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Pe3lome

Iens. BeissBuTh Harbosiee 1ieiecoobpasHble [yist
yI1yO/IeHHOTO M3yuUeHUsl TaToreHeTHUYecKre Mexa-
HU3MbI pear3aliiy TPOTHUBOOITYX0JIeBOTO U aH-
TUMeTaCTaTUYeCKOTrO JIeHCTBUSI TeCTHUPYeMbIX M-
OpU/IHBIX OJIOBOOPraHUUECKUX COEAUHEHWH C MOo-
MOLIBI0 UMMYHOTUCTOXUMHUUECKOTO MeTOZa.

Marepuasnbl 1 MeToAbl. B KauecTtBe TecTupye-
MOTr0o Ccoe/jHeHUs1 ObUIO MCCIe/joBaHa CyOCTaHIMs
6uc(3,5-aqu-TpeT-0yTin-4- TUAPOKCU(EHUITHOAT)
auMetusionoBa (ylabopatopHbii mmdp Me-3), or-
HOCAIIASICA K K/IAacCy TMOPH/IHBIX OJIOBOOPraHUyYe-
CKMX COeJVHEeHWH. DKCIepUMeHTasIbHasl 4acTb Bbl-
noiHeHa Ha 30 mbiax ymaA C57Bl/6 (camkm) ¢
WCII0/Tb30BaHKEM YHUBEPCAIbHON MOJeNU TepeBu-
BaeMbIX OITyXOJieli CO CIIOHTaHHbIM MeTacTa3upoBa-
HHeM — MenaHoMbl B16. Yepes 48 uacoB noce ne-
PEBUBKM OITyXOJIEBBIX KJIETOK MbIIIaM-CaMKaM JIH-
uun C57Bl/6 Me-3 BBOAWIM BHYTPUOPIOIIMHHO
1 pa3 B cyTku B TeueHue 10 aHel B CyMMapHOU J10-
3e (CH) 375 mr/kr. st MOpdhonoruuecKoro aHau-
3a ObUT UCIO/Ib30BaH MEePBUUHBIN OMyXOJEBbIN y3es
MesaHomMbl B16, roAroroBka TkaHeli Obuia TipoBezie-
Ha IO CTaH/|apTHOM cxeMe. VIMMyHO(eHOTHITPOBa-

HHe 00pa3I[0B TKaH! MeJlaHOMbI B16 Mbiied, Tiomy-
YeHHBIX B JKCIIEPUMEHTe, TPOBOJM/IM C HCIIO/IB30-
BaHHeM MepBUuHbIX aHTuTen: Polyclonal Antibody
to Transforming Growth Factor Beta 1 (TGFb1)
(Elabscience, dilution of 1:100), Vascular Endothelial
Growth Factor A (VEGFA) (Elabscience, dilution
of 1:200), Polyclonal Antibody to Bcl2 Associated
X Protein (Bcl2) (Elabscience, dilution of 1:100),
Polyclonal Antibody to Cluster Of Differentiation 34
(CD34) Elabscience, dilution of 1:200).

Pe3ynbrarbl. B Halliem rccienoBaHuy mof Aeii-
CTBUEM THUOPHUIHOTO OJIOBOOPraHUUECKOTO COe[M-
HeHus1 (Me-3) B OMyXo/eBOM TKaHU aKTUBHOCTb
MMMYHOTHICTOXUMHUYECKOW peakLy C aHTUTelaMy
K TGF-B1 u Bcl-2 cHwkanach, MoarbHUKaLUsS TIPO-
1jecca 06pa30BaHusI TIATOJIOTMUECKUX HOBBIX KPOBe-
HOCHBIX COCY/IOB U COCYAOIOAO0OHBIX CTPYKTYpP U3
OITyXO0JIEBBIX KJIETOK OTMeUasach TOLKO B METPO-
HOMHOM peKuMe BBeZieHus1 Me-3 (1eCATUKPATHO, B
HU3KOMU I03UPOBKE).

3aksmouenue. [lo pesynbTaraM IIOMCKOBOIO
MMMYHOTUCTOXUMUUECKOTO UCCIeZl0BaHUS TKaHU
MesiaHoOMbl B16 Mmblilieit rnpy BBejeHUU THUOPU/-
HBIX OJIOBOOPraHUYeCKHX COeJUHEHUN Haubosee
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1jes1eco00pasHbIMU il YIIyO/IEHHOTO U3YyUeHwUst
ObLM BBIOPAHBI /IBa MTATOTEHETUUECKUX MeXaHH3-
Ma peaiv3arniy MPOTHUBOOITYXO0JIEBOTO 1 aHTHMe-
TacTaTUYeCKOro /IeHCTBUsI TeCTUPYEMBIX COeZHe-
HUH: arionToTHUeCKUi ¥ aHTMHEeOAHTHOTeHeThye-
ckuit. st Haubonee 3¢deKTUBHOTO JOKIUHUYE-
CKOT0 0TOOpa HOBBIX MIEPCIIEKTUBHBIX COeJUHEHHH
C TIpeAriosaraeMbiM TIPOTHBOOITYXOJIEBBIM J1eli-
CTBHEM HeoOXOUMO PacLIMpPSATh TPAHUL[BI TPHUMe-
HeHus crierdrueckux Mopdosornyeckux MeTo-
[IOB, B TOM YHCJIe ¥ UMMYHOTHCTOXUMHYECKUX.

ORIGINAL RESEARCH

KiroueBble c/10Ba: [JOKIMHAYECKHE HCCIIEO0-
BaHWsI, ITPOTHUBOOITYX0JIeBbIE JIeKaPCTBEHHbIE Cpef-
CTBa, UIMMYHOTHCTOXHMMUSI, MOP(OJIOTHUECKUH Me-
TOJI, TMOPUZHBIE 0OJIOBOOPTaHUUECKHE COEIUHEHMSI.

