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AHHOTAIIUA

BBegeHue. BoapmuMm ycriexoM cOBpeMEHHON OHKOTeMaTOJIOTUH ABJIAETCSA JOCTIKEHNe PEMUCCUY IIPH CBOEBpe-
MEeHHO HayaTo¥ nmporpamMmHoi nonuxumuoTepanuu (ITIXT) y 80—85 % 6osbHbIx TuMdomont XomkkuHa (JIX). OmHako He
TepseT aKTYaJIbHOCTH MpobJieMa BOSHUKHOBEHHUS TSXKEJIBIX TOKCHUECKUX OCJIOKHEHUH CrieluduIecKoi Tepanuu y JaH-
HOU kaTeropuu nanueHToB. MukpoPHK (MuPHK) BiusioT Ha co3peBaHue u qudbepeHIIIPOBKY Me3eHXUMAaIbHbIX KJIe-
TOK, BKJIIOUas KJIETKU KOCTHOI'O MO3I'a, MOTYT UTPaTh KJIIOUEBYIO POJIb B AKTHUBHOCTH HOPMaJIBHOT'O TeMOII033a U OITyXO0JIe-
BBIX 3a00JIEBAHUI KDOBETBOPHOM CHCTEMBI, a TAK)KE PETYJIMPOBATh aKTUBHOCTHh T€HOB METa00JIM3Ma UCIIOIb3YEMBIX IIPO-
THBOOITYXO0JIEBBIX IIPENIapaToB.

IT e 1 b . OnpenenuTh B3aUMOCBA3b MEXK/Ty YPOBHAMU dKcnpeccuy MUPHK B oryxosieBoIx GronTarax TuMpaTHIecKUX y3JI0B
y 60s16HBIX JIX B /1e610Te 3a60I€BaHMS U PA3BUTHEM T€MaTOJIOTMYECKON TOKCHYHOCTH [IPY IPOBEIeHUH porpaMMHoi ITXT.
MaTepuasnab U METO/ bl . BCOOTBETCTBUHU C OOIIUMU KPUTEPUSAMH IIKAJIBI OLIEHKH HEXKeJIaTeIbHBIX sIBJIe-
uuii (Common Terminology Criteria for Adverse Events v5.0) GbL1a oljeHeHa reMaToJIOTUUecKask TOKCHYHOCTD Y 40 Maru-
enToB ¢ JIX, nosyuuBrux [IXT no nporpammam ABVD (n = 13) u BEACOPP (n = 27). MeTo/10M oJIMMEPa3HOH IETHOM
peaknuu B PeKUMe PeaJibHOTO BpeMeHH OBbLIN OIlpesie/ieHbl YPOBHHU sKcnpeccun 20 MUPHK B omyxosieBbIx 6uonraTax
auMbAaTHYECKUX Y3JI0B Y Beex 601bHBIX JIX 710 poBeenus crenuduueckoii mporpammHuoii IIXT ¥ B THCTOJIOTUYECKUX
mpenaparax 60JbHBIX (1 = 40) ¢ peakTuBHOH uMdazaenonatuei (PJI) B kauecTBe KOHTPOJIBHOM TPYIIIIBL.
PesyansbTarTsbl . Tokcnueckas MUENIOCYIIpeCCHsT HapacTaia OT 1-To0 K 6-my kypcey [IXT y mammueHTOB Kak Ha Ipo-
rpamme ABVD, Tak u BEACOPP (p < 0.05). IIpu 3TOM remaTosioruyeckas TOKCHYHOCTb 3—4-H cTeneHH Y 60IbHBIX JIX,
nosygaBinux [IXT no nporpamme BEACOPP, BcTpeuasiach B 3 pasa yaiie, ueM y 60bHbIX Ha ABVD (p < 0.05), 4TO CBH-
JIETEJIbCTBYET O Gosibieli TokcuuHocT nporpaMmbl BEACOPP. IloBeilieHHbIE YPOBHH 2Kcnpeccuu let-7¢-5p, MuPHK-
185-5p u MuPHK-128-3p moJI0KUTETPHO KOPPEJHPYIOT C PA3BUTHEM aHEMHH CPEIHEHN U TSAMKEJION CTENEeHU TKECTU
(p < 0.05) y 6osbHBIX JIX mocsie ITXT, moiapsisist mporecchl co3peBanus U AudPepeHIMPOBKH KJIETOK KOCTHOTO MO3Ta, a
TaKKe aKTUBUPYS UX allOITO3.

3axnwueHHue. Onpenenenue ypoBHeH skcnpeccun MUPHEK, Kak MOJIEKy/IsPHO-TEHETUUYECKUX IPEJUKTOPOB
pasButus opranHoi TokcuyHocTh [IXT y 601bHBIX JIX, TOMOKET IOCTUTATh ONTUMAJIBHBIX PE3YJIBTATOB TEPATIUH, YMEHb-
Im1as PUCKU PA3BUTHA HeKeJIaTeJIbHBIX II0C/IeZICTBUH U COXPaHsA BBICOKOE KauecTBO KU3HU MAlMeHTOB Mocye crernudu-
4ecKOU Tepamnuu.

Kmioueenle caosa: nuvmboma XO[KKHHA, I'eMaTOJIOTUYECKas TOKCUYHOCTb, IPOTrpaMMHAsA IIOJUXUMHUOTEPANUs,
mukpoPHK.
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MicroRNA as a molecular predictor of hematological toxicity
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ABSTRACT

Introduction. Agreatsuccessof modern oncohematology is the achievement of remission with timely initia-
tion of chemotherapy regimen in 80—-85% of patients with Hodgkin lymphoma (HL). However, the problem of the occur-
rence of severe therapy-related toxic complications of specific therapy in this group of patients remains relevant. Micro-
RNAs (miRs) affect the maturation and differentiation of mesenchymal cells, including bone marrow cells, can play a key
role in the activity of normal hematopoiesis and hematopoietic tumors, and also regulate the activity of gene metabolism
of anticancer drugs.

A i m . Todetermine the relationship between the miRNA expression in tumor biopsy samples of lymph nodes in patients
with HL at the onset of the disease and the development of hematological toxicity during chemotherapy.

Materials and methods. Inaccordance with the Common Terminology Criteria for Adverse Events
v5.0, hematological toxicity was assessed in 40 patients with HL treated with the ABVD (n = 13) and BEACOPP (n = 27)
chemotherapy regimens. The real-time polymerase chain reaction was used to determine the expression of 20 miRNAs in
tumor biopsy samples of lymph nodes in all patients with HL before chemotherapy and in histological preparations of
patients (n = 40) with reactive lymphadenopathy (RL) as a control group.

R esults. Toxic myelosuppression increased from the 1st to the 6th cycle of chemotherapy in patients treated with
both the ABVD and BEACOPP regimens (p < 0.05). At the same time, grade 3—4 hematological toxicity in patients with HL
treated with the BEACOPP regimen occurred 3 times more often than in patients with ABVD (p < 0.05), which indicates
greater toxicity of the BEACOPP regimen. Overexpression of let-7c-5p, miR-185-5p and miR-128-3p positively correlates
with the development of moderate and severe anemia (p < 0.05) in patients with HL after chemotherapy, suppressing the
processes of maturation and differentiation of bone marrow cells, as well as activating their apoptosis.
Conclusion. Determining the miRNA expression as molecular genetic predictors of the development of chemo-
therapy-related organ toxicity in patients with HL will help achieve appropriate treatment results, reducing the risks of
adverse effects and maintaining a high quality of life for patients after chemotherapy.

