size of the fibroids). The samples were placed in
normal saline, shipped to the biobank and frozen at =70 °C for
further storage. Each specimen was subjected to a
histopathological examination to confirm that the excised mass
was exclusively a myomatous nodule and did not contain a
pseudocapsule or myometrial tissue.

DNA extraction

DNA was extracted using a QlAamp DNA Blood Mini Kit
(Qiagen; USA) following the manufacturer’s protocol.

PCR

PCR was performed in a S1000Tm thermocycler (BioRad;
USA). The following protocol was applied: initial denaturation at
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94 °C for 2 min followed by 35 cycles of 94 °C for 60 s, primer
annealing at 64 °C for 60 s and extension at 72 °C for 1.5 min;
then, final extension at 72 °C min for 10 s (Table 1). Amplification
efficacy was assessed by electrophoresis on 2% agarose gel
stained with ethidium bromide. Imaging and documentation of
electrophoresis results were done using a ChemiDoc XRS+ Gel
Photo Documentation System (Bio-Rad; USA).

Sequencing

DNA sequences were read using Sanger sequencing with
a Big Dye® -terminator v. 1.1 kit (Applied Biosystems; USA).
The obtained amplicons were analyzed in an ABI PRISM
3130 Genetic Analyzer (Applied Biosystems; USA). Amplicon
sequences were compared to the reference sequences for each
rs. BioEdit (Tom Hall; USA) was used for sequence alignment.

DNA precipitation in mild conditions

Purified PCR products were obtained by direct DNA
precipitation in mild conditions suitable for removing primers
and other components of PCR from the mixture. Instead
of commercial kits, we used a NH,Ac + EtOH mix (the final
concentrations of ammonium acetate and ethanol were 0.125
M and 70%, respectively). Ammonium acetate combined with
ethanol (50 pl) was added to each test tube containing a PCR
amplicon, vortexed or stirred by turning the test tube upside
down. Precipitation was carried out at room temperature for
20 min; then the mixture was centrifuged at 13, 000 rpm for
15 min, the supernatant was removed, the sediment was
washed with 100 pl of 70% ethanol taken at room temperature
and centrifuged again at 13, 000 rpm for 15 min. After that,
the supernatant was removed and the resulting product was
dried in a thermocycler or a vacuum centrifuge. Then, 20 pl of
formamide were added to each test tube.

Data processing in BioEdit

Based on the obtained sequence chromatograms, genotypes
of 5 analyzed polymorphisms were identified using BioEdit
sequence aligning software (Tom Hall; USA).

Statistical analysis

The following software was used for statistical analysis:
Microsoft Excel 2013 (Microsoft; USA), SciPy libraries (SciPy
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1.4.1, Python Software Foundation; USA), and Pandas for
Python 2.7 (pandas 1.0.1., Wes McKinney; USA). Distribution
of quantitative variables was assessed with the Shapiro-Wilk W
test. In the majority of cases, the distribution was non-normal,
SO nonparametric statistics were used for further analysis.
The median (Me) was chosen to measure central trends
for quantitative variables; the spread of data was assessed
with upper (H) and lower (L) quartiles. Below, the results are
presented as Me (L-H). To assess the significance of intergroup
differences, the Mann-Whitney U test for independent groups
was applied. Differences between the sets of categorical
variables were tested using Pearson's chi-squared test (x?) with
the likelihood ratio. Conformance of genotype frequencies to
the Hardy-Weinberg equilibrium was tested using the x2 test.
Differences were considered statistically significant at p < 0.05
(the 95% significance level). In this article, odds ratios (OR) are
provided with a 95%Cl. 95%Cl were calculated based on x°
distribution as described in Statistical Methods for Rates and
Proportions [23]. To explore possible associations between the
allele of interest and a phenotypic trait (the presence of uterine
leiomyoma and a family history of the disease), genotype
frequencies of the analyzed allele were compared in the groups
of patients with and without this trait. If differences in the
distribution of allele frequencies were significant, distribution
of genotype frequencies was compared in the groups. We
also tested the hypotheses about the autosomal dominant
and autosomal recessive inheritance patterns for the analyzed
trait by constructing 4x4 contingency tables. Two-sided
Fisher’s test (F) was performed for each table if the number
of observations for one cell was less than 5; alternatively, x?
was calculated. We also calculated the probability (OR) for the
trait to appear in the corresponding genotype (homozygous
genotypes with the autosomal recessive inheritance pattern
and hetero/homozygous genotypes with the autosomal
dominant inheritance pattern). The most probable inheritance
type was inferred from the results of model comparisons: the
model with the highest statistical significance of differences in
genotype distribution was considered the best.

RESULTS

The following loci were genotyped: KCNMB2 — rs12637801,
CELF4 — rs2861221, ESR1T — rs3020434, FBN2 —
rs11742635, CELF4 — rs12457644. These specific SNPs
were chosen based on the results of the pilot study assisted by
SNP array 6.0 technology (Thermofisher; USA) and conducted

Table 1. Oligonucleotide primers for sequencing genome regions containing the analyzed polymorphisms

ID Gene Nucleotide sequence 5'-3'
s3: p-5'-CCA Tgg gCT ACA gTT TAC CA-3'
rs12637801 KCNMB2
a4: p-5'-gTC CCT gTA AgA ATg CTT ggA C-3'
s1: 5'-gCC CTC TgT gCT Cgg gAA -3'
rs2861221 CELF4
a2: 5'-Tgg CCC AgC AgT gAT AAA gT -3'
s1:5'-TTg CgC TTT gCT gTT AAT gAA g -3'
rs3020434 ESR1
a2: 5'-TgA CCC TAA TAC ACC TAg gAA AgT g -3'
s1: 5'-ATC CAA ATA gTg AAA ACT Cag Tag gTA C -3'
rs11742635 FBN2
a2: 5'-gTg gAg CAT CAg TTA TAg gAA ggC -8'
s3: p-5'-TAC ggg CAg ACA ACg ggT-3'
rs12457644 CELF4
ad: p-5'-AAg CCC TTg gTA TTC TAg CCT TAC-3'
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in 20 patients with a family history of uterine leiomyomas and
somatic mutations in the MED12 gene plus another 14 patients
constituting the control group (postmenopausal women without
a history of uterine leiomyomas). The frequencies of 906, 600
SNPs were compared between the groups, and 6 candidate
SNPs differing in the frequencies of allele and genotype
distribution were selected for further genotyping of a larger
sample made up of 100 patients with leiomyomas (Table 2).

We analyzed the associations between the presence of the
disease/family history of the disease and the allele frequency
distribution for a polymorphism of interest. The distribution of
genotype frequencies conformed to the Hardy-Weinberg
equilibrium for all studied polymorphisms. To explore the
association of a given genotype with uterine leiomyoma,
genotype distributions of the studied polymorphisms were
compared between 3 groups of patients (Table 3, 4).

Comparison of the control group, which was smaller than
the main group, and with group la (patients with a family
history of uterine leiomyoma) revealed a statistically significant
difference in the frequency of protective polymorphisms
and alleles associated with the risk of uterine leiomyoma,
suggesting that these polymorphisms can be used to predict
uterine leiomyoma. Increased frequencies of minor alleles in
the control group, as compared to the group of women with
uterine leiomyomas, were detected with higher significance
in the group of patients with a family history of the disease,
which indicates the contribution of genetic component to the
development of familial leiomyomas.

Statistical analysis of the data provided in Table 4 shows
that the frequency of the common allele G of SNP rs11742635
is significantly higher in the subgroup of women with no family
history of the disease, which makes it a risk factor for uterine
leiomyoma but does not establish an association between this
allele and genetic predisposition to the disease. Perhaps, this
allele is more associated with other factors contributing to the
pathology.

DISCUSSION

There is an ongoing search for genetic markers of gynecologic
pathologies that have serious social implications; the search is
aimed at creating panels for genetic diagnostic tests that can
help to predict relapses, optimize treatment strategies and
develop new drugs for this disease.

Factors causing uterine leiomyoma have not been yet
identified, although there is a plethora of literature on the

Table 2. The list of candidate polymorphisms and genes in which they are located

epidemiology, genetics, hormonal aspects, and molecular
biology of this nodular growth. This determines the importance
of research into the pathogenesis of uterine leiomyomas.

Familial uterine leiomyomas and the associations between
the prevalence/severity of the disease and the ethnicity of the
patient were first shown in a study by American geneticists
[24-25]. The researchers were able to discover genomic
associations with the development of uterine leiomyoma after
genotyping 261 female Caucasian members of the same family
(first-degree relatives). Immunohistochemistry and genetic
screening of this group of patients identified the risk allele
predisposing them to uterine leiomyoma in the FASN gene
coding for fatty acid synthase located on 17925.3 [24-25].

In another whole-genome study, 457, 044 SNPs were
analyzed in 1,607 women diagnosed with uterine leiomyoma
and 1,428 controls [26]. SNPs with a significant association
(o < 510 were additionally genotyped in 3,466 female
patients with uterine leiomyomas and 3,245 women without
a medical history of uterine leiomyomas. Throughout the
genome, significant associations with uterine leiomyoma
were detected in 3 chromosomal loci: 10g24.33, 22913.1
and 11p156.5. Combination analysis revealed that the
most significant SNP in each of these loci were rs7913069
(o =8.65- 10" OR = 1.47), rs12484776 (p = 2.79 - 1072,
OR = 1.23) and rs2280543 (p = 3.82 - 102, OR = 1.39), so
further research into these SNPs could help to elucidate the
causes of uterine leiomyoma.

In a pilot study conducted in 2017-2018 and aimed at
finding the genetic markers for leiomyomas, 906, 600 SNPs
were genotyped. The study was conducted in patients with
uterine leiomyomas and a family history of uterine leiomyomas
in their maternal first-degree relatives; the control group
included women without a history of uterine leiomyoma [27].
Genotyping identified 6 polymorphisms (rs3020434, rs11742635,
rs124577644, rs12637801, rs2861221, rs17677069 in genes
ESR1, FBN2, CELF4, KCWMBZ2) occurring with frequencies
that were statistically different from other SNPs in both
analyzed groups; the differences were more significant in
the group of women with a family history of the disease, as
compared to the controls. Subsequent research focused on
the 6 identified polymorphisms that might be associated with
uterine leiomyoma. No rare alleles of rs3020434, rs11742635,
rs2861221, and rs17677069 were detected in patients with a
family history of the disease [27].

Summing up, we have genotyped 5 SNPs (rs12637801,
rs2861221, rs3020434, rs11742635, rs12457644) in the

ID Gene Mutations/SNPs Sequence Genomic coordinates (g.) according to HGVS
GRCh37.p13 chr 3 NC_000003.11:g.178379500C>A
rs12637801 KCNMB2 C>A GRCh38.p12 chr 3 NC_000003.12:g.178661712C>A
GRCh37.p13 chr 18 NC_000018.9:9.34940179 C>G
rs2861221 CELF4 c>G GRCh38.p12 chr 18 NC_000018.10:9.37360216 C>G
GRCh37.p13 chr 6 NC_000006.11:9.152358940C>T
rs3020434 ESR1 CT GRCh38.p12 chr 6 NC_000006.12:g.152037805C>T
GRCh37.p13 chr 5 NC_000005.9:9.127788794G>T
rs11742635 FBN2 G-T GRCh38.p12 chr 5 NC_000005.10:9.128453101G>T
RCh37.p13 chr 18 NC_000018.9:9.34944976 G>A
rs12457644 CELF4 G>A GRCh38.p12 chr 18 NC_000018.10:9.37365013G>A
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samples of patients with a family history of uterine leiomyoma
(close maternal relatives, including the mother, grandmothers,
sisters and aunts), who constituted subgroup la, patients
without a history of uterine leiomyomas, who formed subgroup
Ib, and patients from the control group without a history of
uterine leiomyoma. The obtained results demonstrate that
genotype frequency of allele C of KCWMB2 (rs12637801) is
significantly higher in the group of patients with the familial
disease in comparison with the controls (87% vs 77%;
p = 0.04; OR = 2.63) and the genotype frequency of allele
G of CELF4 (rs124577644) is also significantly higher in the
subgroup of patients with the familial disease in comparison
with the controls (85% vs 0.70%, p = 0.04, OR = 2.63). These

ORIGINAL RESEARCH | MEDICAL GENETICS

alleles might be associated with increased risk of uterine
leiomyoma and be a result of genetic predisposition to this
pathologic condition.

CONCLUSIONS

We have established an association between SNPs rs12637801,
rs2861221, rs3020434, rs11742635, rs12457644 and the
presence of uterine leiomyomas in the medical history of
the patient’s family. We have also assessed the relationship
between the risk of this disease and the genotype of the
analyzed polymorphisms. Perhaps, our strategy of studying
gene polymorphisms could help to explain the causes

Table 3. Allele frequency distribution for the studied polymorphisms in the control group, subgroup la (women with a family history of the disease) and the main group

(women with uterine leiomyomas)

Frequency, % Fisher’s F OR
Allele Subgroup la (women | Main group (women Subgroup la Main arou Subgroup la Main group
ID variant Controls, with a history with uterine (women with a group (women with a (women
. . ; (women with . A .
n=230 of the disease) leiomyomas) history of the lsiomyomas) history of the with uterine
n=>53 n=100 disease) Y disease) leiomyomas)
AA 0.00 0.02 0.02
KCNMB2
112637801 AC 0.47 0.23 0.28 0.04 0.09 2.63 2.01
CC 0.53 0.75 0.70
CC 0.60 0.71 0.66
CELF4
152861221 CG 0.30 0.23 0.29 0.30 0.32 1.64 0.48
GG 0.10 0.06 0.05
CcC 0.43 0.61 0.58
ESR1
13020434 CT 0.50 0.33 0.35 0.11 0.17 2.09 1.77
T 0.07 0.06 0.07
GG 0.57 0.67 0.73
FBN2
1511742635 GT 0.37 0.31 0.25 0.27 0.09 0.27 2.04
T 0.06 0.02 0.02
AA 0.13 0.06 0.05
CELF4
112457644 AG 0.33 0.19 0.25 0.04 0.09 2.63 2.01
GG 0.53 0.75 0.70

group of patients with uterine leiomyomas

Table 4. Allele frequency distribution for the studied polymorphisms in the control group, subgroup 1b (women with no family history of the disease) and the main

Frequency, % Fisher’s F OR
Allele Subgroup I Main group (women Subgroup Ib Main group Subgroup Ib Main group
D ) Control (women with no : ) : ;
variant I with uterine (women with no (women (women with no (women
group, family history of . . . . P . )
" leiomyomas), family history of with uterine | family history of with uterine
n=30 the disease), . X X .
ne 47 n=100 the disease) leiomyomas) the disease) leiomyomas)
AA 0.00 0.02 0.02
KCNMB2
112637801 AC 0.47 0.34 0.28 0.35 0.09 1.54 2.01
CC 0.53 0.64 0.70
CC 0.60 0.60 0.66
CELF4
152861221 CG 0.30 0.36 0.29 0.30 0.32 1.64 0.48
GG 0.10 0.04 0.05
CC 0.43 0.53 0.58
ESR1
153020434 CT 0.50 0.38 0.35 0.40 0.17 2.83 1.77
T 0.07 0.09 0.07
GG 0.57 0.79 0.73
FBN2
1511742635 GT 0.37 0.19 0.25 0.04 0.09 2.83 2.04
T 0.06 0.02 0.02
AA 0.13 0.79 0.05
CELF4
112457644 AG 0.33 0.19 0.25 0.15 0.09 0.29 2.01
GG 0.53 0.02 0.70
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underlying familial uterine leiomyomas, as well as to create a
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genetic diagnostic panel for predicting the risk of this condition.

Further research will be focused on the genotyping of patients
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THE ROLE OF SOME XENOBIOTIC BIOTRANSFORMATION GENES SNP IN THE
DEVELOPMENT OF ACUTE PANCREATITIS

Samgina TA =, Nazarenko PM, Polonikov AV, Lazarenko VA
Kursk State Medical University, Kursk, Russia

Genetically determined features of the xenobiotic biotransformation system play an important role in the development of acute pancreatitis (AP) and its
complications. The aim of this study was to assess the contribution of 3 SNPs (CYPTAT -462 T>C rs1048943, CYP2E1 -1293 G>C rs3813867 and ABCB1
-3435 G>A rs1045642) to the development of AP and its complications. DNA samples were collected from 547 unrelated patients with AP (154 women and
393 men; mean age 48.9 + 13.1 years) undergoing therapy at surgery departments of Kursk and 573 unrelated individuals without gastrointestinal diseases
(161 women and 412 men; mean age 47.8 + 12.1 years). The polymorphisms were genotyped by PCR using TagMan probes for allele discrimination. Infected
pancreatic necrosis (IPN) was observed in 97 patients; 101 patients developed a pseudocyst (PC); 111 patients had a peripancreatic necrosis (PN). AP was the
most common in the carriers of the A allele in ABCB1 G>A (rs1045642) (p = 0.0008). The carriers of the G/G genotype rarely developed both AP (p = 5:10) and
its complications: IPN (o = 0.03%), PN (p = 0.036"), PC (p = 0.04%). The carriers of the G/C-C/C CYP2E1 G>C (rs3813867) genotypes who had no long-term
history of alcohol abuse rarely developed AP (o = 0.03). The carriers of the G/C CYP2ET (rs3813867) genotype tended to develop pseudocysts (p = 0.050P).
AP was more frequently complicated by IPN (p = 0.009%), PN (o = 0.003%) and PC (p = 0.003P) in the carriers of the C/C CYP1AT T>C (rs1048943) genotype.
A milder course of AP was typical for the carriers of the G/G ABCB1 G>A (rs1045642) genotype; a more severe course was characteristic of the carriers of the
C/C CYP1A1 T>C (rs1048943) genotype.
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3HAYEHME OOQHOHYKNEOTUAHOIO NOJIMMOP®U3MA HEKOTOPbIX TEHOB CUCTEMbI
BMOTPAHC®OPMALINN KCEHOBNOTUKOB B PA3SBUTUN OCTPOIO NAHKPEATUTA

T. A. CamruHa ™, T1. M. HaszapeHko, A. B. MNMonoHnkos, B. A. JlazapeHko
Kypckuii rocygapCTBEHHbI MEAULIMHCKUIA YHUBEpcuTeT, Kypck, Poccrs

[eHeTYeCKN OeTEPMUHNPOBaHHbIE OCOBEHHOCTU (hYHKLIMOHMPOBaHNS CUCTEMbI BUoTpaHCchopMaumi KCEHOBMOTVKOB UMParoT BabKHYO POSb B Pas3BUTIM OCTPOMO
nankpeatuta (O) n ero ocnoxHeHuin. Liensto paboTsl Obino onpeaennTb BKaH OAHOHYKNEOTUAHbBIX NOAMMOpPdnamoB reHos CYPTAT -462 T>C rs1048943,
CYP2E1 -1293 G>C rs3813867 n ABCB1 -3435 G>A rs1045642 B passutie Ol n ero ocnoxHeHuin. Obpasupl AHK nonydan ot 547 HepoaCcTBEHHbIX
6onbHbIX O (154 »eHWwyHbl 1 393 My>X4uMHbI, cpefHuin Bo3pacT cocTaswn 48,9 + 13,1), HaxogMBLUMXCA Ha CTaUMOHAPHOM NEYEHUN B XUPYPrUHECKNX
otneneHnax ropoga Kypcka n 573 HepoacTBeHHbIX nHAvBUAa 6e3 3abonesaHnin XKKT (161 »xeHwmHa 1 412 My>xduH; cpegHuin Bodpact — 47,8 + 12,1).
[eHoTMNMPOBaHKe NoNMMopn3Ma N3yHaeMblx reHOB BbINONHSM MeTodom MLIP nyTem auckpummnHaumm annenen ¢ nomoupo TagMan-3oH40B. Y 97 naumeHToB
pasBuACa NHULMPOBaHHbIN NaHkpeoHekpos (UMM), y 101 — ncespokmcTa (MK), y 111 — rHoiHo-HekpoThydecknin nepunaxHkpeatnt (MTHMM). YcTaHoBneHo, YTo
y HocuTenen annens A reHa ABCB1 G>A (rs1045642) vawye passusanca Ol (p = 0,0008), y HocuTenein reHotvna G/G penko passvsancs kak Ofl (o = 5:107%),
TaK 1 ero ocnoxxHeHus: UM (o = 0,03%), MHIM (o = 0,0367), MK (o = 0,04%). OTcyTCcTBYE ANMUTENBHOTO 3/10YNOTPEONEHNS aNIKOrONbHBIMIU HanUTKamy y HocuTenen
reHoTunoB G/C-C/C CYP2E1 G>C (rs3813867) penko npusoauno k passutuio O (p = 0,03), y HocuTenelt reHotvna G/C CYP2ET (rs3813867) (p = 0,050D)
Yalle BO3HVKasa nceBaokucTa. Y Hocutenein reHotuna C/C CYPTAT T>C (rs1048943) Ol vawe ocnoxHsncs WM (o = 0,009%), THM (p = 0,003%), MK
(o = 0,003P). B uenom, ans Hocuteneit reHotunos G/G ABCB1 G>A (rs1045642) 6b1n0 xapakTepHo 6onee nerkoe TeveHre Or, Tshxenoe TedeHne 6bl1o xapakTepHo
nns Hocutenen C/C CYP1AT T>C (rs1048943).

KntoueBble cnoea: OCTpbI NaHKPEaTUT, reHbl (hePMEHTOB O1OTPaHCHOPMALIN KCEHOBMOTUKOB, FEHETUHECKUI NOMMOPdM3M, rs1045642, rs1048943, rs3813867
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In recent years, there has been a lot of research into the  has been associated with smoking [1]; smokers and alcohol
contribution of environmental chemicals and disrupted abusers with AP have been shown to be at increased risk
prooxidant-antioxidant balance to the development of acute  for necrotizing pancreatitis [2]. Despite numerous research
pancreatitis (AP). For example, acute nonbiliary pancreatitis  efforts, though, genetic mechanisms underlying predisposition
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to AP and its complications remain understudied. Still, it is
obvious that an important role here is played by the genetically
determined features of xenobiotic biotransformation and
antioxidant defense systems.

The transmembrane protein ABCB1 is a member of the
subfamily of broad-specificity ATP-dependent drug/xenobiotic
transporters. This protein inhibits accumulation of narcotic
drugs in multidrug resistant cells and often mediates resistance
to antitumor medications. ABC genes constitute 7 different
subfamilies. The ABCB1 protein is a member of the MDR/TAP
subfamily; the gene encoding this protein is located on the
chromosomal region 7g21.12. ABCB1 is primarily expressed in
the testicles, muscles, stomach and pancreas. There have been
studies of its role in the development of colorectal cancer [3, 4]
but no statistically significant associations have been reported.
The role of this gene in AP has never been investigated.

So far, the cytochrome P450 oxidase system remains
the most well-studied. It comprises CYP1, CYP2 and CYP3
enzyme families responsible for the metabolism of foreign
compounds in mammals.

It is reported that polymorphisms of the P450, CYP1A1
and CYP2ET genes are associated with increased activity
of enzymes in patients with pancreatitis [5]. The researchers
conclude that CYP1A1 is the most implicated in pancreatitis;
it triggers the proteinase cascade, promoting DNA replication
and tissue proliferation, generates oxygen radicals, forms
reactive intermediates during xenobiotic metabolism, and can
activate various carcinogens.

It is known that CYP1A1 (aromatic ligand-dependent
aryl hydrocarbon hydroxylase) converts polycyclic aromatic
hydrocarbons into highly active mutagenic metabolites in the
first phase of xenobiotic biotransformation. The gene encoding
the key enzyme involved in this process is located on the
chromosomal region 15g24.1. Today, 19 gene polymorphisms
are known that play a role in the development of cancer and
occupational diseases [6].

CYP2E1 (cytochrome P450 2E1) encodes cytochrome
P450 proteins (monooxygenases) that catalyze many
reactions related to the metabolism of medicinal drugs and the
production of cholesterol, steroids and other lipids. This protein
is found in the endoplasmic reticulum and can be activated by
ethanol, diabetes and fasting. The enzyme participates in the
metabolism of ethanol, acetone, ethylene glycol, and tobacco
smoke premutagens [7]. The gene itself is located on 10g26.3
and expressed primarily in adipose tissue, esophageal mucosa
and peripheral blood.

Comparison of allelic and genotype frequencies of ADHZ2,
ADH3, ALDH2, CYP2ET, IL1, IL6, IL8, and TNF has revealed
that CYP2ET and ALDHZ2 are significantly less frequent in
patients with chronic pancreatitis than in healthy controls [8].
At the same time, no association has been detected between
the CYP2ET polymorphism and alcohol-induced pancreatitis in
a studied Asian population [9, 10]. It is reported that carriers
of the m2/m2 CYP1A17 genotype might be more predisposed
to alcoholic cirrhosis and alcohol-related pancreatitis [11]. An
association has been established between the polymorphism
P450 CYP1A1 lle105Val and the increased risk of chronic
pancreatitis [12]. The A—G transition results in a leucine-to-valine
substitution in codon 462 of the cytochrome molecule (lle462Val);
consequently, the activity of the produced enzyme increases
twofold in comparison with the “original” protein, which can
increase the concentrations of underoxidized toxic intermediates
and lead to the accumulation of free radicals [13-15].

Thus, polymorphic variants of genes coding for the
enzymes of xenobiotic biotransformation may be implicated
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in AP. The aim of this study was to investigate a possible
association between AP/its complications and the following
SNPs: CYP1A71-462 T>C rs1048943, CYP2E1-1293 G>C
rs3813867 and ABCB -3435 G>A rs1045642.

METHODS

DNA samples were collected from 547 unrelated inpatients
with AP (154 women and 393 men) undergoing therapy at
surgery departments of Kursk in 2012-2015 and 573 unrelated
individuals without gastrointestinal diseases (161 women and
412 men). The mean age of the patients was 48.9 + 13.1 years,
the mean age of the healthy controls, 47.8 + 12.1 years. The
following inclusion criteria were applied: 1) the established
diagnosis of AP; 2) age of 18-80 years; 3) the absence of
biliary pathology, such as gallstones, pancreas divisum and
pancreatic injury, including injuries due to surgery/endoscopic
manipulations; 4) no previous history of pancreotoxic drugs
(hypothiazid, NSAIDs, steroid anti-inflammatory drugs),
the absence of autoimmune disorders, infections, allergies
(to paints and varnishes), pregnancy/menopause-related
endocrine pathology, diseases of neighboring gastrointestinal
organs; 5) no family history of AP. Patients who did not meet
the inclusion criteria were excluded from the study.

AP was diagnosed using the AP classification developed
by the Russian Society of Surgeons in 2014, which is based on
the Atlanta-92 classification and its modifications proposed by
the International Association of Pancreatology in collaboration
with the International Acute Pancreatitis Classification Working
Group in Cochin in 2011 [16,17]; the patients underwent a
standard examination, as well as laboratory (complete blood
count and biochemistry) and instrumental (US and MRI of the
pancreas, EGD) tests.

The patients were also asked about their lifestyle, including
addictions such as smoking and alcohol abuse regarded as the
major risk factors for AP [18,19].

The participants were distributed into two groups depending
on the amount of weekly consumed alcohol: 1) consumption
below 200 g ethanol a week; 2) consumption above 200 g
ethanol a week. This threshold is the median value (grams of pure
ethanol) of the maximum weekly alcohol intake considered safe in
many countries [20]. Another two groups were formed based on
the frequency of alcohol consumption: 1) 1 or 2 days a month or
less often; 2) 1 day a week or more often. Also, the participants
were divided into two groups based on the total duration of alcohol
consumption: 1) less than 10 years; 2) 10 years or more.

Samples of the patients’ whole venous blood (5-10 ml)
were collected into plastic EDTA-containing (0.5M) test tubes.
Then, the samples were frozen and stored at =20 °C until
further DNA isolation. DNA was isolated using a standard two-
step phenol-chloroform extraction and precipitation in ethanol.
First, white blood cells were lysed. Briefly, the white blood cell
pellet obtained by centrifuging the sample twice with a sodium
phosphate buffer (pH = 7.8) was lysed in the solution containing
a TE-buffer, proteinase K and 0.4% sodium dodecy! sulfate
(SDS) for 12 h at 42 °C. Then, genomic DNA was isolated from
the obtained cell lysate. The first step was extraction in phenol
and 10 mM Tris-HCI (pH = 8.0), the second, in phenol and
chloroform (1:1); in the final step, extraction was performed in
chloroform only. Genomic DNA was precipitated in ice-cold
96% ethanol, air-dried and dissolved in the TE-buffer. Then,
the DNA concentration was measured. The obtained DNA was
frozen at =20 °C until genotyping.

Genotyping of CYP1AT -462 T>C rs1048943, CYP2E1
-1293 G>C rs3813867 and ABCBT1 -3435 G>A rs1045642
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was performed using real-time PCR. Alleles were discriminated
using TagMan probes, a CFX96 PCR detection system
(Bio-Rad Laboratories; USA) and commercial TagMan SNP
Genotyping Assays (Applied Biosystems; USA). Repeated
genotyping of randomly (blindly) selected samples (10% of
the total sample size) demonstrated 100% repeatability of the
results. Categorical variables were compared using Pearson’s x°.
Normally distributed quantitative variables were compared
using Student’s T-test; Mann-Whitney U test was applied to
compare the variables with non-normal distribution. Conformity
genotype frequencies to Hardy-Weinberg expectations was
tested using Pearson’s x°. Associations of alleles and genotypes
with the risk of pancreatitis were measured using the odds
ratio (OR). Statistical analysis was carried out in Statistica 6.0
(StatSoft; USA).

RESULTS

No associations were established between the risk of AP and
the two following polymorphisms: CYP1AT T>C and CYP2ET
G>C (Table 1).

