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KiawueBble caoBa: pak MoJo4HOW kene3bl, MIRNA, OpbDKeeuHBIH JUMQaTHYECKUA  y3el,
(hoToarHAMIYECKAsI TePaITHsI

Momusayusi u yenwv: I1o mocneTHUM JaHHBIM O TI00ANTBHOM Opemenu paka, B 2020 r.
OBUIO 3apernCTPUPOBAHO OKOJIO 2,26 MIIH CIy4aeB paka MOJIOYHOHM >KeNe3bl, 3TO
MO3BOJIIET TOBOPHTH, YTO PaK MOJOYHOH >Kelle3bl SABJSETCS Hauboiee dacTo
JIMarHOCTHPYEMBIM pakoM B Mupe. Ha ypoBeHb CMEPTHOCTH MOTYT BIUSATH MHOXKECTBO
(haKkTOpOB, B TOM YHCIIE 3a/IeP’KKa B IMATHOCTUKE M OTCYTCTBHE YPPEKTUBHON TeparTui
[1]. HecmoTps Ha MHOXECTBO IOCTYITHBIX WHCTPYMEHTOB B Tepammu PMIK, mo-
MpeXHEMY HEOOXOIWMBI HOBBIE TEXHOJOTMH JJIsl JICYEHHs] Ha BCEX CTaisIX paka
MOJIOYHOM kene3bl. OTHOCUTENEHO HOBBIA TEPaNeBTUIECKUNA METOJ, KOTOPBHIA MOXET
0Ka3aTbCs 30JI0TBIM CTAHIAPTOM B JICUCHUH HEOIUIACTUYECKUX OIYXOJeH B CPaBHEHUU
C TPaJWIMOHHBIMH METOJIaMH TEpaIuu, sBisercs (oToanHamMudeckas Tepanus [2].
MukpoPHK MIPECTABIISIOT co0oif KJ1acc HEOONBIITNX OJTHO-
nernovevHsix Hekoaupytomux PHK, wrparomumx BakHYIO peryiasiTopHyl0 pojib B
akcmpeccud TeHoB. MukpoPHK MoryT mcmonb30BaThCsl B KaueCTBE JUATHOCTUICCKUX
WIM TPOTHOCTHYECKMX OMOMapKepoB MpH pake MoJoyHOW sxenes3wl [3, 4]. OmnHako
KOJIMUECTBEHHBIE M3MEHEHUs! MPOOHKOTeHHBIX MiRNA (-21, -27a, -221) u omyxob-
cynpeccupyromieii miRNA-429 B OTHaJICHHBIX OT TEPBHYHOIO OIYXOJIEBOTO oOuara
TuM(aTHUECKUuX y3Jax NPU SKCIEPUMEHTAILHOM pake MOJIOUHOW JKEeNe3bl Iocie
npoBeneHust (HOTOJMHAMUYECKOW Teparuu 10 JUTEepPaTypHBIM JaHHBIM HE ObUIH
WCCIIEIOBAHBI, UTO SIBJISIETCS] aKTyaJIbHOM HAay4HOH 3a1aueil.

Lenpto nccnenoBaHus CTall aHAJIN3 KOJUYECTBEHHBIX M3MEHEHHUH MPOOHKOTEHHBIX U
ormyxolib-cynpeccupyomeii miRNAs B oTJaieHHOM OT TMEPBHYHOTO OITyXOJEBOTO
ouara JMM$aTHYecKOM y3lIeé Yy Kpbic-caMOoK Bucrap mocne npoBeneHHs
(OTOIMHAMUYECKOM Tepannu 3KCIIEPUMEHTAIBHOTO PaKa MOJIOYHOMN JKEJIe3bl.

