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AHHOTAITUA

BBenaewuwue. Ilepuunbie T-kimerounsie tumdpomsr koxxu (TKJIK) mpencTaBiisiioT cOO0M TeTepOTeHHYI0 TPYIITY 9KC-
TPAHOJAJIBHBIX HEXOJPKKUHCKUX JUM@OM, KOTOpble Ha MOMEHT IIOCTAHOBKM JHAarHo3a JIOKAJIBHO OTPAaHUYUBAIOTCH
koxkel. Tuarnocrrka TKJIK yacTo 3aTpyAHeHa, TIOCKOJIbKY Ha OIIpe/IeJIEHHBIX 9TallaX Pa3BUTHSA 3TOTO reM00J1acTo3a nMe-
I0TCSI KJIMHUYECKUE CXO/[CTBA C TAKMMH HEOITyXOJIEBBIMH JIEPMATOJIOTHYECKUMHE 3200JIeBAaHUAMU, KAaK XPOHHYECKUH HK3e-
MaTO3HBIH JIEPMATHUT, ICOPUA3, KPACHBIA BOJIOCAHOU JINIIAN WM TpUOKoBble nHbeknuu. B matorenese TKJIK yuacTByIOT
KaK reHeTHYeCKHUe, TaK U SIIUreHeTH4Yeckue GakTopsl, B yacTHOoCcTH, MUKpOPHK (MuPHK).

IT e 1 b . Beuaeinenune MuPHK, nossossromux nuddepeniuposats TKIIK ot qo6pokauectBeHHbIX 06pazoBanuii (J10)
KOKH, U OIIpeieIeHHe X POJIU B TeHETHYECKUX IIyTAX, yIacTByomuX B pazsutuu TKIIK.

MaTtepuanb U MeToab . Merogom IIIIP ¢ 06paTHOI TpaHCKPHUIIMEH B PEAIBHOM BPeMEHH IIPOBEZEH
aHau3 ypoBHeH skcupeccun MUPHK-181a, -155, -574, -148b, -191, -264a, -21, -124, -221, -200b, -20a, -92a, -145, let-7a u
let-7d B 5 dukcupoBaHHBIX (GOPMATMHOM U 3IUTHIX mapadUHOM 006pasnax GHOICUU KOXKU MAIEHTOB C AHATHO30M
«TKJIK», a Takske 20 06pasiiax OUOICUY KOKH MAIlHEHTOB € IUarHO30M «IICOpHa3» (KOHTPOJIbHAS TPYIIa).
PesyunbTartbl . CpaBHUTEIbHBIH aHATU3 YpoBHEH skcupeccun MUPHK mexay obpasnavu TKIIK u IO nokazast
CTAaTUCTUYECKH 3HAYNMOe yBesinueHue yposHeir MuPHK-181a, -155, -574, -148b 1 -191 B ommyxos1eBbIX 06pasnax (p < 0.05).
B xome ROC-ananusa ycranosieHo, uro MuPHK-155 u MuPHK-181a aBIst0TCA BPICOKOUYBCTBUTEIBHBIMU U CIIEITA(DUY-
HBIMU Mapkepamu A1 auarsoctuku TKIIK.

3aka104eHUe. AHanus ypoBHel skcripecc MUPHK MoxkeT OBITh IEPCIIEKTUBHBIM HHCTPYMEHTOM IS TU(-
(epeHIIMaNBHON AMATHOCTUKHU J€PMATOTPOMHBIX JUMGOUIHBIX TeMO0OJIACTO30B U HETeMOIIOATUYECKUX OoJie3Hel
KOXKH.

Kmuoueente cnrosa: vukpoPHK, nepBuunble kokHble T-Ki1eToUHbIE TUMGOMBI, HEXOPKKHHCKHE JTUM(POMBI.
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MicroRNA expression profile in the diagnostic substrate
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ABSTRACT

Introduction. Primary cutaneous T cell lymphomas (CTCL) are a heterogeneous group of extranodal non-
Hodgkin’s lymphomas that are locally limited to the skin at diagnosis. The diagnosis of CTCL is often difficult, since at
certain stages of development, this hematological malignancy has clinical similarities with non-neoplastic dermatological
diseases such as chronic eczematous dermatitis, psoriasis, lichen ruber, or fungal infections. Both genetic and epigenetic
factors, in particular microRNAs (miRNAs), are involved in the pathogenesis of CTCL.

A i m . Toidentify the miRNAs that differentiate CTCL from benign skin lesions (BSL) and determine their role in genetic
pathways involved in the development of CTCL.

Materials and meth ods. Realtimereverse transcription PCR was used to analyze the expression levels
of miRNA-181a, -155, -574, -148b, -191, -26a, -21, -124, -221, -200b, -20a, -92a, -145, let-7a, and let-7d in 5 formalin-fixed
paraffin-embedded skin biopsy samples from patients with CTCL and 20 skin biopsy samples from patients with psoriasis
(control group).

Results. Comparative analysis of miRNA expression levels between CTCL and BSL samples showed a statistically
significant increase in the levels of miRNA-181a, -155, -574, -148b and -191 in tumor samples (p < 0.05). ROC analysis
showed that miRNA-155 and miRNA-181a are highly sensitive and specific markers for the diagnosis of CTCL.
Conclusion. Analysisof miRNA expression levels may be a promising tool for the differential diagnosis between
dermatotropic lymphoid hematological malignancies and non-hematological skin diseases.

Keywords: microRNA, primary cutaneous T cell lymphomas, non-Hodgkin’s lymphomas.
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BBE/JIEHUE

[lepBuuHbIle KOKHBIE JTUMQPOMBI IPEACTABIISIOT
cO0OU TeTEepOTeHHYIO TPYIIIYy SKCTPAHOAATHHBIX
HEXOKKMHCKUX JUMGOM, KOTOPble HAa MOMEHT
MTOCTAHOBKHU JMarHo3a JIOKAJIbHO OTPAHUYMBAIOTCS
KOxel [1]. B oTsimune OT HOOAJIBHBIX HEXOIKKIH-
CKHX JIUM(OM, OOJIBIITUHCTBO U3 KOTOPHIX ITPOHCXO-
JIAT U3 B-KIeTok, mpuMepHO 75 % MEePBUYHBIX KOK-
HBIX JIUM(POM UMEIOT T-KJIeTOUHOE MPOUCXOKEHIE
[2]. MuarHocThka T-KyIeTOYHOU JTUMGPOMBI KOXKU
(TKJIK) ocHOBaHa Ha COYETAHUU KJIUHUYECKOH Kap-
TUHBI 3a00JIEBaHMUS, THCTOJIOTHYECKOTO KCCIEI0BA-
HUsL OHOINTaTa KOKHOTO JIOCKYTa U JOMOJIHUTEb-
HBIX J1abOPATOPHBIX TECTOB, TAKUX KaK MPOTOUHAs
IUTOMETPHUsI Tepudepuyeckor KpPOBH W aHAIU3
KJIOHAJIbHOCTH perientopoB T-kinetok [3]. PanHssa

