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EFFECTS OF STANDARD AND PHOTOACTIVATED PLATELET-RICH PLASMA ON HUMAN MENISCUS
FIBROCHONDROCYTES IN IL-13-INDUCED INFLAMMATION

Kerimov KB', lvanov AS'23 = Tananakina TP?, Kashchenko SA?, Pogorelova 1A

" MEDSI Clinic, Clinical Hospital No. 1, Moscow, Russia

2 Scientific and Diagnostic Center "Polyclinic on Smolenskaya", Moscow, Russia

8 St. Luke Lugansk State Medical University, Russia

The meniscus degeneration pathogenesis is important for understanding and developing new treatment methods; it includes biochemical, structural, and
microcirculatory alterations affecting all joint structures. The study aimed to perform in vitro assessment of the effects of standard and photoactivated platelet-rich
plasma (PRP) on the IL6, IL17A concentrations, expression of COL2A1 and CD95 apoptosis marker in human meniscus fibrochondrocytes in the IL1B-induced
inflammation. The human knee meniscus cartilage tissue was collected from 12 somatically healthy donors aged 18 to 35 years for the experiment. Cells were
divided into four groups: the first was intact (control), the second, third, and fourth ones were exposed to IL18 to induce degenerative alterations; the second one
was supplemented with 0.9% NaCl, the third one with donor PRP, and the fourth one with photoactivated PRP. Parameters were determined after 48 h. Statistical
analysis was performed in GraphPad Prism 9. The m-ANOVA was used for related groups. Data were presented as mean + SD, at p < 0.05. IL6 (79.6 + 4.3 pg/mL vs.
28.4 +2.1 pg/mL), IL17A (42.8 + 2.5 pg/mL vs. 14.2 + 1.0 pg/mL), CD95 (28.5 + 2.2% vs. 6.8 + 0.7%) levels increased in group Il compared to group I; COL2A1
levels decreased from 1.00 + 0.08 to 0.42 + 0.5. IL6 levels decreased to 55.1 + 3.4 pg/mL, IL17A —t0 29.4 + 2.1 pg/mL, CD95 —to 17.2 + 1.5%, and COL2A1
levels increased to 0.71 + 0.06 in group Il compared to group Il IL6 levels decreased to 38.2 + 2.6 pg/mL, IL17A —1t0 18.6 + 1.7 pg/mL, CD95 —t0 9.4 + 0.8%,
and COL2A1 levels increased to 0.94 + 0.07 (p < 0.05) in group IV compared to group lll. Standard PRP has a positive effect on meniscus tissue in vitro after 48 h.
The effect is enhanced after the PRP exposure to red light.

Keywords: meniscus, fibrochondrocytes, platelet-rich plasma, PRP, photoactivation, red light, interleukin, COL2A1, CD95

Author contribution: Kerimov KB — study design, experimental procedure, calculations; lvanov AS — study design, experimental design; Tananakina TP — study

design, experimental design, scientific supervision; Kashchenko SA — scientific editing, scientific supervision, part in preparing the experiment; Pogorelova IA —
technical proofreading, part in preparing the experiment.

Compliance with ethical standards: the study approved by the Ethics Committee of the St. Luke Lugansk State Medical University (protocol No. 2 dated May
26, 2026) was fully compliant with the Eurasian Economic Commission (EEC) Board "Guidelines for the Use of Laboratory (Experimental) Animals in Preclinical
(Non-Clinical) Studies" dated November 14, 2023, No. 33, principles of the European Convention for the Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes, as well as the Directive of the European Parliament and of the Council of the European Union on the Protection of Animals Used for
Scientific Purposes. All the patients submitted the written informed consent for the material collected to be used for experimental purposes.
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B/IMAHUE CTAHOAPTHOWN Y ®OTOAKTUBUPOBAHHOW OBOTALLIEHHOW TPOMBOLIMTAMU MNA3MbI
HA ®UBPOXOHOPOLNTbI MEHUCKA YENTOBEKA MPU IL13-MHAYUNPOBAHHOM BOCIAJIEHN
K. B. Kepvmos', A. C. Msaros'28= T, M. TanaHakvHa®, C. A. KaweHko?, V. A. Moropenosa®

T KnuHunka «MEOCW», KnuHndeckas 6onbHmua Ne 1, Mocka, Poccust
2 Hay4Ho-aparHocTnyieckumin LeHTp «MonmknnHnka Ha CMoneHckoi», Mocksa, Poccust
3 Ore0Y BO JITMY umenn Cesatutens Jlykn Munsgpasa Poccum, Poccurst

[MaToreHe3 gereHepaTVBHbIX U3MEHEHU MEHUCKA BaXKeH A1 MOHUMaHWUA 1 paspaboTKy HOBbIX METOAMK NEeYeHNUs 1 BKIoYaeT B cebs BUoxXuMmnyeckue,
CTPYKTYPHbIE 1 MYKPOLIMPKYNISTOPHBIE M3MEHEHWSI, 3aTparmBalolLe BCe CTPYKTYpbl cycTaBa. Llenb nccnenosanvs — vdyunTb BAUSIHUE CTAHOAPTHOW U
hoTOaKTVBMPOBaHHON oboralleHHo TpoMboLwmTammn nnasmbl (PRP) in vitro Ha kKoHueHTpauwto IL6, IL17A, akcnpeccuto COL2AT 1 mapkepa anontosa CD95
H1OPOXOHAPOLMTOB MeHMcKa Yenoseka npu IL1B-nHayLmpoBaHHOM BocnaneHum. [na akcneprMeHTa oTobpani XpALLEeBYo TkaHb MEHVCKa KOSIEHHOro CcycTaBa
Yenoseka y 12 COMaTHecKm 300P0BbIX AOHOPOB OT 18 [0 35 neT. KneTki pasaeneHbl Ha YETbIPE Mpymibl: NMepBast — UHTAKTHas! (KOHTPOSTb), BTOpast, TRETbS! 1 YeTBEpTas!
nopBepranvce BozaeicTamio IL13 ANs MHOYKUMN AereHepaTnBHbIX M3MeHeHWI, Bo BTopyto BHocun 0,9% NaCl, B TpeTbto — PRP 1oHOpOB, B YeTBEPTYIO —
PRP ¢ chotoakTtvBaumet. MNMokazatenn onpeaensnv Yepes 48 4. Ctatmctnyeckue pacyetsl npooaunn B GraphPad Prism 9. [1ns cBsi3aHHbIX rpynn NpUMeHsm
rm-ANOVA. [JaHHble NpeacTaBeHs! kak mean + SD, mpu p < 0,05. Bo Il rpynne B cpasHeHnm ¢ | Bospactanm IL6 (79,6 + 4,3 ni/mn npotve 28,4 + 2,1 nr/mn), IL17A
(42,8 + 2,5 nr/mn npotue 14,2 + 1,0 nr/mn), CD95 (28,5 + 2,2% npotvs 6,8 + 0,7%) cooTBeTCTBEHHO; cHM3uncst COL2AT (c 1,00 + 0,08 go 0,42 + 0,05); B
Il rpynne no cpasHeHnto co Il cHxanueb IL6 no 55,1 + 3,4 nr/mn, IL17A — no 29,4 + 2,1 nr/mn, CD95 no 17,2 + 1,5%, COL2A1 nosbicunca go 0,71 + 0,06;
IV rpynne no cpasHeruto ¢ Il cHwkanmes IL6 go 38,2 + 2,6 nr/mn, IL17A — pgo 18,6 + 1,7 nr/mn, CD95 — po 9,4 + 0,8%; nosbicunca COL2A1T go 0,94 + 0,07
(o < 0,05). CraHpapTHast PRP okasblBaeT NonoxmTenbHoe BAUSHME Ha TKaHW MeHWCKa in vitro Yepes 48 4. OddeKT ycunmBaeTcs Nocne BO3AEVICTBIS KDACHOrO
cBeta Ha PRP.

Kntoyesble cnosa: MeHNCK, (hrOpOXOHAPOLMTLI, 0boralLeHHas TpomboLmTammn nnasama, PRP, (hoToakTvBaums, kpacHbin CBET, nHTepnenkiH, COL2A1, CD95
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Musculoskeletal disorders with the human knee meniscus
degenerative-dystrophic alterations affect a broad segment
of the population, primarily people of working age, and often
become the cause of disability, which determines the medical,
social and economic burden for each patient and society as
a whole [1]. The meniscus tissue degeneration pathogenesis
includes biochemical, structural, and microcirculatory
alterations affecting all joint structures, and understanding the
pathogenesis is important for the development of new treatment
methods [2]. The cartilage degeneration results from the
combined effects of biological and mechanical factors leading
to violation of the joint homeostasis, subsequent development
of persistent inflammation with the increase in pro-inflammatory
cytokine concentrations, initiation of apoptotic processes,
downregulation of the genes encoding the extracellular
matrix components, and, finally, to the cartilage tissue volume
reduction and the joint biomechanics alteration [3].

Pro-inflammatory cytokines (IL1, IL6, IL8, IL17A, and tumor
necrosis factor) play a significant role in the development of
progression of the meniscus tissue degeneration. IL1[ causes
inhibition of the new collagen and proteoglycan synthesis in
chondrocytes, including due to activation of metalloproteinase
enzymes. The tumor necrosis factor induces local synovial
membrane inflammation and chondrocyte apoptosis in the joint.
IL8 causes the recruitment of immune cells (neutrophils and
macrophages) into the joint cavity, thereby increasing damage
[4]. IL6 is known not only as an inflammation development
and progression factor; its physiological effects are of great
importance. It is produced by T and B cells, granulocytes,
smooth muscle cells, eosinophils, mast cells, glial cells,
keratocytes; it is involved in the endocrine, hematopoietic,
nervous system functioning [5]. In previous in vitro studies, the
IL6 capability of inducing inhibitors of matrix metalloproteinases
was determined [6]. The increase in the synovial fluid cytokine
concentrations leads to increased pain and loss of cartilage
tissue volume, especially in end-stage osteoarthritis [1, 7].
[t has been shown that in patients with the combination of
obesity and osteoarthritis, blood levels of IL6 are elevated and
correlation with the progression of these disorders [8].

IL17A plays an important role in the pathogenesis of the
knee meniscus tissue degeneration. The cytokine is produced
by macrophages, as well as by the y6-T cells that are found
in mucous membranes and involved in antimicrobial immunity.
It is assumed that these cells contribute to bone tissue
regeneration. In individuals with the knee meniscus tissue
degeneration, y6-T cells can cause the increased interleukin
production on a par with NK cells, the synovial membrane
counts of which are increased in osteoarthritis [9]. NK cells
accumulate in inflamed tissues, where these are stimulated by
other pro-inflammatory cytokines (IL12, IL15, and IL18) secreted
by monocytes. Suppression of anabolic factors (for example,
downregulation of the COL2A1 gene) in chondrocytes with
subsequent degenerative changes occurs under the exposure
to IL17A. Thus, it has been found that the concentration of pro-
inflammatory cytokines is significantly decreased in patients
post total knee replacement [10-13].

Collagen, ensuring the connective tissue strength, elasticity,
regulation, and regeneration, is the main structural component
of extracellular matrix. Collagen type Il is a component of
cartilage tissue, being the main component of the alpha chain;
it is encoded by the COL2A7 gene [14, 15]. The COL2A1
expression tissue-specific nature is a fundamental factor in
determining the clinical features of associated diseases, divided
into two groups depending on the affected tissue type. The first
group includes developmental disorders of the musculoskeletal
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system (for example, dwarfism, kyphoscoliosis, limb shortening,
joint abnormalities, hard palate malformations) and its functional
competence in adulthood (for example, osteoarthritis affecting
joints of various localizations). The second group includes
extraskeletal abnormalities (hearing loss, eye disorder, such as
myopia, retinal detachment, etc.) [16, 17].

Apoptosis, oxidative stress, age, nutrition, and hereditary
factors are elements of the meniscus tissue degeneration
process [18]. Apoptosis is triggered by activation of the CD95
receptor located on the cell membrane that is a member of the
tumor necrosis factor a (TNF a) group [19]. The CD95 receptor
triggering results in the emergence of a multi-protein complex,
the interaction of which with the adapter molecules results in not
only cell death, but also cell proliferation. Apoptosis most often
occurs via the mitochondrial pathway, in which mitochondrial
contents enter the cytoplasm due to activation of the p53
protein, activation of enzymes, DNA fragmentation, production
of proapoptotic bodies and subsequent cell phagocytosis [20].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
conventionally used for treatment of chondropathy of various
origins, including osteoarthritis affecting joints. However,
platelet-rich plasma (PRP) has become increasingly widely
used in recent years. Various studies have shown that PRP can
reduce inflammation and chondrocyte degeneration [21-24].
Photoactivated PRP enhances bioactivity and regeneration
capacity of platelets through active release of growth factors
contained in alpha granules, specifically the transforming
growth factor 1 (TGF-B1), fibroblast growth factor, and
platelet-derived growth factor [25]. The effectiveness of
the treatment method used was demonstrated in large cohorts
of patients, along with NSAIDs and glucocorticoids, but the
mechanism underlying alteration of the secretory, phenotypic,
and matrix profiles of chondrocytes in the meniscus tissue with
degenerative alterations is poorly understood, it is of great interest
in terms of determining biological targets when using PRP.

The study aimed to assess the effects of standard and
photoactivated PRP on pro-inflammatory cytokine (IL6, IL17A)
concentration, collagen type Il (COL2AT) gene expression,
and the CD95 apoptosis and meniscus degeneration marker
in human meniscus fibrochondrocytes in the IL1B-induced
inflammation in vitro.

METHODS

Chondrocytes isolated from the patients’ knee joint menisci
were used for the study; fragments of menisci were collected
by arthroscopic resection during reconstruction of the anterior
cruciate ligament. Experiments were conducted at the St. Luke
Lugansk State Medical University.

The meniscus cartilage tissue samples were collected from
12 somatically healthy patients aged 18-35 years. Exclusion
criteria: patients having systemic inflammatory disorders of
immune and infectious origin; septic arthritis; treatment with
intra-articular glucocorticoid injections throughout a month
before the intervention. Inclusion criteria: degeneration of the
knee meniscus verified based on the knee magnetic resonance
imaging data and confirmed during arthroscopy; possibility of
collecting sufficient quantities of tissue samples (4-8 mm? in
total) to be later used in the experiment.

The collected meniscus tissue samples of all 12 donors
were washed in phosphate buffered saline supplemented
with penicillin (100 U/mL) and streptomycin (100 pg/mL),
then crushed to 1-2 mm?, and further treated with the 0.2%
collagenase type Il enzyme (Thermo Fisher Scientific, USA;
catalog number 17101015, specific activity = 125 U/mg (Mandl
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units)). This enzyme was selected due to optimal ratio of the
associated proteases, clostripain, and lipases essential for the
hydrolysis of rigid collagen type |l fibers. Cartilage disaggregation
was conducted throughout 12 h at a temperature of 37 °C in
the 5% CO, atmosphere with constant rocking. The resulting
cell suspension was filtered through the nylon filter with the pore
diameter of 70 pm and then centrifuged at 1500 rpm for 5 min.
The isolated chondrocytes were cultured in the DMEM/F12
medium (Dulbecco's Modified Eagle Medium/Nutrient Mixture
F-12) supplemented with the 10% fetal bovine serum and 1%
penicillin and streptomycin solution at 37 °C, 5% CO,. Cells
from 2-3 passages were used for the experiment. Meniscus
tissue samples from each donor were divided into four groups
[26]: the first group remained unexposed, in all other samples
degenerative damage was modeled by adding IL1, standard
PRP was added to cells of the third group, photoactivated PRP
was added to cells of the fourth one.

Degenerative changes in the cells were induced by
exposing the conjugated chondrocyte cultures (80-90%) to
recombinant human IL13 (R&D Systems (Bio-Techne, USA;
catalog number: 201-LB-005 per 5 pg) at a concentration
of 10 ng/mL throughout 48 h. Such experimental approach
was selected based on the earlier validated models of
ostheoarthrosis and degenerative damage to meniscus tissue
showing the IL1B3-mediated activation of catabolic signaling
pathways, degradation of the extracellular matrix, production
of pro-inflammatory cytokines, and activation of apoptosis [27].

PRP was produced from the peripheral venous blood of
the meniscus tissue donors after the admission and before the
drug and surgical treatment in order to minimize the effects of
medications used for anesthesia and further treatment. To strictly
control the method reproducibility, avoid the cell composition
contamination, and ensure dosage standardization, the
Ycellbio test tubes (Ycellbio Medical Co., Ltd., Korea) and the
two-step centrifugation protocol were used. Whole blood was
collected straight in the test tubes containing 3.8% sodium
citrate solution as an anticoagulant in a standard ratio. Sodium
citrate was used strictly as an inhibitor of premature platelet
activation during blood sampling and fractionation. The platelet
concentrate isolation was performed using a specialized PLC-02
laboratory centrifuge (Ycellbio Medical Co., Ltd., Korea)
equipped with the 45° fixed angle rotor with the maximum
radius of rotation R__ = 13.5 cm. The first centrifugation was
carried out at 1500 rpm (relative centrifugal force about 300 x Q)
for 10 min; after a few seconds, a second centrifugation was
performed at 3500 rpm (relative centrifugal force about
1650x g) for 10 min. The resulting PRP produced in accordance
with the manufacturer’s instructions contained 1.0-1.2 x 10°
platelets/uL, which corresponded to the 4-5-fold increase in
platelet concentration compared to the baseline peripheral
blood level. According to PAW (Platelet, Activation, White blood
cells) classification: class P3-A (high platelet concentration,
Nno previous exogenous activation, leukocyte-erythrocyte
fraction) [28].

Photoactivation of experimental PRP samples without
cartilage cells was performed by exposure to red light using a
LED photoactivation system (Juventix LED Activator, USA)
with the following settings: wavelength — 650 + 10 nm,
power density — 80 mW/cm?, radiation spectrum full width at
half maximum (FWHM) — 20 nm, beam divergence angle —
120°, exposure time — 7 min, distance from the light source —
10 cm, ambient temperature — 22-24 °C. The output power
density (80 mW/cm?) stability was ensured by a precision current
power supply with the integrated power feedback, certified by
the equipment manufacturer. Such parameters were selected

to ensure the release of growth factors from alpha-granules of
platelets due to more intense energy effect. Such PRP activation
parameters were also selected considering the plasma optical
density (possibility of light absorption by proteins). Immediately
after photoactivation PRP added to the culture medium
containing chondrocytes at the final concentration of 10% [29].

Biological samples obtained from each donor were evenly
distributed across all experimental groups. Samples from each
donor (n = 12 biological units (donors)) were coded with numbers,
and laboratory tests were carried out in a blind manner. Cells
from each donor were divided into four experimental groups,
for each of which three technical replicates were performed:
group 1 (control) — intact chondrocytes, no experimental
exposure to interleukin; group 2 — chondrocytes exposed to
IL18 supplemented with saline (0.9% sodium chloride solution);
group 3 — cells altered under exposure to IL13 added PRP
without photoactivation; group 4 — cells altered under
exposure to IL1B added photoactivated PRP only. Equivalent
volumes of saline (0.9% sodium chloride solution) and PRP
were added. IL6, IL17A, CD95, COL2A1 levels were assessed
48 h after the start of cell incubation with the addition of normal
and photoactivated PRP.

The IL6, IL17A concentrations were determined using the
R&D Systems kits (by Bio-Techne), series Quantikine ELISA
(USA), in accordance with the manufacturer’s protocol. The
CD95 apoptosis marker was assessed using flow cytometry,
the COL2A1T expression was determined using the real-time
polymerase chain reaction (RT-gPCR).

The COL2A1T (collagen type Il) expression levels were
determined by the real-time quantitative polymerase chain
reaction (RT-gPCR) in strict compliance with the MIQE
international standard [30].

The total RNA extraction from the cartilage tissue
samples was performed using the RNeasy Mini Kit (Qiagen,
Germany) in accordance with the manufacturer’s protocol. The
extracted RNA concentration and purity were assessed by
spectrophotometry using NanoDrop 2000 (Thermo Scientific,
USA) based on the A260/A280 optical density ratio (within the
range of 1.8-2.0). The RNA integrity was confirmed by the 1%
agarose gel electrophoresis. The complementary DNA (cDNA)
was synthesized from 1 pg of the total RNA using the RevertAid
RT Reverse Transcription Kit (Thermo Scientific, USA) and the
mixture of oligo (dT) and random primers.

To avoid errors associated with the use of only one
unvalidated reference, the data were normalized to the
geometric mean of two stable human genes: GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) and ACTB
(B-actin). Human-specific oligonucleotide primers (NCBI Primer-
BLAST) were selected at the boundaries of exon-exon junctions
(intron-spanning) to avoid amplification of the genomic DNA.
Amplification was accomplished in the CFX96 Touch system
(Bio-Rad, USA) with the SYBR Green intercalating dye using
the PowerUp SYBR Green Master Mix (Applied Biosystems,
USA). The protocol included denaturation (95 °C, 2 min) and
40 cycles: denaturation (95 °C, 15 c¢), annealing/elongation
(60 °C, 30 c). To verify product specificity after each launch,
melting curves were analyzed with the range of 65-95 °C; in
all reactions, a single melting peak without primer dimers was
recorded. Each biological sample was tested in technological
triplicates with the mandatory use of controls with no template
(NTC) and no reverse transcriptase (NRT).

The ampilification efficiency (E) was determined based on
calibration curves of 5-fold serial dilutions of the cDNA pool.
The straight line slope was between -3.31 and -3.34 (R, > 0.99),
which showed high and comparable efficacy of reactions:
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(E = 99.1%) for COL2A1, (E = 99.6%) for GAPDH, and (E =
98.9%) for ACTB. The COL2A7 mRNA relative expression
was calculated using the comparative 2-AA Ct method [31].
The ACt value was determined as the difference between the
threshold cycle of the target gene and the geometric mean of
threshold cycles of reference genes (CtCOL2AT — geometric
mean Ctref). The final value of the fold change of expression
was expressed relative to the control group (intact/healthy
untreated cells).

Determination of the CD95 membrane receptor
expression by flow cytometry

The CD95-positive cell counts and the receptor expression
density on the membrane were assessed using a monoclonal
mouse antibody against human CD95 (Mouse Anti-Human
CD95, BioLegend, USA). The phycoerythrin (PE) fluorochrome
was used for conjugation of antibodies (BioLegend, Inc., USA).

The chondrocyte suspension in the amount of 1 x 106 cells
per test was precipitated by centrifugation at 300x g for 5 min.
The cell sediment was resuspended in 100 pL of phosphate-
buffered saline (PBS) containing 0.5% bovine serum albumin
(BSA) and 2 mM EDTA (cytometry buffer). In order to minimize
nonspecific binding via Fc receptors the samples were pre-
incubated with the reagent for Fc receptor blockage (Human
TruStain FcX (BioLegend), USA), 10 min at +4 °C. The Anti-
CD95 monoclonal antibody was added (BiolLegend, Inc.,
USA), 5 uL per test, and incubation was performed for 30 min
in a dark place at a temperature of +4 °C. After the end of
incubation the cells were twice washed with 1 mL of excess
cold cytometry buffer by centrifugation (300x g, 5 min). The
resulting sediment was resuspended in 300 uL of buffer. A vital
dye, propidium iodide (Pl) (Sigma-Aldrich (Merck), USA), at a
concentration of 1 ug/mL was added to samples 5 min before
the analysis in order to avoid artifacts.

Gating was performed in the BD FACSCanto Il flow
cytometer (BD Biosciences, USA), it involved recording of at
least 50,000 target events for each sample. Data analysis was
conducted using the FlowJo software (FlowdJo, LLC (subsidiary
of Becton, Dickinson and Company/BD Biosciences), USA).
The live cell gating was performed by constructing the vital
dye PI/7-AAD (Sigma-Aldrich, USA; BD Biosciences, USA)
fluorescence distribution histogram. In further analyses, only
the negative fraction dye was used (PI7/7-AAD") to completely
exclude dead cells from the CD95 expression analysis. Final
gating was performed based on the fluorescence histogram
in the PE detection channel through determination of the
boundary (gate) separating CD95 and CD95%events. The
boundary positioning was carried out strictly according to the
upper fluorescence boundary of the isotype/FMO control (no
more than 0.1-0.5% false positives were allows in the control).
Quantity was assessed as a percentage of CD95-positive cells
and the mean fluorescence intensity (MFI) reflecting the density
of Fas receptors on the cell.

Data analysis was conducted in GraphPad Prism 9.4.1
(GraphPad Software, LLC (USA) and G*Power 3.1.9.7
(Heinrich Heine University Diisseldorf, Germany). A priori
power calculation for the rm-ANOVA model (intragroup factor,
four groups, a = 0.05, power 1-f = 0.80, expected large
effect size f = 0.45 based on pilot data) defined the minimum
sample size of n = 10. A total of 12 individual chondrocyte
donors were included in the study. The distribution was tested
for normality using the Shapiro-Wilk test and Q-Q plots [31],
testing for homogeneity of variance was performed using
the Levene's test [32], and that for sphericity was performed
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using the Mauchly's sphericity test. The rm-ANOVA (with the
Greenhouse—Geisser correction for violation of sphericity)
with the specified F-statistics F (f, . df ) was used for
related groups. Considering the simultaneous analysis of four
indicators (IL6, IL17A, CD95, COL2A1), the critical significance
level for rm-ANOVA was Bonferroni adjusted to p_, = 0.0125).
The pairwise post-hoc comparison was performed using the
Tukey's test (p <0.05) based on the within-subject residual
variance of the error (MS_ ). The data are presented as mean
+ SD and box-and-whisker plots with individual points. The
95% Cl for the difference between means, partial eta-squared
(n®p) for the group factor, and the Cohen's d (d)) for pairwise
comparison were calculated.

RESULTS

Under the exposure of human meniscus chondrocytes to
IL1B in vitro, the development of stable immune-inflammatory
alterations, associated with the considerable increase in the
levels of the studied pro-inflammatory cytokines, was reported
within 48 h at the molecular level. The IL6 level increased
2.8-fold; p < 0.05; 95% CI for the difference between means:
[48.2; 54.2]; n* = 0.984. Similar changes were reported for the
IL17A concentration that increased 3-fold, p < 0.05; 95% ClI for
the difference between means: [26.8; 30.4]; n? = 0.984. In the
cell cultures of donors included in group 2, the percentage of
CD95-positive chondrocytes increased 4.2-fold, p < 0.05; 95%
Cl for the difference between means: [20.1; 23.3]; n? = 0.980),
which suggests the fibrochondrocyte apoptosis initiation at
the phenotype level. At the same time the expression of the
main matrix protein COL2A1 was depressed 2.4-fold, p < 0.05;
95% ClI for the difference between means: [-0.62; -0.54];
1% = 0.954, which may indicate the collagen synthesis suppression
and its degradation under the exposure to IL1p (Table 1).

Adding standard PRP to the meniscus cell samples resulted
in partial mitigation of induced inflammatory and degenerative
processes in all the studied cultures. This clearly manifested
itself in the 1.4-fold decrease in the IL6 concentration; p < 0.05;
95% CI for the difference between means: [-27.1; -21.9];
n%=0.911, 1.5 decrease in the IL17A concentration; p < 0.05;
95% CI for the difference between means: [-15.4; —-11.4];
1% = 0.879. At the cell phenotype level, the percentage of
CD95-positive cells decreased 1.66-fold; p < 0.05; 95% ClI for
the difference between means: [-12.8; -9.8]; n = 0.919. The
COL2A1T gene expression increased 1.7-fold, p < 0.05; 95%
Cl for the difference between means: [0.24; 0.34]; n* = 0.896
(Table 2).

After adding photoactivated PRP, a significant regression
of inflammatory chondrocyte alteration was reported in all the
studied groups. The IL6 levels decreased 1.4-fold; p < 0.05; 95%
Cl for the difference between means: [-19.1; —=14.7]; n? = 0.970
compared to the values obtained after adding standard PRP.
The IL17A concentration decreased 1.6-fold; p < 0.05; 95% Cl
for the difference between means: [-12.1; -9.5]; n* = 0.972. At
the phenotype level, the 1.8-fold decrease in the percentage of
CD95-positive cells was observed after adding photoactivated
PRP; p < 0.05; 95% CI for the difference between means:
[-8.4;-7.2]; 1% = 0.975 compared to the groups of cells treated
with standard PRP. The COL2A7 gene expression increased
1.3-fold, p < 0.05; 95% CI for the difference between means:
[0.18; 0.28]; n? = 0.931, which was almost compared with the
values of the intact group (Table 3).

The dynamic changes in the studied indicators for all
groups of in vitro cultures of the human meniscus cartilage are
presented in Fig.



Table 1. Effects of interleukin-1 on the secretory, phenotypic and matrix profiled of human meniscus chondrocytes in vitro after the 48-h incubation (M + SD
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[95% ClJ, n = 12)
Indicator Control P IL18 + 0,9% NaCl p
((:SZQAAéo Ed.ogos;iﬁb%? 0.001 ?ﬁgi; 8_'25‘:’]* 0.001

Note: * — p < 0.05 compared to control.

The IL6 concentration in group 2 increased by 180.3%
(2.8-folda), IL17A concentration increased by 201.4% (3-fold),
CD95 level increased by 319.1% (4.2-fold), and COL2AT level
decreased by 58.0% (2.4-fold) compared to the control group
(Fig.). The use of standard PRP resulted in the IL6 decrease
by 30.8%, IL17A decrease by 31.3%, CD95 decrease by
39.6%; COL2A1 increased by 69.0% compared to group 2.
The use of photoactivated PRP resulted in the decrease in the
levels of pro-inflammatory cytokines: IL6 by 52.01% (2.08-fold),
IL17A by 5654% (2.30-fold), CD95 apoptosis marker by
67.02% (3.03-fold); COL2AT increased by 123.81% (2.24-
fold) compared to group 2. When compared to the indicators
of group 3, the effect of photoactivated PRP was superior to
that of standard PRP: for IL6 — by 30.67% (1.44-fold), for
IL17A — by 36.73% (1.58-fold), for CD95 — by 45.35% (1.83-
fold); the COL2A1T growth by 32.39% (1.32-fold) was reported,
confirmed by the paired post-hoc Tukey’s test.

DISCUSSION
The meniscus tissue degeneration is accompanied by low-

grade inflammation due to the increase in the levels of pro-
inflammatory cytokines, as well as by the cartilage tissue

volume reduction [1, 5, 7]. In our study, the exposure to
IL1B resulted in triggering the immune inflammation and the
meniscus tissue degeneration in vitro as early, as 48 h after
incubation. This is supported by the considerable increase
in IL6 and IL17A levels compared to the control group, the
increase in apoptosis marker levels, and the decrease in the
COL2A17 gene expression. This fact suggests that the more
prolonged exposure to IL13 may result in more pronounced
alterations, being one of the key cytokines of the degenerative
damage to the meniscus tissue [8].

The COL2A17 was selected as one of the molecular
indicators of the meniscus fibrocartilaginous tissue due to its
high pathogenetic significance for modeling osteoarthritis.
The meniscus tissue is heterogeneous due to predominance
of collagen type | ensuring elasticity in the vascular zone;
the structure of the avascular zone that was collected for
the study was close to that of the hyaline cartilage due to
chondrocyte-like cells and the expression of collagen type |l
[33]. In the osteoarthritis- and obesity-associated inflammation,
a phenotypic shift occurs in the meniscus cells, resulting
in apoptosis and the decreased collagen type Il synthesis
(COL2A1). This gene is a marker of the meniscus avascular
zone extracellular matrix degeneration and loss of shock-

Table 2. Effects of platelet-rich plasma on the inflammatory, phenotypic, and matrix profiles of human meniscus chondrocytes in vitro in the context of interleukin-1p-

induced inflammation (M + SD [95% CI], n = 12).

Indicator IL1B + 0,9% NaCl IL1B + PRP 1%
L6 (pgm) 70.9:62. 004 555571 0001
IL17A (pg/mL) [3?:2;2‘21:451] 0.05 ?29841 %32017;!;& 0.05
o095 (% 271:269 005 16211621 o0t
o 01 030, 0451 o001 w075 004

Note: # — p < 0.05 compared to the group of IL1.