The carriers of the A allele in ABCB1 G>A (rs1045642) were
at increased risk for AP, unlike the carriers of the G/G genotype,
who were at low risk for this condition.

AP was rarely observed in the carriers of the G/C-C/C
CYP2E1 G>C (rs3813867) genotypes who did not have a long
history of alcohol abuse (Table 2).

Infected pancreatic necrosis occurred more frequently in
the carriers of the C/C CYP1AT T>C (rs1048943) genotype
than in the carriers of the G/G ABCB1 G>A (rs1045642)
genotype (Table 3).

Pancreatic pseudocysts were observed in the carriers of the
C/C CYP1AT T>C (rs1048943) and G/C CYP2ET (rs3813867)
genotypes more often than in the carriers of the G/G ABCB1
G>A rs1045642 genotype (Table 4).

Peripancreatic necrosis was the most common complication
of AP in the carriers of the C/C CYP1AT T>C (rs1048943)
genotype; it rarely occurred in the carriers of the G/G ABCB1
G>A (rs1045642) genotype (Table 5).

DISCUSSION

Biotransformation is the enzyme-driven metabolic conversion
of foreign compounds (xenobiotics) that can be broken down
into 3 stages: activation, detoxication and clearance [21,22].
A lot of enzymes participate in this process. The role of genes
involved in xenobiotic biotransformation (CYP2ET and CYP1AT)
in promoting alcohol-induced pancreatitis and liver cirrhosis
has been studied in Brazilian alcohol abusers; no association
has been detected between these genes and pancreatitis [11].

It is known that cytochromes P450 are involved in the
bioactivation of polycyclic aromatic hydrocarbons. CYP1AT is
not found in healthy tissue; its expression is only induced by
xenobiotics. The association between the C/C CYP1AT T>C
(rs1048943) genotype and the increased risk of AP established
in this study suggests a change in the activity of the encoded
enzyme and a rise in the concentration of underoxidized toxic
metabolites that exert an aggressive effect on pancreatic tissue.

The role of CYP2ET polymorphisms in the development of
acute pancreatitis has not been studied before, but there are
reports suggesting that the minor allele of this gene might be
protective against methanol poisoning [23]. In our study, AP
was more often observed in the carriers of the G/C CYP2ET
(rs3813867) genotype, but if the total duration of alcohol abuse
was less than 10 years, the carriers of the G/C-C/C CYP2E1
G>C (rs3813867) genotypes were more resistant to the harmful
effects of alcohol and rarely developed AP.

The ABCBT gene codes for P-glycoprotein; it is an efflux
transporter that participates in the clearance of xenobiotics,
preventing their accumulation in a person’s organs and tissues

Table 1. The analysis of the associations between the risk of AP and the alleles/genotypes of the polymorphic genes encoding the enzymes involved in xenobiotic

biotransformation and antioxidant defense (the codominant model)

n (%)
o Genotype, allele Healthy individuals p «OR (95%Cl)
(SNP ID) Patients (n = 547)
(n=573)
T/T 507 (91.0) 489 (90.2) 1.00
CYP1A7 -462 T>C T/C 49 (8.8) 46 (8.5) 0.07 0.97 (0.64-1.48)
(rs1048943) C/C 1(0.2) 7(1.3) 7.26 (0.89-59.21)
C 0.05 0.06 0.3 1.22 (0.83-1.79)
G/G 532 (95.0) 513 (94.0) 1.00
CYP2ET -1293 G>C G/C 22 (3.9) 29 (5.3) 0.46 1.37 (0.78-2.41)
(rs3813867) c/c 6(1.1) 4(0.7) 0.69 (0.19-2.46)
C 0.03 0.034 0.64 1.12 (0.70-1.80)
A/A 158 (28.3) 183 (33.5) 1.00
ABCB1 -3435 G>A G/A 269 (48.2) 284 (52.0) 5-10* 0.91 (0.70-1.19)
(rs1045642) a/G 131 (23.5) 79 (14.5) 0.52 (0.37-0.74)
A 0.52 0.6 0.0008 1.33 (1.13-1.58)
Table 2. The impact of alcohol abuse on the development of AP in the presence of alcohol-induced pancreatitis in the carriers of the studied polymorphisms
No risk factor (£) Risk factor (f+)®
Genotype
Healthy individuals Patients OR (95%Cl) , .1 | Healthy individuals Patients OR (95%Cl) ,...P 1
CYP2E1 (rs3813867)
G/G 119 (90.8) 173 (96.6) 0.34 98 (96.1) 116 (95.1) 1.27
(0.13-0.94) (0.35-4.62)
G/C-C/C 12 (9.2) 6 (3.4) 0.03 4 (3.9 6 (4.9) 0.72°

Note: o — significance threshold in the analysis of interactions between SNPs and the risk factor; the risk factor (f+)° is long-term alcohol abuse (over 10 years).
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Table 3. The analysis of the associations between the risk of infected pancreatic necrosis and the genotypes of the studied polymorphisms (the most significant models)

n(%
Gene (SNP ID) Genotype, allele Control = Patients with IPN p' - OR (95%Cl)?
(n=1573) (n=97)
CYP1A1-462 T>C T/T-T/C 556 (99.8%) 93 (96.9%) 0005 1.00
51048943 c/C 1(0.2%) 3 (3.1%) 15.65 (1.61-152.54)
ABCB1-3435 G>A A/A-G/A 427 (76.5%) 82 (85.4%) Loser 1.00
rs1045642 G/G 131 (23.5%) 14 (14.6%) 0.54 (0.30-0.99)

significant model)

Table 4. The analysis of the associations between the risk of pancreatic pseudocysts in patients with AP and the genotypes

of the studied polymorphisms (the most

Gene n (%)
(SNP ID) Genotype, allele Control Patients with PC o ., OR (95%Cl)
(n=573) (1=101)

CYP1A1-462 T>C T/T-T/C 556 (99.8%) 97 (96%) o 100
151048943 c/c 1(0.2%) 4 (4%) 18.36 (2.03-166.52)
CYP2E1-1293 G>C G/G-C/C 538 (96.1%) 92 (91.1%) L ose 1.00
rs3813867 G/C 22 (3.9%) 9 (8.9%) 2.43 (1.07-5.56)
ABCB1-3435 G>A A/A-G/A 427 (76.5%) 86 (85.2%) Cor 1.00
rs1045642 G/G 131 (23.5%) 15 (14.8%) ' 0.55 (0.30-0.99)

Table 5. The analysis of the associations between the risk of peripancreatic necrosis and the genotypes of the studied polymorphisms (the most significant model)

n (%)
(SGNT:n?D) Genotype, allele Control Patients with PN p' «OR (95%Cl)
(n=573) (n=111)
CYPIAT -462 T>C T/T-T/C 556 (99.8%) 106 (96.4%) 0.003" 1.00
rs1048943 c/c 1 (0.2%) 4 (3.6%) 18.00 (1.99-163.22)
ABCBT -3435 G>A A/A-G/A 427 (76.5%) 94 (85.5%) 1.00
(rs1045642) G/G 131 (23.5%) 16 (14.6%) 0.08" 0.56 (0.31-0.98)
[24]. Research into the contribution of the ABCB7 rs1045642  CONCLUSIONS

polymorphism to the development of arterial hypertension
and the evaluation of amlodipine-based therapy outcomes
in different populations [25-27] have demonstrated a high
antihypertensive effect in TT carriers; the researchers
explained this effect by a decline in ABCB17 expression. The
same research team reported a link between the TT genotype
and the high risk of hemorrhagic complications in patients
undergoing dabigatran therapy after knee replacement surgery.
Our findings demonstrate that reduced ABCBT expression
negatively affects the ability of the body to detoxify alcohol and
increases the risk of AP in the carriers of the A allele.

On the whole, a milder course of AP was typical for the
carriers of the G/G ABCB1 G>A (rs1045642) genotype; a more
severe course was characteristic of the carriers of the C/C
CYP1A1 T>C (rs1048943) genotype.

References

1. Setiawan VW, Pandol SJ, Porcel J, Wilkens LR, Le Marchand L,
Pike MC, et al. Prospective Study of Alcohol Drinking, Smoking,
and Pancreatitis: The Multiethnic Cohort. Pancreas. 2016; 45 (6):
819-25.

2. Ali UA, Issa Y, Hagenaars JC, Bakker OJ, van Goor H,
Nieuwenhuijs VB, Schaapherder AF. Risk of recurrent pancreatitis
and progression to chronic pancreatitis after a first episode of
acute pancreatitis. Clinical gastroenterology and hepatology.
2016; 14 (5): 738-46.

3. Mrozikiewicz-Rakowska B, Malinowski M, Nehring P, Bartkowiak-
Wieczorek J, Bogacz A, Zurawifiska-Grzelka E, et al. The MDR1/

BECTHUK PrMY | 1, 2020 | VESTNIKRGMU.RU

This study aimed at assessing the contribution of SNPs of
some xenobiotic biotransformation genes to the development
of AP in the residents of Kursk region has detected a few
associations between the studied genotypes and the risk for AP
/its complications, as well as established the trigger effect of the
risk factors on the disease in the carriers of certain genotypes.
Based on the analysis of genetic factors, including polymorphic
variants of the genes coding for xenobiotic biotransformation
enzymes, one can predict the risk of AP and the severity of
its clinical course. This opens new opportunities for early
diagnosis and timely prevention of the disease. Research into
genetic polymorphisms might help to predict the outcomes
of the disease and develop personalized approaches to its
treatment and prevention.

ABCB1 gene rs 1045642 polymorphism in colorectal cancer.
Archives of Medical Science. 2017; 13 (1).

4. Zhao L, Li K, Li W, Yang Z. Association between the C3435T
polymorphism of ABCB1/MDR1 gene (rs1045642) and colorectal
cancer susceptibility. Tumor Biology. 2013; 34 (3): 1949-57.

5. Vinnik YuS, Cherdancev DV, Markova EV, Konovalenko AN,
Pervova OV, Miller MS. Geneticheskie aspekty pankreatita.
Sibirskij medicinskij zhurnal (Irkutsk). 2004; 43 (2). Russian.

6. Hosagrahara VP, Rettie AE, Hassett C, Omiecinski CJ. Functional
analysis of human microsomal epoxide hydrolase genetic variants.
Chem Biol Interact. 2004; (150): 149-59.



10.

11.

12.

13.

14.

15.

16.

17.

ORIGINAL RESEARCH | MEDICAL GENETICS

Wang X, Cheung CM, Lee WY, Or PM, Yeung JH. Major
tanshinones of Danshen (Salvia miltiorrhiza) exhibit different
modes of inhibition on human CYP1A2, CYP2C9, CYP2E1 and
CYP3A4 activities in vitro. Phytomedicine. 2010; 17 (11): 868-75.
Kim MS, Lee DH, Kang HS, Park HS, Jung S, Lee JW, et al.
Genetic polymorphisms of alcohol-metabolizing enzymes and
cytokines in patients with alcohol induced pancreatitis and
alcoholic liver cirrhosis. Korean J Gastroenterol. 2004; (43): 355-63.
Frenzer A, Butler WJ, Norton ID, Wilson JS, Apte MV, Pirola RC,
et al. Polymorphism in alcohol-metabolizing enzymes, glutathione
S-transferases and apolipoprotein E and susceptibility to alcohol-
induced cirrhosis and chronic pancreatitis. J Gastroenterol
Hepatol. 2002; (17): 177-82.

Yang B, O'Reilly DA, Demaine AG, Kingsnorth AN. Study of
polymorphisms in the CYP2E1 gene in patients with alcoholic
pancreatitis. Alcohol. 2001; (23): 91-7.

Burim RV, Canalle R, Martinelli Ade L, Takahashi C. Polymorphisms
in glutathione S-transferases GSTM1, GSTT1 and GSTP1 and
cytochromes P450 CYP2E1 and CYP1A1 and susceptibility to
cirrhosis or pancreatitis in alcoholics. Mutagenesis. 2004; (19): 291-8.
Natalskij AA, Bogomolov AYu, Andrianova KV. Polimorfizm genov
u bol'nyh hronicheskim pankreatitom. V sbornike: Teorija i praktika
sovremennoj hirurgii: Materialy X Vserossijskoj konferencii obshhih
hirurgov; Rjazan', 2018; s. 219-220. Russian.

Smithies AM, Sargen K, Demaine AG, Kingsnorth AN.
Investigations of the interleukin 1 gene cluster and its association
with acute pancreatitis. Pancreas. 2000; 20 (3): 234-40.

Teich N, Bauer N, Mdssner J, Keim V. Mutational screening of
patients with nonalcoholic chronic pancreatitis: identification
of further trypsinogen variants. The American journal of
gastroenterology. 2002; 97 (2): 341-6.

Ulrich AB, Standop J, Schmied BM, Schneider MB, Lawson TA,
Pour PM. Species differences in the distribution of drug-
metabolizing enzymes in the pancreas. Toxicologic pathology.
2002; 30 (2): 247-53.

Dellinger EP, Forsmark CE, Layer P, Levy P, Maravi-Poma E,
Petrov MS, et al. Determinant-based classification of acute
pancreatitis severity: an international multidisciplinary consultation.
Ann Surg. 2012; 256 (6): 875-80.

Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD,

JNutepatypa

1.

Setiawan VW, Pandol SJ, Porcel J, Wilkens LR, Le Marchand L,
Pike MC, et al. Prospective Study of Alcohol Drinking, Smoking,
and Pancreatitis: The Multiethnic Cohort. Pancreas. 2016; 45 (6):
819-25.

Ali UA, lIssa Y, Hagenaars JC, Bakker OJ, van Goor H,
Nieuwenhuijs VB, Schaapherder AF. Risk of recurrent pancreatitis
and progression to chronic pancreatitis after a first episode of
acute pancreatitis. Clinical gastroenterology and hepatology.
2016; 14 (5): 738-46.

Mrozikiewicz-Rakowska B, Malinowski M, Nehring P, Bartkowiak-
Wieczorek J, Bogacz A, Zurawinska-Grzelka E, et al. The MDR1/
ABCB1 gene rs 1045642 polymorphism in colorectal cancer.
Archives of Medical Science. 2017; 13 (1).

Zhao L, Li K, Li W, Yang Z. Association between the C3435T
polymorphism of ABCB1/MDR1 gene (rs1045642) and colorectal
cancer susceptibility. Tumor Biology. 2013; 34 (3): 1949-57.
BuHHvk O. C., HYepoaHues [. B., Mapkoga E. B., KoHoBaneHko A. H.,
[MepBoBa O. B., Munnep M. C. [leHeTn4eckue acnekTbl
naHkpeatuTa. CUBUPCKUA MeaUUMHCKNUIA >xypHan (VpKyTck).
2004; 43 (2).

Hosagrahara VP, Rettie AE, Hassett C, Omiecinski CJ. Functional
analysis of human microsomal epoxide hydrolase genetic variants.
Chem Biol Interact. 2004; (150): 149-59.

Wang X, Cheung CM, Lee WY, Or PM, Yeung JH. Major
tanshinones of Danshen (Salvia miltiorrhiza) exhibit different
modes of inhibition on human CYP1A2, CYP2C9, CYP2E1 and
CYP3A4 activities in vitro. Phytomedicine. 2010; 17 (11): 868-75.
Kim MS, Lee DH, Kang HS, Park HS, Jung S, Lee JW, et al.
Genetic polymorphisms of alcohol-metabolizing enzymes and

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

10.

11.

12.

13.

14.

15.

Sarr MG, et al. Acute Pancreatitis Classification Working Group.
Classification of acute pancreatitis 2012: revision of the Atlanta
classification and definitions by international consensus. Gut.
2013; 62 (1): 102-11.

Klyaritskaya IL, Rabotyagova YuS. Novye faktory riska razvitija
hronicheskogo pankreatita. Krymskij terapevticheskij zhurnal.
2012; (2): 63-69. Russian.

Lazarenko VA, Antonov AE. Sovremennoe sostojanie problemy
vrednyh privychek kak faktora riska razvitija pankreatita. Social'nye
aspekty zdorov'ja naselenija. 2017; 55 (3). Russian.

Furtweengler NA, de Visser RO. Lack of international consensus
in low-risk drinking guidelines. Drug and alcohol review. 2013; 32
(1): 11-18.

Baranov VS, Baranova EV, Ivashhenko TYe, Aseev MV. Genom
cheloveka i geny «predraspolozhennosti»: vvedenie v prediktivnuju
medicinu. SPb.: Intermedika, 2000; 271 s. Russian.

Spicyn VA, Makarov SV, Paj GV, Bychkovskaja LS. Polimorfizm
v genah cheloveka, associirujushhihsja s biotransformaciej
ksenobiotikov. Vestnik VOGIS. 2006; 10 (1): 97-105. Russian.
Hubacek JA, Zakharov S. Response to ‘CYP2E1 Polymorphism
and Better Outcome After Methanol Poisoning’. Basic and clinical
pharmacology and toxicology. 2015; 117 (1): 3-4.

Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms in human
MDR1 (P-glycoprotein): recent advances and clinical relevance.
Clinical Pharmacology and Therapeutics. 2004; 75 (1): 13-33.
Guo HQ, Zhang GN, Wang YJ, Zhang YK, Sodani K, Talele T,
Chen ZS. B-Elemene, a compound derived from Rhizoma
zedoariae, reverses multidrug resistance mediated by the ABCB1
transporter. Oncology reports. 2014; 31 (2): 858-66.

Sychev DA, Levanov AN, Shelekhova TV, Bochkov PO, Denisenko NP,
Ryzhikova KA, Kozlov AV. The impact of ABCB1 (rs1045642
and rs4148738) and CES1 (rs2244613) gene polymorphisms
on dabigatran equilibrium peak concentration in patients after
total knee arthroplasty. Pharmacogenomics and Personalized
Medicine. 2018; (11): 127.

Sychev D, Shikh N, Morozova T, Grishina E, Ryzhikova K, Malova E.
Effects of ABCB1 rs1045642 polymorphisms on the efficacy and
safety of amlodipine therapy in Caucasian patients with stage I-lI
hypertension. Pharmacogenomics and personalized medicine.
2018; (11): 157.

cytokines in patients with alcohol induced pancreatitis and
alcoholic liver cirrhosis. Korean J Gastroenterol. 2004; (43): 355-63.
Frenzer A, Butler WJ, Norton ID, Wilson JS, Apte MV, Pirola RC,
et al. Polymorphism in alcohol-metabolizing enzymes, glutathione
S-transferases and apolipoprotein E and susceptibility to alcohol-
induced cirrhosis and chronic pancreatitis. J Gastroenterol
Hepatol. 2002; (17): 177-82.

Yang B, O'Reilly DA, Demaine AG, Kingsnorth AN. Study of
polymorphisms in the CYP2E1 gene in patients with alcoholic
pancreatitis. Alcohol. 2001; (23): 91-7.

Burim RV, Canalle R, Martinelli Ade L, Takahashi C. Polymorphisms
in glutathione S-transferases GSTM1, GSTT1 and GSTP1 and
cytochromes P450 CYP2E1 and CYP1A1 and susceptibility to
cirrhosis or pancreatitis in alcoholics. Mutagenesis. 2004; (19): 291-8.
Hataneckuin A. A., Boromonos A. K., AHgpuaHosa K. B.
MonmMopduram reHoB y B0SIbHBIX XPOHNHYECKUM MaHKPEeaTUTOM.
B cbopHvke: Teopust 1 MpakTvka COBPEMEHHOM XMPYpPruu:
MaTtepuansl X Bcepoccuinckor KoHepeHUMn oBbLLIMX XMPYProB;
PazaHb, 2018; c. 219-220.

Smithies AM, Sargen K, Demaine AG, Kingsnorth AN.
Investigations of the interleukin 1 gene cluster and its association
with acute pancreatitis. Pancreas. 2000; 20 (3): 234-40.

Teich N, Bauer N, Mossner J, Keim V. Mutational screening of
patients with nonalcoholic chronic pancreatitis: identification
of further trypsinogen variants. The American journal of
gastroenterology. 2002; 97 (2): 341-6.

Ulrich AB, Standop J, Schmied BM, Schneider MB, Lawson TA,
Pour PM. Species differences in the distribution of drug-
metabolizing enzymes in the pancreas. Toxicologic pathology.

BULLETIN OF RSMU | 1, 2020 | VESTNIKRGMU.RU



OPUIMHAJTIbHOE NCCJIEQOBAHNE | MEOVLIMHCKASA TEHETUKA

16.

17.

18.

19.

20.

21.

22.

2002; 30 (2): 247-53.

Dellinger EP, Forsmark CE, Layer P, Levy P, Maravi-Poma E,
Petrov MS, et al. Determinant-based classification of acute
pancreatitis severity: an international multidisciplinary consultation.
Ann Surg. 2012; 256 (6): 875-80.

Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD,
Sarr MG, et al. Acute Pancreatitis Classification Working Group.
Classification of acute pancreatitis 2012: revision of the Atlanta
classification and definitions by international consensus. Gut.
2013; 62 (1): 102—11.

Knaputckaa W. J1., Paboraroea KO. C. HoBble akTopbl
pucka pasBUTUA XPOHUHYECKOro MaHkpeatuta. KpbIMCKUiA
TepanesTuHecku >xypHan. 2012; (2): 63-69.

Nazaperko B. A., AHToHOB A. E. CoBpeMeHHOe COCTOsIHME
npobnembl BPeOHbIX MPUBbIMEK Kak (hakTopa pucka passuTvg
naHkpeatuTa. CouvanbHble acnekTbl 300POBbS HaceneHus.
2017; 55 (3).

Furtweengler NA, de Visser RO. Lack of international consensus
in low-risk drinking guidelines. Drug and alcohol review. 2013; 32
(1): 11-18.

baparos B. C., bapa+oga E. B., VBaweHrko T. 3., Acees M. B.
[eHOM YenoBeka 1 reHbl «MPefpPacnoNiOKEHHOCTV»: BBEAEHVE B
npeavKkTBHYO MeanumHy. CI16.: MHtepmeavka, 2000; 271 c.
CrnvubiH B. A., Makapos C. B., lMain I B., Bberkosckas J1. C.

BECTHUK PrMY | 1, 2020 | VESTNIKRGMU.RU

23.

24.

25.

26.

27.

[Monumopdnam B reHax 4enoBeka, acCOLMUPYIOLWMXCS C
BbroTpaHchopMaLen kceHobrnoTkoB. BectHnk BOIMMC. 2006;
10 (1): 97-105.

Hubacek JA, Zakharov S. Response to ‘CYP2E1 Polymorphism
and Better Outcome After Methanol Poisoning’. Basic and clinical
pharmacology and toxicology. 2015; 117 (1): 3-4.

Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms in human
MDR1 (P-glycoprotein): recent advances and clinical relevance.
Clinical Pharmacology and Therapeutics. 2004; 75 (1): 13-33.
Guo HQ, Zhang GN, Wang YJ, Zhang YK, Sodani K, Talele T,
Chen ZS. B-Elemene, a compound derived from Rhizoma
zedoariae, reverses multidrug resistance mediated by the ABCB1
transporter. Oncology reports. 2014; 31 (2): 858-66.

Sychev DA, Levanov AN, Shelekhova TV, Bochkov PO, Denisenko NP,
Ryzhikova KA, Kozlov AV. The impact of ABCB1 (rs1045642
and rs4148738) and CES1 (rs2244613) gene polymorphisms
on dabigatran equilibrium peak concentration in patients after
total knee arthroplasty. Pharmacogenomics and Personalized
Medicine. 2018; (11): 127.

Sychev D, Shikh N, Morozova T, Grishina E, Ryzhikova K, Malova E.
Effects of ABCB1 rs1045642 polymorphisms on the efficacy and
safety of amlodipine therapy in Caucasian patients with stage I-lI
hypertension. Pharmacogenomics and personalized medicine.
2018; (11): 157.




ORIGINAL RESEARCH | NEUROPHYSIOLOGY

CEREBRAL CORTEX ACTIVATION DURING THE STERNBERG VERBAL WORKING MEMORY TASK
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Despite intensive study, the data regarding functional role of specific brain regions in the working memory processes still remain controversial. The study was aimed
to determine the activation of cerebral cortex regions at different stages of the working memory task (information encoding, maintenance and retrieval). Functional
magnetic resonance imaging (fMRI) with the modified Sternberg task was applied to 19 healthy volunteers. The objective of the task was to memorize and retain
in memory the sequence of 7 letters with the subsequent comparison of one letter with the sequence. Activation was analyzed during three periods of the task
compared to the rest period, as well as temporal dynamics of changes in BOLD signal intensity in three regions: left dorsolateral prefrontal, left posterior parietal
and left occipital cortex. According to the results, significant activation of the regions in prefrontal and posterior parietal cortex was observed during all periods
of the task (p < 0.05), but there were changes in its localization and lateralization. The activation pattern during the maintenance period corresponded to the
fronto-parietal control network components. According to the analysis of temporal dynamics of changes in BOLD signal intensity, the most prominent activation
of the dorsolateral prefrontal cortex and parietal cortex was observed in the end of the encoding period, during the maintenance period and in the beginning of
the retrieval period, which confirmed the role of those areas in the working memory processes. The maximum of occipital cortex activation was observed during
encoding period. The study confirmed the functional role of the dorsolateral prefrontal cortex and posterior parietal cortex in the working memory mechanisms
during all stages of the Sternberg task.
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AKTUBALINA KOPbI FrOTOBHOIMO MOS3IA NMPU BbIMONTHEHUN 3AAAYHN CTEPHBEPTA
HA BEPBAJIbHYIO PABOYYHO NMAMATb

M. C. BakynmH'= A, X. Babuposa’, 1. H. KonHun', . O. CunmupiH?, A. T. Morpawesa’, M. B. ®enopos?, E. B. THegosckas'?, H. A. CynoHesa’,
M. A. MNMupapgos’

T Hay4Hblin LeHTp Hesponoriv, Mocksa, Poccust
2 CKOJMKOBCKUIA UHCTUTYT HayKm 1 TexHonoruni, Mocksa, Poccust

HecMoTps Ha MHTEHCVBHOE M3ydeHure, faHHble O (yHKLVOHANbHOM 3Ha4YeHnn OTAeNbHbIX 06nacTelt roNoBHOrO Mo3ra Ans NpoLeccos pabodelt namaty (Pr)
OCTaloTCs NPOTVBOPE4VBbIMA. Lienbto AaHHOrO nccnepoBaHns 6bino ONPEeAennTb aKTUBaLWIO YHaCTKOB KOPbl Ha PadHbIX 3Tanax BbiNOfHeHWs 3ajaqu Ha Pl
(3anevatnenvie, yoep>kaHvne 1 nssneveHne nHhopmaumm). Ha 19 3g0poBbix 4OOPOBObLEAX Obina MCnonb3oBaHa (MyHKLMOHANbHAS MarHUTHas Pe3oHaHcHas
ToMorpadus (GMPT) ¢ MoamduupmposaHHoin 3apadelt CtepHbepra. CyTb 3a1a4m — B 3anoMUHaHWN 1 YAEP»KaH1 B NamsaTyi NOCNenoBaTeNlbHOCTU 3 cemu ByKB C
MOCNEAYOLLIM CPaBHEHVEM C Het ofHOW OykBbl. [poaHanMsnpoBaHa akTvBaLms B TpexX NEPUoAax 3afaqi Nno CPaBHEHMIO C MEPUOAOM MOKOS, a Takke AnHaMmKa
N3MeHeHVst MHTeHcBHOCTVM BOLD-curHana B 3aB1CMOCTM OT BPEMEHM B TPex 00nacTsx: NeBoi gopconarepanbHon npedpoHTansHon kope (ANTNPK), neson
3aHel TeMeHHOW Kope 1 NeBOW 3aTblIoYHON Kope. 10 pesynbtatam aHamaa, Ha NPOTSKEHUN BCEX NepUoAoB 3aaaqn Habmofany CTaTyCTUYECKN 3HAYVMYIO
aKTvBauvio y4acTkos MNOK v 3agHein TemeHHoM kopsbl (0 < 0,05), HO C M3MEHEHMEM VX JIOKaNM3aLmm 1 natepanmsaumm. [py SToM NaTTepH akT1BaLmm B Neproae
yAEPXKaHVA COOTBETCTBOBA KOMMOHEHTaM NTOOHO-TEMEHHOW ceTu KOHTpons. 10 pesynsratam aHanmaa n3aMeHeHns nHTeHcnsHocT BOLD-curHana Havbonee
BblpaXkeHHyto akTvBaumio [JJITPK 1 TemeHHON Kopbl Habmoaanu B KOHLE Nepuroaa 3anedatneHs, Nepuoae yaepKaHua v Hadane nepviofa U3BfeyeHns), YTo
NMOATBEPKAAET POSb AaHHbIX obnacTen B mpoueccax Prl. MMk akTviBaumm 3aTbIIOYHOM KOPbl COOTBETCTBOBAS Nepuopy 3anedatneHns. [JaHHoe nccneposaHmne
noaTeepxaaeT yHKLmoHanbHoe 3HaveHve JTNPK 1 3aaHeit TemeHHoNM Kopbl Ans npouecco P Ha Bcex aTanax BbinonHeHus 3agaqm CtepHOepra.

KnitoueBble croBa: paGoyast NamsiTb, (hyHKUMOHabHasi MarHUTHO-pe3oHaHcHast Tomorpadus, 3apada CtepHoepra, 3anada ¢ OTCPOHEHHbIM BOCTPOU3BEAEHVIEM,
npecpoHTanbHas Kopa, IO6HO-TEMEHHasi CETb KOHTPOJISA
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Working memory is the ability to maintain and process a limited
amount of information for a short time for its use in the ongoing
cognitive activity. The working memory decline is associated
with normal aging [1], it is also observed in patients with various
neurological and psychiatric disorders [2], that confirms the
importance of the working memory study.