INTRODUCTION

Primary cutaneous lymphomas are a heteroge-
neous group of extranodal non-Hodgkin’s lympho-
mas that are locally limited to the skin at diagnosis
[1]. In contrast to nodal non-Hodgkin’s lympho-
mas, most of which are B-cell derived, approxi-
mately 75% of primary cutaneous lymphomas are of
T-cell origin [2]. The diagnosis of cutaneous T-cell
lymphoma (CTCL) is based on a combination of
clinical presentation, histological examination of
skin biopsy specimens, and additional laboratory
tests such as flow cytometry of peripheral blood and
the analysis of T-cell receptor clonality [3]. Early
diagnosis and accurate classification are important
for selecting treatment modalities, as lymphomas
can vary significantly in grade, prognosis, and
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MUaTHOCTUKA M TOYHasg KiIaccuPUKAUUA HMEIOT
BaKHOE 3HaUeHUeE JJIs1 BHIOOPA BAPDUAHTOB JIEUEHNS,
IIOCKOJIBKY JTUM(OMBI MOTYT CYIIECTBEHHO Pa3JIH-
YaThCsA 10 CTElleHU 37I0KaYECTBEHHOCTH, IIPOTHO3Y U
oTBeTy Ha Jieuenue [4]. Jluaraocruka TKJIK gacro
3aTpyAHEHA, ITOCKOJIBKY Ha OIpeeeHHbIX 3Tarmax
Pa3BUTHA 3TOTO TeM06J1acTo3a UMEIOTCS KIMHUYe-
CKHe CXOZICTBA C TAKMMU HEOITyX0JIeBbIMU 3a00J1eBa-
HUAMU KOXKM, KaK XPOHHUYECKHUHM 5K3eMaTO3HBIU
JlepMaTHUT, TCOpHa3, KPacHbIA BOJIOCSHOM JIMINIAH,
JIEKapCTBEHHbIE JEPMOIIATUM WIA TI'PUOKOBBIE
nHbekuu [5]. Kpome Toro, ormedarnTcs cirydaun
OZTHOBpEeMeHHOro Hajnuud y namnueHnra kak TKIIK,
TaK W 1ncopuasa [6]. PeTpocreKkTUBHBIE HCCIEIOBA-
HUS TIOKA3aJid, YTO JJIS TOCTAHOBKH OKOHYATENb-
HOTO JTMaTrHO3a MOXKET IOTPeOOBAThCA 10 4 JIET U
HECKOJIbKO Ouoricuil koxku [2]. Ha paHHUX cTagusax
3aboseBanus kieTku TKJIK npucyTCTBYIOT TOJIBKO B
HeOOJIBIIIOM KOJIMYECTBE, W aKTyaJbHOU 3ajlauer
SIBJISIETCS TIOMCK MOJIEKYJIIPHO-TEHETHYECKUX Map-
KEpOB, CIOCOOHBIX IOBBICUTH TOYHOCTH PAHHETO
pacro3HaBaHUA JaHHOU omyxosu. VcenenoBanus B
9TOM 00JIaCTH CIIOCOOCTBYIOT MOHUMAHUIO MOJIEKY-
JspHOro yaHamadTa, jgexaiero B ocHoBe TKJIK, u
BBISIBJIEHUIO HOBBIX INATHOCTUYECKUX OOMapKepPOB
[7, 8]. Y. Zhang et al. mokasasnu, uro ananus TOX u
PDCD1 ctiocoben muddepeHIIpoBaTh pAHHUN TPU-
OOBHUIHBIM MUKO3, ABJIAIONIMICI Hanbojiee 4yacTom
kauanyeckon popmoit TKIIK, ot mo6pokadecTBeH-
Horo siepmaTtuta [9]. M. Nebozhyn et al. otmeuaror,
yTO aHanu3 5 reHoB — STAT4, GATA-3, PLS3, CD1D
u TRAIL 1103BOJISIET C BBICOKOH TOYHOCTHIO HUIEHTH-
¢unuposate mnanuentoB ¢ TKJIK npu ananuze
MOHOHYKJIEAPHBIX KJIETOK Iepudepuieckoil KpOBHU
[10]. B gpyroii pabore mpejjiaraeTcs UCIOIb30Ba-
HUe aHajau3a jJKcrpeccun reHa TMEM244 xak
MIOTEHIIUAJIBHOTO  JUAarHOCTUYECKOTO  Mapkepa
KpoBH, oTnyatomiero moarunsl TKIJIK u mobpoka-
YyecTBeHHYI0 spuTpozepmuio [11]. L.V. Litvinov et al.
B CBOEM HCCJIEZIOBAHUU IOATBEPAWIN, UTO TEHBI
TOX, FYB, LEF1, CCR4, ITK, EED, POU2AF, IL26,
STAT5, BLK, GTSF1 u PSORS1C2 nuddepeniu-
QJIbHO  DKCIIPECCUPYIOTCS MEXKJY PasIMYHBIMU
TKJIK u mo6pokadecTBEHHBIMH O00pa30BaHUSAMHU
KoXxu [5].

B martorenese TKJIK y4acTBYIOT Kak reHeTuye-
CKHe, TaK U dIUreHeTnueckue pakrops [12]. Moau-
¢dukamnusa rucronos, metwauposanue J[HK u abep-
panTHas skcrnpeccusi MEKpoPHK (MmuPHK) sBis-
IOTCSI DIUTEHETUYECKUMHU COOBITUAMU, Y4YaCTBYIO-
UMY B pa3BuTuu u nporpeccupoBanun TKIIK [13].
U. Ralfkiaer et al. BoiaBuau 38 muPHK, xoTopbie
b depeHITIAIBHO SKCIIPECCUPYIOTCA MEXKAY T'PU-
OOBHUIHBIM MHUKO30M Ha PAaHHEH CTaUU U aTOIHYe-

response to treatment [4]. Diagnosis of CTCL is
often difficult because at certain stages of develop-
ment, this hematological malignancy has clinical
similarities with such non-neoplastic skin diseases
as chronic eczematous dermatitis, psoriasis, lichen
ruber, drug-induced dermopathies or fungal infec-
tions [5]. In addition, Scott et al. reported the cases
of coexistence of psoriasis and cutaneous T cell lym-
phoma [6]. Retrospective studies have shown that it
may take up to 4 years and several skin biopsies to
make a final diagnosis [2]. In the early stages of the
disease, CTCL cells are small in numbers, and the
search for molecular genetic markers that can
improve the accuracy of early diagnosis of this
tumor is an urgent task. Research in this field con-
tributes to the understanding the molecular land-
scape underlying CTCL and the identification of
new diagnostic biomarkers [7, 8]. Zhang et al.
showed that the TOX and PDCD1 analysis is capable
of differentiating early mycosis fungoides, which is
the most common clinical form of CTCL, from
benign dermatitis [9]. Nebozhyn et al. note that
quantitative PCR of 5 genes — STAT4, GATA-3,
PLS3, CD1D and TRAIL allows for reliably identifi-
cation of patients with CTCL analyzing peripheral
blood mononuclear cells [10]. Another study pro-
poses the use of the analysis of the TMEM244 gene
expression as a potential diagnostic blood marker
that distinguishes CTCL subtypes from benign
erythroderma [11]. Litvinov et al. confirmed that the
genes TOX, FYB, LEF1, CCR4, ITK, EED, POU2AF,
IL26,STAT5, BLK, GTSF1 and PSORS1C2 being dif-
ferentially expresses between different CTCL and
benign skin lesions [5].

