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EXPRESSION OF microRNA MIR146A IN THE BLOOD PLASMA OF RATS WITH OBESITY
AND KNEE ARTHROSIS AFTER ADMINISTRATION OF DEXAMETHASONE
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MicroRNAs are resistant to RNases and are highly specific for various pathological conditions, particularly inflammation, allowing them to be considered inflammation
biomarkers. They were detected in all body fluids, and miR146a plays a key role in the pathogenesis of inflammation. A total of 180 male white Wistar rats were
selected for the study. All animals were 8-10 weeks old and weighed 200-250 grams. The animals were divided into five groups of 36 each. The first received
saline solution intramuscularly, while the others underwent experimental modeling of obesity and knee arthrosis. The second group received 1.0 ml of saline solution
intramuscularly, while the third, fourth, and fifth groups received dexamethasone at doses of 1 ng/ml, 10 ng/ml, and 100 ng/ml, respectively. Blood samples for the
study were collected on days 3, 5, and 10. The obtained parameters were analyzed at the statistical significance level (o < 0.05). Increased miR146a levels were
observed in animals in the second group compared to the others, due to the development of inflammation associated with obesity and concomitant gonarthrosis.
In the third group, expression levels decreased slightly, remaining high. In the fourth group, with the use of 10 ng/ml dexamethasone, miR146a expression levels
decreased most significantly on days 3 and 5. In the fifth group, virtually no changes were observed, with the parameter decreasing only slightly. The 10 ng/ml
dexamethasone dose demonstrated the greatest efficacy during the experiment, possessing the greatest anti-inflammatory activity compared to the other doses.
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OKCMNPECCUA mukpoPHK MIR146A B NMJTIASME KPOBW KPbIC C OXKUPEHUEM
N APTPO30OM KOJIEHHOIO CYCTABA HA ®OHE BBEAEHNA OEKCAMETA3OHA

A. C. VigaHos'? =, T. 1. TanaHakuHa', C. A. KauweHko', W. A. MNoropenosa’

T Oreoy BO NTTMY umenn CetsaTtutens Jlyku, Poccus
2 HerocynapcTBeHHOE YacTHOe yypexaeHne Hay4Ho-amarHOCTUHeCKni LeHTP «[onvkMHnka Ha CMOneHCKO»