Table 3. Comparative analysis of the effects of standard and photoactivated platelet-rich plasma on the inflammatory, phenotypic, and matrix profiles of human
meniscus chondrocytes in vitro in the context of interleukin-1B-induced inflammation (M + SD [95% Cl], n = 12).

Indicator IL13 + PRP IL1B + photoactivated PRP P

55.1+34 38.2+26

IL6 (pg/mL) (52.9; 57.3] 0.001 [36.5; 39.93 0.01
294 +21 18.6 £ 1.7

IL17A (pg/mL) [28.1: 30.7] 0.05 [17.5; 19_7T] 0.001
172+15 9.4 + 0.8t

0

CD95 (%) [16.2; 18.2] 0.01 8.9: 9.9] 0.003

COL2A1 0.71 + 0.06 0.94 + 0.071

(2-AA CY [0.67; 0.75] 0.04 [0.90; 0.98] 0.04

Note: T — p < 0.05 compared to the group of standard PRP.
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Fig. 1. Inflammatory (L6, IL17A), phenotypic (CD95), and matrix (COL2A1) profiles of human meniscus chondrocytes in vitro | the IL1B-induced inflammation adjusted with
standard and photoactivated PRP. Control — intact control group not exposed to IL18; IL1B + 0,9% NaCl — group 2, IL18 + PRP — group 3; IL18 + p PRP — group 4. Each
individual point on the graph corresponds to the average value of technical replicates for one biological donor out of 12. # — p < 0.05 compared to the “IL1B” group; T —
p < 0.05 compared to the "IL18 + PRP” group (post-hoc Tukey'’s test for repeated measurements)

absorbing properties, up to the emergence of perforations
[384]. Assessment of this indicator makes it possible to verify
the therapy capability of preserving the chondrocyte-like
phenotype of the meniscus cells and blocking the catabolic
cascade, which cannot be assessed by analyzing distinct
fibrous tissue substitution markers only (of collagen type I) [35].

Adjustment with platelet-rich plasma that can reduce the
degenerative alteration manifestations in chondrocytes leads
to the reduction of inflammation, which is similar to the effects
of nonsteroidal anti-inflammatory drugs or glucocorticoids
[2, 21-24]. Furthermore, PRP contains no additional chemical
components. It contains only platelets that, in addition to
their regenerative properties, can reduce manifestations of
inflammation. The decrease in the IL6, IL17A, and CD95
marker concentrations was determined, along with the
increase in the COL2A1 expression due to the PRP biological
activity. Some in vitro and ex vivo studies suggest that PRP can
cause chondrocyte proliferation. This process can come at the
expense of mature cells, which, under similar conditions, exhibit
the properties of fibroblasts, reducing the COL2A7 expression,
and synthesize the fibrous collagen type | (COL2AT) [36]; this
was not confirmed in our study.

As determined in our experiment, the use of photoactivated
plasms leads to further enhancement of the platelet biological
activity and regenerative capacity. This can be due to the active
release of the platelet-derived growth factors deposited in alpha
granules and the inflammatory signaling pathway modulation.
The key role in the fibrocartilaginous tissue regeneration and
reduction of damage is played by the transforming growth
factor B-1 (TGF-B1), fibroblast growth factor (bFGF/FGF2), and
platelet-derived growth factor (PDGF) [24, 25]. The reported
molecular genetic and cellular effects were especially significant
in group 4: the IL6, IL17A, and CD95 levels decreased and the
COL2A1 gene expression increased almost to the values of
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intact chondrocytes in group 1. The pro-inflammatory cytokine
levels decreased due to inhibition of the key transcription
factor NF-kB (nuclear factor kappa B). Phosphorylation and
degradation of the kB inhibitory protein are blocked under
the exposure to PRP, which later leads to the knockout of the
genes encoding pro-inflammatory cytokines. Photoactivation
leads to the enhancement of such effect through activation of
the mitochondrial cytochrome C oxidase activation, adenosine
triphosphoric acid (ATP) stimulation, and the short-term
release of reactive oxygen species activating endogenous pro-
inflaonmatory factors. The phosphorylation cascade activation
leads to inhibition of proapoptotic proteins of the Bcl-2 family
(Bax and Bad), FoxO transcription factor blockage, resulting
in the CD95 receptor deactivation and further triggering of
effector caspases [37].

The COL2A1 gene expression increase following adding
photoactivated PRP results from activation of the Smad2/3
signaling pathway under the exposure to TGF-B1 binding to
the TGFBR1/TGFBR2 receptors. As a result, the Smad2 and
Smad3 protein phosphorylation occurs. The resulting complex
translocates to the nuclear region and binds to the SOX9 gene
promoter responsible for chondrogenesis. When activated,
the gene ensures triggering of the COL2AT mMRNA expression
cascade, resulting in the increased synthesis of collagen type I
and the increased density of the meniscus extracellular matrix
[38]. The use od standard PRP has less potential for COL2AT
compared to the photoactivated form, since the degranulation
kinetics are lower. Sharp and excessive proliferative stimulation
of chondrocytes with standard PRP can cause their transient
differentiation, leading to the suppression of the synthesis of key
structural markers [39]. When the irradiation protocol is violated,
photoactivated plasma may have restructured degranulation
kinetics, providing a prolonged release of growth factors (PDGF,
bFGF). The excess of the latter leads to continuous division of
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chondrocytes, causing the shutdown of anabolic synthesis of
the cellular matrix COL2A 71 and ACAN [25].

The experimental data obtained suggest the possibility
of using platelet-rich plasma by the standard method and
with photoactivation for the cartilage tissue regeneration, as
well as using it for reconstructive surgery of the meniscus and
chondroplasty.

Limitations of the study

The exceptionally high effect size (n? = 0.879-0.984) and
low inter-donor variability (CV = 5-8%) reported for human
material result from the strict biological standardization (use
of early passage cells, synchronization of the cell cycle) and
mathematical specificity of the rm-ANOVA model. Such a
design isolates the donors’ individual variability from the error
variance, thereby naturally inflating the share of variance (n?p)
explained by the group factor and possibly limiting the direct
extrapolation of the data in vivo.

CONCLUSIONS

During the study it has been found that the exposure of the
culture of human meniscus tissue chondrocytes to IL1 in vitro
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PLATELET RECEPTOR GENE POLYMORPHISMS AND ALTERED PLATELET AGGREGATION IN PATIENTS
WITH COVID-19 AND TYPE 2 DIABETES MELLITUS
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COVID-19 is characterized by diffuse alveolar damage (COVID-19-DAD). The COVID-19-associated hemostatic alterations manifested by venous and arterial
thrombosis deserve special attention. The issue is especially urgent for patients with diabetes mellitus. An observational study aimed to assess the role of
polymorphisms of the genes ITGB3, ITGA2, and GP1BA in aggregation alteration in patients having COVID-19-DAD combined with type 2 diabetes mellitus (T2D).
The control group included healthy volunteers (group 1; n = 22). Patients with COVID-19-DAD were divided into two groups based on the fact of having or not
having T2D: group 2 with no T2D (n = 52) and group 3 with T2D (n = 56). Platelet aggregation was assessed with the ALAT-2 laser platelet aggregation analyzer;
adenosine diphosphate (ADP) at a concentration of 2.5 pg/mL, collagen 2.0 pg/mL, adrenaline 5 ug/mL, and ristomycin 7.5 mg/mL were used as aggregation
inducers. In patients with COVID-19-DAD and T2D, the rate of aggregate formation with the ADP induction was higher in carriers of the T/C and C/C variants
compared to carriers of the T/T variant — by 14 and 23% based on the median (o < 0.05). Polymorphisms were determined by polymerase chain reaction in buccal
epithelial scrapings. In the group of patients with COVID-19-DAD having no T2D, depending on the ITGA2 gene rs1126643 polymorphism the collagen-induced
platelet aggregation is accelerated with the C/T and T/T variants compared to the C/C variant — by 55 and 49%, respectively (o < 0.05); among individuals with
COVID-19-DAD and T2D, carriers of the T/T variant show the rate of the collagen-induced platelet aggregation 30% higher compared to carriers of the C/C variant
(o < 0.05). Conclusion: in patients with COVID-19-DAD and T2D, the presence of the mutant allele T of the ITGA2 gene rs1126643 polymorphism and allele C of
the ITGB3 gene rs5918 polymorphism increases the rate of the collagen- and ADP-induced platelet aggregation.
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NONMMMOP®N3MbI TEHOB TPOMBOLIMTAPHbBIX PELIENTOPOB N UBMEHEHWE AIrPETALIA
TPOMBOLINTOB ¥ BOJIbHbIX COVID-19 U CAXAPHbIM OAUABETOM 2-I'0 TUMA

M. B. Ocukos'?, B. H. AHToHoB22, C. O. 3oT0B"*™

" KOXHO-YpanbCkuii rocyiapCTBEHHbI MEAULMHCKUIA YHUBEpCUTET, HYenabuHek, Poccus
2 YensibuHckas obnacTHast KnvHndeckast 6onbHuLa, HYensbuHek, Poccus
¢ ObnacTHas KnMHnydeckas 6onbHuLa Ne 3, YensbuHek, Poccust

COVID-19 xapakTepuayeTcs anddy3HbIM anbBeonspHbIM nospexxaeHem nerkux (COVID-19-AlMJT). Ocoboro BHUMaHWS 3aciy>KMBatoT N3MEHEHWst reMocTada
npv COVID-19, NposiBNeHnsMI KOTOPbIX BbICTYMNatOT BEHO3HbIE 1 apTepuralibHble TPOMO03bI. [Tpobnema 0cobeHHO akTyanbHa y 60mbHbIX C caxapHbiM AMabeToMm.
Llenb HabntogatensHOro nccnegoBaHns — OLEHUTb POsb NOAMMOPGU3MOB reHoB [TGB3, ITGA2 n GP1BA B U3MeHeHW arperauum TpOMOOLMTOB Y 60MbHbIX
¢ COVID-19-AlNJ1 B coveTaHun ¢ caxapHbiM anadetom BToporo Tuna (CL 2). B KOHTPONbHYIO rpynny BOLLAN KIIMHUYECKM 340P0Bble A06POoBOSbLbI (fpynna 1;
n = 22). B 3asucumocTn ot Hanmma CL 2 6onbHble ¢ COVID-19-AlNJT nogeneHs! Ha rpynnbl: rpynna 2 6e3 CL 2 (n = 52) v rpynna 3 ¢ G 2 (n = 56). Arperaumto
TPOMOOLMTOB OLEHVBANM Ha NTIa3epHOM aHanmsaTope arperaummn TpoMooumTo «AJTAT-2», B ka4ecTBe MHAYKTOPOB arperauymn 1crnonb3oBany aneHos3nHandocdar
(AL®) B KOHUEHTPauUWM 2,5 MK/MA, konnareH 2,0 MKI/MI, agpeHanH 5 MK/M 1 pUCTOMULMH 7,5 Mr/mi. CKOpPOCTb (hOpPMMPOBaHMS arperatoB Nnpu UHOyKLum
ALD y 6onbHbIx ¢ COVID-19-AMJT 1 C 2 Bbiwe y HocuTenen T/C- n C/C-BapraHToB Mo cpaBHeHuto ¢ T/T-BapriaHTom Ha 14 1 23% no megumaqe (p < 0,05).
MonumMopdr3mbl ONpeaensnM METOAOM MONMMEPA3HON LIENHOW peakumm B BykkanbHOM cockobe anutenud. B rpynne 6onbHeix COVID-19-AMJ1 6e3 CL 2
B 3aBVICUMOCTY OT nonmMopdmama rs1126643 reHa ITGA2 npu BapuaHtax C/T 1 T/T no cpasHeHmto ¢ C/C yckopsieTcs KonnareH-vHayLpoBaHHas arperaupst
TPOMOOUMTOB — Ha 55 1 49% cootBeTcTBeHHO (0 < 0,05); npy COVID-19-AlNJ1 ¢ CL 2 y Hocutenein T/T-BapraHTa CKOPOCTb KOMareH-MHAyLWpOBaHHOW arperawimn
BblLLe Ha 30% Mo cpaBHeHmto ¢ HocuTenammn C/C-BapuanTa (p < 0,05). Bbiog;: y 60nbHbIx COVID-19-AlMJT 1 G 2 Hann4mne MyTaHTHOrO annens T nonmmopduava
rs1126643 reHa ITGA2 v annens C nonumopdmama rs5918 reHa ITGB3 yBenmimBaeT CKopoCTb konnareH- 1 AP-1HayumMpoBaHHOM arperauumn TpoMOOLMTOB.

KntouyeBble cnoa: COVID-19, TpoMboumMTbI, arperauusi, NoamMophrambl, reHOTUMN, annenm
Bknapg aBtopos: M. B. OcukoB, B. H. AHTOHOB — nnaHnpoBaHvie nccnenosarust; C. O. 30ToB — aHanma nuteparypbl, Coop, aHanma 1 MHTEprpeTaumns AaHHbIX.
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The COVID-19-DAD manifestation severity is determined inter
alia by the genetic diversity of patients. The active search for
markers of genetic determination of the COVID-19 course
severity and outcomes is currently in progress. Most studies
are focused on polymporphisms of the genes encoding
angiotensin-converting enzymes and the membrane-anchored
serine protease (TMPRSS2). There are data on the influence
of polymorphisms of the genes encoding endothelial cell
adhesion molecules, vitamin K epoxide reductase complex,
interferon system components, cytokines and transcription
factors, oxidative stress, metabolic molecules, and some other
factors on the COVID-19 course [1-4].

At the same time, COVID-19-DAD can occur with the
hemostasis system-associated complications and without any
complications; some patients are sensitive to anticoagulant
therapy and some are not. To determine the platelet function,
it is feasible to explore its molecular genetic basis and the
contribution to complications associated with thrombosis
in COVID-19. High prevalence of thrombotic complications
in individuals with severe COVID-19-DAD forms is associated
with platelet hyperreactivity in the context of alteration of such
genes, as GP1BA (glycoprotein Ib-alpha), ITGB3 (integrin beta 3),
and ITGA2 (integrin alpha 2) [5].

A number of earlier studies revealed no differences in
the effect on platelets in polymorbid individuals with ITGA2
and /TGB3 polymorphisms; conflicting information about
the contribution of the genes F2, NLRP3, TLR4, CX3CR,
ILTRN, and IL1B to the course of COVID-19 was obtained
[6]. Polymorphisms of the genes regulating the homeostasis
system can help identify the differences in susceptibility and
severity in different patients. However, specific genetic factors
and the extent, to which these can explain the susceptibility
and COVID-19-DAD severity variation, are still unclear.

In patients with type 2 diabetes mellitus (T2D), hyperglycemia
and insulin resistance cause the increased platelet production
and activation, qualitative and quantitative changes in
coagulation and fibrinolysis factors, thereby aggravating the
hemostatic dysfunction [7]. However, alterations in hemostasis
are observed in patients with COVID-19-DAD and T2D,
along with the considerable functional variability of distinct
hemostasis components, which can be associated inter alia
with polymorphisms of factor genes.

The clinical and pathogenetic aspects of hemostasis
in COVID-19, especially combined with T2D, are poorly
understood, but it is well known that genetic factors have
an effect on changes in the function of hemostatic links. The
COVID-19 thrombohemorrhagic complications represent
a pressing medical and social issue, despite the fact that
the pandemic is over, due to their significant effect on the
patients’ quality of life, development of complications, and
delayed mortality. To understand the mechanisms underlying
the severe course and the emergence of thrombohemorrhagic
complications in COVID-19 with T2D, clinical and laboratory,
instrumental, and mathematical methods should be used to
explore the role of genetic factors in alteration of hemostatic
indicators.

The study aimed to assess the role of ITGB3, ITGA2,
and GP1BA polymorphisms in platelet aggregation alteration
in patients with COVID-19-associated pulmonary lesions combined
with T2D.

METHODS

A total of 108 patients with COVID-19 admitted to the Regional
Clinical Hospital No. 3 in Chelyabinsk (50 females and 58

males aged 45-74 years) took part in the study; they used no
anticoagulants or other pharmaceuticals affecting hemostasis.
The chest multispiral computed tomography performed using
the Siemens SOMATOM Definition AS 64 scanner (Siemens
AG, Germany) revealed bilateral diffuse lung tissue compaction
(ground-glass opacity and consolidation) in combination with the
reticular pattern (pulmonary involvement 11-64%) in all patients.
The diagnosis of COVID-19 was confirmed by the detection
of the SARS-CoV-2 viral RNA on the mucous membranes of
the pharynx and nasal cavity by polymerase chain reaction
(RealBest RNA SARS-CoV-2; Vector Best, Russia); the patients
met the criteria of moderate-to-severe disease in accordance
with the current version of the guidelines [8]. The control group
consisted of 22 clinically healthy volunteers (group 1), who were
matched for gender and age with COVID-19 patients. Patients
with COVID-19-DAD were divided into two groups based on
the fact of having or not having T2D: group 2 without T2D
(n = 52) and group 3 with T2D (n = 56). Inclusion criteria for
group 3: clinical diagnosis of T2D with the disease duration of
1-5 years (to rule out angiopathies, the T2D complications),
achieved blood glucose and glycated hemoglobin targets.
Exclusion criteria: cancer, autoimmune disorders, chronic
diseases of the cardiovascular, respiratory, nervous systems,
organs of the gastrointestinal tract and the kidney; extremely
severe COVID-19-DAD course demanding the patient’s
admission to the ICU; development of the bacterial and/or
other viral infection, fact of having stage 3 or more advanced
stage arterial hypertension, body mass index (BMI) over 35 kg/m?,
anemia (hemoglobin levels below 119 g/L).

Blood sampling was performed on day 7 of hospital stay.
The standard thromboprophylaxis provided to all subjects was
the same. It consisted of the subcutaneous administration of
low molecular weight heparin (enoxaparin sodium 4000 anti-
Xa IU (40 mg) twice a day throughout the period of hospital
stay). In addition to anticoagulant therapy, the patients
received standard therapy with favibirin and glucocorticoids,
antibacterial therapy.

To assess the inflammation severity in COVID-19-DAD,
the serum C-reactive protein concentration was determined
with the ChemWell 2910 EIA analyzer (Awareness Technology
Inc., USA) using the test system manufactured by Vector-Best
(Novosibirsk, Russia); blood lactate was assessed using the
Medica Corp Easylyte Plus acid-base state analyzer (Medica
Corporation, USA). Blood platelet counts and morphological
characteristics of platelets were determined using the Mindray
BC 5800 analyzer (Mindray Co. Ltd., China). Plasma levels
of fibrinogen (g/L), D-dimer (mg/L) were determined using
the APG4-02P coagulometer (EMKO LLC, Russia) and test
systems (Tehnologia-Standart, Russia).

Polymorphisms of the genes, the products of which are
involved in platelet aggregation and plasma hemostasis, were
studied. Testing of single polymorphisms was performed by
real-time PCR (Roche LightCycler 96; Roche Molecular
Systems, USA); buccal epithelial scrapes were used as
biomaterial. The SNP-Express-Cardiogenetics reagent kits for
identification of gene polymorphisms (Litech, Russia) were used.
Polymorphisms rs6065 of the gene GP1BA, rs1126643 of the
gene ITGA2, and rs5918 of the gene ITGB3 were determined;
mutant homozygous and heterozygous polymorphisms of these
genes increase the risk of platelet aggregation and, therefore,
the likelihood of thrombosis. Selection of polymorphisms was
determined by their ability to take part in regulation of the
function of appropriate key cellular hemostasis elements (in
particular, components of major platelet receptors) and their
clinical significance.
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Table 1. Main clinical, laboratory, and instrumental indicators of the studied groups at admission

Group 2 Group 3
Indicator COVID-19-DAD, COVID-19-DAD + T2D, Py
n=>52 n=>56
Age, years [Me (Q,; Q )] 59.3 (55.8; 67.2) 61.1 (55.4; 68.6) 0.48
Male, n (%) 28 (53.8) 30 (53.6) 0.872
Female, n (%) 24 (46.2) 26 (46.4) 0.87
Number of patients with RD, n (%) 43 (82.7) 48 (85.7) 0.67
Grade |, n (%) 35 (67.3) 34 (60.7) 0.26
Grade II, n (%) 8(15.4) 14 (25.0) 0.33
BMI, kg/m? [Me (Q,,; Q)] 26.7 (21.5; 30.4) 31.2 (28.5; 33.4) 0.040 *
SpO,, % [Me (Q,; Q,)] 93.2 (89.4; 96.1) 91.0 (86.3; 93.6) 0.74
Lactate, mmol/L [Me (Q,; Q,,)] 1.86 (1.21; 2.26) 2.47 (2.01; 3.12) 0.003 *
CRP, mg/L [Me (Q,; Q,,)] 97.7 (71.2; 120.8) 123.4 (101.5; 162.5) 0.010*
D-dimer, mg/L [Me (Q,; Q,)] 1.39 (0.81; 2.11) 2.65 (1.87; 3.13) 0.040*
Platelets, x 10%/L 346.00 (245.00; 422.00) 275.00 (204.00; 316.50) 0.010*
Fibrinogen, g/L 3.31 (2.88; 5.07) 5.84 (4.34;7.19) 0.016 *

Note: * — significant (p < 0.05) differences from group 1.

Platelet aggregation was assessed with the ALAT-2 laser
platelet aggregation analyzer (BIOLA, Russia). To obtain
platelet-rich plasma (PRP), whole venous blood was centrifuged
at 1500 rpm for 5 min. To obtain platelet-poor plasma (PPP),
the residue was centrifuged for 15 min at 4500 rpm. The
induced aggregation was assessed using the aggregation
inducer kits by Tehnologia-Standart LLC (Russia): ADP at a
final concentration of 2.5 pg/mL, collagen at a concentration
of 2.0 pg/mL, adrenalin at a concentration of 5 pg/mL, and
ristomycin at a concentration of 7.5 mg/mL. The intense two-
wave (biphasic) aggregation with minimal disaggregation was
observed with the ADP concentration of 2.5 ug/mL. Therefore,
this ADP concentration was selected for the study.

Based on the light transmission curve the following were
recorded by the Born method: aggregation amplitude or extent
(%), aggregation time (min), aggregation rate (%/min); the
extent of PRP aggregation was taken as 0 %, the extent of
PPP aggregation was taken as 100 %. In addition, aggregation
parameters were determined based on the average aggregate
size curve [9]. After the system calibration the single platelet
size was taken as 1 relative unit; the maximum aggregate size
(hereinafter, aggregate size) was determined after adding the
inducer. The rate of aggregate formation was determined as
the maximum slope of the average curve and measured in
relative units per minute (relative units/min).

Statistical processing was performed using IBM SPSS
Statistics v. 23 (SPSS: An IBM Company; USA). Characteristics
of samples are presented in the Me (Q,,; Q,,) format, where
Me is the median, Q,,, Q,, are the lower and upper quartile
values, respectively. The Hardy-Weinberg Carrier Frequency
software tool (Focus Information Technology; USA) was used to
test for the Hardy-Weinberg equilibrium. The Shapiro-Wilk test
was used to assess the distribution of continuous variables.
Testing statistical hypotheses in groups was performed using
the nonparametric Mann-Whitney U-test with the calculation
of the exact test p. The differences were considered significant
atp <0.05.

RESULTS
General characteristics of the surveyed patients are provided

in Table 1. According to the data obtained, patients with
COVID-19-DAD in combination with T2D show higher BMI,
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higher plasma levels of CRP, lactate, D-dimer, and fibrinogen,
decreased platelet counts compared to patients having no T2D.

To determine the role of genetic factors in alteration of
the platelet hemostatic link, the abundance of polymorphisms
rs5918 of the gene ITGB3, rs1126643 of the gene ITGA2,
and rs6065 of the gene GP1BA was assessed in patients with
COVID-19-DAD and T2D. The above polymorphisms were
selected due to their role in expression and realization of the
function of platelet receptors involved in aggregation with ADP,
collagen, and ristomycin. Considering the Shapiro-Wilk test
results (o < 0.05) for the studied variables, further analysis was
conducted using nonparametric methods for all comparisons.
The distribution of /TGB3, ITGA2, GP1BA genotype frequencies
was compliant with the expected equilibrium according to the
Hardy-Weinberg exact test in the control group (p = 0.77;
p = 0.18; p = 0.31, respectively), in the group of patients with
COVID-19-DAD (p = 0.50; p = 0.87; p = 0.82, respectively),
and in the group of patients with COVID-19-DAD and T2D
(o =0.47; p=0.82; p = 0.71). A combination of two mutations
was identified in five individuals (22.7%) in the control group;
in 13 (25%) individuals with COVID-19-DAD without T2D;
in six individuals (10.7%) with COVID-19-DAD and T2D. A
combination of three mutations at once was identified in one
patient (4.4%) in the control group; in four patients (7.7 %) in the
group of COVID-19-DAD without T2D; in three patients (5.4%)
with COVID-19-DAD and T2D.

The ITGB3 gene regulates the synthesis of the integrin B-3
membrane protein, the component of glycoprotein lb/llla involved
in the interplay between platelets. The rs5918 polymorphism
of the gene ITGB3 results from the nucleotide thymine (T)
replacement with cytosine (C) in a certain DNA region, due
to which the amino acid leucine (33 in the protein chain)
is replaced with proline, and the receptor 3D structure is
disrupted [10]. The receptor structure disruption, in turn,
results in the increased platelet reactivity and contributes to
the platelet aggregation enhancement [11]. Individuals with
the C/C variant of this polymorphism become more prone
to platelet aggregation and, therefore, the risk of thrombosis
increases [10]. In the group of patients with COVID-19-DAD
having no T2D, there are no significant differences in the
abundance of T/T, T/C, C/C genotypes in the gene ITGB3
compared to controls (o > 0.05); the C allele of the ITGB3 gene
rs5918 polymorphism is more abundant ((jp = 0.045) (Table 2).
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Table 2. Genotype abundance when analyzing polymorphisms of the genes ITGB3, GP1BA and ITGA2 in individuals with COVID-19-DAD and T2D

Genotype abundance, n (%)
Polymorphism Genotypes/alleles Group 1 Group 2 Group 3
Healthy, COVID-19-DAD, COVID-19-DAD + T2D,
n=22 n=>52 n=>56
0 (T/T) 17 (77.3) 34 (65.4) 29 (51.9*
Genotypes | (T/C) 4(18.2) 15 (28.8) 16 (29.6)
rs5918 of the gene B
1TGB3 11 (C/C) 1(4.5) 3(5.8) 11 (18.5) “ #
T 38 (86.4) 83 (79.8) 74 (64.8)
Alleles
C 6 (13.6) 21(20.2)* 38 (35.2) * #
0 (C/C) 16 (72.7) 31 (59.6) 34 (60.7)
Genotypes 1(C/T) 4(18.2) 13 (25.0) 13(23.2)
rs1126643 of the gene *
TGA2 11 (T/T) 2(9.1) 8(15.4) 9(16.1)
(¢} 36 (81.8) 75 (72.2) 81 (72.3)
Alleles
T 8(18.2) 29 (27.8) * 31 (7.7
0(C/C) 19 (83.4) 42 (79.1) 46 (81.4)
Genotypes 1 (C/T) 3(16.6) 9(18.8) 10 (18.6)
rs6065 of the gene
GP1BA I/ 0 1(@2.1) 0
(¢} 40 (90.9) 93 (89.4) 102 (91.1)
Alleles
T 4(9.1) 11 (10.6) 10 (8.9)
Note: * — significant (o < 0.05) differences from group 1; # — from group 2; 0 — wild type genotype; | — heterozygote; Il — mutant homozygote.

In patients with COVID-19-DAD and T2D, the T/T genotype of
the polymorphism considered is less abundant compared to
controls, the T/C variant abundance is the same (p > 0.05), the
C/C variant is more abundant (p = 0.03), and the C allele is 1.82
times more abundant (p = 0.049). In patients with COVID-19-
DAD and T2D, the abundance of the T/T and T/C genotypes
of the polymorphism considered is the same as in patients with
COVID-19-DAD having no 12D, the C/C variant is 3.86 times
more abundant (p = 0.01), and the C allele is 2.43 times more
abundant (p = 0.04).

The ITGA2 gene encodes the integrin alpha-2 protein,
the membrane glycoprotein GPla found on the membranes
of various cells, including platelets. GPla forms a complex
with GPlla being one of the collagen receptors on the platelet
membrane. The ITGA2 gene rs1126643 polymorphism results
from the nucleotide cytosine (C) replacement with thymine (T)
[12]. This mutation does not change the amino acid sequence,
but determines the correlation between this polymorphism and
the GPla expression on the platelet membrane. When there is a

T/T variant of the rs1126643 polymorphism, binding of platelets
and collagen is faster; heterozygous individuals having the C/T
variant demonstrate intermediate receptor expression levels [13].

In the group of patients with COVID-19-DAD having no T2D,
there were no differences in the C/C, C/T, and T/T genotype
abundance from controls (p > 0.05); the T allele of the ITGA2
gene rs1126643 polymorphism was 1.82 times more abundant
(p =0.007). In patients with COVID-19-DAD and T2D, there were
no differences in the C/C, C/T, T/T genotype abundance from
controls (p > 0.05); the T allele of the ITGA2 gene rs1126643
polymorphism was more abundant (p = 0.03). In patients with
COVID-19-DAD and T2D, there were no differences in the C/C,
C/T, T/T genotype and T allele abundance from patients with
COVID-19-DAD having no T2D (p > 0.05).

The GP1BA gene encodes the a-subunit of the glycoprotein
Ib involved in the Gplb/IX/V platelet receptor formation. VWF
linking platelets to the damaged blood vessel site is the main
receptor ligand [14]. The strength of the resulting link between
the above depends largely on the receptor configuration,

Table 3. Characteristics of patients with COVID-19-DAD and T2D based on the abundance of ITGB3, GP1BA, and ITGA2 polymorphisms

COVID-19-DAD COVID-19-DAD + T2D COVID-19-DAD + T2D
) Genotype/ relative to control relative to control relative to COVID-19-DAD
Polymorphism
alleles
X2 () OR (95% Cl) ¥ (0) OR (95 % ClI) X2 () OLLI (95 % CI)
1 (T/C) 0.99 (0.32) 1.86 (0.54-6.53) 1.85(0.181) 2.34 (0.67-8.17) 1.19 (0.28) 1.25 (0.68-2.31)
rs5918 of the N B
gene ITGB3 11 (C/C) 0.12 (0.73) 1.50 (0.16-15.52) 1.53 (0.25) 1.80 (0.43-7.51) 6.55 (0.011) 3.89 (1.07-14.12)
C 3.86 (0.045) * 1.61 (1.32-4.29) 7.60 (0.02) * 1.82 (1.15-2.86) * 9.35(0.002) * 2.43 (1.54-3.83) *
1(C/M) 1.465 (0.226) 1.36 (0.33-5.58) 1.77 (0.18) 0.65 (0.21-2.08) 0.04 (0.84) 1.02 (0.38-2.74)
rs6065 of the
Il - - - - - -
gene GP1BA n
T 0.12 (0.73) 0.83 (0.47-3.90) 0.75 (0.39) 0.69 (0.37-1.28) 0.16 (0.69) 0.83 (0.44-1.58)
1(C/M) 0.1 (0.093) 0.96 (0.32-2.77) 0.16 (0.69) 1.15 (0.38-3.50) 0.08 (0.78) 0.91 (0.47-1.77)
;ﬂ;s%‘zﬁ ) 3.68 (0.060) 2.11 (0.98-4.61) 0.40 (0.80) 1.07 (0.23-4.91) 0.12 (0.73) 1.08 (0.44-2.69)
ITGAz T 1.33 (0.04) * [RARY '?3_3'90) 1.78 (0.013) * 1.84 (1.11-3.26) * 0.42 (0.52) 0.24 (0.11-0.52)
Note: * — significant (o < 0.05) differences; | — heterozygote; Il — mutant homozygote.

