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B pabore n3y4anu BO3MOKHOCTb HCIIOIB30BAHUSI COBPEMEHHBIX OMOMapKepOB MOBPEKICHUS
noyex in vivo — nucraruia C u kiacrepuHa Ha mozenu kierounoi suanu RPTEC/TERTI. B
KauecTBE HE(PPOTOKCHUECKUX AreHTOB HCIIONb30BAIH JICKAPCTBEHHBIE CPEICTBA: LUCIUIATUH
(yuc-[Pt(NH;),Cl,]) n Bankomuius. KoHueHTpanuo 6e1KoB-0HoMapKepoB U3MEPSUIIA METOAOM
UMMYHO(EpPMEHTHOrO aHaIu3a. bbl1o MoKa3aHOo pe3Koe NOBBIIIEHHE KOHIEHTPALU KIaCcTepU-
Ha B TEYCHHUE TIEPBbIX 4 4 IPH MHKYOAINH C BAHKOMHIITHOM, OTHAKO Jiajiee KOHIIEHTpalus Kiia-
cTepHHa Bo3Bpamiaigack kK HopMe. KoHuenrpamus nucrariHa C MOBBIIIANAch MOCTEIICHHO Ha
MIPOTSDKEHUH BCETO MepHoia HHKyOanny Npy HHKyOaluy Kak ¢ [UIUIATHHOM, TaK U ¢ BAHKOMH-
uHoM. [lomydeHHbIe pe3ynabTaThl JEMOHCTPUPYIOT BOSMOXKHOCTb MCIOIb30BaHUs KIIaCTEpHUHA
u nucratuHa C B KauecTBe OMOMAPKEPOB in Vitro Ajsl OLEHKU HEPPOTOKCUUHOCTH, BHI3BAHHOM
JIeKapCTBEHHbIMU Npernaparamy, B kietkax RPTEC/TERT1/TERTI.

KaroueBble cJIoBa: MMOYeUHBIE OMOMapKEpPhI; JEKapCTBEHHBIE CPEICTBA; HEPPOTOKCHIHOCTE,
RPTEC/TERT1; knactrepun; rucrarus C.

[Touku SBISAIOTCS OHUM M3 OCHOBHBIX OPTaHOB-MHUILIE-
HeW JUIsl JIGKapCTBEHHOW TOokcu4HOCTH. Hedporokcuue-
CKHE TpernapaTbl MOTYT BBI3bIBATh OCTPYIO NMOYEYHYIO He-
JIOCTaTOYHOCTh WJIM XPOHMYECKYIO OONE3HBb MOYEK C TO-
CICAyIOIEe  TepMUHAIBHOU cranuen MOYEYHOMI
HepocTaroyHOCTH [1]. OgHaKo He3HAYUTENbHbIE HapyIlIe-
HUS QYHKUIUH MTOYEK, HEPEIKO BO3HUKAIOIIUE MPH (papma-
KOTEpanuy, MPaKTUYECKH HE BBISBIIIOTCS U3-3a UX (DYHK-
LIMOHAJBHOTO pe3epBa [2]. YpOBHHU a30Ta MOYEBUHBI KPO-
BU U CBIBOPOTOYHOIO KpeaTMHWHA — HamOoliee 4acTo
HCIOJIb3yeMble B KayeCTBE MapKepOB IMOBPEXICHHS I10-
YeK, YKa3bIBalOT TOJIBKO Ha TSKEJI0€ MOBPEKICHUE TTOUEK.
Takum o0pazom, IUIsl paHHEH AMAarHOCTHKH JEKapCTBEH-
HOM HE(PPOTOKCUYHOCTH HEOOXOAMMBI 0ojiee 4yBCTBH-
TeNbHBIE W HajAexkHble Ouomapkeps! [3]. B mocnemnue
rogsl OBUIO TPOBEACHO MHOKECTBO IOKIMHHYECKHX U
KIIMHUYECKUX UCCIIEAOBAaHUN 110 CKPUHHUHTY W BalIUJAlUN
Hedporokcrmuecknx Ouomapkepon. B 2008 u 2010 romax
FDA (Food and Drug Administration) 1 EMA (European
Medical Agency) omoOpHIIN HCIONBE30BAHUE HECKOIBKIX
OroMapKepoB, BKIIOYAs OOLIMM OeNIOK MOYM, MOJIEKYITY
noBpexaeHus mouek-1  (KIM-1), xmacrepun (Clu),
B2-mukpornodynus, muctatuH C (CysC), tpedomn ¢pax-
top-3 (TFF-3) [4, 5]. XoTs1 0 HE(hpOTOKCHUECKHX OHOMap-
Kepax coo0IIaNIoCcCh B psijie NOKIMHUYECKUX U KIMHUYE-
CKUX HCCIIEIOBAaHUH, OHU PEIIKO UCTIOJIB3YIOTCS B BHICOKO-
MIPOU3BOJUTEIBLHOM CKPUHMHIE in Vifro Ha paHHUX dTarax
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pa3paboTku JiekapcTB. Mcnonb3oBaHue OHOMapKepoB MO-
YEUHOTO TMOBPEKICHUS B MOJCIH N Vitr0 TaKKe MOXKET
JIaTh BAKHYIO WHQPOPMAIUIO O B3aUMOCBS3H MEKIY
cTpoeHueM JekapctBenHoro cpezctea (JIC) u MexaHuzme
€ro He()POTOKCHYHOCTH, YTO MOXKET OBITh TIOJE3HO NPHU
MOBBIIICHUHN A(PPEKTUBHOCTH B OE30MacCHOCTH (papMaKo-
Teparuu [6].