Memoovl u aneopummul: PaboTa BBITIOTHEHA Ha MOJI0BO3pEbIX camMkax Buctap (n = 60).
Ha moment nuaykunn PMOK Bospact kpeic-camok Bucrap cocraBisan 3 mecdna, Bec
>KUBOTHBIX cocTaBisul 250-300 rpaMMoB. JKHBOTHBIE yUacTBYIOIIME B AKCIIEPUMEHTE
ObLIH pa3zeseHbl Ha 3 rpynnbl: 1-s — HHTaKTHBIE KPbICHI (N = 20); 2-51 — KPBICHI C paKOM
mostouHo# kene3bl (PMXK) 6e3 snewenus (N = 20); 3-1 — xpoice ¢ PMX mnocie
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npoBeneHust poroanHamudeckoil tepanuu (PMXK+®/T) (n = 20). UnaynupoBanue
PMX  BBIIOJNHSJIOCH ~ S-KpaTHBIM  TMOAKOXHBIM  BBefeHHeM  N-metui-N-
HHATPO30MOYEBUHEI (Sigma) ¢ HHTEpBAJIOM B 7 IHEH B 00J1acTh 2-if MpaBoil MOJTOYHOM
kene3sl. Uepes 24 Hemenw OT Hadajga MHAYKIWHA B 3- TpyImre KpbIc-camMOK Buctap
npoBoauiack GporoauHamMuueckas tepanust PMK nazepusiM anmapatom Poccuiickoro
npom3BoacTBa «JIAXTA-MUWJIOH» (rpynma kommanuit «kMUJIOHY). [Tpomiexypa ®AT
BKIJIIOUAeT BBEJACHHWE B OPraHU3M TPOITHOTO K OIyXOJX (POTOCEHCHOMIU3ATOpA.
dotocencubunmzarop «Pagaximopun» BBOAMIICS KpbicaM-caMKaM Bucrap ogHOKpaTHO
BHYTpUOpIOMIMHHO (U3 pacuera 1.2 Mr/kr) 3a 3 4 10 IPOBEJCHNUS JIa3€PHOTO O0TyYeHHUS
OTYXOJIM MOJIOYHOM skene3bl. CBETOBOE BO3ACUCTBHE HA OITYXOJb MOJOYHOU KEIC3bI
MIPOBOJIMIHN U3ITyUYCHUEM C JJIMHOMN BOJIHBI 662 HM B 103¢ 300 Tx/em?. U3 3KCIEPUMEHTA
JKUBOTHBIX BBIBOJMIIM 4epe3 27 Heaenb oT Hadaja uMHAykiuu PMOK mon napkozom
(40 mr/xr BHYTpHOPIOMIMHHO HeMOyTana; Sigma), uTo 00yCIaBIMBaIO0 IPHKA3HEHHBIHA
3a00p nmuMbbl. 3a00p OpraHOB: TKAaHU MOJIOYHOH IKEJle3bl, OIYyXOJEeBOW TKaHW U
OpBDKECUHBIX JUM(ATUUECKUX, BBITONHSICA TIOCJIE BBIBEACHUS IKMUBOTHBIX W3
skcriepuMenTa. [locne mpoBeneHuss UMMYHOTMCTOXMMHUYECKOTO M THCTOJIOTMYECKOTO
UCCIIe0BaHus, BepUu(HUIIMPOBAaH aHAIOT JIOMHHAIRHOrO B-THra PMOK uemoseka [5].
s onpenenenust KoiamyecTBa MpooHKoreHHBIX MiRNA (-21, -27a, -221) u omyxoiib-
cynpeccupymoiieid miRNA-429 B Ouonorndeckux odpasiax npopomwin OT-ITIP B
pearbHOM BPEMEHH C HCIIOJIb30BaHHEM peareHToB Ha amiuindukarope CFX96 (Bio-Rad
Lab., USA), B kadectBe rena cpaBHenus ucnonb3oBamn PHK U87 (Bce peareHTsI
npousBojcTBa «Bekrop-bect», Poccuiickas ®enepanus). CTaTHCTHUECKYIO 00paOOTKY
JAHHBIX TPOBOJMIM C HCIOJb30BaHWEM IMakera mnporpamm Statistica 10, mepsr
[EHTPaIbHON TEHACHIIMU W paccesHus omucanbl Meawanoi (Me), HmwxamM (Q1) u
BepxHUM (Q3) KBapTUIISIMHU, TOCTOBEPHOCTH Pa3inius pacCUuThIBau 1o U-KpuTepuio
ManHa-YUTHH, ¥ IPUHUMAJTHU 11py 3HadeHusx p < 0.05.