KoHdukT uHTEpecoB

ABTOpBI [1eK/IapUPYIOT OTCYTCTBUE SIBHBIX U T10-
TeHLMabHbIX KOH(IMKTOB UHTEPECOB, CBS3aHHBIX
¢ yO/MKaLyiel HacTOsIIIel CTaTby.
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Abstract

Aim. To identify the most suitable pathogenetic
mechanisms for in-depth study of the antitumor and
antimetastatic effects of tested hybrid organotin com-
pounds using the immunohistochemical approach.

Materials and Methods. Here, we tested
bis(3,5-di-tert-butyl-4-hydroxyphenylthiolate)  di-
methyltin (laboratory code Me-3), belonging to the
class of hybrid organotin compounds, on 30 female
C57Bl/6 mice using a universal model of transplant-
able tumors with spontaneous metastasis (B16 mela-
noma). 48 hours after tumor cell transplantation, we
intraperitoneally administered Me-3 once daily to fe-
male C57Bl/6 mice for 10 days at a total dose (TD) of
375 mg/kg. For histological analysis, we used the pri-
mary tumor node of B16 melanoma. Immunopheno-
typing of B16 melanoma tissue samples was carried

out using the polyclonal antibodies to transforming
growth factor beta 1 (TGF(-1), vascular endothelial
growth factor A (VEGFA), Bcl2-associated X Protein
(Bcl-2), cluster of differentiation 34 (CD34).

Results. After the exposure to Me-3, we found a
reduced immunohistochemical signal to TGF-1 and
Bcl-2 3 in the tumor tissue. Low doses of Me-3 have
also impacted angiogenesis.

Conclusion. Me-3 has a pro-apoptotic and an-
ti-angiogenetic effects on B16 melanoma cells in
C57Bl/6 mice.

Keywords: preclinical studies, antitumor drugs,
immunohistochemistry, angiogenesis, hybrid organo-
tin compounds.
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BBepeHue

Pa3paboTka HOBBIX OTEUECTBEHHBIX MPOTHBO-
OITyXOJIEBBIX JIEKAPCTBEHHBIX CPE/ICTB  SIBIISIETCS
MPUOPUTETHOM 3aziaueli B 00/1aCTH JOKIMHUYE CKHUX
WCCIe/I0BAHUH TSI MEXK/TUCLIUTIIMHAPHBIX HAyUYHbBIX
KOJIJIEKTUBOB. B HacTosiiiiee BpeMst akTUBHO BeJIET-
Cs1 U3yYeHHe JIeKapCTBeHHbIX CyOCTAHIIMK C TPOTH-
BOOIYXO0JIEBbIM [IeMCTBHEM HAa OCHOBE OpraHuue-
CKUX TIPOM3BOJHBIX MeTa/uioB [1]. MHorouncieH-
HbIe TIepeMeHHbIe, OCTYIHbIE i MOAUGMUKALIAN
(MeTasu, JMraHz ¥ B3auMOJEMCTBUE MeTasli-Jiu-
raH/[), OTKPBIBAIOT YHUKA/IbHbIE BO3MOXXKHOCTH [|JIs1
Pa3paboTKy JIeKapCTB U TMPUBEIU K CO3[AHUI0 00-
LIMPHOTO MOPTQe/st MeTaIoNperapaToB, KOTOpbIe
MOTYT [IeMOHCTPUPOBaTh OoJiblliee pasHoOoOpa3ue
(YHKIMI 1 MEXaHU3MOB JIeHCTBYS, 10 CPABHEHHIO
C YMCTBIMWA OPraHUUYeCKUMH BelleCTBaMU CTPYKTY-
pbI [2]. MeTaioopraHuueckye COeTMHeHHs Ha 0C-
HOBE 0JIOBA SIBJISIOTCS MePCIIEeKTUBHBIMU KaH/IM/1a-
TaMU U IIMPOKO M3yudaroTcs B Poccuu u 3a pybeskom
[3,4]. MHoOTOUHC/IEHHBIE WCCIENOBAHUS OJIOBOOD-
TaHUUECKUX COeIMHEHUM Ha MOJIESX OIMyXOIeBbIX
KJIETOUHBIX JIMHWH in vitro ybequTebHO 10Ka3biBa-
0T peasiM3aliyio aHTUTPOIU(epPaTHBHOTO IeHCTBYS
yepe3 MHOroGakTOpHbIM MexaHusM [5]. JokmuHu-
yecKre WCC/IeloBaHusI in Vivo orpaHuueHbl BbICO-
KOW CUCTeMHOW TOKCUUYHOCTBIO M He OTIMUarTCS
KOMILIEKCHBIM XapakTepoMm [6].

TecTrpyeMble HAMH 0JI0BOOPTaHUYECKUe COeJH-
HeHUsI SIBJISIFOTCSI THOPUHBIMH, TO €CTb COJieprKat
TIPOTeKTOPHBIN (peHOMbHBIN parmeHT. [lyTem BBe-
JleHNs B MOJIEKY/Ty 3alllUTHOM aHTHOKCHIAHTHOMN
(heHO/TLHOM TPYTIITLI TIPW HATpaB/IeHHOM CHHTe3e
YCIIEIHO peliieHa TpobiemMa 30bITOUHON CHCTEeM-
HOM TOKCUYHOCTH [7, 8].

IMpu TpoBe/IeHUM CKPUHWHTOBOTO JIOK/IMHU-
YEeCKOT0 MCC/Ie[IOBaHMS JIMHEMKY aHAJIOTOBbIX TH-
OpUHBIX 0JIOBOOPraHMYECKUX COeJMHEHUI 10 pe-
3y/bTaTaM W3yuYeHHs] TIPOTHBOOITYXOJIEBOM U aH-
TUMeTaCTaTUIeCKON (hapMaKOIOTMUeCKOH aKTHB-
HOCTM Ha [IBYX O3KCIePUMeHTaIbHbIX MOJEssiX
COJIU/THBIX OITyXOJIeH Mblilieli ObUTH BBIOpaHbI Coe-
IuHeHUs-uzepsl [9, 10].

BbisiB/ieHHe Tpe/riosiaraeéMoro MexaHu3ma Jiei-
CTBUS 1711 BEIOPAHHBIX COEJUHEHHH HOCHJIO TTOMC-
KOBBIM XapaKTep U BK/TF0UA/I0 Pa3/IMUHbIe METOJUKU
oOHapy)XeHusi, B TOM UYKCJIe U PaCHIMPEHHOe MOp-
(honoruueckoe uccie[0BaHue.