MukpoPHK He nogaatotcs genctemio PHKas 1 BbicokocneumhmnyHsl Ansg pasinyHbix NaTofnormyeckmx COCTOSAHWI, B HACTHOCTW BOCMANIEHMS, YTO NO3BONIO
paccmarpuBaTh 1X Kak 61oMapKepbl AaHHOrO NaTonornyeckoro npouecca. OBbHapYKUTb 1X YAANOCh BO BCEX XKUAKOCTAX OpraHM3mMa, B natoreHese BOoCnaieHs
Kto4EBYHO POb UrpatoT MKPoPHK miR146a. Liensto paboTbl 66110 onpenenits ypoBeHb akenpecu miR146a y KpbiC ¢ FOHapTPO30M, COHETaHHbBIM OXXUPEHNEM
N KOPPEKLMEN AeKcamMeTa3oHOM C Liefblo pa3paboTky AanbHENLLIMX NaTOreHETUHECKNX MEXaHN3MOB fledeHnst 0cTeoapTpo3sa. [Ans nccnenosannst otobpanm
180 camLoB 6enbix KpbIC NHUK BricTap B BodpacTe 8—10 Hefenb Maccoi 200250 1. 2K1BOTHbIE Bblnv padaeneHb! Ha naTb rpynn no 36 B KaxkAoW: B NepBov rpynne
BBOAMIN (PUBNONOMMHECKINIA PACTBOP XNopuaa HaTpus BHYTPUMBILLEYHO, OCTaNbHbIM 3KCMEPUMEHTAIbHO CMOAEMPOBAHO OXMPEHME 1N apTPO3 KOSIEHHOMO
cyctaBa. Ocobsim BTOpoi rpynnbl BBogunm 1,0 Mn pacTeopa xiopvaa HaTpuysi BHYTPUMbILLEYHO, TPETLEN, YETBEPTON 1 NATOM — AekcameTadoH B 4ose 1 Hi/mn,
10 H/Mn 1 100 HI/MN COOTBETCTBEHHO. 3ab0p KPOBY A5 NMPOBEAEHUS UCCneaoBaHns nposoaunmv Ha 3, 5, 10 cyTku. [Nony4eHHble nokasartenu nccnefosanv npu
YPOBHE CTaTUCTUHECKON 3Ha4MMocTh (p < 0,05). YcTaHOBNEHO NOBbILLEHME YpoBHA MiR146a y »KMBOTHbIX BTOPOW FPYMMbl B CPaBHEHUN C OCTa/IbHbIMK, 3@ CHET
pasBUTUA BOCMANEHNA Ha POHE OXKMPEHWSA 1 COMYTCTBYIOLLIErO roHapTpo3a. B TpeTbe rpynne ypoBeHb SKCMPECCUM HEBHAYUTENBHO CHIDKANCH, HO OCTaBasiCs
BbICOKMM. B 4eTBepTON rpynne Ha hoHe npumMeHeHnst 10 HI/mMn fekcameTa3oHa ypoBeHb akcnpeccun miR-146a CHukancs MakcvmanbHo Ha 3 1 5 cyTku. B naToi
rpynne N3MeHeHNst MPakTU4eCK OTCYTCTBOBaM, NOKasaTelb CHPKANCA He3HaqmnTenbHO. HanbonbLuyto athheKTMBHOCTL B MPOLECCE SKCMEPUMEHTA BbisBNeHa
npu fo3e aekcameTadoHa 10 H/Mn — oHa obnafana HabosbLUel MPOTUBOBOCTANMTENBHON aKTVBHOCTHIO MO OTHOLLEHWIO K OCTaNbHbIM.
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In 2008, Tewari et al. experimentally discovered the presence
of some forms of microRNA in blood plasma in a stable form
that excludes the influence of RNases, which served as the
beginning of their study as biomarkers of the inflammatory
process [1-5]. Stability is ensured by dysregulation of cellular
expression of microRNA, which can be observed during
infection; the cell is also capable of releasing some forms into
the extracellular space. Further studies showed the presence
of biomarkers not only in blood plasma, but also in saliva,
urine, bile, breast milk and other body fluids [6]. Currently,
there is data on specific changes in the microRNA expression
profile in various pathological conditions, for example, in
oncology, cardiovascular diseases, inflammation, aging, etc.
[7-8]. Advances in understanding the relationships between
various genes, their products, and environmental factors have
highlighted the role of epigenetic variation, which involves
changes in gene expression that do not affect DNA structure but
can be transmitted across generations. There are three levels
of epigenetic regulation: genomic (DNA methylation), proteomic
(responsible for histone modification), and transcriptomic (RNA
regulation). MicroRNA is a large class of small, non-coding
RNA molecules, 18-25 nucleotides in length, that regulate
gene expression through complementary interactions with the
3'-untranslated regions of mMRNA, leading to RNA degradation
or inhibition of translation processes [9].

Today, a large number of microRNAs are known that are
specific to each pathological condition and enable early diagnosis
for timely treatment. Recent data have shown that miR21
and miR146a microRNAs are involved in the pathogenesis of
inflammatory diseases [10]. The role of miR146a in the regulation
of the cell cycle, apoptosis, proliferation, and cell differentiation,
as well as in the pathogenesis of infectious diseases, has been
elucidated [11-13].

Over the past 10 years, microRNA markers have been
discovered as specific factors in osteoarthritis and rheumatic
diseases [14-18]. Detection of miR146a in synovial fluid and
plasma in osteoarthritis is a potential diagnostic and prognostic
marker [19]. Increased miR146a levels in blood plasma indicate
the development and progression of gonarthrosis, which in the
vast majority of cases is associated with excess body weight
[20]. MiR146a is considered a marker of obesity and can
influence its development and progression when elevated in
blood plasma. Physical activity promotes weight loss, which
reduces miR146a expression [21].

The use of nonsteroidal and steroidal anti-inflammatory
drugs (e.g., celecoxib, ibuprofen, dexamethasone, methotrexate,
etc.) in the treatment of gonarthrosis helps suppress the
synthesis of proinflammatory cytokines and miR146a by
increasing the expression of MiR149-5p and miR-let-7c-5p
[22, 23]. Among glucocorticosteroids for the treatment of
inflammatory joint diseases, including osteoarthritis, one of
the most frequently used drugs is dexamethasone [24]. A
2018 meta-analysis found that miR146a expression levels are
higher in patients with rheumatoid arthritis and osteoarthritis
than in healthy controls, as it serves as a regulator of the
primary immune response and is involved in the pathogenesis
of osteoarthritis [22]. The question of miR146a expression
levels in obesity associated with osteoarthritis treated with
glucocorticosteroids remains open.