Research data regarding working memory mechanisms
remain controversial [3]. One of the brain areas, most
investigated in context of working memory, is the dorsolateral
prefrontal cortex. The persistent neural activity during the
maintenance period of the working memory task was firstly
observed in the prefrontal cortex of primates [4]. Later, the
similar activity was detected in other regions. However, a
number of studies confirmed the importance of the persistent
neural activity in prefrontal cortex. For example, despite the
simultaneous activation of prefrontal and temporal cortex
during the task, inactivation of prefrontal cortex leaded to the
inhibition of persistent neural activity in the temporal cortex
of primates, while inactivation of the temporal cortex did not
affect the prefrontal cortex [5]. The temporary inactivation of the
prefrontal cortex led to a more pronounced working memory
decline than inactivation of the posterior parietal cortex [6].

The role of the dorsolateral prefrontal cortex in the working
memory in humans was confirmed by fMRI with different tasks
(n-back, delayed match-to-sample task, Sternberg task, etc.)
[7-9], as well as by transcranial magnetic stimulation (TMS)
[10]. However, many cerebral cortex regions are activated
during a working memory task: parietal lobe (areas around
the intraparietal sulcus, superior parietal lobule), insula,
anterior cingulate gyrus [7, 11, 12], visual cortex [13]. At
the same time, the question of the link between activation and
working memory mechanisms (information maintenance and
manipulation) remains open, since activation can be caused by
additional cognitive processes involved in the working memory
task performance, for example, the perception of a stimulus
[13]. The use of the delayed response tasks (the Sternberg task
in particular) [14] allows to separate some working memory
processes by analyzing different task stages: encoding,
maintenance and retrieval.

The assessment of temporal dynamics of activation can
be helpful in comparison of fMRI results with the studies using
causal methods (for example, TMS) where the online effects at
the different stages of the task execution were studied. Given the
increasing interest in the use of non-invasive brain stimulation
techniques for the improvement of cognitive functions [15, 16]
the issue is also important for clinical neurology. fMRI results
can help in determination of the TMS target which might
increase the stimulation effectiveness [17]. The data of the
cortical activity dynamics might also be used for combination of
TMS protocols with cognitive load.

Despite the frequent use of the Sternberg task in
neuroimaging studies of verbal working memory [11], the
analysis of activation at different time was performed in a
relatively small number of studies [9, 18-20]. Considering
the limitations caused by the fMRI temporal resolution, the
reproducibility of the results of such studies, which is necessary
to confirm the possibility of using fMRI for the investigation of
individual working memory mechanisms, still remains important.

The study was aimed to determine the activation of cerebral
cortex regions at the different stages of the modified Sternberg
task for verbal working memory, and to assess the dynamics
of individual regions activation by the analysis of temporal
dynamics of BOLD signal changes. The following cerebral
cortex regions were chosen for assessment (according to their
potential functional role in the Sternberg task performance,
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including participation in the working memory processes):
left dorsolateral prefrontal cortex [9, 10], left posterior parietal
cortex [7, 11, 21] and left occipital cortex [13].

METHODS
Study participants

The study was performed in 2017-2019 at the Research
Center of Neurology.

Inclusion criteria: age 18-55; dominant right hand (according
to the Edinburgh Handedness Inventory [22]); normal (corrected
to normal) vision. Exclusion criteria: contraindications for MRI
[23]; neurological or psychiatric disorders; intake of drugs that
affect the central nervous system at the time of the study;
severe chronic somatic disorders.

In accordance with the inclusion criteria, 19 healthy
volunteers (6 men) aged 22-31 were recruited, all of them
right-handed. The study was performed as a part of the project
“Effects of high-frequency repetitive transcranial magnetic
stimulation over the left dorsolateral prefrontal cortex on
working memory in healthy volunteers”.

fMRI with the Sternberg task

fMRI with the modified Sternberg task for verbal working
memory was used in the study [9, 14]. The participants
received instructions about all stages of the investigation before
performing the task in the MRI scanner. During the investigation,
participants were wearing headphones to reduce the scanner
noise. The participants could see the task screen located in
the scanning room through a mirror, which was installed on
the 8-channel head coil. Hand-held grips with buttons were
given to each participant, which they pressed according to the
instructions.

Task-fMRI used in our study had a block design and
consisted of 24 task presentations (Fig. 1). Each presentation
included the activation period (the Sternberg task) and the rest
period. The activation period was divided into three blocks
(periods): encoding, maintenance and retrieval. During the
encoding period (1st-3rd seconds from the start of the task)
the stimulus (7 latin consonants selected in random order using
the algorithm created in the MATLAB R2017a (Mathworks,
Natick, MA; USA)) was shown on the screen. Angular size of
the letters was 1.5. During the maintenance period (4—12"
second) the participant maintained the stimuli in memory, while
the screen remained blank (without fixation point). During the
retrieval period (13-15™" second) a single latin letter appeared
on the screen. The participant was instructed to press a
button in the right hand-held grip if the letter presented during
the retrieval period matched to the sequence, and a button
in the left hand-held grip if the letter had not. Matching and
non-matching stimuli were presented in random order, with 12
presentations of each stimulus type. The duration of activation
period, as well as of the rest period without any stimulus (black
screen), was 15 seconds. Participants were instructed to keep
their eyes open during all periods. The experiment duration was
12 minutes.

Image acquisition and preprocessing

The study was performed using a 3 T scanner Magnetom
Verio (Siemens; Germany). Anatomical data were acquired
using the 3D-T1-gradient echo (T1-MPR) MRI sequence and
consisted of 176 sagittal slices with the following parameters:
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TR 1900 ms, TE 2.47 ms, slice thickness 1.0 mm, distance
factor 50%; voxel size 1.0 - 1.0 - 1.0 mm?®, field-of-view 250 mm.
The functional data were acquired by investigation of the BOLD
signal changes using T2*-gradient echo MRI sequence with the
following parameters: TR 3000 ms, TE 30 ms, slice thickness
3 mm, distance factor 25%, voxel size 3.0 - 3.0 - 3.0 mm?,
field-of-view 192 mm, 36 axial slices. To ensure dynamic
magnetic equilibrium, first five images were excluded from the
analysis. Preprocessing and statistical analysis were performed
using the SPM12 software (Institute of Neurology, London; UK)
based on the MATLAB R2017a (Mathworks, Natick, MA; USA).

Image preprocessing included following stages: 1) image
realignment for correction of motion artifacts using the shifting
and rotation transformations; 2) co-registration of anatomical
and functional data; 3) segmentation of the obtained structural
images and their spatial normalization to transform the individual
images into the Montreal Neurological Institute (MNI) space;
4) spatial smoothing with a Gaussian kernel 8 mm FWMH to
reduce the impact of anatomical variability.

The low-frequency drift was removed using the high-pass
filter (time constant 128 s).

Statistical analysis

Statistical parametric mapping was performed using general
linear models, estimated separately for the signal of each voxel.
During the 1%t level analysis, individual activation data were
obtained for the encoding, maintenance and retrieval periods.
The last 9 seconds of the rest period (22-30" seconds) were
used as the control state for the activation level calculation.
Head motion parameters were included as nuisance regressors.
The data of 19 participants were included in the group analysis
(separately for each period). Activation was assessed both
at peak and cluster levels. The threshold for the inclusion
of an individual voxel in the clusters was set at p < 0.0001.
The clusters in the gray matter of cerebral hemispheres and
cerebellum were selected for the analysis with a significance
level of p < 0.05 (with the family-wise error, FWE correction for
multiple comparisons ).

For regions showing significant activation during the
maintenance period, the additional comparison with activation
of the frontoparietal control network (FPCN) was performed,
according to the resting state fMRI data [24]. The results were
visualized using xjView [25] through overlay of the FPCN from
the atlas [24] with the activation map of the maintenance period.

The temporal dynamics of the changes in BOLD signal
intensity was analyzed in three regions of interest: left

Encoding

dorsolateral prefrontal cortex, left posterior parietal cortex and
left occipital cortex. To determine the specific regions that were
active during the task performance , the difference between the
signal intensity in the maintenance period and the rest period
was used as contrast within the selected regions of interest.
Voxels with activation above the threshold were selected in the
regions of interest (o < 0.0001). Activation clusters containing
selected voxel and restricted to spheres with the centers
in a voxel with locally maximal activation were identified on
group data. Radii were selected manually to obtain the region
of intersection of the sphere and cluster with a sufficient
number of voxels without spreading to adjacent anatomical
regions (7 mm for dorsolateral prefrontal cortex, 8 mm for
posterior parietal cortex, 10 mm for occipital cortex). At the
individual level, BOLD signal was extracted from voxels in the
determined cluster, as well as a signal adjusted for alignment
effects and temporal non-sphericity in the framework of the
autoregressive process AR(1). The extracted and simulated
signals were averaged over the cluster voxels, and then over
all participants. After that, the signal was averaged over the
24 task presentations and interpolated with periodic boundary
conditions by the fast Fourier transformation method with
a step of TR/10 (equal to 0.3 s). By the interpretation of the
data, 5 s were subtracted from the onsets of BOLD events to
account for the hemodynamic response delay.

RESULTS

The activation of the cerebral cortex regions at different stages
of the modified Sternberg task is shown in Fig. 2.

During the encoding period significant activation was
detected in the clusters within the right and left parietal lobes
(supramarginal and postcentral gyri, superior parietal lobule),
and also in the cerebellar cortex and occipital lobe (cuneus)
bilaterally. Activation was observed in the right middle frontal
and superior frontal gyri, and in the lower part of the left middle
frontal gyrus spreading to the inferior frontal gyrus. A cluster
of activation was also detected in the left rolandic operculum
(Table 1, Fig. 2A).

During the maintenance period significant activation was
found in the medial parts of the frontal lobes (bilaterally),
prefrontal cortex (right middle frontal gyrus , left middle frontal
and inferior frontal gyri), parietal lobe (supramarginal gyrus
and superior parietal lobule bilaterally, right angular gyrus). In
addition, activation was detected in the anterior parts of the
insula (bilaterally) and in the left prefrontal cortex (middle frontal
gyrus) (Table 2, Fig. 2B).

| 24 presentations |

Retrieval

Maintenance

Response

Duration — 30 s

Rest state

Fig. 1. fMRI with the modified Sternberg task for verbal memory (delayed item recognition task)
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Fig. 2. Graphical depiction of significant activation regions on the cerebral cortex convexital surface during three periods of task compared with rest state (clusters
containing more than 100 voxels are shown). A — encoding period; B — maintenance period; C — retrieval period. Left to right: top view, right view, left view. Color

bars display the T-statistics level

Comparing the activation pattern in maintenance period
with the FPCN, a partial overlap of the activation zones in the
parietal and frontal lobes was noted, as well as in the medial
parts of the frontal lobes and insular cortex (bilaterally) (Fig. 3).

During the retrieval period the regions of significant activation
were detected in the right medial orbital and anterior orbital
gyri, right middle temporal gyrus, in the cerebellar hemispheres
bilaterally (spreading to the fusiform gyrus on the left). A cluster
of activation was also detected in the right anterior insula and
in the operculum. Within the parietal lobe clusters of activation
were found in the right supramarginal gyrus, as well as in the
left postcentral and supramarginal gyri. A cluster of activation
was also identified in the right middle frontal gyrus. Activation
was detected in the cerebellar vermis spreading to the lingual
gyri bilaterally (Table 3, Fig. 2C).

A cluster of activation in the left middle frontal gyrus at the
intersection with a sphere with a radius of 7 mm and center
at the point of maximal activation [-36; 47; 5] (according to
MNI space) containing 21 voxels was selected as the region
of interest, in which temporal change of BOLD signal intensity
was analyzed. According to the analysis results, an increase
in signal intensity in the left middle frontal gyrus begins at the
beginning of the task. The activation curve contains two peaks,
6 and 15 seconds from the beginning of the block. After the
latter the signal intensity gradually decreases and reaches a
plateau (Fig. 4).

The temporal change of BOLD signal intensity was analyzed
for a cluster in the left inferior parietal lobule at the intersection
with a sphere with a radius of 8 mm and the center at the point
of maximum activation [-42; —49; 54] (according to MNI space)

Table 1. Regions of significant activation during the encoding period of the modified Sternberg task for verbal working memory

Cluster level Peak level
Region Peak coordinates, MNI [x; y; z]
Volume, voxels pFWE T pFWE

Supramarginal gyrus, D 3587 <0.001 14.56 <0.001 [50; -32; 46]
Cerebellar hemisphere, D 8293 <0.001 12.55 0.001 [28; -58; -46]
Supramarginal gyrus, S 11.34 0.002 [-42; -34; 42]
Superior parietal lobule, S 1502 <0.001 11.28 0.002 [-28; -60; 46]
Postcentral gyrus, S 9.43 0.019 [-44; -36; 60]
Middle frontal gyrus, D 935 <0.001 10.49 0.005 [36; 34; 26]
Cuneus, bilateral 569 <0.001 9.99 0.009 [2; -84; 34]
Cerebellar hemisphere, S 75 0.008 7.55 0.131 [-36; -46; -46)
Middle frontal gyrus, S . 362 <0001 | 858 | 0038 2; -22; 16]
Inferior frontal gyrus (pars triangularis), S

Rolandic operculum, S 128 0.001 7.45 0.046 [34; -32; 6]
Middle and superior frontal gyri, D 48 0.037 6.15 0.516 [28; 8; 54]
Cerebellar hemisphere, S 152 <0.001 5.97 0.597 [-30; -62; -46]

Note: MNI — Montreal Neurological Institute, FWE — family-wise error, T — T-statistics, D (dexter) — right, S (sinister) — left.
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Table 2. Regions of significant activation during the maintenance period of the modified Sternberg task for verbal working memory

Cluster level Peak level
Region Peak coordinates, MNI [x; y; Z]
Volume, voxels pFWE T pFWE
Superial frontal gyrus medial parts, bilateral 14.12 <0.001 [0; 26; 44]
420 <0.001
Supplementary motor area, bilateral 10.37 0.006 [2; 20; 52]
Cerebellar hemisphere, D 78 0.009 8.87 0.030 [24; -64; -50]
Middle frontal gyrus, S . 207 <0.001 | 826 | 0.057 [-40; 44; 2]
Inferior frontal gyrus (pars triangularis), S
Middle frontal gyrus, D 261 <0.001 8.1 0.067 [42; 30; 32]
Supramarginal gyrus, D 7.86 0.086 [48; -42; 50]
Angular gyrus, D 276 <0.001 74 0.192 [46; -50; 46]
Superior parietal lobule, D 7 0.213 [40; -46; 42]
Superior parietal lobule, S 6.96 0.223 [-36; -48; 46]
317 <0.001
Supramarginal gyrus, S 6.19 0.47 [-46; -38; 48]
Anterior insula, S 126 0.001 6.93 0.229 [-32; 20; -4]
Anterior insula D 96 0.004 6.89 0.238 [34; 22; -2]
Middle frontal gyrus, S 149 <0.001 6.86 0.245 [-44; 24; 30]

Note: MNI — Montreal Neurological Institute, FWE — family-wise error, T — T-statistics, D (dexter) — right, S (sinister) — left.

containing 23 voxels. The temporal pattern of the BOLD signal
intensity change in this region is similar to the curve obtained
for the dorsolateral prefrontal cortex. It contains two peaks,
6 and 18 seconds from the beginning of the block. Between
the peaks, a decrease in activation was observed with a local
minimum at 13 seconds from the beginning of the block.
Similar to the left dorsolateral prefrontal cortex, an increase in
signal intensity begins with the beginning of the block, and the
minimum is detected 24-29 seconds from the beginning of the
module (Fig. 4).

In the left middle occipital gyrus a cluster of activation was
selected at the intersection with a sphere with a radius of 10
mm and the center at [-24; -82; 1] (MNI space), containing
33 voxels. In this region of interest an increase in the BOLD
signal intensity is observed from the beginning of the task.
The maximum is observed 5-6 seconds after the beginning
of the block, then the signal level decreases. The minimum is
registered 11 seconds from the beginning followed by a slight
increase in signal intensity with a subsequent decrease in
activation (Fig. 4).

DISCUSSION

In this study, the activation in regions of cerebral cortex at
different stages of the modified Sternberg verbal working

memory task was assessed in 19 healthy volunteers using fMRI.
Temporal pattern of changes in the left dorsolateral prefrontal,
left posterior parietal and left occipital cortex activation was
analyzed. During the encoding and retrieval periods activation
in prefrontal cortex was observed (bilaterally and in the right
hemisphere, respectively), as well as bilateral activation in parietal
cortex, cerebellar hemispheres and occipital cortex. During
the maintenance period the activation in FPCN components
was found: symmetrical regions of the prefrontal and posterior
parietal cortex, insular cortex, and medial parts of the superior
frontal gyrus. The maximal activation of the left prefrontal and
parietal cortex was observed during the encoding period and at
the end of the maintenance period, between them it remained
relatively constant, while for the occipital cortex, the peak of
activation matched to the encoding period. Thus, according
to the results of fMRI analysis, activation of prefrontal and
posterior parietal cortex (components of FPCN) was detected
during maintenance of verbal information in working memory.
Regions of activation in our study were generally consistent
with the data of other researchers who used a similar
modification of the Sternberg task for verbal working memory
assessment [9]. Activation of the upper and lower parts of the
left prefrontal cortex , parietal cortex bilaterally and the occipital
cortex was observed during the encoding period. However,
in our study, we detected additional activation in the right

D Activation during the maintenance period

Il Fren

Fig. 3. Comparison of activation map during the maintenance period with FPCN. FPCN s the fronto-parietal control network (according to [24])
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Table 3. Regions of significant activation during the retrieval period of the modified Sternberg task for verbal working memory

Cluster level Peak level
Region Peak coordinates, MNI [x; y; z]
Volume, voxels pFWE T pFWE
Anterior and medial orbital gyrus, D 1074 <0.001 11.36 0.002 [26; 44; -18]
Middle temporal gyrus, D 309 <0.001 9.24 0.018 [50; -40; -8]
Cerebellar hemisphere, D 206 <0.001 9 0.023 [24; -52; -48]
Cerebellar hemisphere, S 8.76 0.029 [-48; -70; -30]
294 <0.001
Fusiform gyrus, S 6.87 0.212 [-36; -72; -22]
Frontal insular cortex, D 8.03 0.062 [42; 4; 6]
171 <0.001
Operculum, D 5.68 0.64 [46; -2; 18]
Supramarginal gyrus, D 1465 <0.001 8.02 0.063 [56; -32; 52]
Postcentral gyrus, S 7.97 0.067 [-42; -34; 66]
263 <0.001
Supramarginal gyrus, S 6.04 0.482 [-48; -40; 54]
Middle frontal gyrus, D 201 <0.001 7.95 0.068 [38; 18; 48]
Supramarginal gyrus, S
MPostcentral gyrus, S 588 <0.001 7.56 0.103 [-48; -28; 28]
Operculum, S
Cerebellar vermis
- - 259 <0.001 6.86 0.214 [8; -60; -8]
Lingual gyrus, bilateral
Cerebellar hemisphere, S 97 0.006 6.60 0.282 [-2; -42; 0]

Note: MNI — Montreal Neurological Institute, FWE — family-wise error, T — T-statistics, D (dexter) — right, S (sinister) — left.

prefrontal cortex and the cerebellar hemispheres (bilaterally). In
addition, activation of the parietal cortex was more prominent,
and the activation region in the visual cortex was relatively
small. During the maintenance period we detected activation
regions in the parietal and prefrontal cortex bilaterally, while in
the study described above the activation was observed mainly
in the left hemisphere. At the retrieval period the regions of
activation in the parietal cortex on the left and bilateral regions

Block-averaged cluster signal

Tim‘é (s)

of the operculum are consistent. Compared to [9], additional
regions of activation were found in the right parietal cortex and
the temporal lobe, but no activation of the left prefrontal cortex
was observed. This difference could be due to the different task
complexity (the researchers [9] used sequences of 4-6 letters,
unlike 7 letters in our study) or due to the different duration of
the encoding, maintenance and retrieval periods (2.16; 6.48
and 2.16 seconds respectively [9]). The differences could

Block-averaged cluster signal

Block-averaged cluster signal

0 5 10 20 25 30

Time (5)

Fig. 4. Temporal dynamics of BOLD signal intensity change in the clusters of activation in the left middle frontal gyrus, left inferior parietal lobule and left middle occipital
gyrus, averaged over all participants and task blocks. All regions are shown on the surface of the left hemisphere. Solid line — periodically interpolated simulated signal,
dashed line — filtered measured signal corrected for non-sphericity and head motion. The BOLD signal intensity is measured in arbitrary units. The origin corresponds
to the rest state at the beginning of the block. Interpretation of these data in terms of neuronal events involved the subtraction of 5 seconds from the onsets of BOLD

events to account for the hemodynamic delay
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also result from the different task performance strategies: the
activation pattern in the maintenance period of our experiment
was similar to the activation detected during the working
memory task performance with articulatory suppression [26],
which could indicate the use of non-articulatory maintenance
mechanisms by participants.

Activation of clusters in the functionally different regions
during the encoding and maintenance periods can be
explained by the combination of several types of activity: visual
information processing, subvocal speaking, choosing the
strategy of maintenance, as well as attention and motor activity.
Thus, during the encoding period, significant activation of the
occipital cortex regions can be observed, associated with the
visual information processing [9]. The activation of left inferior
frontal gyrus region at encoding period might be associated
with the verbal information retention [12]. Bilateral activation of
parietal cortex at the same time with activation of the inferior
frontal gyrus is consistent with the preferential activation of
dorsal attention network (DAN) during the encoding period
[27, 28]. Activation of a region in the cerebellar hemisphere has
also been shown in a meta-analysis and is consistent with the
hypothesis that the right cerebellar hemisphere is involved in
the verbal working memory [11].

The activation of FPCN components was revealed during
the maintenance period [24], which is consistent with the data
of a meta-analysis demonstrating a gradual increase in FPCN
activity and a decrease in DAN activity from the encoding period
to the maintenance period in delayed response tasks [27]. At
the same time, a decrease in the total number of activation
regions during the maintenance period compared to encoding
and retrieval may be associated with fewer types of activity
involved (only maintenance of information).

During the retrieval period, activation was detected in the
parietal lobes bilaterally with the predominance of the right one,
which might be due to attention processes [13, 29]. Activation
of the right middle temporal gyrus may be due to attention
switching [29]. As in the encoding period, activation of the
occipital cortex might be associated with visual perception.
Observed activation in the right anterior insula is consistent
with the evidence of their control function [28]. As opposed
to the meta-analysis results [27], in our study, the activation
of both FPCN and DAN components has been confirmed in
the retrieval period. Activation of the right prefrontal cortex
during the retrieval period with presentation of a verbal stimulus
emphasizes the ambiguity of the idea about the lateralization of
the regions with a functional role in working memory.

According to the results of the BOLD signal changes
analysis with a correction for the hemodynamic response delay,
activation of the left dorsolateral prefrontal cortex achieves its
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STUDY OF THE NEW 4-PHENYLPYRROLIDINONE-2 DERIVATIVE PHARMACOKINETICS AND
NEUROPROTECTIVE EFFECT IN THE ISCHEMIC STROKE ANIMAL MODEL

Borozdenko DA B, Lyakhmun DN, Golubev YaV, Tarasenko DV, Kiseleva NM, Negrebetsky VadV

Pirogov Russian National Research Medical University, Moscow, Russia
The development of methods of drug therapy and rehabilitation in different periods of ischemic cerebral lesion is currently an urgent problem. Our study was aimed
to investigate the pharmacokinetics and anti-ischemic effect of the new 4-phenylpyrrolidone-2 derivative in rats. To study the drug pharmacokinetics, the Wistar
rats were once administered with the substance at a dose of 250 mg/kg, then, the substance distribution in blood and cerebral cortex was evaluated. Elimination
half-life value was determined, which was 83.2 min. The substance remained in the brain tissue for 24 hours. To assess the anti-ischemic effect, the stroke was
modeled by endovascular middle brain artery transition occlusion, and the drug was administered intravenously for 5 days at two doses, 250 and 125 mg/kg. After
that the lesion focus volume was evaluated by MRI, as well as the neurological deficit severity, locomotor and explorative behavior. The studied drug significantly
decreased the neurological deficit in model animals compared to control group (1.72 vs 4.4, p < 0.05). According to the MRI data, the effect on the ischemic focus
was negligible, while the explorative behavior significantly increased under the influence of the 4-phenylpyrrolidone-2 derivative (hole board test, horizontal activity
12.1 £ 6.8, 22.5 +10.5, p < 0.05). The data obtained allow us to conclude that the studied substance penetrates the blood-brain barrier (BBB), and accumulates
in the brain tissue promoting the neurological deficit correction and increasing the explorative behavior in the ischemic stroke model animals.
Keywords: neuroprotective activity, pharmacokinetics, stroke, 4-phenylpyrrolidone-2, ischemic stroke models
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N3YHEHUE PAPMAKOKUHETUKN N HEMPOMPOTEKTOPHOU AKTUBHOCTW HOBOI'O NMPOU3BOAHOIO
4-OEHNNNMUPPONTMONHOHA-2 B MOOENTN ULLEMUWUYECKOIO MHCYJIbTA HA )KUBOTHbIX

0. A. Boposgerko =2, [1. H. NaxmaH, 9. B. Tony6es, [. B. Tapacerko, H. M. Kucenesa, Bag, B. HerpeGeukuii

Poceuinckinii HaumoHanbHbIN CCNER0BATENLCKUA MeaNLMHCKNUI YHUBepcuTeT nvenn H. W. Mnporosa, Mockea, Poccus

Pa3paboTka MeToaoB MEeAVKaMeHTO3HOM Tepanun 1 peabunuraumm B pasHbiX Mepuoaax WULLEMUHECKOro MOPaXeHWs rOfIOBHOrO Mo3ra B HacTosllee
Bpems ABAsSeTCS akTyanbHoW npobnemoit. Lienbto nccnenosaHns 66110 M3yydnTb hapMakoKMHETVKY U aHTUMLLEMNYECKOE [eCTBME HOBOMO MPOW3BOAHOMO
4-heHnNNMPPONMANHOHa-2 Ha Kpbicax. [nsa ndydeHns (hapMakOKMHETUKM Kpbicam nuHun Wistar oqHOKpaTHO BBOAWMAM BELLECTBO B A03e 250 MI/Kr, 3aTeM
OLeHVBanM ero pacrpefesneHe B niasme 1 Kope rofloBHOro Mosra. YCTaHoB/eH nepunog nonysbisedeHuns (T, ), 83,2 MuH. Bpems HaxoxpaeHus BelecTsa
B TKaHsIX FOfIOBHOrO MO3ra cocTaBuio 24 4. [N oLeHKV aHTUMLLEMNYECKOro AENCTBYS NPOBOAMIN MOAENMPOBAHNE MHCYBTa METOLOM 3HO0BACKYSPHON
TPaH3UTOPHOW OKKIKO3UM CPeaHeE MO3roBoOW apTepun, npenapar BBOAWIM BHYTPUBEHHO B TeveHve 5 AHel B AByx Aosax, 250 1 125 mr/kr. 3atem onpegensnm
pasmep odara nopaxeHus (¢ nomolypto MPT), cTeneHb HEBPONOrM4eckoro AeduumTa, TOKOMOTOPHYIO M MCCNeaoBaTeNbCKylo akTUBHOCTL. Vccnepyemoe
BELLECTBO 3HA4MMO CHIKASIO HEBPOSIOMMHECKUIA AePUUNAT Y MOAENBHBIX XKNBOTHBIX MO CPABHEHWUIO C KOHTPONbHOW rpynnoli (1,72 vs 4,4; p < 0,05). BanaHne Ha
ouar vwemmr no MPT 6bI10 He3HaUMTENBHBIM, 8 OPUEHTUPOBOYHO-MCCNEN0BATENBCKOE MNOBEAEHNE MO BO3AENCTBMEM NMPOU3BOAHOMO 4-(DeHnnnmpponmavHoHa-2
3Ha4YMMO aKTMBU3MPOBANIOCh (<HOPKOBas Kamepar, ropusoHTaNbHas akTvBHOCTb 12,1 + 6,8, 22,5 +10,5; p < 0,05). Nony4eHHble AaHHble NO3BONAIOT caenatb
BbIBOZ, YTO MCCeAyeMoe BeLLIECTBO MPOXOANUT Yepes reMaTosHLuedanmyeckuin bapeep (M9B), HakanmMBaeTCs B KOpe rofloBHOrO Mo3ra, CrnocoOCTBYS KOPPEeKLMM
HEBPOJIOMMHECKOro AeduumMTa 1 NOBbILLAs MCCNEeA0BaTENbCKYHO aKTUBHOCTb Y XKMBOTHbIX B MOAENN ULLEMUHYECKOrO MHCYLTA.

KnioyeBble cnoBa: HENPONPOTEKTOPHASA aKTUBHOCTb, (DapMaKOKMHETVIKA, UHCYNET, 4-(DeHINMMPPONNANHOH-2, MOAENM ULLEMUYECKOrO UHCYbTa

®duHaHcupoBaHue: paboTa BbIMosiHeHa B pamkax rocyaapcteeHHoro 3anaHns ®rE0Y BO PHVIMY umern H. V. Muporosa Ha 2018-2020 rr., Ne roc. permctpaim
HVP AAAA-A18-118051590108-1.