Ha mpoTspkeHWH [O/IrOr0 BPeMEHW TpajivLiu-
OHHasl BH3yajiu3alusl TKaHeW C KCI0/Ib30BaHUEM
OKpAIlIUBAHUSI TEMAaTOKCUJTMHOM M 303UHOM Oblia
KJTFOUOM K [JUarHOCTHKE 3/I0KaueCTBEHHBIX HOBO-
oOpa3oBaHMii, a TakKKe OCHOBHOH paboueli rar-

hopmoii, UCrob3yeMol /s BbIICHeHUs1 OUOJIo-
rvu oryxomu [11, 12].

VIMMYHOTHUCTOXUMHUUECKUI aHa/li3 Ha COBpe-
MEHHOM 3Tarie Pa3BUTHS MeAULIUHBI SBJISIETCS He-
OTbeMJIEMBIM MeTOZIOM TKaHeBOW JMarHOCTUKU U
obHapy>eHUs1 OMOMapKepoB, TIOJYUMBIIMM IITH-
POKOe pacripocTpaHeHue BO BceM Mupe. MIMMyHO-
TUCTOXUMHYeCKass BU3yau3alysl B KIHHUYE CKOM
TIPAKTHKE UTPAeT Ba’KHYIO PO/b B XapaKTepPUCTHU-
Ke TKaHU OMyXOJI U ee MUKPOOKDY)KEeHHsI, BKJTIO-
yasi COCY[JUCTYIO apXUTeKTYpy W TUIIOKCHIO, Kile-
TOUHYIO niposdeparyto, rubesnb KieTok [13, 14],
a TaKKe [JIsi TIOATBEPIKAEHUs] THTA OIyXOJIeBBIX
KJIETOK ¥ BO3MO)KHOTO TTPOMCXOXKIEHHSI MeTacTa-
TUYEeCKOrO ouara HeHW3BeCTHOW MepBUYHOMW JIOKa-
yu3aryu [15]. VIMeHHO TpaBWIBHO MOJ00paHHbIe
MPOTHOCTUYeCKWe OMOMapKepbl UTPaloT Ba’kKHYIO
pOJb TIPY AMAarHOCTUUeCKOW UMMYHOTMCTOXUMUH
ortyxosneii [16].

B panHO# paboTe HaMU OMUCHIBAETCS UCTIO/b-
30BaHMe€ WMMYHOTHCTOXHMHUECKUX MapKepoB B
OKJIMHUYE CKOM U3yUeHUU COeIMHEHUH C IPe/IIo-
JlaraeMbIM TIPOTHBOOIYXOJIEBBIM JlelicTBHUeM (/1a-
6oparopubii nmpp Me-3, 6uc(3,5-gu-mpem-0y-
TUI-4-TUAPOKCU(EeHWIT)TUOIAT — AUMEeTH/I0/I0BA)
IS TIOMCKOBBIX MCCJIeJOBAaHUI BO3MOYKHBIX T1aTO-
TeHeTHUeCKUX MeXaHW3MOB peaji3allii MPOTHBO-
OITyX0JIEBOM M aHTHMeTacTaTuueCcKor papMakosio-
TMUeCKol aKTHUBHOCTH.

B kauecTBe MOJIEKY/ISIPHO-OMO/IOTMYECKOTO
MapKepa [/isi OL[eHKH aKTUBHOCTU 3/I0KaueCTBeH-
HOTO TIpoljecca B 3KCIepUMeHTe orpefiesieHa 3KC-
mpeccusi TpaHChopMUpYIoiiero ¢akTopa po-
cta Geta 1 (Transforming Growth Factor beta 1,
TGF-B1); asist ucciemoBaHus mporiecca obpa3oBa-
HUSI TIaTOMOTHYeCKUX HOBBIX KPOBEHOCHBIX COCY-
[IOB, WTPAIOI[UX Ba)KHYH PO/b B MOJIEKY/ISIPHOM
TaToreHe3e OIYXO0JIEBOTO POCTa, — 3SKCIPeCCHsi
(bakTopa pocta sugoTenmus cocynoB A (VEGF-A);
Uil OLeHKM 00pa3oBaHMsI  COCY/OTIOAO0OHBIX
CTPYKTYP NPH BaCKy/JI0reHHON MUMUKDPUH UCTIO/b-
30BaJICs SHAOTeMMATbHBIN 0e/10k CD34; aist u3me-
HEeHUS aroNTOTHUeCKUX MPOL[eCCOB B K/IETKe OIy-
X0JT1 ObLJTa U3yueHa SKCIPeCCHusi PerysiTopa arori-
To3a (Apoptosis regulator Bcl-2).

Lenb nccnegoBaHus

BrisiBUTH HanboJiee 1iesiecoobpasHbie [is yIiy-
6JIeHHOFO H3yUueHus IaToreHeTuyeCKre MexaHus-
MbI peayi3aljir IMPOTHUBOOITYX0/JIEBOTO U aHTUMe-
TACTaTHYeCKOTO /IeWCTBUSI TECTUPYEMbIX THOPHU/-
HBIX 0JIOBOOPIraHHUYeCKUX COE,Z[I/IHEHI/Iﬁ C IIOMO-
b0 UMMYHOTUCTOXUMUYECKOI0 MeTo/a.
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MaTepuanbl n metToabl