Keywords: Hodgkin lymphoma, hematological toxicity, chemotherapy, microRNA.
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INTRODUCTION

Hodgkin lymphoma (HL), a lymphoproliferative
malignancy of B cells, is a highly curable disease with
timely initiation of combined chemotherapy. How-
ever, the development of complications of the spe-
cific treatment remains an urgent problem for onco-
hematologists around the world [1]. Of great impor-
tance are both early toxic effects, including toxic
myelosuppression and drug-induced liver damage,
and late ones, often manifested by hypogonadism,
fibrosis of the lungs and heart, and the development
of secondary tumor processes [2]. First-line chemo-
therapy in patients with early-staged HL includes
2—4 cycles of the ABVD (doxorubicin, bleomycin,

BBEJIEHUE

JIumpoma XoxkkuHa (JIX) — 3/10KauecTBEHHAsA
auMdonpondepaTUBHas OIyX0Jb U3 B-k1eTok —
SIBJIAETCA BBICOKOKYpabeabHBIM 3aboJieBaHHEM
IIPU CBOEBPEMEHHO Ha4uaTOU IPOrpaMMHOU IOJIH-
xumuorepanud (I[IXT). OgqHako pa3BUTHE OCIOXK-
HEHUH TPOBOAUMOTO CIHENNDUUECKOTO JIeUEeHUs
OCTaeTcsl aKTyaJbHOH MPoOJIEMOH JIJis OHKOTEMa-
TOJIOTOB Bcero wmwupa [1]. Bosbinoe 3HaueHue
MMEIOT KaK paHHUE TOKcuYecKkre 3PP eKThI, BKIIO-
YapoIue TOKCUUYECKYI0 MHUEJIOCYIIPECCUI0 U
JIEKapCTBEHHO-UHAYIIUPOBAHHOE MOpaKeHue
MeYeHU, TaK U MO3JHUE, YaCTO MPOSBIIAIOIIUECS
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TUIIOTOHAIU3MOM, GUOPO30M JIETKUX U CEPJIa U
pa3BUTHEM BTOPUYHBIX OIYXOJIEBBIX IIPOIECCOB
[2]. TIXT I nunuum y 60apHBIX JIX ¢ pAHHUMU CTa-
JIUSAMH BKJIIOUaeT 2—4 Kypca ABVD (moxcopybu-
nuH, 0JIEOMUIIMH, BHHOJIaCTHH, JlakapbOas3uH) ¢
mocjaenywolne JaydeBoi Tepamueir (JIT) Ha
HCXOJHO MOPa’keHHbIE 30HbI B CyMMapHOU odaro-
Boii s1o3e (CO/T) 30 I'p. ITanmenTam ¢ pacupocrtpa-
HEHHBIMU cTauaMu JIX He0OX0IMMO IIPOBe/IeHUE
6 xypcoB BEACOPP-scka/upoBaHHBIH WA
8 nuxsioB BEACOPP-14 (6;1eoMuniug, 10Kcopyou-
[IUH, 3TOMO3HUJ, HukKJIobochaMuy, BUHKPUCTHH,
npokap6asuH) ¢ nocaeaytomei JITe CO/l 30 I'p Ha
OCTAaTOYHBIN 00BEM OIYXOJIEBBIX MacC pa3MepoM
2.5 cM U 6ostee [3].

Ha coBpeMeHHOM BTarie pa3BUTHS SIIUTEHETHYe-
CKHUX HCC/IEIOBAaHUI HAKOIUUIEHBI JJAHHBIE O TOM, UTO
mMukpoPHK (MuPHK) — omHoIemoyeyHble HEKOIH-
pyrorue Mosekyabl PHK jginuHOM 20-24 HyKII€o-
TH/Ia — BIUSIOT HA TeUEHNe Pa3IMIHbIX OMOJIOTHYe-
CKHX IIPOIIECCOB ITyTEM PETYJTUPOBAHUS CUTHAJIBHBIX
MyTeH U MOTYT OBITH CIeu(pUIECKUMH MapKepaMu
OHKOTreHe3a, BOCIAJIEHUS] U TOKCUUYECKOTO TOpasKe-
HUSI OPTaHOB, a TaKiKe OCYIIECTBJIIOT IOCTTPaH-
CKPUIIIMOHHYI0 PErYJIAIUI0O Pa3JIUYHBIX TE€HOB
[4—7]. B TO ke BpeMs HU3BECTHO, UTO HEKOTOPHIE
MuPHK, mampumep let-7c-5p, let-7f-5p, muPHK-
128-3p, MuPHK-185-5p, perysupyioT co3peBaHue u
IuddepeHITUPOBKY  Me3eHXUMAaJIbHBIX  KJIETOK,
BKJTIOYAsl KJIETKA KOCTHOTO MO3Ta, MOTYT aKTUBHUPO-
BaTh UX aIllONTO3 U, IO-BUUMOMY, TIPUBOJIUTH K Pa3-
BUTHIO CHHIPOMAa KOCTHOMO3TOBOHM HE0CTATOUHO-
CTH, 0COOEHHO Ha (pOHE MPOBEJIEHUs ITPOTPAMMHOMN
IIXT [8—11].

ITEJIb UCCJIE/IOBAHU A

OmpenieuTh B3aUMOCBSA3b MEXKAY YPOBHAMH
skcnpeccr MUPHK B ormyxoJieBbIX GHonTaTax JuM-
daTmueckux y3y10B y 60bHbIX JIX B 1e6ioTe 3a601€-
BAaHUA U PAa3BUTHEM IeMAaTOJIOTHIECKON TOKCHYHO-
CTU IpU IpoBeieHun nporpammHuoi I[TXT.

MATEPUAJIBI 1 METO/bI

JluzaiiH wucc/ieIOBaHUs TPEJACTaBJIeH IByMS
YaCTSIMU: IIPOCIEKTUBHBIM K OJHOMOMEHTHBIM
HCCIEIOBAHUAMU. B IIPOCTIEKTUBHOM YacTH ObLIH
o0cieloBaHbl 40 MAMEHTOB ¢ AuarHosom JIX,
YCTAHOBJIEHHBIM Ha OCHOBAHWU JAHHBIX THCTOJIO-
TUYECKOTO M UMMYHOTHCTOXUMUYECKOTO HCCIIEO-
BaHMsA OIyXOJEBOro OwomnTata JIUMGaTHUYECKUX
y3s10B (JIY) B cooTBeTcTBIU ¢ KITMHUYECKUMU peKo-
MEH/IAI[UsIMU 110 TUATHOCTUKE U JIeUeHUI0 JuMdo-
nposudepaTuBHBIX 3abosieBaHuil  (2018) [3].

vinblastine, dacarbazine) chemotherapy regimen
followed by radiation therapy (RT) to the initially
affected areas in a total dose of 30 Gy. Patients with
advanced-stage HL require 6 cycles of BEACOPP-
escalated or 8 cycles of BEACOPP-14 (bleomycin,
doxorubicin, etoposide, cyclophosphamide, vincris-
tine, procarbazine) followed by RT in a total dose of
30 Gy for residual tumor masses measuring 2.5 cm
or more [3].