BECTHUK PIMY | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2026.041



ORIGINAL RESEARCH | PATHOPHYSIOLOGY

Table 4. Induced platelet aggregation in individuals with COVID-19-DAD and T2D depending on the ITGB3, ITGA2, and GP1BA polymorphisms on day 7, Me(Q,; Q,,)

rs1126643 of the gene ITGB3

Group 2 Group 3
Polymorphism Genotypes COVID-19-DAD, COVID-19-DAD + T2D,
n=52 n=56
Rate of ADP-induced aggregation, %/min
0 (T/T) 7.70 (5.07; 9.44) 8.53 (7.89; 12.35)
1 (T/C) 8.98 (5.78; 13.81) 11.44 (9.61; 15.24) *
11 (C/C) 8.28 (6.51; 9.57) 16.53 (7.89; 18.35) * #

Rate of aggregat

e formation, ADP-induced aggregation, relative units/min

rs6065 of the gene ITGA2

0 (T/T) 17.22 (12.38; 22.11) 20.19 (17.11; 23.17)

1 (T/C) 17.38 (11.26; 24.75) 23.19 (17.31; 25.72) *

11 (C/C) 18.04 (13.26; 21.82) 24.74 (16.91; 28.12) *
Rate of collagen-induced aggregation, %/min

0 (C/C) 7.80 (6.97; 10.01) 9.39 (7.78; 11.55)

1 (C/T) 12.09 (10.37; 18.22) * 11.11 (9.51; 13.05)

I (T/T) 11.59 (10.24; 13.39) * 12.24 (10.98; 14.45) *

Rate of aggregate formation, collagen-induced aggregation, relative units/min

rs6065 of the gene GP1BA

0 (C/0) 13.17 (7.31; 19.63) 17.17 (12.60; 24.11)

1(C/T) 14.02 (8.67; 24.15) 18.24 (13.41; 22.58)

I (T/T) 17.25(9.42; 22.14) * # 16.22 (13.01; 19.28)
Rate of ristomycin-induced aggregation, %/min

0 (C/C) 8.34 (5.02; 10.24) 9.34 (4.54; 12.06)

1(C/M) 10.41 (8.67; 12.34) 10.32 (7.66; 14.43)

I (T/T) 7.92 -

Rate of aggregate formation, ristomycin-induced aggregation, relative units/min

0(C/C)

12.72 (6.17; 19.03) 21.59 (11.24; 25.74)

1(C/m

13.06 (8.44; 17.28) 22.44 (12.78; 26.67)

(/)

13.68

Note: * — significant (p < 0.05) differences from the homozygous non-mutant variant

within the group based on the Kruskal-Wallis test with the Dunn’s test; # — from the

heterozygous variant within the group; 0 — wild type genotype; | — heterozygote; II — mutant homozygote.

VWEF structure, and blood flow rate. The GP1BA gene rs6065
polymorphism is associated with the cytosine (C) replacement
with thymine (T) near the gene transcription start, resulting
in the threonine replacement with methionine in the receptor
fragment responsible for binding to VWF, so that carriers of the
T/T genotype have a higher concentration of glycoprotein Ib
on the platelet membrane compared to individuals with other
genotype variants. With the mutant homozygous T/T form
(frequency in the population about 1.5%), the risk of thrombosis
is dramatically increased [15]. With the heterozygous C/T
variant, the Gplb/IX/V receptor expression on platelets is less
pronounced, but some studies have revealed the increased
risk of thrombosis in carriers of this gene variant [16]. The
study revealed no differences in the abundance of the studied
genotypes of the GP1BA gene rs6065 polymorphism between
patients with COVID-19-DAD and controls (p > 0.05); in patients
with COVID-19-DAD and T2D, there were no differences in
genotype frequency from both the control group and the group
with COVID-19-DAD and no T2D.

Assessment of the abundance of polymorphisms considered
based on the Pearson’s test with calculation of the odds ratio
(OR) was conducted (Table 3).

In patients with COVID-19-DAD, the T allele of the ITGA2
gene rs1126643 polymorphism is 1.71 times more abundant
compared to controls (95% Cl: 1.23-3.90); in patients with
CQOVID-19-DAD and T2D, mutant C and T alleles of the ITGB3
gene rs5918 polymorphism and ITGA2 gene rs1126643
polymorphism are 1.82 times (95% Cl: 1.15-2.86) and 1.84
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times (95% Cl: 1.11-3.26) more abundant, respectively. In
patients with COVID-19-DAD and T2D, the C/C variant and C
allele of the ITGB3 gene rs5918 polymorphism are 3.89 times
(95% ClI: 1.07-14.12) and 2.43 times (95% CI: 1.54-3.83)
more abundant compared to patients having no T2D.

To determine the role of genetic factors in changes of
indicators of the cellular hemostatic link in patients with
COVID-19-DAD and T2D, the rate of the ADP-, collagen-,
and ristomycin-induced platelet aggregation was assessed in
individuals with variants of polymorphisms rs5918 of the gene
ITGB3, rs1126643 of the gene ITGA2, and rs6065 of the gene
GP1BA (Table 4, Fig.).

The analysis of platelet aggregation in patients with COVID-
19-DAD having no T2D has shown that the /TGB3 gene rs5918
polymorphism has no effect on the rate of the ADP-induced
platelet aggregation; among patients with COVID-19-DAD and
T2D, carriers of the T/C variants show the rate of the ADP-
induced platelet aggregation 34% higher compared to carriers
of the T/T variant; in carriers of C/C, it is 92% higher compared
to T/T and 44% higher compared to T/C. In patients with
COVID-19-DAD having no T2D, the rate of aggregate formation
with the ADP induction does not change depending on the
presence of the mutant allele; in patients with T2D, it is higher in
carriers of T/C and C/C variants compared to carriers of the T/T
variant — by 14 and 23 % based on the median, respectively.

To determine the role of ITGB3 gene rs5918 polymorphism
in changing the rate of the ADP-induced platelet aggregation
in patients with COVID-19-DAD and T2D, the Kruskal-Wallis

| DOI: 10.24075/BRSMU.2026.041
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Fig. Hemostasis indicators in patients with COVID-19-DAD and T2D, carriers of the hemostasis factor gene mutant polymorphisms: rs5918 of the gene ITGB3 (A);
rs1126643 of the gene ITGA2 (B); rs6065 of the gene GP1BA (C). V (inducer) — rate of induced platelet aggregation; * — significant differences (p < 0.05) from carriers

of the “wild type” genotype; # — from carriers of heterozygote

test with the Dunn’s test was used; it was found that the
presence of the mutant allele explained a large proportion of
the overall variability of the ADP-induced platelet aggregation
rate in patients with COVID-19-DAD having T2D (p = 0.0045).
The increase in the average platelet volume in carriers of
the increased amount of glycoprotein llb/llla on the platelet
membrane and, therefore, the increased platelet reactivity can
be a possible explanation of the data obtained. However, the
exact mechanisms causing platelet aggregation when there is a
C/C variant of the rs5918 polymorphism are poorly understood
and require further research.

When analyzing platelet aggregation in the group of
patients with COVID-19-DAD having no T2D depending on the
ITGA2 gene rs1126643 polymorphism, it was noted that the
collagen-induced platelet aggregation is accelerated with the
C/T and T/T variants compared to the C/C variant — by 55 and
49%, respectively (p = 0.003, p = 0.005); among individuals
with COVID-19-DAD and T2D, carriers of the T/T variant show
the collagen-induced platelet aggregation rate 30% higher
compared to carriers of the C/C variant (o = 0.014).

DISCUSSION

Platelets of patients with T2D demonstrate a stronger response
to agonists and the more apparent membrane expression of
adhesion molecules, such as thrombospondin, P-selectin, GPIIb-lla,
GPVI, and CD40L [17]. The T2D-associated hyperglycemia
affects the expression of the key receptor and the activity of
platelet enzymes: the expression of prostacyclin receptors is
decreased in individuals with T2D, which enhances the platelet
aggregation; the activity of the insulin-like growth factor 1 receptor
(IGF1R) is increased, which makes platelets of such patients more
sensitive to IGF1, being a regulator of the signal transmission and
platelet responses, and causes platelet hyperactivity [18]. In T2D,
the expression of integrin B3, the component of glycoprotein
llb/llla ensuring platelet aggregation, on platelets is increased,
which results in the increased platelet activation and explains
the platelet aggregation indicators obtained [19].

The findings of the study, i.e. the collagen-induced platelet
aggregation acceleration, are consistent with the known
information about the function of integrin alpha-2 and can

indicate the role of the ITGA2 gene rs1126643 polymorphism
in the COVID-19 pathogenesis, despite the fact that the
mechanism is poorly understood. The observed results
demonstrate the polymorphism lower impact on the collagen-
induced platelet aggregation rate in patients with T2D, which
can be explained by predominance of other platelet activators
in this group: oxidative stress or chronic inflammation.

The reported study has yielded no data suggesting the
influence of the GP1BA gene rs6065 polymorphism on the
acceleration of the ristomycin-induced platelet aggregation
reflecting the VWF interaction with the GPIb receptor. The
lack of the large number of the T/T homozygous mutant gene
variant carriers in the population can be a possible explanation.
Furthermore, there is a cooperativity effect in binding between
VWF and platelet Gplb: glycoproteins IX and V, the structure
of which can remain intact, are involved in the formation of a
complex with collagen [20]. Moreover, the Gplb/IX/V receptor
serves mostly for platelet adhesion; its role in aggregation
is less pronounced [21]. Thus, the GP1BA gene rs6065
polymorphism is not the leading factor in acceleration of
the ristomycin-induced platelet aggregation in patients
with COVID-19-DAD; the finding can be explained by the
predominant effect of other platelet activators: oxidative
stress or hyperergic inflammation.

The data obtained suggest a possible role of genetic
predisposition, particularly polymorphisms rs5918 of the
gene ITGB3 and rs1126643 of the gene ITGA2, in platelet
hyperactivation in patients with COVID-19-DAD due to
strengthening the binding of lIb/llla receptors to ADP and the
GPla/lla collagen receptor expression increase [22].

The differences in hemostatic indicators in patients with COVID-
19-DAD and that combined with T2D is a matter of scientific
debate; one of the key issues is a controversial nature of the data
on the contribution of genetic factors. On the one hand, modern
research suggests that polymorphisms of the genes involved in
hemostatic regulation can determine the individual's predisposition
to thrombosis activated in the context of the T2D-associated
metabolic disorder; on the other hand, there is credible evidence
confirming that the inflammatory response and COVID-19 course
severity are so dominant in the pathophysiological process that
completely mask any genetic differences, making hemostatic

BECTHUK PIMY | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2026.041



indicators merely a reflection of the acute systemic damage, and
not the patient’s constitutional characteristics [7, 17-19].

Despite the fact that the study was conducted in the
context of using pharmaceuticals altering aggregation, is
can be assumed that the effect of therapeutic doses of low
molecular weight heparin and short courses of glucocorticoids
on the aggregation indicators was minimal, which is in line with
the earlier research results [23, 24].

Limitations of the study

The reported study limitations include the small sample size
limiting the use of corrections for multiple comparisons,
genetic models of inheritance, and other statistical methods,
specifically the logistic regression method, and hampering the
Hardy-Weinberg test interpretation. Furthermore, in addition
to genetic factors, the platelet function in COVID-19-DAD is
affected by the features of the patients’ immune response and
redox status, which should also be taken into account when
interpreting the results.
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INTEGRATED REFERENCE PANEL OF MACACA MULATTA HAPLOTYPES FOR GENOTYPE IMPUTATION
IN POPULATIONS OF MIXED ORIGIN
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Genotype imputation makes it possible to considerably reduce the cost of whole-genome data acquisition preserving the information value, but its accuracy
depends directly on the availability of a high-quality phased reference panel of haplotypes. The existing panels for Macaca mulatta cover mostly the Indian species
lineage and do not reflect the genetic structure of laboratory populations of mixed origin. This retrospective bioinformatics study aimed to produce and validate
a phased reference panel based on the consolidation of publicly available whole-genome datasets from 618 M. mulatta individuals of both geographic lineages
processed in accordance with the common standardized protocol. The resulting panel includes 33,457,491 SNP markers. Validation on samples of Indian and
Chinese origin with ultra-low coverage (0.1x-0.9x) confirmed high imputation accuracy, which was highest for the Indian lineage dominant in the panel. Testing on
10 independent samples with the 0.6x coverage showed a high average imputation reliability score (INFO = 0.898). The created resource opens the prospects
for cost-effective genotyping of large M. mulatta cohorts and provides the basis for whole-genome association and population genetic studies in domestic and
foreign primate research centers.

Keywords: genotype imputation, reference panel, Macaca mulatta, whole-genome sequencing, GLIMPSE2, SHAPEITS5, bioinformatics

Funding: the study was supported by the Ministry of Science and Higher Education of the Russian Federation (Federal Scientific and Technical Program for the
Development of Genetic Technologies for 2019-2030), agreement No. 075-15-2025-491 dated 30.05.2025.

Acknowledgements: the study was conducted using the equipment of the shared use center "Complex for Modeling and Processing Data from Mega-Class
Research Facilities", National Research Centre "Kurchatov Institute", http://ckp.nrcki.ru/.

Author contribution: Toshchakov SV — research design, manuscript writing; Sharko FS — biocinformatics analysis, manuscript draft; Prokopenko AV, Izotova AO —
manuscript editing.

Compliance with ethical standards: the studies were approved by the Ethics Committee of the National Research Centre "Kurchatov Institute" (protocol Ne2-2np
dated June 30, 2025).

><] Correspondence should be addressed: Stepan V. Toshchakov
Academician Kurchatov pl, 1, Moscow, 123098, Russia; stepan.toshchakov@gmail.com

Received: 14.07.2026 Accepted: 14.08.2026 Published online: 21.08.2026
DOI: 10.24075/brsmu.2026.045

Copyright: © 2026 by the authors. Licensee: Pirogov University. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

NMHTErPUPOBAHHAA PE®EPEHCHASA NMAHE/b FAMNIOTUNOB MACACA MULATTA ONd UMMNYTALIMN
FEHOTUMNOB B Nnonynaunax CMELLAHHOIO MPOUCXOXXOEHUA

@. C. Wapko, A. B. MNMpokoneHko, A. O. V13otoea, C. B. Towaxkos =
HaumnoHanbHbIN nccnegoBaTensCkuii LeHTP «KypyaToBCKuiA MHCTUTYT», Mocksa, Poccust

VIMnyTaums reHoTUNOB NO3BONSET 3HAYUTESNBHO CHI3WTL 3aTpaThl Ha MOMYHEHVE MOMHOMEHOMHbIX AaHHbIX MPW COXPaHEHNN MHDOPMATVIBHOCTW, OAHAKO ee TOYHOCTb
HanNpPsSMY'0 3aBUCUT OT HaNM4MS Ka4eCTBEHHOW (has3npoBaHHON pedepeHCHOM naHeny rannotvnos. CylecTsytolme naHenn ana Macaca mulatta oxsaTbiBatoT
NMPENMYLLECTBEHHO WHAMNACKYHO JIMHAIO BUAA U HE OTPaXKAIOT MEHETUYECKYIO CTPYKTYPY NabopaTopHbIX MOMynsuUMi CMeLLaHHOro NpoucxoxaeHust. Liensio
PETPOCMNEKTUBHOIO BUONHAOPMaTUHECKOrO UCCNEeA0BaHNS ObINO CO3MaTb 1 OTBaNMAMPOBaTEL (ha3npoBaHHYIO PeepeHCHYI0 NaHeb Ha OCHOBE KOHCONMAALIN
618 06LLenOCTYMHbIX MOMHOrEHOMHbIX AaHHbIX M. mulatta obeunx reorpatuHecKkx MHUA, 06paboTaHHbIX MO eAVHOMY CTaHAAPTU3MPOBAHHOMY MPOTOKONY.
ViToroBast naHenb BkmovaeT 33 457 491 SNP-mapkep. Banmpaumsa Ha obpasiuax MHOWACKOrO M KUTANCKOro MPOVICXOXAEHWS MPU CBEPXHU3KOM MOKPbITUN
(0,1x-0,9x) noaTBEpANNa BbICOKYKO TOYHOCTb MMMNyTaLmm, MakCUMasbHYtO S8 AOMUHUPYIOLLEN B NaHeN UHONMACKOM nuHun. Anpobaums Ha 10 He3aBUCKIMbIX
obpasuax npu NokpbITn 0,6x Nokasaa BbICOKMIA CpeaHnin nokagatesb goctoBepHocTy uMnyTaumn (INFO = 0,898). CosnaHHbI pecypc OTKpbIBAET BO3MOXHOCTH
0N OKOHOMUYECKN DMEKTVBHOMO MEHOTUMMPOBaHMSA BONbLLUMX KOropT M. mulatta n Cny>KUT OCHOBOWN ANSi NPOBEAEHNS MOSHOMEHOMHbIX aCCOUMAaTVBHBIX 1
MONyNALYIOHHO-FEHETUHECKIX UCCNELOBaHWN B OTEHECTBEHHbIX V1 3apyOeXKHbIX MPYMATONOMMHECKNX LIeHTPax.

KntoueBble crnoBa: nMnyTauvsi reHoT1NoB, pedepeHcHast nanHens, Macaca mulatta, nonHoreHoMHoe cekBeHmnpoBaHie, GLIMPSE2, SHAPEITS, 6ronHgopmaTtika
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The rhesus macaque (Macaca mulatta) is one of the model
organisms most often used in biomedical research. In the
area of infectious diseases this species is used as a model for
studying human diseases of various etiologies, including HIV/
AIDS, tuberculosis, hepatitis and influenza [1]. Furthermore, due
to the high phylogenetic similarity of the macaque’s and human
nervous systems, macaques are widely used in neurobiology,
specifically when modeling neurodegenerative processes and
Alzheimer's disease [2], a number of rare congenital disorders
[3], as well as for preclinical assessment of neuroactive medicinal
products [4]. The wide use of this species in experimental
biomedicine determines the great interest in studying the
genetic basis of the M. mulatta phenotypic variation, particularly
differences in the susceptibility to diseases and the response to
therapy [5].

Genome-wide association studies (GWAS) are the key
instrument for solving such problems, but such studies involving
large cohorts are limited by the high cost of whole genome
sequencing [6]. When the budget is limited, approaches that
make it possible to reduce the cost of obtaining genomic
data without the decrease in their information content are of
particular importance. The low-coverage sequencing with
subsequent genotype imputation is an effective alternative
to deep sequencing. Such an approach makes it possible to
reconstruct missing genotypes based on the known haplotypes
from the standard (reference) panel, significantly reducing the
cost of analysis compared to the standard coverage (from
20x) and allowing for the population studies on the sets of
thousands of samples [7]. Availability of the reference panel
that is representative, phased, and genetically close to the
target sample is the key factor determining the imputation
effectiveness [8].

A number of genomic resources focused on the cataloging
and annotation of known genetic variants have been created
for M. mulatta. Of those the largest one is MGAP representing
a catalogue of the annotated variants obtained as a result
of sequencing 2.5 thousand animals [5]. The RhesusBase
database including 46.1 million polymorphic sites [9] and the
MACSNVdb resource for interspecies comparisons within the
genus Macaca (74.5 million SNV) [10] should be also noted.
These resources solve the problems of cataloging, annotating,
and searching for known variants, but do not provide a phased
haplotype reference panel necessary for the reconstruction of whole-
genome genotypes in new, previously unsequenced samples.

In current practice, phased reference panels for genotype
imputation represent a basic instrument used in large genomic
projects related with human studies and studies involving
livestock [11, 12]. Extensive Macaca mulatta whole-genome
sequencing data sets are available in international repositories.
In 2025, the first specialized reference panel for this species
was published, providing high genotype imputation accuracy
even with the 0.5x coverage [13]. However, this resource is
primarily confined to the Indian Macaca mulatta lineage. The
genetic structure of artificially created closed populations,
whose genesis is associated with the heterogeneous ancestry
of the source stock, the fragmentary nature of archive data on
introduction, and many years of panmixia, remains beyond the
scope of this analysis [14, 15]. For populations of mixed origin,
the optimal approach involves employing an integrated panel
that incorporates the major geographic lineages of the species,
thereby combining population specificity with versatility.

This study aimed to describe the development and
validation of a phased reference panel for M. mulatta genotype
imputation. The panel was generated using the results of
whole-genome sequencing of 618 samples of Indian and

Chinese origin obtained from open sources, processed in
accordance with a single standardized protocol employing
contemporary phasing and imputation algorithms. When
assessing imputation accuracy using independent test
samples from both lineages, high R? and concordance values
were obtained within the coverage depth range of 0.1x-0.9x,
with the expected advantage of the Indian lineage dominant
in the panel. The resource developed provides the basis for
genome-wide association and population genetic studies
involving rhesus macaques in both domestic and international
primatology centers, where the genetic structure of populations
may be heterogeneous and apriori unknown [16, 17].

METHODS

Collection and systematization of publicly available
whole-genome sequencing data

A systematic search for M. mulatta whole-genome sequencing
data was conducted in the NCBI SRA [18], EA [19], and NGDC
[20] international repositories. Data were selected based on the
following criteria: confirmed fact of belonging to the species
M. mulatta, sequencing depth of at least 20x, as well as
availability of verified meta-data on the animal’s geographic
origin (India or China) and sex. A total of 1808 samples were
identified during the primary search. After filtering based
on coverage values and meta-data validation the number
of candidates was 982. The animals defined in metadata as
interspecies hybrids (M. mulatta x M. fascicularis) and samples of
undefined geographic origin were excluded from further analysis.
In the final phase of sampling a stratification procedure was
applied aimed at achieving the composition balanced based
on sex within each population group and minimizing potential
systematic distortions due to uneven presentation of data
from different studies. The resulting data set included 618
unigue animals from three projects: PRINA251548 (BCM,
n =21), PRINA382404 (OHSU, n = 397), and CRA014717 (KIZ,
n = 200). Among all samples 418 were of Indian origin and 200
were of Chinese origin; there were 410 females and 208 males.
Information about the geographic origin and sex of each sample is
provided in the dataset-description.xlsx file in the Zenodo open
repository: https://doi.org/10.5281/zenodo.21296424.

Bioinformatics processing and SNP identification

The common standardized bioinformatics processing pipeline
that ensured data consistency at all stages was developed
and used for all 618 samples. The raw reads were filtered by
quality using fastp v0.23.2 [21] with the following parameters:
-w 12 -z 7 -V -g --poly_g_min_len 5 -x --poly_x_min_len 10
-5-83-M30-n1-e20 -l 50 --c. The filtered reads were
mapped to the M. mulatta reference genome (assembly
Mmul_10, GCF_003339765.1) using Bowtie2 v2.3.5.1 [22]
with default settings. SNPs were identified using bcftools
v1.15 [28] (mpileup and call commands) with the following
key parameters: --redo-BAQ --min-BQ 30 --per-sample-mF
--annotate DP,AD --multiallelic-caller --variants-only. In the next
phase, insertions and deletions were deleted from the resulting
VCF files using vcftools v0.1.16 (--remove-indels parameters)
to leave only single nucleotide substitutions (SNPs) for further
analysis. The resulting VCF file was subjected to further strict
filtering using vcftools v0.1.16 [24] based on the following
criteria: genotype quality (GQ) = 30, read depth (DP) 15-180,
percentage of missing genotypes per site < 0.02, minimal
minor allele frequency (MAF) > 0.01.
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Reference panel phasing

The SHAPEIT5 v5.1.0 software package [25] developed for
large sets of WG data and characterized by high accuracy
of haplotype phase reconstruction when dealing with large
samples was used to reconstruct the chromosomal phases
of haplotypes of the filtered data set. Stage-by-stage phasing
with the genome division into independent blocks was applied
to increase the computing efficiency and reduce the RAM
requirements. At first, the SHAPEIT5_phase_common module
was used for processing in the 20 cM-long chromosome
blocks; independent phasing with subsequent quality
assessment was performed for each block. To ensure the
complete chromosome assembly integrity and eliminate
artifacts arising at block boundaries, further phasing was
performed in overlapping regions at the junctions (overlap of
2 cM) followed by merging the phases into a single chromosome
sequence. As a result, fully phased panel was produced that
contained two haplotypes (maternal and paternal) for each of
618 animals, which was essential for subsequent genotype
imputation.

Genotype imputation and panel validation

To assess the accuracy of the reference panel produced, two
samples of known geographic origin were excluded from the
panel: M00016 (Indian population) and CRR1023808 (Chinese
population). The source BAM files with high coverage for each
such sample were subjected to downsampling to five coverage
depth levels: 0.1x, 0.3x, 0.5x, 0.7x, and 0.9x, which made it
possible to simulate the low-coverage sequencing conditions.
Genotype imputation for simulated data was performed
using the GLIMPSE2 v2.0.0 pipeline [26]. The procedure
included sequential steps: genome splitting into overlapping
windows using the GLIMPSE2_chunk utility, creation of
the reference panel in the GLIMPSE2 format by means of
GLIMPSE2_split_reference, the imputation itself and phasing
via GLIMPSE2_phase, as well as combining the results from all
windows to restore full-chromosome files using GLIMPSE2_ligate.
The imputation accuracy was assessed by matching
imputed genotypes with reference ones, for which the original
high-confidence genotypes of the same samples before
downsampling were used. The GLIMPSE2_concordance
tool calculating two indicators was used for calculation:
concordance (percentage of completely matched genotypes)
and R? (square of the correlation coefficient between
imputed and reference allele dosages). Such an approach
allowed for quantitative characterization of the imputation
accuracy as a function of the target sample coverage depth
and the degree of its similarity to the reference panel. The
reference panel is available from the Zenodo open repository:
https://doi.org/10.5281/zenodo.21296424.

RESULTS
Characteristics of the created reference panel

As a result of consolidation and unified processing of 618
M. mulatta macaques the phased reference haplotype panel
has been produced that includes 33,457,491 highly reliable
SNP markers. The panel population structure is determined
by the composition of projects included. Most samples are
of Indian origin (418 animals; 67.6%), which is due to the
PRJNA382404 project predominance in the sample (OHSU,
n = 397). Samples of the project belong to the Indian population.
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The Chinese origin is reported for 200 animals (32.4%; project
CRA014717, KlZ). Such ratio guarantees the representation
of both major geographic lineages in the panel, thereby
expanding its application area to laboratory populations of
mixed or undefined origin. The sex composition of the sample
is characterized by the predominance of females: 410 females
(66.3%) and 208 males (33.7%), which reflects the structure of
the source publicly available WGS data.

Imputation accuracy evaluation

The imputation accuracy was assessed based on two metrics:
concordance (percentage of completely matched genotypes)
and R? (square of the correlation coefficient between imputed
and reference allele dosages). In contrast to concordance, R? is
more sensitive to errors in cases of rare variants, since it reflects
the correlation between the allele dosages. As expected,
both indicators were directly dependent on the target sample
coverage: the imputation accuracy consistently increased with
greater sequencing depth. In addition, the imputation accuracy
was assessed depending on the minor allele frequency (MAF)
within the range of 1-45%.

As for the M00016 sample of Indian origin, the R? value
increased from 0.56 to 0.96 when coverage increased from
0.1x to 0.9x (Fig. 1A). Stratification by MAF showed that the R?
values for common variants (MAF > 10%) reached 0.95-0.96
even with the coverage of 0.7x, while the R? values for rare
variants (MAF < 1%) was 0.56 at 0.1x and 0.84 at 0.9x. At 0.9x,
concordance for this sample varied between 0.61 (MAF 1%)
and 0.96-0.97 (MAF > 10%).

As for the CRR1023808 sample from the Chinese
population, the R? value increased from 0.58 at 0.1x to 0.95 at
0.9x (Fig. 1B). The R? values for common variants (MAF > 10%)
reached 0.93-0.95 with the coverage of 0.7x, and that for rare
variants (MAF 1%) reached 0.58 at 0.1x and 0.82 at 0.9x. At
0.9x, concordance for this sample varied between 0.63 (MAF
1%) and 0.95-0.97 (MAF > 10%).

The R? and concordance values obtained suggest high
efficiency of the produced reference panel for genotype
imputation in rhesus macaques. The R? values for common and
mid-frequency variants (MAF = 10%) reach 0.93-0.96 even with
the coverage of 0.7%, and concordance at 0.9x exceeds 0.95
for both test samples, confirming the genotype reconstruction
reliability for this category of markers. The imputation accuracy
for rare variants (MAF 1%) was predictably lower: R? was
0.82-0.84 at 0.9%, concordance was 0.86-0.88, which
suggests the need for deeper coverage (at least 0.7x-0.9x)
when conducting the studies focused on the analysis of
rare genetic variants. Thus, the panel created ensures high
imputation accuracy for a broad range of variants and can be
used in population and association studies of rhesus macaques.

Population structure analysis

The principal component analysis (PCA) was conducted based
on 33,457,491 SNP markers in order to assess the reference
panel genetic structure. The first principal component (PC1,
68.5% of total variance) clearly divides samples of Indian
and Chinese origin into two distinct clusters (Fig. 2), which is
consistent with the earlier published data in the considerable
genetic divergence among two major geographic lineages of
M. mulatta [27]. The second principal component (PC2, 5.2%
of dispersion) reveals an extra structure within each group:
samples of Indian origin demonstrate a relatively compact
distribution, while Chinese samples are characterized by the
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Fig. 1. Genotype imputation accuracy (R?) depending on the coverage depth and minor allele frequency (MAF) for two test samples. The horizontal axis shows the
minor allele frequency (%), the vertical axis shows the R? coefficient between imputed and reference allele dosages. Each curve corresponds to one of five coverage
levels (0.1x; 0.3x; 0.5x; 0.7x; 0.9x). A. M00016 sample of Indian origin. B. CRR1023808 sample of Chinese origin

wider spread along the PC2, which corresponds to the higher
genetic heterogeneity of the East Asian lineage resulting from
its subspecies-level diversity [28].

Panel testing on independent samples

To test the panel using independent data, imputation of
genotypes of 10 M. mulatta macaques from the collection
of the Kurchatov Medical Primatology Complex, National
Research Centre "Kurchatov Institute", not included in the
reference panel, was performed. Sequencing was conducted
with the average coverage of 0.6x, which was compliant with

the experimental design ensuring the optimal balance between
the cost and reliability when using low-coverage sequencing
[7, 12]. Imputation was performed by applying the GLIMPSE2
algorithm to the reference panel created.

The imputation quality was assessed based on the INFO/
RSQ indicator which reflects the confidence level for each
imputed variant and ranges from 0 to 1. In the studied sample,
the INFO/RSQ values varied between 0.862 and 0.934, and
the average value was 0.898. All the variants identified were
characterized by INFO values > 0.8, corresponding to the
strict selection threshold for frequent and mid-frequency
variants [29, 30].
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Fig. 2. M. mulatta reference haplotype panel principal component analysis (n = 618). Blue indicates samples of Indian origin (n = 418), red indicates samples of Chinese

origin (n = 200)
DISCUSSION

In this study the phased reference haplotype panel for
genotype imputation in Macaca mulatta that included 618
animals and 33.4 million SNP markers processed using the
common standardized pipeline was produced and validated.
Among available resources for imputation of genotypes of this
species, the panel of 741 animals of the Indian lineage should
be highlighted [13], as well as the large cohort of 919 Chinese
macaques with phenotypic data representing the GWAS-
oriented resource, but not a single phased imputation panel
[31]. Neither resource covers both geographic lineages of the
species within the framework of the common standardized
processing pipeline. At the same time, many laboratory
M. mulatta populations in the global research centers were
formed over decades through the importation of animals from
different regions and subsequent uncontrolled crossbreeding,
which often led to the unknown or mixed origin of animals
[14, 27, 32]. This determines the practical need in the integrated
resource covering both lineages, developed in this study.

The imputation accuracy indicators obtained are fully in line
with the published data. The highest accuracy was achieved
for samples of Indian origin: R? 0.95-0.96 for common variants
even with the coverage of 0.7x, which is comparable with the
results obtained based on the Indian panel [13]. Indicators for
the Chinese lineage are slightly lower, which naturally reflects
its lower representation. The panel developed is far beyond
the earlier available resources in marker density, ensuring
the coverage of over 33 million SNPs, which corresponds to
the level of contemporary reference panels for livestock and
opens the prospects for the high-resolution population and
association analysis. The panel ensures the imputation quality
comparable with that of commercially available SNP chips even

BULLETIN OF RSMU | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.045

with the coverage of 0.6x, which makes the approach cost-
effective when used for genotyping of large cohorts.