B kayecTBe TecTHpyeMOro coeivHeHHUs Obl-
Jla viccieioBaHa cybcTaHius 6uc(3,5-au-mpem-
OyTun-4- rUAPOKCU(PEHUITUONAT) AUMETHIIONO-
Ba (;aboparopHbidi mUbp Me-3), OTHOCAIIASCST
K Kjaccy ruOpHZHBIX 0/I0BOOpPraHUYecKHX coe-
JUHeHHH. DKcrepuMeHTasbHasi 4acTh BbITIO/IHe-
Ha Ha 30 mprmax quanu C57Bl/6 (camkm) ¢ uc-
TM0/Tb30BaHNEM YHHMBepCaJbHOW MOJIe/TH TIepeBH-
BaeMbIX OIyX0Jiel CO CIOHTaHHBIM MeTacTa3upo-
BaHueM — MesiaHOMBbI B16. Uepe3 48 yacos nocre
TIepeBMBKHU OITyX0JIeBBIX K/eTOK MbIIlIaM-CaMKaM
muanu C57Bl/6 Me-3 BBOAW/IN BHYTPUOPIOLINH-
HO 1 pa3 B cyTku B TeueHue 10 gHeli B cymmap-
Hoil pose (CIl) 375 mr/kr (MopenupoBaHue Me-
TPOHOMHOTO peXUMa XWMHOTeparnuu). Mopdo-
JIOTHYeCKoe HCC/e/joBaHMe BBITIOJIHEHO Ha Oase
K/IMHUYEeCKON OosbHUIbl «KnuHuueckas 60b-
Huna «PXKII-MeauiivHa»». O6pasiipl omyxoJe-
BOM TKaHW MeaHOMbI B16 MbIiiieii /711 CBeTOBOM
MHUKPOCKOTIUM ¥ MMMYHOTHCTOXUMUYECKOTO HC-
cnepoBanust ukcupoBanu 10% 3abydepeHHBIM
HelTpanbHbIM (hopmanuHOM. [McTo/oruveckas
MpoBoJKa 00pasloB TKaHU OCYIIeCTB/sIach B
aBTOMAaTHUeCKOM BaKyyMHOM THCTOJIOTHUEeCKOM
nporjeccope ASP6025 (Leica, Germany). ITocne
MPOBOJKU 00pa3lbl TKaHW 3a/MBajvCh B Mapa-
¢uH ¢ Mcnonb30BaHUEM MOJY/IBHOW 3a7TMBOYHOMN
craniuu EG1150H (Leica, Germany). Ha pota-
LroHHOM MHUKpoToMe RM2245 (Leica, Germany)
13 napaduHOBBIX OJIOKOB € 0OpasiiaMu TKaHU
W3rOTaB/IMBa/IN CepuiiHble cpe3bl. [lomyuyeHHbIe
Cpe3bl OKpallBalIy reMaTOKCHITMHOM M 203WHOM
0 KJIaCCUYeCKOMY TMpOToKony. UMMyHOGheHOTH-
nupoBaHue 00pasLjoB OMyX0/n1eBoi TKaHU IIPOBO-
JWIM C UCII0/Ib30BaHHWEM aBTOMaTH4ecKo! IJar-
¢dopmer g ripoeegenus IHC u ISH uccnenosa-
Huit BOND-MAX (Leica, Germany).

W3 napaduHoBbIX 6/10KOB € 00pasijamMy TKaHU
W3rOTaB/IUBaIM Cpe3bl TONIMHON 2—3 MKM U Ha-
HOCW/IM Ha TpeJMeTHble CTeK/a C Monu-L-musu-
HOBBIM MOKpbITHEM. [IpeAnoAroroBka crekosn st
MMMYHOTHMCTOXVMHUECKOTO OKpallMBaHWsl BKJIIO-
yaeT B cebs fernapadyHM3aLMI0 W [JeMacKUPOB-
Ky aHTUTreHOB. Bydep fy1s TeMrniepatypHoii femMa-
ckupoBku 6paicst ¢ pH 6,0 wm pH 9,0 B cootBet-
CTBUM C aHHOTaLMel K MepBUYHBIM aHTUTesaM.
MuKpocKonuueckoe McciefioBaHue U (POTOPUK-
Call0 TIOJyYeHHBIX KMMMYHOTHCTOXUMHUECKUX
TIperapaToB OCYIIEeCTB/SIA C TIOMOIIbIO CBETO-
Boro mukpockona «Leica DM4000B». YpoeHb
9KCIIPeCCHH UIMMYHOTHCTOXMMHUYeCKHUX MapKepoB
OL|eHUBAJICSl TIOYKOIMYeCTBEHHBIM CIocoboM B

6amax: 0 — oTcyTcTBHe peakuyu, 1 — ciabasi pe-
aKuys, 2 — yMepeHHast peaklusi, 3 — BbIpayKeHHast
peakiysi MapKep-TI03UTUBHBIX 37IeMEHTOB.

VimMmyHOodeHOTHITPOBaHHe 00pasljoB TKaHU
MesiaHoMbl B16 Mbilield, Moy4eHHBIX B 9KCIIEpU-
MeHTe, IPOBOAIW/IY C UCII0/Ib30BaHUEM TIepBUUHBIX
antuten: Polyclonal Antibody to Transforming
Growth Factor Beta 1 (TGFb1) (Elabscience, di-
lution of 1:100), Vascular Endothelial Growth Fac-
tor A (VEGFA) (Elabscience, dilution of 1:200),
Polyclonal Antibody to Bcl2 Associated X Protein
(Bcl2) (Elabscience, dilution of 1:100), Polyclonal
Antibody to Cluster Of Differentiation 34 (CD34)
Elabscience, dilution of 1:200).

Pe3ynbtaTthbl

ITpy MOMCKOBOM MIMMYHOTMCTOXUMUYE CKOM MC-
CJIeIOBaHUH [I71s1 OLJeHKH TOKCMYHOCTH U MeXaHU3-
Ma feticTBus coefirHeHuii (Me-3) ¢ mpearonarae-
MbIM TIPOTHBOOITYXOJIEBBIM IEHCTBHEM HaMu Obl-
JIV BbISIBJIEHBI CJIe/IyTOIIe U3MeHeHs B UCCTIefy-
eMbIX 00pa3Ijax.

ITpu anamuze s¢pdexra TGFb1 BbisiBeHO, UTO
TIOUTH BCE KJIETKW OKPY>KAalOIIUX TKaHer U 0osb-
LIMHCTBO OMYXOJIEBbIX K/IETOK aKTUBHO 3KCIpeC-
CUPYIOT JjaHHBIN (akTop (pucyHox 1). ITpu Bo3-
JIeiCTBUY COeIMHEeHNS C TTPeATIo/araeMbIM MPOTH-
BOOITyX0J/IeBBIM 3 pekToM (Me-3) Ha OIyXO0JIeBYIO
TKaHb Habmozaercst cyiabasi HepaBHOMepHast IKC-
nipeccusi TGFb1 (pucyHok 2).