Both genetic and epigenetic factors are involved
in the pathogenesis of CTCL [12]. Histone modifica-
tion, DNA methylation, and aberrant expression of
microRNAs (miRNAs) are epigenetic events involved
in the development and progression of CTCL [13].
Ralfkiaer et al. identified 38 miRNAs that are differ-
entially expressed between early-stage mycosis fun-
goides and atopic dermatitis, and also described the
dynamics of changes in miRNA expression levels
during CTCL progression [14]. Another authors
reported that a useful tool based on the analysis of
the expression of miRNA-155, miRNA-203 and
miRNA-205 was developed which allows for the
identification of CTCL markers in blood plasma with
high sensitivity and specificity [15].

Although a number of papers have been pub-
lished to date aimed at studying the role of miRNAs
in the development and progression of CTCL, there
are still insufficient diagnostic markers for routine
diagnosis.
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CKUM JepMaTUTOM, a TaKKe OTMETWJIN JUHAMUKY
U3MeHeHusl ypoBHeH skcrupeccunun MUPHK mpu mpo-
rpeccupoBannu TKJIK [14]. B npyrom wuccienosa-
HUH OTMEYaeTcs, YTO pa3paboTaH Kjiaccu(pUKaTop
Ha OCHOBe aHanu3sa akcnpeccuu MuPHK-155 1 oTHO-
mrennss MEPHK-203/MuPHK-205, T03BO/IAIOIINH ¢
BBICOKOW UYyBCTBUTEJIbHOCTHIO U CIEIU(MUIHOCTHIO
unentudunuponate Mapkepbl TKJIK B 11azme
KpoBu [15].

XoTsl Ha CETOMHSANIHUY JIeHb OIyOJIUKOBAH P
paboT, HaTlpaBJIeHHBIX HA u3ydyeHue posu MuPHK B
pasButuu u nporpeccuposanuu TKJIK, quarsoctu-
YEeCKHX MapKepOB JUISI PYTUHHOW JIMaTHOCTUKU BCE
ellle HeJI0OCTaTOYHO.

IMEJIb NCCJIEAJOBAHUA

Briasienue muPHK, mozBosistonux quddepeH-
nupoBaTh TKJIK oT mo6pokauecTBeHHBIX 00pa3oBa-
HUH KOKU, U OIIpefiesIeHNe UX POJIU B TeHeTUUeCKUX
MyTsX, y9acTByomux B tuMdomorenese TKIIK.

MATEPUAJIbI 1 METO/IbI

KimHauueckne oOpasupl. B uccienoBanue
BKJTIOUEHBI 5 (PUKCUPOBAHHBIX (DOPMAIITHOM U 3aJTH-
Thix mapadunom (FFPE) o6pa3noB 61MonTaToB KO-
HOTO JIOCKYTa ITalIUEHTOB C IO/ATBEPKIEHHBIM JIHa-
rHo3oM «TKJIK», a Tak:ke 20 o0OpasioB Ouomcuu
KOXK{ TaIEHTOB C YCTAHOBJIEHHBIM JIHATHO30M
«TICOpUas», KOTOpble chOPMUPOBATH KOHTPOJIHHYIO
rpymiy aob6pokadecTBeHHbIX 00pasios (10). Mare-
pua 6bLI ITOJTyUeH ¢ cobITIoieHIeM TpeOOBaHUH pOC-
CHICKOTO 3aKOHOJIATEJILCTBA, OT KAXKOTO IMaI[UeHTa
MIOJIy4YeHO MHChMEHHOe WH(MOPMUPOBAHHOE COTJIa-
cre, Bce maHHbBIe ObuIM 00e3myeHnl. Hacrosiee
WCCJIE/IOBAaHNE OZI0OPEHO STUYECKUM KOMHUTETOM
HoBocuOUpPCKOro rocyAapCTBEHHOTO MEIUITHHCKOTO
yHuBepcuTeTa (IpoTokos N2 158 oT 21.03.2024).

Boigeaenue oomeit PHK us FFPE. B mpo-
OUpKy, cofiepIKaIlyio Tpu napadpuHOBBIX cpe3a 6uo-
ITaTa TKAaHU B 00bEME 15 MKM JIJISI TIOCIIEAYIOIIEH
nenapadbUHU3ANNUH, 00ABIIAIN 1 MJI MUHEPAJIBHOTO
Macsa. 3aTeM MNPOOUPKY BCTPSXUBAIM B TEUEHHE
10 ¢ 1 THKyOUpOBaIU B TepMOIIeiikepe mpu 65 °C u
1300 00./MUH B TeueHHWe 2 MHH. 3areM 00OpPas3IbI
LIEeHTPUQPYTUPOBAIH TPHU 13 000—15 000 g B Teue-
HEe 4 MuH. HazocamouHyto KUAKOCTh VAN, HE
paspymas ocagok. K ocagky mobapysim 1 Mu1 96%
STAHOJIA, 3aT€M BCTPSAXUBAJIN B TeUeHUE 10 C U IeH-
TPpUPYTUPOBAIH TIPU 13 000—15 000 g B TeUeHUE
4 muH. Hajioca/1ouHyI0 KUAKOCTD YIAJIAIN, HE Pa3-
py1Ias ocasiok, 3aTeM J00aBJIsLIH 1 MJI 70% 3TaHOJIA
U IeHTpUQyrupoBasu npu 13 000—15 000 g B Teue-
Hue 2 MUH. I10JIy4eHHBIN 0Ca/IOK /lajiee HCII0JIb30-
BaUIH J|J151 BBIZIEJIEHUST HYKJIEMHOBBIX KUCJIOT.

AIM OF THE RESEARCH

To identify miRNAs that differentiate CTCL from
benign skin lesions and to determine their role in
genetic pathways involved in CTCL lymphoma-
genesis.

MATERIALS AND METHODS

Clinical samples. A study included 5 formalin-
fixed paraffin-embedded (FFPE) skin flap biopsy
samples from patients with a confirmed diagnosis of
CTCL, as well as 20 skin biopsy samples from patients
with a verified diagnosis of psoriasis, which formed
the control group of benign samples (BS). The mate-
rial was obtained in compliance with the require-
ments of Russian legislation, each patient provided
written informed consent, and all data were deper-
sonalized. This study was approved by the Ethics
Committee of the Novosibirsk State Medical Univer-
sity (Protocol No. 158 dated 21.03.2024).

Isolation of total RNA from FFPE. One mil-
liliter of mineral oil was added to a tube containing
three 15-um paraffin-embedded tissue biopsy sec-
tions for subsequent deparaffinization. The tube was
then shaken for 10 s and incubated in a thermoshaker
at 65°C and 1300 rpm for 2 min. The samples were
then centrifuged at 13 000—15 000 g for 4 min.
A supernatant was removed without disrupting the
precipitate. One milliliter of 96% ethanol was added
to the precipitate, shaken for 10 s, and centrifuged at
13 000—15 000 g for 4 min. The supernatant was
removed without disrupting the precipitate, then
1 ml of 70% ethanol was added and centrifuged at
13 000—15 000 g for 2 min. The obtained precipitate
was then used to isolate nucleic acids.

Each sample was added 600 pl of lysis buffer. The
samples were incubated in the thermoshaker for
15 min at 65°C. An equal volume of isopropanol and
10 pul of magnetic sorbent were then added. A solu-
tion was thoroughly mixed and kept at room tem-
perature for 5 min. After centrifugation for 10 min at
14 000 g, the supernatant was removed and the pre-
cipitate was washed with 500 pl of 70% ethanol and
300 pl of acetone. The obtained RNA was dissolved
in 290 pl of deionized water.