BnaropapHoctu: A. I. KamkuHy, 4. M. H., 3aBegylollemy kadegpon duanonorun MB®, 3aBepytoLlemMy Hay4HO-UCCNe[oBaTenbCkonm nabopatopuen
anexkTpoduanonorum HAN tpaHcnsumorHon meguuHsl PHAMY vm. H. W, Minporosa, 3a BO3MOXKHOCTb MCMONb30BaTh 060pyaoBaHmne Hay4Ho-obpasoBaTensHoro
LieHTpa Mo MCCNeA0BaHMIO MOSIEKYNSPHBIX U KNETOYHbIX MEXaHU3MOB rMnokeun v niemun; M. A. ABakymoBY, K. X. H., AOLEHTY kadeapbl MeAMLUMHCKIX
HaHobvoTexHonornn MB® 3a nomoLLp B MofenMpoBaHun 1 npoBeaeHn MPT-CKaHMpoBaHKs, HTepNpeTaLmmn pesynstaTos.
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Stroke is the second leading cause of death in Russia, by the
number of cases it follows the myocardial infarction. According
to the World Health Organization, 70-80% of stroke survivors
become disabled [1-2]. Only thrombolytic therapy has proven
pharmacological efficacy in the acute period of ischemic stroke,
but it has a whole range of restrictions, the main of which is a
narrow time interval. Only 5% of patients with acute ischemic
stroke receive the thrombolytic therapy [1]. Rehabilitation
therapy covers a much wider time interval, measured in weeks
and months, so many researchers develop drugs in the context
of rehabilitation medicine.

In recent years, both in Russia and abroad, a number of
innovative solutions have appeared [3-5].

In the Department of Medical Chemistry and Toxicology
of the Institute of Translational Medicine of Pirogov Russian
National Research Medical University the new compound
(laboratory number VRF_11) has been synthesized, which
contains 4-phenylpyrrolidone-2 derivative as a pharmacophore
[6]. According to in silico studies [7], the substance has an anti-
ischemic, nootropic and cytoprotective potential.

The safety profile of the substance was established. To
confirm the anti-ischemic effect of the new substance it was
necessary to define the dose regimen and to estimate the main
pharmacokinetic parameters.

The study was aimed to investigate the VRF_11
pharmacokinetics and to deduce the most effective dose
regimen for the correction of neurological symptoms in the rat
model of focal cerebral ischemia.

METHODS

The experiments were carried out on 85 adult male Wistar rats
weighing 220 + 12 g at the beginning of the study. The rats
were received from the Stolbovaya nursery station. Animals
were kept in the conventional vivarium of Pirogov Russian
National Research Medical University with automatic change
of day and night cycle (08:00-20:00, “day”, 20:00-08:00,
“night”) and at least 12-fold change in the air volume of the
room within an hour (temperature 20-24 °C, humidity 45-65%.
Animals were fed with the "Chara" full-grain dry granular feed
for laboratory animals (Assortiment-Agro; Russia; veterinary
certificate form 3 250 Ne 3828680, declaration of conformity
No. POCC RU.MH88.07428, valid until May 27, 2021) which
was put ad libitum into the feeding recess of the steel grid cage
lid. Animals were fed with water purified in accordance with the
requirements of GOST 51232-98. Water in standard drinking
bowls with steel nose caps was given ad libitum. For bedding
the Rehofix corncob granules (JRS; Germany) were used.

Two series of experiments were conducted.

In the 1t series the VRF_11 pharmacokinetics was studied.
VRF_11 was injected intravenously in the tail vein as the 200 mg/
ml solution using the 0.4 x 8 mm needle (27G), in accordance
with the rules of aseptic and antiseptic (at a dose of 250 mg/kg).

Table 1. VRF_11 pharmacokinetics study design (single intravenous administration)

Concentration of the substance in the blood plasma and brain
tissue was determined at different time points. Blood sampling
from the tail vein in a volume of 100-150 pl was performed after
15, 30, 60, 120, 240 min, 8, 12, 24 and 48 hours using the
EDTA tubes. To study the VRF_11 accumulation in the brain,
rats were euthanized in a CO2 box, after which the heart muscle
was dissected, cannulas were inserted, and the carcass was
washed with 1 liter of cold NaCl solution (0.9%). The brain was
removed and the cerebral cortex was set apart. The fragment
extracted was frozen and stored at -80 °C. Plasma was also
frozen and stored at -30 °C.

In accordance with the recommendations on the study of
pharmacokinetics [8] groups of animals were formed, 6 rats
each (Table 1).

VRF_11 concentrations in the rats’ plasma and brain
tissue samples were determined by high-performance liquid
chromatography (HPLC). The SPD-20A absorbance detector
(Shimadzu; Japan) was used to determine the VRF_11
concentration in the 10 pg/ml — 1 mg/ml range. The LC/MS
8030/8040 ultra fast triple quadrupole gas chromatograph
mass spectrometer (Shimadzu; Japan) was used to determine
the concentration of the substance in the 10 ng/ml — 10 pg/ml
range. Calibration curves for the VRF_11 20-1000 pg/ml and
10 ng/ml — 50 pg/ml concentration ranges were plotted using
the VRF_11 stock solutions and plasma of intact animals.

Determining the concentration of VRF_11
in the 10 pg/ml - 1 mg/ml range

To determine the drug concentration in the animals’ blood
plasma, the following sample preparation routine was used.
Acetonitrile in the amount of 300 pl containing 0.5% formic
acid was added to 100 pl of blood plasma. After stirring and
centrifuging (CM-50 centrifuge; ELMI; Latvia), 12,499 rpm for
3 min, supernatant was sampled and evaporated at the room
temperature for 2 hours using the SpeedVac Savant SPD 1010
vacuum concentrator (Thermo Scientific; USA). The residue
obtained was redissolved in 200 pl of the mobile phase. To prepare
the mobile phase, 1.36 g of potassium dihydroorthophosphate
(KH,PO,) was dissolved in 850 ml of deionized water. The 1.625 ml
of diethylamine and 150 ml of acetonitrile were added to the
resulting solution. Chromatographic conditions: isocratic elution
mode; NUCLEODUR C, ec 250/4.6 HPLC column (Macherey-
Nagel; Germany), particle size 5 um; column temperature
40 °C + 0.1; eluent flow rate 0.8 ml/min; injection volume 10 pl;
wavelength 220 nm.

Determining the concentration of VRF_11
in the 10 ng/ml - 10 pg/ml range

To determine the drug concentration in the animals’ blood
plasma, the following sample preparation routine was used.
Acetonitrile in the amount of 300 pl containing 0.5% formic

Group Ne Plasma sampling Cerebral cortex
1 15 min; 240 min 240 min
2 60 min; 24 h 24 h
3 30 min; 8 h 8h
4 48 h
5 120 min; 12 h
6 30 min
7 120 min
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acid was added to 100 pl of blood plasma. After stirring
and centrifuging (centrifugation conditions are similar to
those described above), supernatant was evaporated using
the vacuum concentrator (conditions described above)
and redissolved in the 200 pl of eluent. Chromatographic
conditions: Discovery® C18 HPLC Column (Supelco/Sigma-
Aldrich; USA), particle size 5 um, L x 1.D. 15 cm % 4.6 mm; column
temperature 40 °C + 0.1; eluent flow rate 0.8 ml/min; injection
volume 10 pl. Electrospray ionization (ESI) technique was used
for analysis: desolvation line (DL) temperature 250 °C, heat block
temperature 400 °C, nebulizer gas flow 2 I/min, drying gas flow 15
I/min, capillary voltage 4.5 KV, gas pressure for CID 60 kPa.

To determine the concentration of VRF_11 in brain tissue,
1.5 ml of acetonitrile containing 0.5% formic acid was added to
70-100 mg of animal brain, then, the brain was homogenized
in a glass handheld homogenizer for 3 minutes. The resulting
suspension was centrifuged twice (centrifugation conditions are
similar to those described above). Supernatant was evaporated
using the vacuum concentrator (conditions described above).
A mixture of deionized water with acetonitrile (100:5) in the
amount of 300 pl was added to the residue, then, the resulting
mixture was stirred actively for 5 minutes. Centrifugation was
carried out (conditions described above), and supernatant was
analyzed. The mobile phase contained the mixture of 700 ml of
deionized water, 3.5 ml of formic acid and 300 ml of acetonitrile.
Chromatographic conditions: isocratic elution mode; Discovery®
C18 HPLC Column (Supelco/Sigma-Aldrich; USA), particle size
5 pm, 150/4,6; column temperature 40 °C + 0.1; eluent flow
rate 0.8 ml/min; injection volume 10 pl. Electrospray ionization
(ESI) technique was used: desolvation line (DL) temperature
250 °C, heat block temperature 400 °C, nebulizer gas flow
2 I/min, drying gas flow 15 I/min, capillary voltage 4.5 kV, gas
pressure for CID 60 kPa. Processing and analysis of the results
was performed using the LabSolution ver. 5.80 (Shimadzu;
Japan) and Borgia 1.03 (Nauka Plus; Russia) software, as well
as Microsoft Excel (Microsoft; USA) and Statistica 12 (Statsoft;
USA) applications.

In a second series of experiments, cerebral infarction was
modeled in rats to investigate the effect of VRF_11 administered
at doses of 250 and 125 mg/kg on the neurological symptoms
and behavior.

Experimental cerebral infarction was modeled by
endovascular transient occlusion of the middle cerebral artery
by the modified Koizumi method [9,10] followed by reperfusion.

ORIGINAL RESEARCH | NEUROPHYSIOLOGY

The duration of middle cerebral artery occlusion was
90 minutes.

The following groups of animals were formed, 8 rats each:

1. Control group. Animals were injected with saline 24 hours
after reperfusion, once a day (5 days).

2. Treatment group. VRF_11 at a dose of 125 mg/kg was
injected intravenously 24 hours after reperfusion, once a day
(5 days).

3. Treatment group. VRF_11 at a dose of 250 mg/kg was
injected intravenously 24 hours after reperfusion, once a day
(5 days).

Laboratory animals magnetic resonance imaging (MRI)
follow-up was performed using the ClinScan system (Bruker
BioSpin; Germany) with 7 T magnetic field. To evaluate the
cerebral infarction volume, the MRI scanning was performed on
the 1st, 7t 14 28" day after occlusion. The MRI protocol
consisted of obtaining the T2-weighted images with the
respiratory synchronization (TurboSpinEcho, Turbo Factor = 10,
TR/TE = 5230/46 ms, voxel size 0.117*0.13*0.7 mm) in axial
projection, starting from the 1st day after cerebral infarction
modeling. The cerebral infarction volume follow-up was
performed using the Imaged software (Wayne Rasband; USA)
analyzing the T2-weighted images. At the first stage, the area
on each slice was measured, after which the total ficus volume
was calculated by the formula V = (§,+...+S)*(h + d), where
S, was the 1¢' slice area, S was the area of slice n (mm?), h was
the slice thickness (mm), and d was the interslice gap (mm) [11].

Behavioral changes in rats were evaluated within 4 weeks
after stroke modeling. The overall neurological functioning
was assessed using the mNSS scale [12]. Motor deficit was
evaluated using the following functional tests: the hole board
test for rats (OpenScience; Russia) and the open field test
(OpenScience; Russia). The hole board test was performed
on the 10th and 24" day after stroke [13]. The open field test
was performed on the 16" day. During the test the explorative
and locomotor behavior was also assessed using the same
parameters. In addition, the total path and speed of movement
were calculated [14].

Statistical processing of the results was performed using
the Statistica 12.0 software (Statsoft; USA). Mann-Whitney
U-test, Student t-test for independent samples, as well as the
descriptive methods with the definition of the arithmetic mean,
standard deviation, standard error of the mean were used. The
differences were considered significant at p < 0.05.

Table 2. VRF_11 blood level in laboratory animals after single intravenous administration at a dose of 250 mg/kg (n = 6, pg/ml)

Time point/Ne 1 2 3 5 6 M SD

15 min 666.38 780.89 559.36 297.84 282.59 488.92 512.67 198.69
30 min 567.99 787.9 418.5 202.09 500.19 700.3 529.49 208.71
60 min 533.68 185.1 335.35 285.98 415.33 602.91 393.06 156.43
120 min 60.59 10.43 42.91 50.26 18.39 32.52 35.84 19.14

Note: M — mean value for the time point; SD — standard deviation.

Table 3. VRF_11 blood level in laboratory animals after intravenous administration at a dose of 250 mg/kg (n = 6, ng/ml)

Time point/Ne 1 2 3 5 6 M SD

4h 295.99 809.40 659.03 190.36 727.0 567.02 541.47 246.66
8h 85.87 58.99 41.3 65.97 48.58 51.54 58.71 15.79
12h 2883.98 1718.41 3074.25 1045.94 2120.61 1955.05 2133.05 753.03
24 h 147.47 126.16 114.34 93.21 105.18 97.93 114.05 20.18
48 h 73.37 62.76 56.88 46.37 52.32 48.72 56.74 10.04

Note: M — mean value for the time point; SD — standard deviation.
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RESULTS

VRF_11 pharmacokinetics study (intravenous
administration at a dose of 250 mg/kg)

Tables 2 and 3 contain the laboratory animals’ VRF_11 blood
concentration levels detected after the single intravenous
administration. All the values fit the calibration curve.

The results of the experimental animals VRF_11 blood level
measurement are presented in Fig. 1.

The data presented in Fig. 1, may be approximated
satisfactorily by the single compartment model (without
absorption), which is described by the following equation:

C = A x exp (-at),

where C is the studied drug level in the laboratory animals’ blood, t
is the time after the drug administration, A, a are the constants
of a process describing a pharmacokinetic equation, which are
associated with the constants describing the distribution of the
studied drug in the body.

As a result of the pharmacokinetic data approximation
using the Borgia 1.03 application, the following equation was
obtained:

C =580.143 x exp (-0.00833 x 1)

indicators of the main
T AUC( ),T Cl, Vv,

Table 4 demonstrates the

pharmacokinetic parameters: C o

max’ ~ max’ (000

Accumulation of VRF_11 in the cerebral cortex

Table 5 demonstrates the concentrations of VRF_11 in
the cerebral cortex homogenate extracts after the single
intravenous administration of the drug at a dose of 250 mg/kg.
All the values fit the calibration curve.

Thus, VRF_11 penetrates the BBB, reaching the maximum
concentration 30 minutes after administration. The drug is still
detected in the rat cerebral cortex 24 hours after injection.

Monitoring the model of acute cerebral ischemia,
dynamics of the infarction volume over time

The 3 groups of animals were studied, 8 rats each. One day
after the modeling of cerebral infarction by the middle cerebral

529

°529.5

Concentration (ug/ml)

artery endovascular transient occlusion, the animals underwent
MRI to control the volume of the lesion. Assessment of the
ischemic lesion volume demonstrated that the modeling was
performed correctly. Two rats with small size foci were excluded
from the study (Table 5). In treatment group rats, after the MRl
confirmation the studied drug was injected in the tail vein at
doses of 125 and 250 mg/kg. The control animals were injected
with the same volume of saline by the same method.

MRI follow-up results on the 1%, 7, 14" and 28" day after
reperfusion demonstrated that the studied substance at doses
of 125 and 250 mg/kg had no effect on the average focus
volume (compared to control group, which did not receive
VRF_11) (Table 6). The infarction focus volume significantly
decreased in all groups of animals by the end of the 15t month
in relation to the 1% day after ischemia.

Neurological deficit assessment

Neurological deficit assessment using the mNSS scale was
carried out on the 1st, 39 and 5" day after reperfusion. On the
15t day the test was performed prior to the drug administration.
According to the mNSS score, there were no significant
differences between animals receiving VRF_11 at doses of 250
and 125 mg/kg and control animals (Table 6). As can be seen
from the data presented (Table 7), when comparing neurological
deficit scores on the 1st and 5th day, animals from the VRF_11
group showed statistically significant differences, whereas in
control animals there were no such differences. It should be
noted that there was a greater neurological deficit on the 1st
day after reperfusion in the group receiving VRF_11 at a dose of
250 mg/kg compared to other groups, while an MRI scanning
did not reveal differences in the ischemic foci volume in animals.

Behavioral response study

Behavioral study using the open field test, which was carried out
on the 16" day after reperfusion, revealed significant differences
in standing still and grooming duration, as well as in number of
visits to the central zone in animals receiving VRF_11 at doses
of 125 and 250 mg/kg compared to control group (Table 8).

In the hole board test 10 days after the ischemia modeling,
significant differences were revealed between the control group
and the group of animals injected intravenously with VRF_11

5.4

0.6
0 60 120 180 240 300 360 420 480
Time (min)

Fig. 1. VRF_11 kinetics in blood plasma after the single intravenous administration at a dose of 250 mg/kg
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Table 4. Main pharmacokinetic parameters of VRF_11 (intravenous administration at a dose of 250 mg/kg )

Parameter VRF_11
C. oo HO/mI 529
T h 0.5
T, joresr MIN 83.2
AUC,,_, min x ng/ml 69645.1
Cl, ml/min 0.004
V,, mi 0.862

(125 mg/kg and 250 mg/kg) (Fig. 2). There were differences
in horizontal activity (sector crossing 12.1 + 6.8, 22.5 = 10.5
(o < 0.05) and 20.2 = 14.7 (p < 0.07)) and vertical lactivity
(number of stances 2 + 1.6, 7.5 + 4.0 (p < 0.05) and 7 + 12.1
(o < 0.07)), standing still duration (46.6 = 34.4, 1.0 + 1.3
(0 < 0.01) and 24.1 = 21.9 (o < 0.05)) (control group, animals
receiving VRF_11 at a dose of 125 mg/kg, and animals receiving
VRF_11 at a dose of 250 mg/kg, respectively). On the 24th day
after reperfusion in the hole board test, the experimental animals
demonstrated more active explorative behavior compared to
control group. Thus, significant pasnudua (p < 0.05) differences
were revealed in sector crossing (in animals receiving saline the
value was 18 + 7.3, in the group receiving VRF_11 at a dose
of 125 mg/kg it was 31 = 16.5 (p < 0.03), and in the group
receiving VRF_11 at a dose of 250 mg/kg it was 26.3 = 12.5
(o < 0.05) and in the number of holes (5 + 3, 10.5 + 2.9
(o <0.01) and 8.6 + 2.9 (p < 0.05) respectively). The standing
still duration significantly decreased only under the influence of
VRF_11 at a dose of 125 mg/kg (22.9 + 22.8 and 0.6 + 2.3
(o < 0.01)).

DISCUSSION

Despite the widespread use of effective drugs for endovascular
therapy, clinical outcomes after acute ischemic stroke still remain
unsatisfactory [15]. Most patients retain motor impairment,
their cognitive abilities decrease, and in many patients the
psychoemotional sphere is impaired. As a result of neurological
complications caused by stroke, neuroprotection and post-stroke
rehabilitation has recently become an increasingly urgent problem [16].

The Department of Chemistry of Pirogov Russian National
Research Medical University has an extensive experience of
working with nootropic drugs [17, 18]. In this study, we used
a promising substance, a derivative of 4-phenylpyrrolidinone-2,
VRF_11, which, according to computer simulation, has
neuroprotective properties.

The VRF_11 pharmacokinetics study results (Table 4) allow
us to state that the drug penetrates the BBB and remains in the
cerebral cortex during the day.

According to its pharmacokinetic parameters, VRF_11
is slightly different from the known nootropic drugs, such as
piracetam and phenotropil. Thus, T,, of piracetam administered
intravenously is 4-5 hours [19], and T,, of phenotropil is 2.77
hours [20]. The molecular weight of piracetam is 142 g/mol, and
the molecular weight of phenotropil is 218 g/mol. A tendency to
a decrease in half-life with an increase in molecular weight can
be observed. Thus, in VRF_11 with molecular weight 252 g/mol
the T,, value is 1.26 hours.

VRF_11 remains in the brain tissue during the day. That
is why we have chosen the dosage regimen once a day to
avoid the effect of accumulation in the target organ. In the
literature there is no clear opinion about the dosage regimen
on metabotropic drugs (and on nootropic drugs in particular).
Thus, according to official instructions, piracetam is taken up to
3 times a day, and phenotropil once per day. That is why the
selection of the dosage regimen during the new compounds
studies is one of the most difficult and time-consuming tasks.
We have chosen the following algorithm: molecular weight
conversion using the closest analogue (phenotropyl). The
required dose of phenotropil is 100 mg/kg. After recalculation

Table 5. VRF_11 level (ng/g of tissue) in the cerebral cortex homogenate extracts after the single intravenous administration of the drug at a dose of 250 mg/kg

Time. B Ne 1 2 3 4 5 M SD
05 1813.89 1167.11 2129.94 1566.63 2058.27 1747.17 392.69
2 354.12 396.38 363.63 407.07 380.50 380.34 22.01
4 260.34 233.58 289.16 218.68 250.97 250.54 26.88
8 144.54 158.01 171.49 126.96 140.43 148.29 17.05
24 20.63 23.0 18.34 17.37 18.84 19.64 2.22

Note: M — mean value for the time point; SD — standard deviation.

Table 6. Ischemia focus volume, mm? (M + m; n = 8)

Control (saline) VRF_11, 125 mg/kg VRF_11, 250 mg/kg
Day of scanning
M SD M SD M SD
1 131.14 24.60 133.25 33.16 133.66 28.72
7 111.79 24.04 107.53 33.38 115.91 20.75
14 100.43 20.63 93.64* 29.82 106.86 21.87
28 83.04* 15.63 81.6" 26.97 91.16* 20.67

Note: M — mean value for the time point; SD — standard deviation; *— p < 0.05 (comparison of mean values within the same group in relation to the 1<t day).
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Table 7. Neurological deficit assessment using the mNSS scale (M + m; n = 8)

Control VRF_11 125 mg/kg VRF_11 250 mg/kg
Mean SD Mean SD Mean SD
1st day 5.43 3.55 6.8 3.6 9.1 2.75
34 day 4.43 2.63 3.8 2.48 71 2.39
5% day 3.71 2.81 2.4* 1.52 6.5* 2.14

Note: * — p < 0.05 (comparison of mean values within the same group in relation to the 1t day).

Table 8. Activity indicators in the open field test on the 16th day after reperfusion (M + m; n = 8)

Control

VRF_11 125 mg/kg VRF_11 250 mg/kg

Mean SD

Mean SD Mean SD

Sector crossing 35.83 9.133

40.87 12.04 42.33* 14.95

Center 0.16 0.4

1.13* 1.13 1.33* 1.75

Standing still, duration 36.83 33.73

9.37* 6.948 21.67 23.09

Grooming, duration 29.167 22.75

10.62* 13.23 17.33 14.08

Note: * — p < 0.05 (comparison of mean values in relation to the control group).

28
26
24
22 -
20
18 4
16
14 -
124
101

ok

Number of movements

ok

[l Sectors
B Stances

saline

VRF 250 mg/kg

VRF 125 mg/kg

Group

Fig. 2. * — p < 0.05 (comparison of mean values in relation to the control group); ** —p < 0.07 (there is a tendency to significant differences when comparing average
values in relation to the control group). Animal behavior during the hole board test on the 10" day after ischemia modeling

taking into account the molecular weight, the dose of the studied
substance was 125 mg/kg. In order to reveal the possible dose
dependent effects, a dose 2 times higher than the calculated
was used in the study (250 mg/kg).

The dose of 125 mg/kg was more effective for correction of
ischemic lesion than the dose of 250 mg/kg, as evidenced by a
greater neurological deficit decrease, as well as the explorative
behavior increase during the hole board test and the open field
test. According to literary sources, the effect of piracetam, on
the contrary, is achieved only at high concentrations [21]. Our
observations suggest the feasibility of studying a larger range
of doses, since different doses of the drug can not only affect
its effectiveness, but also lead to opposite pharmacological
effects [20].

According to MRI scanning results, VRF_11 does not
affect the volume of the lesion focus, but significantly reduces
neurological symptoms in rats. This observation limits the
assessment of the test compound as a neuroprotector, but

refers to the possibility of its use among other rehabilitation
drugs. The observation is interesting in terms of studying the
possible mechanisms of VRF_11 effect. Certainly, it will be the
base of our future studies aimed to find a specific target for the
drug.

CONCLUSIONS

Calculation of the new 4-phenylpyrrolidone-2 derivative
(laboratory number VRF_11) main pharmacokinetic parameters
allowed us to come to the following conclusions: 1. VRF_11
passes through the blood-brain barrier (BBB) and accumulates
in the brain tissue. 2. Maximum concentration of VRF_11 in
the studied time range is achieved 0.5 h after the substance
administration. 3. After 24 hours, VRF_11 in the cerebral cortex
is on the verge of detection. 4. VRF_11 at a dose of 125 mg/kg
significantly corrects the neurological functions impairment
resulting from modeling of focal ischemia in rats.
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CASE REPORT: MORPHOLOGICAL ASPECTS OF BUERGER'S DISEASE
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" Peoples' Friendship University of Russia, Moscow, Russia
2 Central Military Clinical Hospital of the National Guard Troops of the Russian Federation, Balashikha, Russia

Buerger's disease is a rather rare pathology characterized by nonatherogenic vascular lesion associated with the inflammation in the intima of the vessel and
the thrombus formation. Most often the pathological process affects small and medium caliber arteries. Vascular occlusion can lead to tissue ischemia and the
trophic ulcers, and cause the extremity amputation. The disorder pathogenesis has not been fully explored. Literature data indicate that the disease development
may be associated with autoimmune processes. The paper presents the results of immunohistochemical study of the material obtained after amputation of the
lower extremity in a patient diagnosed with Buerger's disease. The patient had a 15-year tobacco smoking experience. In the inflammatory cell infiltrates around
the affected vessels, lymphocytes with CD4, CD8 antigens and IgG immunoglobulin deposits were found, which could be considered as the evidence of the
autoimmune mechanisms’ involvment. Immunohistochemical reactions with markers of NK cells CD56 and the central component of the C3d complement system
were negative. The results of the study suggest that the key role is played by helper and suppressor T lymphocytes, as well as by humoral antibodies of the IgG class.
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MOP®OJIOMNMHYECKAA XAPAKTEPUCTUKA KITMHNYECKOIO CJTYYAA BONNIE3HU BIOPTEPA
H. C. Unmbannct'=, B. A. Cychtnr?, A. B. Kptoukosa', E. A. Hynatosa', L. . BabnyeHko!

" Poccuiickunii yHuBepeuTeT Apy»6bl Hapogos, Mocksa, Poccust
2 [MaBHbIA BOEBHHbIA KIMHNYECKUIA rocnMTaslb BOMCK HaLvoHanbHon reapann Poccuiickoin ®epepaunn, banawvxa, Poccus

BtonesHb Btoprepa — 370 AOCTATOMHO pefKasi MaTonorus, Ans KOTOPOW XapakTepHO HeaTeporeHHOe MOpavkeHWe COCYAOB C (POPMMPOBAHMEM B UHTVIME
cocyna BocnanmTensHoro npotiecca 1 obpasosaHrem Tpomba. Hanbosnee 4acTo B NaTonorm4eckmii MpoLecc GbiBaioT BOBMEYEHbI apTepun MEIKOTO 1 CPeaHEero
kanmbpa. OKK/IHO3Msi COCYA0B MOXET MPUBECTU K ULLEMUN TKaHER, MOSIBNEHMIO TPO(MNHECKNX S3B 1 CTaTb MPUHYMHO aMryTaumm KOHEYHOCTU. Ha ceroaHsLLHni
[eHb naToreHes 3ab0neBaHNsi OCTAETCSt 40 KOHLLA HeV3yYeHHbIM. JTuTepaTypHble faHHble yKasbiBatoT Ha TO, YTO pa3BuTVE NaToNIOMMnN MOXET OblTb CBA3aHO C
ayTOVMMYHHbIMI MpoLieccam. B cTaTtbe npeacTaBneHs! pesysstarbl MMMYHOTVICTOXVMUHECKOTO UCCIeAoBaHNs Matepyiana, nosy4eHHOro Moce amryTauyn HKHEN
KOHEYHOCTY Y NauMeHTa C KIMHUHECKM AnarHo30M 60me3Hb broprepa, MMeBLLEro 15-1eTHWIA CTaK KypeHUsi. B BOCTanmTesnbHbIX KIETOUHbIX MHAPUBTPATaX BOKPYT
MOPaXEHHbIX COCYA0B Obl 0BHaPY>KeHb! MMMMOLTLI ¢ aHTUreHamy CD4, CD8 v Aeno3uTbl IMMYHOOBYNMHOB IgG, KOTOpbIe MO CY>KWTb MOATBEPKAEHNEM
y4acTusi ayTOUMMYHHBIX MEXaHU3MOB B pasBUTUN 3a60neBaHust. IMMyHOMMCTOXUMUYECKIE peakuum ¢ Mapkepam NK-kneTok CD56 1 rmaBHOro KOMMoHeHTa
crcTembl koMmemeHTa C3d okasanvck oTpuuaTensHbIMU. MoyHeHHble PesysTaThl MO3BOMSKOT NPEAMNONOXUTL, YTO OCHOBHAs POJIb B LIEMN NMaToreHe3a 6051e3Hm
Broprepa npuHagnexxvT T-numdoLmMTaM-xennepam 1 cynpeccopam, a Takke ryMopasibHbIM aHTTenam knacca IgG.
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Buerger's disease is a rare pathology that is most common
in Eastern Europe and Asia. [1]. Thromboangiitis obliterans (TAO)
was initially described by Felix von Winiwarter in 1879, a more
detailed description of the disorder was presented in 1908
by Leo Buerger [2-5]. Thromboangiitis obliterans (Buerger's
disease) is a progressive, nonatherosclerotic disease that most
often affects small and medium arteries [2]. Blood vessels of
various localization may be involved, most often the disease
affects the arteries of the limbs, usually the femoral and radial
arteries. In rare cases, the coronary, carotid and visceral arteries
are affected [6].