Ilpu ananmuse antutena Bcl2, otBeuarorrero
3a pery/siliiio aronTo3a B OpraHu3Me, OTMEUeHO
CHIDKEeHHe ero 3KCIIPeCcCHd TpY WCITI0/Ib30BaHUH
COe/IMHEHUM C TIPe/ronaraeMbIM TIPOTHBOOITYX0-
neBbIM 3(dexkrom (Me-3) (pucyHok 3), B cpas-
HEHUW C TPyNrou 6e3 MpUMeHeHUs [JaHHBIX COe-
[IUHEHWH, rjie cBepx3Kcrpeccus besikoB Bel2 cBu-
JleTeIbCTByeT 00 YK/IOHEHUHU KJIETOK OT rubenu u
TIPOTPeCcCUPOBAaHNN MeTacTasMpOBaHUs OITyXoJie-
BOro npoijecca (pPUCYHOK 4).

ITpu ananuze skcripeccun VEGF-A, Ba)kHOTO
aHTUTe/a TIPU OLIEHKe BaCKy/o- U aHTMOTeHe3a,
PErucTpUPOBAIOCh CHIDKEHWE 3KCIIPeCCUH Map-
Kepa TMpU WCIO/b30BAaHUU COEAUHEHUH C Tpe[-
rojlaraeMbIM  TIPOTHBOOITYX0JIeBEIM  3(hexTom
(Me-3) (puCYyHOK 5) OTHOCUTEe/IbHO TPYMIIbI CPaB-
HeHUs (PUCYHOK 6).

I[Tpu nepexozie OT 3HAOTENNH-3aBUCUMBIX COCY-
JIOB K UMUTHUPOBAHHBIM COCYZiaM MO3auuHble CO-
Cy[ibl BCTPEUAIOTCSI KAK TMEPeXOAHBIA TUIT MEXIY
SH/0TeNNH-3aBUCUMBIMH  COCYZlaMHd M KaHaJlaM{
BaCKyJIOTeHHOM MUMHUKDHH, TP 3TOM B BacKYyJIsi-
PU3aLUM OIyXOJIH YUaCTBYIOT KaK H/IOTeJHH, TaK
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PucyHok 1.
NmmyHoBU3Yyanun-
3auua aHTuTena
TGFB-1, BbIpakeHHas
3KCMpeccus B Onyxo-
NeBbIX KNeTkax mena-
HOMbI B16 mblwein 6e3
npuMeHeHus coean-
HeHUN ¢ npegnona-
raembiM NpOTMBOONY-
xonesbIM 3thheKToM
(Me-3), x200.

Figure 1.

Detection of anti-
TGFB-1 antibody:
significant expression
in melanoma B16
cells in mice which
were not treated

with an anti-tumor
compound (Me-3),
x200 magnification.

PucyHok 2.
ViMmMyHOBM3yanu3sa-
uusa antutena TGFB-1,
cnabas HepaBHO-
MepHas 3Kcrnpec-

CUsA B OMyXONeBbIxX
KNeTKax MenaHoMmbl
B16 Mblwei c npume-
HeHNeMm CoeanHeHwi
C npeanonaraembim
NPOTUBOOMYXONEBbIM
schektom (Me-3),
x200.

Figure 2.

Detection of anti-
TGFB-1 antibody:
weak, uneven
expression in
melanoma B16 cells
in mice which were
treated with an anti-
tumor compound
(Me-3), x200
magnification.

Y OIyXoJieBble K/IeTKW. VIMeHHO UIMMYHOTMCTOXH-
MHYeCKoe OKpallliBaHWe C HCo/b3oBaHueM CD34
SIBJISIETCST 30JI0TBIM CTaH/[apPTOM AMarHOCTHKH Ba-
CKY/JIOTeHHOII MUMUKDPHUU TIPU 3/10KaueCTBEeHHbIX
onyXxoJsiX (PUCyHOK 7, 8).
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TPaKTHUKHU MOUePKUBAET OBICTPYIO IBOJIOLUIO Te-
CTHUpOBaHUs1 GHOMapKepOB U TIOATBEPKIAET Tepa-
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I Bcex manueHToB [17]. MIMMyHOTHCTOXHUMHU-
YyecKre MeTofbl 00/1aJjaloT BBICOKOW BOCIPOM3BO-
TUMOCTBIO Y OTHOCUTETHHO 3 (MEeKTUBHBI C TOUKH
3peHus 3aTpart, uTo JleslaeT UX L|eHHBIMH HOBBIMU
WHCTPYMEHTaMM B OHKOJIOTUUeCKOM rpakTrke [18].

PucyHok 3.
NMMyHOBM3yanusa-
uma aHTutena Bcl-2,
CHWKEHUe 3Kcnpec-
CUW B ONYXONeBbIX
KNeTKax MenaHombl
B16 mblWwen ¢ npume-
HEeHMEM CoeiuHEHN
C npeanonaraembim
NPOTNBOOMYXONEBbIM
s ektom (Me-3),
x200.

Figure 3.

Detection of anti-Bcl2
antibody: decreased
expression in
melanoma B16 cells
in mice which were
treated with an anti-
tumor compound
(Me-3), x200
magnification.
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VIMMyHOTHMCTOXHMHUECKHe MapKepbl B TIOMCKO-
BBIX JJOK/TMHUUECKUX UCCIIe/JOBAHUSX COeJUHEHNH
C TIpe/ToiaraeMbIM TIPOTHBOOIYXOE€BbIM  JleH-
CTBHEM, Ha Hall B3IVIs[|, UCIIOJb3YIOTCS He[oCTa-
TOYHO.