Selection of miRNAs. The studied miRNAs
were chosen based on the literature data. A panel of
15 miRNAs was formed: miRNA-181a, -155, -574,
-148b, -191, -26a, -21, -124, -221, -200b, -204a, -92a,
-145, let-7a and let-7d. For normalization, miRNA-
103a was used, which was selected based on [16]. All
oligonucleotides were synthesized at Vector-Best
(Novosibirsk, Russia). Oligonucleotides were
selected using the PrimerQuest tool (https://
eu.idtdna.com/ (accessed June 1, 2020)). The
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K kaxkmomy obpa3sity 100aBiisiyii 600 MKJI JIU3H-
pymotero 6ydepa. O6pasipl 6bLIH HHKYOHMPOBAHbI B
TepMollleiikepe B TeueHUe 15 MUH 1pu 65 °C. 3aTeM
ObUT 106aBIEH paBHBI 00BEM H30MPOIAHOTA U
10 MKJI MarHUTHOTO copbeHTa. PacTBop ObLI TIIa-
TeJIbHO TepeMelllaH W BBIZEpPIKaH IPU KOMHATHOH
TeMIlepaType B TeueHue 5 MUHyT. [Tocyie nenTpudy-
TUPOBAHUsA B TEUEHHE 10 MUH IIPH 14 000 g Ccymep-
HATaHT ObLI yZlaJIeH, & 0CaI0K ObLIT IPOMBIT 500 MKJI
70% 3TaHOJIAa W 300 MKJI areToHa. [losyuyeHHYIO
PHK pactBopmwin B 290 MKJ J€HOHU3UPOBAHHOU
BOJIbI.

Bob16op muPHK. Crnektp uccnenyemprx MuPHK
OB COCTaBJIEH HA OCHOBE JINTEPATYPHBIX JAHHBIX.
bruta cdopmupoBana mnanenp usz 15 MuPHK:
muPHK-181a, -155, -574, -148b, -191, -26a, -21, -124,
-221, -200b, -20a, -92a, -145, let-7a u let-7d. dsa
HopMasm3anuu ucnosab3zoanu MuPHK-103a, koro-
pas Obl1a BRIOpaHA HA OCHOBE JINTEPATYPHBIX JaH-
HBIX [16]. Bce OJIMTOHYKJIEOTH/IBI OBLITA CHHTE3UPO-
Banbl B AO «Bekrop-Becr» (HoBocubupck, Poccust).
OJIUTOHYK/IEOTHIBI OBLIM BBHIOPAHBI C IOMOIIBIO
uHcrpymenTta PrimerQuest (https://eu.idtdna.com/
(mara obpaieHus: 1 HIOHA 2020 T.)). 3HaueHune E
BapbHUPOBAJIOCH B THATIa30HE 92.5—99.7 % B 3aBUCH-
MOCTH OT UCIIOJIb3YEMOU CUCTEMBI.

O6OparHas TpaHcKkpunmnusa. s cuHTe3a
kommiemeHntapuo JIHK (x/IHK) o6parHyio
TPAHCKPUIIIAIO IMPOBOJAWJIN B 00BbeMe 30 MKIL.
PeakuoHHast cMech Ccozeplkajia 3 MKJ obpasia
PHK u 6ydepHBIi pacTBOp A1 00paTHOU TpaHC-
kpunmuu (OT) ¢ mpaiimepom OT (AO «BexTop-
Bect», HoBocubupck, Poccus). Kouuenrpamus
obmeit PHK wmaxommnace B amama3oHe 120-—
180 HI/MKJ; OITHYECKas IJIOTHOCTb 260/280 u
260/230 cocTaBisiyia >1.9 U >1.5 COOTBETCTBEHHO.
PeaknuoHHyo cMech MHKyOupoBaiu mnpu 16 °C B
TeueHUe 15 MHUH, 3aTeM Ipu 42 °C B TeueHUe
15 MUH, [IOCJI€ Yero MPOBOAUJIN TEIJIOBYIO MHAK-
TUBanuio npu 95 °C B TeUeHUE 2 MUH.

IIITP B peaJbHOM BpeMEHHU. IKCIPECCUI0
muPHK onenuBanu metrogom I111P B peassbHOM Bpe-
MEHHU C UCII0JIb30BaHHEeM cucTteMbl getekiuu CFX9g6
(Bio-Rad Laboratories, Hercules, CA, CIITA). O61uii
00BbeM KaXKAOW pEeaKIMOHHOH CMeCH COCTaBJISI
30 MKJ; peakIIMOHHAs CMeCh cojiep:kKaja 3 MKJI
k/IHK, 1x IIIIP-6ydep (AO «Bekrop-becr», Poc-
cust), 0.5 MKJI KaXK/IOTO TIpaiiMepa U 0.25 MKJI 30H7a
¢ /iBoHOUW MeTkou. ITpotokos TP 6bL1 ciiemyro-
UM: HHKyOarus npu 50 °C B TeYeHHEe 2 MUH, 3aTeEM
mpeABapuTeIbHAs JleHaTypanusa npu 94 °C B Teue-
HHE 2 MUH, 3aTeM 50 ITUKJIOB JeHaTyparuu (94 °C B
TeueHue 10 ¢), oTkura u yamuHeHus (60 °C B Teue-
HUE 20 C).

E value varied in the range of 92.5—99.7% depending
on the system used.

Reverse transcription. For complementary
DNA (cDNA) synthesis, reverse transcription was
performed in a volume of 30 pl. A reaction mixture
contained 3 pl of RNA sample and a buffer solution
for reverse transcription (RT) with RT primer (Vec-
tor-Best, Novosibirsk, Russia). The concentration of
total RNA was in the range of 120—-180 ng/ul; the
absorbance of 260/280 and 260/230 was >1.9 and
>1.5, respectively. The reaction mixture was incu-
bated at 16°C for 15 min, then at 42°C for 15 min,
finally, heat inactivation was performed at 95°C for
2 min.

Real-time PCR. The miRNA expression was
detected by real-time PCR using a CFX96 detection
system (Bio-Rad Laboratories, Hercules, CA, USA).
The total volume of each reaction mixture was 30 pl;
the reaction mixture contained 3 pl cDNA, 1x PCR
buffer (Vector-Best, Russia), 0.5 pul of each primer,
and 0.25 pl of a double dye probe. The PCR protocol
was as follows: incubation at 50°C for 2 min, then
pre-denaturation at 94°C for 2 min, then 50 cycles of
denaturation (94°C for 10 s), annealing, and exten-
sion (60°C for 20 s).

Statistical analysis. The analysis was per-
formed using the Mann-Whitney U-test and Statis-
tica v13.1 software. Values of p less than 0.05 were
considered statistically significant. Diagnostic values
were assessed using ROC analysis and IBM SPSS
software.

RESULTS

Comparative analysis of miRNA expres-
sion levels between CTLC and benign sam-
ples. The comparative analysis of miRNA expres-
sion levels between CTLC and BS showed a statisti-
cally significant increase in the levels of miRNA-181a,
-155, -574, -148b and miRNA-191 in tumor samples
(p < 0.05) (Table 1). Below, we will consider miRNAs
for which the median expression levels between
CTLC and BS differ by more than 2 times.