B mocnennee Bpemsi 0oJbIIOW WHTEPEC BHI3BIBACT
OIICHKA Pa3JIMYHBIX TOKCHYHBIX COCAMHEHHUH C UCTIONB30-
BaHUEM aHAJIU30B in Vifro, SBIAIOLIUXCA aIbTEPHATUBON
TECTUPOBAHUIO Ha J>KUBOTHBIX. TE€CTHUpOBaHUE in Vitro
rpecTaBisieT coool 3pPeKTUBHBIA CIOCOO sl UJICHTH-
(UKaIMK ¥ OICHKH POJIA CeNU(PUICCKUX OHOMAapKEPOB,
MTOCKOJIbKY TaKHe O3KCIIEPUMEHTHI 0oJiee SKOHOMHYHBI,
yI0OHBI, YeM HccienoBanus in vivo. OqHON U3 Hanbomee
MEPCIIEKTUBHBIX AKCIIEPUMEHTAILHBIX MOJIENICH B MTOCIIE/-
Hee  JecATWIeTHE  SBJISIeTCS  KJICTOYHAs  JIMHUSA
RPTEC/TERT1 (Renal Proximal Epithelial Cells/Telome-
rase Reverse Transcriptase 1), momyueHHas U3 SMUTEIH-
AJBHBIX KJIETOK MPOKCHUMAIIBHBIX KaHAIBIIEB ITOYEK 3/[0PO-
BOTO uesioBeKa. /laHHas JuHUS Oblila HMMOPTAJIM30BaHA C
WCTIOIB30BaHUEM KaTAIUTHUECKONH CYOBEIUHUIIBI 00pat-
HOW TpaHcKpunTasel TenoMepasbl yenoBeka (hTERT).
Bru10 mokazaHo, 4TO IMMOPTAIHU3ALINS COXPAHACT KITI0Ye-
Bble CTPYKTYpHbIE U (YHKUIHOHAIbHBIE XapaKTePUCTUKU
wierounor nmuanun RPTEC/TERTI, B wactHOCTH 00pa3o-
BaHUE TUIOTHBIX MEXKIIETOYHBIX KOHTAKTOB, & TAKXKE DKC-
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Puc. 1. Konuenrpaiuu kiaacrepuna B kierounoit muand RPTEC/TERT1 npu nHky6anuu ¢ HUCIUIATHHOM U BAHKOMULIMHOM B TeueHue 4, 8,
16, 24 n 48 4. Kaxp1ii cTON0MK 1rarpaMMbl IPECTABISAET COOO0M cpeHee 3HaYeHne £ cTaHaapTHoe oTkiIoHeHue (M + SD, n = 3).
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Puc. 2. Konnenrpanus nucraruaa C B xretounoit muann RPTEC/TERT1 npu nHKyOauy ¢ NUCIIATHHOM M BAHKOMHIITHOM B TEUEHUE 4,
8, 16, 24 n 48 4. Kaxnp1ii cTon0MK TuarpaMMbl IPECTaBISIET cO00H cpeqHee 3HaYeHUE T cTaHnapTHOe oTkiIoHeHue (M £ SD, n = 3).