Investigating miR146a expression levels in rats with
obesity and osteoarthritis provides insight into the pathogenetic
mechanisms of disease development and the development
of optimal treatment regimens. The aim of this study was to
develop a pathogenetic treatment regimen for osteoarthritis
associated with obesity using dexamethasone, taking into

account the level of miR146a expression, and to evaluate the
effect of different doses of dexamethasone (1 ng/ml, 10 ng/ml,
and 100 ng/ml) on the level of miR146a expression in rats with
an experimental model of obesity and gonarthrosis.

METHODS

The experiment was conducted at the Ask-Health Research
Center, Bulgaria, and the Leningrad State Medical University
named after St. Luki" of the Ministry of Health of the Russian
Federation.

For the experiment, 180 male Wistar albino laboratory
rats, 8-10 weeks old, weighing 200-250 g, were selected.
The animals were maintained in a vivarium at a temperature of
22 + 2 °C and a 12-hour day/night cycle and nights with free
access to water and food. The animals were randomly divided
into 5 groups (n = 36). The first served as a control and received
1.0 ml of saline solution; the second (obese + gonarthrosis)
received 1.0 ml of saline solution; the third, fourth, and fifth
(obese + gonarthrosis) received 1.0 ng/ml, 10 ng/ml, and
100 ng/ml of dexamethasone solution, respectively.

Dexamethasone doses were selected based on the
following: 1 ng/mlis alow dose, reflecting the minimum effective
concentration to simulate a minimal anti-inflammatory effect
without significant immunosuppression; 10 ng/ml is a therapeutic
dose used to suppress cytokine-induced inflammation in rats;
100 ng/ml — a high dose was used to simulate a possible
“paradoxical” effect with glucocorticoid overexposure. The
dose range was selected to evaluate the dose-dependent
responses of miR146a from minimal to supertherapeutic.
Saline and dexamethasone were administered intramuscularly
once daily for 10 days. On days 3, 5, and 10, blood was
collected from the tail vein and centrifuged to obtain serum to
determine the dynamics of miR146a expression. This scheme
is fully consistent with previously published studies on modeling
the anti-inflammatory effect of dexamethasone in laboratory
rats [24]. Adverse effects of dexamethasone were assessed
based on behavioral activity (open field test), body weight, the
Lee index, coat and skin condition, and blood glucose levels
(no significant dose-dependent adverse effects were observed
with 1 and 10 ng/ml; signs of hyperglycemia and decreased
activity were observed at 100 ng/ml, consistent with the known
adverse effects of high doses of glucocorticosteroids).

Obesity in animals was modeled using a high-calorie diet
supplemented with increased amounts of fat (45%), plant-based
carbohydrates (35%), and animal-based carbohydrates (35%) for
8 weeks. The Li index was used to evaluate the result (Li = 1000 —
(body weight (g)) / (length from the tip of the nose to the anus
(cm)). The presence of obesity was indicated by an index of more
than 310 and an increase in body weight by 25-40% compared
to the initial value, which indicates a moderate degree of obesity
[25]. Gonarthrosis was modeled according to the author's method
by repeated damage to the articular cartilage using a minimally
invasive method, followed by immobilization for 2—4 weeks using
the author's device until reliable radiographic signs of arthrosis
were achieved using a high-frequency portable dental X-ray
machine Posdion Rextar X, 70 kV, Posdion, South Korea.

Determination of microRNA (miR146a) was performed by
quantitative reverse transcription followed by polymerase chain
reaction in real time. Serum was obtained by centrifugation of
1.0 ml of venous blood of rats obtained from the tail vein at
12,000 rpm for 15 minutes at 4 °C. The resulting samples were
immediately frozen at —80 °C until analysis.

Total RNA was isolated using the miRNeasy Serum/
Plasma Kit (Qiagen, Germany; No. 217184) according to the
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Table 1. Dynamics of serum miR146a expression in rats in groups 1, 2, and 3 on days 3, 5, and 10

Indicator miR146a P
Day 3 5 10 3 5 10
group 1, n=36 0.97 0.97 1.08 0.07 0.03 0.07
group 2, n= 36 1.83 1.79 1.77 0.08 0.08 0.02
group 3, n=36 1.47 1.52 1.51 0.05 0.05 0.05

Note: p — the root mean square error at a value level of 0,05.

manufacturer's protocol. Extraction efficiency was monitored
by adding an external synthetic controller (cel-miR-39, Qiagen,
Germany). RNA was purified on silica gel columns and eluted
with 14 pl of RNase-free water. For cDNA synthesis, TagMan™
MicroRNA Reverse Transcription Kit reagents (Applied
Biosystems, Thermo Fisher Scientific, USA; No. 4366596) were
used together with strain-specific TagMan™ MicroRNA Assays
primers (USA) for miR146a (#000468).