At the present stage of epigenetic research
development, evidence has been accumulated that
microRNAs (miRs) — single-stranded non-coding
RNA molecules 20—24 nucleotides long — influ-
ence the course of various biological processes by
regulating signaling pathways and can be specific
markers of oncogenesis, inflammation and toxic
damage to organs, and also effects post-transcrip-
tional regulation of various genes [4—7]. At the
same time, it is known that some miRs, for exam-
ple let-7c-5p, let-7f-5p, miR-128-3p, miR-185-5p,
regulate the maturation and differentiation of
mesenchymal cells, including bone marrow cells,
and can activate their apoptosis and, apparently,
lead to the development of bone marrow failure
syndrome, especially during combined chemo-
therapy [8—11].

AIM OF THE RESEARCH

To determine the relationship between the
miRNA expression in tumor biopsies of lymph nodes
in patients with HL at the onset of the disease and
the development of hematological toxicity during
combined chemotherapy.

MATERIALS AND METHODS

The study design is presented in two parts: pro-
spective and cross-sectional investigations. For
the prospective study, 40 patients with a diagnosis
of HL confirmed by histological and immunohisto-
chemical evaluation of tumor biopsy of lymph
nodes (LNs) in accordance with Clinical Guide-
lines for the Diagnosis and Treatment of Lympho-
proliferative Diseases (2018) [3] were examined.
13 HL patients treated with the ABVD regimen,
and in 27 patients — with the BEACOPP regimen.
To assess hematological toxicity, Common Termi-
nology Criteria for Adverse Events (CTCAE v5.0)
were used, including 5 grades: 0o — absence; 1st
grade — mild; 2nd grade — moderate; 3rd grade —
severe and medical significant and 4th grade -
life-threatening consequences.

Parameters of a complete blood count depending
on the number of cells per unit volume of blood are
presented in Table 1.
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Ta6una 1. Kpurtepuu oljeHKH cTeneHU remaroJiorndeckoi TokcudHocty (CTCAE v5.0)
Table 1. Criteria for assessing the grade of hematological toxicity (CTCAE v5.0)

CreneHb TOKcMYHOCTU Temorio6uH (r/.1)

TpomGouuTsl (x10°/1) Jleiikonursl (x10°/1) HedTpodusi (x10°/1)

Grade Hemoglobin (g/1) Platelets (x10°/1) Leukocytes (x10°/1) Neutrophils (x10°/1)
0 2120 >150 24 22

1 100-119 75-149.9 3.0-39 1.5-1.9

2 80-99 50-74.9 2.0-29 1.0-1.49

3 65-79 25-49.9 1.0-1.9 0.5-0.9

4 <65 <25 <1.0 <0.5

V¥ 13 marnuenTtoB ¢ JIX ObLIa HMCIOJIB30BaHA MPO-
rpammuasn I[IXT ABVD, y 27 6oapHbIX — BEACOPP.
Jna OIEHKH TeMaTOJIOTUYeCKOU TOKCHYHOCTU
OBUIM HCIIOJIb30BAHBI OOIHE KPUTEPUH IIKAJIbI
OLIEHKN HekesareapHbIX sBaeHud (Common
Terminology Criteria for Adverse Events — CTCAE
v5.0), BKJIIOUaolel B cebs 5 CTelmeHel: O — OTCyT-
cTBUE; 1-51 cTeneHb (CT.) — He3HAUHUTEIbHO BbIpa-
’KeHHas TOKCUYHOCTb; 2-f CT. — YMEPEHHO BHIpa-
JKeHHast; 3-5 CT. — TsDKeJIasd U 4-5 CT. — YyTPOXKalo-
mas JKU3HU TOKCUYHOCTb.

ITokaszarenu obmiero aHaan3a KPOBU B 3aBUCH-
MOCTH OT YHCJIa KJIETOK B €IUHUIlE 00beMa KPOBU
IIpe/ICTaBJIEHBI B TA0I. 1.

Ha ocHoBe aHanns3a JUTEPATYPHBIX JAHHBIX B
uccsenosanue BriaodeHsl MUPHK, yuacTtyromnue B
pasButnu B-kierounsix tumbom [12].

B ogHOMOMEHTHOH YacTu UCCIe0BAHUA MeTO-
mom IIIP B pekume peasbHOTO BPeMEHH OBLIH
ompesiesieHbl ypoBHH dKcnpeccun 20 MuUPHK: let-
7¢c-5p, let-7f-5p, muPHK-9-5p, muPHK-20a-5p,
muPHK-23a-3p, MmuPHK-23b-3p, MmuPHK-26b-5p,
muPHK-34a-5p, muPHK-96-5p, muPHK-141-3p,
muPHK-148b-3p, MuPHK-150-5p, MuPHK-
183-5p, muPHK-185-5p, muPHEK-200b-3p,
muPHK-574-3p, ™muPHK-205-5p, muPHK-451,
muPHK-18a-5p, MmuPHK-128-3p — B omyxoseBbIx
ouonTarax JIY y 40 60mpHbIX JIX 10 MpoBeaeHUs
crnenuduueckorr mporpammuoii I[IXT u B rucroso-
FUYECKUX Ipernaparax 00JbHBIX (N = 40) ¢ peak-
TuBHOU uMdbaaeHomnatueii (PJI) B kauecTBe KOH-
TPOJIBHOU TPYIIIBL.

CratucTuueckuil aHaIu3 JJaHHBIX IIPOBENIEH C
rcmosb3oBaHueM mnporpamm IBM SPSS Statistics
26.0 (IBM, CIIIA) u Statistica 13.0 (Dell, CIIIA).
MeXTpyIIIoBble PA3JINYUA 10 KOJIUYEeCTBEHHOMY
MPU3HAKY OLEHUBAJIU C IIOMOIIBI0O KPUTEPUEB
Manna — YutHu u ANOVA Kpackena — Yosuiuca.
C menpio OOHApY:KEHUs CBA3U MEXAY HCCIIenye-
MBIMH TIOKA3aTEeJISIMU TIPOBOJAVJIN KOPPEJISIUOH-
HBII aHAIW3 IyTEM BBIYUCIEHUs KodddumumeHTa
panrogoii koppessinuu Ciupmena ().

Based on an analysis of literature, the study
included miRNAs involved in the development of
B-cell lymphomas [12].

In the cross-sectional study, the expression levels
of 20 miRNAs were determined using real-time PCR:
let-7c-5p, let-7f-5p, miR-9-5p, miR-20a-5p, miR-
23a-3p, miR-23b-3p, miR-26b-5p, miR-34a-5p,
miR-96-5p, miR-141-3p, miR-148b-3p, miR-150-5p,
miR-183-5p, miR-185-5p, miR-200b-3p, miR-
574-3p, miR-205-5p, miR-451, miR-18a-5p, miR-
128-3p — in tumor biopsy specimens of LNs from 40
HL patients before chemotherapy, and in histologi-
cal preparations from patients (n = 40) with reactive
lymphadenopathy (RL) as a control group.

Statistical analysis of the data was carried out
using IBM SPSS Statistics 26.0 (IBM, USA) and
Statistica 13.0 (Dell, USA) software. Differences in
quantitaytive characteristics between groups were
assessed using the Mann-Whitney test and Kruskal-
Wallis analysis of variances (ANOVA). In order to
detect the relationship between the studied indica-
tors, a correlation analysis was carried out by calcu-
lating the Spearman’s rank correlation coeffi-
cient (r).