To investigate the possibility of using miRNA-
181a and miRNA-155 as new potential biomarkers
for the differential diagnosis between CTCL and BS,
we performed ROC analysis for two selected cohorts.
Fig. 1 shows the ROC curves for miRNA-155 and
miRNA-181a, and Table 2 presents the AUC, sensi-
tivity, and specificity values of the studied biomark-
ers. The results indicate that miRNA-155 and
miRNA-181a are highly sensitive and specific mark-
ers for the diagnosis of primary CTCL.

Analysis of the miRNA-mRNA interaction
network. Next, we performed bioinformatic analy-
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Cratucrtuueckuii aHammu3. AHAIU3 OBUI
BBITIOJIHEH € UCcnoJIb30BaHueM U-kputepusa ManHa —
YutHu Ha mnporpaMMHOM matdopme Statistica
v13.1. 3HaUYeHUs p MeHee 0.05 CIUTAIUCH CTATUCTU-
YecKH 3HAYMMBIMHU. J[MarHOCTHYECKHe 3HaYeHUs
ObpUIH OIleHEeHBI ¢ moMoIbio ROC-aHanu3a Ha mpo-
rpammHoO# nmatgopme IBM SPSS.

PE3YJ/IBTATDBI

CpaBHUTEJBHBII aHAJAU3 YPOBHEH JKC-
npeccun MuPHK me:xay oopasmamu TKJIK u
J10. CpaBHUTEIBHBIN aHATNU3 YPOBHEN SKCIPECCUU
MuPHK mexny obpasumamu TKJIK u /IO moxazan
CTaTUCTUYECKN 3HAYMMOE YBEJIUYEHHE YpPOBHEH
muPHK-181a, -155, -574, -148b u MuPHK-191 B ormy-
X0JIEBBIX obpasiax (p < 0.05) (tabs. 1). [lasee Mbl
oynem paccmatpuBath MUPHK, 1711 KOTOpPBIX Menu-
aHHbIE 3HAYEHWUS YPOBHEH OKCIIPECCUH MEXKIY
TKJIK u 1O pasimyatorces 6oJyiee ueM B 2 pasa.

JJ1s1 uccyieoBaHUs BO3MOXKHOCTU HCITOJIH30Ba-
Husa MmuPHK-181a u MmuPHK-155 B KauecTBe HOBBIX
MIOTEHITHAJIBHBIX OMOMapKepoB s muddepeHIu-
anmpHOU guarHoctuku TKJIK u IO MBI mpoBenn
ROC-ananu3 B 1ByX BbIOpaHHBIX KOTOpTax. Ha puc. 1
nokazanbl ROC-kpussle 11a MuPHK-155 u MuPHK-
181a, a B Tab.1. 2 mpezicTaBiiensl 3HaueHusa AUC, uyB-
CTBUTEJIbHOCTH U CIENU(PUUYHOCTH TECTUPYEMBIX
O6uoMapkepoB. Pe3ysibTaThl IIOKa3bIBAIOT, YTO
muPHK-155 u MuPHK-181a sABiAI0TCS BBICOKOUYB-
CTBUTEJIbHBIMH W CIEITU(PUIHBIMUA MapKepaMu JJist
nuar"Hoctuku nepsuynort TKIIK.

sis for the target genes of miRNA-155 and miRNA-
181a, which were statistically significantly associated
with the diagnosis of CTCL. The data on miRNA tar-
get genes involved in such biological pathways as
Pathways in cancer, Cell cycle, Apoptosis and T cell
receptor signaling were obtained from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) data-
base. We identified a total of 85 experimentally con-
firmed targets using MirTarbase v9.0, of which
64 genes are involved in the regulation of cancer-
associated pathways. It is significant that some of the
target genes are controlled by both miRNAs. Thus,
the genes KRAS, CDKNiB, STAT3, PTEN, FOS,
SMAD2, ETS1, CTNNB1 are regulated by both
miRNA-155 and miRNA-181a. The obtained data are
presented using the capabilities of the miRNet 2.0
resource (Fig. 2). MiRNet is a miRNA-centric net-
work visual analytics platform (https://www.mirnet.
ca/miRNet/home.xhtml).

DISCUSSION

The comparative analysis of miRNA expression
levels between CTCL and benign samples showed a
statistically significant increase in the levels of
miRNA-181a, -155, -574, -148b and miRNA-191 in
tumor samples (p < 0.05).

Blood cell division and maturation occur during
an intensive and complex process known as hemato-
poiesis, which can be regulated by various mecha-
nisms, including miRNAs [17]. Georgantas et al.
showed that miRNA-17, -24, -146, -155, -128, and

Ta6suna 1. CpaBHUTEIbHBIN aHaIU3 YypoBHel akcnipeccun MUPHK Mexx iy o6pasuamu T-k1eToYHOH TIUMQOMBI KOXKH

Y 106pOKayeCTBEHHbBIMU 00pa3IaMu

Table 1. The comparative analysis of miRNA expression levels between cutaneous T cell lymphoma and benign samples

Paszsinuue ypoBHe#H 3Kcnpeccuu

LS Difference in expression levels p

mMuPHK-181a / miRNA-181a 2.68 0.001129
MuPHK-155 / miRNA-155 2.51 0.006716
MuPHK-574 / miRNA-574 1.58 0.008916
MuPHK-148b / miRNA-148b 1.38 0.024250
MUPHK-191 / miRNA-191 1.36 0.004933
MuPHK-26a / miRNA-26a 1.35 0.363042
MuPHK-21 / miRNA-21 1.01 0.800618
MuPHK-124 / miRNA-124 -1.43 0.129632
MuUPHK-221 / miRNA-221 1.01 0.587358
MuPHK-200b / miRNA-200b -1.78 0.079586
MuPHK-20a / miRNA-20a -1.13 0.363042
MuPHK-92a / miRNA-92a -1.13 0.971262
MuPHK-145 / miRNA-145 1.05 0.587358
let-7a 1.33 0.150435
let-7d 1.27 0.325181
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Puc. 1. ROC-xpusble 111 MuPHK-155 (A) 1 MuPHK-181a (B) mpu nuddepeHinaabHON TUATHOCTHKE
Mexay T-kaeTouHo# TuMGpOMOU KOXKHU U I0OPOKaYeCTBEHHBIMU 00pa3iaMu
Fig. 1. ROC curves for miRNA-155 (A) and miRNA-181a (B) in the differential diagnosis between cutaneous
T cell lymphoma and benign samples

Anamus ceru B3aumopaeincrsua MmuPHK —
MPHK. Jlasiee MbI mpoBesu 6HOMH(POPMATHIECKUH
aHau3 1eneBbix renoB MuPHK-155 u MuPHK-181a,
CTAaTHUCTUYECKN 3HAUYMMO CBS3aHHBIX C JUATHOCTH-
kot TKJIK. 13 6a3sl ganubix Kyoto Encyclopedia of
Genes and Genomes (KEGG) mosiyueHbl JJaHHBIE O
reHax-muineHsx MuPHK, BoBjieueHHBIX B Takue
6uosornueckue mytH, kak Pathways in cancer, Cell
cycle, Apoptosis u T cell receptor signaling. Msl
UIeHTU(PUIUPOBAIIU B O0IIIEH CIIOKHOCTU 85 IKCIIe-
PUMEHTAILHO MOATBEPK/IEHHBIX MUIIIEHEH ¢ IIOMO-
mpio MirTarbase v9.0, U3 HUX 64 reHa y4acTBYIOT B
PEryJisiiiuil TyTeH, acCOIUUPOBAHHBIX C PAKOM.
CTOUT OTMETUTbh, UTO YACTh '€HOB-MUIIEHEN HaXO-
nutrest moj, koHtposieM obeunx MuPHK. Tak, reHbl
KRAS, CDKN1B, STAT3, PTEN, FOS, SMAD2, ETS1,
CTNNB1 perynupywores kak MuUPHK-155, Tak u
muPHK-181a. [TosyyeHHble faHHBIE TTPE/ICTABIEHBI
C UCIOJIb30BAaHWEM  BO3MOXKHOCTEH  pecypca
miRNet 2.0 (puc. 2). MiRNet npesacrasisier coboi
wiaThopMy BU3yaTIbHON aHAMUTHKH ceTu MHPHK
(https://www.mirnet.ca/miRNet/home.xhtml).