The practical value of the resource created is determined
by the broad range of biomedical tasks, for which M. mulatta
is the main model: research focused on infectious diseases,
research in the field of neurobiology, pharmacology, and
toxicology. The imputation-based whole-genome sequencing
enables the population screening of animals for carriage of
variants orthologous to human pathogenic mutations [33],
as well as for controlling the inter-individual pharmacokinetic
variability due to polymorphic variants of drug metabolism
enzymes [34]. This approach has proven its efficacy in
other model and livestock species. A multi-breed panel was
created for cattle, including 61.8 million SNP markers. When
applying the GLIMPSE2 algorithm, which was also used in our
study, the panel showed the concordance over 99% even with
the coverage of 0.1x [35]. The SWIM panel (2259 animals of
44 breeds) [36] and the PHARP panel constructed based on the
data of 1181 animals from 71 populations [37] were reported
for swine. All these panels have been generated by combining
the data of several publicly available projects focused on
genotyping of various populations, which is consistent with
the approach implemented in our study. The growing interest
in this area has been also reported in domestic studies: the
prospects of low-coverage sequencing for genomic selection
of cattle are discussed in the review by Russian authors [38],
and the imputed whole-genome data are already used for
the association analysis of economically significant traits in
Russian herds [39]. The successful experience of creating such
resources for other species confirms that the bioinformatics
pipeline developed in our study is reproducible and can be
adapted for the development of similar panels for other primate
species used in biomedical research.
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The main directions of the resource development are the
panel Chinese component expansion based on the publicly
available data and the inclusion of samples from domestic
primatology collection, which will make it possible to increase
the imputation accuracy for populations of mixed origin. The
reference panel created and the bioinformatics approach
developed provide the basis for conducting large genome-wide
association and population genetic studies involving rhesus
macaques in domestic laboratories.

Limitations of the study

The main limitation of the study is uneven representation of
geographic lineages in the panel: the number of samples of
Indian origin (418) is more than double the number of Chinese
ones (200). This has determined the higher imputation
accuracy for the Indian one. Furthermore, the panel has been
constructed based on the data from foreign repositories (BCM,
OHSU, KlZ), so further inclusion of samples from domestic
primatology collection is required to more accurately reflect local
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MOLECULAR GENETIC ASPECTS OF PREDICTING EARLY PREGNANCY LOSS
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Missed abortion is one of the most prevalent forms of early pregnancy loss that remains a pressing issue of obstetrics and gynecology. Despite advances in
reproductive medicine, the molecular mechanisms underlying the embryo development termination in early gestation are poorly understood. A comparative single-
center study aimed to assess the expression of TGF- and MMP-9 genes in peripheral blood of women with physiological and missed abortion and assess their
potential prognostic value for evaluation of the risk of early pregnancy loss. A total of 40 pregnant women were included in the study: 20 patients with the 9-11 week
physiological pregnancy (control group) and 20 women diagnosed with missed abortion (index group). The TGF-B and MMP-9 gene expression was determined
by the real-time polymerase chain reaction method after the total RNA isolation from peripheral blood. The Mann-Whitney U-test and ROC analysis were used
for statistical data processing. No significant differences in the TGF-B and MMP-9 gene expression between the studied groups were revealed. At the same time,
ROC analysis made it possible to determine the threshold values of the studied indicators having some diagnostic information content. As for MMP-9, the threshold
value Ct < 29 ensuring the 80% sensitivity and 60% specificity turned out to be the most informative. As for TGF-, the threshold value Ct < 27.4 was characterized
by the 75% sensitivity and 70% specificity. The findings suggest the potential prognostic value of the studied genes for evaluation of the risk of missed abortion.
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MONEKYNAPHO-TEHETUHECKUE ACIMNEKTbLI MPOrHO3NPOBAHUA PAHHUX PENPOAYKTUBHbIX MOTEPb
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3amepLuas 6epeMeHHOCTb OTHOCUTCH K YMUCNy Hanbonee pacnpoCTpaHeHHbIX (hOPM PaHHKX PENPOAYKTUBHBIX MOTEPb U OCTAETCS akTyasnbHOW Npobnemom
aKyLLepCTBa W rMHeKosorn. HecMoTpst Ha AOCTKEHUS B 06NaCTN PENPOLYKTUBHOM MEAVILIMHBI, MONEKYNISPHbIE MEXaH3Mb, NEXaLLe B OCHOBE MpeKpaLLeHys
pasBnTUS SMOPUOHA Ha PaHHNX CPOKax recTaumm, UdydeHbl HEAOCTATOHHO. Llenbio cpaBHUTENBEHOMO OAHOLIEHTPOBOMO UCCNEefoBaHMS Oblo OLIEHUTb YPOBEHD
aKcnpeccun reHoB TGF-B 1 MMP-9 B nepndepnyeckor KPOBU >KEHLLWH C (D13NONOrMHECKOn 1 3amepLuert 6epeMEHHOCTBIO 1 ONMPEAENUTb NX NMOTEHUMABbHYIO
MPOrHOCTUYECKYIO 3HAYMMOCTb MPY OLIEHKE PUCKa PaHHKX PENPOLYKTVBHBLIX MOTePb. B 1ccnenoBaHvie 6ol BKoueHb! 40 6epeMEHHbIX MEHLLMH: 20 NaLMeHToK
C hmanonornyeckn npotekaroLLen 6epemMeHHOCTbi0 cpokoM 9-11 Hepenb (KOHTponbHas rpynna) 1 20 MeHWWH ¢ AvarHo30M 3ameplueit 6epeMeHHOCTH
(ocHoBHas rpynna). YpoBeHb akcnpeccun reHoB TGF-Bun MMP-9 onpefenany METOAOM NOAMMEPAa3HOM LIEMHOWM peakLyn B PEXXVIME pealbHOro BPEMEHW Nocne
BblaeneHvst TotanbHol PHK 13 nepudepnyeckort kposu. [ns ctatncTnyieckon 06paboTkim pesynsTaToB MCnonb3oBany kputepuin ManHa-YutHn n ROC-aHanms.
CTaTUCTMHECKM 3HAYUMBIX Pa3IMHUIA MEXIY UCChedyeMbIMU rpynnamMm No YPoBHAM akcnpeccun reHos TGF-B 1 MMP-9 BbisiBNeHo He 6bino. BmecTe ¢ Tem
ROC-aHanm3 no3sonunn onpeaen1te NOPOroBble 3HA4EHNS NCCneayembix nokasaTenen, obnagaroLime OnpeaeneHHoN AnarHOCTUHECKON NH(OPMATUBHOCTBIO.
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MPOrHOCTUYECKOW 3HAYMMOCTY UCCRedyeMbIX FeHOB MPY OLIEHKE pricka 3amMepLueit 6epeMeHHOCTU.
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Missed abortion is one of the most significant problems of
modern reproductive medicine that occupies an important
place in the structure of early pregnancy loss. Despite the
improvement of the diagnosis and treatment methods, the
prevalence of this disorder remains high. Abnormal embryo
development in early gestation results from the combination of
genetic, immune, endocrine, infectious, and vascular factors,
the contribution of each of which can be different depending
on the clinical situation.

The normal pregnancy course is ensured by the coherent
interaction between the mother’'s body and the developing
embryo. Successful implantation and subsequent formation
of the placental complex require an adequate trophoblast
invasion, extracellular matrix remodeling, vascular network
formation, and immune tolerance maintenance. Violation of any
of the above processes can result in pregnancy arrest.

The earlier studies revealed molecular features of the tissues
collected from individuals with missed abortion. It has been
found that early pregnancy loss is associated with changes in
the ribosomal DNA content [1, 2], abnormal expression of a
number of placenta-specific proteins of the PSG family 3, 4], as
well as downregulation of the reticulon 4 (RTN4) protein involved
in apoptosis and cell differentiation. The results obtained
suggest that there are complex molecular abnormalities
affecting various phases of embryo development and placenta
formation [1-6]. At the same time, the immune regulation and
tissue remodeling mechanisms in patients with miscarriage are
poorly understood. In this regard, the transforming growth factor
B (TGF-P) and matrix metalloproteinase 9 (MMP-9) genes play
an important role in ensuring the immune tolerance, trophoblast
invasion, and placental bed formation are of special interest.

DMP1

MMP-9 is an enzyme involved in degradation of the
extracellular matrix components. Its activity is important for the
throphoblastic cell migration and invasion, endometrial tissue
remodeling, and placental complex formation. The MMP-9
regulation impairment can be associated with placentation
defects and complicated pregnancy course [7—13].

Matrix metalloproteinase 9, also playing an important role
in leukocyte migration, osteoclastic bone resorption, belongs
to the M10A peptidase family; it functions as a growth factor
regulating the cell differentiation, migration, and cell death,
activates the signaling cascades via CD63 and ITGB1.
According to the String data (Fig. 1), it is also involved in
protein-protein interaction.

TGF-B belongs to the key regulators of cell proliferation,
differentiation, and immune response. During pregnancy
this cytokine is involved in developing the immune tolerance
between the mother’'s body and the fetus, limiting the
development of excess immune responses and contributing to
continuation of pregnancy [14-25].

Despite a large number of studies focused on the role of
TGF-B and MMP-9 in reproductive processes, the information
about the specifics of their expression in patients with missed
abortion is still limited and largely controversial. This determines
the need for further study of these molecular markers.

According to the String data (Fig. 2), TGF-B is involved in
protein-protein interaction in the following way.

The studied genes (proteomes) almost never interact with
each other or together (Fig. 3).

The study aimed to assess the TGF-S and MMP-9 gene
expression in peripheral blood of women with physiological
pregnancy and missed abortion, as well as to determine their

Fig. 1. Protein-protein interaction of MMP-9. Contribution of the MMP-9 biochemical interaction with other bioactive substances. The interaction network is constructed

using the STRING resource (https://string-db.org)
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Fig. 2. Protein-protein interaction of TGF-B. Contribution of the TGF-B biochemical interaction with other bioactive substances. The interaction network is constructed

using the STRING resource (https://string-db.org)

potential prognostic value for evaluation of the risk of early
pregnancy loss.

METHODS

Research design. A comparative single-center study aimed at
assessing the TGF-f and MMP-9 gene expression in peripheral
blood of women with physiological pregnancy and missed
abortion was conducted.

Characteristics of surveyed patients

A total of 40 pregnant women were included in the study. The
control group consisted of 20 patients with the 9-11-week
physiological singleton pregnancy, who were through the first
prenatal screening. The index group consisted of 20 women
diagnosed with missed abortion. Missed abortion was detected
during the scheduled visit and the ultrasound examination, and
the pregnancy age was determined based on the medical
history data and fetal ultrasound. In 13 patients, pregnancy
arrest occurred at 6-9 weeks of gestation, and in 4 patients
it occurred at 9-12 weeks. Furthermore, a mismatch between
anthropometric measurements based on the ultrasound
examination of dead embryos and the gestational age of 3-5
weeks. In 3 patients, pregnancy was terminated for medical
reasons (teratogenic effects) after the genetic counseling and
the consilium at 13-21 weeks. Fetal karyotypes were not
determined in cases of developmental abnormalities. Inclusion
criteria: age over 18 years; confirmed intrauterine pregnancy;
signed informed consent to take part in the study. Exclusion
criteria: multiple pregnancy.

Biomaterial collection

Peripheral venous blood collection from the cubital vein was
performed in all patients prior to surgery and ultrasound
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examination. The main diagnosis was made after the embryo
tissue assessment at the cytogenetic laboratory.

RNA isolation and cDNA synthesis

Whole venous blood was used to isolate total RNA. After lysis
of cellular elements samples were centrifuged, and further RNA
extraction was performed using the ExtractRNA kit (Evrogen,
Russia) in accordance with the manufacturer’s guidelines. The
quality of the RNA obtained was controlled by electrophoresis.
The nucleic acid concentration was determined by
spectrophotometry using the Nano500 system (AllSheng,
China). The BioMaster RNAscribe RT Plus kit (Biolabmix,
Russia) was used to synthesize complementary DNA. A total
of 1 pg of total RNA was added to the reverse transcription
reaction. After the reaction was complete the resulting cDNA
was diluted with nuclease-free water and used for further gene
expression analysis.

Determination of gene expression

The expression of the TGF-f and MMP-9 genes was
determined by the real-time polymerase chain reaction
method. Amplification was accomplished in the DT-96 cycler
(DNA-Technology, Russia). All the samples were analyzed in
two technical replicates. To increase the analysis specificity,

TGFB1

Fig. 3. Biological interaction of TGF-B and MMP9 between each other in the
pregnant woman'’s body. The interaction network is constructed using the STRING
resource (https://string-db.org)
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Table. Comparative statistics of the TGF- and MMP-9 expression in blood of patients physiological pregnancy and missed abortion

Parameters Group Number of cases Mean Standard error (+) Minimum Maximum
Ct_TGFb Missed abortion 20 27.15 0.3 24.7 30.8
Ct_TGFb Control 20 28.205 0.33 26 32.7
Ct_MMP9 Missed abortion 20 27.805 0.42 25.4 32.1
Ct_MMP9 Control 20 29.31 0.37 26.2 324
Ct_B2M Missed abortion 20 19.935 0.37 17.9 24.8
Ct_B2M Control 20 20.5 0.28 18.4 23.7
Ct_GUSB Missed abortion 20 28.265 0.37 25.9 334
Ct_GUSB Control 20 29.47 0.37 26.2 33.1
Ctref Missed abortion 20 241 0.36 22.3 29.1
Ctref Control 20 24,985 0.31 23 28.4
ACt_TGFb Missed abortion 20 3.05 0.21 1.2 4.9
ACt_TGFb Control 20 3.22 0.2 2 6.1
ACt_MMP9 Missed abortion 20 3.705 0.23 2.35 6.15
ACt_MMP9 Control 20 4.325 0.26 2.8 8.3

Note: Ct_TGFb — Ct value of TGF-B gene amplification, Ct_MMP9 — Ct value of MMP-9 gene amplification.

primer was placed on the exon-exon junction, which prevented
amplification with the genomic DNA. B2M and GUSB were
used as reference genes. Relative expression was calculated
by the AACt method with subsequent mean reference gene
normalization.

Statistical analysis

Statistical data processing was performed using the StatPlus
2007 software. The mean, standard error of the mean,
median minimum and maximum values were calculated for
quantitative indicators. Independent groups were compared
using the nonparametric Mann—-Whitney test. This method was

selected due to small sample size and no need to assume the
normal distribution of the studied traits. The differences were
considered significant at p < 0.05. ROC analysis involving
determination of optimal threshold values, sensitivity and
specificity was used to assess the diagnostic informativity of
the studied indicators. No adjustment for multiple comparisons
was applied. The study was preliminary, since the cohort size
was 20 individuals per group.

RESULTS

Comparative analysis of the TGF-B and MMP-9 gene
expression in peripheral blood of women with physiological
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Fig. 4. ROC curves characterizing the Ct_TGFb and Ct_MMP9 expression sensitivity and specificity for the success of missed abortion prediction. X axis — False

positive rate (specificity), Y axis — True positive rate (sensitivity)

BECTHUK PIMY | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2026.043



pregnancy and missed abortion was conducted. The analysis of
threshold amplification cycles revealed no significant intergroup
differences (Table). The mean Ct value for TGF-B was
27.15 + 0.30 in the group with missed abortion, while in the
control group it was 28.21 + 0.33. As for the MMP-9 gene,
the mean Ct values were 27.81 + 0.42 and 29.31 + 0.37,
respectively.

Therefore, TGFb and MMP-9 do not have a 100% diagnostic
value for prediction of missed abortion, but in fact there are
more data: for example, we accurately calculated the limits
of intervals, based on which the subtle difference was found.
Thus, the analysis of parameters for the risk of "missed abortion"
(Fig. 4) showed the most significant differences for the Ct_TGFb
and Ct_MMP9 parameters.

The value < 29, at which sensitivity reaches 80% with the
60% specificity, is diagnostically important for Ct_MMP9
(Fig. 4). As for Ct_TGFb, such expression value is 27.4,
at which sensitivity reaches 75% with the 70% specificity.
Prediction of missed abortion based on the Ct_TGFb and
Ct_MMP9 expression can yield the result of up to 80%/70%.

DISCUSSION

In this study the expression of the TGF-B and MMP-9 genes
in peripheral blood of women with physiological pregnancy
and missed abortion was assessed. Despite the fact that there
were no significant differences between the studied groups, the
ROC analysis results showed that there were threshold values
of the studied indicators having some prognostic informativity.
The data obtained suggest that changes in the TGF-g and
MMP-9 expression cannot be considered as the only
mechanism underlying the development of missed abortion. It
is likely that the molecular alterations identified reflect only some
links of a complex pathogenetic process including impaired
placentation, immune adaptation, and cell-cell interactions at
the maternal-fetal interface [14-25].

It is well known that successful implantation of the embryo
and further pregnancy development require the adequate
throphoblast invasion of the endometrium and development
of the full-fledged maternal-placental blood flow. Matrix
metalloproteinases ensuring the controlled extracellular matrix
remodeling play an important role in these processes [7—13].
Among members of this family of special importance is MMP-9
involved in degradation of the basal membrane components,
throphoblastic cell migration, and placental bed formation [7-13].

According to a number of studies, the MMP-9 activity is
strongly associated with the throphoblast invasion and normal
development of the placenta [7—13]. Abnormal metalloproteinase
regulation can result in incomplete placentation at different
fetus's gestational ages and the development of pregnancy
complications [7-13]. The data on the MMP-9 potential
prognostic value obtained in this study are in line with modern
views of the role of this enzyme in early gestation.

An equally important component of the successful
pregnancy is the formation of immunological tolerance
between the mother's body and the fetus [15-25]. A central
place in the regulation of this process is occupied by TGF-B
having pronounced immunomodulatory properties [15-25].
This cytokine is involved in controlling the activity of T cells,
natural killers, and other immunocompetent cells, it ensures
maintenance of the immune balance essential for pregnancy
continuation [14-25].
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According to the literature, the decrease in activity
of the TGF-B signaling pathways can be associated with
violation of the maternal-fetal immune tolerance and the
increased risk of miscarriage [15-25]. Our results revealed
no significant intergroup differences due to insufficient
number of measurements of the studied indicators at various
embryogenesis and placentation terms. However, the fact that
there is a diagnostically significant threshold value suggests the
TGF-B involvement in the mechanisms associated with the risk
of pregnancy arrest.

It should be taken into account that the missed abortion
pathogenesis is multifactorial [7-25]. Genetic abnormalities
in the embryo, endocrine disorders, infectious processes,
hemostatic disorders, and immune alterations can be realized
simultaneously to form various clinical variants of the disease.
In this regard, the use of distinct molecular markers does not
always ensure high diagnostic accuracy. Limitations of the
study include the relatively small sample size and heterogeneity
of pregnancy age in the group of patients with missed
abortion. Furthermore, biomaterial was collected after making
the diagnosis, which did not allow us to assess the dynamic
changes in expression of the studied genes at various stages
of the disease process.

Thus, the findings confirm that further investigation of TGF-8
and MMP-9 as the components of complex prognostic models
for assessment of the risk of early pregnancy loss is promising
[7-25]. To clarify clinical significance of the patterns identified,
studies with the inclusion of a larger number of observations
and the expanded range of molecular genetic indicators are
necessary.

The study made it possible to assess the features of the
TGF-B and MMP-9 gene expression in peripheral blood of
women with physiological pregnancy and missed abortion.
No significant intergroup differences in expression of
the studied genes were revealed. At the same time,
the ROC analysis results showed that there were threshold
values of the TGF-f and MMP-9 indicators having some
prognostic informativity when assessing the risk of missed
abortion.

The data obtained suggest possible involvement of the
studied genes in the molecular mechanisms ensuring the
normal pregnancy course. However, the small sample size
makes it impossible to consider the patterns revealed as the
definitely proven ones. Further research should be focused
on assessing the TGF-f and MMP-9 expression in the larger
and clinically homogeneous groups of patients, as well as
on developing the complex prognostic models combining
molecular genetic, laboratory, and clinical indicators.

CONCLUSIONS

There were no significant differences in the TGF-f and
MMP-9 gene expression in peripheral blood of women with
physiological pregnancy and missed abortion. The threshold
value Ct < 29 enduring the 80% sensitivity and 60% specificity
turned out to be of diagnostic value for the MMP-9 gene.
As for the TGF-B gene, the value Ct < 27.4 with the 75%
sensitivity and 70% specificity was the most informative.
The findings suggest the potential prognostic value of these
molecular markers and the need for further research aimed to
confirm their clinical significance and ensure validation in the
independent sample.
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CAN AUTOCHTHONOUS ENDOMETRIAL MICROBIOTA BE DETECTED BY TRANSCERVICAL SAMPLING?
Zornikov DL' &, Simarzina VM, Islamidi DK',2, Belykh NS?, Kornilov DO', Abakumova EI?, Knhayutin LV2, Plotko EE?, Voroshilina ES',2

" Ural State Medical University, Yekaterinburg, Russia

2 Medical Center “Garmonia”, Yekaterinburg, Russia

Transcervical endometrial sampling is widely used to study the uterine microbiota, but the risk of cervical contamination raises doubts about whether detected
microorganisms genuinely originate from the endometrium. This study aimed to determine whether autochthonous endometrial microbiota can be detected in
transcervically collected samples by quantitative PCR after accounting for cervical contamination. Paired cervical and endometrial samples were collected from 185
reproductive-age women using an Endobrush catheter for endometrial sampling. Microbiota composition was assessed by real-time PCR targeting 27 microbial
groups. An endometrial signal was considered true if its quantity exceeded that in the paired cervical sample, adjusted for transfer thresholds of 30% (expected,
based on prior in vitro data) and 100% (conservative). Before correction, microbial signals were detected in endometrial samples from 144 (77.8%) women. After
correction, positive signals remained in 44.3% (30% threshold) and 37.3% (100% threshold) of women. Most Lactobacillus spp. positives fell into an uninterpretable
gray zone (47.6% and 55.1% at the 30% and 100% thresholds, respectively). In contrast, opportunistic microorganisms largely remained true positives after
correction. Autochthonous endometrial microbiota was detected in approximately 37% of women, typically comprising 1-3 predominantly non-lactobacillus taxa.
Detection of opportunistic microorganisms in the endometrium therefore likely reflects their genuine presence, whereas Lactobacillus detection is, in most cases,
indistinguishable from cervical contamination.

Keywords: endometrial microbiota, autochthonous microbiota, cervical contamination, transcervical sampling, quantitative PCR.
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MO>KHO JI OBHAPY>XUTb AYTOXTOHHYIO MUKPOBUOTY SHOOMETPUA
NPV TPAHCLIEPBUKAJIbHOM B3ATWN NMPOB?

0. 1. BopHukos'™=, B. M. CumapsuHa', [. K. Vicnamuan'2, H. C. Benbix', . O. Koprunos', E. U. Abakymosa?, 1. B. XaotuH?, E. 3. TINOTKO?,
E. C. BopowwwmnuHa',?

" YpansCkuin rocyAapCTBEHHbI MEOVILMHCKNI YHUBEPCUTET, EkaTtepnHbypr, Poccus

2 MepMUMHCKUIA LeHTP «fapMoHus», EkatepuHoypr, Poccus

TpaHcuepBuKanbHbIn coop 06pasLioB SHAOMETPUS TPAAMLMOHHO UCMONb3YIOT ANS U3YHEHNST MUKPOBMOTbI MOMOCTU MaTKWU, OAHAKO HEN3OEXHbI PUCK
KOHTaMUHaLMW LiePBMKaNbHON MUKPOBUOTON CTaBUT MOL COMHEHME MPOUCXOXAEHNE OOHAPY>XMBaeMbIXx MUKPOOPraHn3amMoB. Llenb nccneposaHna —
onpesenuTb, MOXHO S OOGHAPYXXWTb ayTOXTOHHYIO MUKPOOUOTY SHAOMETPUS B TPaHCLEPBMKANbHO COOpaHHbIX 0bpasLiax MeToLoM KonmdecTBeHHon TMLIP ¢
YHETOM LiepBUKATbHOM KOHTaMUHaLMW. B 0AHOMOMEHTHOE METOAOMIOMMHECKOE UCCefoBaHVe BKIOHYEHb! 185 >KEHLLMH PEnpOayKTUBHOMO BO3PACTa, Y KOTOPbIX
npoBOANM 3a60p MapHbIX LIePBUKaSTbHBIX 1 3HAOMETPUANbHbIX 06PasLIOB (415 aHAOMETPUANbHBIX 06pa3LIoB Mcnonb30Bav 3oHa Endobrush, Mannens C2).
MUKpO6HOTY oLeHVBanmM MeTofoM MNMLIP B peanbHOM BpemeH Ha 27 rpymn MUKPOOpraHmaMoB. CurHan B aHAOMETPUN CHATAIN UCTUHHBIM, ECIIN €0 KOIMYECTBO
NPEBbILLIASIO TaKOBOE B LIEPBUKaIbHOM 06paadLie ¢ y4eTom noporos nepeHoca 30% (oxmpaemsiit) n 100% (koHcepBaTuBHbI). MUKpobHble CurHasibl B 9HAOMETPUN
[0 nonpaeku obHapy>keHbl y 144 (77,8%) nauneHToK; nocne nonpaBky NMONOXKUTENbHbIE CUrHaBI coxpaHamch Y 44,3% (nopor 30%) n 37,3% (nopor 100%)
SKEHLLIMH. BOMBbLUMHCTBO MONOXUTENBHLIX NPO6 Ha Lactobacillus spp. nonafgani B HEUHTEPTNPETUPYEMYIO «Cepyto 30HY» (47,6 1 55,1% OT BCex MaLMeHTOK npu
noporax 30 1 100% CoOoTBETCTBEHHO). HanpoTuB, YCNOBHO-MATOrEHHbIE MMKPOOPraHM3Mbl B GOMBLUMHCTBE Clly4aeB OCTaBaMCh UCTUHHO MONOXKUTENbHBIMI
rocne nonpasoK. AyTOXTOHHAS MMKPOOMOTa SHOOMETPUS ObHapy>kvBanack y 37,3% >XeHLWH 1 Obina npeacTasneHa 1-3 TakCcoHaMu, MPenMyLLECTBEHHO He
nakTobaumnnamm. Takum 06pa3om, 0OHaPYKEHME YCIOBHO-MATOrEHHbIX MUKPOOPIaHN3MOB B SHLOMETPUIN MOXHO UHTEPTPETUPOBATL Kak MapKep VX peanbHoro
MPUCYTCTBUSA, TOrda Kak akTobaumnbl B GOMbLUMHCTBE CyYaes HEOT/IMHMMBI OT LIEPBMKAIBHON KOHTaMUHaLMM.

KnioueBble cnoBa: MMKpOGMOTa SHAOMETPUSA, ayTOXTOHHAA MUKPOOMOTA, LiepBrKabHas KOHTaMUHALUMSA, TPaHCLIEPBMKabHbIN 3a60p, KonmdecTeeHHas MMLIP
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In 2015, culture-based methods and quantitative PCR (gPCR)
revealed a distinct microbial community within the uterine
cavity using tissue specimens obtained during hysterectomies
[1]. By utilizing post-hysterectomy tissue, that study effectively
eliminated the risk of vaginal and cervical contamination.
A subsequent study, which also evaluated hysterectomy
specimens alongside rigorous negative controls, provided a
definitive answer to a foundational question: does the uterine
cavity harbor a detectable microbiota when assessed by
molecular methods? [2]. The resulting data prompted a
paradigm shift away from the traditional assumption of a
sterile uterine cavity. Today, it is generally accepted that
the endometrium harbors its own low-biomass microbial
community, making the study of the endometrial microbiota a
priority within human microbiome research [3, 4].

Clinical studies, however, cannot rely on hysterectomy
specimens. Consequently, nearly all published literature
evaluating the endometrial microbiota and its association with
reproductive outcomes relies on transcervical sampling—
most commonly performed using devices such as Pipelle
or Endobrush (Tao Brush) [5-13]. To collect a sample, these
instruments must traverse the heavily colonized cervical canal.

Studies employing transcervical sampling have reported
associations between the endometrial microbiota and early
pregnancy loss [14], chronic endometritis [15], endometrial
polyps [5, 16, 17], endometrial hyperplasia [12], and
endometriosis [18]. Yet, a critical question remains unanswered:
do these associations reflect genuine alterations within the
endometrial cavity, or do they largely capture cervical microbiota
carried upward during sampling? This uncertainty stems from
an unavoidable technical limitation: any instrument traversing
the cervical canal risks contaminating the endometrial specimen
with cervical microorganisms. This concern is particularly acute
given that the baseline bacterial load in the uterine cavity is often
substantially lower than that of the cervix [19]. Consequently,
even minor contamination could mask a true endometrial signal
or, conversely, be misinterpreted as evidence of an indigenous
uterine microbial community.

Most published studies attempt to mitigate this risk by pre-
treating the vagina and cervix with saline or antiseptics, and
by using vaginal or cervical samples as contamination controls
[6-10, 12, 13, 15-17, 20, 21]. While these measures reduce
contamination risks, they do not eliminate them, nor do they
permit reliable quantification of the carryover.

In a recent in vitro study using a physical model of the
cervical canal, we quantified the extent of microbial carryover
associated with Pipelle and Endobrush devices [22]. We
demonstrated that both instruments transfer a substantial
amount of microbiota from cervical mucus into model
endometrial samples, yielding a median carryover of 81.6% for
Pipelle and 29.8% for Endobrush. These findings cast serious
doubt on the true origin of the microbiota detected in clinical,
transcervically collected specimens. However, because in vitro
models cannot fully replicate the physiological complexity of
a clinical setting, the actual extent of contamination in patient
samples remains unknown.

Therefore, the objective of the present study was to
determine whether a true, autochthonous endometrial
microbial signal — previously demonstrated in hysterectomy
specimens [1, 2] — can be detected behind the inevitable
“curtain” of cervical contamination introduced during routine
clinical sampling. In this study, we classify an endometrial signal
as autochthonous (true endometrial) only if the concentration of
bacterial DNA in the endometrial sample exceeds the level that
could be explained by cervical carryover alone.
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Aim: To determine whether an autochthonous endometrial
microbiota can be detected in transcervically collected
samples by quantitative PCR after adjusting for cervical
contamination.

METHODS
Patients

The study included 185 reproductive-age women (median
32.9, Q,-Q, [29.9-37] years). All patients were examined
at the Garmonia Medical Center (Yekaterinburg, Russia)
between January 2020 and August 2023 for either a history
of reproductive dysfunction or suspected endometrial
pathology.

Inclusion criteria were: reproductive age (18-45 years),
non-pregnant status, preserved menstrual cycle, clinical or
ultrasound signs of endometrial pathology or infertility, feasibility
of simultaneous collection of paired clinical samples (cervical
and endometrial), and written informed consent.

Exclusion criteria at enrollment were: use of hormonal or
intrauterine contraception at the time of examination or within
the preceding six months, malignancy of any site, acute
inflammatory diseases of the lower reproductive tract or pelvic
organs at the time of examination, antibiotic therapy within four
weeks prior to enrollment, and refusal to participate.

Post-enrollment exclusion criterion was: detection of sexually
transmitted infections caused by obligate pathogens — Neisseria
gonorrhoeae, Chlamydia trachomatis, Mycoplasmoides
genitalium (formerly Mycoplasma genitalium), Trichomonas
vaginalis — as determined by the Androflor assay (DNA-
Technology, Russia).

Microbiota composition in cervical and endometrial samples
was assessed by real-time PCR targeting 27 microbial groups.

Sample Collection

All procedures were performed on days 8-12 of the menstrual
cycle. To minimize contamination risk, samples were collected
in ascending order (vagina — cervical canal — uterine cavity).

Vaginal sample

A vaginal sample was collected from the posterior-lateral fornix
before antiseptic treatment using a sterile standard urogenital
swab. The biomaterial was transferred to a tube containing
sterile saline (0.9% NaCl). Vaginal samples were not analyzed
in the present study.

Vaginal preparation

Following vaginal sampling, the vagina was irrigated with
150-200 mL of 0.05% chlorhexidine bigluconate using a low-
frequency ultrasonic cavitation device (AUZKh-100; Fotek,
Russia) according to the manufacturer’s protocol [23]: exposure
time, 1-2 min; power setting, 6-8 units. This procedure served
as prophylaxis against infectious-inflammatory complications
prior to intrauterine sampling [24].

