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Momueayus u yenn: V3ydenue B3aumocBszeit konmdectBa MukpoPHK B Tumyce, kak
LEHTPAJIbHOM OpraHe MMMYHHOU cuctembl, ipu PMJK u ero nedyeHun MoKeT UMETh
3HauYeHue U1 noHuMaHus ydactusi MUKpoPHK B perymsmmn ummyHHOro otBeTa,
BO3/ICHCTBMM Ha TMpOIecChl co3peBaHus, mnponudepaunn, auddepeHInpoBKH u
aKTHUBALlMU KJIETOK MMMYHHOU cuctembl. HecMOTps Ha TO, YTO YPOBHH OHKOTE€HHBIX
miR-21, miR-27a, miR-221 u onyxoab-cynpeccupytomieii MiR-429 skcnpeccupyercst
BO MHOTHX CHUCT€Max OpraHOB, BKJIOUas HMMYHHYIO cucTeMy, poJib 3TuX MUKpoPHK B
MMMYHHOM oTBeTe opranusma Ha PMIK u onepatusnoe neuenne PMIK octaercs mano
u3yqeHHoit. [lenpb uccnenoBanus — CpaBHUTH ypOBHH 3Kcripeccud MukpoPHK (miR-21,
miR-27a, miR-221, miR-429) B Tumyce npu PMX u mocie onepaTHBHOTO J€YCHHS
PMX.

Memoowr u ancopummur: PaboTta BBITIONIHEHA HA MOJIOBO3PENBIX caMKax Kpbic Bucrap
(n = 60) ¢ cobaroaeHWeM TPHUHIIMIIOB HAUICKAIIEH J1Tab0paTOPHON MPAKTHKHA |
HupextuBbr 2010/63/EU  Eppomnetickoro mnapiamenta u Coera EC mo oxpane
’KHUBOTHBIX, UCTIOJI3YEMBIX B Hay4yHbIX Helsix. MccienoBanue oJo0peHO JOKaIbHBIM
sTrndeckuM komureToM (mportokon Ne 180 ot 28.04.2023). Bozpact kpbic Ha Havajo
skcniepuMenTa — 3 mec (macca 250-300 ). beuto copmupoBaHo 3 TPYIIITEI )KUBOTHBIX
1-s — xoHTposbHas (MHTAaKTHBIE KpbIchl, N=20), 2-s1 — PMX 6e3 neuenust (N=20), 3-s
— omneparusHoe geuerne PMIK (n=20). U3 skcniepuMeHTa >KUBOTHBIX BRIBOAMIM YEPE3
6 Mec 1 3 Helr OT MOMeHTa Hadana nHaykiuuu PMIK mox Hapko3om (HemOyTai, 40 Mr/kr
BHYTpHOpromHHO; Sigma). PMXK MonenupoBaiu 5-KpaTHbIM MOKOKHBIM BBEICHHEM
N-meTuin-N-auTpo3omodeBuHbl (Sigma) ¢ HHTEpBaJIOM 7 CYT B 00J1aCTh 2-i MOJIOYHOM
kenessl crpaBa. OnepatuBHoe seueHne PMOK mpoBogunm uepe3 6 Mec oT MOMEHTa
Havana uHaykuud PMOK, omepanms nox Hapko3om (HemOyTai, «Sigma», 40 mr/kr
BHYTPHUOPIOIIMHHO). 3a00p y )KUBOTHBIX TUMYCa BBITIOJHSUICS TIOCIIE BBIBEJCHUS UX U3
skcniepuMenTa. ToransHyro PHK Bbimensnum U3 TKaHM BUJIOYKOBOM JKENE3bl C
WCTIONIb30BaHUEM Habopa peareHToB «Bekrop-bect» mo MHCTpYKIMHM MPOU3BOAUTEINS.
Hns momyuennst k/JHK mpoBommmm oOpatnyro tpanckpumimio (OT) mo matpurie
mukpoPHK. [t onpenenenuns ypoBHeii nmpooHKoreHHbIX MiR-21, miR-27a, miR-221 u
omyxoJb-cynpeccupyromieit MiR-429 B 6ronornyeckux obpasiax nposoaunu OT-TILP
B peasbHOM Bpemenu Ha amrundukarope CFX96 (Bio-Rad Lab), B kauectBe rena
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cpaBHeHuss wucnosnb3oBau Mmanyro PHK U6 («Bekrop-Bect»). Crartuctuueckyro
00paboTKy MOJIy4eHHBIX PE3yJIbTaTOB MPOBOAMWIN B mporpamme Statistica 10.0. Mepst
LIEHTPAJIbHON TEHACHIIMU U paccesHus omucanbl Meauanoil (Me), HmwxauM (Q1) u
BepxHuM (Q3) KBapTHUIEM; JOCTOBEPHOCTD Pa3IMUYUil pacCUnThIBAIU 110 U KpUTEpHIO
Manna—Ywutau npu p < 0.05.

