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Pesiome

O6ocHosaHue. ERK1 u ERK2 (extracellular signal-regulated kinase) npedcmassasitom co6oti podcmeeHHble npo-
meuH-cepuH/mpeoHuHo8ble KUHA3bl, KOMOopble y4acmeyom 8 pe2yasyuu KJAemo4H020 YUKAd, MU2payuu U 8blicu-
8aHus ka1emok, dudpdeperHyuayuu, memaboausma, npoaugdepayuu. [lepcnekmueHa oyeHka daHHO20 KAckada 01
onpedeseHUs1 03MOACHOCMU 8030elicmausl Ha NAamo/02u4ecKue cocmosiHusi nocpedcmeom pezyasayuu ERK1/2.
Llesv uccnedosanus: oyeHka gosseveHusi ERK MAPK kackada 6 pazgumue cnae4Hozo npoyecca 8 6pruwHoll
nosocmu.

Memodul. IkcnepumeHmuvl NPO8OJUAUCH HA cCAMYAX KpbIC AUHUU Bucmap. Modeauposaau cnaeuHblil npoyecc
8 bprowHoti nonocmu (n = 40). Cpoku uccaedogaHusi — om 2 uacoe do 30 cymok. B kauecmee KoHmpo/s uccaedo-
8aHbl 06pA3ybl MKaHel 5 uUHMakmMHbIX JcusomHuIX. [0Mo8UAU 2UCM0102UYECKUE CPe3bl, KOMOopble OKpawueau
aucmoxumuyecku Ha ERK1. Oyenueanau akcnpeccuto ERK1 u ERK2 c nomowwio I1L[P

Pe3yasmamul. Memodom I1L]P ycmaHoseHo sosseueHue 8 npoyecc kak ERK1, mak u ERK2 kackada, npu4ém, cyos
10 U3MEHEeHUI0 IKCNPecculU 2eH08, 808J1e4eHuUe NOC/1e0He20 8 npoyecc npoucxodum 6o1ee akmusHo. ['ucmoxumuyeckoe
uccsaedosarue noomeepduo yuacmue ERK kackadoe e ynpasseHuu penapayueli npu nogpesicoeHuu cepo3Holl 060-
JA104KU. [ucmoxumuecku 8vis18/1eH0 nosvluweHue 3xkcnpeccuu ERK1 ¢ dgyms nukamu akmueHocmu - Ha 1 u 30 cymok.
3akaoueHue. Hawu daHHble ycmaHas1us8arm MHO20KAHA/IbHOe ynpag/ieHue penapamusHblM NPOYeccoM 8 30He
nospescdeHusi cepo3Holl 060104KU ¢ sos1eveHuem kKak p38, mak u ERK MAPK kackados, Wmo 8ascHo yuumul8ams
npu paspabomke cnocob6os 8o3delicmaust HA NPOYecC paHO3aNcU8AeHUS 8 6PIOWHOU no10CMmU.
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Abstract

Background. ERK1 and ERK2 (extracellular signal-regulated kinase) are related protein serine / threonine kinases
that are involved in the regulation of the cell cycle, cell migration and survival, differentiation, metabolism, and pro-
liferation. Evaluation of this cascade is promising to determine the possibility of influencing pathological conditions
through the regulation of ERK1/2.

Aim of'the study. To assess the involvement of the ERK MAPK cascade in the development of adhesions in the abdominal cavity.
Methods. The experiments were carried out on male Wistar rats. The adhesion process in the abdominal cavity was
simulated (n = 40). The research time is from 2 hours to 30 days. Tissue samples from 5 intact animals were examined
as a control. Histological sections were prepared and stained histochemically for ERK1. The expression of ERK1 and
ERK2 was assessed by PCR.

Results. Using the PCR method, the involvement of both the ERK1 and ERKZ cascades in the process was established,
and, judging by the change in gene expression, the latter is more actively involved in the process. Histochemical study
confirmed the role of ERK cascades in the management of repair in serous membrane injury. Histochemically revealed
an increase in ERK1 expression with two peaks of activity — at 1 and 30 days.