Mpeccuio criennpuieckux (GHepMeHTOB M TPAHCIOPTEPOB
KCEHOOMOTHKOB [7]. XOTsI mMepBUYHAS KIICTOYHAS JIMHUS
RPTEC taxxe moxouT Jyisi SKCIIEPUMEHTOB i1 Vitro, Kak
W IpyrHe TepBUYHBIC KJIETOYHBIC JIMHWHU, OHA TIOBEpra-
FOTCS PEIUIMKAaTUBHOMY CTapEHUIO MPU KYJIBTHBUPOBAHHH.
JlaHHOE OOCTOSATENILCTBO 3aTPYAHSET MPOBEICHHUE JIOJITO-
CPOYHBIX MCCJIEJOBAaHUM Ha Takod Mojenu. MIMMopranu-
3aIMsi CHUMaeT JaHHOe orpanndeHue. Kpome toro, B ciry-
gae nepsryHoid RPTEC nHeobxomum Gosee yacTolii 3a00p
Ouomarepuana y IMalHdeHTOB, YTO MOXET BJIHATH HA HMX
CNOCOOHOCTh MOJICIIMPOBATh HOPMaJIbHYIO TKaHb. [103TO-
My B JaHHOH pabOTe MbI UCIOJIH30BAIN KICTOUHYIO JIH-
auto RPTEC/TERT1 st olleHKH 9yBCTBUTEIBHOCTH W3-
BECTHBIX MOYEYHBIX OMOMApKepoOB i Vivo (KIACTEPUH U
nucratiH C) K TOKCHYECKOMY JIEHCTBHIO i1 Vitro W3BECT-
HBIX HePpoTokcnuHbIX JIC — 1HCIUTaTHHA U BAHKOMHMIIU-
Ha.

3KCI’!€pMM€HmaJleaﬂ 4acmo

Kuerounast imans

Knerounast muHNS IPOKCUMATBHBIX MTOYEYHBIX KaHAb-
ueB uenoBeka RPTEC/TERT1 Obuia monydena u3 OaHka
KyneTyp Kietok ATCC (kom: CRL-4031). Boccranosie-
HHUE KJIETOYHOH JIMHMU MPOM3BOJUIOCH IO CIEAYHOIIEH
METOIMKE: KylbTypaibHbli (uakon 25 cm? (Corning,
CIIA), conepaxanuii 10 mit cpeast DMEM/F12 (¢ no6as-
JICHUEM CIIEAYIOIINX BEIIECTB: PEKOMOMHAHTHBIA YeTIOBe-
yeckuit paktop pocra hEGF (Epidermal Growth Factor
human) — 10 ar/mn (Sigma-Aldrich, CIIA), TpaHchep-
PHH — 5 MKI/MJI, HHCYJIUH — 5 MKI/MJI, THAPOKOPTU30H
— 25 ur/mi (Sigma-Aldrich, CIIIA), ceneHUT HATpUST —
8,065 Hr/mui1), momenaioT B HHKyOarop Ha 15 — 20 MuH m1s
noctkeHus: HopmaiasHoro pH (7,0 — 7,6), a Takke mpe-
JOTBpAIICHNUS 3allleJIaqlBaHNs CPe/Ibl B IPOIECCE BOCCTa-
HOBJICHUS KJIETOK. [IpoOHpPKY C KIETKaMH pa3MOpaKiBa-