Cervical sample

After vaginal preparation, a cervical mucus sample was
collected using a new sterile standard urogenital swab inserted
into the cervical canal to a depth of 1-1.5 cm. The biomaterial
was transferred to a tube containing sterile saline.
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Endometrial sample

Endometrial sampling was performed using the Endobrush
Standard for Endometrial Cytology device (Laboratoire C.C.D.,
France). The device is equipped with a protective sheath
that shields the internal brush from contact with the cervical
mucosa: the brush is deployed only after the device enters the
uterine cavity and is retracted into the sheath before withdrawal.
The cervix was visualized with a speculum and recleaned with
a swab soaked in 0.05% chlorhexidine. The device was then
introduced into the uterine cavity transcervically, avoiding
contact with the vaginal walls. Once inside the uterine cavity, the
protective sheath was retracted to expose the brush, and 3-5
rotational movements were performed to collect the sample.
The brush was then retracted into the sheath and the device
was withdrawn. The outer surface of the sheath was thoroughly
wiped with a sterile swab soaked in 96% ethanol to remove
residual cervical mucus and prevent sample contamination.
Finally, the brush was extended and the biomaterial was
transferred to a tube containing sterile saline.

DNA Extraction

DNA was extracted using the Proba-NK-PLUS kit (DNA-
Technology, Russia) according to the manufacturer’s
instructions. Endometrial samples underwent a preliminary
deproteinization step: sample tubes were centrifuged at
13,000 rpm for 10 min on a MiniSpin centrifuge (Eppendorf,
Germany), the supernatant was discarded, and the pellet
was resuspended in 100 pL of lysis solution from the Proba-
NK-PLUS kit and vortexed to homogeneity. A 50 pL aliquot
of the resulting homogenate was transferred to a clean tube
containing a mixture of 25 pL lysis solution, 5 pL proteinase K
(20 mg/mL; VWR Life Science, USA), and 120 pL sterile
saline. After mixing, samples were incubated at 60 °C for
30 min, then at 95 °C for 10 min. Following incubation, tubes
were centrifuged at 13,000 rpm for 60 s. A 100 pL volume
of the supernatant was used for DNA extraction according to
the Proba-NK-PLUS kit protocol. The deproteinization step for
endometrial samples was necessitated by their high viscosity
due to abundant protein and mucus, which could reduce DNA
extraction efficiency. Cervical samples did not require this step
owing to their different consistency. Negative controls (sterile
saline) were included in each DNA extraction and PCR run to
rule out reagent contamination.

Microbiota Analysis

Each sample was analyzed by real-time PCR for 27 microbial
groups: Lactobacillus spp., Lactobacillus crispatus, Lactobacillus
acidophilus, Lactobacillus iners, Lactobacillus jensenii,
Lactobacillus gasseri, Lactobacillus johnsonii, Lactobacillus
vaginalis, Staphylococcus spp., Streptococcus spp.,
Corynebacterium spp., Gardnerella vaginalis, Megasphaera spp.
/ Veillonella spp. / Dialister spp. (MVD group), Sneathia spp. /
Leptotrichia spp. / Fusobacterium spp. (SLF group), Atopobium
cluster, Bacteroides spp. / Porphyromonas spp. / Prevotella spp.
(BPP group), Anaerococcus spp., Peptostreptococcus spp. /
Parvimonas spp. (PP group), Eubacterium spp., Haemophilus
spp., Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia
spp. (PRB group), Enterobacteriaceae / Enterococcus spp.,
Ureaplasma urealyticum, Ureaplasma parvum, Metamycoplasma
hominis, and Candida spp.

PCR was performed using the Androflor kit and a kit
for species-level identification of vaginal lactobacilli (both

manufactured by DNA-Technology, Russia) on DT-Prime
and DT-96 thermal cyclers with the accompanying software
and amplification protocols (DNA-Technology, Russia).
According to the kit instructions, samples were considered
positive for Ureaplasma urealyticum, Ureaplasma parvum,
and Metamycoplasma hominis at any non-zero quantity.
For all other microbial groups, the detection threshold was
10° genome equivalents per sample (GE/sample).

Statistical Analysis

Data processing and visualization were performed in R version
4.6.0 (R Foundation for Statistical Computing; Vienna, Austria).
Central tendency is reported as median with first and third
quartiles (Q, and Q,). Differences in detection frequencies were
assessed using two-tailed Fisher's exact test; differences in
quantitative variables were assessed using the Mann-Whitney
U test. All differences were considered statistically significant
at p < 0.05.

RESULTS
Clinical Characteristics of the Patients

At the time of examination, patients presented with menstrual
cycle abnormalities, ultrasound signs of endometrial pathology,
or were undergoing evaluation for infertility. These conditions
served as the indications for the workup, which included
intrauterine sampling for microbiota analysis. The majority
of patients had a history of obstetric-gynecological pathology,
while 17 (9.2%) women had an uneventful history (Table 1).

Comparison of the Microbiota in Cervical
and Endometrial Samples

Microbial signals were detected in endometrial samples from
144 (77.8%) patients. For most microbial groups, the detection
frequency in cervical samples was 1.3-3 times higher than in
endometrial samples (Fig. 1). The groups detected significantly
more frequently in cervical samples included Lactobacillus spp.
(88.6% vs. 68.1%), L. crispatus (39.5% vs. 15.7%), L. iners
(41.6% vs. 28.1%), L. jensenii (31.9% vs. 10.8%), L. gasseri
(16.8% vs. 8.1%), L. johnsonii (3.2% vs. 0%), L. vaginalis (23.8%
vs. 2.7%), Anaerococcus spp. (10.8% vs. 2.2%), Eubacterium
spp. (81.9% vs. 20%), Enterobacteriaceae/Enterococcus spp.
(183% vs. 5.9%), U. parvum (6.5% vs. 0%).

Statistically significant differences in microbial quantity between
cervical and endometrial samples were found for 13 microbial
groups: Lactobacillus spp., L. crispatus, L. iners, L. jensenii,
L. gasseri, L. johnsonii, L. vaginalis, G. vaginalis, Anaerococcus
spp., PP group, Eubacterium spp., Enterobacteriaceae/
Enterococcus spp., U. parvum (Fig. 1). Lactobacillus spp.
exhibited the highest quantities at both anatomical sites, with
10*° (10%8-10%") GE/sample in cervical samples versus 10%°
(0-10*?) GE/sample in endometrial samples (o < 0.001). Median
quantities for all other microbial groups were zero at both
sites; the significant differences were driven entirely by higher
concentrations in the upper quartiles of the cervical sample
distributions.

Endometrial Signals After Correction for Potential
Contamination

For each positive signal in an endometrial sample, we calculated
the ratio of the microorganism’s quantity in the endometrium to
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Parameter Value
Age, years 32.9 (29.9-37.0)
Body mass index, kg/m? 22.1 (20.2-24.4)

Obstetric and gynecological history
Age at menarche, years 13 (12-14)
Menstrual cycle length, days 29 (28-30)
Duration of menses, days 5(5-7)
Total pregnancies 1(0-2)
Parity (deliveries) 78 (42.4%)
History of abortion 44 (23.8%)
History of pregnancy loss 40 (21.6%)
Gynecological pathology*

Infertility 77 (41.6%)
Endometriosis 32 (17.3%)
Uterine fibroids 17 (9.2%)
Endometrial hyperplasia 13 (7.0%)
Pelvic inflammatory disease 10 (5.4%)
HPV carrier 7 (3.8%)
Hyperprolactinemia 7 (3.8%)
Recurrent pregnancy loss 6 (3.2%)
Heavy menstrual bleeding 6 (3.2%)
Chronic cervicitis 6 (3.2%)
Cervical dysplasia 4 (2.2%)
Endometrial polyp 4(2.2%)
Polycystic ovary syndrome 2(1.1%)
Teratoma 1(0.5%)
Chronic endometritis 1(0,5%)
No gynecological pathology 17 (9.2%)

Note: * — the sum of obstetric-gynecologic diagnoses exceeds 100% because several patients had more than one diagnosis.

its quantity in the paired cervical sample from the same patient.
A signal was considered truly endometrial if this ratio exceeded
the established cervical carryover threshold. Two carryover
thresholds were applied: 30% (the expected threshold, based
on our prior in vitro experiment [22]) and 100% (a conservative
threshold, requiring the microbial load in the endometrium to
exceed that in the cervix). When the target microorganism
was absent from the cervical sample, any positive endometrial
signal was considered to exceed the carryover threshold, as it
could not be explained by cervical contamination.

After applying these thresholds, microorganisms were
detected in 82 (44.3%) samples at the 30% threshold and 69
(87.3%) samples at the 100% threshold (Fig. 2). The majority
of positive samples contained no more than three microbial
groups. Specifically, at the 30% threshold, one, two, and
three groups were detected in 31 (16.8%), 13 (7%), 15 (8.1%)
cases, respectively; at the 100% threshold, these counts were
28 (15.1%), 12 (6.5%), 12 (6.5%) cases. In a few exceptional
samples, up to 11 microbial groups were present at the 30%
threshold and up to 10 groups at the 100% threshold.

We next evaluated the detection frequency of each microbial
group in endometrial samples after correcting for potential
cervical contamination. Based on the results, each sample
was assigned to one of three categories: negative (no signal
detected), “gray zone” (signal detected but not exceeding
the established carryover threshold), or true endometrial
signal (exceeding the threshold, thereby ruling out cervical
contamination as the sole source) (Fig. 3):
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X =
Quantity of target microorganism(

Quantity of target mioroorganism(

[endometrium)

x Carryover threshold

(cervix)

where x > 1 — indicates a true signal and x < 1 indicates the gray
zone. Carryover thresholds were set at 0.3 (30% carryover) and
1.0 (100% carryover).

At the 30% carryover threshold, Lactobacillus spp. fell into
the gray zone in 88 (47.6% of all patients), as did L. crispatus in
18 (9.7%), L. iners in 38 (20.5%), L. jensenii in 12 (6.5%), and
L. vaginalis in 1 (0.5%). Among opportunistic microorganisms
(OMs), the highest proportions of gray-zone results were
observed for G. vaginalis and Eubacterium spp.—16 (8.6%)
and 7 (3.8%), respectively. For the remaining OMs, gray-zone
results accounted for 0-1.6% of samples.

At the 100% carryover threshold, Lactobacillus spp. fell into
the gray zone in 102 (55.1% of all patients), as did L. crispatus in
19 (10.3%), L. iners in 42 (22.7%), L. jenseniiin 17 (9.2%), and
L. vaginalis in 1 (0.5%). Among OMs, the highest proportions
of gray-zone results were again observed for G. vaginalis and
Eubacterium spp.—18 (9.7%) and 13 (7%), respectively. For
the remaining OMs, gray-zone results accounted for 0-3.2%
of samples.

After correction, the detection frequency of the most prevalent
group, Lactobacillus spp., dropped from 126 (68.1%) pre-correction
to 38 (20.5%) at the 30% threshold and 24 (13.0%) at the 100%
threshold. Following correction, individual Lactobacillus species
and OMs were detected in 0.5-16.2% of samples at the 30%
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Fig. 1. Microbiota of cervical and endometrial samples. Detection frequency (left panel) and quantity (right panel) of target microbial groups. MVD — Megasphaera spp. /
Veillonella spp. / Dialister spp.; SLF — Sneathia spp. / Leptotrichia spp. / Fusobacterium spp.; BPP — Bacteroides spp. / Porphyromonas spp. / Prevotella spp.;
PP — Peptostreptococcus spp. / Parvimonas spp.; PRB — Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp. Significance levels: * — p < 0.05, ** —
p <0.01, ** —p < 0.001, ** — p < 0.0001

threshold and 0.5-13% at the 100% threshold; signals for  detected in 68.1% of samples at a median quantity of 10%5 GE/
L. acidophilus, L. johnsonii, U. urealyticum, and U. parvum were  sample, whereas all other groups were identified in fewer than
completely absent from endometrial samples after correction,  one-third of patients. This is consistent with the established

regardless of the threshold applied (Table 2). understanding of the endometrial microbiota as a low-
diversity, low-biomass community [1, 2, 21]. Notably, detection
DISCUSSION frequencies for all 22 groups were higher in cervical samples

than in endometrial samples. Lactobacillus spp., for instance,
Endometrial samples from the patient cohort yielded 22 of the  were detected in 88.6% of cervical samples at a median
27 target microbial groups (Fig. 1). Lactobacillus spp. were  quantity of 10%° GE/sample (o < 0.0001 for both frequency

Endometrial signal .yes . no

Cervical carryover: 30% Cervical carryover: 100%
60% 1 Endometrial samples with Endometrial samples with
true signals — 44.3% true signals — 37.3%
40% A

Proportion samples

20%
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0 1 2 3 4 5 7 8 9 10 M1 0 1 2 3 4 5 6 7 9 10 11
Number of microbial groups with true signals per endometrial sample

Fig. 2. Samples with endometrial microbiota after applying a 30% (left panel) and 100% (right panel) cervical DNA carryover threshold. A sample was considered to
harbor endometrial microbiota if at least one target microbial group exceeded the established carryover threshold
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Fig. 3. Detection frequency of target microbial groups in endometrial samples after correction for 30% (left panel) and 100% (right panel) cervical DNA carryover. MVD —
Megasphaera spp. / Veillonella spp. / Dialister spp.; SLF — Sneathia spp. / Leptotrichia spp. / Fusobacterium spp.; BPP — Bacteroides spp. / Porphyromonas spp. /
Prevotella spp.; PP — Peptostreptococcus spp. / Parvimonas spp.; PRB — Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp.

and quantity). This observation, combined with our earlier
in vitro finding that the Endobrush device transfers approximately
30% of bacterial DNA from cervical mucus into the endometrial
sample [22], strongly suggests that a substantial proportion
of positive endometrial signals are attributable to cervical
contamination.

To distinguish true endometrial signals from cervical
carryover, we compared the quantity of DNA for each
microorganism in the endometrial sample to that in the paired
cervical sample from the same patient. We applied two
carryover thresholds: 30% (the expected threshold based
on our in vitro experiment [22]) and 100% (a conservative
threshold requiring the quantity in the endometrium to exceed
that in the cervix, thereby ruling out contamination entirely). At
both thresholds, more than half of the endometrial samples
lacked positive signals above the cutoff (Fig. 2). The presence
of microorganisms in these samples could be fully explained
by cervical carryover, meaning they could not be considered
truly positive. Among the validated positive samples (44.3%
at the 30% threshold and 37.3% at the 100% threshold), the
majority contained no more than three microbial groups. Thus,
after contamination correction, nearly half of the 144 (77.8%)
initially positive endometrial samples were reclassified as non-
interpretable, and the remaining positive samples harbored
only a few taxa.

We next evaluated the results for each target microbial
group after applying the contamination correction, assigning
each sample to one of three categories: negative (no signal
detected), gray zone (signal detected but not exceeding
the established carryover threshold), or true endometrial
signal (exceeding the threshold, thereby ruling out cervical

BECTHVK PrMY | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2026.039

contamination as the sole source). For Lactobacillus spp. and
individual lactobacillus species, the majority of initially positive
samples — ranging from two-thirds to three-quarters — fell
into the gray zone (Fig. 3). Before correction, Lactobacillus
spp. were detected in 126 (68.1%) of patients; after applying
the 30% threshold, this dropped to 38 (20.5%), and after the
100% threshold, to 24 (13.0%). Similar patterns were observed
for the three predominant lactobacillus species: L. crispatus,
L. iners, and L. jensenii. For OMs, the proportion of samples
falling into the gray zone was lower than for lactobacilli: 8.6%
and 9.7% for G. vaginalis, and 3.8% and 7.0% for Eubacterium
spp. at the 30% and 100% thresholds, respectively. For the
remaining OMs, gray-zone results accounted for 0-1.6% and
0-3.2% of samples. Thus, among OMs-positive samples, the
majority remained true positives after correction, although their
overall detection frequency did not exceed 16.2% at the 30%
threshold and 13% at the 100% threshold.

Our findings align with the cautious view advanced earlier [2]
that the predominance of lactobacilli reported in transcervically
collected endometrial samples [5, 18, 25-27] may reflect
cervical or vaginal contamination. This interpretation is further
supported by historical culture-based studies demonstrating
higher rates of bacterial isolation from transcervically obtained
endometrial samples compared with transabdominal sampling
[28]. In the present study, we directly quantified the contribution
of cervical contamination during transcervical sampling: using
paired cervical samples and a threshold-based carryover model
demonstrated that cervical contamination can account for
most positive signals in endometrial samples. The observation
that Lactobacillus spp. exhibited the highest proportion of
gray-zone results supports the hypothesis that Lactobacillus-
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Table 2. Detection frequency of microorganisms in endometrial samples after correction for potential contamination. Microorganisms are ranked by detection frequency

at the 30% threshold
Microbial group Frequency at the 30% threshold Frequency at the 100% threshold

Lactobacillus spp. 38 (20,5%) 24 (13%)
Eubacterium spp. 30 (16,2%) 24 (13%)
Gardnerella vaginalis 23 (12,4%) 21 (11,4%)
PRB group 17 (9,2%) 11 (5,9%)
L. iners 14 (7,6%) 0 (5,4%)
BPP group 13 (7%) 2 (6,5%)
Streptococcus spp. 12 (6,5%) 2 (6,5%)
Corynebacterium spp. 12 (6,5%) 0(5,4%)
L. crispatus 11 (5,9%) 10 (5,4%)
L. gasseri 11 (5,9%) 9 (4,9%)
Atopobium cluster 10 (5,4%) 8 (4,3%)
Enterobacteriaceae/Enterococcus spp. 9 (4,9%) 7 (3,8%)
L. jensenii 8 (4,3%) 3(1,6%)
MVD group 8 (4,3%) 8 (4,3%)
PP group 7 (3,8%) 6 (3,2%)
Staphylococcus spp. 7 (3,8%) 7 (3,8%)
SLF group 5(2,7%) 4(2,2%)
L. vaginalis 4(2,2%) 4(2,2%)
Anaerococcus spp. 4(2,2%) 4(2,2%)
Candida spp. 2(1,1%) 2(1,1%)
Haemophilus spp. 1(0,5%) (0%)
Metamycoplasma hominis 1(0,5%) (0,5%)
L. acidophilus 0 (0%) 0 (0%)
L. johnsonii 0 (0%) 0 (0%)
Ureaplasma parvum 0 (0%) 0 (0%)
Ureaplasma urealyticum 0 (0%) 0 (0%)

Note: PRB — Pseudomonas aeruginosa / Ralstonia spp./ Burkholderia spp. BPP — Bacteroides spp. / Porphyromonas spp. / Prevotella spp.; MVD — Megasphaera

spp. / Veillonella spp. / Dialister spp.; PP — Peptostreptococcus spp. / Parvimonas spp.; SLF — Sneathia spp. / Leptotrichia spp. / Fusobacterium spp.

dominance in endometrial samples may be an artifact of
the sampling procedure [2]. Moreover, after applying the
contamination correction, G. vaginalis and Eubacterium spp.
emerged as the most frequently detected microorganisms in
endometrial samples alongside Lactobacillus spp., surpassing
all individual lactobacillus species (Table 2).

Detection of a target microorganism in the endometrium
at quantities exceeding the established cervical carryover
threshold does not constitute absolute proof of its endometrial
origin. However, it likely reflects a genuine presence in the
uterine cavity, as such a signal cannot be explained by cervical
contamination within our model framework. In this study, 37.3%
of patients retained positive microbial signals in endometrial
samples even at the conservative 100% threshold. This finding
cannot be fully explained by cervical contamination, pointing to
the presence of an autochthonous endometrial microbiota. In
most cases, however, this microbiota was represented by only
one to three non-lactobacillus taxa, and the detection frequency
of even the most prevalent group did not exceed 13%.

The fact that lactobacilli predominantly fell into the gray zone
does not necessarily imply their absence from the endometrium.
It is plausible that lactobacilli were present in some samples but
at quantities too low to be reliably distinguished from cervical
carryover. The anatomical proximity of the cervix and uterine
cavity may lead to genuine overlap in the microbial communities
of these two sites. Notably, even when post-hysterectomy

specimens and 16S rRNA gene sequencing were used, no
significant differences were found between the cervical and
endometrial microbiota [2].

Crucially, the majority of OMs detected in endometrial
samples remained true positives even after applying the
conservative 100% contamination threshold (Fig. 3). While the
biological mechanisms underlying this pattern require further
investigation, the finding has immediate clinical relevance.
Unlike lactobacilli, which largely fell into the gray zone, the
detection of OMs in an endometrial sample likely reflects
genuine presence in the uterine cavity rather than a sampling
artifact. This is highly meaningful in a clinical context, as OMs
are traditionally associated with endometrial pathology and
represent the primary targets of microbiological investigation in
intrauterine samples.

A key strength of this study is its paired-sample design, in
which cervical and endometrial specimens were collected from
the same patient during a single procedure. This approach
allowed each patient’s individual cervical microbial load to
serve as the reference for contamination assessment rather
than relying on averaged cohort values, thereby eliminating the
confounding effect of inter-individual clinical variability. The use
of two distinct carryover thresholds — 30% (expected, based
on our in vitro model [22]) and 100% (conservative, completely
ruling out contamination) — enabled an assessment of the
robustness of our findings across threshold choice. The use
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of quantitative PCR targeting 27 microbial groups provided
high analytical sensitivity and allowed assessment of both the
frequency and absolute quantity of each target group, offering
a distinct advantage over studies relying solely on 16S rRNA
gene sequencing.

A practical implication of our findings is the need to
reconsider current approaches to investigating the endometrial
microbiota. The use of sheathed sampling devices such as the
Endobrush, even when combined with antiseptic preparation,
does not reliably distinguish endometrial from cervical
microorganisms. In the short term, it may be more appropriate to
study the combined cervico-endometrial microbiota by pooling
the cervical and endometrial samples into a single specimen
obtained during transcervical sampling. This approach, at a
minimum, does not create the illusion of selective endometrial
sampling. In the longer term, methods that effectively minimize
cervical contamination must be developed.

Limitations of the study

This study has several limitations. First, our contamination
model assumed that a single cervical sample adequately
reflects the microbial load along the entire length of the cervical
canal; however, regional variability in microbial concentrations
may exist, potentially leading to under- or overestimation of the
carryover level. Second, the DNA extraction protocol differed
between cervical and endometrial samples: endometrial
samples underwent a preliminary deproteinization step, which
could have influenced DNA extraction efficiency and the ratio
of microbial quantities between the two biotopes. Third, the
PCR panels were limited to 27 target microbial groups; unlike
16S rRNA gene sequencing, this approach does not capture
the full taxonomic composition of the microbiota and cannot
detect microorganisms not included in the panels. Fourth,
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CONSTRUCTION AND CHARACTERIZATION OF THE ATTENUATED RECOMBINANT INFLUENZA
VIRUS STRAINS EXPRESSING HUMAN INTERLEUKIN 183

Romanovskaya-Romanko EA B, Ozhereleva OO, Plotnikova MA, Altuhov AS, Stukova MA
Smorodintsev Research Institute of Influenza, St. Petersburg, Russia

The use of live attenuated influenza vectors requires a balance between decreasing virulence and preserving immunogenicity. One possible approach to enhancing
immunogenicity and protective efficacy of such attenuated strains is the integration of transgenes capable of activating the innate and adaptive immunity in the
viral genome. The experimental study aimed to construct recombinant attenuated influenza viruses capable of expressing human IL1B and conduct comparative
analysis of their replication properties, immunostimulatory activity, and safety profile in vivo. Recombinant strains with different transgene localization were generated
by the reverse genetics method; their growth characteristics and transgene expression levels were assessed. Activation of the innate immunity genes in response
to infection with recombinant strains was assessed in the A549 cell culture. The attenuated phenotype was confirmed in the mouse model. In the reported study,
recombinant attenuated influenza viruses having the NS1 protein truncated to 124 amino acids and expressing human IL1f were constructed and produced. It
was confirmed that recombinant strains could express the functionally active IL1B; the increase in relative expression of the innate immunity genes (RIG-I, MDAS5,
OAS1) and pro-inflammatory cytokines (IL6 and TNFa) in response to the infection of cells with recombinant strains compared to the empty vector NS124 was
shown. Thus, the IL6 gene expression increased more than 10-fold (p < 0.0001) and that of the TNFa gene increased 3-4-fold (p < 0.0001). The attenuated
phenotype of the recombinant strains produced was confirmed in in vivo experiments, which suggests preservation of the safety profile along with the enhanced
immunostimulatory activity.

Keywords: influenza A virus, recombinant influenza vector, interleukin-1 beta, NS1 protein
Funding: the study was supported by the Russian Science Foundation (project No. 25-25-00939).

Author contribution: Romanovskaya-Romanko EA — concept, testing, material processing, manuscript writing; Ozhereleva OO — literature review, constructing
plasmids, testing, statistical data processing; Plotnikova MA — testing, statistical data processing; Altuhov AS — testing; Stukova MA — approval of the final
version of the article.

Compliance with ethical standards: the study was approved by the Ethics Committee of the Smorodintsev Research Institute of Influenza of the Ministry of Health
of the Russian Federation (protocol No. 07 dated April 23, 2026). Animals were kept under standard conditions in accordance with the Directive 2010/63/EC, federal
guidelines, and the institutional policy of the Smorodintsev Research Institute of Influenza of the Ministry of Health of the Russian Federation.

><] Correspondence should be addressed: Ekaterina A. Romanovskaya-Romanko
Professora Popova, 156/17, St. Petersburg, 197022, Russia; romromka@yandex.ru

Received: 02.07.2026 Accepted: 28.07.2026 Published online: 17.08.2026
DOI: 10.24075/brsmu.2026.044

Copyright: © 2026 by the authors. Licensee: Pirogov University. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

KOHCTPYNPOBAHWE U XAPAKTEPUCTUKA ATTEHYUPOBAHHbLIX PEKOMBUHAHTHbIX LUTAMMOB
BUPYCA I'PUMMMA, 9KCMPECCUPYOLLNX NHTEPJIEMKWUH-13 YETOBEKA

E. A. PomaroBckas-Pomarbko B2, O. O. Oxepenbesa, M. A. MnoTHukoea, A. C. Antyxos, M. A. CTykosa
Hay4Ho-rccneposaTensCkuii HCTUTYT rpunna nmeHn A. A. CmopoanHuesa, CaHkT-lNetepbypr, Poccus

[MpUMEHeHWEe >KMBbIX aTTeHYMPOBaHHbIX MPUMMO3HbIX BEKTOPOB TpebyeT 6anaHca Mexay CHUKEHVMEM BUPYNEHTHOCTU 1 COXPaHEHWEM VMMYHOrEeHHOCTU.
OfnH 13 BO3MOXHbIX MOAXOAOB ANS YCUIEHNS MMMYHOMEHHOCTU 1 3aLUMTHOM 3(PMEKTVBHOCTI Takmx aTTeHyMPOBaHHbIX LUTAMMOB — BCTpaviBaH1e B reHOM
BMpYyCa TPaHCreHoB, CrOCOOHbBIX aKTUBMPOBATb BPOXAEHHbIA M afamnTVBHbIA UMMYHUTET. Llens aKCnepuMEHTanbHOro MUCCNefoBaHus — CKOHCTPYMPOBATh
PEKOMOUHAHTHbIE aTTeHYMPOBaHHbIE BYPYChI Mpunna, CNoCcobHble aKcnpeccupoBaTh IL1B Yenoseka, 1 MPOBECTU CPaBHUTENbHDBIA aHaIn3 UX PEnMKaTUBHBIX
CBOWCTB, UIMMYHOCTUMYSIMPYIOLLEN aKTUBHOCTI 1 MpOhmnsg 6e30MacHOCTH in vivo. PEKOMBVHAHTHbIE LUITaMMbl C Pa3NYHbIM MOIOXKEHVEM TPaHCreHa Moy ymam
METOLOM OBPAaTHOW MEHETVKM, MPOBENN OLEHKY VX POCTOBbIX XapakTEPUCTUK 1 YPOBHSI SKCTPECCUM TPaHCreHa. AKTUBALMIO FEHOB BPOXAEHHOO MMMYHMTETa
n3y4anv B KynsType Knetok A549 B OTBET Ha 3apaXkeHVe PEKOMOMHAHTHBIMM LUTaMMamKn. ATTEHYMPOBaHHbIA (heHOTUN NOATBEPXKAaNM B MOAENN Mbiein. B
npeacTaBneHHOM MCCReaoBaH Oblt CKOHCTPYMPOBaHb! 1 MOMy4eHbl PEKOMOVHAHTHbIE aTTEHyMPOBaHHbIE BUPYChI FPMMNa, UMEIOLLME YKOPOYEHHbIN A0 124
amuHokmcnoT 6enok NS1 n akcnpeccvpytome IL13 denoseka. MNoaTeepxaeHa CnoCoBHOCTb PEKOMOVHAHTHBIX LUITAMMOB SKCMPECCUMpoBaTh (PyHKLMOHATBHO
aKTVBHbIA IL1B, MoKasaHO ycuneHne OTHOCWTENBHOW SKCMPECCUM FeHOB BPOXAeHHOro uMmyHuTeTa (RIG-I, MDA5S, OAS1), a Takke npoBOChaMTeNbHbIX
umToKMHOB (IL6 1 TNFa) B OTBET Ha MHULMPOBAHNE KNETOK PEKOMOVHAHTHBIMM LUTaMMaMM MO CPaBHEHWIO C NMyCTbiM BekTopoM NS124. Tak, akcnpeccus reHa
IL6 yBennumsanack 6onee 4em B 10 pas (p < 0,0001), a reHa TNFa — B 3-4 pasa (p < 0,0001). B akcnepumeHTax in vivo 6bin NnoaTBep»KAeH aTTeHyMpOBaHHbI
eHOTUN NOYHEHHBIX PEKOMOUHAHTHBIX LLUITAMMOB, YTO CBUAETENLCTBYET O COXPaHeHWM Npoduns 6e30MacHOCTV Hapsay C YCUNEHHOW MMMYHOCTUMYMPYIOLLEV
aKTVIBHOCTBIO.

KntouyeBble cnoBa: BVpYC rpunna A, peKoMOVHaHTHBINA MPUNNO3HbIA BEKTOP, MHTepnelknH-1 6eTa, 6enok NS1
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The use of live attenuated influenza vectors requires a subtle
balance between decreasing the strain virulence and preserving
its immunogenicity. One possible way to achieve such balance
is a targeted immune response modulation through expression
of immunomodulatory molecules being part of the influenza
vector genome aimed to enhance the protective response
without desreasing the strain virulence.

The attenuated influenza virus strains with the modified NS1
protein represent a promising platform for the development of a
live influenza vaccine with a broad protective efficacy range, as
well as to create vectors for delivery of target antigens [1]. Viruses
with truncated NS1 proteins are capable of effective replication
in production substrates; these also have an attenuated
phenotype in immunocompetent systems [2]. Attenuation of
such strains results from the fact that viruses with the truncated
non-structural NS1 protein cannot inhibit the host’s innate
immune response due to loss of the C-terminal effector domain
mediating the interplay with the cellular immune regulation
factors and mRNA processing [3]. However, preservation of
the RNA-binding domain in the N-terminal fragment of the NS
protein can result in preservation of immunosuppressive activity
of such viruses through limitation of processing and maturation
of the key inflammasome-dependent signaling mediators:
interleukin 1B (IL1B) and interleukin 18 (IL18) [4]. Since these
cytokines play the most important role in developing an effective
immune response, limitation of the strain immunostimulatory
potential can be observed in the case of the influenza strain
having the NS1 protein truncated to 124 amino acid bases. In
this regard, further optimization of safety and immunogenicity
of such influenza vectors is a relevant task.

One promising approach to enhancing the attenuated
strains’ immunogenicity is integration of additional trangenes
encoding the immunomodulatory factors capable of ensuring
the targeted innate and adaptive immune response activation
in the viral genome.