PUCYHOK 4.
NmmyHoBU3Yyanu-
3auua aHTuTena
Bcl-2, BbIpaxeHHas
3KCMpeccus B onyxo-
NeBbIX KNeTkax mena-
HOMbl B16 mblwen 6e3
npuMeHeHuns coean-
HeHUW ¢ npeanona-
raembiM NpoTMBOONY-
xonesbiM 3¢ hekTom
(Me-3), x200.

Figure 4.

Detection of anti-
Bcl2 antibody:
significant expression
in melanoma B16
cells in mice which
were not treated

with an anti-tumor
compound (Me-3),
x200 magnification.
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PUCyHOK 5.
MIMMyHOBM3yanusa-
uma aHtutena VEGFA,
CHMXeHWe 3Kcnpec-
CUW B OMNyX0NeBbIX
KNeTKax MenaHombl
B16 Mblwen ¢ npume-
HeHnem coeiuHeHnn
C npeanonaraembim
NpOTUBOOMNYXONEBbIM
athpekTom (Me-3),
x200.

Figure 5.

Detection of anti-
VEGFA antibody:
decreased expression
in melanoma B16
cells in mice which
were treated with

an anti-tumor
compound (Me-3),
x200 magnification.

PucyHok 6.
NmmyHoBU3Yanu-
3auma aHTuTena
VEGFA, Bblpa)KeHHas
JKCnpeccus B ony-
XONeBbIX KneTkax
MenaHombl B16
Mblwen 6e3 npume-
HeHUsA coefnHeHN
C npegnonaraembim
NpOTMBOOMNYX0NEBbIM
apekTom, x200.

Figure 6.

Detection of anti-
VEGFA antibody:
significant expression
in melanoma B16
cells in mice which
were not treated

with an anti-tumor
compound (Me-3),
x200 magnification.
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20]. Oxkcripeccust faHHOro 0eyKa MOXKeT ObITH — OpraHWUECKOro CoefiMHeHUs Me-3 B OIMyXOJIeBOH
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PucyHok 7.
MimmyHoBM3yanu3a-
uma aHtutena CD34,
BbIpaXXeHHas 3KC-
npeccus B MUKPOLMP-
KyNnsiTOPHOM pycrne
onyxonu MenaHoMbl
B16 mbiwen 6e3 npu-
MEHEeHMs CoeUHEHNT
c npeanonaraembim
NpOTMBOOMNYX0NEBbIM
ahhekTom, x200.

Figure 7.

Detection of anti-
CD34 antibody:
significant expression
in melanoma B16
cells in mice which
were not treated
with an anti-tumor
compound (Me-3),
x200 magnification.

akiuu ¢ antutesnamu K TGF-f1 cHwkanack, uto Ilpu BBegeHuu Me-3 B OIyXOJeBOW TKaHU
MOKeT CBHZETeIbCTBOBaTh O 1jeJ1ecO00OpPasHOCTH IIPOM30IUIO M3MeHeHHe (yCHIeHHe) aKTHBHOCTH
JanbHelIel pa3paboTKy JaHHOTO KJlacca Coefd-  aroNTOTHUeCKOro Mapkepa Bcl-2, koTopsrit urpa-
HEeHU! B KayeCTBe NMepCreKTUBHBIX KaHAU/aTOB B eT K/IF0YeBYIO POJIb B PEry/IsLiMd MUTOXOH/PHab-
MPOTHUBOOIYXOJIeBbIE JIEKAPCTBEHHbIE ITpernapaTbl. HOrO MyTH arornTo3a. VI30bITouHOe BO37elCTBHE

AN Bt | 4
u F B W e . Rl PucyHok 8.

L L MimmyHoOBUM3yanu3a-
uma aHtutena CD34,
yMepeHHas 3Kcnpec-
cus B MUKpoLup-
KyNATOPHOM pycne
OMNYX0NN MeNaHoMbl
B16 Mblwen ¢ npume-
HeHnem coeiuHeHnn
C npeanonaraembim
NpPOTUBOOMYXONEBbIM
athekTom (Me-3),
x200.

Figure 8.

Detection of anti-
CD34 antibody:
moderate expression
in melanoma B16
cells in mice which
were treated with

an anti-tumor
compound (Me-3),
x200 magnification.
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aHTHAIONTOTUYeCKoro reHa Bcl-2 moxeT uHru-
OupoBaTh amonTo3, TOrAa KAk JOMOHUTENBHOe
BO3/Ie}ICTBHE TTPOAIONTOTHYeCKOTo reHa Bax mo-
)KeT 00paTUTh OMOIOTHYeCKYI0 aKTUBHOCTL Bcl-2
Y BbI3BaTh aronTo3. l3MeHeHre IMMYHOBU3Yya/l-
3aruu aHtuTesna Bcl-2 B onyxoseBoit TKaHH Nocsie
BBeZleHHs1 Me-3 1103BosIsieT MpeAIo/IoKUTb peay-
3alMI0 TIPOTHBOOMYXO0JIEBOTO /IeMCTBUS 10 MYTH
aKTMBH3alM{ ariorTo3a M W3MeHeHHI0 MHUTOXOH-
JpyaibHOro MeTabonu3ma, uto Tpebyet yriybieH-
HOTO MCC/Ie[JOBaHUS.

Mogudukauus nporecca obpa3oBaHus Naro-
JIOTUYeCKHX HOBBIX KDOBEHOCHBIX COCYZOB U CO-
CypomnofioOHBIX CTPYKTYp M3 OIMyXOJIeBBIX Kile-
TOK ((heHOMeH BaCKy/I0TeHHOW MUMUKPHH), UTPa-
IOIIUX Ba)KHYIO PO/b B MOJIEKY/ISIDHOM T1aTore-
He3e OIyXO0JIeBOr0 POCTa, OTMeyanach TObKO B
METPOHOMHOM peXuMe BBefeHUsT Me-3 (mecs-
TUKpPaTHO, B HU3KOW [103UPOBKe). MeTpoHOMHas
XMMHUOTepanusi TUOPUZHBIMU OJIOBOOpraHHYe-
CKAMH COeJMHEHNSIMU MO)KET pacCMaTpUBaThCs
KaK KOMIIOHEeHT Ta/UTMaTUBHOW XWMHUOTeparnvy B
5KCIIePUMEHTe, UTO COIVIaCyeTCsl C IUTepaTypHbI-

MU JIaHHBIMHU O TI€PEKPECTHOM B3aUMO/IeHCTBUU
B OIMyXOJIEBOM MUKPOOKDYXEHUU MEX/y OIyXO-
JIEBBIMU KJI€TKAMH U SHZOTeTHATbHBIMHU KIeTKa-
mu [21].