Pesynomamer: B rpynime PMIK 6e3 nedenusi, Mo CpaBHEHUIO C MHTAKTHOW TPYIIIOH, B
TUMYCE YMEHbIIICHO KoandecTBO MiR-21 B 7.3 pasa (koutpois — 3.89 (1.0-6.46), PMK
o0e3 neuenns — 0.53 (0.37-0.83)), ymenbiieHo konudecTBo MiR-27a B 10 pa3 (KOHTPOJIb
—2.0(0.11-5.3), PMXK ©e3 neuenus - 0.19 (0.05-0.32)), ymenbIieHo koiaudecTBo MiR-
221 B 4.3 paza (xoutpoms — 1.52 (0.5-5.48), PMIK 6e3 neuenus — 0.35 (0.09-0.85)).
KonuuectBo omyxounb-cynpeccupyromeid MiR-429 B Tumyce He HMMEET 3HAYMMOTO
OTIMYMs OT TOKa3aTeJled MHTaKTHOW Tpynmbl. [1ockombKy OOJBIIMHCTBO MUILEHEH
MiR-21sBisroTcs cympeccopaMu omyxojeit, MiR-21cBsi3aHa ¢ OIMPOKHM CIIEKTPOM
pakoBbIX 3aboseBanuii, Bmodas PMDJK. MiR-21, u3BecTHas cBOeil OHKOTEHHOI
AKTUBHOCTBIO, Takke HEOOXoIuMa Uil pealn3allid MMMYHHBIX OTBETOB NPOTHB
omyxonu [1].[lo manHbIM JuTEeparypbl, HOkayT MIR-21 y wMbimed 3amemsin
nponudeparnuo kak CD4*, tak u CD8* kieTok, CHUXaN BEIPaOOTKY UMH IIUTOKUHOB U
YCKOPSUT POCT MpHUBUTO#H omyxonu. MiR-27a MoxkeT neiicTBOBaTh Kak CyIpeccop Mmpu
PMX [2]. MiR-27a moxer HarenuBatbcss Ha TMEMI170B (TpancmeMOpaHHBIH
ociok 170B, KOTOpBI y4aCTBYeT B HETAaTHBHOH pPETYIAIAH KaHOHHYECKOTO
curHaigpHoro mytu Wnt), momaBisTh €ro, MHTHOWPYs CHTHaIbHBIA myTh WnNU/PB-
KaTeHUHa M nojapisis npoiudpepanuio PMXK [3]. YMenbmenue yposas MiR-221 B
tumyce npu PMIK Moker ObITh 00ychoBieHO peiictBueM MIR-221, kortopas
CBS3BIBAsCH C pS53-3aBUCHUMBIM MoxyisitopoM amornroda (PUMA), Gmokupyet
WHIYIUPOBaHHBIM OemkoM p53 amonTo3, Biuuss Ha TpaHCQOPMAIMIO KICTKH U
aKkTHUBalMIO KierouHoi nponudepanuu. [locie onepatuBHoro sedenus PMIK, mo
cpaBHenuo ¢ PMK 0e3 neueHus, yBennueHrne B THMYyce KonmvectBa MiR-21 (B 3 pasa)
u miR-27a (B 3.9 pa3a) mMoxeT ObITh OOYCJOBJICHO YAaJCHHEM OCHOBHOIO Ovara
OITyXOJI MOJIOUHOH skene3bl. CTpeccoBhIe PEaKIUU M XUPYPTHUECKUE MaHUITYIISIUH,
BBI3BaHHbBIE XUPYPIHYECKMM BMEILIATEIbCTBOM, MOTYT YCHJIMBATh METAaCTa3HpOBaHHE
ONyXOJM 3a CYEeT BbHICBOOOXKJCHUSI AaHTHOTeHHBIX (DAaKTOpOB M  MOAABICHHUS
ecTecTBeHHBIX KieTok-kuuiepoB (NK) u knetounoro wnmmyHureta. [lo maHHBIM
auTepaTypsl MiR-27a neicTByeT Kak mpOMOTOp aHrHoreHesa. [1o TaHHBIM JIUTepaTypbl
mMiR-21 moxer aktuBupoBaTh CD4*u CD8* T-kiIeTKH 4Yepe3 CHUTHANBHBIA IIyTh
PTEN/Akt, uto yka3piBaeT Ha KiIOYeBble QyHKIMH MIR-21 B obecneueHuu