-181a orchestrate the differentiation of hematopoi-
etic stem cells, noting the special role of miRNA-155
in the regulation of myelopoiesis and erythropoiesis
[18]. Another authors reported that miR-181a regu-
lates erythroid cell enucleation via the regulation of
Xpo7 expression [19]. MiRNAs are regulators of nor-
mal hematopoiesis; therefore, their aberrant expres-
sion can contribute to the development of hemato-
logical malignancies [17].

In addition to the fact that miRNAs regulate
erythropoiesis, megakaryopoiesis, and granulopoi-
esis, they are also important participants in the dif-
ferentiation pathway of B and T lymphocytes [20].
Rodriguez et al. found that miRNA-155 plays a key
role in lymphopoiesis and function of the immune
system [21]. Seddiki et al. showed that miRNA-155
has a high level of expression in both B and T cells
and is involved in the formation of the transcrip-
tome of lymphoid cells and, in particular, in the dif-
ferentiation of T cells [22]. Tan et al. found that
miRNA-155, -181b, -15a, -16, -15b, -34a, -9, -30, let-
7a, -125b, -217 and miRNA-185 modulate the

Ta6una 2. 3navenusi AUC, 4yBCTBUTENbHOCTHU U cienuouyHocTH st MUPHK-155 u MuPHK-181a npu
nuddepeHIHaIbHON AUATHOCTHKE MeXAY T-KJIeTOUHOH TMMPOMOM KOXKHU U A,06poKaueCTBEHHBIMU 06pa3naMu
Table 2. AUC, sensitivity, and specificity values for miRNA-155 and miRNA-181a in the differential diagnosis between

cutaneous T cell lymphoma and benign samples

YyBCTBUTEJILHOCTD / Sensitivity, %

CnenuduaHocts / Specificity, %

MuPHK / miRNA AUC
MUPHK-155/miRNA-155 0.889 80
MUPHK-181a/miRNA-181a 0.95 80

83
84
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Puc. 2. Anayiu3 renoB-muiieHeir MuPHK-155 u MuPHK-181a ¢ ucnoss3oBanuem miRnet 2.0.
Cunue pom6b1 — MuPHK, cepble 1 ¢proieToBble pOMObI — UX TeHbI-MHUIIIEHU
Fig. 2. The analysis of miRNA-155 and miRNA-181a target genes using miRnet 2.0.
Blue diamonds are miRNAs, gray and purple diamonds are their target genes

OBCYKIAEHUE

CpaBHUTEBHBIA aHAJTU3 YPOBHEU SKCIIPECCHH
MuPHK mexay obpasmamu TKJIK u JIO moxasan
CTaTUCTUYECKU B3HAYMMOE YBEJIUYEHHE YPOBHEH
muPHK-181a, -155, -574, -148b u MmuPHK-191 B ormy-
X0JIEBBIX 0Opa3siiax (p < 0.05).

[enenre u co3peBaHNe KJIETOK KPOBU ITPOUCXO-
JISIT B XOJle MHTEHCUBHOTO W CJIOKHOTO IIPOIlecca,
U3BECTHOTO KaK reMOII033, KOTOPBIN MOKET PEryJIH-
poBaTbCA PA3JIMYHBIMU MEXaHU3MAaMH, BKJIOYast
muPHK [17]. R.W. Georgantas et al. mokasasiu, 4To
MuPHK-17, -24, -146, -155, -128 u -181a KOHTpOJIN-
pyor guddepeHIPOBKY T'eéMOIIO3TUUYECKUX CTBO-
JIOBBIX KJIETOK, OTMETUB 0co0yt0 posb MuPHK-155 B

expression of genes involved in B-cell maturation
[23]. Grigoryev et al. identified 71 miRNAs differen-
tially expressed during the immune response, in
particular, 12 miRNAs with increased expression:
miRNA-221, -210, -98, -29b, -155, -218, -455, -449,
-548d, -222, -132, and -18a and miRNAs with
decreased expression: miRNA-181a, -223, -224,
-150, -146b, -126, -127, -376a, -100, -99a, -125b,
and -26a in activated T lymphocytes [24]. Dynamic
changes in miRNA production may be an important
regulator of gene expression during T cell differen-
tiation [25]. Li et al. described significant dynamics
of miRNA-181a expression during T cell maturation

[26]. The level of miRNA-155 expression is regu-
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PEryJIsIIUY MUEeJIONos3a U 3puTporos3a [18]. B apy-
TOM HCCJIEIOBAHUU OTMeYeHO, uTo miR-181a pery-
JIMPYeT SHYKJIEAIUIO SPUTPOUTHBIX KIETOK ITOCPE/I-
CTBOM PEryJISANUU dKcrpeccuu Xpo7 [19]. MuPHK
SIBJISIOTCS PETYJIATOPAMU HOPMAJIBHOTO KPOBETBO-
peHus, CJIeJIoBaTebHO, UX abeppaHTHasA HKCIIpec-
CHs MOKET CIIOCOOCTBOBATh PA3BUTHIO T€MAaTOJIOTH-
YeCKUX OIyXoJsel [17].