3aknioueHue

ITo pe3ynbraTaM MOMCKOBOTO UMMYHOTHCTOXH-
MUUECKOT0 MCC/e/IoBaHUsI TKaHU MejlaHOMbl B16
MbIIIIeH TpY BBEJEHWM THOPHUIHOTO 0JI0BOOpra-
HUUECKOTO COeJUHEeHNSI B METPOHOMHOM peKHUMe
JieueHusi HauboJee 1jesiecoo0pa3HbIMU IS YITy6-
JIEHHOTO M3yueHMsi ObUIM BbIOpaHbI /1Ba TaTore-
HETUUECKHUX MeXaHW3Ma peann3alyy IPOTHBO-
OTyXO0JIeBOTO ¥ aHTUMeTaCTaTUUeCKOro AeHUCTBUs
TeCTUPYeMbIX COeJIMHEHUWM: aronTOTUUeCKUd |
AQHTHHEOAHTOTE€HHBIH.

[ns Haubosee 3pPeKTUBHOTO JOKTMHUYECKO-
ro oTbopa HOBBIX TMepPCIeKTUBHBIX COeJIWHEHUN
C TpejrosiaraeMbIM TIPOTHUBOOIYXOJIEBBIM [leHi-
CTBHEM HEOOXOJUMO paCUIUpSATh CPAHULIbI TTPU-
MeHeHHUs1 crieupruecKix MopdOoIorudeCcKIuxX
METO/IOB, B TOM UKCJIe U UMMYHOTUCTOXHUMHUE-
CKHUX.
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MmeduyuHcKuil yHusepcumem» MuHucmepcmea 30pasooxpaqeHust
Poccutickoli @edepayuu (344022, Poccus, 2. Pocmog-Ha-/JoHy,

nep. Haxuueganckutl, 0. 29).

Bk/1a0 € cmamblo: aHanu3 AuMepamypHbIx UCMOYHUKOS, HaNUCaHue
cmambUu, Npakmuyeckue NOUCKo8ble UCCAed08aHUsl C NOMOWbIO
nepeuucaeHHbIX MapKepoe.
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accucmenm Kageopbl MeOuyuHckol buonoeuu u eeHemuxku PI'EOY
BO «Pocmoeckutl 2ocy0apcmeeHHbIll MeOUYUHCKULL yHugepcumem»
MuHucmepcmea 30pasooxpaneHust Pocculickoli @edepayuu (344022,
Poccus, 2. Pocmog-Ha-/ZloHy, nep. Haxuuegaxckutl, 0. 29).
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apau I'BY Pocmosckoli obnacmu «Ilamonoezo-aHamomuueckoe 610po»
(344015, Poccus, 2. Pocmog-Ha-ZloHy, ya. baazodamuas, 0. 170A).

Bknad 6 cmambio: aHaau3 AUMepamypHbIX UCMOYHUKO8, U0esi HaNUCaHus
cmambl, OYeHKa MapKkepos C NpaKmuy4eckol mMouKu 3peHusl.

ORCID: 0000-0003-2976-0794

Anxyceiin-Kynsizunosa Mapzapuma Cmegpanosua, accucmenm
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20cydapcmeeHHblll MeOUYUHCKUll yHusepcumem» MuHucmepcmea
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NoucKo8ble Uccaed08aHuUsl C NOMOWbIO NepeducieHHbIX MapKepos.
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0. 29).

Bknad é cmambio: aHaau3 AUMepamypHbIX UCMOYHUKO8, NpaKmuyecKue
NouCKo8ble UCCAeJ08AHUS C NOMOWbIO NepeyUC/1eHHbIX MapKepos.
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30pagooxparenust Poccutickoll @edepayuu (344022, Poccus, e. Pocmoe-
Ha-/JoHy, nep. HaxuuesaHckutl, 0. 29).

BK/1a0 € cmampio: aHanu3 AuMepamypHbIx UCMOYHUKOS, NpaKmu4ecKue
NoucKo8ble UccAed08aHuUsl C NOMOWbIO NepeducieHHbIX MapKepos.
ORCID: 0000-0002-1493-5581

Authors

Prof. Margarita A. Dodokhova, MD, DSc, Professor, Department of
Pathological Physiology, Head of the Central Research Laboratory,
Rostov State Medical University (29, Nahichevansky Prospekt, Rostov-on-
Don, 344022, Russian Federation).

Contribution: conceived and designed the study; conducted the
experiments; performed the data analysis; wrote the manuscript.

ORCID: 0000-0003-3104-827X

Dr. Marina A. Akimenko, MD, PhD, Assistant Professor, Department
of Medical Biology and Genetics, Rostov State Medical University (29,
Nahichevansky Prospekt, Rostov-on-Don, 344022, Russian Federation).
Contribution: conducted the experiments; performed the data analysis.
ORCID: 0000-0001-8792-6911

Dr. Olga V. Voronova, MD, PhD, Chief Medical Officer, Regional
Department of Pathology (170A, Blagodatnaya Street, Rostov-on-Don,
344015, Russian Federation).

Contribution: conceived and designed the study; performed the data
analysis; wrote the manuscript.

ORCID: 0000-0003-2976-0794

Dr. Margarita S. Alkhusein-Kulyaginova, MD, Assistant Professor,
Department of Pathophysiology, Rostov State Medical University (29,
Nahichevansky Prospekt, Rostov-on-Don, 344022, Russian Federation).
Contribution: conducted the experiments.

ORCID: 0000-0001-5123-5289

Dr. Natalia A. Kornienko, MD, PhD, Associate Professor, Department
of Normal Anatomy, Rostov State Medical University (29, Nahichevansky
Prospekt, Rostov-on-Don, 344022, Russian Federation).