MPOTUBOOITYXOJICBOIO MMMYHHOTO OTBEeTa. YPOBHM 3Kcrpeccun MIR-21 Ha pasHbIX
CTausIX pa3BUTHA T-KJIETOK YKa3bIBAIOT Ha PETYIATOPHYIO (PYHKLHUIO B 3TOM IpoLecce:
3aMeTHO PKCIpeccupyroTcst B Hespenbix TuMmoruTax (DN), a B Oosree 3penbix KiieTkax
camkaotes [4]. Mir-21  neiictByeT Kak KIIIOYEBOM pEryssiTop pa3BUTUS U
¢byukiuonupoBanus  perynsatopusix  T-mumdormto  (Treg) [5], perymupyer
npomudeparuto Treg wu oskcrpeccuto  FOXP3 —  TpaHCKpHIIIHOHHBIA — (hakTop,
pEryIupYIONINA TPAaHCKPUIIIMIO TEHOB, OTBETCTBEHHBIX 3a JuddepeHnupoBky T-
KIIETOK M JKCIPECCHIO IMTOKWHOB U JIPYTUX (DakToOpoB, Yy4acTBYIOUIMX B CYNPECCHU
UMMyHHOTO OTBeTa. [ToBbImeHHast skcnpeccuss MIR-27 B T-kieTkax THMyca MOKeET
OTpHUIIATENILHO BIUATh HAa HHIYKIHMI0 FOXP3 u paseutue Treg B Tumyce.

Buisoowt: Tlpu PMXK cumkenne konmunuectBa MEKpoPHK (miR-21, miR27a, miR-221) B
TUMYCE MOXXET OBITh OOYCIIOBJIEHO HMMYHHOH peakiueld Ha pPOCT OIMyXOJld H
AKUM/ICHTAJIbHON WHBONIOLMEH THUMyca. YJaleHHe OCHOBHOTO oOdYara OIYXOJH
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MOJIOYHOH >Kene3bl, o cpaBHeHHI0O ¢ PMOK Oe3 neueHus, BBI3BIBacT yBeIHUYCHHE B
TUMyce KonrdecTBa MIR-21 1 miR-27a. Dkcnpeccus onmyxoib-cynpeccupyromiei miR-
429 xak B rpymme ¢ PMJXK 6e3 yeueHus, Tak u moclie onepaTHBHOTO JieueHus: PMOK
OCTaeTCsl Ha YPOBHE MOKA3aTeNIed MHTAKTHON TPYyMIbIL.
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Motivation and Aim: In breast cancer and its treatment, studying the relationship between
the number of microRNAs in the thymus, as the central organ of the immune system,
can be important for understanding the participation of microRNAs in the regulation of
the immune response, the influence of microRNAs on the processes of maturation,
proliferation, differentiation and activation of cells of the immune system. Despite the
fact that the levels of oncogenic miR-21, miR-27a, miR-221 and tumor-suppressive
miR-429 are expressed in many organ systems, including the immune system, the role
of these microRNASs in the body's immune response on the breast cancer and surgical
treatment of breast cancer remains little studied. The purpose of the study was to
compare the expression levels of microRNAs (miR-21, miR-27a, miR-221, miR-429) in
the thymus of breast cancer and after surgical treatment of breast cancer.