I[Tomumo Toro uto MuPHK perynupyroT sputpo-
11033, MErakapuolios3 U TPaHyJION033, OHU TaKKe
SABJISIIOTCS BAXKHBIMHM yJYacTHUKaMU myTu audde-
peHnupoBku B- u T-mumdoruros [20]. A. Rodriguez
et al. ycranosuin, uro MmuPHK-155 urpaer xiode-
ByI0O poJib B JsiuMdoros3e U GyHKIIMOHUPOBAHUU
uMMyHHOI crcteMbl [21]. N. Seddiki et al. mokasasnu,
uyro MuPHK-155 nmeeTr BBICOKUI YPOBEHBb HKCIIPEC-
cuM Kak B B-, Tak u T-kjeTkax u ygyactByeT B popMu-
POBaHUM TPAHCKPHUIITOMA JIMM(POUIHBIX KJIETOK U, B
yacTHOCTH, B nuddepeniuposke T-kierox [22].
L.P. Tan et al. ycranoBwiu, uto MmuPHK-155, -181b,
-15a, -16, -15b, -34a, -9, -30, let-7a, -125b, -217 u
MuPHK-185 MoyiupyIOT 5KCIpeccuio reHoB, y4a-
CTBYIOIIMX B  co3peBaHuW  B-wierok  [23].
V.A. Grigoryev et al. BoiaBuiu 71 MuPHK, nudde-
PEHIIUAIBHO 9KCIIPECCUPYIOLLYIOCA IPU UMMYHHOM
OTBETE, B YacTHOCTHU, 12 MUPHK c OBBIIIEHHON DKC-
npeccueit: MuPHK-221, -210, -98, -29b, -155, -218,
-455, -449, -548d, -222, -132 u -18a u MuPHK c¢
MOHIKEHHOU sKcmpeccued: MuPHK-181a, -223,
-224, -150, -146b, -126, -127, -3764a, -100, -99a, -125b
U -26a B aKTUBUPOBaHHBIX T-mumdonutax [24].
JnHamuyeckre usMeHeHus B npoayknuu MuPHK
MOTYT OBITb BaKHBIM PETYJISATOPOM OKCIPECCUH
reHOB BO BpeMms nuddepernupoBku T-kieTok [25].
Q.J. Li et al. onucasu cyniecTBEHHYIO JUHAMUKY 9KC-
npeccun MuPHK-181a Bo Bpema co3peBaHusa
T-xsetok [26]. YpoBenb MuPHK-155 perynupyercs
Ha  pa3auuHbIX craausax  AuddepeHnupoBKU
T-xeTok [27]. B apyrom wucciaenoBaHUU OTMeYa-
erca, uro MuPHK-181a yuactByeT B pa3BUTHU U
aktTuBanuym  T-KJIeTOK U  NIPOTUBOBUPYCHBIX
T-KJIETOYHBIX peaKIUAX, & CHHKEHHE SKCIPECCUHU
MuPHK-181a B T-mumdonurax MoKeT crocoOCcTBo-
BaTh BOBHUKHOBEHUIO BO3PACTHBIX /1eHEKTOB a/1al-
TuBHOTO UMMyHHTeTa [28]. MUPHK siBiistoTCSI KTHO-
YeBBIMU PEryIATOPaMH IIMPOKOTO clieKTpa dyHza-
MEHTAJIbHBIX KJIETOYHBIX IIporeccoB [29]. ITpu aTom
HapylleHUe aKTUBAI[UH F€HOB, YYaCTBYIOIIUX B IIPO-
sudepanuu KiaeTok, [uddepeHIIMpOBKe WIH alloll-
TO3€, CBA3aHO C BOBHUKHOBEHUEM U IIPOTPECCUPOBA-
HUEM IeJIOTO psifia omyxosieid. Takum o06pasom,
MuPHK MOTyT BBINOJHATH POJIb OHKOTEHOB HJIN
CYIIPECCOPOB OILyX0JIeH, B 3aBUCUMOCTH OT QYHKIINH
TeHOB-MHUIIIeHeH, KOTOPbIe OHU PETYJIUPYIOT [30].

lated at different stages of T cell differentiation [27].
Another authors showed that miRNA-181a is
involved in the development and activation of T
cells and antiviral T cell responses, and a decrease
in miRNA-181a expression in T-lymphocytes can
contribute to age-related defects in adaptive immu-
nity [28]. MiRNAs are key regulators of a wide
range of essential cellular processes [29]. Moreover,
deactivation of genes involved in cell proliferation,
differentiation, or apoptosis is associated with the
occurrence and progression of a number of tumors.
Thus, miRNAs can act as oncogenes or tumor sup-
pressors, depending on the regulated function of
the target genes [30].

We performed bioinformatic analysis and
found that miRNA-155 and miRNA-181a regulate
64 target genes related with cancer-associated bio-
logical pathways, with 8 genes — KRAS, CDKN1B,
STAT3, PTEN, FOS, SMAD2, ETS1, CTNNB1 are
regulated by both miRNAs. PTEN is one of the
most frequently inactivated tumor suppressor
genes, and changes in PTEN levels are observed in
a wide range of human cancers, including hemato-
logical malignancies [31]. A decrease in PTEN lev-
els was detected in T cell acute lymphoblastic leu-
kemia, diffuse large B cell lymphoma, and mantle
cell lymphoma [32]. The ETS1 proto-oncogene is a
transcription factor that is essential to the lym-
phoid cell development and functioning. Its role as
both an oncogene and a suppressor is noted
depending on the type of lymphoma, as well as the
importance of a cellular landscape in the function
of ETS1 [33]. To date, the role of STAT3 as a medi-
ator of development, normal physiology, and
pathology of many diseases, including cancer, has
been well studied [34]. STAT3 is an oncogenic
driver in several types of B cell lymphoma and
most T cell lymphomas [35]. Sommer et al. showed
that STAT3 is an oncogene and protects CTCL
tumor cells from apoptosis [36]. In addition,
STAT3 can operate as an oncogene in CTCL by
inhibiting the expression of miRNA-22, which is a
tumor suppressor [37]. The development and pro-
gression of CTCL is based on a complex cascade of
signaling pathways involving both miRNAs and
their target genes, and changes in these signaling
networks promote malignant proliferation and
survival and migration of T cells, inflammation
and suppression of immune regulation of malig-
nant T cell clones, forming a special microenviron-
ment in the affected skin areas, that stimulates
disease progression [38, 39]. Further studies of
miRNA-mRNA interactions will expand our
knowledge of the pathogenesis of CTCL.
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Ms! mpoBest OGMOMH(POPMATHIECKUN AHAIN3 U
BBIABWIM, 4YTO 1o KoHTposeM MuPHK-155 u
muPHK-181a HaxogaTcsa 64 reHa-MuIlleHu, KOTOPbIE
CBSI3aHBI C OHMOJIOTUUECKUMU IYTSMH, aCCOIUUPO-
BaHHBIMHU C pakoM, npu 3ToM 8 reHoB — KRAS,
CDKN1B, STAT3, PTEN, FOS, SMAD2, ETS1,
CTNNB1 HaxonsTcs 1moj, KouTposaeM obeux MuPHK.
PTEN saBisieTcs OQHAM 13 HanboJIee 4acTo MHAKTH-
BUPYEMBIX T€HOB-CYIIPECCOPOB OIYXO0JIeH, U U3MEHe-
Hue ypoBHell PTEN HabofjaeTcs B IIUPOKOM CITEK-
Tpe BUJIOB paKa y ues0BeKa, BKJII0Uasi reMaToJIoTu-
yeckue narosoruu [31]. CHukeHue ypoBHsa PTEN
oTMeueHO Tpu T-KJIeTouyHOM ocTpoM JuMdobacT-
HOM JIeiko3e, Juddy3HOH B-KpyIHOKIETOUHOHU
aumdome, MaHTHHHOKJIETOUHOU Jumdome [32].
[Iporooukoren ETS1 sBisiercs ¢GakTOpoM TpaHC-
KPHIIIUU, HEOOXOAUMBIM JJII PA3BUTHA U (PYHKITH-
OHUPOBAHUSA JIUMQPOUIHBIX KJIETOK. OTMeYaeTCs ero
POJIb KaK OHKOTEHA, TaK M CyIpeccopa B 3aBUCHUMO-
cTtd oT Tumna JuMdoM, yKasblBaeTcsi Ha BaXKHOCTh
KJIeTOYHOro KoHTekcra B ¢ynknuu ETS1 [33]. Ha
CeTOHANIHUH IeHb X0POo1lIo u3ydeHa posiib STAT3 B
KauyecTBe MeJIATOPa Pa3BUTHSA, HOPMAJIbHOU HU3H-
OJIOTUM W TATOJIOTHM MHOTHX 3a00JIeBaHUH, BKIIIO-
vas pak [34]. STAT3 siByisieTcss OHKOT€HHBIM JIpaii-
BEPOM B HECKOJIbKUX THIIAX B-K1eTOUHOH TUM(POMBI
u OospuinHeTBe T-kiaerouHbix Jjgumdom [35].
V.H. Sommer et al. mokazanu, uto STAT3 siByisieTcs
OHKOT€HOM M 3alluliiaeT onyxosieBble kietku TKIIK
or amomnTo3a [36]. Kpome toro, STAT3 MoKeT
BBIIIOJIHATH CBOIO posib OHKoreHa npu TKJIK 3a cuer
nojiaByieHus skcnpeccur MuPHK-22, apisiomerics
cympeccopoM omyxosiel [37]. B ocHoBe pa3Butus u
nporpeccupoBanus TKJIK JIeKUT C/I0KHBIN KacKas
CUTHAJIBHBIX ITyTeH, BKIoUamImux kak MuPHK, tak
Y UX TeHbI-MHIIIEHH, 1 U3BMEHEHUS B 3TUX CUT'HAJIb-
HBIX CETSIX CITOCOOCTBYIOT 3JI0OKAUECTBEHHOU ITPOJIHU-
¢epanuu U BBDKUBAHUIO U MUTpanuu T-KJIETOK,
BOCIIJIEHUIO U TIO/IABJIEHUI0 UMMYHHOHN PEryJIsAIiuu
3JIOKQUECTBEHHBIX KJIOHOB T-KJIETOK, cO3/1aBast B
30HE KOJKHBIX IMODPAKEHUH O0COOYI0 MHKDPOCPENY,
KOTOpasi CTUMYJIUPYET MPOTPECCUpOBaHUe 3a0o0Jie-
BaHus [38, 39]. JlaspHele uccieI0BaHNS B3au-
moperictBuil MuPHK — MPHK mo3BosiAT paciuvupuThb
3HaHus B o0acTu natorenesa TKIIK.