In the context of enhancing the anti-influenza immune
response, cytokines of the interleukin 1 family, capable of
enhancing both humoral and cell-mediated immune response
when administered intranasally together with the antigen, are
of special interest [5]. Previously it was shown that intranasal
administration of IL1B in combination with the influenza antigen
induces the formation of tissue-resident memory T cells
playing a key role in developing the cross-protection against
heterologous influenza virus strains [6]. Expression of the IL13
bioactive molecule with the recombinant attenuated influenza
virus strain can contribute to enhancing the specific immune
response to influenza antigens, ensuring the effective broad
protection.

The study aimed to construct and produce recombinant
attenuated influenza virus strains having the NS1 truncated to
124 amino acid bases and expressing human IL1, as well as
to perform comparative analysis of their replication properties,
immunostimulatory activity, and safety profile in vivo.

METHODS
Plasmid constructs

To assemble recombinant strains, two plasmids with different
design encoding sequences of the NS chimeric genome
segment with the inserted IL1 sequence active form were
obtained [7]. The plasmid for the recombinant strain IL1b_2A_
NS124 was produced based on the earlier constructed plasmid
pHW-PR8-sF-NS [8]: the IL1B sequence with the signal peptide
lgGk synthesized de novo (Evrogen, Russia) was integrated
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into the N-terminal part of a chimeric polyprotein comprising the
transgene followed by the sequences of NS1 truncated to 124
amino acid bases and NS2/NEP, separated by 2A sites; the NEP
expression was ensured by the 2A site without splicing. As for the
recombinant strain NS124_SS_IL1b, the transgene sequence
with the IgGk signal peptide was inserted in the plasmid after the
sequence of the NS1 truncated to 124 amino acid bases through
the cassette of the overlapping stop-start codons ensuring the
translation re-initiation. The plasmids encoding the sequences of
other internal and surface proteins of the influenza virus A/Puerto
Rico/8/1934 (A/PR/8/34) were obtained from the collection of
the Smorodintsev Research Institute of Influenza.

Cell cultures

The MDCK cells (#FR-58; IRR, USA) were cultured in the
AlphaMEM medium (Biolot, Russia) supplemented with the
SC-biol 10% embryonic serum (Biolot, Russia). The A549
(CCL-185; ATCC, USA) and HEK293 (Smorodintsev Research
Institute of Influenza) cells were cultured in the DMEM/F12
medium (Biolot, Russia) supplemented with the SC-biol 10%
serum (Biolot, Russia).

Production of recombinant viruses

Recombinant virus strains were produced by transfection of
the MDCK/HEK293 co-culture with the set of eight plasmids
encoding the influenza virus genome segments. The GenJect39
reagent (Molecta, Russia) was used as a transfection agent.
Further steps of passaging recombinant viral strains were
accomplished in the 10-day developing chicken embryos
(DCE) (Poultry Farm Sinyavskaya, Priladozhsky village, Russia)
at a temperature of 34 °C. The influenza vector (NS124) having
the NS1 protein truncated to 124 amino acid bases without
any inserted transgene was obtained from the collection of the
Smorodintsev Research Institute of Influenza of the Ministry of
Health of the Russian Federation (laboratory of vector vaccines).

Determination of infectious activity

Infectious activity of the recombinant virus strains was
determined by the limiting dilution method in the DCE system
and the MDCK cell culture [8]. The Reed and Muench method
was used to determine the 50% infectious dose; the titer was
expressed in log,, EID, (TCID)/mL.

Determination of the chimeric NS segment length by RT-PCR

Viral RNA was isolated using the RNeasy Mini Kit (Qiagen,
Netherlands). The genetic material was amplified using the
MioMaster RT-PCR-Extra kit (BioLabMix, Russia) and primers
specific for the NS segment [9]. Amplification was performed in
the sensor GenTier 96E PCR Cycler (TianLong, China). The
PCR product length was assessed by the 1% agarose gel
electrophoresis using the x1 TAE buffer.

IL1B quantification

To obtain the samples, the 10-day DCEs (24-h MDCK cell
monolayer) were infected with recombinant virus strains or the
empty NS124 vector in a dose of 2 x 10° EID (1.0 TCID,/
cell). Samples were collected after 48 h (24 h) of incubation at
a temperature of 34 °C (37 °C, 5% CO,). IL1B in the samples
was quantified by enzyme immunoassay (ELISA) using the
Interleukin-1 beta-ELISA-BEST kit (Vector-Best, Russia).
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IL1p biological activity measurement

The IL1 biological activity was determined by the cell proliferation
test based on the stimulation of the D10.G4.1 IL1-dependent
cell line proliferation in the presence of the suboptimal
concanavalin A concentration. Cells were cultured in the RPMI-
1640 medium and introduced into the 96-well plates together
with serial dilutions of the reference sample (WHO IL1B) and
test samples. After the 72-h incubation at 37 °C, 5% CO,
proliferation was assessed based on the optical density using
the XTT assay. The samples’ activity was calculated based on
the calibration curve relative to the international standard and
expressed in 1U/mL.

Quantification of infected cells

The percentage of infected cells was determined by flow
cytometry. The 24-h A549 cell monolayer was infected with
recombinant strains or the empty vector in a dose of 1.0
TCID, /cell in three independent replicates for each virus and
incubated for 20 h in the medium containg 2% of the serum.
Uninfected cells (CC) were used as a negative control. The
percentage of infected cells was calculated using the flow
cytometer, staining the cells with the Zombie Aqua Fixable
Viability Kit and FITC-labeled antibodies against the influenza
virus NP. Data acquisition was performed using the CytoFLEX
Flow Cytometer (Beckman Coulter, USA); the analysis was
conducted using the Kaluza Analysis v2 software (Beckman
Coulter, USA).

Immunofluorescence

The MDCK cells were infected with recombinant strains or the
empty vector in a dose of 1.0 TCID, /cell and incubated for
20 h in the medium containg 2% of the serum. A polyclonal
mouse serum and the goat-anti mouse Alexa488 conjugate
(Abcam, UK) were used to detect the influenza A virus NS
protein in the cells permeabilized with Triton X-100. Imaging
of cells by fluorescence microscopy was performed using the
Cytell Imaging System (Image Solutions, UK).

Expression assessment by RT-PCR

To assess the expression of the innate immune response
genes, the 24-h monolayer of the A549 cells was infected with
recombinant strains or the empty vector in a dose of 1.0 TCID, /
cell (in four replicates). After 24 h, total RNA was extracted
from the cells using the ExtractRNA kit (Evrogen, Russia).
RNA was treated with the DNAase containing no RNAse RQ1
(Promega, USA). The RT reaction was conducted using 1 pg
of RNA, 0.5 pg of oligo-dT16 primers (DNA synthesis, Russia)
and the RNAscribe RT kit (BioLabMix, Russia). The BioMaster
HS-PCR kit (BioLabMix, Russia) and the previously developed
sequences of primers and probes were used to conduct PCR
[10]. The Ct values were normalized relative to the GAPDH gene
(housekeeping gene). Relative expression was calculated by
the AACt method, the expression of target genes in uninfected
cells was taken as a unit.

Laboratory animals

CD1 female outbred mice aged 6-8 weeks were purchased
from the Rappolovo laboratory animal nursery (Rappolovo
laboratory animal nursery, National Research Centre "Kurchatov
Institute", Leningrad Region, Russia).

Safety of the recombinant vectors intranasally
administered to mice

Viral strains were intranasally administered to mice under the
light ether anesthesia in the amount of 30 pL using a mechanical
dispenser. Recombinant strains and the empty vector were
administered to animals in a dose of 5.5 log,, EID,;, and the
virus A/Puerto Rico/8/34 with the full-sized NS genome (PR8 wt)
was administered in a dose of 3.5 log,, EID, .

Statistical processing

Statistical analysis and graphic visualization were performed
using the GraphPad Prism 9.0 software (GraphPad Software,
Inc., USA). The data are presented as the mean + standard
deviation (SD). The analysis of variance with the Tukey’s post-
hoc test or nonparametric Kruskal-Wallis test was used for the
intergroup comparison, as specified in captions to the figures.
The value p < 0.05 was considered significant.

RESULTS

Construction and characterization of the attenuated
influenza viruses expressing human IL13

The recombinant influenza virus strains expressing IL1B were
generated based on the strain A/Puerto Rico/8/34 (H1N1)
containing the NS1 protein truncated to 124 amino acid bases
[11]. Two plasmid variants encoding the modified NS gene were
used to assembly the viruses. In the first case, the transgene
sequence was inserted after the sequence encoding the first
124 amino acids of the influenza virus NS1 protein (NS124_
SS_IL1b). In the second variant, the transgene sequence with
the IgGk signal peptide was inserted before the sequence
encoding the NS124 viral protein, it was separated from the
latter by the 2A site ensuring the co-translational separation of
proteins (IL1b_2A_NS124) (Fig. 1A).

To assess the genetic stability of the heterologous insertion
preserved in the NS genome segment, the recombinant viral
strains were cultured throughout five consecutive passages
in the DCE system, and the transgene insertion preservation
stability was assessed by RT-PCR. Both viral vectors were
genetically stable; the RT-PCR results showed that the
length of the NS genome segment of the recombinant strains
corresponded to that of control plasmids in all passages (Fig. 1B).

The recombinant strains’ reproductive activity in the
DCE system and the MDCK cell culture was similar. The
NS124_SS_IL1b strain growth characteristics did not differ
from the characteristic of the original influenza strain with the
truncated NS1 protein carrying no transgene; the infectious
titer reaching 8.0 (9.0) log,, TCID,, (EID)/mL was significantly
higher (by 1-1.5 log,,) compared to that of the recombinant
strain IL1b_2A_NS124 expressing IL1f before the NS1 protein
(Fig. 1C). Meanwhile the capability of infecting the permissive
culture was comparable in both strains and did not differ from
that of the original strain without the insertion. When infecting
the cell monolayer with the NS124_SS_IL1b, IL1b_2A_NS124,
and NS124 strains in a dose of 1.0 unfectious unit per cell,
the share of infected cells was 83 + 3.5%, 75 + 8.0%, and
81 + 4.0%, respectively (Fig. 1D).

The cytokine expression was quantified by ELISA in the
allantoic fluid and supernatant of the infected MDCK cells. The
IL1B expression in the cell culture and in the embryos was many
times higher for the IL1b_2A_NS124 strain (38,000 + 2000 pg/mL;
28.0 + 2.0 pg/mL), than the NS124_SS_IL1b strain (6400 + 51

BULLETIN OF RSMU | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.044



OPUIMHAJTIbHOE NCCJIEQOBAHNE | BUPYCOJ10I A

A B
NS124_SS_IL1b
NS124 gk  IL1b NEP IL1b_2A NS124 | NS124_SS_IL1b
NS124 oon l tox E1 E5 p MM Eil ES: pb  naa
Igk__‘iL1b
— NEP g -
= -
' e 1500
IL1b_2A NS124 e me—
NSy .
M gy e NS124 o NEP
i ILib Nsl124 O\ NEP
C D 1007
10 o 3
2 @ NS124_SS_IL1b <
g 9 o IL1b_2A_NS124 &
Lé) aTe ® NS124 ‘g
24| | 5
o o
-:'—-'? 7 . Fat
]
64 L -
DCE MDCK
E F e"o
) 10°+
2 1ol ®9  6NS124_SS_IL1b 15 —_—
3 aIL1b_2A_NS124 g
£ 1021 =) ﬂL
> #NS124 =
Q >
g 10° s il
9 =
c o o E
8 10 - l Eé_ R ,\‘l,b‘
N\
MDCK ) %@ &
v/
AN
G K o

IL1b_2A_NS124

Fig. 1. Construction and characterization of the recombinant influenza A viruses expressing IL18. A. Schemes of genomic constructs of the chimeric genome segment
NS of recombinant viruses IL1b_2A _NS124 and NS124_SS_IL1b. B. Electropherogram of the recombinant strains’ genome segment NS amplification products.
MM — molecular weight marker; E1 — first embryo passage; E5 — fifth embryo passage; pl — control plasmid. C. Reproductive properties of recombinant viral strains
in the 10-day DCE system and the MDCK cell culture. Here we present the results of infectious activity assessment for the fifth embryo passage, the mean titer log,
EID50 (TCID,) + SD. D. Effectiveness of the A549 cell infection with recombinant viral strains. Here we present the mean percentage of infected cells for three replicates
+ SD. E. IL1B quantification in the allantoic fluid and the cellular supernatant of the MDCK cells infected with recombinant strains by ELISA. F. IL1B specific bioactivity.
Estimated quantity of the IL1p bioactive form dtemined in the proliferation test using the HEK-Blue IL18 reporter system recalculated for 1 pg of IL18 detected by ELISA.
G. Representative images of the A549 obtained by fluorescence microscopy. The results of staining the NS1 protein detected using Alexa Fluor 488(488/509 nm) are

highlighted in gray. 40x magnification

pg/mL; 1.4 = 0.21 pg/mL) (Fig. 1E). Specific cytokine bioactivity
was determined for the interleukin-containing allantois samples
using the HEK-Blue IL1 reporter system. The bioactive form
share reported for the NS124_SS_IL1b strain was higher
(10.0 = 2.61 1U/pg), than that reported for IL1b_2A_NS124,
which was 2.8 + 0.56 IU/pg (Fig.1F). However, the total quantity
of the IL1B biactive form was higher in the IL1b_2A _NS124
strain compared to NS124_SS_IL1b.

Using the immunofluorescence method it was demonstrated
that the transgene insertion before the NS1 protein sequence in
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the IL1b_2A_NS124 strain did not prevent the NS1 viral protein
expression in the infected cells (Fig. 1G).

Activation of the innate immune response genes
by recombinant strains

For recombinant strains expressing human IL1, activation of
the expression of the RIG | and MDAS5 intracellular sensors, MxA
and OAS1 antiviral proteins, and human IL1B, IL6, IL18, TNFa,
IL4, and IL10 cytokines in response to infection compared to
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Fig. 2. Activation of the expression of intracellular sensors (A, B), antiviral proteins (C, D), and cytokines (E-J) in the A549 cells in response to infection with the
recombinant influenza virus strains expressing IL1B. The relative expression of messenger RNA (MRNA) is presented as mean values for three biological replicates (bars)
and individual values for each measurement (point). One-way analysis of variance (ANOVA) was used to assess significance of differences in the normalized ACt values,
and Tukey’s test was used for multiple comparisons (* — p < 0.05; ** —p < 0.01; ™ — p < 0.001; *** — p < 0.0001)

the original influenza vector having no transgene insertion was
assessed in the A549 cells.

In general, recombinant influenza strains IL1b_2A_NS124
and NS124_SS_IL1b showed similar transcription profiles for
almost all studied genes. Furthermore, these profiles were
significantly different from that induced by the empty NS124 vector.

Infection with recombinant constructs was associated with
the upregulation of IL1B, the levels of which exceeded the
control values more than 100 times. The pronounced induction
of the IL6 (more than 10-fold increase) and TNFa (3-4-fold
increase) gene expression was shown that was significantly
higher, than when the cells were infected with the empty vector
NS124 (Fig. 2).

Infection of cells with both recombinant strains, as well as
the empty vector resulted in the IL4 expression induction. In
case of the NS124_SS_IL1b strain, the IL4 mRNA levels were
higher, but no significant differences from two other strains were
reported. The IL10 transcript was found only when the cells
were infected with the recombinant strain IL1b_2A_NS124.

The analysis of the components of the system of pathogen
recognition in response to the infection of cells with both
recombinant strains revealed a significant increase in the levels
of mMRNA of the RIG-I and MDAS5 intracellular sensors relative
to the empty vector, which can indicate the enhancement of
the signaling pathways that initiate the innate antiviral response.

As for interferon-stimulated genes (ISG), it was shown
that all influenza strains activated the MxA and OAS1 gene
expression, regardless of the presence of the transgene, which
was consistent with the well-known ability of influenza viruses
having the truncated NS1 protein to induce an interferon
response. As for the strain carrying the IL1p insertion, the
significantly higher expression of the gene OAS1 was shown,
while the MxA gene activation level did not depend on the
presence of the insertion encoding IL1 in the viral genome
and was comparable for all viral srains.

Safety of recombinant influenza strains
intranasally administered to mice

Since the constructed recombinant vectors expressing IL13
can be potentially used to develop vaccines, one of the main
parameters are their safety and preservation of the attenuated
phenotype resulting from the NS1 truncation to 124 amino
acid bases. In this regard, the recombinant strain safety was
assessed based on such indicators, as weight loss, lethality,
and the infectious virus shedding from the animal’s respiratory
tract (Fig. 3A).

The animals that received both recombinant strains showed
the negligible weight loss compared to that in the group of
animals that received the empty vector (Fig. 3B). Lethality was
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Fig. 3. Assessment of safety of the recombinant influenza strains expressing IL18 that were intranasally administered to mice. A. Experimental design. B. Dynamic
changes in the animals’ body weight (n = 5 per group) after the intranasal administration of recombinant viruses. C. Evaluation of viral load in the lung tissues of mice on
days 3 and 5 after the intranasal administration of recombinant viral strains expressing IL1. Bars represent the mean indicator value for the group (n = 4) + SD, points
represent individual indicator values for each animal. Two-way analysis of variance was used to assess significance of differences in the average group values, and the
Dunnett's test was used for multiple comparisons with the control group PR8 wt (*** — p < 0.0001)

reported in none of the groups of animals that received strains
with the truncated NS1 protein, while lethality in the group
of the wild type virus was 100% by day 7 of the study. The
recombinant strains’ replication levels in the lung tissues were
low, comparable with the values reported for the empty vector.
The virus infectious titer of both strains was significantly lower
(10* times) compared to the wild type influenza virus (Fig. 3C).

DISCUSSION

In the reported study, recombinant influenza viruses expressing
human IL1B were constructed based on the attenuated virus
with the truncated NS1 protein, which were distinguished by
the transgene localization. It was shown that the transgene
incorporation into the viral genome resulted in further activation
of the innate immune response genes, and the insertion
position relative to the open reading frame of the NS1 protein
affected the strain reproductive properties and the target
protein expression levels. Furthermore, both strains retained
the attenuated phenotype because the IL1f expression did not
compensate for the NS1 protein's defect in suppressing the
host immune response.

Both recombinant strains generated were genetically
stable, which was an important parameter for production
strains, but had different growth characteristics. The NS124_
SS_IL1b strain retained the growth characteristics comparable
with that of the empty vector, while the IL1b_2A_NS124
strain replication properties were lower by 1.0-1.5 log, . The
decrease in the IL1b_2A_NS124 growth properties can result
from the co-translational transgene expression, since in this
construct IL1B and the NS1 protein are synthesized as one
polyprotein with subsequent splitting at the 2A site, which may
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create steric hindrance or affect the virion assembly kinetics.
Furthermore, it was shown that the transgene incorporation
did not prevent the infection of permissive cells and did not
decrease the expression levels of the NS1 protein itself.

It has been shown that the order of transgene insertion into
the influenza vector genome is important for the expression level
of the latter [12]. Higher IL1B production has been reported for
the IL1Tb_2A_NS124 strain. The findings can be explained by the
fact that in the IL1b_2A_NS124 strain construct the transgene is
located before the NS1 protein sequence. As a result, the more
efficient translation can be ensured due to early access to the
ribosome and the absence of secondary structures associated
with viral RNA. Despite the fact that the IL1 specific bioactivity
(IU/pg) was higher in the case of the strain NS124_SS_IL1b,
the higher total quantity of the functionally active cytokines was
reported for the strain IL1b_2A_NS124. This suggests that the
trasgene insertion position can affect not only the quantity of
the protein produced, but also posttranslational modifications
and processing of the mature IL13 form [8].

The analysis of the expression of the innate immunity genes
in the A549 cells in response to infection with recombinant
strains showed the qualitatively similar activation profiles for
both constructs, which were significantly different from the
indicators, in response to infection with the empty vector NS124.
Infection of cells with the recombinant strains NS124_SS_IL1b
and IL1b_2A_NS124 led to the increase in the RIG-I and MDA5
intracellular sensor mRNA levels, which was consistent with
the concept of the cross-talk between inflammatory signaling
pathways and the pathogen recognition system. The RIG-I/
MDAGS pathway activation can strenghthen a positive feedback
enhancing the cells’ ability to detect the viral genetic material
and initiate the interferon response cascade [13]. The interferon-
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stimulated gene expression activation in response to infection
with the recombinant strains expressing IL1B8 and the empty
vector NS124 was different. Thus, all strains, including the
empty vector, activated the MxA expression to the comparable
extent, which reflects the well-known ability of viruses with the
truncated NS1 protein to induce the interferon response. The
significantly higher OAS1 expression levels were reported for
the constructs expressing IL1. This difference demonstrates
that IL1B can selectively modulate certain ISG response
branches, possibly through the signaling pathways associated
with NF-kB or MAPK, which are targets for the IL1 receptor
signaling [14]. Further OAS1 expression enhancement can be
physiologically significant, since the OAST1 protein is directly
involved in the viral RNA degradation through activation of the
L ribonuclease, which can more effectively limit the virus at early
stages of infection, ensuring the attenuated virus phenotype [15].

Since IL1B is not only an immunostimulator, but also a
pyrogenic factor, it was necessary to evaluate the preservation
of the attenuated phenotype of recombinant strains in order
to determine the possibility of their use as live vaccine strains.
During the study it was shown that the IL1f incorporation into
the influenza vector NS124 as a transgene did not disrupt the
attenuated phenotype resulting from the NS1 protein deletion.
In the mouse respiratory tract, both recombinant strains,
NS124_SS_IL1b and IL1b_2A_NS124, showed low replication
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FTIR SIGNATURES OF PROTEIN CONFORMATIONAL CHANGES IN GINGIVAL CREVICULAR FLUID IN
CHILDREN WITH CARIES AND GINGIVITIS
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The relevance of the study is associated with the search for minimally invasive molecular signatures of the dentogingival complex tissue condition in children. A
pilot study aimed to identify spectral signatures of protein conformational changes in gingival crevicular fluid from children aged 8-14 years with dental caries and
gingival inflammation (gingivitis) based on analysis of the IR spectral Amide Ill band in a pilot cohort. Gingival crevicular fluid samples collected from 20 children
aged 8-14 years with different dental status were analyzed. FTIR spectra were acquired using synchrotron-based Fourier transform infrared spectroscopy in a
Bruker Vertex 80/v spectrometer in the range of 3800-700 cm™" with a focus on the Amide Il region. Spectral deconvolution combined with multivariate analysis
was used to estimate the contribution of protein secondary-structure elements. In the pilot cohort, dental caries was associated with a directed increase in the total
contribution of components related to B-sheet structures. Based on the summed contributions of the main secondary structure elements, the -sheet contribution
exceeded 50% across the four analytical groups, the disordered component ranged approximately from 21 to 31%, and the contributions of B-turns and a-helical
components remained below 10-11%. Inflammatory gingival changes showed a tendency toward a decreased contribution of B-turns and a relative increase in
disordered conformations. Thus, the Amide Il profile may reflect integral physicochemical changes in proteins of gingival crevicular fluid in individuals with caries
and gingivitis. The reported features should be regarded as candidate spectral signatures of a hypothesis-generating nature that require further clinical validation.

Keywords: gingival crevicular fluid, Fourier transform infrared spectroscopy, Amide Ill band, protein secondary structure, spectral deconvolution, multivariate
analysis, dental caries, gingivitis
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FTIR-MPU3HAKW NMEPECTPONKWN BE/IKOB JECHEBOW XXUAKOCTW Y AETEN NPU KAPUECE U TMHIMMBUTE
M. B. CepeauH'™3, tO. A. VinnosnTos'?, V. KO. Mnnommtos'?, O. J1. Tonowanos', T. A. JluteuHosa’
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3 BenropofACKMiA FOCYAAPCTBEHHbIN HALMOHATTbHBIN UCCNefoBaTeNbCKUN yHMBepCHTeT, Benropog, Poccust

AKTyanbHOCTb MCCNefoBaHNs CBsi3aHa C MOVCKOM MafloMHBa3MBHbIX MOMEKYNSPHBIX MPU3HAKOB COCTOSIHMS TkaHel 3y6o[eCcHeBOro koMmnekca y aeteit. Llens
MUAOTHOIO UCCNEAOBaHNS — BbISBUTL B MUIOTHOWM BbIGOPKE CNEKTPasibHbIE MPU3HAKV NEPECTPONKIN OENKOB AECHEBOW XXOKOCTH Y AeTelt 8—14 neT npu kapuece
1 BOCMaNUTENbHbIX N3MEHEHVISIX AECHbI (TVHMMBMTE) Ha ocHoBe aHanmaa K-cnekTpansHoi nonockl Amug lll. MpoaHanmanpoBaHsl 06pasLibl AECHEBON KUAKOCTY,
nony4deHHble y 20 aetent 8—14 neT ¢ pasnn4HbIM CTOMaTONOMMHECKMM CTaTyCoM. VIK-CnekTpbl perycTprposaii METOAOM CUHXPOTPOHHOM VIK-Dypbe-CrekTpocKonum
Ha criektpomeTpe Bruker Vertex 80/v B ananasoHe 3800-700 cM™ ¢ akLeHToM Ha obnacte Amug lll. Bknag, an1eMeHToB BTOPUHHOM CTPYKTYPbl GENKOB OLeHVBan
C NOMOLLBIO AEKOHBOJMIOLIMN CNEKTPABHOMO NMPOMUAS 1 METOLOB MHOFOMEPHOro aHanmsa. B nunoTHONM BbIGOPKE kaprec acCoLMMPOBANCS C HarnpasieHHbIM
yBEeNMYeHVIEM CYMMapPHOTo BK1a[a KOMMOHEHT, COOTBETCTBYIOLLIMX B-CKNaayaTbiM CTPYKTYpam. o AaHHbIM CyMMapHOW OLEHKV OCHOBHBIX 31EMEHTOB BTOPUHHOW
CTPYKTYPbI, BKNaL, B-CK1aa4aTbiX KOMMOHEHTOB BO BCEX YETbIPEX aHAMTUHECKUX rpynnax npesbian 50%, BKAaA HeynopsaoHEHHbIX KOHOpMAaLWiA COCTaBNSN
npvmepHo 21-31%, a Bknag, B-NOBOPOTOB U a-CrivpaUibHbIX KOMMOHEHT ocTaBasics MeHee 10-11%. Mpun BocnanuTenbHbIX U3MEHEHUSIX AECHbI OTMeYeHa TEHEHLMS
K YMEHbLUEHMIO BKMada B-MOBOPOTOB 1 OTHOCUTENBHOMY YBEMMHEHWIO HEYNOPSA0HEHHbIX KOHhopMaLmii. Takum obpasom, npoduns nonockl Amug, il moxeT
oTpaXkaTb MHTErpasibHble (USNKO-XUMUHECKME N3MEHEHNS OEeNKOB OECHEBOW >XUOKOCTV MPW Kapuvece W rMHrBuTe. BbisiBneHHble 0COOEHHOCTU cnedyet
paccmaTpuBaTh Kak KaHAUAATHbIE CNEKTPasIbHbIE MPY3HAKY, VMEIOLLVIE TUMOTE30-TEHEPUPYHIOLLMIA XapaKkTep 1 TpebytoLLe fanbHENLEN KNMHNHYECKOW MPOBEPKM.
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Gingival crevicular fluid represents a local biological medium of
the gingival sulcus reflecting the dentogingival complex tissue
physicochemical state. The fluid composition is determined
by proteins, peptides, components of inflammatory exudate,
and tissue remodeling products, therefore it is suitable for
spectroscopic analysis. In contrast to targeted biochemical
methods, the Fourier transform infrared (FTIR) spectroscopy
allows one to obtain integral molecular characteristics of low-
volume samples and assess re-distribution of the contributions
of various sample protein component conformations [1-4].

The issue is especially relevant for pediatric dentistry.
However, the data on local molecular markers of gingival
crevicular fluid in children is still limited. Current reviews show
that inflammatory gingival changes are often found in children
and adolescents, and the tissue state is further affected by
age, dentition stage, pubertal changes, plaque levels, and
orthodontic load [5-7]. In this regard, gingival crevicular fluid
is of interest as a minimally invasive test substrate that can be
re-collected and correlated with a certain dentogingival complex
region [1, 5-6]. In theory, microbial factors, local proteolysis,
oxidative stress, and inflammatory remodeling processes that
change the composition and conformational state of proteins in
gingival crevicular fluid can have an effect on such spectral shifts.

The region of the Amide Ill band that is sensitive to the
contribution of a-helical, B-sheet, B-turn, and disordered
structures is of special interest for analysis of the protein
component. Compared with the Amide | and Amide Il regions,
its interpretation is less complicated by the influence of water
and hydrogen-bonded background, which is especially
important when assessing low volumes of hydrogen-containing
biological media, including gingival crevicular fluid [4, 8-10].
At the same time, to correctly interpret the protein system
spectra in this region it is necessary to consider the IR band
overlap, select the pre-processing scheme and deconvolution
parameters [4, 8-10]. That is why, in complex biological media,
it is reasonable to consider not single peaks as direct markers,
but the integrated spectral profile as a reflection of the directed
protein component changes [4, 8].

Such studies are further limited by small sample size, so
it is required to use multivariate analysis methods adjusted to
spectral data and the limited number of observations. Previously
it was shown that multivariate analysis of the gingival crevicular
fluid IR spectra allowed one to identify the underlying patterns
associated with the patient’s clinical status and individual
characteristics [11]. This makes the combination of the Amide
[l band deconvolution with multivariate statistical analysis a
promising approach to assessment of the directional changes in
the secondary structure of proteins in gingival crevicular fluid [11].

We proceeded from the working hypothesis that in children
with caries and gingival inflammation the gingival crevicular
fluid Amide Il band profile would change directionally through
redistribution of the spectral-associated components related
to various secondary protein structure elements. The study
aimed to identify such directional changes in the Amide Il band
spectral profile and assess the possibility of considering those
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as candidate spectral signatures of changes in the gingival
crevicular fluid protein component.

METHODS
Research design and characteristics of the sample

A total of 20 children aged 8-14 years, from whom gingival
crevicular fluid was collected after the dental examination,
were included in the study. Inclusion criteria: age 8-14 years;
availability of the legal representative’s informed consent;
possibility of standard dental examination and gingival crevicular
fluid collection; no antimicrobial or other therapy capable of
significantly affecting the test biological medium composition
at the time of examination. Exclusion criteria: other age and
non-compliance with the inclusion criteria. It was a pilot single-
center study. Since some patients had a combination of clinical
factors, the study was focused primarily on identifying the
spectral shift directional nature, not on the rigorous assessment
of the independent contribution of each factor.

The dental caries status was assessed clinically; groups
with no clinical signs of caries, early caries lesions, and
multiple caries lesions were allocated. The gingival state
was characterized based on the presence and severity of
inflaonmatory changes as no clinically significant changes, mild
or moderate inflammation. Comorbid medical conditions were
taken into account based on the medical history and medical
records. Four analytical groups were allocated for in-depth
comparison of spectral profiles and their deconvolution (Table).

Gingival crevicular fluid sampling

The protein component of gingival crevicular fluid, the complex
multicomponent biological medium locally associated with
the dentogingival interface tissues, was a research object.
Sampling was performed at the Department of Pediatric
Dentistry and Orthodontics of the Burdenko Voronezh State
Medical University (Voronezh, Russia). Gingival crevicular fluid
was collected in the morning without prior stimulation using
microcapillaries. Such a sampling regime minimized the effects
of circadian oscillation and ensured comparability of spectrum
acquisition conditions [12]. After collection samples were
placed in sterile containers and stored at a temperature of
1-2 °C prior to spectroscopic analysis within the same pre-
analytical regime.