Conclusion. Our data establish multichannel control of the reparative process in the area of damage to the serous
membrane with the involvement of both the p38 and ERK MAPK cascades, which is important to consider when devel-
oping methods of influencing the wound healing process in the abdominal cavity.
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ERK1 n ERK2 (extracellular signal-regulated kinase)
npepctaBnAoT coboli poACTBEHHbIe MPOTENH-CePUH/
TPEOHVHOBbIE KMHa3bl, KOTOPble YYacTBYIOT B Kackaje
nepepaun curHana Ras-Raf-MEK-ERK. 31oT Kackag yuacTteyeT
B perynaumm 60nbLIoro Konmyectsa NpoLeccos, BKYan
aaresnto KNeTok, pa3BuTME KIIETOYHOrO LKA, MUTpaLuio
1 BbKMBAHUE KNeTok, anddepeHumnaymio, metabonmsm,
nponudepaunto 1 TpaHckpunuumio [1].

Moka3aHo, uto akTnBauma ERK Kackaga nrpaet BaxHyo
ponb B NnpoLecce 3a)kmBeHnA paH [2]. Tak, 3a CYET akTMBa-
uun ERK1/2 kackaga npoucxoaut nponudepauus ¢pubpo-
6nactoB nof pencremem pubpobnactnyeckoro pakropa
pocTa [3]. CxogHbIin 3PpPeKT Ha aKTUBHOCTb BHEKIETOUHON
CUrHaNbHO-perynupyemom KnHa3sbl ERK B oTHoWweHun noyey-
HbIX PrOPOO6IACTOB OKA3bIBAET MPVIMEHEHWE UHTEPNENKMHA-
17A (IL-17A) B o3e 25-100 mkr [4].

In vitro npofeMOHCTPUPOBaHO, UTO A06ABEHNE aprHIA-
Ha B Cpepy Ky/bTVB/POBaHUA KNeTOK akTuBrpoBsano ERK1/2
KacKag, UTo 3HauMTeNbHO YBEIMYMBaNo NpoandepaTBHbLIN
noteHuman prubpobdnactos [5]. MoTtepa ERK1 1 ERK2 B reHe-
TUYECKN MOAMOULMPOBaHHBIX SMOPUOHANbHBIX KeTKax
NPWBOAUT K NMOJIHOI OCTaHOBKe nponudepaunn ¢rnbpobna-
CTOB, CBA3aHHOW C OCTaHOBKOW K/IETOYHOTO LKA B CTagmnu
G(1) n npexxpeBpeMeHHbIM PernIMKaTUBHbIM CTapeHneM [6].

MokazaHo, uTo psag 3$PeKTOB NEeKAPCTBEHHbIX CPEACTB
Ha pa3BUTUE COeAMHUTENbHOW TKaHW CBA3aH C Onocpeao-
BaHHbIM UHrM6uMpoBaHem ERK kackaga. Tak, COX-2 nHru-
6uTop Lenekokcnob Bbi3biBaeT nofasneHme nponvdbepaymm
aKTVBMPOBaHHbIX Gr6POO6IACTOB U SKCPECCMIO KOMnareHa,
YTO CBA3LIBAIOT C UHIOUPOBaAHNEM PErYNINPYEMON BHEKIE-
TOUHbIMK crurHanamu ERK1/2 [7]. A anureHuH nHrnbupyet
nponudepauymio, anddepeHUMaLmIo 1 CUHTETUYECKYHO QYHK-
LMo B KYNbType KNeToK noyeyHblx ¢pnubpobiactos 3a cuét
cHUXKeHnA docdopunmposaHusa ERK1/2 [8].

Ha maTemaTuyeckon Mmogenu nokasaHo, 4to pochopu-
nuposaHue ERK n akTnBauma cBA3aHHOrO C HUM Kackaga
NPOWNCXOANUT NoA AENCTBMEM NPOAHTMOTeHHbIX GaKkTopoB
(VEGF - vascular endothelial growth factor, FGF - fibroblast
growth factor), npnyém npu ogHOBpemMeHHOM BO34eNCTBIM
06enx pakTopoB 3GPeKT MHOrOKpaTHO Bo3pacTaeT [9].

Kpome atoro, ERK MAPK BoBneueHbl B MepecTpomky
COeAUHUTENbHONM TKaHW Yepes3 perynsaumio cekpeunum ma-
TPUYHbIX MeTannonpoTenHasbl (MMP), KoTopble urpatT
K/IOYEBYIO POSib B PEMOAENNPOBaHUN TKaHeN, pa3pyLuas
KOMMOHEHTbI BHEK/IETOYHOIO MaTpuKca. STOT MeXaH13m BO-
BJIeYEH BO MHOXKECTBO GU3MOSTOMMUYECKIX U NMaTONorMyeckunx
KNETOYHbIX MPOLECCOB, BKOYas 3axuBneHne paH. ERK1
n ERK2 yvactBytoT B uHgyumposaHHol IL-1 skcnpeccun
MMP3 [10].