RESULTS

Hematological toxicity in patients with
HL during combined PCT

In accordance with a chemotherapy regimen, all
HL patients were divided into 2 groups: treated with
the ABVD regimen — 13 (32.5%) patients and with
the BEACOPP regimen - 27 (67.5%) patients.
According to CTCAE v5.0, we found that in all HL
patients treated with both ABVD and BEACOPP,
there was a statistically significant (p < 0.05) increase
in the grade of myelotoxic suppression from the 1st
to the 6th cycles. Anemia of grade 3—4, leukopenia/
neutropenia of grade 3—4 and thrombocytopenia of
grade 3—4 in HL patients treated with the BEACOPP
regimen occurred 3 times more often both after the
1st cycle and after the 4th and 6th cycles of polyche-
motherapy than in patients treated with the ABVD
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Ta6una 2. [TokazaTesu 06111ero KJIMHUYECKOTO aHaIN3a KPOBU ¥ 60sbHBIX JIX mocsie npoBeeHus 1, 4 u 6 kypcos I[IXT no

nporpammaM ABVD u BEACOPP

Table 2. Parameters of the f complete blood count in patients with HL after the 1, 4 and 6 cycles of the ABVD and BEACOPP

chemotherapy regimens

Ilocne ABVD / After ABVD Ilocne BEACOPP / After BEACOPP
(n=13) (n=27) CreneHb
n 1 2 3 4 5 6 JAOCTOBEPHOCTH
OKa3arTeJb Measure of
Parameter nocJje nocJje nocJjie nocje nocse nocje confidence
1 Kypca 4 KypcoB 6 KypcoB 1Kypca 4 KypcoB 6 KypcOB (p < 0.05)
after after after after after after ’
1 cycle 4 cycles 6 cycles 1 cycle 4 cycles 6 cycles
[emoriio6uH (r/01) 122 114 100 110.5 96 87.5 p,,=0.00008
Hemoglobin (g/1) (114;128) (102;120) (94;112) (96;118.5) (85;106) (78;99) p,=0.000002
p,.=0.001
Jle#ikoruTel (x10°/1) 5.19 2.8 2.1 2.88 1.1 0.79 p,,=0.0003
Leukocytes (x10°/1) (4.1;6.28) (2.03;3.97) (0.87;3.0) (2.05;5.35) (0.8;2.1) (0.43;1.09) p, < 0.000001
p,=0.0002
He#itpoduuel (x10%/1) 2.61 1.65 1.13 1.16 0.3 0.1 p,,=0.00002
Neutrophils (x10°/1) (1.8;4.06) (0.81;2.2) (0.22;1.66) (0.73;2.9) (0.11;0.92) (0.0;0.57) p,,<0.000001
p,=0.0001
TpomGouuTe! (x10°/1) 253 191.5 133.5 166 114 99.5 p,,=0.0002
Platelets (x10°/1) (195;279) (147.4; (77;187)  (116;216) (83;164) (60;133) p, .=0.00001
220) p,=0.07

[IpuMmevyaHue.

JIX - mumdoma XomxkkuHa; [1IXT - nonuxumuoTtepanusi; ABVD - fokcopy6uLKH, 6J€OMULIMH, BUHOJIACTHH, laKap6a-

3uH; BEACOPP - 6;1eoMHULIMH, JOKCOPYOUIINH, 3TONO3U, HHKJI0PocdaMu/i, BUHKPHUCTHH, TpoKap6a3uH.

Note
cyclophosphamide, vincristine, procarbazine.

PE3YJIBTATDBI 1 OBCY KAEHUWUE

I'emamoaozuueckan moxkcuuHocMsv Y
6oabHbix JIX npu npoeedeHuu npozpamm-
Hoit ITXT

B cooTBetrcTBuH ¢ mpoBenenHoi IIXT Bce 60JIb-
Hble JIX ObUIN pasziesieHbl Ha 2 TPYIIIbBI: MOJIyUHB-
mue [IXT o mporpamme ABVD — 13 (32.5 %) nanu-
eHToB U 1o mporpamme BEACOPP — 27 (67.5 %)
nanuenTtoB. Corsacio CTCAE v5.0, Hamu OBLIO
obHapykeHO, 4TO y Bcex 0oipHBIX JIX, Kak mpu
ABVD, tak u npu BEACOPP, ormeuasnocs craTucTu-
YyeckH 3HaUMMOe (p < 0.05) HapacTaHUEe CTeleHU
MUEJIOTOKCHIECKOH CYIIPECCUH OT 1-TO K 6-My KypCy
IIXT. Aunemusi 3—4-U CT., JIEHKOIIEHUs/HEUTpOIIE-
HUA 3—4-U CT. U TPOMOOIIUTONEHUS 3—4-H CT. y
6071pHBIX JIX, IOJTyYaBIINX JIEUeHHE TI0 IIPOTPAMMe
BEACOPP, BcTpeuanuch B 3 pasa yalle Kak HocJje
1-TO Kypca, Tak u nocie 4 u 6-ro kypcos IIXT, yem y
OOJIPHBIX, IOJYYaBIIUX JIEYEHHE II0 IIPOTpaMMe
ABVD (p < 0.05), 4TO CBUJETETHCTBYET O OOJIbIIIEH
TokcuuHocTH mporpaMmMmbel BEACOPP. Bmecte ¢ Tem
mmocJie 6 KypcoB crienudUuuecKol Tepamuu Hexea-
TesibHbIE 3P DEKThI ObLIH 0OHAPYIKEHBI Y 39 % 00JIb-
HbIX TIpu ABVD u y Gosiee 91 % marumeHTOB, MMOJIy-
yuBmux BEACOPP, uyTo MOKeT HOBBIIIATH PUCK
BO3HUKHOBEHUS TAXKEJIbIX [TOCIIeZICTBUHN, MHBATIU/IH-
3allU WIN JIETAIBHOTO Ucxo/ia. MennaHHble 3HaUe-

. HL - Hodgkin lymphoma; ABVD - doxorubicin, bleomycin, vinblastine, dacarbazine; BEACOPP - bleomycin, doxorubicin, etoposide,

regimen (p < 0.05), which indicates the greater tox-
icity of the BEACOPP regimen. However, after
6 cycles of therapy, adverse effects were found in
39% of ABVD-treated patients and in more than 91%
of patients who received BEACOPP, which may
increase the risk of severe consequences, disability
or death. Median values with calculation of the 25th;
75th percentiles of complete blood count parameters
in HL patients treated with the ABVD and BEACOPP
regimens are presented in Table 2.

MiRNA expression in HL patients and its
association with the development of hema-
tologic toxicity in HL patients after the first-
line polychemotherapy

We determined the expression levels of
20 miRNAs in tumor biopsy specimens of LNs from
patients with HL and histological preparations from
patients with RL (Table 3).