Fourier transform infrared spectroscopy

IR spectra were acquired by synchrotron-based Fourier
transform infrared spectroscopy using the Bruker Vertex
80/v vacuum spectrometer (Bruker Optik GmbH, Ettlingen,
Germany) in the range of 3800-700 cm~'. The Amide Il band
was considered as the main range, since it allowed one to
analyze conformational features of the protein component
with the less methodological dependence on the water

Table. Description of four analytical groups of gingival crevicular fluid samples included in deconvolution of Amide Ill spectral profiles

Internal .COde of the Sex Age subgroup Dental caries stage Gingival inflammation Comorbid condition
analytical group
FYNNN F Younger (Y) No caries (N) No gingival inflammation (N) No comorbidity (N)
FAENN F Adolescent (A) Early caries (E) No gingival inflammation (N) No comorbidity (N)
FAEMO F Adolescent (A) Early caries (E) Moderate inflammation (M) Oncological disease (O)
MAMLG M Adolescent (A) Multiple caries (M) Mild gingival inflammation (L) Gastrointestinal disease (F)

Note: The analytical group internal code consists of five symbols: 15t — sex, 2 — age subgroup, 3 — caries status, 4" — gingival state, 5" — comorbid condition.
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Fig. 1. Deconvolution of the gingival crevicular fluid Amide Ill band spectral profile in children aged 8-14 years with various clinical statuses. Internal codes of the
samples are provided in Table 1. Components |-V in the spectral profile are correlated to B-sheet structures, VI-VII — to disordered conformations, VIII-IX — to
B-turns, X-XIl — to a-helical components

background compared to the Amide | and Amide Il regions  the zero filling coefficient of 2. The contents of each sample
[4, 8-10]. Standard acquisition parameters were used in the = were divided into ten portions, for each of which a distinct
initial experimental cycle: spectral resolution 4 cm™, 3-term IR spectrum was acquired; the spectral profile was further
Blackman-Harris apodization, Mertz phase correction, and  characterized based on the average data.
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Fig. 2. Relative contribution of the main secondary structure elements of gingival crevicular fluid proteins in the integral profile of the Amide Ill band

Spectrum pre-processing and deconvolution

Primary processing of IR spectra included smoothing of the
curves using a Savitzky—-Golay filter with a polynomial order
of 2 and window length of 25 points. Baseline correction
was performed by the asymmetric least squares method in
the range of 4000-500 cm~' with the threshold value of 0.01
and asymmetry factor of about 0.001. The pre-processing
parameters were selected in such a way as to reduce smoothing
and baseline correction artifacts preserving sensitivity to the
Amide Ill band shape alteration.

To quantitatively describe the Amide Il band profile,
deconvolution with isolation of the components correlated to
a-helical, B-sheet, B-turn, and disordered conformations was
performed. Gaussian functions were used for approximation.
Preliminary search for balance centers and bandwidth at half-height
was carried out using the 2nd and 4th derivatives of the smoothed
spectra. Further modeling was accomplished in Fityk v.1.3.1
(developed by M. Wojdyr, Poland) using the Levenberg-Marquardt
algorithm. To ensure comparability of results, the same number
of components was maintained in all samples. Box constraints were
used in the modeling: + 2 cm™" for maxima positions, 7-10 cm™" for
FWHM values. The best fit between theoretical and experimental
curves based on the x* test was used as an approximation
termination criterion. The resulting components were considered
as spectral-associated contributions, not direct absolute measures
of the content of appropriate secondary structures [4, 8-10].
Components I-XII were correlated with the protein secondary
structure elements based on the earlier published data on
interpretation of the Amide Ill band and ranges of maxima of the
corresponding IR bands [4, 8-10]. The selected box constraints
were set within the ranges ensuring stability of approximation and
consistence with the ranges of maxima positions and bandwidths
for the Amide lll band reported in the literature [4, 8-10]. The
same number of components, the same box constraints, and
the same approximation scheme for all samples were used to
improve reproducibility and comparability of deconvolution results.
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Multivariate and statistical analysis

After pre-processing the spectral data set was analyzed by
the principal components method to assess relative positions
of samples in the multidimensional space and interpret the
correlations between spectral variability and clinical factors.
Spectral intensities in the Amide Ill band region were used
as quantitative variables, and characteristics of patients
were considered as categorical traits used in the phase of
interpretation. The FactoMineR software package for R was
used for analysis, and the factoextra package was used for
visualization. At this stage it was determined, which clinical
factors were most strongly associated with the main directions
of spectral variability, and the proximity of samples in the
principal component space was assessed. In the phase of
interpretation we also assessed how the levels of categorical
clinical traits correlated with the sample positions and the
main directions of spectral variability identified by the method
of principal components. Categorical clinical traits were not
included in the model as covariates; these were used for clinical
interpretation of sample distribution in the principal component
space, which was consistent with the pilot design of the studly.
In the next phase, after identifying the key factors of
variability, samples were selected for further deconvolution of
spectral profiles, and the exploratory pairwise comparison was
performed. For that the BSDA package and the tsum.test with
Bonferroni correction for multiple comparisons were used. The
analysis was conducted with the significance level of 0.05.

RESULTS

Amide lll band spectral profile

In the Amide Il band region, the gingival crevicular fluid
samples were characterized by the complex multi-component

contour formed by the overlapping bands belonging to
different conformations (Fig. 1). That is why the integral
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intensity was only partially informative, while re-distribution of
the contributions of distinct spectral components within the
common profile turned out to be a more meaningful parameter.
The components correlated to B-sheet structures and
disordered conformations were the main contributors to the
integral intensity; the contribution of a-helical components was
less pronounced [8-10]. Based on the summed contributions
of the main secondary structure elements (Fig. 2), the B-sheet
component contribution exceeded 50% across the four
analytical groups, the contribution of disordered conformations
was approximately 21-31%, while the contributions of B-turns
and a-helical components remained below 10-11%. The key
clinical characteristics of the test groups are provided in Table, and
a typical deconvolution profile is presented in Fig. 1. In Fig. 2,
bars represent the average values of total contributions and
vertical distances represent the measurement variability. The
multivariate analysis data were used to select four analytical
groups; the revealed spectral heterogeneity of samples was
generally consistent with the directional nature of shifts
determined during further deconvolution of the Amide Il band.
Partial delineation of analytical groups was observed in the first
principal component space, which was generally consistent
with the subsequent differences in total contributions of -sheet
components and -turns.

Internal codes of the samples are provided in Table.
Components I-V in the spectral profile are correlated to B-sheet
structures, VI-VIl to disordered conformations, VIII-IX to
B-turns, X=Xl to a-helical components. Such distribution was
also given in the explanatory block of Fig. 1 to make the graphic
material interpretation easier.

Spectral shifts associated with caries

In the pilot cohort, the directed increase in the relative
contribution of the components associated with B-sheet
structures in samples from children with caries was the most
stable feature. The total contribution of 3-sheet components
reached approximately 59-61% in the groups with caries
vs. approximately 53% in the group without any clinically
significant dental alterations (Fig. 2). This shift had the same
direction across different combinations of associated clinical
features, although its magnitude varied from comparison to
comparison. In this studly, it is correct to consider such a result
not as a diagnostic criterion, but a candidate spectral signature
of changes in the gingival crevicular fluid protein component
[11, 13-14].

As for its direction, this observation is consistent with the
literature data on the Fourier transform infrared spectroscopy
of the Amide Il band region in adults, where B-sheet
components were also described as the most stable shift
associated with dental caries [11, 13—14]. However, the same
direction does not mean equivalent conclusions: the adult
and pediatric cohorts are different in age, clinical context,
and the set of confounding factors. Therefore, it is about
the preliminary cross-study consistency, not the full-fledged
external replication.

Spectral shifts associated with the periodontal tissue
inflammatory changes

Individuals with inflammatory gingival changes showed a
tendency toward a decreased contribution of $-turns and a
relative increase in disordered conformations. In the research
set, the share of B-turns remained low and did not exceed
approximately 10%, while the contribution of disordered

conformations was within the range of about 21-24% for groups
with inflamsmatory gingival changes. From the physicochemical
point of view, such a shift can reflect changes in the protein
component composition, enhanced proteolytic activity, and the
increased share of the structurally less organized protein states
in the local inflammatory remodeling medium [2-3, 15].

International data on the gingival crevicular fluid
composition analysis by molecular identification methods
support this common logic: when there is periodontal
disease, samples may have different molecular profiles,
and changes in cytokines, metalloproteinases, and matrix
proteins turn out to be significant [2-3, 15-16]. In this
study, the spectral shifts identified should be interpreted as
an integral signal of the inflammatory remodeling medium,
not as the characteristics of distinct target proteins or
protein panels.

Comorbid medical conditions

The decrease in the contribution of a-helical components was
reported in some children with comorbid medical conditions.
Biologically, such a shift is possible, since the “a-helix/B-
sheet structure” type ratio in protein samples was described
for various diseases and stress conditions [4, 17-18].
However, considering small sample size and the combination
of clinical factors, such a result should be interpreted as
an observational trend, not a proven independent effect of
the comorbid condition. In the context of children’s gingival
crevicular fluid, the Fourier transform infrared analysis should
be considered as an integral molecular profiling method, not a
substitute for target protein panels [4, 17-18]. The distribution
of contributions of the main secondary protein structure
elements is presented in Fig. 2.

DISCUSSION

The data obtained suggest that the Amide Il band profile
in gingival crevicular fluid should be considered primarily as
integral spectral characteristics of a complex protein mixture,
not a direct quantitative measure of the contents of distinct
secondary structures. That is why interpretation of the results
should take into account the limitations associated with the
band overlap, pre-processing scheme, and the deconvolution
model used [4, 8-10].

The directional increase in the contribution of B-sheet
components in individuals with caries is consistent with
the ones earlier reported in papers about IR spectroscopy of
oral biological media, it expands these results to the pediatric
cohort [11, 13-14]. Such a trend can reflect changes in the
ratio of more organized to less organized protein states in the
context of the local caries process. In turn, the trend towards
lower contribution of B-turns and relative increase in disordered
conformations associated with inflammatory gingival changes is
biologically credible and consistent with modern views of the
gingival crevicular fluid molecular profile rearrangement in the
inflammatory remodeling medium [1-3, 15-16].

Thus, in this study, multivariate analysis and deconvolution
of the spectral Amide Ill band had mutually reinforcing functions:
PCA was used to detect the general spectral heterogeneity and
select analytical groups, while deconvolution made it possible
to interpret such variability through rearrangement of the Amide
[ll band component contributions. Such alignment of two
approaches increases evidentiality of the identified directional
shifts, but due to pilot design does not replace their further
clinical testing.
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Limitations of the study

Interpretation of the detected shifts is limited by the clinical
heterogeneity of observations and the fact that deconvolution
results depend on the spectrum pre-processing algorithms
[4, 8]. Furthermore, in the cohort of children, the gingival
crevicular fluid composition is potentially affected by age,
dentition stage, orthodontic load, and pubertal changes
[6-7]. Features of the pre-analytical phase, including material
volume and time between sampling and spectrum acquisition,
could be other sources of variability. Finally, in this pilot
study, comorbid medical conditions were not analyzed as an
independent factor. That is why the features identified should
be considered as hypothesis-generating and requiring further
validation using the expanded clinically stratified material.
One more limitation is that in this pilot study the dental caries
status and the gingival inflammation severity were described
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CHRONIC FATIGUE IN SIBLINGS OF PEDIATRIC CANCER SURVIVORS: CHILDREN’S SELF-REPORTS

AND PARENTS’ PROXY-REPORTS

Likhomanova EN'25 Shevaldova OV', Kovaleva AV'

' Federal Research Center for Innovator and Emerging Biomedical and Pharmaceutical Technologies, Moscow, Russia

2 Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology, Moscow, Russia

The psychological effects of childhood cancer and its treatment extend to all family members, particularly healthy siblings, of the affected child. Previous studies
have reported reduced quality of life and self-esteem, as well as increased death anxiety and loneliness, among these children. This study aimed to compare the
severity of chronic fatigue in siblings of children with cancer and in children from families without a seriously ill family member, with consideration of the informant:
the child’s self-report or the parent’s proxy report. A total of 113 parent—child dyads participated in this controlled cross-sectional study. The sibling group comprised
65 healthy children whose brother or sister had cancer, and the control group comprised 48 children from families without a seriously ill family member. The groups
were matched for the children’s sex and age (7-11 years). Chronic fatigue was assessed using the Chronic Fatigue Severity Questionnaire. Linear mixed-effects
models revealed a significant group x informant interaction (o < 0.001). In the control group, parents rated fatigue severity lower (A = -10 points) than did the children
themselves. In the sibling group, parental ratings were comparable to or higher than the children’s self-ratings (A = 2 points, p < 0.001). Parent—child agreement
was stronger in the sibling group (r = 0.73, p < 0.001) than in the control group (r = 0.34, p = 0.019). No between-group differences were found in the total fatigue
scores based on the children’s self-reports. Siblings reported greater physiological discomfort (p = 0.037), but less decline in general well-being, cognitive comfort,
and social functioning than controls (all p < 0.001). The results suggest that in families of children with cancer, parental assessments of a healthy child’s fatigue differ
from the child’s own perception of their condition. Parents tend to rate fatigue as more severe than do the children themselves, whereas the opposite pattern is
observed in control families. This informant discrepancy should be considered when assessing the well-being of healthy siblings and when providing psychological
support to families affected by childhood cancer.
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XPOHWYECKOE YTOMJEHUE Y CUBJINHIOB OETEW C OHKOJIOMMYECKNMW SABEOJIEBAHUAMMU:
CAMOOTYETbI AETEW N HABJTIOAEHUA POOUTENEN

E. H. NMuxomaHosa2 = O. B. LLesangosa', A. B. Kosanesa'

T depeparnbHblii CCReaoBaTeNbCKU LEHTP OPUMMHAIBHBIX 1 MEPCNEKTUBHBIX OUOMEANLIMHCKUX 1 hapMaLeBTMHecKnx TexHonoruin, Mocksa, Poccusi

2 HauyoHanbHbI MEAULIMHCKIMIA UCCNEaoBaTeNbCKUA LIEHTP AETCKOM reMaTonoriv, OHKOMOMn 1 MMyHonorim nmenn [. Poravesa, Mockea, Poccus
Mcuxonornyeckie NoCnencTBIS IEHEHNST OHKOMOMMHECKOrO 3ab0eBaHNs pebeHKa 3aTpariBaroT BCEX YIEHOB CEMbM, B YaCTHOCTU 340POBbIX 6paTheB U CECTEP
(CMBNMHIOB). VI3BECTHO O CHKEHUM Ka4eCTBa X XKM3HW, CaMOOLIEHK, CTpaxe CMepTu 1 oguHodecTsa. Lienb nccnefoBaHms — CpaBHUTL YPOBEHb XPOHNHECKOrO
YTOMIIEHVS Y CUOAMHIOB AETEV C OHKOMOrMHECKMYM 3a00NEBaHMAMI Uy AETeN 13 cemeit 6e3 TsKenobomnbHbIX BM3KVX B 3aBMCUMOCTU OT MHhOPMaHTa: Mo AaHHbIM
CaMOOLIEHKN pebeHka 1 HabntoaeHWst poauTens. B nonepeqHoM KOHTPOMMPYEMOM MCCELOBaHUN 3arOfHsAIMN ONPOCHUK «CTemneHb XPOHUYECKOTO YTOMIEHMS»
118 puan «poputens—pedbeHok»: 65 nap, rae ecTb BTOPO 60MbHON pebeHOK (rpynna CUOAMHIOB), 1 48 KOHTPOMLHBLIX Map. MPynnbl Bbl CONOCTaBUMbI MO MOy
1 Bospacty aetent (7-11 neT). JInHeNHbIMI CMELLIaHHBIMM MOAENAM BbISBMEHO 3HAYMMOe B3anMOLAENCTBIE «rpyrnna x HGopmaHT» (o < 0,001). B KoHTpone
POAUTENN 3aHVKaIM YPOBEHb YTOMIIEHWS B CPABHEHWM C CamooLieHKom aeTen (-10 6anna), a y CUOMHIOB pOAUTENBCKUE OLEHKM Obl CONOCTaBNMbI C AETCKVMUA
NV NPeBbILLaM UX Mo 6OMbLUMHCTBY LKan, KpoMe coumanbHon cdepbl (A = 2 6anna, p < 0,001). BHyTpeHHsst Koppensauus B rpynne CbiMHroB okasanach
cunbHee (r= 0,73, p < 0,001), 4em B KOHTPOBHOW (r = 0,34, p = 0,019). MexxrpynnoBble camooLeHKM AeTeit no obLiemy banny He pasnmyannce, HO 'y CUOMHIOB
BbIPXXEHHOCTb (hM31ONOrM4eckoro anckomdopTa bbina Boiwe (o = 0,037), a CHKeHVe 06LLEro camo4yBCTBIS, KOTHUTVBHOIO AMCKOMAOpPTa 1 HapyLIeHs B
coupanbHoi cepe — Hke (o < 0,001). BbiBoa: B CeMbsX C TsHKEN000sbHbIM PEBEHKOM POANUTENM CUCTEMATMHECKM 3aBbILLAKOT YPOBEHb YTOMIEHNS 300POBOMO
pebeHka, a camun AETV OLIEHMBAIOT CBOE COCTOSHME MHaYe. OTO PacXokAeHe HEOOXOAMMO YYUTbIBATL MPY MEAMKO-MCUXONOMMHECKOM COMPOBOXAEHNN CEMEN.
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Malignant neoplasms (MNs) are among the leading causes of
mortality in children. In Russia, in 2024, MNs were reported
in 0.013% of the population aged 0-17 years (12.7 cases per
100,000 population); of these cases, 32.4% were stage |-l MNs,
and the incidence peaked in children under 4 years of age [1].
In 2022, the global incidence exceeded 211,000 cases per
year [2]. Russian population-based studies have reported a
steady increase in the survival rate of children with cancer, from
82.4% in 2000 to 89.0% in 2021 [3], reaching 95% for certain
types of cancer [4]. In this context, the focus of researchers and
clinicians has shifted to the future quality of life of both patients
and their families [5].

The consequences of childhood cancer affect every family
member. The family’s usual way of life and distribution of
responsibilities change, and family income often decreases
[6-9]. In this situation, healthy brothers and sisters of the affected
child (siblings) require particular attention. Their difficulties often
go unnoticed: parents who are focused on the affected child
may be unable to adequately monitor the well-being of their
other children, while clinicians usually do not work directly
with them [10, 11]. Although the mean anxiety and depression
scores of most siblings remain within age-appropriate ranges,
many experience symptoms of post-traumatic stress, reduced
quality of life, and problems at school [10]. According to studies
conducted by Russian-speaking authors, low self-esteem, fear
of death, loneliness, auto-aggression, and anxiety are common
among siblings [12, 13]. With regard to somatic problems,
siblings have been reported to have higher rates of pain
complaints, sleep and eating problems [14], and emergency
department visits [15], which may reflect allostatic load, that
is, persistent physiological alterations caused by chronic stress
[16]. A study involving a large cohort of families with seriously il
children showed that healthy members of such families sought
medical care significantly more often, regardless of sex [5].

The feeling of persistently increased fatigue is one of the
common manifestations of accumulated stress [5, 15]. In this
paper, fatigue is considered not as a clinical diagnosis, but as a
subjective feeling of reduced energy — a persistent feeling that
children are able to describe themselves. Fatigue can affect
physical well-being, emotional state, cognitive functioning,
and social motivation. The reliability of such self-assessment in
school-age children (from approximately 7-8 years of age) has
been confirmed in numerous studies [17, 18].

Parents' proxy reports (parents' perceptions of their
children's condition) are widely used in clinical practice and
scientific research alongside children's self-reports. Comparing
these two sources of information represents a separate
scientificissue. Studies involving children undergoing cancer
treatment have shown that parents tend to systematically
rate their children's fatigue as more severe than the children
do themselves. In particular, a multicenter study conducted
in 2020 found that parents rated fatigue, on average, 13.7
points higher than the children themselves, and the parents'
own fatigue severity further increased this discrepancy [17]. A
questionnaire for assessing fatigue in children with cancer aged
7-17 years has been translated into Russian and validated [19].
The questionnaire includes two versions: a child self-report and
a parent proxy report based on the parent's observations. The
question of how parent and child assessments compare in
families in which a child with cancer has healthy siblings has
received little attention in the scientific literature. However,
parents experiencing chronic stress and primarily focused
on caring for a child with cancer and monitoring his or her
physical condition may also be particularly sensitive to physical
symptoms in their healthy children.

This study focused on assessing chronic fatigue in siblings
of children with cancer compared with healthy children who did
not have a seriously ill brother or sister. The analysis was based
on two sources of information (the child's self-report and the
parent's proxy report) and examined the nature and direction of
discrepancies between these sources in the two groups. The
research hypothesis was that the severity of chronic fatigue in
siblings of children with cancer differs significantly from that in
children from families without a seriously ill family member, and
that the nature of these differences depends on the source of
information (child self-report vs. parent proxy report). The study
aimed to compare the severity of chronic fatigue in siblings
of children with cancer and in children from families without a
seriously ill family member, taking into account the informant
(child self-report vs. parent proxy report).

METHODS

The study included 113 parent-child dyads divided into
two groups. Only mothers played the role of "parents". The
group of siblings of children with cancer (hereinafter “siblings”)
consisted of 65 dyads, in whose families the followed-up
children with cancer were raised. Among siblings, relative to
the cancer survivors, there were four fraternal twins, 29 younger
and 31 elder siblings. The sex was concordant in 32 sibling
pairs and discordant in 33 pairs. The median age difference
with the survivors was 3.11 years [IQR: 3.10; 4.48]. The
maximum number of children per family in this group was
8. In the group of siblings, 24 families (37%) were multi-
child (three or more children). Inclusion criteria for siblings: living
in the same household as the affected child before the cancer
diagnosis and for at least one year thereafter; no history of acute
ot chronic disorder, no acute ot chronic disorder at the time of
assessment (including the period of 14 days before the beginning
of the study); taking no medications; fluency in Russian.

The control group consisted of 48 dyads in which the
assessed child: was healthy; used no drugs; was fluent in
Russian; had no close relatives with life-threatening disorders.
Among them there were 18 elder, three middle, 10 younger,
and 17 only children (there were no twins). Parents of the
control group had a maximum of three children; there were only
five multi-child families (12.5%), and in three of those (60%) the
eldest children were full-aged and lived apart from the family.

Groups were matched by age (Me = 9.65 [IQR: 8.36; 11.0]
years in the control group and Me = 9.56 [IQR: 8.59; 10.9] years in
the group of siblings; p = 0.454), gender (50.0 and 52.3% of girls,
respectively; p = 0.788). Groups were not matched by the fact of
having/not having many children (Fischer’s exact test; p = 0.005).

The standardized Chronic Fatique Severity questionnaire
was used to assess the chronic fatigue severity subjective
perception [20]. The method consists of 36 items, each
of which is graded on a three-point scale (unambiguous
agreement, ambiguous agreement or disagreement). The total
score represents the Chronic Fatigue Index (CFl) allowing one
to estimate the condition severity: no signs of fatigue, early
stage, advanced stage, severe chronic fatigue and asthenic
syndrome (transformation into disease).

In addition to CFl, the questionnaire includes another four
subscales characterizing manifestations of chronic fatigue
in various spheres of life. Since the number of points per
subscale is unequal, the authors recommend convert these
into percentages to ensure the correct interscale comparison.
The original version of the questionnaire was designed for
assessment of adults, so it was adapted for children: lexemes
with the root "work" were replaced by lexical equivalents of
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Table 1. Chronic Fatique Severity questionnaire subscale and authorized abbreviations

Subscale full title Short title used in the text Reliability indicators
Physiological Discomfort Symptoms Physiological Discomfort Z‘ i%;sgg
General Well-Being Decline and Cognitive Discomfort General Well-Being Decline gig;;‘é
Emotional and Affective Disturbances Emotional Disturbances g i%{;?
Decreased Motivation and Social Communication Changes Social Functioning Impairment gig;ﬁz
) . . a = 0.847
Total score (chronic fatigue index, CFl) Total score / CFI © = 0848

educational activities: “learning” (No. 12, 28), “learn” (No. 21, 25),
and “school” (No. 33). The internal consistency evaluation
(Cronbach's alpha (a) and McDonald's omega (w)) confirmed
the modified method validity (according to the generally
accepted threshold a, w > 0.7 [21]). Short titles of the subscales
used below and appropriate reliability values are provided in
Table 1.

Testing was performed in Russian and implemented on an
online platform. Data from mothers were acquired remotely:
they filled the questionnaire at a place and time convenient for
them. Children completed the questionnaire in person in the
presence of a clinical psychologist on a provided computer.
The child completed the questionnaire either independently or
in the form of a semi-structured interview, in which a specialist
read the questions aloud, helped to interprete instructions, and
recorded the child's answer options. Thus, two independent
estimates of the condition of each child were obtained for each
dyad: self-assessment and parent’s assessment. Furthermore,
subjects answered the survey questions about the frequency
of getting ill (ARVI) throughout the year, as well as about regular
sports, music, and dancing.

Statistical data processing was performed in Jamovi version
2.3.28 (The jamovi project, Australia). Quantitative variables
were described using the median (Me) and interquartile range
[Q,; Q,]; categorical variables were described using absolute
and relative frequencies (n, %). The Mann-Whitney U-test
was used to compare two independent groups based on
quantitative indicators; the Kruskal-Wallis test was used for
three or more independent groups; Pearson’s chi-squared test
(x?) or Fishers’exact test (with the expected frequencies less
than 5) was used for categorical variables.

Linear Mixed Models (LMM) with the parameter estimation
by the Restricted Maximum Likelihood (REML) method were
used as the main analysis method. The nested data structure
was considered by including a random participant effect
(random intercept based on the dyad ID), which allowed us
to correctly model the relationship between the child’s and
parent’s assessment within the same dyad. The following

were included in the model as fixed effects: group (control/
siblings), informant (child/parent), and their interaction (group
x informant). Covariates included the child’s sex, frequency of
acute respiratory disorders, and regular exercise (sports and
dancing).

The parents’ and children’s assessment coherence was
determined using two additional methods: we calculated the
Spearman’s rank correlation coefficient for paired scores within
each group; the difference A = (parent’s assessment) — (child’s
assessment) was also calculated for each dyad; groups were
compared based on the A values using the Mann-Whitney
U-test. The Wilcoxon test for related samples was used to assess
intergroup differences between the parents’ and children’s
estimates. The critical significance level for all analyses was as
follows: p < 0.05.

RESULTS

There were no age and sex differences between the control
group and the group of siblings. ARVI was significantly more
often reported in the group of siblings (more than five episodes
per year): 41.5% vs. 20.8% in the control group (o = 0.001).
Siblings were less often engaged in sports (35.4% vs. 56.3%;
p = 0.002) and dancing (16.9% vs. 31.3%; p = 0.016) (Table 2).
None of the fatigue indicators turned out to be associated with
the birth order — neither in the group of siblings (p > 0.4), nor
in the control group (Kruskal-Wallis test; p > 0.2). The age
difference (fraction of a year) between the healthy and affected
siblings turned out to have no significant association with any
of fatigue indicators (Spearman’s rank correlation coefficient;
p > 0.05). In the group of siblings, when the healthy sibling’s
sex did not match the affected one’s sex, the CFl was higher
according to both chilren’s self-reports (U = 270, p = 0.003;
Me_, .« = 13.0, Me . .. .. = 25.0) and mothers’ proxy-
reports (U = 307, p = 0.015; Me_, . .., = 17.0, Me . o cox
= 24.0). Furthermore, the children’s self-assessment was
higher in siblings of different gender based on two subcales:
Physiological Discomfort (U = 201, p = 0.019; Me =

same sex

Table 2. Socio-demographic and clinical and anamnestic characteristics of the sample

Indicator Control (n = 48) Siblings (n = 65) P
Age, Me [Q,-Q,], years 9.65 [8.36-11.0] 9.56 [8.59-10.9] 0.454
Girls, n (%) 24 (50.0%) 34 (52.3%) 0.788
Frequent ARVI (>5 episodes/year), n (%) 10 (20.8%) 27 (41.5%) 0.001
Regular sports, n (%) 27 (56.3%) 23 (35.4%) 0.002
Regular music, n (%) 9 (18.8%) 14 (21.5%) 0.738
Regular dancing, n (%) 15 (31.3%) 11 (16.9%) 0.016

Note: The data are presented as Me [Q,-Q_] or n (%). Quantitative variables were compared using the Mann-Whitney U-test; categorical ones were compared using

Pearson’s chi-squared test (x?) or Fischer’s exact test.
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Table 3. Chronic fatigue indicators by subscales and linear mixed model results

Parents, Me Children, Me . .
Subscale Group [@-Q] [Q,-Q] p (group) p (informant) p (group x informant)

Control 12.0 [6.0-16.0] 20.0[16.0-25.0]

Total score (CFI) 0.002 < 0.001 < 0.001
Siblings 22.0[15.0-29.0] 20.0[12.0-28.0]
Control 7.0 [0.0-10.0]% 13.0 [7.0-20.8]%

Physiological Discomfort < 0.001 0.002 0.005
Siblings 23.0[10.0-30.0]% | 20.0[13.0-30.0]%
Control 14.1 [0.0-26.3]% 30.0 [20.0-40.0]%

General Well-Being Decline 0.513 0.009 <0.001
Siblings 30.0[15.0-40.0]% | 20.0[10.0-30.0]%
Control 17.0 [0.0-33.0]% 25.0 [17.0-42.0]1%

Emotional Disturbances 0.01 0.508 <0.001
Siblings 49.4 [25.0-66.7]% | 25.0[10.0-58.3]%
Control 40.0[10.0-60.0]% | 60.0 [50.0-70.0]%

Social Functioning Impairment 0.58 < 0.001 < 0.001
Siblings 40.0 [30.0-60.0]% | 50.0 [30.0-60.0]%

Note: The data are presented as the median and interquartile range [Q,-Q,]; for subscales — as the percentage of the maximum score. LMM with fixed effects of the
group, informant, and their interaction; random effect — dyad ID. Covariates: frequency of ARVI, engagement in sports and dancing.

18.0, Me o sox = 28.5) and Social Functioning Impairment
(U=205,p=0.023; Me_, ..., =400, Me_. ... =60.0).The
number of children in families with affected children was
correlated to none of the fatigue parameters (p > 0.17 in
all cases).

Comparison of groups based on the chronic fatigue
severity: linear mixed model results

LMMs were used to assess intergroup differences considering
the “dyad” data structure. The CFl analysis revealed significant
effects of the group (p = 0.002), informant (o < 0.001), and
their interaction (p < 0.001). This suggests that the nature of
differences between the parents’ and children’s estimates is
significantly different in two groups (Table 3).

In the control group, parents regularly underestimated
the child’s fatigue severity compared to the children’s self-
assessment (Me,: 12.0 [6.0-16.0] in parents vs. 20.0
[16.0-25.0] in children). In the group of siblings, the pattern
was inverted: the parents’ estimates were comparable with
the children’s or higher (22.0 [15.0-29.0] in parents vs. 20.0
[12.0-28.0] in children).

The analysis of subscales using the LMM showed that
the “group x informant” interaction was significant for all the
studied indicators (all p < 0.01), which suggests the systemic
nature of the differences revealed (Table 3).

The effect of the group was most pronounced for the
subscales Physiological Discomfort (p < 0.001) and Emotional
Disturbances (p = 0.010): the siblings’ parents assessed the
children’s condition as more severe, than parents of the control
group, based on both indicators. As for the General Well-
Being Decline (p = 0.513) and Social Functioning Impairment
(o = 0.580) subscales, the effect of the group was non-
significant, but the significant interaction was preserved, which
suggests different patterns of estimates in the groups. In most
cases, the covariates included had no significant effect on the
model results.

Coherence of parents’ and children’s
estimates

To thoroughly assess the nature of the “group x informant”
interaction, we conducted a number of additional analyses
involving assessment of correlations within groups, analysis of
the difference A, and pairwise comparison of estimates within
the dyads.

The correlation analysis (Table 4, Fig. 1) revealed significant
differences in coherence of estimates between groups. In
the control group, the correlation between the parents’ and
children’s CFI assessment was weak (r = 0.34, p = 0.019). A
strong positive correlation was observed in the group of siblings
(r=0.73, p < 0.001), which suggests much higher coherence
of the child’s condition perception in the dyads of siblings.

The analysis of the difference A confirmed a fundamental
difference in the nature of the ratio of estimates. In the
control group, parents underestimated the children’s fatigue:
MeA = -10.0 [-14.0; -3.0] points. In the group of siblings, the
estimates were comparable or slightly exceeded the chidlren’s
self-assessment (MeA = 2.0 [-4.0; 4.0]). The intergroup
differences in A values were significant (Mann-Whitney U-test:
U =625,p <0.001, r=0.6).