PaHee Hamu 6bina oTmeuyeHa akTnBauua ERK kackaga
NPV XPOHNYECKOM, HO HE Npu oCTpom anneHgmymte [11].

LIEJ1Ib NCCJZIEAOBAHUA

OueHka BoBneyeHna ERK MAPK kackapa B pasButue
CrMaeyHoro npotiecca B 6pIoLWHON NOOCTy.

MATEPWUAJIbI U METOAbI

DKCMePUMEHTbI MPOBOAUINCD Ha 45 KMBOTHbIX — CaMLiax
KpbIC NHUK Buctap. Mogennposanu cnaeyHbliin npoLecc
B GPIOLLHOI NONOCTY pa3paboTaHHbIM Hamm cnocobom[12, 13].

BbiBeeHMe XKNBOTHbIX 113 SKCMEePUMEHTa MPOBEAEHO Ha 2,
6, 12 yacos, 1-e, 3-n, 7-e, 14-e n 30-e cyTKW. B KauecTBe KOH-
TponA UccneaoBaHbl 06PasLibl TKAHEW 5 UHTAKTHBIX XKUBOTHbIX.

MaTtepuan n3 30Hbl POPMUPOBaAHUA CNaek GUKCUPO-
Banu pactBopom FineFix (Milestone, Utanua), npoBoaky
M 3an1BKY B NapapuH OCyLeCcTBAAAM MO KJ1acCUYeCcKon
meTtoauke [14, 15].

loToBMNN Cpe3bl, KOTOPble OKpalMnBan NMMYHO-
rMcTOXMMMYeckum cnocobom [16]. B kKauecTBe nepBuY-
HbIX aHTUTEN NPUMeHANN aHTuTena K p44 MAPK (ERKT)
(MAPK3) Rabbit Monoclonal Antibody (Epitomics, Clone
ID: EP4967, Cat. N 3739-1, Lot YH111626, pabouee pa3-
BegeHue 1:200).

Kpome 3Toro npoBefeHa oLieHKa 3KCNpPeccumn reHoB
MAPK kackagos ERK1 n ERK2 B 30He 3a)KuBneHua paHbl,
c nomoubto Habopa ana MNLP MAP Kinase Signaling Pathway
RT>-Profiler™ PCR Array (Qiagen GmbH, lepmaHus; Kar.
N° PARN-061Z). Pe3ynbTtaTbl NpeAcTaBieHbl MO OTHOLIEHWIO
K 9KCMNpeccumn reHoB B 06/1aCT CEPO3HO-MbILLEYHOrO CJ10A
CNenon KNLWKM Y MHTAaKTHbIX >KUBOTHbIX.

Bce uccnepoBaHma NnpoBefeHbl ¢ COGMOAEHEM NPVIH-
LMMNOB ryMaHHOro 06paLleHna C XMBOTHbIMU 1 Of06PEHDI
KomuTteTom no 3tnke MHLXT.

PE3YNIbTATbl UCCJZIEQOBAHUA

WccnepoBaHa akcnpeccus p44 MAPK (ERK1), agnsatowe-
rocs 0OqHMM 13 0CHOBHbIX KomnoHeHToB ERK MAPK kackapa.
Kak n3BecTHO, uutonnasmatuyeckas popma p44 docodo-
punupyeTcs ¢ yyactriem 6efika nepefaum crHana ras npu
aKTMBaLMN TMPO3NHKNHA3HbIX PELIENTOPOB U MHTErPUHOB.
®ochopunmpoBaHHaa dopma B uuTonnasme yyacTsyer
B YNpaBiieHUN anonTo30M U TpaHCAALMEN, a TakKe TpaHC-
NIoLMpyeTCa B AAPO, rAe perynmpyet TPaHCKPUMLMIo.

YcTaHOBNEHO, YTO Yepes 2 yaca nocsne NoBpeaeHnaA
GproWwnHbl HabNoaaeTCa MUHUMaNbHasA Kcnpeccua pa4
B 30He noBpexaeHuns. Yepes 6 yacos 1 12 yacoB sKcnpeccua
p44 ycunusanacb 10 yMEPEeHHOMN.

Yepes cyTKn nocsie noBpexaeHus 6poLWmrHbl pe3ko
noBblLanacb sKcnpeccna p44 B cepo3HoOM 1 cybcepo3Hom
cnosx. Yepes 3 cyToK coxpaHanacb ymepeHHas aKcrnpeccus
p44 B 30He dopmMMpOBaHMA crarku (puc. 1).