We found that, in comparison with the level of
miRNA expression in preparations of reactively
changed LNs, in tumor tissue of patients with HL,
there was a statistically significant decrease in the
expression of let-7f-5p, miR-20a-5p, miR-26b-5p,
miR-96-5p, miR-141-3p, miR-148b-3p, miR-
150-5p, miR-183-5p, miR-200b-3p, miR-451, miR-
128-3p.
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Ta6/mmua 3. CpaBHUTEIbHBIN aHa/IN3 ypoBHeH skcnpeccun MUPHK Mexly 06pasiiaMu onyxoJieBblX 6M0ONTaTOB 60/1bHBIX JIX

U TUCTOJIOTUYECKHUMHU IIpernapaTaMu 60bHBIX C PJI

Table 3. The comparative analysis of the miRNA expression between tumor biopsy specimens from patients with HL and

histological preparations from patients with RL

muPHK / miRNA JIX vs PJ1 / HL vs RL p<0.05
let-7c-5p -1.44 0.065971
let-7f-5p -1.43 0.002328
MuPHK-9-5p / miR-9-5p 1.06 0.774461
MuPHK-20a-5p / miR-20a-5p -1.36 0.012259
MuPHK-23a-3p / miR-23a-3p 1.53 0.090036
MuPHK-23b-3p / miR-23b-3p -1.22 0.226141
MuPHK-26b-5p / miRNA-26b-5p -1.54 0.000024
MuPHK-34a-5p / miR-34a-5p 1.4 0.237225
MuPHK-96-5p / miR-96-5p -2.89 0.000456
mMuPHK-141-3p / miR-141-3p -2.07 0.000003
mMuPHK-148b-3p / miR-148b-3p -1.26 0.029628
mMuPHK-150-5p / miR-150-5p -3.52 <0.000001
muPHK-183-5p / miR-183-5p -1.82 0.006734
MuPHK-185-5p / miR-185-5p 1.09 0.307173
MuPHK-200b-3p / miR-200b-3p -1.84 0.000002
MuPHK-574-3p / miR-574-3p -1.18 0.139926
MuPHK-205-5p / miR-205-5p -151 0.109638
mMuPHK-451 / miR-451 -2.41 0.024303
MuPHK-18a-5p / miR-18a-5p -1.19 0.079684
mMuPHK-128-3p / miR-128-3p -1.93 0.000008

[IpumMevyaHnue.
Note.

HUS C OIIPEZIEJIEHUEM 25; 75-TO IePIeHTIIeH oKa-
3arejiedl O0IIero aHasvm3a KpoOBH y OOJIbHBIX JIX,
MOJIy9aBIIUX JiedeHHe mo nporpammaMm ABVD u
BEACOPP, mpencrapiieHsl B Tab1. 2.

Ixcenpeccua MmuPHK y 6oavHbix JIX u ee
€céA3b € passumuem 2emamon02uvecKoll
moxcuuHocmu y 6oavHbix JIX nocae IIXT
I aunuu

Hamu Obutm ompeziesieHbl YPOBHU 3SKCIIPECCHU
20 muPHK B omyxoJsieBbix 6uornrarax JIY y 6071bHBIX
JIX ¥ THCTOJIOTUUECKUX Ipernaparax 60abHbIX ¢ PJI
(Tabi. 3).

Hamu 6b110 OOHapy:KEHO, YTO, B CPAaBHEHHU C
ypoBHeM skcnpeccun MUPHK B mpenapaTtax peak-
TUBHO H3MeHEHHbIX JIY, B OIyX0JeBOH TKaHHU Y
60J1bHBIX JIX 0OTMEYaI0Ch CTATUCTUYECKU 3HAUNMOE
CHIDKEHUE ypoBHeH skcmpeccnu let-7f-5p, MuPHK-
20a-5p, muPHK-26b-5p, muPHK-96-5p, muPHK-
141-3p, muPHK-148b-3p, muPHK-150-5p, MmuPHK-
183-5p, mMuPHK-200b-3p, MmuPHK-451, muPHK-
128-3p.

I onpenieNieHus HAUTHYWS accolUaniil reMa-
TOJIOTUYECKUX IMOKa3aTeJIell U YPOBHEH DKCIIPECCUH
MuPHK 6bpUT mpoBezieH KOPPEJISAIMOHHBIA aHATU3

MuPHK - MmukpoPHK; JIX - mtumMmdoma XomxkuHa; PJ/I - peakTUBHast TUMPoaZeHONATHS.
miR - microRNA; HL - Hodgkin lymphoma; RL - reactive lymphadenopathy.

Spearman’s correlation was performed to deter-
mine the presence of associations between hemato-
logical parameters and miRNA expression. A statisti-
cally significant association was identified (p < 0.05)
between a decrease in the expression levels of miR-
96-5p, miR-148b-3p, miR-183-5p (relative to the
expression of these miRNAs in patients with RL) and
a decrease in the count of leukocytes (r = 0.60,
r=0.43, 7 = 0.46) and neutrophils (= 0.66, r = 0.50,
r = 0.51), as well as between a decrease in platelet
count and a decrease in the expression of miR-96-5p
(r = 0.43, p = 0.03). At the same time, leukopenia
and neutropenia of grade 3—4 were more often
detected in HL patients with higher levels of miRNA
expression than in HL patients with a significant
decrease in their expression. Meanwhile, in all HL
patients, the expression levels of these miRNAs were
lower than in biopsy samples of patients with RL.

According to the Kruskal-Wallis ANOVA, patients
with moderate anemia on combined chemotherapy,
had significantly higher levels of the miRNA let-
7c-5p expression at the onset of the disease com-
pared to subjects with mild or no anemia (Fig. 1).

It was also noted that patients with higher levels
of miR-185-5p and miR-128-3p expression were
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Puc. 1. VI3Menenus ypoBH: 3kcnpeccunt MUPHK let-7¢-5p B 3aBHCHMOCTH OT CTENIEHU TAXKECTH aHEMUH
(0 — oTcyTCcTBUE aHEMUU; 1 — AaHEMUS JIETKOH CTEIIEHH; 2 — AaHEMUS CPE/THEN CTENIeHN; 3 — AHEMUS TSXKEJION CTEeTe )
Fig. 1. Changes in the let-7c-5p miRNA expression depending on the severity of anemia
(0 — no anemia; 1 — mild anemia; 2 — moderate anemia; 3 — severe anemia)

Cnupmena. bria BeISiBJIeHA CTATUCTUYECKU 3HAUM-
Mas B3aMMOCBsA3h (p < 0.05) MEXIy CHIKEHHUEM
ypoBHel skcrpeccun MuPHK-96-5p, muPHK-
148b-3p, MuPHK-183-5p (OTHOCHTETFHO B3KCIIpec-
cuu ykaszaHHbiXx MUPHK y 60osibHBIX PJI) 11 ymeHbIIIe-
HHEM KOJIMYECTBa JIEHKOIUTOB (I = 0.60, I' = 0.43,
r = 0.46) u HeWTpodmwioB (r = 0.66, r = 0.50,
r = 0.51), @ TAK)XKe MEX/Iy CHIJKEHUEM KOJIMYECTBA
TPOMOOITUTOB M YMEHBIIIEHHEM YPOBHS SKCIIPECCUHU
MuPHK-96-5p (rr = 0.43, p = 0.03). IIpu sTOM JIEHi-
KOIIEHUSI 1 HEUTPOIEHUsI 3—4-U CT. Jalle BbIABJIsA-
Juch y 601bHBIX JIX ¢ 60Jiee BBICOKUMU 3HAYEHUSMU
ypoBHel skcnipeccuu MuPHK, uem y 60ospHBIX JIX ¢
BBIDQJKEHHBIM CHIDKEHHUEM HX SKCIIpeccuu. Bmecre ¢
TeM y Bcex 601bHBIX JIX yPOBHU SKCIIPECCUU YKABAH-
ueix MUPHK Obutu Hike, yeM B Ouomnrarax 00JIb-
HbIX ¢ PJI.

CorytacHo qucniepcioHHOMY aHanu3y Kpackesa —
Yosutnca, marueHTsl ¢ aHEMUEH CpeHeN TSAKeCTH Ha
¢one mporpammuoi [IXT umenu TocToBEpHO Gosiee
BBICOKHE 3HaueHus ypoBH: skcnpeccuu MUPHK let-
7¢-5p B ZiebroTe 3a60JIeBaHus 10 CPAaBHEHUIO ¢ 0OcIe-
JlyeMbIMH, WUMEIINMUA aHEMHIO JIETKOH CTEleH!
TSKECTH WIN TIPU OTCYTCTBUH TaKOBOH (pHc. 1).