Quantitative PCR was performed in 96-well plates on a
QuantStudio™ 5 Real-Time PCR System (Applied Biosystems,
USA) using TagMan™ Universal PCR Master Mix reagents,
No. AmpErase UNG, USA, #4324018. U6 snRNA, whose
expression level remained stable across all study groups, was
used as reference RNA.

Three technical replicates were used for each reaction,
and the Livak method (2/-AACt) was used to estimate relative
miRNA expression.

Statistical Analysis of Results

After digital data collection, the mean and standard deviation
were calculated. Statistical analysis was performed using one-
way analysis of variance (ANOVA) in SPSS (v.16.0 for Windows,
2007; SPSS, Inc., Chicago, IL). Significant differences are
indicated as p < 0.05; when calculating percentages, the data
from the first group were taken as 100%. Box-and-whisker plots
were used to check the unidimensionality of the distribution
of results [26]. Statistical processing and the construction of
diagrams and graphs were performed using the Statistica10
program.

RESULTS

This study revealed a correlation between miR146a microRNA
expression and obesity, gonarthrosis, and dexamethasone use.
In the body, miR146ais involved in the regulation of the immune
response and inflammation by suppressing the latter. MiR146a
leads to a decrease in the production of proinflammatory
cytokines (IL-6, IL-8, and TNFa) and is actively involved in
the regulation of T-cell differentiation and neuroinflammatory
processes.

The study found an increase in miR146a in group I,
suggesting the development of inflammation in the body
caused by cytokines produced by adipocytes and as a
result of the inflammation that triggers gonarthrosis. The

use of dexamethasone in the experiment resulted in decreased
plasma miR146a levels in all study groups, despite its long-
term use as an anti-inflammatory agent for the treatment of
gonarthrosis associated with excess body weight (Table 1).

The study found an increase in the miR146a index on day 3
in group 2 by 188.6% (p < 0.05), on day 5 by 184.5% (p < 0.05),
on day 10 by 146.6% (p < 0.05), compared to group 1, which
may represent the body's response to inflammation caused by
obesity combined with gonarthrosis. In group 3, a decrease
in the miR146a index was observed compared to group 2,
but the index remained high. On day 3, miR146a increased
by 151.1% (p < 0.05), while on day 5 the index increased by
156.7% (p < 0.05), after 10 days of the experiment, an increase
of 146.6% (p < 0.05) was observed compared to group 1. When
comparing the parameters of groups 1 and 3, an increase in
miR146a levels by 151.5% (p < 0.05) was observed on day 3,
on day 5 by 156.7% (p < 0.05), and on day 10 by 146.6%
(o < 0.05).

Dynamic analysis of miR146a expression in group | revealed
no increase on day 5, while on day 10 there was an increase of
106.1% (p < 0.05). In group 2, a decrease in miR146a by 2.2%
(o < 0.05) was observed on day 5, and on day 10 the indicator
decreased by 3.3% (p < 0.05) compared to day 3, and by 1.2%
(o < 0.05) compared to day 5 of the experiment. In group 3,
there was a 103.4% increase (p < 0.05) on Day 5 compared
to Day 3, a 102.7% increase (p < 0.05) on Day 10 compared
to Day 3, and a 0.7% decrease (p < 0.05) compared to Day 5.

Administration of 10 ng/ml dexamethasone had a more
pronounced anti-inflammatory effect in group 3 compared
to the others. The miR146a microRNA level was significantly
higher than in group 1, but decreased relative to group 2 (Table 2).

Experimentally, an increase in the miR146a expression level
was found on day 3 of the experiment by 112.3% (p < 0.05), on
day 5 by 108.2% (p < 0.05), and on day 10 by 113.5% (p < 0.05)
compared to group 1, which was statistically less than in group 2.
When comparing the miR146a expression level in group IV with
group 2, a decrease of 40.5% (p < 0.05) was found on day 3,
41.4% (p < 0.05) on day 5, and 39.9% (o < 0.05) on day 10.

Dynamic analysis of the indicator within group 4 reveals a
clear trend toward a decrease in miR146a expression on Day
5by 3.7% (p < 0.05) compared to Day 3. On Day 10, the level
increased by 107.3% (p < 0.05) compared to Day 3, and by
111.4% (p < 0.05) compared to Day 5.