According to literary sources, the incidence of the disease
in patients with circulatory disorders ranges from 0.5-5% in
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Europe, and in Japan this indicator can reach 16% [6]. The
disorder is more frequently found in male smokers [2, 3, 7]. The
typical age of onset is 40-45 [4, 8]. The disease pathogenesis
may be associated with endothelial dysfunction [9]. Due to the
damaging agents’ impact, vascular permeability is impaired,
inflammation and thrombosis occur [10]. According to a
number of authors, the immune homeostasis failure can lead to
the development of the disease.

In patients with Buerger’s disease, the released by immune
cells inflammatory cytokines level is increased, and the
inflamsnmatory reaction exacerbates the severity of the disease
[9, 10]. In TAO patients, the HLA, A28, Ax, B53 and Bx antigens
were detected [11]. The TNFa, IL1B, IL4, IL17 and IL23
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blood plasma level increase was also noted. Elevated levels
of IL17 and IL23 indicate the autoimmune processes’
development caused by an unknown antigen (possibly a
nicotine component) [10].

The clinical manifestations of Buerger's disease include
claudication, ulcerations on the toes and ischemic rest pain
appear over time [2, 4, 6]. A sensation of coldness and a
reduced touch sensitivity of the skin of the feet are noted in
the affected extremities [5, 12]. For the diagnosis confirmation,
it in necessary to eliminate such conditions as thrombophilia,
diabetes, embolism and autoimmune disorders [2, 4].

The cornerstone of the TAO treatment is absolute smoking
avoidance [2, 4, 13]. In patients who stop smoking the
remission occurs, which reduces the risk of amputation [2]. The
patients are also treated with adjuvant medications, such as
lloprost, vasodilatators including the prostaglandin analogues,
calcium channel antagonists, anticoagulants and antiplatelet
drugs including Aspirin [5, 10, 13]. If the patient does not stop
smoking tobacco, the disease would progress, which leads to
the extremities’ amputation [14].

The paper presents the case of an immunohistochemical
study of the affected vessels in patient with Buerger's disease
(thromboangiitis obliterans) aimed to clarify the inflammatory
infiltrate cellular composition and to identify the IgG deposits.

Clinical case report

Buerger's disease was diagnosed in 36- year old male with
15-year tobacco smoking experience. The observation period
was 6 months. In May 2017, the patient suddenly felt pain in
his left foot. He received symptomatic treatment that had no
effect. In early June 2017, intensification of pain in the left foot,
cold feet, as well as darkening of the toes were noted. The
patient was hospitalized, he underwent the left foot Lisfranc
amputation because of the left lower leg subacute thrombosis
and acute lll-degree ischemia. The residual limb (stump) wound
did not heal, there were pains in the left foot and lower leg.
Swelling of both legs was noted, and flexion contracture of the
left knee joint developed. The patient slept in his sitting position.
Doppler ultrasonography of the lower extremities’ arteries
revealed the occlusion of the left anterior tibial artery. Stenosis
of the left superficial femoral artery was more than 60%. The
dry gangrene of the left lower extremity developed, which led
to the amputation amputation at the hip level in August 2017.
The clinical diagnosis was TAO with the left anterior tibial
artery occlusion, stage IV chronic arterial insufficiency, dry
necrosis of the residual limb of the end surface of the left foot
soft tissues.

The material was taken from the Central Military Clinical
Hospital of the National Guard Troops of the Russian Federation
archive. Tissue blocks with tissue fragments taken from the foot
and the lower leg were selected for investigation. The sample
were subjected to standard processing (tissue sectioning,
paraffin blocks preparation, slices’ preparation, haematoxylin
and eosin staining). The slices were examined using the
Axioplan 2 Imaging microscope (Karl Zeiss; Germany), the
pictures were taken using the AxioCam ERc5s camera (Karl
Zeiss; Germany).

To study the inflammatory infiltrate cellular composition
and detect IgG deposits, an immunohistochemical study was
performed using the Quanto protocol. The UltraVision Quanto
system (Thermo Fisher Scientific; USA) reagents were used
including the horseradish peroxidase (HRP) polymer conjugate.
The study was carried out using the Autosteiner 360 unit
(Thermo Fisher Scientific; UK). The following sera were used

as antibodies: mouse monoclonal antibody against CD8 (Cell
Marque; USA), rabbit monoclonal antibody against CD4 (Cell
Marque; USA), rabbit polyclonal antibody against IgG (Cell
Marque; USA), rabbit monoclonal antibody against CD56
(Epitomics; USA), rabbit monoclonal antibody against C3d
(Clone SP7, Thermo Fisher Scientific; UK). The exposure time
of antibody on each slice was 20 minutes.

A macroscopic examination of the left lower extremity
resected at the level of the middle and lower third of the thigh
revealed the foot absence along the metatarsal-tarsal joints
(after the Lisfranc amputation) with the unhealed wound and
the blue-gray surrounding tissues. The obstructing thrombi of
arteries and veins at the level of the popliteal artery were also
found detecte. The lower leg muscles were red-yellow and
pale.The muscles at the resection level were reddish.

The tissue samples contained the vessels from the left hip,
lower leg and foot. Samples were taken in the immediate vicinity
of the lesions of gangrene. During a histological examination,
necrosis was detected in the foot and lower leg. Mixed thrombi
of arteries and veins of the foot and lower leg were revealed,
sometimes with recanalization and organization, partial
obliteration of the lumen was also noted. Fig. 1 shows a cross
section of the foot artery, there are intra-parietal and perivascular
fibrosis, necrosis of the vessel wall. Microphotography (Fig. 2)
demonstrates the cross section of the lower leg artery with the
organized thrombus and recanalization. No thrombotic masses
were found in the femoral vessels, however, a partial obliteration
of their lumen was noted. There were no atherosclerotic
plagues. Mixed thrombi, necrosis of the vessel wall and partial
obliteration of the lumen were revealed in the different caliber
vessels. In the large vessels, a considerable amount of vasa
vasorum was detected, as well as lymphocytes in the wall, due
to which the patient was diagnosed with TAO.

The material was subjected to immunohistochemical study.
Further microscopy showed that in the vessels of small and
medium caliber, mainly in arterioles, positive cytoplasmic
reactions took place when using the antibody against the
receptor of the T-lymphocytes CD4 subpopulations’ marker
(mainly in the wall of the lower leg artery (Fig. 3)) and the
T-lymphocytes CD8 subpopulations” marker (in the wall of the
vessel (arteriole) of the foot (Fig. 4)). IgG deposits were observed
on the surface of vascular endothelium and in the vessel walls
(Fig. 5). A negative reaction was detected for the antibodies
against the CD56 receptor, NK cells markers, as well as against
the cental component of the C3d complement system.

Fig. 1. Foot artery cross section. Intra-parietal and perivascular fibrosis.
Microphotograph. Hematoxylin and eosin stain (x50)
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Clinical case discussion

In patients with Buerger’s disease, the pathological process
begins in distally located vessels, progressing to proximally
located vessels [2]. The main pathological changes are
the formation of thrombi, intra-parietal and perivascular
fibrosis of blood vessels [5]. Three phases of the disease
are distinguished: acute, subacute and chronic [2, 3]. In the
acute phase, the onset of inflammation is noted, associated
with neutrophil infiltration and thrombotic vascular occlusion.
The vessel walls are relatively intact. In the subacute
phase, a thrombus organization occurs with continuing
platelet adherence. In the chronic phase, in the absence of
inflammatory mediators, blood vessel fibrosis is observed with
its blockage by an organized thrombus. Later recanalization
may occur [2]. In case of severe pathological changes and
ulcers, amputation of the extremity is performed [5, 10]. For
treatment the endovascular intervention is used, operations
are performed that involve shunting, resection of the posterior
tibial veins [13].

In the studied clinical case, the patient’s extremity was
amputated becase of the left leg gangrene. A histological
examination of the vessels revealed mixed thrombi, organization
phenomena and partial obliteration of the lumen.

When diagnosed, Buerger's disease must be
distinguished from other diseases associated with vascular
lesion. Thus, in patients with TAO, the vascular lesion is
characterized by inflammatory cell infiltration of all three
layers of the artery wall. In patients with atherosclerosis, only
intima is involved in the pathological process [2]. Migratory
thrombophlebitis allows to distinguish Buerger’s disease
from other types of angiitis. The main histological signs of
the disease are the intimal hyperplasia such as capillary
angiomatosis, vessels clogged with thrombotic masses, lack
of calcification of the vessel middle coat and panflebitis of
the veins [13].

The results of our study confirm that the main pathological
changes in patients with Buerger's disease are arterial
thrombosis with inflammatory infiltration in all three layers of the
wall with intimal hyperplasia in the absence of atherosclerosis
signs. According to a number of authors [3], the onset and
maintenance of the inflammatory response depends on the
endothelium integrity. Endothelial dysfunction leads to the
endothelium-dependent vasorelaxation impairment. In our study,
lgG deposits were found on the surface of the endothelium and
in the vessel wall.

An increase in the level of proinflammatory cytokines IL1,
TNFa and IL6 in the Buerger’s disease patients’ plasma was
demonstrated by [10], as well as the increase of the level
of Th1 cytokines (IFNy and IL12). For Th2 cytokines, the
increase in IL4, IL5 and IL13, together with the decrease
in IL10 was noted, as well as an increase in cytokine
profiles Th17 (IL17 and IL23), indicating the involvement
of autoimmune mechanisms. Some authors [2] suggested
that patients Buerger’s disease couls have specific cellular
immunity against arterial antigens, specific humoral anti-
arterial antibodies, immune complexes.

The paper [15] demonstrates the results of tissue samples
obtained from the artery dorsalis pedis immunohistochemical
study aimed to detect the new antigens which could be
responsible for local inflammatory reactions and structural
changes in patients with TAO. Antigens such as CD34, CD44
and CD90 have been identified. Researchers suggest that the
receptor/ligand pair CD90/CD11c plays an important role in
attracting mononuclear cells to the site of damage.
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Fig. 2. Lower leg artery cross section. Organized thrombus with recanalization.
Microphotograph. Hematoxylin and eosin stain (x50)

Fig. 3. Lower leg artery. Immunohistochemical reaction with antibodies against
CD4 protein: cytoplasmic marker localization. Microphotograph. DAB and
hematoxylin stain (x100)

Fig. 4. Foot arteriole. Immunohistochemical reaction with antibodies against
CD8 protein: cytoplasmic marker localization. Microphotograph. DAB and
hematoxylin stain (x200)

Fig. 5. Foot artery. Immunohistochemical reaction with antibodies against 1gG
protein: endothelial marker localization. Microphotograph. DAB and hematoxylin
stain (x200)
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In our study the tissue samples were taken from the

amputated extremity (foot, leg and hip) of the patient with
diagnosed Buerger’s disease, having a 15-year tobacco
smoking experience. The cells were identified containing
markers which could indicate the involvement of the immunity
in the pathogenesis of the disease (CD4, CD8, IgG deposits).
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THE EFFECT OF ACUTE SOMATIC PAIN ON THE KILLING ACTIVITY OF NEUTROPHILS
IN NEWBORN RATS

Alekseev W'= Kade AKh?

" Rostov State Medical University, Rostov-on-Don, Russia
2 Kuban State Medical University, Krasnodar, Russia

The immune system is subject to all sorts of influences. Pain is one of them, accompanying an organism’s existence. It is essential to be aware of and account
for age-related characteristics of the innate immunity in order to adequately assess their dynamics in ontogenesis. The literature is scarce on the changes to the
killing activity of neutrophils occurring in newborns in response to acute pain. The aim of this study was to detect potential changes to the phagocytic activity of
neutrophils in response to an algogenic stimulus in newborn rats. The experiments were carried out in 3-5-day-old rats. Two groups were formed: the control group
and the main group, in which acute pain was modelled. Blood samples were collected 2, 30-60 and 120-180 minutes after exposure to the algogenic stimulus.
The microbicidal activity of neutrophils was measured using a spectrophotometric modification of the spontaneous/stimulated nitroblue tetrazolium (NBT) reduction test.
The results were compared using the Mann-Whitney U test. In the first hour following pain modeling, the stimulated NBT reduction test demonstrated an increase
in the measured parameters from 71.5 to 87.4 a.u. (p < 0.001); the spontaneous NBT reduction test showed an increase from 50.7 to 58.6 a.u. (p < 0.01) 30 to
60 min after exposure. The most pronounced change of the microbicidal activity coefficient was observed 2 min after pain modeling, increasing from 1.40to 1.72 a.u
(o < 0.001). By the end of the experiment, the measured parameters approximated their initial values. During the analysis, we accounted for the fact that the
neutrophil response to the algogenic stimulus was unfolding in the setting of microbial colonization occurring in newborns.

Keywords: pain, NBT test, newborns, neutrophils, neutrophil microbicidal activity
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BJINAHNE OCTPOW COMATUYECKOW BOJIN HA KUNJIMHIOBYO AKTUBHOCTb
HEUTPO®WJTIOB HOBOPOXXAEHHbIX KPbIC

B. B. Anekcees' = A. X. Kape?

" POCTOBCKMIA rocyAapCTBEHHbI MEANLMHCKUIA yHUBEpcuTeT, PocToB-Ha-[oHy, Poccus
2 KybaHCKuii rocyAapCTBEHHbI MeanUUHCKIIA yHBepcuTeT, KpacHogap, Poccus

VIMMyHHas cuctema npeTepneBaeT BAMSHUA Pasn4Hor npupodpel. OanH 13 (hakTopoB, COMPOBOXKAAIOLLMX »KMSHEAEATENbHOCTb OpraHnama, — 60Mb. 3HaTb 1
YYUTBIBATH BO3PACTHbIE OCOHBEHHOCTU (DAKTOPOB BPOXAEHHOTO UMMYHUTETE HEOOXOAMMO [N aleKBATHOW OLEHKN U3MEHEHUS X MapaMeTPOB B OHTOreHe3e.
B nuTepaTypHbIX UCTOYHMKAX HEAOCTaTOYHO AaHHbIX 06 OCOBEHHOCTSAX U3MEHEHWS KUMMHIOBOW aKTUBHOCTY HEMTPO(UAOB B OTBET Ha OCTpyto 60fb
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There is a large body of evidence that immune responses can
be elicited by stimuli other than antigens, including stress [1, 2],
infrared light [3], LED light [4], magnetic fields [5], narcotic
drugs [6], overtraining [7], etc. On this list, pain should not be
an exception.

Alexeeva NS has convincingly demonstrated that neutrophils
are involved in the acute algogenic process in adult rats. The
reaction she observed was very pronounced but short-lived,
which enabled her to define a functional mobilization syndrome
in neutrophils primed for effective phagocytosis in case if
exposure to a pain-evoking stimulus will escalate into tissue
damage, infection, etc. [8].

There are grounds to believe that exposure of newborn
rats to an algogenic stimulus will induce a complex of immune
reactions, including changes to the phagocytic activity of
neutrophils. Among all innate immunity factors, neutrophils have
been shown to be the most sensitive to changes occurring in
the intrauterine environment and after birth [9].

We searched the available literature for the effects of acute
pain on the kiling activity of neutrophils in newborn rats but
found no relevant information. So, the aim of this study was to
detect possible changes in the phagocytic activity of neutrophils
in newborn rats in response to an algogenic stimulus.

METHODS

The study was carried out in newborn 3-5-day-old albino
rats with an average weight of 12 to 14 g. The animals were
born and housed in standard facilities under a 12:12 light:dark
cycle at a comfortable temperature of about 24 °C. The sex
of the animals was not factored into. The experiments were
conducted in the summer.

Functional activity of neutrophils was tested in 32
experiments. The animals were divided into two unequal groups:
the main group (n = 24) and the control group (n = 8). In the
main group, acute pain was modelled by applying an electric
stimulus to the skin at the tail base. The intensity of the stimulus
was 3 to 4 points on the Waldman-Vasiliev scale modified by
Ovsyannikov [10]. Exposure duration was 2 minutes.

After acute somatic pain modeling, the animals were
decapitated. Blood samples were collected into test tubes
containing 100 u/ml heparin 2, 30-60, 120-180 min after the

experiment. Blood was diluted 1:2 with Hanks’ balanced salts
solution (PanEco; Russia). Then, the samples were centrifuged
with a Ficoll-Verographin density gradient (1.083 g/ml) for
45 min at 1,500 rpm. Microbicidal activity of neutrophils was
measured using a spectrophotometric modification of the
test of spontaneous/endotoxin-induced nitroblue tetrazolium
(NBT) reduction [11]. The test is based on the ability of almost
colorless NBT to be reduced by oxygen radicals to deep blue
diformazan.

Fifty pl of 0.5% NBT solution were added to each microplate
well containing the cell suspension. For the spontaneous
reduction test, 50 pl of PBS (pH = 7.0) were added to the even
rows of the microplate. For endotoxin-stimulated reduction,
50 pl of 0.1% latex solution with particle size of 1.5 pm (PanEco;
Russia) were added to the odd rows. Then the microplate was
incubated in an incubator for 24 min at 37 °C. The microplate
was read in a Multiskan Sky spectrophotometer (THERMO
FISHER SCIENTIFIC; USA) at 540 nm. Mean optical density was
measured in 4 wells (2 for the spontaneous reduction test and
2 for the stimulated reduction test). The results were expressed
as arbitrary units (1 a.u. = 1,000 optical density units). Then,
the microbicidal activity coefficient (MAC) was calculated by
dividing the mean optical density in the stimulated-reduction
wells by the mean optical density in the spontaneous-reduction
wells.

Statistical analysis was conducted in Microsoft Office Excel
2010 Pro (Microsoft; USA), STATISTICA 10.0 (Statsoft; USA).
We tested the normality of quantitative data distribution using
the Lilliefors-corrected Kolmogorov-Smirnov and Shapiro—
Wilk tests; calculated median values (Me), the upper and
lower quantiles (Q,,,, Q,,¢), the minimum (Min) to maximum
(Max) value range for the data that did not fit into the normal
distribution; compared the data using the Mann-Whitney U
test. The critical level of significance (p) was assumed to be
0.05. The results are presented in this work as Me [Q, ,.; Q
(Min—-Max).

0.25; 0.75]

RESULTS

The spontaneous NBT reduction test produced the following
results in the control group of newborn rats: Me @ NBT = 50.7 a.u.
[Q,,. =493 au.; Q... =52.7 a.u], Min = 48.9 a.u. and Max =

0.25 0.75

Dynamics of the spontaneous NBT reduction test
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Fig. 1. Dynamics of the spontaneous NBT reduction test in newborn rats before and after exposure to the algogenic stimulus. ** — differences are significant between

the main group and the control animals (p < 0.05)
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57.1 a.u. In the main group, Me _ ., reached 51.4 a.u.
[Q,,s = 48.8 a.u,; o,,, = 54.1 aul], Min was 41.9 a.u. and
Max was 59.1 a.u. 2 minutes after the algogenic stimulus
was applied. In the first hour after exposure, Me o naT Was
58.6a.u.[Q,, =57.0a.u,;Q,,, =60.5a.u.], Min was 52.1 a.u.
and Max was 61.3 a.u. In the third hour of observation, Me
equaled 46.9 a.u. [Q,,, = 43.3 a.u; Q
41.6 a.u. and Max was 51.1 a.u.
Statistical analysis revealed that algogenic stimulation
was activating spontaneous NBT reduction. The differences
were significant between the control and the main group and
also between the initial response to electrical stimulation
and the response recorded 30-60 min after it (o < 0.01).
Median values yielded by the experiment demonstrate that
distribution between the upper and lower quantiles was
even; the upper quantile approximated the maximum peak
value in the sample. It should be noted that the observed

sp NBT

s = 49.8 a.u.], Min was
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reaction was short-lasting and quickly depletable. Two hours
after pain modeling, the median values of the spontaneous
NBT reduction test were lower than in the control group
(o = 0.05) (Fig. 1).

The stimulated NBT reduction test produced the following
results in the control group: Me _ o = 71.5a.u. [Q . = 68.0 a.u,;
Q,,s=73.4a.u.], Min=67.2a.u.,, Max = 76.5 a.u. These values
were higher than in the spontaneous reduction test.

Immediately after algogenic stimulation, all parameters of
the stimulated NBT reduction test started to grow, indicating
that neutrophils were highly primed to ward off a potential
microbial attack. Specifically, Me .. was 90.4 a.u. (p < 0.001)
[Q,,s=87.8a.u,; Q,,.,=93.0 a.u], Min was 84.8 a.u. and Max
was 96.3 a.u. Neutrophils retained a high level of microbicidal
activity for an hour following exposure to the stimulus: Me
87.4au. (p<0.001)[Q,,,=788au;Q
77.6 a.u. and Max = 93.0 a.u.

StNBT —

= 89.9 a.ul, Min =

0,75

Dynamics of the stimulated NBT reduction test
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Fig. 2. Dynamics of the stimulated NBT reduction test in newborn rats before and after exposure to the algogenic stimulus. ** — differences are significant between

the main group and the control animals (p < 0.05)

Dynamics of the microbicidal activity coefficient
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Fig. 3. Dynamics of the microbicidal activity coefficient in newborn rats before and after exposure to the algogenic stimulus.** — differences are significant between

the main group and the control animals (p < 0.05)
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Similar to the spontaneous NBT reduction test, 2 hours after
pain modeling microbicidal activity reserves were depleted.
Me g declined to 64.5 a.u. (o < 0.09) [Q, ,; = 57.2 a.u,; Q. =
66.9 a.u.], Min decreased to 54.8 a.u. and Max was 74.1 a.u.
(Fig. 2).

Knowing that the modified NBT test reflects the metabolic
activity of neutrophils, specifically the oxygen-dependent
mechanisms underlying their microbicidal effect, we should
consider the opinion of its developers about the killing effect
of neutrophils being best described by the microbial activity
coefficient [12]; the coefficient is calculated by dividing the
value of the stimulated NBT reduction test by the value of the
spontaneous NBT reduction test. Me ..., = 1.40 a.u. [Q_
=133 au,;Q,,,=145au], Min=1.26a.u., Max=1.47 a.u.

Two minutes after algogenic stimulation, MAC was
significantly increased relative to the control value: Me . =
1.72au. (p<0.001)[Q,,, =1.68au.; Q,,, =1.80 a.ul], Min =
1.68 a.u.,, Max =2.19 a.u.

In the first hour after exposure, MAC was declining but was
still above the values demonstrated by the control group: Me . =
149au.[Q ,,=144au,;Q, =151 aul, Min=132au, Max =
1.53 a.u.

By the end of the experiment, MAC did not differ significantly
from the control values: Me .. = 1.34 a.u. [Q,,, = 1.30 a.u;
Q... =1.41aul], Min=1.28 a.u., Max = 1.47 a.u. (Fig. 3).

0.75

0.25

0.75

DISCUSSION

A theoretical framework for understanding the impact of acute
somatic pain on the phagocytic activity of neutrophils can
only be developed in the context of neuro-immuno-endocrine
interactions. Today, there is no doubt that neurogenic, endocrine
and immune mechanisms all contribute to maintaining the
body’s homeostasis. The pathogenesis of pain or at least its
initial stage is similar to the unfolding of stress. Stress is not
always caused by pain but acute pain is always a stress,
which is why stress hormones, specifically catecholamines, are
synthesized in response to an algogenic stimulus. The model
used in this study was previously exploited to demonstrate
that 2 min after applying an algogenic stimulus, adrenalin and
noradrenaline levels, whose ratio is age-dependent, increased
in peripheral blood [12].

In another study, the electrophysiological analysis revealed
that excitation of nociceptors and signal transmission via the
ascending pathways led to the activation of brain structures
involved in the control of involuntary functions, the hypothalamus
in the first place, and synchronized with the activation of
neutrophil granulocytes [13].

Apart from neurogenic noradrenaline, the adrenal medulla
releases adrenaline and noradrenaline into the bloodstream.
These hormones ultimately find their targets and the subsequent
events follow a typical stress scenario. Neutrophils are one
of such targets; they were shown express both a- and
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PROGNOSIS CRITERIA OF THE SEVERE POSTEMBOLIZATION SYNDROME
IN PATIENTS WITH UTERINE MYOMA

Nurmukhametova ET B Shlyapnikov ME
REAVIZ Medical University, Samara, Russia

Recently specialists take an interest in organ-preserving methods of uterine fibroids treatment, one of which is uterine artery embolization (UAE). One of the
method’s negative aspects is the severe postembolization syndrome (PES) development, requiring timely initiation of adequate treatment in order to avoid severe
complications that could lead to the organ removal. The study was aimed to search for the prognostic criteria of the severe PES development during the preoperative
period. The study included 81 UAE-treated women aged 19-50 with 7-17 week uterine myoma. The patients’ anthropometric measurements were used, as well
as the skin microcirculation data obtained by laser Doppler flowmetry together with the occlusion test. Based on prognostic criteria, models with AUC (area under
ROC curve) > 0.8 were presented. According to the models, the anthropometric predictors of the severe PES were the following: age under 38.5 (p < 0.05); BMI
lower than 25 kg/m? (p < 0.05), and microcirculation value (M) prior to UAE below 9.55 PU (p = 0.001). Microvascular blood flow during the occlusion test indicate
that the higher the oxygen consumption index (1), intravascular resistance (Rc), capillary blood flow reserve capacity in the models, the higher the risk of the severe
PES development (o < 0.05). Low alpha angle value obtained by the occlusion test (p = 0.003) as well as the UVLF value (p = 0.004) in the models also indicate
the increased risk of severe PES. Multidimensional prognostic modelling admits to expect the severe PES development prior to UAE, which allows the doctor to
prepare the woman for specific management and treatment.

Keywords: uterine fibroids, uterine artery embolization, postembolization syndrome, laser Doppler flowmetry, prognostic criteria
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NMPOrHOCTUHECKUE KPUTEPUWN PASBUTUA TSXKENOTO MOCTIMBOJTUSALIMOHHOIO
CHOPOMA'Y NMALUMEHTOK C MMOMOW MATKU

3. T. Hypmyxametosa =, M. E. LLInsinHukos
MeanumHekuin yHuBepcuteT «Peasns», Camapa, Poccus

B nocnegHvie rofibl NPOSIBASIETCS MHTEPEC K OPraHOCOXPaHSIOLLMM METOAAM NIEYEHNSI MMOMbI MaTKU1, OAHVM 13 KOTOPbIX SBMSETCS SMOOAM3aLMNS MATOUHbIX
apTepuin (OMA). Cpeay oTpuLaTeNbHbIX CTOPOH METOMA — PasBUTUE TSHKENOro NMocTaMbomn3aLmoHHoro cuHapoma (IM3C), TpebytoLLero CBOEBPEMEHHOIO Havana
a[EeKBATHOTO JIEYEHS C LIENBIO N30EKaHNS FMPO3HbBIX OCIOXKHEHNI, CMOCOBHbIX MPMBECTY K yAAIEHMIO opraHa. Lienbto nccnenosaHms 6bii MOUCK MPOrHOCTUHECKMX
KpuTepres passuTus Tsxxenoro N3G B goonepauyoHHoM nepuroge. B nccnegoBaHme BoLuna 81 »eHLyHa ¢ MuoMort MaTku 7-17 Heaenb B Bo3pacTe 19-50 ner,
npolefLlas neveHve metogoM SMA. B paboTe ncnons3osanm aHTPONMOMETPUHECKME [aHHbIE MaLMEHTOK M MOKa3aTen KOXKXHOM MUKPOLMPKYASLMM, MOyHYeHHble
METOAOM Na3epHON AONNNePOBCKOM hnoymetpun (JIOP) ¢ npoBeaeHeM OKkIIIO3MOHHOM Mpobb! (OF). Ha 0CHOBaHMM MPOrHOCTUYECKMX KDUTEPEB MOCTPOEHDI
mogenn ¢ AUC (obnactb nop rpadmkom ROC kpueol) > 0,8. AHTpOrNoMeTpuyeckme npeanktopbl Tshxenoro MNOC B Momensx: Bo3pacT MeHee 38,5 net
(o < 0,05); IMT meHee 25 kr/m? (p < 0,05) 1 nokagaTenb MuKpouvpkynsumm (M) no SMA — meHee 9,55 nd. ef. (p = 0,001). MNokagdaTen MUKPOKPOBOTOKA B
Or1 cBMAETENLCTBYIOT O TOM, YTO YeM BbILLE 3HAYEHNS MHAEKCa NOTPebneHns KCnopoaa (1), BHyTpMCOCYancToro conpotueneHns (Rc), pesepsa KannnnspHOro
kposoToka (PKK) B Mofensix, TeM BblLLe pUCK pa3suTus Tsxeno hopmbl MAC (o < 0,05). Huskme nokasatenu yrna anbda B Or (o = 0,003) 1 aHaoTeNManbHbIX
konebannit UVLF (p = 0,004) B Mogensax Takxe BedyT K MOBbILLEHHOMY PUCKY padButuns Tsxkenoro MN3C. MHoromepHble NporHOCTUHECKE MOAENM NO3BONAT
ONarHoCTMpPoBaTb passnTre Taxenoro MN3C go nposefaeHns SMA 1 NOArOTOBUTL NALMEHTKY K ONPeaeneHHOMY NOCIEoNnepaLMoOHHOMY BEAEHNIO 1 IEHYEHIIO.

KntoueBble crnosa: MromMa MaTki, aMBOM3aLMs MaTO4HbIX apTepWi, NMOCTaMBOM3ALMIOHHbIN CUHAPOM, fladepHast A4oNnIepoBcKas hoyMeTpVst, MPOrHOCTUHECKNE
KpuTepumn

BrarogapHocTu: K. 6. H., AOUEHTY Kadeapbl NasepHbix 1 BUOTEXHNHeCKMX cucTem Camapckoro yHueepcuTeTa M. B. KoMapoBoii 3a KOHCY/BTATVBHYIO MOMOLLb
B CTATUCTNHECKOW 06PaboTKe PEe3yNsTaToB UCCNEA0BaHNS.