Taxoxe OGbLIIO OTMEUYEHO, YTO Y MAIUEHTOB ¢ OoJiee
BBICOKMMHU ypoBHAMU dKcnpeccur MuPHK-185-5p u
MuPHK-128-3p uaine BbIABIIsAIACH aHEMUS CPEHEN
U TSKEJION cTereHu (PUc. 2 U 3 COOTBETCTBEHHO).

BeposiTHO, TaHHBIE PE3YJIBTATHI CBA3aHbI C HAPY-
[IeHNeM aKTHBAIlUU co3peBaHus U AuddepeHnn-

more likely to have moderate and severe anemia
(Fig. 2 and 3, respectively).

These results are likely to be associated with the
impaired activation of cell maturation and differen-
tiation, as well as the regulation of apoptosis pro-
cesses which, apparently, leads to a slower restora-
tion of the count of bone marrow progenitor cells
and an increase in the severity of anemia in patients
with HL.

DISCUSSION

Inrecent years, a great progress has been achieved
in the development and use of effective chemother-
apy regimens in the treatment of oncological dis-
eases, including hematologic malignancies. How-
ever, myelotoxic immunosuppression remains one of
the important side effects of specific antitumor ther-
apy [13]. We found that the grade of hematological
toxicity, characterized by a decrease in the hemoglo-
bin level, count of leukocytes, neutrophils and plate-
lets, is getting worse during chemotherapy from the
1st to the 6th cycle. This trend was observed both in
HL patients treated with the ABVD regimen and in
patients receiving BEACOPP as first-line therapy. At
the same time, anemia of grade 3—4 was diagnosed
in a third of patients, and leukopenia/neutropenia of
grade 3—4 already was in more than 90% of those
patients only after receiving BEACOPP treatment,
which can increase the risk of severe infectious com-
plications and worsen the quality of life. Our data are
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Puc. 2. smenenus ypoBHs skcrpeccrt MUPHK-185-5p B 3aBUCHMOCTH OT CTENIEHU TSXKECTH AaHEMUH
(0 — oTCyTCTBUE aHEMUH; 1 — AHEMHUS JIETKOU CTETIEHU; 2 — AaHEMUS CPEHEH CTEIeHH; 3 — AHEMUS TSIKEJIOH CTETIeH )
Fig. 2. Changes in the miR-185-5p expression depending on the severity of anemia
(0 — no anemia; 1 — mild anemia; 2 — moderate anemia; 3 — severe anemia)
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Puc. 3. Isamenenue ypoBHs skcupeccur MUPHK-128-3p B 3aBUCHMOCTH OT CTENEHH TAKECTH aHEMUU
(0 — oTCcyTCTBHE aHEMUH; 1 — AHEMHUS JIETKOU CTEIIEHU; 2 — AaHEMUS CPEHEN CTEIEHH; 3 — AHEMUS TSIKEJIOHN CTEIIeH )
Fig. 3. Changes in the miRNA-128-3p expression depending on the severity of anemia
(0 — no anemia; 1 — mild anemia; 2 — moderate anemia; 3 — severe anemia)
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POBKH KJIETOK, a TaKKe PETYJIAIUY IIPOLIECCOB aIlo-
[ITO3a, YTO, IO-BUAUMOMY, WPHUBOJUT K Oosiee
Me/IJIEHHOMY BOCCTAaHOBJIEHUIO YHCJIEHHOCTU Kile-
TOK-IIPE/IIIeCTBEHHIKOB KOCTHOTO MO3Ta U yIiIybJie-
HUIO CTETIeHU TAKECTU aHeMUH y 60IbHbIX JIX.

OBCYXKJIEHUNE

B mocyieziame TOBI IOCTUTHYTHI OOJIBIIHE YCIIEXU
B paspaboTke U mpUMeHeHHH 3(PGEKTUBHBIX CXEM
IIXT B JleueHUH OHKOJIOTMUYECKHX 3a00JIeBaHUI,
BKJIIOYAs reM061acTo3bl. OHAKO OTHIM U3 BaXKHBIX
mo60UHBIX 3P (HEKTOB MPOBOAUMOMN CIIEIUPUIECKOH
MIPOTUBOOILYX0JIEBON Tepanuu OCTaeTcs MHUEeIOTOK-
cuueckass uMMyHocytpeccus [13]. Hamu Ob110 BBISB-
JIEHO, YTO CTeleHb reMaTOJIOTHYECKON TOKCUYHOCTH,
xapakTepusylolelicsa CHUKeHUEeM YPOBHS reMOIJIO-
OuHa, JIEHKOIINUTOB, HEUTPODUIIOB U TPOMOOITUTOB,
yBesmuuBaercs Ha ¢poHe npoBesienus [IXT ot 1-ro k
6-My Kypcy. JTa TeHJeHIus HaOIofanach Kak y
6ospHBIX JIX mpw JieueHuu 1o nporpamme ABVD,
TaK Uy MalUeHTOoB, noay4dasiinx BEACOPP, B kaue-
crBe I muHumM Tepanuu. IIpu sTOM aHeMus 3—4-i cr.
ObLTa JUATHOCTUPOBAHA y TPETU OOJIBHBIX, a JIEUKO-
[EHUsA/HEUTPONIEHUA 3—4-H CT. yxKe y Gosee uem
90 % 0O0CIeIOBAaHHBIX TOJBKO IIOCJIE ITPOBEIEHUS
BEACOPP, uTo MOeT IOBBICUTb PHUCK DPa3BUTUA
TSKEJTBIX NHPEKITMOHHBIX OCJIOXKHEHUH 1 YXyAIINUTh
KayecTBO JKU3HU. Hammm gaHHBIE COIJIACyIOTCA C
pe3y/ibpTaTaMu MeTaaHayJn3a JINTEPATyphl, IIPOBe-
nmennoro N. Skoetz et al. B 2017 ., BKJIIOYAIOIIET0
uccnenopanuss HDg u HD14 (I'epmanust), HD2000 u
GSM-HD (Mtanus) u EORTC 20012 (Benbrus), rae
OBLIIO MTOKA3aHO, YTO y ManueHToB ¢ JIX, mosydas-
mux BEACOPP, 3 u 4-51 cT. reMaTOJIOTUYECKON TOK-
CHYHOCTH BCTpeuasiach Jalle B CpaBHEHUU ¢ 0OJIb-
HeIMu 1ociie ABVD [14]. B Poccun aHanoruyHbie
pe3yJIbTaThl OTPaKEHbI B UCCIIEJOBAHUY, IIPOBEJIEH-
HoM B HUU onkosorum H.H. [lerposa B 2013 1. [15].