Contribution: conducted the experiments.

ORCID: 0000-0003-0485-5869

Dr. Marina V. Gulyan, MD, PhD, Associate Professor, Department of
Pathophysiology, Rostov State Medical University (29, Nahichevansky
Prospekt, Rostov-on-Don, 344022, Russian Federation).
Contribution: conceived and designed the study.

ORCID: 0000-0001-6023-8916

Mr. David N. Gyulmamedov, Laboratory Assistant, Department of
Pathophysiology, Rostov State Medical University (29, Nahichevansky
Prospekt, Rostov-on-Don, 344022, Russian Federation).
Contribution: conducted the experiments.

ORCID: 0009-0000-9237-6512

Mrs. Milana-Mariat Kh. Alasheva, Laboratory Assistant, Department
of Pathophysiology, Rostov State Medical University (29, Nahichevansky
Prospekt, Rostov-on-Don, 344022, Russian Federation).

Contribution: conducted the experiments.

ORCID: 0000-0002-1493-5581

Mrs. Esmira Sh. Kazimagomedova, Laboratory Assistant, Department
of Pathophysiology, Rostov State Medical University (29, Nahichevansky
Prospekt, Rostov-on-Don, 344022, Russian Federation).

Contribution: conducted the experiments.

ORCID: 0009-0003-3731-6746

Dr. Dmitry B. Shpakovsky, PhD, Senior Researcher, Research Laboratory
of the Bioelementoorganic Chemistry, Department of Medical Chemistry
and Fine Organic Synthesis, Lomonosov Moscow State University,
Faculty of Chemistry (1, b. 3, Leninskie Gory, Moscow, 119991, Russian
Federation).

Contribution: performed the chemical synthesis of tested compounds.
ORCID 0000-0002-7824-3382

Dr. Elena R. Milaeva, DSc, Professor, Head of the Department of
Medical Chemistry and Fine Organic Synthesis, Lomonosov Moscow
State University, Faculty of Chemistry (1, b. 3, Leninskie Gory, Moscow,
119991, Russian Federation).

84



OYHAAMEHTANIbHAS

TOM 9, N2 3, 2024 N KTNHUYECKAS MEAULWHA

OPUTNMHANDbHDLIE CTATbU @~|®

Kasumazomedoga 3cmupa IlIuxmazomedoeHa, 1abopaHm

kagedpbl namonoauueckoli puzuonoeuu PI'EOY BO «Pocmosckuti
20cyoapcmeeHHblil MeOuyuHcKull yHusepcumem» MuHucmepcmea
30pagooxpareHus Poccutickoli @edepayuu (344022, Poccus, 2. Pocmog-
Ha-/lony, nep. HaxuuesaHckuil, 0. 29).

Bks1ad 6 cmambio: aHanu3 AUMepamypHbLX UCMOYHUKO8, NpaKmuuecKue
NoUCKO8ble UCCe008aHUSsL C NOMOWbIO NepeyUceHHbIX MaPKepos.
ORCID: 0009-0003-3731-6746

IIInakoeckuti Imumputi Bopucosuu, KaHOUOAM XUMUYECKUX
HayK, cmapwutl Hay4Hblll COmpyoHUK, HQy4YHO-UCC1e008aMeNbCKAst

nabopamopust 6u03neMeHMOOp2aHuUUecKoll XUMUl Kageopbl MeOUYUHCKOL

XUMUU U MOHKO20 op2aHuueckozo cuimesa PI'EOY BO «MockoecKuli
2ocydapcmeeHHblll yHugepcumem umeru M. B. Jlomonocoga» (119991,
Poccus, 2. Mockea, JIeHuHcKue 2opbl, 1, cmp. 3).

Bk1ad 6 cmambio: cuHme3 mecmupyemblX COeOUHeHULL.

ORCID 0000-0002-7824-3382

Munaeea EneHa PydonbgosHa, 00Kmop xumuueckux Hayk, npogeccop,
3agedyrowjast Kacghedpoti MeOUyUHCKOU XUMUU U MOHKO20 OP2aHUYeCKO20
cunmesa @PI'EOY BO «MocKoecKuii 20cy0apcmeeHHbill yHugepcumem

umeHu M. B. JTomoHocosa» (119991, Poccus, 2. Mockea, JIeHUHcKue 20pbl,

1, cmp. 3).
Bk1ad 6 cmambio: cuHme3 mecmupyemblX COeOUHeHULL.
ORCID: 0000-0002-5489-3866

Komuesa HHza MosauegHa, doKmop MeQUYUHCKUX HayK, npogpeccop,

npopekmop no Hay4Holi pabome, 3agedytowjas Kachedpoti namonozuueckoti
¢usuonoeuu PI'EOY BO «Pocmogckuil 20cy0apcmeeHHblll MeOuyuHCKuLl

YHueepcumem» MuHucmepcmea 30pasooxpaenus Poccutickoll
Dedepayuu (344022, Poccus, e. Pocmoe-Ha-/oHy, nep. HaxuuegaHckuil,
a. 29).

Bknao 6 cmambio: aHanus JiumepamypHbLX UCMOYHUKOS, udesi HANUCaHus

cmamau.
ORCID: 0000-0002-2796-9466

Cmambsa nocmynuna: 16.09.2023 a.
Iocmynuaa nocae dopabomku: 01.07.2024 2.
IIpunama e neuams: 30.08.2024 2.

Koxmenm docmynen noo auyensueti CC BY 4.0.

Contribution: performed the chemical synthesis of tested compounds.
ORCID: 0000-0002-5489-3866

Prof. Inga M. Kotieva, MD, DSc, Professor, Chief Scientific Officer,

Chief of the Department of Pathophysiology, Rostov State Medical
University (29, Nahichevansky Prospekt, Rostov-on-Don, 344022, Russian
Federation).

Contribution: conceived and designed the study; wrote the manuscript.
ORCID: 0000-0002-2796-9466

Received: 16.09.2023

Received in revised form: 01.07.2024
Accepted: 30.08.2024

Creative Commons Attribution CC BY 4.0.

85



