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

><] Correspondence should be addressed: Aleksey S. Ivanov
A. Dikogo 16A, 73, 111396, Moscow, Russia, sashatravmatolog1985@mail.ru
Received: 27.06.2026 Accepted: 20.08.2026 Published online: 26.08.2026
DOI: 10.24075/brsmu.2026.046

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/).

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

BECTHVK PIrMY | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2026.046

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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