Henasaue ncciieqopanus nmokasaau, yro MuPHK
MOTYT OBITH ACCOIMUPOBAHBI C BHEKJIETOYHBIMU
BE3UKYJIAMH U CBOOOJHO IIUPKYJIMPOBATh B KPOBU.
Ilpu sTom 6bUTO OOGHaApYy:keHO, uTo Takue MuPHK
cuenuUUHbl JJIA OIyXOJIEBBIX KJIETOK M MOTYT
BBICTYIIaTh OHIOMapKepaMU OHKOTEHE3a, BOCIIAJIEHHS
U JIpyroro MOBPEXKIeHUsA opraHos [16]. B 6ospimuH-
ctBe ciaydaeB MUPHK perympyroT skcrpeccrio TeHOB
Ha MOCTTPAHCKPUIIIOHHOM ypOBHE [17] U Bce Kiie-
TOYHBIE NIPOIIECCH], BKIItOUasA Imposudepanio, aud-
(depentuposky u amonTto3 [18]. COOTBETCTBEHHO,
abeppanTHas skcrpeccuss MUPHK moxkeT croco6-
CTBOBaTh Pa3BUTUIO IATOJIOTUH, BKJIIOYASA OIIyXOJIH
pasyiuuHoro reHesa [19]. B cBoeM mcciieToBaHUN MBI
OOHApYKWIH, 4TO Y 60sIbHBIX JIX B OITyX0J1€BBIX OHO-
nratax JIY Ha 3Tame JIUarHOCTUKU 3a00JieBaHUS

consistent with the results of literature meta-analy-
sis performed by Skoetz et al. in 2017, including the
HD9 and HD14 (Germany), HD2000 and GSM-HD
(Ttaly), and EORTC 20012 (Belgium) trials, which
showed that in patients with HL treated with BEA-
COPP, grade 3 and 4 hematological toxicity was more
common compared to patients after ABVD [14]. In
Russia, similar results are obtained in a study carried
out at the N.N. Petrov National Research Center of
oncology in 2013 [15].

Recent studies have shown that miRNAs can be
associated with extracellular vesicles and circulate
freely in the blood. At the same time, it was found
that such miRNAs are specific for tumor cells and
can act as biomarkers of oncogenesis, inflamma-
tion and other organ damage [16]. In most cases,
miRNAs regulate the post-transcriptional gene
expression [17] and all cellular processes, includ-
ing proliferation, differentiation and apoptosis
[18]. Accordingly, aberrant expression of miRNAs
can contribute to the development of pathologies,
including tumors of various origins [19]. In our
study, we found that in patients with HL, a statisti-
cally significant decrease in the expression of let-
7f-5p, miR-20a-5p, miR-26b-5p, miR-96-5p, miR-
141-3p, miR-148b-3p, miR-150-5p, miR-183-5p,
miR-200b-3p, miR-451, miR-128-3p was recorded
in tumor biopsy samples of LNs during diagnosis
of the disease compared with RL patients. At the
same time, Navarro et al. in 2008 revealed that in
Reed-Sternberg (RS) tumor cells, a low level of
expression of miR-23b, miR-26b, miR-183, miR-
205 was observed, while in miR-9, miR-34a, miR-
128, miR-185, miR-200a, the expression was
higher than in the cells of reactive lymph nodes
[20]. However, in 2016, data were published dem-
onstrating a statistically significant (p < 0.05)
increase in the expression of miR-34a-5p, miR-
146a-5p, miR-93-5p, miR-20a-5p, miR-339-3p,
miR-324-3p, miR-372, miR-127-3p, miR-155-5p,
miR-320a and miR-370, and decreased expression
of miR-582-3p, miR-525-3p, miR-448, miR-
512-3p, miR-642a-5p, miR-876-5p, miR-532-3p,
miR-654-5p, miR-128, miR-145-5p, miR-15b-5p,
miR-328, miR-660-5p in patients with HL [21].
However, there were no differences in the miRNA
profile depending on age, gender, stage of the dis-
ease, response to treatment, duration of event-
free/relapse-free and overall survival in patients
with HL. The authors note that further detailed
study and evaluation of the miRNA profile is dra-
matically relevant for predicting clinical outcome
in the treatment of HL patients [21]. We believe
that in the future the need to search for various
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PETUCTPUPYETCA CTATUCTHYECKH 3HAUMMOE CHUKE-
Hue sxcnpeccuu let-7f-5p, muPHK-20a-5p, muPHK-
26b-5p, MuPHK-96-5p, muPHK-141-3p, mMuPHK-
148b-3p, MmuPHK-150-5p, MmuPHK-183-5p, MmuPHK-
200b-3p, MuPHK-451, MuPHK-128-3p B cpaBHeHUU
¢ manuentamu ¢ PJI. TIpu saTomM uccneqoBaTenbcKas
rpymma A. Navarro et al. B 2008 1. BbIsIBWIA, YTO B
OITyXOJIeBBIX KileTKax bepeszosckoro — Pun — IlltepH-
6epra (BPIII) Habsroacs HU3KUH YPOBEHD SKCITPeC-
cun MuPHK-23b, MuPHK-26b, MuPHK-183, MuPHK-
205, B To Bpema kak y MuPHK-9, muPHK-34a,
muPHK-128, muPHK-185, muPHK-200a ypoBeHb
SKCIPeCCUU OB BBIIIE, YEM B KJIETKAX PEAKTHBHO
U3MeHEHHbIX TUMGaTUIeCKuX y3ioB [20]. Bmecte ¢
TeM B 2016 T. ObLIU OITyOJIUKOBAHBI JaHHbIE, ITPOJIe-
MOHCTPUPOBABIIIHE CTATUCTUYECKH 3HauuMoe (p <
0.05) yBenuueHue skcrnpeccuun MuPHK-34a-5p,
muPHK-146a-5p, muPHK-93-5p, muPHK-20a-5p,
muPHK-339-3p, MuPHK-324-3p, wMuPHK-372,
muPHK-127-3p, muPHK-155-5p, muPHK-320a u
MuPHK-370 u cHmxkenue skcnpeccun MuPHK-
582-3p, muPHK-525-3p, mMuPHK-448, wmuPHK-
512-3p, MuPHK-642a-5p, MuPHK-876-5p, muPHK-
532-3p, muPHK-654-5p, muPHK-128, wmuPHK-
145-5p, MuPHK-15b-5p, MuPHK-328, MuPHK-660-5p
y 6oapubIX JIX [21]. [Ipu 3TOM He OBLIO BBISABIEHO
pasnuunii B npodusie MuPHK B 3aBuCHUMOCTH OT BO3-
pacra, moJsia, crasiu 3a00J€BaHUs, OTBETA HA Jieue-
HHe, IJIUTEILHOCTH 0eccoOBITHHHOM/Oe3peruanB-
HOH U 00111eli BEKUBaeMOCTH Y 60s1bHBIX JIX. ABTOpBI
OTMEYAIOT, UTO JIAJIbHEHIIIEE TPUCTATHBHOE U3yUeHHE
u orieHka npoduist MuPHK sIBISAIOTCS Upe3BhIYaiiHO
AKTyaJTbHBIMU JIJIS1 IPOTHO3UPOBAHUS KJIMHUYECKOTO
KCXO0/1a IIPH JiedeHnH marueHToB ¢ JIX [21]. Myl cun-
TaeM, 4TO B Oy/yiieM HeOOXOAMMOCTh MOMCKA pas-
auuHplx MUPHK, crenmeHp 3KCIpeccHn KOTOPBIX
MO2KeT OBITh accoruupoBaHa ¢ kiaetrkamu BPII, o6y-
CJIOBJIEHA JIBOMCTBEHHOCTHIO U Pa3HOPOJHOCTHIO
UMEIONINXCS B JINTEPATYPE JIAHHbIX.