Pesynomamei: B tpynme PMJKX 06e3 nedeHHs BBIABICHO YBEIWYCHHE KOJIMYCCTBA
mMiRNA-221 B 4.6 pa3za B CpaBHEHHMH C MHTAaKTHOW rpymmoi. B rpymne PMX 6e3
JICYCHHUSI OTMEUYCHO CHH)KEHHUE KOJIMYecTBa MpooHKOoreHHOH miRNA-27a B 4.7 pa3za B
CpPaBHEHHH C WHTAaKTHOW TPYNNOH >XUBOTHBIX. 3HAYMMOE CHW)KEHHE KOJIMYECTBA
npoonkoreHHo mMiRNA-27a B rpymme PMJK 0Oe3 jieuenus oTMevanocs U B tumMde B
2.3 paza (PMX 06e3 neuennsi — 0,48 (0.25-0.91) B cpaBHEHMH C HWHTaKTHBIMH
xuBotHeiMH  — (1.12 (0.56-2.08), p = 0.005). IIpoonkorennas miRNA-221
KOJUYECTBECHHO yBeNMHUMiIachk B rpymme PMIK Ge3 nedenns B 5.4 paza B CpaBHEHHUH C
WHTAKTHOW Tpynnoi. B OpebkeeyHOM JIMM(pATHUECKOM y3JIe KOJIMYECTBO OITyXOJIb-
cymnpeccupyromeit miRNA-429 B rpynne PMXK 6e3 neuenust Ob110 cHMKeHO B 23.6 pasa
B CPaBHEHHWU C MHTAaKTHBIMH KpbicamMH-camKamMu Buctap. KomudectBo miRNA-21 B
rpynme PMOK 6e3 jneueHus 3Ha4nMo He M3MEHSUIOCh. B OpppKeedHOM TMM(paTHIECKOM
y3ie B rpymne PMIXK mnocne npoBenenus (HOTOAMHAMUYESCKONW TEpardu KOJIUYECTBO
npoorkoreHHOH MiRNA-21 cHusminock B 4.5 paza B CpaBHEHWHU C HHTAKTHOM TPYTITION.
KomngectBo nmpoonkorenHod miRNA-27a 3Ha4MMO HE M3MEHSJIOCh W OCTaBaJOCh Ha
ypoBae Tpynmel PMIK 6e3 meuenus. Ilocne mpoemenme O[T B OpbpkeeuyHOM
TUM(aTHIECKOM y37ie KOIMYEeCTBO MPOOHKOreHHO MiRNA-221 ymeHnbumiiocs B 5 pas
B cpaBHeHHH ¢ rpymmoii PMIK 6e3 sreuenus. B OpbpkeedHoM MMdaTrHaeckoM y3iie B
rpymmne ¢ (HOTOAMHAMHYECKON Tepanmueldl KOJIUYECTBO OMYXOJb-CYIPEeCCHpYIOIIeH
MiRNA-429 ocTaBanoch CHIKEHHBIM B 16.8 pa3a B CpaBHEHUH C HHTAKTHOW IPYIIIOHN U
uMesia He3HAaYMTEJIbHBIE KOJMUECTBEHHBIE M3MEHEHHs B CpaBHEHUH ¢ Tpymnmnoi PMIK
0e3 JeueHusI.
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Bv1600vi: Takum 00pa3oM, HAMH YCTAaHOBJIEHO CHW)KEHHE IPOOHKOTeHHBIX MUKpoPHK
(MiRNA-21 u miRNA-221) B OpbphkecuHOM JTUM(PATHYECKOM Y3JI€ MOCIIE MPOBEIACHUS
OJIT PMX. Ilpm stom kommdecTtBo mpooHkoreHHoW miRNA-27a coxpaHsioch
CHIDKEHHBIM M HE OTJIMYAIOCh OT TakoBoro B rpymmne PMXK 6e3 neuenus. KomndectBo
MiRNA-429 B OpeikeednoM aumbarndeckom y3ie nociae O/T taxke ocraBaioch Ha
ypoBHe rpynmsI Kpsic ¢ PMK 6e3 neyenns.
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Motivation and Aim: According to the latest data on the global burden of cancer, there
were approximately 2.26 million cases of breast cancer in 2020, making breast cancer
the most commonly diagnosed cancer in the world. Moreover, breast cancer is the
leading cause of death from tumor diseases among women around the world. Mortality
rates can be influenced by many factors, including delay in diagnosis and lack of
effective therapy [1]. Despite the many available tools in breast cancer therapy, new
technologies are still needed to treat all stages of breast cancer. A relatively new
therapeutic method that may prove to be the gold standard in the treatment of neoplastic
tumors in comparison with traditional methods of therapy is photodynamic therapy
(PDT) [2]. MicroRNAs are a class of small, single-stranded, noncoding RNAs that play
important regulatory roles in gene expression. MicroRNAs can be used as diagnostic or
prognostic biomarkers in breast cancer [3, 4]. However, quantitative changes in pro-
oncogenic mMiRNA (-21, -27a, -221) and tumor-suppressive miRNA-429 in lymph nodes
distant from the primary tumor site in experimental breast cancer after photodynamic
therapy and subsequent surgical treatment have not been studied according to the
literature, which is an urgent scientific task.