Xumuko-papmauesTuyeckuii xkypHaia. Tom 57, Ne 7, 2023



10T Ha BOJSHOM OaHe B TeYEHHE 2 MHUH IPU TeMIlepaType
37° C. Ilocne pasmopakuBanus (NIakoH 00padaThIBAIOT
70 % sTaHONOM W Jganiee BCE JEUCTBUS TMPOBOASTCS B
acenTUYecKux ycioBusx. IlepeHocar copepikumoe Ipo-
OHMpKH B TICHTpH(]YKHYIO TPOOHPKY, copepkaityro 9,0 mi
KyNbTypalbHON cpeabl, ¥ LeHTpudyrupyor npu 250 g
5—7muH. CymnepHaTaHT YHaISIOT M PECyCICHIUPYIOT
KJIETKH B cBexell cpexe. [lomydennyro cycneHsuio mepe-
HOCSIT B KYJIBTYPAJIbHBIN (pJIAKOH. YCIOBUSI KyIbTHBUPOBA-
Hus cragaaptaele: 37 °C u 5 % CO,. B akcniepumenre uc-
TIOJIb30BAJIUCH KJIETKH 14 maccaxa.

KyabsTuBupoBanue

KynerueupoBanue wierounoit smauun RPTEC/TERTI
mpoBofwid B 12-myHouHblx mamkax — “‘Transwell”
(Corning, CIIA) ¢ MeMOpaHHBIMH BCTaBKaMH C THAMET-
pom top 0,4 Mkm. KonmuecTBO KIIETOK B KaXKIOW JIyHKE
cocrasysiio nmpuMepro 0,5 - 106, B kauecTBe KyysTypaib-
HOW cpenbl ucnons3oBan DMEM/F12 (Gibco, CIIA),
50 en./mMn rentamunuaa (ITansko, Poccust) u 0,1 mr/mn
nupyBara Harpus (Santa Cruz, CILA) mpu 37 °C, 5%
CO, u or"ocutenbHoM BiaxuHocTH 80— 85 %. B cpeny
ObUTH T0OABIEHBI: MHCYIUH — 5 MKI/MII, TpaHC(EppUH
— 5 wMkr/mi, ceneHut Hatpus — 5 mkr/mi, hEGF
(Sigma-Aldrich, CIIIA) — 10 Hr/MI1, THAPOKOPTH30H —
25 ur/mn (Sigma-Aldrich, CIIIA). 3ameHa cpenbl mpous-
BOIMIIACh 4epe3 Kaxnpie 2 —3 . O0bem Oydepa s
anMKaIIbHOTO U 0a3oiarepalibHOTO OTIENIOB cocTaBui 0,5
u 1,5 M1 cOOTBETCTBEHHO (UYTOOBI M30€kKaTh Pa3HOCTU
rugpocTatnieckux nmasnenuil). [lepen wccnmemoBanmeM
TpaHCIOpPTa KJIETKH mpombiBaUCE PBS-Oydepom 2 —3
paza (pH 7,4). OueHky IUIOTHOCTH  MOHOCIIOS
RPTEC/TERT1 npoBoauiiv ImyTeM U3MEPEHUsT TPAHCOIIH-
TEMUAIBHOTO CONpPOTHBICHUS Ha mnpubope EVOM-2
(Millipore, CIIIA). DxcnepuMeHTHI € JIEKapCTBEHHBIMHU
IpenaparaMy MPOBOIMINCE MPU AOCTIKEHUH 3HAYCHUS
MJIOTHOCTH MOHOCH04 B auanazone 280 — 320 OM - cM?.