Bknap aBTopos: O. T. HypmyxameTosa, M. E. LLINANHWMKOB — paBHO3Ha4YeH Ha BCex aTanax paboTbl 1 HAMMCaHWS CTaTbi.

CobntofeHne 3TUYECKUX CTaHAAPTOB: CCTBA0BaHVE O0BPEHO STUHECKUM KOMUTETOM MEeAMLIMHCKOrO YHUBepcuTeTa «Peasua» (MpoTokon Ne 2 OT 14 aHBaps
2019 r.). Bce naupyeHTkn nognvcani MHhopMrMpoBaHHoe 106P0BOSLHOE COoMTackie Ha yHacTvie B CCNefoBaHni 1 nyGimnkaumio AaHHbIX.
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Uterine fibroids occupy a leading position in the structure of  anemia, lower abdominal pain, pressure on the neighboring
gynecological diseases, they are diagnosed in 20-50% of organs and deterioration of their functions in the form of the
women of reproductive age [1], and also in 18-56% of patients  urinary system and gastrointestinal tract function impairment. The
with impaired fertility [2]. Uterine fibroids worsen the women of  treatment main method is the surgical removal of the uterus, which
reproductive age quality of life due to uterine bleeding, chronic  patients and doctors do not always agree with [1]. Recently the
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organ preservation techniques have been accepted [2]. Surgical
procedures, such as myomectomy via laparoscopy, laparotomy,
by the vaginal route, are performed under general anesthesia.
There is a minimally invasive endovascular technique requiring no
general anesthesia and incision, the uterine artery embolization
(UAE). This endovascular technique is minimally invasive, and
does not require general anesthesia, which is attractive for patients
and doctors. Due to the uterine fibroid’s vessels embolization,
the nutrition of the nodule is disrupted, which leads to its acute
hypoxia and necrosis, acidosis and the absorption of tissue
degradation products into the bloodstream. In response to this,
in 96% of patients during their early postoperative period (8-36
hours) the postembolization syndrome (PES) of varying severity
develops [3]. The PES severity assessment is performed using
the scale presented by YUE Dobrokhotova et al. [3]. The mild and
moderate PES treatment is limited by the appointment of non-
opioid analgesics and non-steroidal anti-inflammatory drugs orally,
as well as by hospitalization for 1-3 days. In patients with severe
PES, opioid analgesics, antibiotic intravenous infusion therapy,
correction of coagulation are used. If necessary, the urinary
bladder catheterization and other methods are used. The patients
with severe PES are at high risk of the severe complications, such
as metrorrhagia, pyometra, sepsis and thrombosis which can lead
to the organ removal [4-6]. Thus, the question of timely initiation of
corrective therapy in the severe PES patients remains important,
which would facilitate a milder progression of the disease, serve
as a prophylaxis of complications and create a favorable opinion
of this treatment method in the patient. Methods have been
proposed to reduce pain in the early postoperative period, as pain
is the main symptom. During the UAE procedure, it was proposed
to administer 100 mg (2.5 ml) of Actovegin prior to the emboli
administration in order to increase the uterus parenchymal blood
flow, thereby reducing the PES manifestations [7]. Other authors
recommend to calculate the minimum number of embolic agents’
portions accurately, to reduce the number of complications
associated with an overdose of particles, as well as the cost of the
procedure due to the price of emboli [8]. The severity of PES can be
reduced by the use of varicose veins therapy in the postoperative
period, especially in patients with uterine fibroids, suffering from
venous and lymphatic insufficiency of the lower extremities [9].
During our study we analyzed the history of patients admitted
to UAE and found that age, BMI and nodule location were
statistically significant factors affecting the progression of PES.
The latter is a qualitative parameter, therefore anthropometric
data (quantitative) were used in the prognostic models.
Among the examination methods, we distinguished laser
Doppler flowmetry (LDF) which was used in the acute period in
patients with uterine myoma prior to UAE for the first time. The
available literature sources contain data on the study of skin
microcirculation in gynecological patients with chronic diseases,
but contain no data on the acute diseases [10]. Since PES is
the body's response to the UAE procedure, it is a systemic
response. LDF reflects changes in skin microcirculation, which
characterize whole body’s condition [11]. The severe PES
development is associated with the risk of complications and
with the pronounced influence on the patients’ general well-
being, unlike the mild and moderate PES. The study was aimed
to determine the severe PES development prognostic criteria
using the anthropometric data and skin microcirculation data
prior to UAE.

METHODS

In 2016-2019 at the RZHD-Medicina Clinical Hospital, 81
patients aged 18-50 with 7-17 week symptomatic growing

uterine fibroids were surveyed (nodule size 21-115 mm). The
average age of the patients was 39 + 6.

Inclusion criteria: progressive uterine myoma; clinical
symptoms in the form of menometerorrhagia, lower abdomen
“dragging” pain; compression of the neighbouring organs
associated with frequent urination and constipation; lack of
historical data on the conservative therapy effect; woman'’s
decidedness to save the uterus for various reasons:
psychological comfort, possible reproductive planning, high
risk of surgery, “fear” of general anesthesia and surgery.

All the women were treated by UAE because of the
indications. In the early postoperative period the surveyed
patients were divided into 3 groups in accordance with the PES
severity: mild PES (group [), 36 (44.44%) patients, moderate
PES (group Il), 30 (37.04%) patients, pronounced PES (group I1l),
15 (18.52%) patients. In patients with multiple myomas,
the the dominant nodule was evaluated. The single nodule
uterine fibroid sized 30-110 mm was revealed in 41 (50.6%)
patients, the other 40 patients (49.4%) had multiple myomas
with the nodules sized 21-115 mm. There were no significant
differences between the groups (p = 0.705; x*> = 0.7).

Exclusion criteria (due to factors affecting the UAE procedure):
pelvic inflammatory disease; history of the gonadotropin-
releasing hormone agonist or hormone drugs intake (hormonal
contraception or hormone replacement therapy) less than the
3 months before the study; pelvic malignant tumors; grade |lI
adenomyosis; allergic reactions to contrast material; negative
Allen test; presence of the arteriovenous fistula for the dialysis;
Buerger’s disease.

Exclusion criteria (due to the factors affecting the LDF
results): cardiovascular diseases and severe atherosclerotic
vascular disease; diabetes mellitus; chronic venous insufficiency;
Raynaud's disease; obliterating endarteritis; injuries; deformations
and infectious lesions of the distal phalanx [11].

For patients with submucous and subserous myomas
(FIGO (2011) types 0, 1, 6 and 7) other treatment methods were
recommended instead of UAE: myomectomy via resectoscopy;,
laparoscopy, by the vaginal route. The UAE was performed via
femoral artery (according to Seldinger technique) in 63 patients,
and via radial artery in 18 patients, using the Embosphere
microspheres (Biosphere Medikal; USA) sized 500-1200 pm.
UAE method, bottles’ number and emboli size were determined
by the X-ray surgery specialist after consulting the patient and
during the diagnostic and therapeutic arterial interventions.

The patients were examined in accordance with the
generally accepted scheme: general medical examination,
ultrasound with the color Doppler imaging, consultations of the
gynecologist, therapist and X-ray surgery specialist, diagnostic
D&C or endometrial aspiration with the histopathological
examination. In the early postoperative period, the patients
develop a symptom complex called postembolization
syndrome (PES), characterized by pain of varying intensity,
high body temperature, elevated ESR, leukocytosis, impaired
cardiovascular function (tachycardia), impaired gastrointestinal
tract function (nausea, vomiting, intestinal paresis), impaired
urinary tract function (urinary retention), impaired blood
coagulation (hyperfibrinogenemia), bloody discharge.

The microcirculation system condition was evaluated prior
to UAE by LDF and the occlusion test, which is the closest to
the UAE procedure, using the LAKK-O2 unit (Lazma; Russia).
Investigation was performed after acclimatization, lasting for
30 minutes in the room with the 21-24 °C temperature. The
patients were not allowed to smoke, eat or drink anything
that could affect the microcirculation before the examination.
The study was carried out in the same room at the same
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time (lunch from 12 to13 h; study from 15 to 17 h), outside of
menstruation. The patient was in her sitting position, the upper
limb in moderate flexion was placed on the table, sensor was
installed in the eponychium of the right hand 3" finger, while the
hand was at heart level. For the occlusion test, the tonometer
cuff was fixed on the shoulder of the right hand. The test was
carried out as follows: within one minute, the baseline blood
flow was recorded, then the recording was stopped. After that,
the occlusion was created by quick pumping up the pressure in
the cuff to the level of 230-250 mm Hg. The further registration
of the blood flow for 3 minutes of the occlusion period was
carried out. After a 3-minute occlusion, air was quickly released

Table. 1. Dominant myoma size and localization

ORIGINAL RESEARCH | GYNECOLOGY

from the cuff, during the next 6 minutes the perfusion reaction
was recorded while the blood flow restored [11].

The data acquired during the study were processed using
the software coming with the equipment used. The following
indicators were evaluated: M, arithmetic mean value of
microcirculation measured in perfusion units (PU); o, standard
deviation (RMS) of the blood flow oscillations amplitude from
the M arithmetic mean value; using the wavelet transform,
the following indicators: UVLF, VLF, LF, HF, CF, blood
flow oscillations of the frequency bands corresponding to
endothelial, neurogenic, myogenic, respiratory, cardiac activities
respectively (PU); capillary blood flow reserve capacity; a,

PES severity Intergroup comparison
GO - Whole table
FIGO myoma classification, 2011 Mild (n=36) | Moderate (n=30) | Severe (n=15) e e e comparison, p
Abs. (%) Abs. (%) Abs. (%)

o
Intramural myoma, up to 50% in the 16 (44.4%) 8 (26.7%) 6 (40.0%) 0216 | 0.985 | 0.569
uterine cavity (type 2)
Intramural myoma (type 4) 16 (44.4%) 11 (36.7%) 1(6.7%) 0.698 0.023 0.074 0.020

O/ i !
Subserous myoma, up to 50% in the 3 (8.3%) 6 (20.0%) 6 (40.0%) 0310 | 0.021 | 0283
abdominal cavity (type 5)
Isthmic myoma (type 8) 1 (2.8%) 5 (16.7%) 2 (13.3%) 0.127 | 0.420 | 0.885
Number of myomas 1.53 £ 1.02 215+150 2.62 +1.75 0.349 0.010 0.624 0.042
Size of dominant fibroid before UAE, mm 58.32 + 17.30 55.60 + 22.10 54.76 + 17.70 0.963 0.843 0.998 0.791

Note: myoma nodules’ localization comparison was performed using the Pearson x? test (x> = 15.1), comparison of the nodules’ number and size was performed
using ANOVA.

Table. 2. Anthropometric data of patients and parameters of microcirculation at rest and during the occlusion test prior to UAE for the groups of patients with PES of
different severity

Mild PES Moderate PES Severe PES 1 s " NOVA
(score below 7) (score 8-14) (score 15-21) p p P 4

Age, years* 39.72 + 6.47 4210 £ 5.70 35.07 + 5.74 0310 | 0048 | 0002 | 0.002
BMI, kg/m?* 26.24 + 3.41 27.86 = 6.39 23.34 £ 3.14 0515 | 0020 | 0.008 | 0013
Microcirculation at rest
M, PU 22.33 (12.98-24.03) | 17.55 (10.38-19.15) 7.90 (5.40-15.60) 0.110 | 0002 | 0011 | 0.003
o (SD), PU 1.70 (1.40-3.68) 1.25 (1.10-1.40) 3.35 (1.50-3.98) <0.001 | 0278 | <0.001 | <0.001
VLF, PU 0.98 (0.57-1.02) 0.58 (0.31-0.74) 0.62 (0.52-0.74) <0.001 [ 0005 | 0268 | <0.001
LF, PU 0.54 (0.45-0.81) 0.42 (0.28-0.69) 0.42 (0.38-0.54) 0.037 | 0054 | 0791 | 0.053
HF, PU 0.17 (0.14-0.19) 0.16 (0.13-0.22) 0.16 (0.14-0.17) 0583 | 0448 | 0837 | 0.720
CF, PU 0.15 (0.14-0.24) 0.22 (0.13-0.37) 0.17 (0.14-0.26) 0017 | 0279 | 0242 | 0.047
[ 9.45 (4.67-12.25) 10.93 (8.96-19.47) 3.88 (2.61-4.88) 0.017 | <0.001 | <0.001 | <0.001
Rc 0.19 (0.10-0.27) 0.38 (0.24-0.47) 0.18 (0.08-0.21) <0001 | 0489 |<0.001 | <0.001
Blood flow during the occlusion test
M, PU 15.00 (6.95-17.03) 12.55 (9.05-21.98) 14.80 (3.60-17.50) 0567 | 0166 | 0097 | 0220
§(SD) 11.40 (7.55-13.63) 10.25 (7.73-12.25) 8.30 (2.60-9.40) 0463 | 0042 | 0089 | 0.097
?e";‘;'r'\';%:")‘;%‘l’t;";}: 166.21 (139.95-219.05) | 136.31 (128.33-174.04) | 220.09 (134.40-245.11) | 0.008 | 0414 | 0.013 | 0.008
a-Angle 65.89 (54.19-69.27) | 50.22 (48.35-65.73) 41.11 (34.92-48.22) 0.051 | <0.001 | <0.001 | <0.001
UVLF 3.15 (2.63-3.72) 2.76 (2.29-3.74) 1.76 (1.21-2.65) 0241 | <0.001 | 0.002 | <0.001
VLF 1.75 (1.46-2.61) 1.75 (1.23-2.41) 1.33 (0.81-1.64) 0312 | 0001 | 0.006 | 0.003
LF 0.78 (0.63-1.13) 0.95 (0.46-1.01) 1.00 (0.32-1.09) 0279 | 0282 | 0981 | 0432
HF 0.23 (0.13-0.32) 0.23 (0.17-0.32) 0.27 (0.12-0.44) 0588 | 0.694 | 0923 | 0.843
CF 0.15 (0.13-0.19) 0.16 (0.11-0.24) 0.16 (0.12-0.23) 0380 | 0413 | 0904 | 0592
[ 5.90 (4.33-7.28) 7.77 (4.68-8.42) 4.68 (1.82-9.20) 0039 | 0942 | 0253 | 0.125
Rc 0.04 (0.03-0.04) 0.04 (0.03-0.07) 0.06 (0.05-0.09) 0.124 | <0.001 | 0.004 | <0.001

Note: “ — data are presented as standard deviation M + SD; other data are presented as median and interquartile range.
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reactive hyperemia curve angle; |, tissue oxygen consumption
index; Rc, intravascular resistance.

Statistical processing of the data acquired was performed
using the SPSS 21 software (IBM SPSS; USA). Descriptive
statistics for quantitative indicators were presented as mean
M and standard deviation M + SD. If the distribution was
skewed, the data was presented as median and interquartile
range. For comparison of groups, we used one-way analysis of
variance (ANOVA) or its nonparametric analogue, the Kruskel-
Wallis test, together with the intergroup comparison using
the Mann-Whitney-Wilcoxon test and Bonferroni correction.
Pearson x? test was used for the nominal data comparison. To
assess the contribution of individual characteristics to the risk
of severe PES, one-dimensional and multi-dimensional logistic
regression was used. The quality of prognosis was evaluated
using ROC analysis. The results were considered significant
when p < 0.05.

RESULTS

Prior to UAE, in the studied groups, no significant differences
were revealed in the patients’ history, complaints, examination
data, myoma size (0, = 0.607), and the dominant nodule
Size (0 ova = 0.897). There were differences in the localization
and number of myoma nodules (Table 1).

[t was found, that in women with low baseline skin
microcirculation value, M (7.90 PU) and high perfusion
variability value (38.35 PU), severe PES was revealed after UAE
(Table 2). The amplitude and frequency spectrum of blood

flow oscillations at rest had no diagnostic value. During the
occlusion test, the endothelial and neurogenic components
(active microcirculation mechanisms associated with blood
flow) could be the severe PES predictors. In particular, the
UVLF oscillations value during the occlusion test (endothelial)
in the group Il was 1.76 PU, which was significantly lower than
the values in the group | (3.15 PU.; p, , <0.001) and Il (2.76 PU;
P, , = 0.002); the VLF oscillations value during the occlusion
test (neurogenic) in the group of patients with severe PES was
lower than in the groups of patients with mild (o, , = 0.001) and
moderate (o, , = 0.006) PES.

The statistically significant differences in anthropometric
characteristics revealed (age, BMI), as well as skin
microcirculation parameters (M at rest, § at rest, capillary
blood flow reserve capacity during the occlusion test, a-angle
during the occlusion test, UVLF during the occlusion test, VLF
during the occlusion test, Rc during the occlusion test) before
the procedure became the basis for the most significant risk
factors and predictors identification (see Table 2). Logistic
regression was a mathematical tool for evaluation of the
studied protective factors influence on PES. Predicting the
risk of severe PES compared with mild or moderate PES was
carried out without dividing the last two categories. At the first
stage, one-dimensional models were constructed for the main
blood flow parameters, the predictors were forced into the
model (Table 3).

During the study, we identified a number of criteria allowing
one to predict the severe PES development in the early
postoperative period after UAE. Among the anthropometric

Table. 3. Assessment of the anthropometric characteristics and microcirculation parameters value for predicting severe PES using the one-dimensional logistic

regression model

Predictor OR (95% Cl) p
Anthropometric characteristics - -
Age, years 0,87 (0,79-0,96) 0,005
BMI, kg/m? 0,77 (0,63-0,94) 0,010
Microcirculation parameters at rest - -
M, PU 0,83 (0,74-0,92) 0,001
8 1,70 (1,09-2,64) 0,019
VLF 0,38 (0,05-3,20) 0,375
LF 0,23 (0,02-3,16) 0,271
HF (step 0.1)* 0,50 (0,15-1,63) 0,248
CF 0,15 (0,00-20,14) 0,452
| 0,58 (0,42-0,80) 0,001
Rc (step 0.1)* 0,58 (0,35-0,96) 0,033
Microcirculation parameters during the occlusion test - -
M, PU 0,94 (0,86-1,03) 0,166
8 0,82 (0,71-0,96) 0,014
Capillary blood flow reserve capacity, % 1,02 (1,00-1,03) 0,008
a-Angle 0,85 (0,78-0,93) < 0,001
UVLF 0,23 (0,10-0,53) 0,001
VLF 0,14 (0,04-0,53) 0,004
LF 0,46 (0,07-3,18) 0,430
HF (step 0.1)* 1,41 (0,85-2,32) 0,179
CF 0,87 (0,00-183,07) 0,959
| 1,07 (0,91-1,26) 0,422
Rc** (step 0.01) 1,68 (1,27-2,21) < 0,001

Note: * — odds ratio is optimized for the predictor’s increase by 0.1; ** odds ratio is optimized for the predictor’s increase by 0.01.
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Fig. 1. ROC curves demonstrating the prognostic value of age (A), BMI (B), perfusion rate at rest (C), a blood flow recovery angle (D)

characteristics, the statistically significant factors affecting PES
were the age of the woman and her BMI. In both parameters the
odds ratio was less than one: for age OR = 0.87 (0.79-0.96), for
BMIOR =0.77 (0.63-0.94), that’s why they could be considered
protective factors. According to the models constructed, the
greater the age and BMI of the patient, the lower her risk of
PES. In order to define which threshold values of the studied
traits predicted the development of PES best, as well as to
quantify the predictive value of each trait, the ROC curves were
used (Fig. 1). The coordinates and the corresponding values
of sensitivity and specificity were analyzed. It was found that
women aged 38.5 years and younger were at risk of severe
PES (sensitivity 80%, specificity 71%). The other risk factor
of the severe PES was BMI. According to the data obtained,
women with normal body weight and reduced body weight
were at risk of severe PES. With the BMI threshold value of
25 kg m2, sensitivity of severe PES predicting was 80%, and
specificity was 62%. The area under ROC curve for age was
0.76 + 0.068 (p = 0.002), and for BMI it was 0.74 + 0.073
(o = 0.003).

Of the blood flow parameters at rest, the microcirculation
value (M) turned out to be highly informational, the area
under the ROC curve for M was 0.81 + 0.05 (p < 0.001). The
coordinates’ analysis of the ROC curve for M demonstrated
that 9.55 PU was a reliable threshold value. In women with a
perfusion rate at rest prior to planned procedure below 9.55
PU, severe PES development could be expected (sensitivity
73%, specificity 83%). The isolation of individual oscillations of
the microvessels using the wavelet analysis at rest without any
additional tests was of no predictive value for the diagnosis of
severe PES.

The occlusion test, allowing one to simulate the body's
response to acute hypoxia, showed a high prognostic potential
of the recovery angle a (area under ROC curve 0.87 + 0.059;
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p < 0.001) (Fig. 1D). Fast recovery after the 3-minute occlusion
reduced the risk of severe PES (OR = 0.85 (0.78-0.93);
p < 0.001). In our opinion, the best threshold value was o = 48
(sensitivity and specificity of the prediction was 80%).

At the next stage the multivariate logistic regression models
were plotted using step-by-step selection of potential predictors
(Table 4). Since various indicators of blood flow were obtained
by the same signal processing, and some of them were derived
from the baseline, all of them were interconnected to various
extent. Therefore, several models of comparable quality were
proposed (Fig. 2).

Model 1 has been plotted using the anthropometric
characteristics. Prediction quality with a threshold probability of
0.25: sensitivity 67%, specificity 88%. Both traits have the OR
less than one, therefore, the high values are protective factors;
AUC is 0.81 + 0.058 (p < 0.001).

Model 2 has been plotted using the anthropometric
characteristics and the blood flow parameters at rest. As a
result of step-by-step selection, only age and M were included
in the model. Prediction quality with a threshold probability
of 0.35: sensitivity 73%, specificity 89%; AUC is 0.89 + 0.04
(o < 0.001).

Model 3 has been plotted using the anthropometric
characteristics and the occlusion test results (a angle and
capillary blood flow reserve capacity). a Angle most strongly
affects the outcome of traits: its decrease is associated with the
increased risk of severe PES. Prediction quality with a threshold
probability of 0.25: sensitivity 87%, specificity 91%; AUC is
0.93 + 0.042 (p < 0.001).

Model 4 is very much like model 3. It has been plotted
using the LDF values obtained during the occlusion test
according to the wavelet analysis of the original signal. In
accordance with the model, endothelial oscillations are the
most significant protective factor: their high values decrease



OPUTMHAJIbHOE UCCJIEJOBAHUNE | TMHEKO

A 1.0 B 1.0
0.9 1 0.9
0.8 0.8 1
0.7 A 0.7
2 0.6 2 0.6+
= =
% 0.5+ % 0.5
j j
& 0.4 B 0.4
0.3 0.3
0.2 0.2 1
0.1 0.1
00 T T T T T T T T T 00 T T T T T T T T T
0.00.102030405060.708091.0 0.00.102030405060.70809 1.0
C Specificity D Specificity
1.0 1.0 ‘
0.9 1 094 |
0.8 1 0.8
0.7 0.7
2 0.6 2 0.6
= =
'% 0.5 ‘é 0.5
o 0.4- B 0.4
0.3 1 0.3
0.2 0.2 1
0.1+ 0.1
0.0 0.0 T T T T T T T

T T T T T T T T T T
0.00.1 0.20.30.40.50.60.70.8 09 1.0 0.00.1 020304 050.60.708091.0
Specificity Specificity

Fig. 2. ROC curves demonstrating the multivariate models prognostic value 1 (A), 2 (B), 3 (C), 4 (D)

the risk of severe PES: OR 0.09 (95% CI: 0.02-0.47). This  DISCUSSION

corresponds the previously revealed effect of the a angle,

which also reflects the intensity of blood flow recovery after  According to the results of other authors, severe PES develops
the occlusion test. High values of | and Rc increase the risk  in 10.2% of patients after EMA [3]. Our results suggest that
of severe PES. Prediction quality with a threshold probability = severe PES develops in 18.52% of patients. The difference may
of 0.25: sensitivity 87%, specificity 98%; AUC is 0.94 + 0.056  be due to the larger number of exclusion criteria associated
(o < 0.001). with LDF, i.e., diseases that impede (distort) the study of

Table. 4. Assessment of the anthropometric characteristics and microcirculation parameters for the severe PES prognosis using the multivariate logistic regression models

Variables Regression coefficient, b SE b Wald test OR (95% ClI) P
Model 1
BMI, kg/m? -0.19 0.1 3.83 0.83 (0.69-1.00) 0.05
Age, years -0.11 0.05 4.44 0.89 (0.81-0.99) 0.035
Invariable 7.49 2.68 7.82 - 0.005
Model 2
M at rest, PM channel -0.23 0.07 11.04 0.80 (0.70-0.91) 0.001
Age, years -0.17 0.06 8.17 0.84 (0.75-0.95) 0.004
Invariable 7.71 2.53 9.28 - 0.002
Model 3
a-Angle during the occlusion test -0.19 0.06 9.02 0.82 (0.73-0.94) 0.003
Capillary blood flow reserve
capacity during the occlusion 0.03 0.01 5.62 1.03 (1.00-1.05) 0.018
test, %
Age, years -0.16 0.08 4.41 0.85 (0.74-0.99) 0.036
Invariable 9.42 3.91 5.81 - 0.016
Model 4
UVLF during the occlusion test, PU -2.35 0.81 8.42 0.09 (0.02-0.47) 0.004
I during the occlusion test 0.56 0.21 6.81 1.74 (1.15-2.64) 0.009
Rc during the occlusion test* 62.64 23.22 7.28 1.87 (1.19-2.95) 0.007
Age, years -0.18 0.08 5.12 0.83 (0.71-0.98) 0.024
Invariable 3.91 3.7 1.12 - 0.290
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microvessel blood flow at the nail bed. It is known that the
reaction to the same stimulus is more pronounced in youngsters
than in older people [12], which, for example, is evidenced by
self-assessment using the pain VAS. Perhaps this explains
that in the group of patients with severe PES, the average age
of women was lower (35.07 + 5.74), which was considered
the risk factor (p = 0.005). BMI less than 25 kg/m? was also a
risk factor of the severe PES development. According to our
results, in overweight individuals, the microcirculation rate is
higher, which contributes to milder PES, while all body systems
work in an increased regulatory and compensatory mode, and
therefore the metabolic load that occurs after UAE is more easily
tolerated [12]. According to other data, in 2.8% of patients
with myoma size under 12 weeks and in 7.3% of patients with
myoma sized over 12 weeks the persistent intestinal paresis
with vomiting was observed, which was associated with the
reflex action of ischemic areas of the uterus on neighbouring
organs, or transient intestinal ischemia as a result of accidental
partial embolization of the superior mesenteric artery [3]. In our
study, the average size of the dominant nodule was small, and
there were no significant differences between the groups (see
Table 1) due to the design of the study. Although, the nodules
size correlated with the pain severity [13]. We noted that the
myoma nodules’ localization affected the postoperative period
course. The subserous nodules’ prevalence in the group of
patients with severe PES was a risk factor, since ischemic
nodules irritated the intestinal loops, led to nausea, bloating
and other manifestations of gastrointestinal tract function
impairment after UAE, thereby making PES worse in the early
postoperative period (see Table 1). An increase in the amount
and duration of bloody discharge (one of the PES symptoms)
was caused by uterine fibroids of the submucous and interstitial
localization that prevailed in group Il [14].

In women with a perfusion rate at rest below 9.55 PU
prior to the procedure, the more severe PES was observed.
The M value in most of women with severe PES was lower
compared with women with milder PES: 53.3% versus 11.1%
(o = 0.004) and 23.3% (p = 0.094). Other researches obtained
similar data, the low M value was also considered a risk factor
of postoperative complications, in comparison with a group
with a high M [15]. This may explain the fact that in patients
with reduced M, in order to maintain normal microcirculation
function under conditions of changing body metabolism
with the development of severe PES, there is an increase in
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SYNTHESIS OF A NOVEL AMIDE DERIVATIVE OF VALPROIC ACID AND 1,3,4-THIADIAZOLE
WITH ANTIEPILEPTIC ACTIVITY

Malygin AS', Demidova MA', Skachilova SYa?, Shilova EV?