Intragroup and intergroup differences in parents’
and children’s estimates

We conducted a pairwise comparative analysis of parents’
and children’s estimates both within each group and between
groups. The results are provided in Fig. 2.

In the control group, the parents’ estimates were
significantly lower, than the children’s, based on all subscales
and CFl (p < 0.045), which suggests a persistent tendency
among parents of healthy children to underestimate the fatigue
severity in their children. In the group of siblings, the pattern
was inverted: there were no differences between the parents’
and children’s estimates based on the Physiological Discomfort

Table 4. Correlation between the parents’ and children’s assessment of chronic fatigue severity (CFl) by groups

Group Spearman's r P
Control (n = 48) 0.34 0.019
Siblings (n = 65) 0.73 < 0.001

Note: Spearman’s rank correlation coefficients between the parent’s and child’s estimates within the same dyad are provided.
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Fig. 1. Scatter charts with the linear regression lines for CFl assessment by parents and children in the control group (red) and siblings (green). X axis — parent’s

estimate; Y axis — child’s estimate.

and Social Functioning Impairment subscales, as well as total
CFl (p = 0.997; p = 0.474; p = 0.241, respectively). Significant
differences directed towards overestimation by parents were
reported for the General Well-Being Decline (p = 0.005) and
Emotional Disturbances (p = 0,002) subscales.

When performing an intergroup comparison separately
by informants, the pattern also turned out to be asymmetric.
According to the parents, significant intergroup differences
were revealed based on four indicators out of five: Physiological
Discomfort, General Well-Being Decline, Emotional
Disturbances, and total CFl (all p < 0.001). According to the
children’s self-reports, significant differences were reported
only based on distinct subscales: Physiological Discomfort
(o = 0.037), General Well-Being Decline (p < 0.001), and Social
Functioning Impairment (o = 0.016). There were no significant
differences in children’s self-assessment based on the total
CFl and the Emotional Disturbances subscale (p = 0.729 and
p = 0.631, respectively). Thus, the parents’, not children’s,
estimates were the main contributors to intergroup differences,
which is consistent with the linear mixed model results.

DISCUSSION

There were significantly more multi-child ones among the
families, where children with cancer were raised, which is in
line with the large sociological study of 1298 Russian parents
having children with cancer [12]. It was demonstrated, how the
existential stress faced by such families was associated with
changes in their life purpose orientations and the system of
needs, which, taken together, resulted in the multi-child lifestyle.

The sex difference rate in both groups turned out to be
associated with the chronic fatigue severity: it was higher in
cases where the siblings were of different sexes. This effect
was revealed when performing further analysis, so we can only
put forward a number of hypotheses discussed in the literature
and requiring further research. Parents may behave differently
with children of different sexes, making different demands
and expectations on them, building emotional relationships
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with them in different ways, devoting time to them in different
proportions [22]. It should be noted that the literature data are
controversial [23-25]. According to large family-based studies of
behavioral and psychological traits, the same genes contribute
to interindividual differences in both males and females, which
makes the genetic explanation of the sex differences identified
less likely compared to socio-psychological ones [26].

Intergroup differences in the children’s lifestyle and health
revealed that siblings in our sample were less likely to engaged
in sports and dancing, twice more often got ARVI (Table 2).
These findings are consistent with the results of different studies
showing that brothers and sisters of childhood cancer survivors
more often seek medical care compared to healthy peers
[5, 14, 27]. The siblings’ lower engagement in the organized
physical activities is natural: the family schedule restructuring,
deterioration of the family's financial resources, parents' focus
on the sick child’s needs, and the sibling's own anxiety reduce
the time and resources for leisure activities [10, 28]. Considering
the fact that regular physical activity represents one of the
reliably determined factors protecting children against fatigue
[29], the physical activity decrease can be an intermediate
between chronic family stress and subjective feeling of fatigue.
At the same time, motor activity was included in the linear mixed
models as a covariate, but it did not explain the main effects,
which suggests that there were additional mechanisms.

As for CFIl, there were no significant differences in
children’s self-assessment in two groups, but the analysis of
subscales revealed a more differentiated pattern. The siblings’
Physiological Discomfort subscale scores were higher, than
that of the control group, while differences on the General
Well-Being Decline subscale were oppositely directed: the
scores of control children turned out to be significantly higher.
There were no significant differences in self-assessment of
two groups on the Emotional Disturbances subscale, while
the Social Functioning Impairment subscale scores of control
children were also significantly higher. Thus, according to the
children’s self-assessment, the fatigue indicators in siblings are
significantly higher compared to that in the control group based
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Fig. 2. Box plots of the distribution of chronic fatigue indicators by subscales in the control group and group of siblings. Red box plots — children’s estimates; green —
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A. Physiological Discomfort Symptoms subscale. B. General Well-Being Decline and Cognitive Discomfort subscale. C. Emotional and Affective Disturbances subscale.

D. Decreased Motivation and Social Communication Changes subscale. E. chronic fatigue index (CFl, total score)

on the physiological component only; there are no differences
or indicators of the control group are significantly higher in the
emotional, cognitive-affective, and social spheres. The latter can
reflect the acceleration effect of the chronic family stress load:
siblings of childhood cancer survivors often show higher levels
of pro-social behavior and empathy, as well as a tendency not
to transmit their own difficulties, feeling an unspoken prohibition
against demonstrating weakness in a situation of family stress
[10]. Parents more often ask healthy siblings for instrumental
help (for example, more often ask for help with their chores),
despite the fact that parents themselves less often provide
similar support to their children (for example, less often allow
them to skip school) [11]. Furthermore, acceleration processes
were illustrated by the siblings’ anthropometric measurements:
their body height and body mass index were higher compared
to that of their peers (according to the WHO), and the higher
body height was reported in siblings, who were older, than
survivors [30].

When comparing the parents’ and children’s estimates
within each group, it was found that in the control group
parents rated the child’s fatigue lower, than children, on all
five scales. This is consistent with the data showing that
the parents’ assessment based on their insights is often
lower compared to the children’s self-assessment regarding
subjective, especially emotional and social, aspects of the
condition, since the age of 7 [31]. The pattern was inverted in
the group of siblings. The parents’ General Well-Being Decline
and Emotional Disturbances subscale scores were significantly
higher compared to children’s. As for Physiological Discomfort,
Social Functioning Impairment, and total CFl, there were no
differences between the parents’ and children’s estimates in
the group of siblings.

At the age of 7-11 years children actively shape their
internal pictures of iliness (IPI) and health (IPH). At this age,
subjective well-being is already accessible to reflection, but the
assessment of one’s condition as health or iliness still depends

heavily on the interpretations and reactions of significant adults
[32]. The developmental trajectory of the IPI/IPH involves a
gradual shift toward greater autonomy in self-assessment. This
pattern was observed in our control group, where children's
self-assessments on several subscales exceeded those of
their parents. Such a discrepancy suggests that the child has
his/her own well-being assessment criteria, that are different
from the parents’, which reflects the developing ability to rely
on the internal sensations and ideas, not only on the ones
transmitted by external sources. In the context of chronic family
stress experienced by the family having a child with the life-
threatening disease, the typical development can be modified.
The constant presence of a child with the objectified suffering
in the family and the transmitted parents’ anxiety can “shift” the
criteria of normal [33]. Thus, the lack of significant differences
between the parents’ and children’s estimates in the group of
siblings can reflect not so much the objective differences in the
children condition, but rather the features of the sibling’s IPI/H
ontogenesis, during which his/her own IPI/H remains “fused”
with parental assessments and subject to the anxiety of the
family environment for longer.

The linear mixed model analysis revealed a significant
interaction of the “group x informant” factors for all the
studied indicators. Intergroup differences are ensured mainly
by the parents’, not children’s, estimates. According to the
parents, fatigue indicators on all subscales, except the social
one, are higher in the group of siblings. The pattern based
on the children’s self-assessment is different: based on the
General Well-Being Decline and Social Functioning Impairment
siblings described their condition as better compared to control
children, while based on Physiological Discomfort the condition
was described as slightly worse. Such an asymmetric pattern,
with which intergroup differences are determined primarily by
the parents’ estimates, is consistent with the hypothesis about
the indirect influence of parents’ assessment on the IPI shaping
in siblings of children with cancer.
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In 2020, it was shown that the parents’ awareness about
the sibling’s conditions and accuracy of their assessment are
determined primarily by the quality of communication in the
family. Chronic stress associated with the other child’s illness,
being overwhelmed with care and focused on the cancer
patient’s needs limit the parents’ capability of monitoring the
healthy child’s condition and discuss his/her experiences
with him/her [34]. In the context of family crisis, parents often
develop the increased anxiety about the children’s health in
general — the phenomenon described within the framework of
the concept of the “child’s health anxiety by proxy”: excessive,
difficult to control fears about the child's possible ill-being,
which are not necessarily consistent with the child's actual
condition [33]. Parents of children with cancer often experience
significant fatigue and emotional distress themselves [35]. The
caregiver's own health status and well-being are associated
with the discrepancy between his/her and child’s estimates.
In particular, such discrepancy increased as the caregiver’s
own condition worsened based on the fatigue domain [14].
A combination of these factors (low awareness resulting from
the lack of communication, background anxiety for a healthy
child, the parent’s own distress) creates conditions for inflated
estimates of the sibling's condition.

Coherence of parents’ and children’s estimates in the group
of siblings was significantly higher, than in the control group.
Similar results were obtained by the researchers, who showed
that coherence of parental and child reports was higher in
families affected with cancer. Apparently, under these conditions
parents are more sensitive to any changes in children’s condition
[36]. It must be emphasized that the high correlation reflects the
coherence of the direction of changes only, not the accuracy
of absolute estimates. In our study, the high correlation was
combined with the parents’ overestimation on a number of
subscales, which underscores the need to differentiate these
two aspects when analyzing the inter-informant consensus.

Limitations of the study

The cross-sectional study design made it impossible to
examine changes within parent—child dyads over time.

Only subjective measures were collected and analyzed
(children's self-reports and mothers' proxy reports); therefore,
the influence of social desirability bias cannot be ruled out.
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INTEGRATIVE PHARMACOGNOSTICAL PROFILING & /N VITRO ANTIBACTERIAL ACTIVITY ASSESSMENT
OF MURRAYA KOENIGII (L.) SPRENG

Ashwaq T. Kareem &
Department of Pharmacognosy, College of Pharmacy, Thi-Qar University, Thi-Qar, Iraq

The evolution of multi drug-resistant bacterial diseases enforces the need for new botanical anti-microbiological drugs. Curry leaf (Murraya koenigii L. Spreng) is
often used in traditional medicine; however the pharmacognosic effects and extraction efficiency need to be affirmed meticulously. The study aimed at qualitative
phytochemical profiling and physicochemical standardization of M. koenigii leaf powder by aqueous, ethanolic and methanolic solvent systems, conducted for the
first time. MICs were measured by microdilution to determine antibacterial activities against a panel of clinically relevant pathogens; the disc diffusion method was
used for microbiological analysis. Tukey's post-hoc test was used after one-way ANOVA to examine statistical differences. Physicochemical examination showed
a total ash value of 15.4% + 0.3% w/w and a low moisture content of 4.2% + 0.3% w/w. We detected bioactive secondary metabolites, including as tannins,
alkaloids, and, flavonoids were validated by phytochemical screening, with alcoholic solvents showing higher extraction yields than water. The ethanolic extract
showed strong antibacterial activity against Proteus mirabilis (21.0 mm) and Staphylococcus aureus (21.0 mm) in disc diffusion experiments, but the aqueous
extract was totally inactive (0.0, p < 0.001). Bacillus sp. and Streptococcus mutans showed the lowest MIC values for the ethanolic extract (0.156 mg/mL). These
results validate M. koenigii's potential development as a natural therapeutic agent by establishing pharmacognostic quality markers for the plant and showing that
its ethanolic extract contains extremely powerful antibacterial agents, especially effective against Gram-positive clinical isolates.

Keywords: Murraya koenigii, antibacterial activity, pharmacognosic standardization, phytochemical screening, minimal inhibition
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KOMMJIEKCHbI ®APMAKOIHOCTUYECKUIA AHAJTN3 U OLEHKA AHTUBAKTEPUAJIBHOW
AKTUBHOCTU MURRAYA KOENIGII (L.) SPRENG IN VITRO

AwBak T. Kapum =
DdapmaLeBTHeCKUn konnemx, YHuBepcuteT Tu-Kap, Tn-Kap, Vipak

OBOMIOLMSA BbI3bIBAEMbIX OAKTEPVSMY C MHOXXECTBEHHOW NEKAPCTBEHHON YCTONHMBOCTLIO 3ab0neBaHnii 06yCNOBAMBAET NOTPEOHOCTb B HOBbIX MPOTVBOMUKPOOHbIX
npenapaTax Ha OCHOBE PaCTUTENBHOrO Chipbs. JTNCTbA kappn (Murraya koenigii L. Spreng.) 4acTo MCNONb3yoT B TPaAMLMOHHOM MefuLHe, O4HAKO HE06X0aMMO
MoaTBEPAUTb UX hapMakoforn4eckoe AencTere U aPdPEKTUBHOCTb SKCTpakumn. Llens nccnegoBaHMs: MpOBECTU KavecTBEHHOE (DUTOXMMUYECKOe
npoUIMPoOBaHNE 1 USNKO-XVMUHYECKYIO CTAHAAPTU3ALMIO MNOPOLLKA NIMCTBEB KappW C MPUMEHEHMEM CUCTEM C BOLOW, STAHOSIOM 1 METAHOJIOM B Ka4ecTBe
pacteoputeneit. MIMNK namepsinm MeToA0M MUKPOPAa3BEAEH, YTOObI ONPeaenTb Hanndme aHTMbaKTepuanbHOM akTUBHOCTY B OTHOLLUEHWUI NMaHen KIMHUYECKI
3HaYMMbIX MaToreHoB. [Ins MUKPOBMONOrMYECKOro aHanmsa UCnofb3oBanv AUCKO-ANMPMY3NOHHBIN MeTOA. [Ns OLeHKN CTaTUCTUHECKMX Pasnnyunin nocne
0OHOMaKTOPHOIO AMCMEPCUOHHOMO aHam3a MCnofib30Basv aroCTePUOPHbIA TeCT ThiokuM. [pu NPOBEeAEHUM (PUSUKO-XUMUHECKOTO aHaM3a yCTaHOBEHbI
copepxanne 3onbl 06LLeit 15,4% + 0,3% (no macce) 1 HU3Koe cofepkaHne Bnaru, coctaBmsLLee 4,2% + 0,3% (no macce). BbisiBneHbl G1onorv4ecky akT1BHble
BTOPUYHbIE METABONNTLI, B TOM YMCNE TaHWHbI, ankanouibl 1 hnaBoHomabl, HaMHMEe KOTOPbLIX NOATBEPXKAEHO MPY NPOBEAEHN (PUTOXUMNHECKOTO CKPUHMHTA.
[pVIMEHEHME CIIMPTOBbIX PACTBOPUTENEN MPOAEMOHCTPMPOBASTO GOMbLLYIO 3PMEKTUBHOCTL SKCTPAKLMM MO CPABHEHWIO C BOAOW. DTAHOMLHbIV 9KCTPAKT nokasan
BbICOKYIO aHTUbaKTepuasibHyto akTUBHOCTb B OTHOLLIEHWN Proteus mirabilis (21,0 Mm) u Staphylococcus aureus (21,0 MM) B 9KCNiepUMEHTax C NPUMEHEHMEM AVICKO-
M y3noHHOro MeToa, a BOAHbIN SKCTPaKT MPOAEMOHCTPMPOBaU NMonHoe oTeyTeTBre akTneHocTu (0,0; p < 0,001). Y Bacillus sp. n Streptococcus mutans 6binn
camble HU3Kune 3HadeHns MK npu npyMeHeHnn aTaHoNbHOro akcTpakTa (0,156 mMr/mi). MonydeHHble pesynsTaTbl MOATBEPKAAOT BO3MOXHOCTb pPas3paboTKm
M. koenigii kKak NPUPOAHOro NEeKapCTBEHHOMO CpeacTBa NyTeM ONpefeneHns (apmMakorHOCTUHECKMX MapKepOoB KadecTBa PacTeHns U AeMOHCTPpaummn dakta,
YTO €ero 3TaHOSbHbIN 3KCTPAKT COAEPKUT HYPEe3BblHaHO MOLLHble aHTMOaKTepuanbHble BeLLeCcTBa, OCOOEHHO 3(PMEKTVIBHbIE MPOTUB KIMHUYECKUX U30NATOB
rPaMMOSIOXKUTENBbHbIX OaKTEPWIA.

KniouyeBble cnoBa: Murraya koenigii, aHTubaKTepnanbHas akTMBHOCTb, hapMakorHoCTuiecKas ctaHaapTuaaums, MUTOXUMNYECKUIA CKPUHNHT, MUHUMasbHOE
NHrMOnpoBaHve
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Multidrug-resistant (MDR) microorganisms are becoming more Natural products made from plants have shown promise
common, which is making the worldwide burden of bacterial  in resolving this issue. Compared to single-target synthetic
ilnesses worse. Growing bacterial resistance highlights the = medications, medicinal plants offer a rich supply of structurally
need for improved surveillance and novel therapies since it diverse bioactive chemicals with numerous modes of action,
presents significant global health challenges [1]. which may lower the risk of resistance development Herbal
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remedies are particularly popular in developing countries,
where almost eighty percent of the people receives primary
care from traditional natural plant medicines [2].

Murraya koenigii (L.) Spreng. is a tropical to subtropical tree
that belongs to the Rutaceae family and is indigenous to Asia,
particularly India and Sri Lanka [3]. Commonly referred to as
curry leaf plant or kari patta, this evergreen tree is grown for
its aromatic leaves that are a vital ingredient in South Asian
cooking. Apart from its use in culinary practices, M. koenigii
has been extensively reported as a traditional remedy for the
management of many conditions in systems such as Ayurveda
and Unani [4]. Historically the leaves were utilized internally as
a tonic, stomachic, carminative, antihelminthic and for skin
eruptions as well as vomiting [5].

The potential pharmacological properties of M. koenigii
are attributed to its high phytochemical profile. Many
secondary metabolites that produced by the plant include
carbazole alkaloids, terpenoids, flavonoids, essential oils and
polyphenols [6]. Koenigine, mahanimbine, and murrayanine
belong to the class of alkaloids with carbazole skeletons,
this composition being responsible for their diverse biological
activities such as antioxidant, antibacterial, and anticancer
abilities [7]. Recent scientific research has confirmed many
conventional claims. Studies have demonstrated M. koenigii's
significant anti-inflammatory, antibacterial, antioxidant,
antidiabetic, and cytotoxic qualities. Scientific research has
recently proved a great many old wives' tales. M. koenigii
has been shown to possess considerable anti-inflammatory,
antibacterial, antioxidant, antidiabetic and cytotoxic
properties [8]. Additionally, the plant has shown potential
for treating biofilm-associated infections [9]. Which is a
crucial component of important antibiotic-resistant chronic
bacterial disease. Pharmacognostic standardization is
essential to guarantee the identity, quality and purity of
herbal medicines [10].

The WHO states that defining pharmacognostic parameters —
such as macroscopic and microscopic traits, physicochemical
constants, and phytochemical profiles — is essential for
assessing the quality of medicinal plants [11]. There are still
few comprehensive investigations on the leaves of M. koenigii,
however previous pharmacognostic research has focused on
the stems and roots [12, 13].

The same is the case with the content of essential oil of
M. koenigii which has been one subject for number of studies
which indicates considerable variation based on the plant
geographical origin. B-caryophyllene (16.6 to 26.6%)
and a-humulene (15.2 to 26.7%) were the two primary
volatile metabolites detected in Malaysian specimens [13].
Headspace analysis revealed that 27.4% of the constituents
were B-caryophyllene and 37.5% were a-pinene which were
the most common compounds in previous studies [14].
Linalool (32.83%), elemol (7.44%), geranyl acetate (6.18%),
and myrcene (6.12%) were the primary components of the
essential oil from southern India [15]. We aimed to analyze
Murraya koenigii leaves comprehensively towards an integrated
pharmacognostic approach for evaluation of antibacterial
activity: MIC determination and in vitroantibacterial efficacy
against clinically relevant pathogens.

METHODS
Authentication and Collection of the Plant Material

The leaves of Murraya koenigii were collected from the
Sulaymaniyah Botanical Garden, Sulaymaniyah Irag, in
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April 2025 and dried in the shade. The The plant material
was identified and authenticated by a taxonomist by the
earlier reported method [16]. The dried leaves were ground
to a particle size of 250-500 pm. Extraction was performed
using 70% ethanol at a raw material-to-solvent ratio of 1 : 10 (WA)
via maceration for 24 hours at room temperature. The
evaporation process was then used to filter the extracts and
concentrate [14].

Pharmacognostic Assessment
Parameters of Physicochemistry

Physicochemical analysis was performed on powdered leaf
material in accordance with WHO recommendations for herbal
medication quality control. Among the parameters established
were: Examining foreign organic stuff visually and separating
unnecessary materials. Determine the moisture content (loss
on drying) by drying the powder at 105°C until its weight
remains constant [11].

Acid-insoluble, water-soluble and total ash were measured
by burning at 450°C in a muffle furnace [10].

Screening for Phytochemicals

To find saponins, tannins, steroids, terpenoids, flavonoids,
cardiac glycosides, alkaloids, resins, amino acids, & other
secondary metabolites, both the aqueous and solvent
extracts underwent qualitative phytochemical screening using
conventional techniques [17].

Antibacterial Action Assesment
Strains of Bacteria

A panel of Gram-positive and Gram-negative bacteria obtained
from microbiology department, Thi Qar university, was used
to evaluate the antibacterial actions against: Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhi, Bacillus subtilis, Klebsiella pneumonia, Proteus mirabilis,
and Enterobacter aerogenes.

Method of Disc Diffusion

The agar well diffusion method [18] was first used to screen the
extracts for antibacterial actions. Mueller—Hinton agar plates
were covered with bacterial cultures that had been cultivated
overnight and adjusted to the 0.5 McFarland standard. The
infected agar surface was covered with wells or discs that
had been impregnated with different amounts of test samples.
Positive controls were standard antibiotic discs. The zone of
inhibition’s diameter was determined in millimeters after that
we incubated the plates for 24 hrs at 37 °C [19, 20]. Three
replicates' means are used to calculate the values.

Determining the MIC

We performed the broth microdilution (two-fold) method
to calculate the extracts' MIC. The test samples were
serially diluted two times in microtiter 96-well plates. A
bacterial suspension (about 1 x 10> CFU/mL) was added
to each well. For a whole day, we incubated the plates at
37 °C. The minimum concentration exhibiting no discernible
growth of bacteria was identified as the minimum inhibitory
concentration (MIC) [21].
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Table 1. The Physicochemical parameters of M. koenigii leaf

Parameter Value (% w/w)
Foreign organic matter <1%
Moisture content 42 +0.3
The total ash 15.4+0.3
The acid-insoluble ash 4.7+0.2

Statistics Analysis

Every experiment was carried out in triplicate, and the mean
+ standard deviation (SD) was used to express the results.
One-way analysis of variance (ANOVA) and Tukey's post-hoc
test for multiple comparisons were used in the statistical study.
Statistical significance was defined as a p-value of less than
0.05. Each table lists the statistical tests that were applied [2, 19].

RESULTS
Physicochemical Parameters

Table 1 displays the determined physicochemical properties of
the powdered leaf material.

The medicine was devoid of additional plant parts,
molds, insects, and other animal contaminants because the
foreign organic matter was less than 1% w/w. The dried leaf
samples had a moisture level of roughly 4.2% w/w. The drug's
dampness promotes the growth of common bacteria and mold,
and inadequate drying results in the enzymatic breakdown of
active ingredients. Therefore, the sample's low moisture level
suggests that the leaves were properly dried to make storage
easier.

The obtained total ash value was approximately 15.4% w/w.
The low ash levels suggest that the plant medication has a low
inorganic content. The crude medicine was less contaminated
by inorganic elements like sand or soil, as indicated by the
acid-insoluble ash value of roughly 4.7% w/w.

Screening for Phytochemicals

Several types of bioactive chemicals were found in the aqueous
and solvent extracts using qualitative phytochemical screening
(Table 2). Standard phytochemical tests were used for
qualitative analysis. The mean of three separate experiments is
shown in the results.

Tannins, saponins, steroids, terpenoids, and cardiac
glycosides were found in the aqueous leaf extract according to
phytochemical study. A more comprehensive profile with additional
resin detection was displayed by the methanolic leaf extract.

Table 2. Phytochemical constituents detected in M. koenigii leaf extracts

Antibacterial Activity
Disc Diffusion Results

Table 3 and Figure show the antibacterial actions of Murraya
koenigii ethanol and aqueous extracts of leaves against eight
clinically relevant bacterial infections. Zones of inhibition are
shown as mean =+ standard deviation. While no activity (0.0 mm)
was detected regarding the aqueous extract against any of the
test organisms, the ethanol extract displyed strong antibacterial
action against all the tested organisms, where inhibition zones
ranged from 13 mm against Klebsiella pneumoniae to 21 mm
against Staphylococcus aureus and Proteus mirabilis. The
F-values ranged beyween 881.25 (S. aureus) and 433.50
(K. pneumoniae) which showed significant differences among
the examined treatment groups for all the used bacterial strains.

We detected comparable activities between the positive
control group regarding B. subtilis (20 mm/20 mm) and
S. aureus (21 mm /20 mm) In contrary, we detected significantly
inferior action against Gram-negative organisms such as
K. pneumonia, E. coli, S. typhi, P. aeruginosa, P.mirabilis, and
E. aerogenes (p < 0.05).

The MIC values of the extracts against various test
pathogens are presented in Table 4. Bacillus sp. and S. mutans
showed the highest activity for the ethanolic extract, where
MICs were 0.156 mg/mL, for both strains. MIC readings of
higher concentration (0.625 mg/mL) were detected for S. typhi,
E. coli, and S. aureus, without any efficacy of aqueous extract.

DISCUSSION

The physicochemical factors of our study provide reliable
markers for recognizing adulteration & confirming batch-to-
batch constancy in herbal medicinal mixes. According to our
results, the foreign organic matter amount was < 1% w/w, which
indicates that the medication didn’'t contain contamination
from molds, insects, other animal elements or other plant parts
[11]. This is a vital criterion of quality because using foreign
ingredients may compromise the herbal and safety efficacy.

A content of moisture of 4% w/w in our results is crucial
for the herbal remedy’s stability. The high moisture levels may

Phytochemical Class Aqueous Extract Methanolic Extract Ethanol Extract
Tannins + + +
Saponins + + +
Steroids + + +
Terpenoids + + +
Cardiac glycosides + + +
Flavonoids + + +
Alkaloids + + +
Resins - + +
Amino acids + + +

Note: + — present, - — absent
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Table 3. The antibacterial zones of inhibition of Murraya koenigii ethanol and aqueous extracts of leaves against tested bacterial

Test Organism Ethanol Extract (mm) Aqueous Extract (mm) Positive ? (;) :g?:nczgntamicin F p
Staphylococcus aureus 21 0 20 881.25 < 0.001
Escherichia coli 14 0 16 456 <0.001
Pseudomonas aeruginosa 17 0 19 625.33 < 0.001
Salmonella typhi 16 0 18 522 < 0.001
Bacillus subtilis 20 0 20 600 < 0.001
Klebsiella pneumoniae 13 0 17 433.5 < 0.001
Proteus mirabilis 21 0 23 738 < 0.001
Enterobacter aerogenes 14 0 20 526 < 0.001

boost the appearance of common molds and bacteria, and
active breakdown of substances. The low content of moisture
in our sample shows that adequate drying were performed to
enable storage and protect bioactive components [11].

The total ash value (15.4% w/w), offers an increase mineral
content of the drug. The adequate ash levels exhibit that the
inorganic material of the plant is not high, which is a good
sign. The acid insoluble ash concentration (4.8% w/w) shows
insignificant contamination of the crude product by sand or
soil [10].

These pharmacognostic variables are consistent with
studies conducted in different regions. Guijarati studies found
that the moisture content was 1.12% + 0.03% w/w and 1.31%
+ 0.12% w/w, the acid-insoluble ash content was 0.59% =+
0.01% w/w and 0.20% + 0.02% w/w, and the total ash content
was 15.66% + 0.32% w/w (Anand) and 12.29% + 0.08% w/w
[12]. The little differences that can be attributed to geographic
factors, soil composition, and agricultural practices emphasize
the need for regional pharmacognostic criteria.

According to earlier research, phytochemical screening was
used to identify a variety of bioactive compounds [17]. These
compounds are recognized for their antimicrobial properties
and contribute to the plant's overall antibacterial activity.

Tannins have a remarkable bactericidal effect. Because they
can bind to proteins and stop the formation of bacterial cell
walls, tannins are polyphenolic compounds with bacteriostatic

& bactericidal qualities. They can hinder the formation of biofims
by creating complexes with bacterial adhesins, according
to numerous studies [22]. Saponins can cause cell lysis and
compromise the integrity of bacterial cell membranes due to
their amphiphilic properties [23]. Steroids and terpenoids are
well known for their membrane-active properties and ability to
inhibit bacterial enzymes [24].

Also in accordance with our results other studies showed
that the antibacterial activity of M. koenigii extracts shown
significant efficacy against a variety of therapeutically relevant
pathogens, including both Gram-positive and Gram-negative
bacteria [2, 25, 26]. The qualitative phytochemical screening
of Murraya koenigii leaf extracts revealed that while resins were
only present in the organic solvent extracts saponins, tannins,
terpenoids, steroids, flavonoids, cardiac glycosides, amino
acids, and alkaloids were present in all three extracts (aqueous,
methanolic, and ethanolic). These different phytochemical
groups are consistent with previous reports on M. koenigii
that identified terpenoids, tannins, flavonoids and carbazole
alkaloids, as unique components of this medicinal plant [27].

The complete absence of resins in the aqueous extract and
their presence in both methanolic and ethanolic extracts show the
superior extraction efficiency of organic solvents for non-polar
bioactive compounds, supporting the notion that methanol
and ethanol are better solvents for extracting a wider range
of secondary metabolites than water [28]. In consistence with

Fig. Showing different inhibition zones of aqueous, ethanolic, and positive control
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Table 4. MIC values of M. koenigii extracts against test pathogens

Test Organism Ethanol Extract Aqueous Extract
S. mutans 0.156 -
S. aureus 0.625 -
E. coli 0.625 -
Salmonella typhi 0.625 -
Salmonella sp. 0.312 -
Bacillus sp. 0.156 -

previous studies, this study tested the phytochemical character
and antibacterial action of Murraya koenigii (curry leaf) extracts.
Flavonoids, alkaloids, phenols, steroids, terpenoids, glycosides,
tannins, and saponins were the detected bioactive ingredients
discovered in the ethanol extract, giving to phytochemical
study. High alkaloid components were discovered a upon
comparing to other therapeutic plants [27], which is consistent
with our profile [27].

Disc diffusion and MIC techniques were used to evaluate
the antibacterial effectiveness against 8 bacterial species. With
inhibition zones ranged from 21.0 mm to 13.0 mm, the ethanol
extract presented variable antibacterial activity. Stimulatingly,
none of the tested bacteria were influenced by the aqueous
extract. This may be due to water's weak ability to absorb non
polar bioactive materials with antibacterial potentials, such as
terpenoids, carbazole alkaloids, and flavonoids.

The ethanol extract's effecay against Gram-positive
infections was established by the fact that its efficiency against
Bacillus subtilis and S. aureus was equivalent to that of the
positive control results. The earlier reported results [27] are
consistent with our work. The thick peptidoglycan layer cell
walls of Gram-positive bacteria, which endorses compound
penetration in contrary to the outer membrane permeability
barrier of Gram-negative bacteria, clarifies the detected
difference in susceptibility, with Gram-positive bacteria being
more susceptible.

The plant extract exhibited Pseudomonas aeruginosa
(17.0 mm inhibition diameters), a common cause of hospital-
acquired infections because of its resistance to antibiotic and
biofilm production, was one of the clinically challenging bacteria
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