JlekapcTBeHHBIE MpeNapaThbl

B kagecTBe HEPPOTOKCHUIECKUX areHTOB OBLIN BHIOpa-
HbI mucrtataH (yuc-[Pt(NH;),Cl,], crannapTHBIit 00pasery
EBponetickoii (apmakonen, koa: C2210000, cepus: 7.0),
BAaHKOMHIIMH (TOPOLIOK JJisi TPUTOTOBJICHHUS pPacTBOpa
st uadysuit, OO0 “Tpaitmn®apm”, benapyce, cepust Ne
270922, ronen mo 09.25). JIns pUTOTOBIIEHUSI CTOKOBOTO
pacTBopa BaHKOMHIIMHA HCIOJIB30BaJIH JICHOHU3UPOBAH-
HyI0 Bomy. M3-3a miioxoif pacTBOPUMOCTH IUCIUIATHHA B
BOJIC JUI TIPUTOTOBIICHHSI €r0 CTOKOBOTO pacTBOpa HC-
nons3oBanu JIMCO (Sigma-Aldrich). Ilepen ucnons3oba-
HUEM 00a pacTBopa (QUIBTPOBAIN Yepe3 OaKTePUIHIHBINA
¢unsrp “Millex GP” 0,22 mxm (Millipore). IIpenapatsr
J00aBIsUIM B 0a3alibHYI0 KaMepy JIyHKH; IIPU 3TOM KOHEU-
HBIE KOHIICHTPAIMH B KYJIBTYPaJbHON Cpele MUCIIIaTHHA
coctaBwik 2,5 u 5 MKM, Bankomuima — 7 u 14 MxM.
Wukybarmmro kinetounod nuHuun RPTEC/TERT1 ¢ xax-
JIBIM TIpenapaTom npoBojawim Ha 4, 8, 16, 24 u 48 4. B ka-
YEeCTBE OTPHUIIATEILHOIO KOHTPOJIS MCIOJIB30BAIM JICHO-
Hu3upoBaHHyto Boxy u JIMCO.
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Bbuomapkepsbl HeppPOTOKCHYHOCTH

Jns OLEHKH YyBCTBUTEIGHOCTH KJIETOYHOH JIMHUH
RPTEC/TERT1 x HedpOTOKCHYECKOMY IEHCTBHIO IIHIC-
IUTATHHA W BAaHKOMHIIMHA M3MEPSUTH KOHIIEHTPALHUIO CIIe-
IU(PUIECKUX MTOYCYHBIX OromapkepoB: kiactepuna (Clu)
n nuctatuHa C (CysC) MeTomoM HMMYHO(EPMEHTHOTO
aHanm3a C TOMOIIBI0 KoMMepdecknx Habopos: “Human
Clusterin ELISA Kit” ((ab174447), Abcam, Bennuko6pu-
tagusa) u “Human Cystatin C ELISA Kit” ((ab119589),
Abcam, BenukoOpuTaHus) COOTBETCTBEHHO. M3mepeHus
00oux OHMOMapKepoB MPOBOJMIM IO MPOTOKOJIAM, PEKO-
MEHIOBAaHHBIMU MIPOM3BOIUTEIICM.

CraTucTuyeckuii aHaau3

W3MepeHusi KOHIEHTpAlMU TIOYEYHBIX OHOMapKepoB
MPOBOAMIN B AyOisix. s KaXKAOH KOHLEHTpAIMH IIHC-
IUIATHHA ¥ BAHKOMUIIMHA TIPOBOIMIIN 3 HE3aBUCHMBIX IKC-
nepuMeHTa. Paznuuus B KOHIEHTpanusax HepoTokcude-
CKHX areHTOB M YpPOBHSIX Oellka OMOMAapKepOB U MEWIy
00pabOTaHHBIMH M KOHTPOJIBHBIMHU TPYIIIIAMH OLICHUBAIN
C MOMOIIBI0 OHO(AKTOPHOTO TUCIIEPCHOHHOTO aHaln3a
(ANOVA) c ucrons30BaHHEM MPOTPAMMHOTO obecrieye-
uust STATISTICA 13 (Statsoft).

Pezynomamut u ux obcysicoenue

Bnusanue OUCIUIaTUHA 1 BaHKOMUIIMHA Ha KOHLEHTpPa-
o kiacrtepuHa B kietouno imau RPTEC/TERT1 mo-
Ka3aHo Ha puc. 1.

BnusHue nucnnariHa ¥ BaHKOMHIIMHA Ha KOHLIEHTpa-
nuto nucratua C B knetounoit smann RPTEC/TERT1
MOKa3aHo Ha pucC. 2.