" Tver State Medical University, Tver, Russia
2 All-Russian Research Center for the Safety of Bioactive Substances, Staraya Kupavna, Moscow region, Russia

Valproates are commonly used to treat various forms of epilepsy. Problems accompanying their clinical application include drug resistance, adverse effects, acute
and chronic toxicity. Safer anticonvulsants with improved efficacy can be obtained through the chemical modification of valproic acid structure. Thiadiazole-linked
amide derivatives of valproates hold great promise because 1,3,4-thiadiazole can improve the drug’s bioavailability and reduce its toxicity. The aim of this work was
to synthesize a novel amide derivative of valproic acid and 1,3,4-thiadiazole exerting antiepileptic activity. The chemical structure of the synthesized valproate was
studied by IR, proton NMR and 13C-NMR-spectroscopy, mass spectroscopy and elemental analysis. The purity and individuality of the compound was confirmed
by thin-layer and high-performance liquid chromatography. Its antiepileptic activity was assessed in the test with intraperitoneally injected 250 mg/kg isoniazid and
subsequent Probit analysis. The synthesized N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide (valprazolamide) had the following characteristics. ESI*MS:
m/z 256.1 [M + HJ*; MRM transitions: m/z 266.1 — m/z 81.0 and m/z 130.1. The valproate exerted antiepileptic activity against isoniazid-induced seizures in mice.
In the test with isoniazid, ED,, of intraperitoneally injected VPZ was 126.8 mg/kg (95% Cl: 65.5-245.4). Its therapeutic index was 7.3.
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CUHTE3 HOBOIO AMMOHOIO NPON3BOAHOIO BAJIIPOEBOW KNC/OThbI U 1,3,4-TUAOUASOJA
C NMPOTMBO3NUNENTUYECKON AKTUBHOCTbLIO

A. C. ManbirvH' = M. A. Jemmpnosa’, C. 4. Ckaumnosa?, E. B. LLinnosa?

" TBEPCKOW rocyAapCTBEHHbIN MeaNUMHCKIIA YHUBEpPCUTET, Teepb, Poccust
2 BcecotodHbli Hay4YHbIA LIeHTP Mo 6e30macHOCTM 610NornMy4eck akTuBHbIX BelllecTs, Ctapas KynasHa, MockoBckas obnacTtb, Poccus

Banbnpoatb! ABASOTCA OCHOBHbIMM Npenapatamu ANs NedHeHns snunencumn pasnnyHbix opm. Cpedn Npobnem, BO3HUKAIOLLMX MNPU UX KIAMHUYECKOM
1CMNOMb30BaHUN, — PapMakopPe3CTEHTHOCTb, HEXenaTenbHble MOGOYHbIE PeakLmn, a TakxKe NPOSIBIEHUST OCTPOM Y XPOHNHYECKOW MHTOKCUKaLMK. TTyTem
MOANUKALMM XUMNHECKOW CTPYKTYPbI BASbMPOEBOIN KMUCIOTbI BO3MOXHO co3aaHne 6onee apdeKTrBHbIX 1 6€30MacHbIX aHTUKOHBYIbCAHTOB. [1epcneKkTnBHO
nonyYeHvie TMaaMasoannamMmmaHbix NPOn3BOAHbIX BanbnpoatoB, Tak kak 1,3,4-TMaamason MoXeT MoBbiwaTb OMOAOCTYMHOCTE U CHMKATb TOKCUYHOCTb
NIeKapCTBEHHbIX CPeacTB. Lienbto paboTbl Bbin CUHTE3 HOBOMO aMUAHOrO MPOM3BOAHOIO BaNbnpoeBon K1cnoThl 1 1,3,4-Tragmuasona ¢ NpOoTUBOSNMNENTNHECKON
aKTVIBHOCTbIO. XVMUYECKYIO CTPYKTYPY CUHTE3MPOBaHHOIO BasbnpoaTa uccnegosann metogamu VIK-cnektpockonum, 1H-AMP, 13C-AMP-cnekTpockonuu,
MacC-CMeKTPOCKOMNUM 1 SNEMEHTHOIO aHanmaa. YncToTy 1 UHAVBUAYaIbHOCTL NMOATBEPKAAM METOAAMM TOHKOCTIOMHOM 1 BICOKOIMMEKTUBHOMN »KAKOCTHOM
Xpomatorpacuin. NMpOTUBOIMMAENTUHECKYIO aKTUBHOCTb OLIEHMBAIM B TECTE aHTaroH3ma ¢ M30H1Ma3naoM (250 MI/Kr, MHTpanepuToHeansHO) Y MbllLe METOAOM
npobuT-aHanada. B pesynstate nccnepoBaHusa 6bin nonydeH N-(5-atvun-1,3,4-Tnagmnason-2-un)-2-nponunneHtaHamug, (Banbnpasonamun). ESI*-macc-cnekTp
N-(5-am1n-1,3,4-Tmapgmason-2-mn)-2-nponunneHtaHammnaa — m/z 256,1 [M + HJ*, MRM-nepexogbl — m/z 256,17 — m/z 81,0 n m/z 130,1. CHTE3MPOBaHHbI
BaUIbpOaT OKagblBayl NMPOTUBOSMUMENTAYECKOE AE/ICTBIE MPU USOHVA3MA-MHOYLMPOBAHHBIX CYAOPOrax y Mbilue. 3HadeHune ED, ) (MHTpaneprutoHeasisHo, Mbiluin) B
TecTe aHTaroHv3ma ¢ 13oH1asngom coctasmuno 126,8 Mr/kr (95% [ON: 65,5-245,4). TepaneBTUHECKMIA MHAEKC Obln paBeH 7,3.

KntoueBble cnosa: NpoTMBO3MUIENTUHECKME CPEACTBA, Banbnpoesas kucnota, 1,3,4-Tnagmnason
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Over 75 million people worldwide suffer from epilepsy, and this
number is continuously growing [1-2]. The key challenge of
modern epileptology is drug resistance. Only 14.9% of epilepsy
patients go into sustained remission. Seizures recur in 48.1%
of patients, at a rate of up to 12 episodes a year [3-4]. Half of
epilepsy patients are on multidrug antiseizure regimens. Some
of them do not benefit from polytherapy or a regimen switch,
which often result in a poor quality of life and an increased risk
of adverse effects. Noncompliance is another serious concern:
in Russia, 18.05% of epilepsy patients do not take their
medications [5]. Optimization of antiepileptic pharmacotherapy
is a crucial task facing epileptology.

Valproic (2-propylpentanoic) acid holds a special place in the
arsenal of anticonvulsant drugs. It was first synthesized in 1882
by Beverly S. Burton and used as a solvent. Its anticonvulsant
properties were discovered by accident in 1963 and have
been used in clinical practice ever since [6]. Valproates are
antiepileptic agents with a broad action spectrum and first-
choice drugs in patients with various forms of epilepsy. Long-
term studies have demonstrated the efficacy of valproates
against all forms of generalized epilepsy [7-9]. However, these
compounds have adverse effects, including acute and chronic
toxicity [10-12]. Valproates are highly teratogenic and therefore
are not recommended to women of reproductive age [13].
Safer anticonvulsants with improved efficacy can be developed
by modifying the chemical structure of valproic acid [14].

The aim of the study was to develop a novel anticonvulsant
from a group of thiadiazole-linked amide derivatives of valproic
acid.

METHODS
Reagents

The following reagents were used: 2-amino-5-ethyl-1,3,4-
thiadiazole (Acros Organics; Belgium), 2-propylpentanoic acid
(Sigma Aldrich; USA), pyridine (LenReaktiv; Russia), isoniazid
(Semashko Moschimfarmpreparaty; Russia), hydrochloric acid
(LenReaktiv; Russia), 2-propanol (LenReaktiv; Russia), acetonitrile
(LC-MS; Scharlau, Spain), ammonium acetate (Panreac
AppliChem MW reagents; USA), ethanol (Medchimprom; Russia),
Milli-Q deionized water.

Fig. 1. N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide
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Equipment

The following equipment was used: an AB Sciex QTrap 3200
MD triple quadrupole mass spectrometer (Sciex; Singapore), an
Agilent 1260 Infinity Il high-performance liquid chromatography
system (Agilent Technologies; Germany), TLC plates (silica gel
60 F 254) (Merck; Germany), a Bruker Avance-400 spectrometer
(Bruker; Germany), an Agilent Cary 630 FTIR spectrometer
(Agilent; Germany), an EA 1108 analyzer for elemental analysis
(Carlo Erba Instruments; lItaly), Acculab ALC-80d4 analytical
scales (Acculab; USA), an Eppendorf 5810R centrifuge with
a cooled rotor chamber (Eppendorf; Germany), a Millipore
DirectQ UV water purification system (Millipore SAS; France),
an Elmi V-3 vortex mixer (EImi; Latvia), an Elmi S-3 shaker (EImi;
Latvia), a Thermit dry-block heater (DNA-Technology; Russia),
Eppendorf (Eppendorf; Germany) and Black Thermo (Thermo
Fisher Scientific; Russia) automated dispensers.

Identification methods

The chemical structure of the synthesized valproate (N-(5-
ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide) was
studied using IR, proton NMR and 13C-NMR spectroscopy,
mass-spectroscopy and elemental analysis. Purity of the
obtained compound was evaluated by thin-layer (TLC) and
high-performance liquid chromatography (HPLC).

Tests of antiepileptic activity

The antiepileptic activity of the synthesized valproate was tested
using a valproate antagonist (isoniazid). Generalized tonic-
clonic seizures were induced in male outbred SNK mice (19-21 g
body weight, n = 40) by an intraperitoneal injection of 250 mg/kg
isoniazid [15]. The animals were kept in a vivarium of Tver State
Medical University at a constant temperature of 22 + 2 °C
under a 12/12 light/dark cycle (lights on from 08:00 to 20:00).
The animals had free access to food and water. The mice
were randomized into 5 groups: the control group (isoniazid-
induced seizures) and experimental groups (intraperitoneal
administration of 75, 150, 300 and 450 mg/kg valproate 40 min
before the isoniazid injection). Video observation lasted for 3
hours to assess latency to the first seizure, record the onset of
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Fig. 2. A schematic representation of N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide synthesis. 1 — 2-propylpentanoic acid; 2 — thionyl chloride; 3 —
2-propylpentanoic acid chloroanhydride; 4 — 2-amino-5-ethyl-1,3,4-thiadiazole; 5 — N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2- propyl pentane amide
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clonic and tonic seizures and the outcomes (death or survival).
We also calculated ED,; (the median effective doze required
to ensure survival of 50% of the animals in the test) and the
therapeutic index (Tl = DL, /ED,,, i.e. the ratio of the median
lethal dose to the median effective dose).

Statistical analysis

Statistical analysis was carried out in BioStat 2009 (AnalystSoft;
USA). The results of the experiment were analyzed using
descriptive statistics. The normality of data distribution
was tested using the Shapiro-Wilk test. Group means were
compared by one-way ANOVA with post-hoc Tukey HSD.
Categorical variables were compared using Fisher’s exact test.
In this work, the data are presented as m + SEM. Finney Probit
analysis was applied to calculate ED,.

RESULTS
Synthesis

Fig. 1 shows the synthesized thiadiazole-linked amide derivative
of valproic acid, N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl
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pentane amide. Its molecular formula is C,,H, N,OS. The
laboratory name for the compound is valprazolamide (VPZ).

The synthesis of this novel anticonvulsant agent can
be broken down in the following stages: halogenation of
2-propylpentanoic acid by thionyl chloride; stochiometric
interaction of the resulting 2-propylpentancic acid
chloroanhydride  with  2-amino-5-ethyl-1,3,4-thiadiazole;
acidification of the reaction mix by HCI (pH lowered to 1-2) at
5 °C for getting a crystalline precipitate (Fig. 2).

The synthesized compound was purified as described
below. Water-soluble impurities were removed by washing
the reaction product with cooled water; then, the product
was refiltered and recrystallized in 2-propanol after preliminary
vacuum-drying at 10 mmHg until its mass was constant (67%
yield). Purification quality was assessed with TLC and HPLC.

Description and identification of
N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide

The synthesized pharmaceutical substance is a yellowish-white
crystalline powder with a molar mass of 255.14 g/mol and a
melting point of 93-94 °C. The powder is barely soluble in water but
well soluble in alcohol, acetonitrile and other organic solvents.
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Fig. 3. ESI*-mass-spectrum of N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide (M + H]*)
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Fig. 4. A chromatogram of N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide
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The chemical structure of N-(5-ethyl-1,3,4-thiadiazol-
2-yl)-2-propyl pentane amide (C,,H,,N,0S) was confirmed by
elemental analysis and spectroscopy. The predicted content
of Cin CH,N,OS was 56.44%; H, 8.29%; N, 16.45%; O,
6.26%; S, 12.56%. According to the results of the elemental
analysis, the actual content of the elements was as follows: C,
56.39%; H, 8.34%; N, 16.41%; O, 6.26%; S, 12.60%, which
was consistent with the chemical structure of the synthesized
compound.

Spectroscopy results are shown below. IR spectra (KBr
pelleting technique), v/cm™: 3302, 3030 (NH), 2981, 2959,
2860 (CH), 1645 (NHCO); 'H-NMR (400 MHz, DMSO-d,)
8 ppm: 0.97 (s, 3H, CH,), 1.33 (s, 2H, CH,), 1.41-1.50 (m,
4H), 2.65 (s, 2H, CH,), 10.63 (s, 1H, NH); *C-NMR (400 MHz,
DMSO-d,) § ppm: 13.48, 13.66, 20.06, 24.70, 35.27, 43.22,
155.85, 156.5, 175.00; ESI+MS: m/z 256.1 (M + HJ*); MRM
transitions: m/z 256.1 -»m/z 81.1 and m/z 130.1. ESI* MS for
N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide is
shown in Fig. 3.

Purity of the synthesized anticonvulsant agent was
assessed by HPLC at 50 °C using a Phenomenex synergi 4 um
C18 Fusion column (2 x 50 mm). For elution, 90 : 10 methanol :
deionized water and 0.1% ammonium acetate were used.
Retention time was 1.31 min (Fig. 4).

Antiepileptic activity tests in a mouse model
of isoniazid-induced seizures

Intraperitoneal administration of 250 mg/kg isoniazid induced
generalized tonic-clonic seizures resulting in the death of all
control animals. An injection of VPZ given 40 min before isoniazid
administration had a dose-dependent effect on the progression
of isoniazid-induced seizures in mice (p < 0.0001; one-way
ANOVA). A 75 mg/kg VPZ dose significantly increased seizure
latency (by 1.5-fold) in the experimental groups in comparison
with the control animals, but did not prevent seizures or
animal death. At 150 and 300 mg/kg, VPZ increased seizure
latency and reduced the death rate. In a test with 450 mg/
kg VPZ, no seizures were observed for 3 h following isoniazid
administration (see Table).

Probit analysis revealed that ED,, of intraperitoneally
injected VPZ was 126.8 mg/kg (95% Cl: 65.5-245.4) in the
test with VPZ antagonist. The therapeutic index was 7.3.

DISCUSSION

Candidate anticonvulsant agents must be effective against
refractory epilepsy, have fewer side effects and better
tolerability, as well as the ability to slow down progression
of the disease and modify its course. Additional advantages

include linear pharmacokinetics, simplicity of titration in the
clinical setting, ancillary therapeutic effects such as relief of
neuropathic pain. Such candidates are usually searched for
among novel molecules or developed based on the derivatives
of known anticonvulsants.

The possibility of creating new-generation valproates
has been shown in the literature [16]. The teratogenicity of
their amide analogs is significantly lower than that of valproic
acid [17]. Valproic acid amides demonstrate antiepileptic
[18], antineuropathic [19-20], antiviral [21-22] and some
other properties. A number of 1,3,4-thiadiazole derivatives,
including those that contain a valproic acid residue, have been
reported to exert anticonvulsant activity [23]. The majority
of such derivatives have higher bioavailability and are less
toxic than their analogs. This is also true for the valproate
synthesized in this study, containing 1,3,4-thiadiazole. Using
a mouse model, researchers have demonstrated that DL,
of an intraperitoneally injected 1,3,4-thiadiazole-linked amide
derivative of valproic acid is 1.8 times higher than that of
valproic acid [24]. The antiepileptic effect of the synthesized
valproate has been confirmed in maximal electroshock seizure
models and pentylenetetrazole-induced seizure models in mice
[25-26]. Considering that VPZ was the most active in a test
with a GABAA-receptor antagonist (pentylenetetrazole), we
studied the effect of this valproate on the seizures induced by
another GABA antagonist isonicotinylhydrazide (isoniazid). The
proconvulsant effect of isoniazid is linked to the inhibition of
GABA synthesis resulting from isoniazid antagonism towards
pyridoxal phosphate, a coenzyme of glutamate decarboxylase
that catalyzes glutamate conversion into GABA. Antituberculous
therapy with isoniazid can cause serious complications in
the form of seizures often described as status epilepticus.
Isoniazid-induced seizures are poorly controlled by conventional
anticonvulsants and cannot always be prevented by pyridoxine
intake [27-28]. Valproates are known to inhibit development
of isoniazid-induced seizures in a dose-dependent fashion
[29]. Our study demonstrates that an injection of N-(5-ethyl-
1,3,4-thiadiazol-2-yl)-2-propyl pentane amide before seizure
modeling increased latency to the first seizure and reduced the
death rate in mice in the isoniazid test. Based on these findings,
N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide can
be considered a candidate antiepileptic drug with an improved
safety profile.

CONCLUSIONS

The results of the study confirm that modification of valproic
acid with 1,3,4-thiadiazole holds promise for discovering novel
anticonvulsant candidate drugs. The advantage of the synthesized
N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide is its

Table. The effect of N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide (VPZ) on the latency to the first seizure and survival of mice in the test with the VPZ

antagonist isoniazid (250 mg/kg injected intraperitoneally)

Test Dose, mg/kg anSi1 ,SrEi’\r;I Number of survi\(/)ifng]irgtiece /total number Survival, %
NaCl IS + INH - 31.25+2.03 0/8 0
VPZ + INH 75 47.75 + 2.42* 0/8 0
VPZ + INH 150 72.13 + 4.28 5/8 62.5%
VPZ + INH 300 93.75 £ 4.77* 7/8 87.5
VPZ + INH 450 - 8/8 100#

Note: * — statistically significant difference between the experimental group and the control animals (mice with isoniazid-induced seizures treated with NaCl
IS before the isoniazid injection) (p < 0.05; one-way ANOVA with post-hoc Tukey HSD); # — statistically significant difference between the experimental group
and the control (o < 0.05; Fisher’s exact test). VPZ is valprazolamide (N-(5-ethyl-1,3,4-thiadiazol-2-yl)-2-propyl pentane amide); INH is isoniazid; NaCl IS is the

isotonic solution of sodium chloride; LS1 is latency to the first seizure.
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ability to prevent development of isoniazid-induced seizures.
The compound is not soluble in water, which is a disadvantage,
since it hinders manufacturing of its injectable formulations.
Further research will be focused on the improvement of the
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EFFICIENCY OF THE GYNECOLOGIC MALIGNANCIES IDENTIFICATION MEASURES
AT THE LEVEL OF PRIMARY HEALTH CARE
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In Russia, for more than 10 years, within the framework of national projects, the activities have been carried out aimed at restructuring of the primary and
specialized (including high-tech) medical care, as well as strengthening of primary health care directed at early detection of malignant neoplasms. The study was
aimed to evaluate the effectiveness of the patient examination rooms for women in improvement of the adjusted cumulative survival of patients with gynecologic
malignancies detected actively in 2005-2015 in the Chelyabinsk Region. Using the Population Based Cancer Registry (PBCR) of the Chelyabinsk Region database,
the adjusted cumulative survival calculation for patients with cervical cancer (389), uterine corpus cancer (373) and ovarian cancer (161) detected actively in the
patient examination rooms of the Chelyabinsk Region (treatment group), as well as for cervical cancer (395), uterine corpus cancer (380) and ovarian cancer (163)
detected in patients who sought medical assistance (control group), was performed for the first time. The staging of cervical cancer detected in the examination
rooms in 2010-2017 was characterized by the high proportion of I/Il stage tumors compared with the rest of patients’ population of the Chelyabinsk Region (an
average of 50.8 and 46.1% respectively). For uterine corpus cancer the average proportion was 85.5 and 82.0% respectively, and for ovarian cancers it was 42.0
and 37.4% respectively. Analysis of the PBCR of the Chelyabinsk Region for a 10-year period revealed the 5-year adjusted cumulative survival improvement in
the actively detected cervical cancer patients compared to the control group (62.3 and 55.8%) respectively (o = 0.11). In patients with uterine corpus cancer, it
was 82.0% for the main group and 70.4% for the control group (o = 0.001). In ovarian cancer patients, no significant differences in the 5-year adjusted cumulative
survival were observed (47.5% in the main group, 43.2% in the control group) (p = 0.49). Thus, the patient examination rooms are the effective model of the cancer
secondary prevention available in the Chelyabinsk Region.
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Author contribution: Bochkova AG — research planning, manuscript writing, data acquisition, data analysis and interpretation, literature analysis; Domozhirova AS —
research planning, data analysis and interpretation, manuscript editing; Aksenova IA — data acquisition, manuscript writing.

Compliance with ethical standards: the study was approved by the Ethics Committee of South Ural State Medical University (protocol Ne 9 dated November 8, 2018).

P><] Correspondence should be addressed: Anna G. Bochkova
Dovatora, 23, Chelyabinsk, 454091; annabochkova7496@mail.ru

Received: 23.12.2019 Accepted: 08.01.2020 Published online: 22.01.2020
DOI: 10.24075/brsmu.2020.003

OLIEHKA 3®®EKTUBHOCTU NYTEWN BbIABNEHNA OMYXOJEN XXEHCKUX MOJTIOBbIX OPTAHOB
HA YPOBHE NMEPBU4YHOIO 3BEHA 3PABOOXPAHEHUA

A. T. Boukosa'=, A. C. Jomoxuposa?, V. A. AkceHosa'*

" KOXHO-YpanbCKuin rocyfapCTBEHHbI MEAVLIMHCKWA YHUBEPCUTET, YenabuHek, Poccust
2 POCCUNCKIIA HayYHbI LIEHTP peHTreHopaamonorim, Mocksa, Poccust
8 YenabuHCKMA 061acTHOM KIMHUHECKMIA LEHTP OHKONOT W 1 SAepHOM MeauLmHbl, HYensbuHek, Poccns

B Poccun 6onee 10 neT B pamMkax HaLMOHasbHbIX MPOEKTOB MPOBOAAT MEPONPUATYS, HanpaBnieHHble Ha NpeobpasoBaHe NEPBUYHON 1 CNeLaIM3npoBaHHON,
B TOM YMCIE BbICOKOTEXHOMOMMYHOM MELULMHCKON MOMOLLM, YCUEHNE POSIN NMEPBUYHOIO MEAUKO-CaHWTapHOrO 3BeHa B LIENsIX PaHHEro BbisBIEHUs
3/10Ka4eCTBEHHbIX HOoBOOOpadosaHuin (3HO). Lienbto nccnenosaHns 66110 OLEHUTE Pe3yNsTaTUBHOCTL PaboTbl XKEHCKIMX CMOTPOBbIX kabuHeTOB (CK) B yny4LLeHmm
rokasarenen KyMynsiTUBHOW CKOPPEKTUPOBaHHOM BbbkrBaemocT (CkB) 6onbHbix ¢ 3HO »eHCKMX MoNoBbIX OPraHoB, BbiABIEHHbIX akTBHO ¢ 2005 no 2015 rr. Ha
TeppuTopun HensbruHekorn obnactm (HO). Ha ocHoBe 6a3bl faHHbIx onynsumoHHoro pakosoro pervuctpa (MPP) HO BnepBble OCYLLECTBEHbI PaCHETbI MoKasaTenei
KymynatusHol CkB 6onbHbIx ¢ 3HO werikn maTku (389), Tena maTkm (373) v sndHmnkoB (161), BbisBneHHbIx akTneHo B CK HO (ocHoBHast rpynna), n ciydan 3HO
werkn maTku (395), Tena matku (380) 1 An4HNKOB (163), BbISBNEHHbIX B X04e camoobpallleHn!in NaumMeHToK (rpynna KOHTposs). CTaguitHyto CTPYKTYPY akTUBHO
BbIgBNeHHbIX cydaes 3HO weiiku matkmn B CK 3a nepuop, 2010-2017 1T, XapakTepunayeT 60MbLLON YAenbHbIA BEC Il cTagnin no cpaBHEHNIO ¢ OCTarbHOM NOMynaLven
3a6oneBLumx B HO — B cpeaHem 50,8 1 46,1% cooTBeTcTBEHHO, B oTHOLLeHWM 3HO Tena maTtkn — 85,5 1 82,0% COOTBETCTBEHHO, /18 OBapWalbHbIX PakoB — B
cpenHeM 42,0 n 37,4% cooTBeTCTBEHHO. AHanm3 6a3bl AaHHbIx PP YO 3a 10-neTHuiA neprio No3BONM YCTaHOBUTL YBEUYEHWE 5-NETHEN KyMYNSITUBHOM
CkB ons 6onbHbix ¢ anarHo3oM 3HO Levikn MaTku, BbisiBeHHbIX akTvBHO B CK MO CpaBHEHMIO C KOHTPOMbHOM rpynnon — 62,3 1 55,8% COOTBETCTBEHHO
(o = 0,11). B otHoweHnn 3HO Tena matkun — 82,0% B ocHoBHOW rpynne 1 70,4% B rpynne kKoHTpons (o = 0,001). Y 60nbHbix ¢ 3HO AWMYHMKOB [OCTOBEPHBIX
pasnuyuni B nokasarensix 5-netHen kymynsatneHon CkB He oTMedeHo — 47,5% B 0cHOBHOM 11 43,2% B rpynne koHTpons (o = 0,49). Takum obpadom, CK — ogHa 13
3O HEKTNBHBIX OPraHN3aLMOHHbIX MOAENEN BTOPUHHON NPOUNaKTVkm paka Ha Tepputopumn HO.
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Malignant neoplasms are one of the main problems on the
agenda of modern medicine, and the leading cause of mortality
in developed and developing countries [1, 2]. The economic
losses from cancer are due to the significant costs of welfare
and social insurance associated with the high cost of treatment,
preventive and rehabilitation measures, as well as the long and
often persistent disability. Thus, malignant neoplasms can be
considered an essential problem of modern society.

The largest part in the structure of oncological morbidity in
women in the Russian Federation belongs to the reproductive
system malignancies (38.9%), a half of which are gynecologic
malignancies.

In 2017 in Russia over 26,000 new cases of uterine corpus
cancer (3rd place, 7.8%), over 17,500 cases of cervical cancer
(6th place, 5.3%), and over 14,500 cases of ovarian cancer (9th
place, 4.3%) were registered [3].

Demographic shift, environmental and reproductive
dissonance, general deterioration of women's health along
with an increase in the frequency of reproductive system
malignancies require targeted and urgent decision-making
regarding the prevention, screening and early diagnosis of
malignant neoplasms through the interdisciplinary interaction of
different specialists.

In Russian Federation, the three-level model of medical care
for cancer patients has been put into practice, and primary
healthcare is the basic platform on which the preventive
measures are implemented. The basis is being formed for
developing a motivation for the people to preserve and maintain
a good health aimed to reduce mortality and disability due to
disease [4].

The reduction of mortality of visually detectable gynecologic
malignancies entirely depends on the quality and timeliness of
the primary diagnosis [5].

Created in the early 1960s, a powerful network of patient
examination rooms proved its high efficiency in the active
detection of malignant neoplasms more than once. Thus, the
proportion of diagnosed cervical cancer in all registered patients
in the 1960s and 1970s reached 40% [6].

The cost-effectiveness of routine check-ups was repeatedly
analyzed. The analysis demonstrated that preventive measures,
the identification and treatment of patients with precancerous
diseases and early forms of cancer require significantly less
public spending than the treatment of patients with overt
malignancies [7].

The main task of the patient examination room for women
is to conduct the routine check-up of all women (over 18), who
contacted the medical organizations for the first time during the
year for the early detection of visually detectable chronic, pre-
tumor and tumor diseases. Externally localized tumors that can
be detected during the routine check-up account for 30% of all
malignant tumors in people of both sexes and almost 40% in
women [8].

It is very important to make the check-ups in the patient
examination rooms widespread. Thus, in populations where the
screening quality and coverage were high, a significant reduction in
the invasive cervical cancer patients was detected [9, 10].

In addition, it is necessary to understand that neither the
modern equipment of the patient examination rooms, nor the
high qualifications and experience of the conducting the check-
up obstetrician would be able to provide high final results if the
contingent of women to be examined is not determined, the
frequency of check-ups is not established, the flow of visits
is not regulated, and a system of additional examination and
routing of identified patients is not mastered. Thus, the active
position of the primary health care medical organizations heads,

who understand the importance of the routine check-ups in the
patient examination rooms and focus on the corresponding
area development, becomes relevant.

The study was aimed to evaluate the increased survival rate
of patients with gynecologic malignancies in the Chelyabinsk
Region through the use of the effective cancer detection in the
patient examination rooms.

METHODS

In our study we used the data on the patients newly diagnosed
with the visually detectable gynecologic malignancies registered
in the Population Based Cancer Registry (PBCR) of the
Chelyabinsk Region database formed in 20052017, as well as
the reports on the functioning of the patient examination rooms
in the Chelyabinsk Region municipalities’ health care institutions
during the specified period.

The treatment group included 923 patients aged 20
and over, who were diagnosed actively with the malignant
neoplasms in the Chelyabinsk Region patient examination
rooms in 2005-2015. Moreover, the distribution in accordance
with the tumor localization was as follows: cervical cancer was
diagnosed in 389 (42.1%) patients, uterine corpus cancer in
373 (40.4%) patients, and ovarian cancer in 161 (17.4%)
patients respectively.

The control group included 938 patients aged 22 and over,
who sought medical assistance and were diagnosed with the
malignant neoplasms during the same period: cervical cancer
was diagnosed in 395 (42.1%) patients, while uterine corpus
cancer and ovarian cancer in 380 (40.5%) and 163 (17.4%)
patients respectively.

The studied group’ randomization was performed by the
stratometric selection using the totality of the main prognostic
signs (age at the time of diagnosis, stage of the disease, tumor
morphological structure) in accordance with listed below
inclusion and exclusion criteria.

Inclusion criteria: 100% morphologically verified cervical
cancer cases, detected actively in the Chelyabinsk Region
patient examination rooms (treatment group) or upon the
patients’ individual appointment requests (control group).

Exclusion criteria: multiple primary malignancy cases, except
the cases of combination with the skin basal cell carcinoma;
lack of information about the cancer detection circumstances;
lack of information about the patient's condition at the end of
the year; the status of patients departed to the other regions
of the country (according to the PBCR of the Chelyabinsk
Region).

In the treatment group with a verified cervical cancer
diagnosis, patients with localized tumors prevailed (the total
number of patients with the I/ll-stage cancer was 199 (51.2%),
and in the control group it was 199 (50.4%)) (o > 0.05) (Table 1).

The stage distribution of the new uterine corpus cancer
cases demonstrated the high proportion of the I/ll-stage
cancer: 303 (81.2%) patients in the treatment group and 303
(79.7%) patients in the control group (p > 0.05). That could be
explained by the features of the disease clinical picture, which
caused patients to consult doctors early, especially at the
premenopausal and menopausal age (Table 2).