Tak:xe HaMU OBLIO BBISIBJIEHO, YTO AaHEMUS CPEJI-
Hell (2-1 ¢T.) ¥ TAXKea0l (3—4-# CT.) CTelleHu CTaTh-
CTUYECKHU 3HAUUMO (p < 0.05) 4Yallle BbISIBJISIACH Y
6osbHBIX JIX ¢ 6Gosiee BBICOKOM 3Kcmpeccuei let-
7c-5p, MuPHK-185-5p u muPHK-128-3p, uem y
MAIMEHTOB C HU3KUMHU 3HAYEHUSAMH JKCIIPECCUU
stux MEPHK. B 2021 r. uccieoBaTerbcKod rpym-
ot rpynmoii Z.C. Ozdemir et al. 65110 06HApPY>KeHO,
YTO MOBBINIeHNe dKcpeccuu MuPHK-210 Hab012-
JIOCh y JeTeN ¢ IMarHOCTUPOBAHHOU skese30/1edu-
IUTHON aHEMUEN TSKeJIoN creneHu [22], a y 60yb-
HBIX C aIUIACTUYECKON aHeMUel MOBBINIEHUE 3JKC-
npeccun MUPHK-144-3p U cHM:KeHUe 3dKcIpeccuu
MuPHK-214 cBsizaHo c OoJiee TsKeJIBIM Te€UYEHHUEM
3ab0/ieBaHUsI W HUBKUMHU 3HAYEHUSIMH YPOBHS

miRNAs, the expression level of which may be
associated with RS cells, is due to the duality and
heterogeneity of the data available in the litera-
ture.

We also revealed that moderate (grade 2) and
severe (grade 3—4) anemia was statistically signifi-
cantly (p < 0.05) more often detected in HL patients
with higher expression of let-7c-5p, miR-185-5p and
miR-128-3p than in patients with low expression val-
ues of these miRNAs. In 2021, Ozdemir et al. found
that an increase in the expression of miR-210 was
observed in children diagnosed with severe iron defi-
ciency anemia [22], and in patients with aplastic
anemia; an increase in the expression of miR-144-3p
and a decrease in the expression of miR-214 is asso-
ciated with a more severe course of the disease and a
low hemoglobin level [23, 24]. It can be assumed
that miRNAs are involved in the regulation of not
only the processes of maturation and differentiation
of bone marrow stem cells, but also systemic and cel-
lular iron homeostasis and T-lymphocyte activity.
Therefore, it is likely that an imbalance of expressed
miRNAs, associated with the occurrence of malig-
nant processes, hypoxia and intoxication, can cause
a disruption in the timely synthesis of erythrocytes
and lead to the persistence and increase in the sever-
ity of anemia.

CONCLUSION

The search for specific markers of toxicity is rele-
vant for early prediction of the developing severe
consequences of chemotherapy as part of personal-
ized medicine.

Determining the levels of let-7c-5p, miR-185-5p
and miR-128-3p in tumor biopsy specimens of lymph
nodes in patients with HL before polychemotherapy
may make it possible to predict the risk of develop-
ing severe anemia, as a manifestation of hematologic
toxicity of antitumor therapy, and improve algo-
rithms of adjuvant therapy and thereby minimizing
the development of side effects.

It is hoped that further research on the prob-
lem of chemotherapy-related organ toxicity will
help improve the effectiveness of the specific ther-
apy without the development of serious complica-
tions.

Research Funding. This work was financially
supported by a grant from the Russian Science Foun-
dation (project No. 20-14-00074-P).

Conflict of interest. The authors declare no
conflict of interest.

Journal homepage: http://jsms.ngmu.ru

63



Illebynsesa A.FO. u dp. / Journal of Siberian Medical Sciences T. 8, N° 2 (2024)

reMorJyioouHa [23, 24]. M0KHO IPEJIIIOI0KUTb, UTO
MuPHK y4acTByIOT B perysisiniuu He TOJIBKO IpoIiec-
coB co3dpeBaHusd U AuGGEPEHIUPOBKA CTBOJIOBBIX
KJIETOK KOCTHOT'O MO3Ta, a TaKKe CUCTEMHOTI'O U KJle-
TOYHOTO TOMeOCTasa JKeje3a M AaKTUBHOCTH
T-mumdonuToB. IlosToMy, BeposATHO, AucOATAHC
skcnpeccupyeMblx MUPHK, cBsI3aHHBIN C BOSHUKHO-
BEHUEM OITyXO0JIEBBIX IIPOIECCOB, TUIIOKCHUU U HHTOK-
CUKalluH, MOKET CTaTh IPUYNHON HapyIlIeHUs CBO-
€BPEMEHHOTO CUHTE3a 3PUTPOIUTOB U MPUBOJIUTH K
COXPAaHEHMIO U HAapPACTAHUIO CTENeHU TsKeCTU aHe-
MHUYECKOT'0 CUH/APOMA.
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CBEJAEHUNA Ob ABTOPAX

IleoynsaeBa fAua IOpbeBHa — acnupaHT Kadeapbl
Tepanuy, reMaroysoruu u tpaHcdysuosoruu OI'bOY
BO «HoOBOCHOWPCKHUI ToOCyZapCTBEHHBIH MeIUIIIH-
ckuil yHuBepcuTeT» Mun3zpasa P®; Bpau-remarosior
reMaTOJIOTUYECKOTO OT/eJIeHUs ¢ OJIOKOM acenTHde-
ckux nanat I'bBY3 HCO «I'ocymapcrBenHass Hosocu-
OGupckasi obyractHasi KJIMHUYecKast 0osibHUIa», HoBO-
cubupck, Poccust.

Bepackuna IQaua AHapeeBHa — KaHZ. OHOJI. HayK,
CTapIINii HAYYHBIH COTPYJHUK JabOpaTOPUU MOJIEKY-
asapHol reHetuku ®I'BYH HHCTUTYT MOJIEKYIAPHON
U KJIeTOuHOU O6uosiornu CHOUPCKOTO oT/eeHus: Poc-
CUICKOU aKaJIeMUU HayK; HAyYHBIH COTPY/HHUK J1ab0-
paropuu reHHoll nmxeHepun ®I'BYH «PenepanpHbi
HCCIeI0OBaTeIbCKUH 1eHTp VIHCTUTYT LUTOJIOTUU U
reHeTuku CHOUPCKOTO OT/EesieHus: Poccriickoit akaze-
Muu Hayk», HoBocubupck, Poccus.

Turos Cepreii EBrenbeBuY — KaH/. O10J. HayK, CTap-
IMUH HAYYIHBIA COTPYJHUK JIAG0PATOPHUU MOJIEKYJISAP-
HOH reHetuku O®IBYH MHCTUTYT MOJIEKY/ISDHOU U
KJIeToYHOH Ouosorun Cubupckoro otaeneHus Poc-
CUICKOU akaieMuu Hayk, HoBocubupck, Poccus.

Boiitko Mapust CepreeBHa — KaH/. Me/[. HayK, acCH-
cTeHT Kadeapsl Tepaluy, reMaToJI0oruu U TpaHedysu-
osnoruu ®I'BOY BO «HoBocuOUPCKU# rocyapcTBeH-
HBII MeIUIMHCKUN yHHUBepcuTeT» Munszzapasa Poc-
cun, HoBocubupck, Poccust.

Kumynes Urops PexopoBud — J-p OHOJI. HAYK, 3aBe-
JIYIOIIUHM  J1abopaTopuel MOJIEKYJISIPHOU I[UTOTEHe-
Tuku ®I'BYH VHCTUTYT MOJIEKY/IAPHOU U KJIETOYHOU
6uosoruu Cubupckoro otaesnenus Poccuiickoii akasie-
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