Wnky0arus ¢ BaHKOMHIIMHOM BBI3BIBACT MOBBIIICHUE
KoHLeHTpaluu kiaactepusa Ha 80 — 100 % 1o cpaBHEHHIO
C KOHTpOJEM B TEUEHHE NEPBBIX 4 U IMOCIe WHKyOaIuy,
OJIHAKO CITyCTS 8 4 KOHLIEHTpPALUs KIacTepuHa BO3Bpalla-
ercst kK HopMe. Konuenrpanus nucratuia C rmoBbIIIaeTCs
Ha MPOTSHKEHUU BCETO NIEPHOIa HHKYOAIMHY TIPH ACHCTBUH
o0oux npenaparoB. [loBbllIeHHEe KOHIEHTPALKUU LUCILIa-
THHA W BaHKOMHIIMHA MPAKTUYECKH HE OKa3bIBAeT BIIMS-
HUE Ha IMHAMHKY U3MEHEHUs ypoBHs uucraruHa C.

Pe3ynmpraThl MOKA3BIBAIOT, UTO KIACTEPHH SIBISICTCS 0O-
Jee paHHMM OHMOMapKepoM K TOKCHYECKOMY ICHCTBHIO
BaHKOMHIIMHA, 9eM IucTaThH C, 9TO MOXET OBIThH CIICICT-
BHEM Pa3HBIX MEXaHU3MOB aKTHBAIIIH JaHHBIX OMOMapKe-
poB. LlucniatuH BbI3BIBA€T IOBBIIIEHUE KOHLIEHTPALMU
nuctatuaa C B cpenneM Ha 37 % Oosbliie, 4eM BaHKOMH-
[UH, MMO-BUANMOMY, U3-3a 0ojiee aKTUBHOTO TpPaHCIOPTa
€ro B KJIETKHU [TOCPEACTBOM TPAHCIIOPTEPOB OPraHUUECKUX
KaTHOHOB, a TaKKe W3-3a MEIJICHHOIO BBIBEJICHUS U3 Kile-
TOK, BBI3BAHHOTO HU3KUM cpoacTtBoM kK MATE-tpancnop-
TepaM.

[TonmyuenHsle pe3ynbTaThl IEMOHCTPUPYIOT BO3MOXK-
HOCTb UCIIOJIb30BaHUs KilacTepuHa U nucraruia C B Kaue-
CTBe OMOMAapKepOB i1 Vitro I OLICHKH JICKAPCTBEHHOMN
HE(POTOKCHYHOCTH HA MOACIH KICTOYHOW JIMHUHU
RPTEC/TERT]1.

Kon¢umkT nHTEpECcOB
ABTOpHI 3asBIAIOT 00 OTCYTCTBUH KOH(IHKTA HHTEpE-
COB, TPEOYIOIIETO PACKPBITHS B IaHHOH CTaThE.
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STUDY OF THE POSSIBLE USE OF RENAL BIOMARKERS TO ASSESS
DRUG-INDUCED NEPHROTOXICITY ON THE RPTEC/TERT1 CELL LINE MODEL

V. A. Evteev', I. S. Semenova’, N. D. Bunyatyan'?, and A. B. Prokofiev'?

! Scientific Centre for Expert Evaluation of Medicinal Products, Moscow, 127051 Russia
2 Sechenov University, Moscow, 119991 Russia

The possibility of using modern biomarkers of kidney damage cystatin C and clusterin in vivo was studied on the RPTEC/TERT] cell line model. Cisplatin
(cis-[Pt(NH,),Cl,]) and vancomycin were used as nephrotoxic agents. The concentration of biomarker proteins was measured using enzyme immunoassay. A
high increase in the concentration of clusterin was observed during the first four hours of incubation with vancomycin and then the clusterin concentration re-
turned to a normal level. The level of cystatin C increased gradually throughout the incubation period both with ciplatin and vancomycin. The results obtai-
ned demonstrate the possibility of using clusterin and cystatin C as in vitro biomarkers to assess drug-induced nephrotoxicity in RPTEC/TERT] cells.

Keywords: renal biomarkers; drugs; nephrotoxicity; RPTEC/TERT1; clusterin; cystatin C.
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