Among the ovarian cancer patiens, the patients with the Ill/
IV-stage disease prevailed: 96 (59.6%) patients in the treatment
group and 96 (58.9%) people in the control group; there were
no significant differences (p > 0.05) (Table 3).

The treatment group patients with cervical cancer were
mainly aged 23-92, the average age was 51.6 + 14.2, and
the control group patients were aged 20-88, the average age
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Table 1. Stage distribution in cervical cancer patients (C53) of the treatment and control groups according to the FIGO system (2009)

Stage of the disease
Groups
| 1A 1B Il 1A 1B 11l A B v IVA IVB
Treatment Abs. 28 22 33 27 8 81 25 2 141 14 4 4
(n-389) % 7.2 5.7 8.5 6.9 21 20.8 6.4 0.5 36.2 3.6 1 1
Control Abs. 30 23 28 33 4 81 32 4 136 16 4 4
(n-395) % 7.6 5.8 71 8.4 1 20.5 8.1 1 34.4 4.1 1 1

was 51.4 + 14.0 (p = 0.81). It is worth mentioning that it is the
women aged 40-59 who are mainly examined in the patient
examination rooms, while people aged 39 and younger make
up only one fourth of the total number of the patients examined.
The poor coverage of young patients with the routine check-
ups is reflected in a 1.5-fold increase in the cervical cancer
invasive forms detection in the Chelyabinsk Region in this age
group over the past 10 years.

The age of the treatment group uterine corpus cancer
patients was 31-86 (average age 62.2 + 9.7), and the age of
patients in the control group was 35-85 (average age 61.9 + 9.7);
there were no significant differences (p = 0.72). The highest
proportion of the endometrial cancer incidence was observed
in women aged 60-69 (130 (34.9%) people in the treatment
group and 136 (35.8%) people in the control group).

The age of the treatment group ovarian cancer patients was
20-80 (average age 57.3 + 13.5), and the age of patients in the
control group was 20-83 (average age 57.1 + 13.0 (p = 0.90)).

The important prognostic factor in the cancer patients’
survival rate was the primary tumor morphological type which
was verified is all patients of the groups compared. Statistical
analysis of both groups of patients with cervical cancer, uterine
corpus cancer and ovarian cancer in accordance with the main
histological tumor types revealed no significant differences
(o > 0.05).

Based on the PBCR of the Chelyabinsk Region data, the
calculation of adjusted cumulative survival parameters for
patients with malignant neoplasms of the cervix, uterus and
ovaries was performed for the first time, taking into account
the circumstances of the cancer detection. The calculation of
survival rates was carried out using the traditional methods of
data analysis at the population level. To calculate the survival
rate at the population level, the actuarial (dynamic) method was
used, taking into account the probable life expectancy and using
age-specific mortality tables for each period of the indicator
calculation. The reference date was the onset of the disease
(date of diagnosis), recommended for survival assessment at
the population level. If the indicators of observed survival are
calculated taking into account all the causes of death of the
cancer patient, for which reason they are indicative, then the
indicators of adjusted survival take into account the deaths of
cancer patients only of the underlying disease, while those who
die from intercurrent diseases are equated to those who was

excluded from the observation; all indicators are expressed
in% [11, 12]. The calculation of survival rates and their average
errors was carried out using the mathematical part of the PBCR
of the Chelyabinsk Region software. The differences were
considered significant when p < 0.05

RESULTS

In 2005-2017 in 27 municipal districts and 16 urban districts
of the Chelyabinsk Region, 167 patient examination rooms out
of 176 established were actively operating. The total number of
patient examination rooms for women was 104. In addition, in
municipal districts, the function of the examination rooms was
assigned to feldsher-obstetric centers, which operate as the
combined patient examination rooms for men and women.

The examination rooms for women are operated by the
paramedical staff (feldsher, obstetrician), who has undergone
special training in oncology and has the appropriate certificate,
or an obstetrician-gynecologist or dermatovenerologist who
has undergone advanced training in oncology (the course of
at least 72 training hours). According to the requirements, the
examination in the patient examination room should target the
medical personnel to detect the visually detectable tumors in
both male and female patients and not to carry out the selective
examination of individual organs and systems.

The importance and effectiveness of this technology for
secondary prevention of malignant neoplasms is associated
with the following factors:

—medical care accessibility: double shift working,
examination during the first visit to the medical institution, no
queue and no need to book the voucher for appointment;

— strict adherence to the routing principles for patients with
identified pathology and in the case of malignant neoplasm
detection, transfer of the patient from hand to hand on the day
of contacting a relevant specialist or oncologist with priority of
examination;

—mandatory endocervical channel and cervix smears
collection and subsequent sample transfer to the cytology
laboratory, sample registration, as well as monitoring the
number of uninformative smears.

In 2007-2017 over 5 million women (5,136,098) aged over
20 attended the patient examination rooms for examination
and cytological screening aimed to detect the precancerous

Table 2. Stage distribution in uterine corpus cancer patients (C54) of the treatment and control groups according to the FIGO system (2009)

Stage of the disease
Groups
I 1A B I A B n A B nc v IVA VB
Treatment Abs. 99 52 79 14 45 14 24 12 13 4 2 12 3
(n-373) % 26.5 13.9 21.2 3.8 121 3.8 6.4 3.2 3.5 1.1 0.5 3.2 0.8
Control Abs. 95 60 78 12 47 11 26 18 14 1 2 14 2
(n-380) % 25 15.8 20.5 3.2 12.4 2.9 6.8 4.7 3.7 0.3 0.5 3.7 0.5
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Table 3. Stage distribution in ovarian cancer patients (C56)of the treatment and control groups according to the FIGO system (2009)

Stage of the disease
Groups
| IA B IC I 1A 1B Ic i A 1B lnc \%
Treatment Abs. 21 14 1 17 3 2 5 2 26 4 3 31 32
(n-161) % 13 8.7 0.6 10.6 1.9 1.2 3.1 1.2 16.1 2.5 1.9 19.3 19.9
Control Abs. 21 16 1 16 4 2 6 1 25 3 3 34 31
(n-163) % 12.9 9.8 0.6 9.8 25 1.2 3.7 0.6 15.3 1.8 1.8 20.9 19

conditions, chronic diseases and malignancies (about 49.5% of
women over 20 living in the region). Thus, a certain “reserve” is
created out of an average of 50.5% of people who seek medical
help much less than once a year, which means they cannot be
fully covered by preventive measures, including examinations in
the patient examination rooms.

During their work, patient examination rooms proved to
be highly effective, which was reflected by the total number
of actively detected the visually detectable gynecologic
malignancies, but also by the total number of detected
chronic and precancerous diseases. Thus, in 2017 the patient
examination rooms personnel diagnosed 97,367 of all diseases
in women, which was 53.7% more compared to 2007. In
the structure of the diseases detected the chronic diseases
have the highest proportion: 66,805 (68.61%) cases in 2017,
40,106 (63.3%) cases in 2007; the increase over the 10-year
follow-up period was 66.6%. The average detectability of
chronic diseases (% of the examined in the examination rooms’
patients) was 11.2%. In accordance with their detectability in
the patient examination rooms, precancerous diseases were on
the 2" place (29,885 (30.7%) patients in 2017, 22,801 (36.0%)
patients in 2007; the increase over the specified period was
31.1%, the average detectability for the region was 5.9% of
the examined patients number). Malignant neoplasms were
on the 3rd place in accordance with the detectability in the
patient examination rooms. In 2017 677 cancer patients were
identified (12.0 per 10,000 surveyed patients), which made up
7.5% of the total number of identified women with cancer in
Chelyabinsk Region. Compared to 2007, the increase in the
absolute number of identified cancer patients became 1.5
times higher (by 50.8%).

In 2007-2017 the patients examination rooms employees
identified 548 uterine corpus cancer patients (8.6% of the total
number of endometrioid cancer cases for the region), 567
cervical cancer patients (an average of 12.9% of the number of
cervical cancer patients detected in the region) and 254 ovarian
cancer patients (6.4% of the total number of ovarian cancer
patients in the region). The average proportion of identified I/11-
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20.0 —
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2011 2012 2013

[l Patient examination rooms

stage uterine corpus cancer patients in 2010-2017 was 85.5%,
the proportion of cervical cancer patients was 50.8%, and the
proportion of ovarian cancer patients was 42.0%, which was
higher than similar indicators for the region (82.0%, 46.1% and
37.4% respectively) (Fig. 1-3).

When evaluating the work of the patient examination rooms,
much attention was paid to the indicators of the workload,
which were calculated based on the regulated length of the
examination room working day (7 hours (shift), examination of
four patients per hour, 252 working days per year).

In 2007, at the beginning of the examination rooms’ work,
the workload reached 51.4%. Starting from 2009, due to
the opening of a number of new patient examination rooms,
the workload increase was noted up to 77.9% in 2017. We
calculated the possible number of identified cancer patients
under ideal conditions (100% loading of patient examination
rooms). The data obtained allowed us to conclude that with a
full load of patient examination rooms for women in the region
during 2007-2017 another 3,438 cancer patients would be
identified instead of 6,876, i.e., 50.0% higher than the baseline.
Of them, the number of I/ll-stage cancer patients would
be 7,448 instead of 4,986. The method of least squares was
used to approximate direct relationship between the number of
examined patients and the number of cancer patients identified
in the patient examination rooms of the Chelyabinsk Region over
the 10-year observation period. The determination coefficient
was 0.591, which demonstrated a high correlation of the model
with actual data (correlation coefficient r = 0.77; p = 0.007).

Using cytological screening, in the patient examination
rooms from 79.6% women in 2007 to 94.7% women in
2017 were examined, while the coverage with cytological
investigations increase towards 100%. In 2007-2017 the total
number of collected cytological smears was over 4.5 million (an
average of more than 410,000 smears per year).

The most important quality criterion for evaluating the
cancer prevention measures effectiveness is the cancer
patients’ survival rate, which also reflects the adequacy of the
detected cancer staging [13].

57.5 59.7 58.7

2014 2015 2016 2017

l Chelyabinsk Region

Fig. 1. Dynamics of the /Il stage cervical cancer (C53) proportion in patients identified actively in the patient examination rooms compared with the average rate for

Chelyabinsk Region in 2010-2017, %
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During the study, it was possible to demonstrate the
advantage of the 5-year adjusted cumulative survival in cervical
cancer patients identified actively in the patient examination
rooms compared with the control group (62.3 versus 55.8%)
(o = 0.11) (Fig. 4).

In the uterine corpus cancer patients, the significant
5-year survival rate differences were obtained: 82.0 + 2.6
in the treatment group and 70.4 + 2.6 in the control group
(o = 0.001). Figure 5 demonstrates that the survival curves
diverge over time.

In the ovarian cancer patients, no significant differences in
the 5-year adjusted cumulative survival were detected: 47.5%
in the main group and 43.2% in the control group (p = 0.49)
(Fig. 6). Many authors agree that despite the high sensitivity of
most modern diagnostic methods, their specificity is insufficient
to differentiate benign and malignant processes in the ovaries,
and diagnostic of each and every woman (including those not
at high risk) result in minimal impact on mortality [14-16].

DISCUSSION

The improvement of the cancer early detection system should
be started with the most accessible visually detectable cancer,
the diagnosis of which does not require expensive diagnostic
equipment and in-depth knowledge of oncology in primary
health care specialists.

Despite the fact that preventive examinations play a
significant role in the malignant neoplasms diagnosis, over
the past 10 years in the Russian Federation, the number of
patient examination rooms increased by 48% and in 2017 it
reached 4989, i.e., an average of patient examination rooms
for each of the 85 existing constituent regions of the Russian
Federation (for instance, in 2017, in the Chelyabinsk Region

90.0

87.5 87.7

85.0

80.0 —

2010 2011 2012 2013

[l Patient examination rooms
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the number of patient examination rooms reached 176), while
the number of employees working double shifts was only
20%. Insufficient coverage of the population with the routine
check-ups ultimately affects the total low proportion of
actively detected cancer patients (25.8% in 2017 in Russian
Federation). Despite the visual localization, in 2017, the
proportion of cervical cancer patients detected actively in
Russia was 42.2%; the proportion of uterine corpus cancer
patients (29.1% in 2017) and ovarian cancer patients (18.4%
in 2017) attending the check-ups was significantly lower. As
a result, in every 2" and 3 patient in Russia, the ovarian
and cervical cancer is diagnosed at the lll/IV stage (58.5
and 32.4% respectively in 2017), which leads to low survival
rates in these groups of patients, despite the number of
applied treatment methods [17]. That is why there is now an
urgent need for the national preventive programs aimed at
the early detection and adequate treatment of preventable
cancer types.

Analysis of the PBCR of the Chelyabinsk Region database
for the 10-year observation period allowed us to determine,
that the 5-year adjusted cumulated survival in patients with
cervical cancer identified actively in the patient examination
rooms appear to be more advantageous compared with the
rest of the patient population (62.3 and 55.8% respectively)
(o = 0.11). A similar trend is observed in patients with the
visually undetectable tumors, such as uterine corpus cancer
and ovarian cancer (82.0 versus 70.4% (p = 0.001) and 47.5
versus 43.2% respectively (o = 0.49)).

Such a heterogeneous group of tumors as ovarian cancer
for over 30 years has been associated with slight success in
long-term treatment outcome with 5-year survival rate not
exceeding the 50% threshold (48.4%) [18]. This is mainly
due to the lack of reliable screening programs to date
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2016 2017

Fig. 2. Dynamics of the I/ll stage uterine corpus cancer (C54) proportion in patients identified actively in the patient examination rooms compared with the average rate

for Chelyabinsk Region in 2010-2017, %
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Fig. 3. Dynamics of the I/ll stage ovarian cancer (C56) proportion in patients identified actively in the patient examination rooms compared with the average rate for

Chelyabinsk Region in 2010-2017, %
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allowing one to solve the problem of the ovarian cancer early
diagnosis.

In general, the effectiveness of the patient examination
rooms is due to the following: mass character and threading

M

the full working day of the clinic on a double shift basis).
It is such a load that allows one to sort out the cohort of
individuals with clinically non-manifesting pathology types
from the total mass of the examined patients for subsequent

of the routine check-ups in the examination rooms in-depth examination. Such a task becomes impossible
(examination of at least four patients per hour throughout for a narrow specialist due to the fact that, because of the
100
80
Adjusted cumulative survival in
60 — the treatment group
R _ _ Adjusted cumulative survival in
40 4 the control group
20
0 T T T T 1
0 1 2 3 4 5
Survival rate Groups 1 year 2n year 3 year 4 year 5t year
Treatment 84.1 72.9 68.6 64.4 62.3
Corrected
Control 81.3 68.5 63.2 59.0 55.8

Fig. 4. Adjusted cumulative survival in cervical cancer patients (C53) of the treatment and control groups (PBCR of the Chelyabinsk Region database, 2005-2015), %
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Fig. 5. Adjusted cumulative survival in uterine corpus cancer patients (C54) of the treatment and control groups (PBCR of the Chelyabinsk Region database, 2005-2015), %
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Fig. 6. Adjusted cumulative survival in ovarian cancer patients (C56) of the treatment and control groups (PBCR of the Chelyabinsk Region database, 2005-2015), %
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mentality peculiarities, the patients plan a visit to a profile
specialist only with a list of specific questions inherent in the
particular specialist’s qualification. The work is complicated
by the need of booking the voucher for appointment, which
forces patients to adapt to the schedule and choose the
time for the visit. While in the patient examination rooms the
patients are offered to get a full examination during their first
visit to the health care institution.

According to the check-up results, patients with
suspected oncopathology from the very beginning attract
close attention of the health care specialists and acquire
the right of priority in-depth examination, while the terms
of the proposed in-depth examination should fit into a strict
time frame, namely 10 days from the date the diagnosis is
suspected. Such patients, unlike others, without delay get
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into oncological institutions in case of cancer detection,
which means they receive all the needed specialized
oncological care in a timely manner.

CONCLUSION

Further development of programs aimed to improve the patient
examination rooms’ attendance in the Chelyabinsk Region,
as well as the introduction of the proposed tactical algorithm
in the work of the primary health care unit of the obstetric and
gynecological service for the early detection of background,
precancerous and malignant neoplasms, in the future will improve
cancer early detection rate, and therefore minimize the costs of
further treatment and rehabilitation of such patients, and, which
is most important, improve the cancer patients survival rate.
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INTOLERANCE OF PRESERVATIVE-CONTAINING EYE DROPS IN A GLAUCOMA PATIENT:
DIAGNOSTIC AND THERAPEUTIC CHALLENGES
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A patient presented to our clinic with stage la open-angle glaucoma of the right eye and stage lla surgically corrected open-angle glaucoma of the left eye. The
condition of the ocular surface was interpreted as toxic/allergic conjunctivitis provoked by brimonidine 0.15 %. Brimonidine was substituted with non-selective 0.5%;
additionally, topical steroids were prescribed. After steroids were discontinued, some of the symptoms came back, including moderate hyperemia and conjunctival
edema, which was interpreted as intolerance to a preservative contained in the eye drops. A decision was made to switch from the B-blocker to its preservative-free
formulation; regular IOP monitoring was continued. IOP measured during the next visit was above tolerated, so a preservative-free form of the ocular hypotensive
combination drug (an analog of prostaglandin 0.005% with non-selective B-blocker 0.5%) was introduced to the regimen, with further IOP monitoring. Because
the initial diagnosis was wrong, damage to the ocular surface had been aggravated by inadequate therapy. Preservative-free hypotensive eye drops are beneficial
for the corneal surface and have a positive effect on a patient’s adherence to the regimen.
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HEMEPEHOCUMOCTb KOHCEPBAHTOCOOEPXXALLIX MMA3HbIX KATMEJb NMPU NMAYKOME:
TPYOHOCTU OUATHOCTUKW, CJTOXKHOCTU NNEHEHUA

M. A. ®ponos’, K. A. Kagakosa'?5, I H. OytmHa’, A. M. ®ponos’, . A. loHyap'
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B knmHUKy nocTynun naumeHT ¢ auarHosom OD o/y rnaykoma 1a. OS onepupoBaHHas o/y rnaykoma lla. CoctosHMe rnas3Hor NoBEepPXHOCTU PaCLIEHEHO Kak
TOKCUKO-aNNeprnieckimii KOHbIOHKTVBUT Ha (hoHe NMpuMeHeHWst GpumMoHmanHa 0,15%. MposeneHa 3ameHa 6pymonnavHa 0,15% Ha HecenekTuBHbIA B-6nokatop
0,5% 1 HazHa4eHbl cTeponabl MeCTHO. Ha hoHe OTMeHbI CTeponaoB BbiI0 OTMEHEHO HaCTUHHOE BO30OHOBSEHNE CUMIMTOMOB B BUAE YMEPEHHO BbIPaXKEHHbIX
rmnepemMmnmn 1 0Teka KOHbIOHKTVBbI, HTO ObINO PaCLIEHEHO YXKe Kak HENepeHOCMMOCTb KOHCepBaHTa. bbino pelueHo 3aMeHnTb B-6nokatop Ha 6eCKOHCEPBaHTHYHO
hopMy nop, perynspHbIM KOHTPONEM ypoBHS BI'[, LOMONHUTENBHO PEKOMEHIOBAHbI CNe303aMEHUTENN, HE CofepyKallie KOHCepBaHTOB. Mpy crneaytoLLiem BU3UTe
OTMEYEHO MoBblLLIeHVe B BbilLe TonepaHTHOro, HadHaveHa 6e3koHcepBaHTHas (hopmMa KOMBUHMPOBAHHOMO MMMOTEH3MBHOMO CPEeACTBa (aHaslor MpocTarnaHayHa
0,005% c HecenekTMBHbIM B-6nokatopom 0,5%) nopg koHTponem ypoBHst BI. HenpasunbHas nocTaHoBKa AparHosa BHaYane nedeHns ycyrybuna coctosHue
rnasHoin NoBepxHOCTW. MprMeHeHe NpenapaTtos 6e3 KoHCepBaHTa 6NaronpPUSITHO BANSIET Ha MOBEPXHOCTL POrOBYILbI 1 MOBbILLAET KOMMIAEHTHOCTb MaLEHTOB.

KnioueBble crioBa: rnaykoma, KOHCEPBaHT, GECKOHCEpBaHTHas hopmMa npenaparta, GPUMOHUAVH, anneprideckas peakumus
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Topical ocular hypotensive therapy is one of the basic
therapeutic methods of reducing intraocular pressure (IOP).
Daily instillation of hypotensive eye drops is prescribed to 60—
80% of patients with glaucoma [1]. Such therapy is often long-
lasting or even life-long, and in some cases a combination of
several hypotensive drugs is required.

Today, there is an algorithm for prescribing ocular
hypotensive drugs. PGF2a analogs are often the drugs of first
choice since they are the most effective in reducing IOP and
have neuroprotective properties. If they fail to work, a switch to
prostamides (bimatoprost 0.03%) is recommended. If sufficient
IOP reduction cannot be achieved with prostamides, carbonic
anhydrase inhibitors can be introduced to the regimen. In the
absence of a desired outcome, fixed combination therapy
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should be used as a next-line treatment. Here, one-time
instillation of bimatoprost and timolol is the most effective [2].
Summing up, ophthalmologists have a vast armamentarium
of different classes of ocular hypotensive medications for
treating glaucoma; nevertheless, all of these drugs can have
adverse effects associated with their active ingredients or
preservatives, which most of eye drops have as a component [3].
Recent years have witnessed extensive research, both in
Russia and overseas, into the prevalence of ocular surface
pathology in patients with primary glaucoma and the effect
of preservatives on the ocular surface [4, 5-9]. There is
convincing evidence that preservatives cause the loss of goblet
cells, as well as mucin deficiency in the tear film, disrupt the
structure of the lipid layer, leading to excessive evaporation and
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hyperosmolarity of the precorneal tear film, produce a cytotoxic
effect on conjunctival and corneal epithelial cells, lead to
keratinization and inflammatory infiltration in the corneal limbus,
provoke elevated cytokines, and maintain inflammatory immune
response in the conjunctiva (proinflammatory readiness) 1, 5, 7, 10].

Active ingredients of ocular hypotensive drugs can also have
a detrimental effect on the ocular surface. For example, studies
have uncovered the mechanisms underlying the development
of corneal/conjunctival xerosis in patients receiving instillation
of B-blockers, including suppression of tear secretion and the
local anesthetic effect on the ocular surface epithelium; the
latter means that production of basal tears is understimulated
and conjunctival goblet cells fail to produce enough mucin if the
ocular surface epithelium is damaged [5].

Importantly, toxic and allergic reactions to ocular
hypotensive drugs can be immediate and delayed, complicating
the accurate diagnosis and sometimes resulting in inadequate
therapy (antibacterial or antiviral drugs, NSAID, etc.), which,
in turn, further aggravates ocular surface damage. A study
reports that in patients developing allergy to brimonidine (the
a,-selective adrenergic receptor agonist), the mean duration of
therapy before the onset of allergy was 4 to 15 months [11].

The treatment of patients with intolerance to preservatives
contained in hypotensive eye drops is accompanied by a
number of difficulties:

— intolerance of ocular hypotensive drugs dictates a switch
in the regimen, possibly more than once, meaning that the
patient incurs additional costs;

— if eye dryness is provoked by the preservatives in the eye
drops, preservative-free artificial tears (lubricating eye drops)
should be prescribed instead;

— if IOP control cannot be attained by using a one-drug
regimen, the patient should be tested for hypersensitivity to the
eye drops planned for use [11];

—if the patient develops toxicity, allergy, corneal/
conjunctival xerosis or it is impossible to exclude hypotensive
preservative-containing eye drops from the regimen, adjunct
therapy should be prescribed, including systemic and topical
antiallergic agents, steroids (which, in turn, can increase IOP)
and regenerants. If these drugs contain preservatives, they can
provoke allergy just the same;

— in some cases, polyvalent allergy to ocular hypotensive
drugs makes medication therapy impossible, so surgery is
recommended.

So far, a few preservative-free ocular hypotensive drugs
have been approved for use in the Russian Federation. A
positive effect of preservative-free hypotensive agents on the
ocular surface in comparison with their preservative-containing
counterparts has been demonstrated in multiple studies by
both Russian and foreign researchers [1, 4, 12-18]. However,
their wide use is hindered by a few obstacles:

— only 7 preservative-free hypotensive eye drops have been
approved in the Russian Federation;

— the majority of them contain a B-blocker. The hypotensive
effect of B-blockers is known to attenuate over time,
necessitating adding more drugs into the regimen. Besides,
the application of nonselective B-blockers is limited by their
systemic side effects.

Clinical case

The following clinical case seems interesting. Patient K., 67
years, residing in a remote Russian region, presented with
complaints of red, burning, watery eyes; the symptoms had set
in half a year before the appointment (see Fig.).

Medical history: la open-angle glaucoma of the right eye, lla
surgically treated open-angle glaucoma of the left eye. January
2017, the patient underwent nonpenetrating deep sclerectomy
and Ahmed valve implantation into the left eye. Postoperatively,
the patient received brimonidine instillation in both eyes. No
data were available on preoperative IOP in the left eye. In
May 2017, the patient presented to a local ophthalmologist,
complaining of pronounced redness of both eyes, and
was diagnosed with blepharoconjunctivitis. The patient’s
conjunctival culture was negative for pathogens, but the
patient tested positive for Demodex mites and was prescribed
anti-Demodex therapy and subconjunctival injections of
gentamicin and dexamethasone, reporting improvement
shortly thereafter. However, in the months that followed, the
patient had a few episodes of hyperemia. His condition started
to deteriorate in early November, 2017. The patient sought
medical advice at different clinics in the region of his residence
and also outside it. Repeated culture tests were negative; a
few mature Demodex mites were detected. A conjunctival
smear test revealed elevated white blood cells. The patient was
prescribed topical antiseptics, antibiotics, interferon and its
inducer, antihistamines, corticosteroids, lubricants for corneal
protection, and eye hygiene, with no positive effect.

The patient contacted our clinic in December 2017. On
examination: best corrected visual acuity (BCVA) 0.9 OD, 0.8
OS. IOP measured by air-puff tonometry: 18-19 mmHg OD,
20-21 mmHg OS. Eyelids were red and swollen; tear producing
organs were intact; excess tear production was observed. The
conjunctiva appeared pronouncedly red, with swollen fornices,
conjunctival follicles and eyelids; eye discharge was flaky and
scanty. Old subepithelial opacities were detected on the retina
in both eyes. On palpation, IOP was normal. The condition of
the ocular surface was interpreted as toxic/allergic conjunctivitis
provoked by brimonidine 0.15%.

Clinical case discussion

Substituting brimonidine 0.15% with nonselective B-blocker
(0.5%) and adding temporary topical steroids to the regimen,
with regular IOP monitoring, led to improvement, both subjective
and objective. After steroids were discontinued, some of the
symptoms came back, including moderate hyperemia and
conjunctival edema, which was interpreted as intolerance to a
preservative contained in the eye drops. A decision was made
to switch from the B-blocker to its preservative-free form; regular

Fig. The patient’s right eye. Conjunctival and pericorneal hyperemia. Conjunctival
follicles and moderate edema of the lower eyelid
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IOP monitoring was continued. Additionally, preservative-free
artificial tears were recommended. The choice of the marketed
form was dictated by the absence of other preservative-free
ocular hypotensive drugs in the patient’s area of residence.

The patient did not show up for the scheduled checkup
examination; we did not hear from him for over 9 months. As he
told us later, IOP measurements had been taken at a healthcare
facility in the patient’s area of residence. The patient contacted
us again in October 2018, complaining of deteriorating vision in
the left eye. According to the patient and Maklakov tonometer
readings in the medical history, IOP in the operated eye had
been fluctuating between 15 and 23 mmHg. On examination:
Vis OS = 0.2, BCVA = 0.5. The eyelids looked healthy, the
eyes were not watery, the conjunctiva also looked normal.
Ophthalmoscopy results: pallor of the optic disc, excavation at
the margin. Automated static perimetry revealed constriction
of the visual field (30°) at the nasal side and multiple absolute
central scotomas. IOP: 15 mmHg OD, 24 mmHg OS.

Due to the deteriorating visual acuity and elevated (24
mmHg) IOP in the left eye, the patient was advised to repeat
glaucoma surgery at his local healthcare facility. Medication
therapy was also prescribed, including a preservative-free
formulation of the ocular hypotensive combination drug (an
analog of prostaglandin 0.005% with non-selective B-blocker
0.5%). Further IOP monitoring was recommended. Because
the prescribed medication was not available in the patient’s
area of residence, he had to order it from another town.
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The recommended glaucoma surgery was not performed.
The patient presented to our clinic again in January 2019. The
visual field defect was not progressing; the condition of the
optic disc was stable. IOP: 16 mmHg OD, 19 mmHg OS. The
patients complained of occasional hyperemia, accompanying
the intake of artificial tears, which could have been an adverse
reaction to the instillation of the prescribed prostaglandin
analog. IOP measured at the patient’s local healthcare facility
was not stable, increasing to 22-24 mmHg in the left eye.

We strongly advised the patient to undergo repeat
glaucoma surgery because he had intolerance to preservative-
containing ocular hypotensive drugs, the drugs did not ensure
a stable hypotensive effect, and he lived in a remote region,
which complicated proper treatment monitoring.

CONCLUSIONS

Misinterpretation of the etiology of conjunctivitis/
blepharoconjunctivitis results in polypragmasy. Adding more
drugs to the regimen may aggravate damage to the ocular
surface and entails costs. In the absence of preservative-
free ocular hypotensive eye drops, preservative-containing
formulations used for treating glaucoma can trigger its
progression. Insufficient reduction of intraocular pressure does
not allow a patient to discontinue preservative-containing
drugs, which negatively affects the quality of a patient’s life and
their adherence to the regimen and can lead to repeat surgery.
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