Methods and Algorithms: This work was carried out on mature female Wistar rats
(n =60), in compliance with the principles of good laboratory practice and Directive
2010/63/EU of the European Parliament and the Council on the protection of animals
used for scientific purposes. The local ethics committee (protocol No. 180 of April 28,
2023) approved this study. The age of the rats at the beginning of the experiment was
3 months (weight 250-300 g). 3 groups of animals were formed: 1st — control (intact
rats, n = 20), 2nd — breast cancer without treatment (n = 20), 3rd — surgical treatment of
breast cancer (n = 20). The animals were removed from the experiment after 6 months
and 3 weeks from the start of breast cancer induction under anesthesia (Nembutal,
40 mg/kg intraperitoneally; Sigma). Breast cancer was modeled by 5-fold subcutaneous
injection of N-methyl-N-nitrosourea (Sigma) with an interval of 7 days into the area of
the 2nd breast on the right. Surgical treatment of breast cancer was carried out 6 months
from the start of breast cancer induction, surgery under anesthesia (Nembutal, Sigma,
40 mg/kg intraperitoneally). The thymus was took away from animals after they were
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removed from the experiment. Total RNA was isolated from thymus tissue using the
Vector-Best reagent kit according to the manufacturer's instructions. To obtain cDNA,
reverse transcription (RT) was performed from the microRNA template. To determine
the levels of pro-oncogenic miR-21, miR-27a, miR-221 and tumor-suppressive miR-429
in biological samples, real-time RT-PCR was performed on a CFX96 amplifier (Bio-
Rad Lab), small RNA U6 was used as a reference gene ("Vector-Best"). Statistical
processing of the results was carried out using the Statistica 10.0 program. Measures of
central tendency and dispersion are described by median (Me), lower (Q1) and upper
(Q3) quartiles; The significance of differences was calculated using the Mann—Whitney
U test at p < 0.05.

Results: In the breast cancer group without treatment, compared with the intact group,
the amount of miR-21 in the thymus was reduced by 7.3 times (control — 3.89 (1.0-6.46),
breast cancer without treatment — 0.53 (0.37-0.83)), the amount of miR-27a in 10 times
(control — 2.0 (0.11-5.3), breast cancer without treatment — 0.19 (0.05-0.32)), the
amount of miR-221 was reduced by 4.3 times (control — 1.52 (0.5-5.48), breast cancer
without treatment — 0.35 (0.09-0.85)). The amount of tumor-suppressive miR-429 in the
thymus does not differ significantly from the indicators of the intact group. Because most
miR-21 targets are tumor suppressors, miR-21 is associated with a wide range of cancers,
including breast cancer. MiR-21, known for its oncogenic activity, is also required for
the implementation of immune responses against tumors [1]. Knockout of miR-21 in
mice slowed down the proliferation of both CD4+ and CD8+ cells, reduced their
production of cytokines, and accelerated the growth of the grafted tumor, according to
the literature. MiR-27a may act as a suppressor in breast cancer [2]. MiR-27a can target
TMEM170B (transmembrane protein 170B, which is involved in the negative regulation
of the canonical Wnt signaling pathway) suppress it, inhibiting the Wnt/B-catenin
signaling pathway and suppressing breast cancer proliferation [3]. A decrease in the level
of miR-221 in the thymus in breast cancer may be due to the action of miR-221, which,
by binding to the p53-dependent modulator of apoptosis (PUMA), blocks p53 protein-
induced apoptosis, affecting on transformation cell and activation of cell proliferation.
After surgical treatment of breast cancer, compared with breast cancer without treatment,
removal of the main focus of the breast tumor may be condition an increase in the amount
of miR-21 (3 times) and miR-27a (3.9 times) in the thymus. Stress responses and surgical
manipulations induced by surgery may enhance tumor metastasis by releasing
angiogenic factors and suppressing natural killer (NK) cells and cellular immunity. MiR-
27a acts as a promoter of angiogenesis according to the literature. MiR-21 can activate
CD4+ and CD8+ T cells through the PTEN/AKt signaling pathway, indicating the key
functions of miR-21 in mediating the antitumor immune response. The expression levels
of miR-21 at different stages of T cell development indicate a regulatory function in this
process: are noticeably expressed in immature thymocytes (DN), and in more mature
cells decreases [4]. Mir-21 acts as a key regulator of the development and functioning of
regulatory T lymphocytes (Treg) [5], regulates the proliferation of Treg and the
expression of FOXP3 — a transcription factor that regulates the transcription of genes
responsible for the differentiation of T cells and the expression of cytokines and other
factors involved in suppression of the immune response. Increased expression of miR-
27 in thymic T cells may negatively influence on induction FOXP3 and development
Treg in the thymus.

Conclusion: In breast cancer, a decrease in the amount of microRNAs (miR-21, miR27a,
miR-221) in the thymus may be due to an immune response to tumor growth and
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accidental involution of the thymus. Removal of the main focus of the breast tumor,
compared to breast cancer without treatment, causes an increase in the amount of miR-
21 and miR-27a in the thymus. The expression of tumor-suppressive miR-429both in the
group with breast cancer without treatment and after surgical treatment of breast cancer
remains at the level of the intact group.
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