The aim of the study was to analyze quantitative changes in pro-oncogenic and tumor-
suppressive miRNAs in a lymph node distant from the primary tumor site in female
Wistar rats after photodynamic therapy for experimental breast cancer.

Methods and Algorithms: The work was performed on sexually mature Wistar females
(n=60). At the time of breast cancer induction, the age of female Wistar rats was
3 months, the weight of the animals was 250-300 grams. The animals participating in
the experiment were divided into 3 groups: 1-st — intact rats (n = 20); 2-nd — rats with
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breast cancer (BC) without treatment (n = 20); 3-rd — rats with breast cancer after
photodynamic therapy (breast cancer + PDT) (n = 20). Induction of breast cancer was
performed by 5-fold subcutaneous injection of N-methyl-N-nitrosourea (Sigma) with
an interval of 7 days into the area of the second right breast. After 24 weeks from the
start of induction, photodynamic therapy of breast cancer was carried out in the 3rd
group of female Wistar rats using a Russian-made laser device "LAKHTA-MILON"
(MILON group of companies). The PDT procedure involves the introduction of a
tumor-tropic photosensitizer into the body. The photosensitizer "Radachlorin™ was
administered to female Wistar rats once intraperitoneally (at a rate of 1.2 mg/kg) 3 hours
before laser irradiation of the mammary tumor. Light exposure to the breast tumor was
carried out with radiation with a wavelength of 662 nm at a dose of 300 J/cm?2. Animals
were removed from the experiment 27 weeks from the start of breast cancer induction
under anesthesia (40 mg/kg intraperitoneal Nembutal; Sigma), which determined
intravital lymph collection. Organ sampling: mammary gland tissue, tumor tissue and
mesenteric lymphatic tissue was performed after the animals were removed from the
experiment. After immunohistochemical and histological studies, an analogue of human
luminal B-type breast cancer was verified [4]. To determine the amount of pro-
oncogenic miRNA (-21, -27a, -221) and tumor-suppressive miRNA-429 in biological
samples, real-time RT-PCR was performed using reagents on a CFX96 amplifier (Bio-
Rad Lab., USA), as U87 RNA was used for the reference gene (all reagents produced
by Vector-Best, Russian Federation). Statistical processing of the data was carried out
using the Statistica 10 software package, measures of central tendency and dispersion
are described by the median (Me), lower (Q1) and upper (Q3) quartiles, the significance
of the difference was calculated using the Mann-Whitney U test and was accepted at p
values < 0.05.

Results: In the breast cancer group without treatment, an increase in the quantity of
miRNA-221 was detected by 4.6-fold compared to the intact group. In the breast cancer
group without treatment, there was a 4.7-fold decrease in the quantity of pro-oncogenic
miRNA-27a compared to the intact group of animals. A significant decrease in the
quantity of pro-oncogenic miRNA-27a in the group of breast cancer without treatment
was also observed in the lymph by 2.3-fold (breast cancer without treatment — 0.48
(0.25-0.91) in comparison with intact animals — (1.12 (0.56-2.08), p = 0.005). Pro-
oncogenic miRNA-221 increased quantitatively in the breast cancer group without
treatment by 5.4 -fold compared to the intact group. In the mesenteric lymph node, the
quantity of tumor-suppressive miRNA-429 in the breast cancer group without treatment
was reduced by 23.6-fold compared to intact female Wistar rats. The quantity of miRNA-
21 in the breast cancer group without treatment did not significantly change. In the
mesenteric lymph node in the breast cancer group after photodynamic therapy, the
quantity of pro-oncogenic miRNA-21 decreased by 4.5-fold compared to the intact
group. The quantity of pro-oncogenic miRNA-27a did not significantly change and
remained at the level of the breast cancer group without treatment. After PDT in the
mesenteric lymph node, the quantity of pro-oncogenic miRNA-221 decreased by 5 times
compared to the breast cancer group without treatment. In the mesenteric lymph node in
the group with photodynamic therapy, the quantity of tumor-suppressive miRNA-429
remained reduced by 16.8-fold compared to the intact group and had minor quantitative
changes compared to the breast cancer group without treatment.

Conclusion: Hereby, the study revealed a decrease in pro-oncogenic microRNAs (miR-
21 and miR-221) in the mesenteric lymph node after photodynamic therapy of BC. At
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the same time, the quantity of pro-oncogenic miR-27a in this group remained decreased
and did not differ from the group with breast cancer without treatment. The quantity of
miR-429 in the regionary lymph node after PDT of breast cancer remained at the level
of the group of rats with breast cancer without treatment.
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