Ha ocaoBe ROC-anasmza MbI IIOKa3ajd, 4TO
muPHK-155 u MmuPHK-181a sBasAI0TCS BBICOKOUYB-
CTBUTEJIBHBIMH U CIIENU(PUUHBIMUA MapKepamMu JJis
auaraoctuku TKIIK.

Ha ceropHsAIHuN eHb He BI3bIBA€T COMHEHUS,
yrto MuPHK SBSIOTCS MepCneKTUBHBIMU OGrOMap-
KepaMu Il PAaHHETO BBISABJIEHUS W OIEHKU IIPO-
THO3a B-KJIETOUHBIX HEXOJKKUHCKUX B3JIOKaue-
crBeHHBIX tuMPpom (B-HX3JI) [40]. OcHOBHOI Mac-

Based on ROC analysis, we showed that miRNA-
155 and miRNA-181a are highly sensitive and specific
markers for the diagnosis of CTCL.

There is currently no doubt, that miRNAs are
promising biomarkers for the early diagnosis and
assessing the B cell non-Hodgkin’s lymphomas
(B-NHL) prognosis [40]. The main data set obtained
is based on the study of B-NHL, and papers focusing
on the role of miRNAs as biomarkers of CTCL are
significantly smaller.

Talaat et al. demonstrated that miRNA-93 is an
additional diagnostic tool that will allow for early
diagnosis of mycosis fungoides [41]. Serensen et al.
described differential expression of miRNA-155,
-142, and miRNA-146b when comparing mycosis
fungoides with psoriasis-related skin lesions [42].
Ralfkiaer et al. developed a score based on the analy-
sis of miRNA-155, -203, and miRNA-205 expression
levels with high specificity and sensitivity for differ-
ential diagnosis between CTCL and non-neoplastic
skin diseases [16]. Shen et al. propose using a combi-
nation of miRNA-155, -200b, -203, -142 and miRNA-
130b to verify CTCL and benign inflammatory der-
matosis [43].

Drawing a parallel between the data published
already and the miRNA spectrum in our study, we
can conclude that we also observe a statistically sig-
nificant increase in the expression of miRNA-155
(p < 0.05). At the same time, we did not find signifi-
cant changes in the expression of miRNA-200b in
the tumor substrate of T cell non-Hodgkin’s lympho-
mas with primary skin lesions.

CONCLUSION

Generally, despite the search for prognostic
markers in CTCL is a present-day and relevant
task of molecular biology, the data obtained have
not yet been integrated into routine clinical prac-
tice. To validate the data obtained, multicenter
studies are needed, including large analysis set.
The study of a great number of molecular bio-
markers involved in the pathogenesis of CTCL
will allow the development of a more advanced
diagnostic system and personalization of cytore-
ductive therapy.
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CUB IIOJIyYeHHBIX JAaHHBIX OCHOBAaH Ha HCCJIE/IOBa-
Huu B-HX3JI, u 3HaUUTENbHO MEHbIIlE HAYYHBIX
pabor, HampaBJIeHHbIX Ha usydeHue posu MuPHK
kak 6momapkepoB TKJIK.

I.M. Talaat et al. mokazasnu, yro MuPHK-93 mipen-
cTaBjseT coOOH IOMOJHUTEIBHBIN JUArHOCTUYE-
CKUH WHCTPYMEHT, KOTOPBIM IIO3BOJIUT IPOBOJUTH
PaHHIOK JIMAaTHOCTUKY IPUOOBUHOTO MHUKO3a [41].
S.T. Serensen et al. ormerniu auddepeHnnANTBHYIO
skcnpeccuio MuPHK-155, -142 u MmuPHK-146b nipu
CpaBHEHUH T'PUOOBUAHOTO MUKO3a C TOPAKEHUAMU
koxxu 1pu ncopuase [42]. U. Ralfkiaer et al. paspa-
6ortanu xiIaccuuKaTop, OCHOBAHHBIN Ha aHAIU3E
ypoBHel skcrpeccuu MUPHK-155, -203 u MmuPHK-
205, C BBICOKOU CHENU(MUIHOCTHIO U UyBCTBUTEH-
HOCTBIO Ui AuddepPEeHIUATBHON JINaTHOCTUKHA
mexxay TKJIK 1 HeomyxosieBbIMU 32001€BAaHUSIMHU
koxku [16]. X. Shen et al. mpeaararoT ucoIb30BaTh
kombOuHaruio MuPHK-155, -200b, -203, -142 u
MuPHK-130b s Bepudukanuu TKIIK u 106poka-
YeCTBEHHOTO BOCIIAJIUTEIHLHOTO JiepMaTo3a [43].

[TpoBoasa mapasiens ¢ y»Ke OIMyOJTHKOBAHHBIMU
JaHHbIMU U cuektpoM MUPHK, nipoananusuposaH-
HBIM B HACTOSIIEM HCCIIEJOBAHUU, MOXKHO CJI€JIaTh
BBIBOJI, UTO MBI TaKKe HAOJII0aeM CTaTHUCTUUECKH
3HauYMMoe yBeJMn4eHne ypoBHA skcnpeccuu MuPHK-
155 (p < 0.05). BmecTe ¢ TeM HaMU He OTMEUYEHO 3Ha-
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