A different result was observed when the dexamethasone
dose was increased to 100 ng/ml. The miR146a microRNA

Table 2. Dynamics of miR146a expression in rat serum in groups 1, 2, and 4 on Days 3, 5, and 10

Indicator miR146a p
Day 3 5 10 3 5 10
group 1, n=36 0.97 0.97 1.08 0.07 0.03 0.07
group 2, n= 36 1.83 1.79 1.77 0.08 0.08 0.02
group 3, n=36 1.09 1.05 1.17 0.04 0.07 0.04

Note: p — the root mean square error at a value level of 0,05.
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Table 3. Dynamics of miR146a expression indicators in rat serum in groups 1, 2, and 5 on Days 3, 5, and 10

Indicator miR146a 1%
Day 3 5 10 3 5 10
group 1, n=36 0.97 0.97 1.08 0.07 0.03 0.07
group 2, n= 36 1.83 1.79 1.77 0.08 0.08 0.02
group 3, n=36 1.71 1.78 1.67 0.03 0.04 0.03

Note: p — the root mean square error at a value level of 0,05.

level was significantly higher than in group 1. Compared to
group 2, the indicators differed slightly but were significantly
lower (Table 3).

A significant increase in miR146a was observed in group 5
on day 3 by 176.2% (p < 0.05) compared to group 1. When
studying microRNA in the blood plasma of group 5 on day 5,
the indicator increased by 178.3% (p < 0.05) compared to
group 1. On day 10 of the experiment, a significant increase
in the miR146a concentration in group 5 by 159.2% (p < 0.05)
was observed compared to group 1. When comparing the
indicators of group 5 with group 3, a decrease in concentration
was established against the background of dexamethasone
administration: on day 3 by 6.6% (p < 0.05), on day 5 by 3.4%
(p <0.05), onday 10 by 5.7% (p < 0.05).

The dynamics of the parameter within group 5 showed a
change in miR146a expression levels following dexamethasone
administration. On Day 5, the parameter increased by 101.1%
(o < 0.05) compared to Day 3, on Day 10, it decreased by
2.4% (p < 0.05) compared to Day 3, and by 3.5% (p < 0.05)
compared to Day 5.

A visual representation of the dynamics of miR146a changes
in blood plasma in all study groups can be presented using a
graphical representation (Fig. 1).

DISCUSSION

The study revealed an increase in the miR146a microRNA
concentration in the blood plasma of rats in all groups exposed
to dexamethasone, compared to the control group. The

3 Day

5 Day

10 Day

o

0.2 0.4 0.6 0.8

M group 1 B gouwp?2

Bl goup3

highest level was observed in animals in group 2, indicating an
inflaosnmatory process caused by a group of cytokines secreted
by adipocytes and the development and progression of
gonarthrosis [27]. This is confirmed by an increase in miR146a
expression in animals in group 3. Following administration of
dexamethasone at a dose of 1 ng/ml, a decrease in miR146a
expression was observed in animals in group 3 compared
to group 2, indicating the anti-inflammatory properties of
dexamethasone even at a low dose. The miR146a expression
level in group 3 remained high compared to group 1, suggesting
a low efficacy of 1 ng/ml dexamethasone on the studied
parameter throughout the entire study period compared to a
dose of 10 ng/ml [28].

In group 4, a more pronounced decrease in miR146a
expression was observed with dexamethasone administration,
which can also be explained by cytokine inhibition and
suppression of inflammation caused by obesity and excess
body weight [24]. The maximum result in this group was
observed on day 5 of the experiment, which may indicate a
cumulative effect of the drug due to its daily use or blockade
of cellular receptors sensitive to cytokines [29]. On day 10,
while the anti-inflammatory effect was maintained, miR146a
expression levels increased slightly, which may be associated
with decreased receptor sensitivity to the drug or its increased
metabolism.

In group 5, no significant changes in miR146a levels were
observed with dexamethasone administration compared
to group 2, which supports the low efficacy of the 100 ng/ml
dexamethasone dose throughout the entire experimental

1 1.2 1.4 1.6 1.8 2

B group 4 B group 5

Fig. Dynamics of changes in the miR146a parameter in blood plasma of rats in groups 1, 2, 3, 4, and 5 on Days 3, 5 and 10
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period. This may indicate the loss of dexamethasone receptors
due to its high concentration or resistance to it at high doses,
despite the drug's anti-inflammatory properties [30].

CONCLUSIONS

The study found that the maximum positive effect was achieved
in group 4, as evidenced by a persistent and maximal reduction
in miR146a expression. This circumstance allows us to
recommend a dose of 10 ng/ml as a pathogenetically justified
treatment for gonarthrosis associated with obesity over a long
period of time. A minor positive effect from dexamethasone
administration was observed in group lll, as dexamethasone
led to a decrease in miR146a expression; however, the level
remained high compared to group 1. Dexamethasone at a
dose of 1 ng/ml can be recommended as a pathogenetic
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