Puc. 1. 3-1 cyTKu 3KCNepumeHTa. YMepeHHasa sKkcnpeccuna p44 B 30He
nospexaeHus. IMMyHOrncToxmumums, nepBrYHbIe aHTUTena —
p44 MAPK (ERK1) (MAPK3) (Epitomics), 1: 200, fokpaluvsaHue
reMaToKCUNHOM

Fig. 1. 3" day of the experiment. Moderate expression of p44 in the
damaged area. Immunohistochemistry, primary antibodies - p44
MAPK (ERK1) (MAPK3) (Epitomics), 1 : 200, counterstaining with
hematoxylin

Ha 7-e 1 14-e cyTku skcnpeccmsa p44 cHuxkanach (puc. 2, 3).

SKCIIepI/lMeHTaJILHbIe HCC/IeJOBAHUA
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Puc. 2. 7-e cyTKn aKkcneprimeHTa. HesHaunTenbHasa skcnpeccna p44

B 30He noBpexaeHna. IMMyHOrCTOXMMUA, NEePBUYHbIE

aHTuTena - p44 MAPK (ERK1) (MAPK3) (Epitomics), 1:200, go-
KpallviBaHVe reMaToKCUIMHOM

Fig. 2. 7" day of the experiment. Insignificant expression of p44 in the dam-

aged area. Immunohistochemistry, primary antibodies — p44 MAPK

(ERK1) (MAPK3) (Epitomics), 1: 200, counterstaining with hematoxylin

S

Puc. 3.

14-e cyTKM 3KCcnepumeHTa. HesHauutenbHasa sKkcnpeccna

p44 B 30He NoBpeXxAeHWA. IMMyHOrMCTOXMUSA, MePBUYHbIE

aHTuTena — p44 MAPK (ERKT) (MAPK3) (Epitomics), 1 : 200,

[OKpaLUMBaHVie reMaTOKCUANHOM

Fig.3. 14™day of the experiment. Insignificant expression of p44 in the dam-
aged area. Immunohistochemistry, primary antibodies — p44 MAPK
(ERK1) (MAPK3) (Epitomics), 1:200, counterstaining with hematoxylin

32,00

K 30-m cyTkam 3kcnpeccua p44 BHOBb MoOBbIWanach
(punc. 4).

Puc.4. 30-e cyTKM 3KCNepuMeHTa. YMepeHHas sKkcnpeccua p44 B 30He
nospexgeHnsa. IMMyHOrMcToxnmus, NepBuUYHbIe aHTUTena —
p44 MAPK (ERK1) (MAPK3) (Epitomics), 1:200, sokpalumBaHue
reMaToKCUIVHOM

Fig. 4. 30" day of the experiment. Moderate expression of p44 in the
damaged area. Immunohistochemistry, primary antibodies - p44
MAPK (ERKT) (MAPK3) (Epitomics), 1 : 200, counterstaining with
hematoxylin

Mpwn oueHke akcnpeccua reHos ERK2 n ERK1 ycTa-
HOBJIEHO, YTO YpOBeHb 3Kcnpeccun ERK2 6bin nosbiieH
BeCb nepwviog HabnoaeHna — ¢ 12 yacos fo 14 cyTok. Muk
akTMBHOCTU reHoB ERK2 npuxopunca Ha 3-n cytku, ERK1 -
Ha 7-e cyTku. CTaTuCTMyecKasa 3HaYMMOCTb pPasnnyunii no
CpPaBHEHMIO C MHTAKTHbIMU XNBOTHbIMM (p < 0,05) ana ERK1
ycTaHoBfieHa Ha 12 yacos, 1 n 7 cytok, ana ERK2 — Ha 12 va-
coB, 1,3 n 7 cyTok (puc. 5).

Takmm 06pa3om, Hamm yCTaHOBIIEHO, UTO HapsAAay € p38
MAPK (mitogen-activated protein kinase) kackagom [17]
B CMaeyHbI NpoLecc B 6proLLIHOM NonocTy BoBrekaeTcst ERK
kackag. Metopgom lNLP ycTaHoBneHo BOBneueHne B npoLecc
kak ERK1, Tak n ERK2 kackapa, npruém, Cyasa no M3MeHeHuio
3KCNpeccumn reHoB, BOBJieYeHMe NociefHero B npouecc
npouncxoguT 6onee akTMBHO (puc. 5). lmcToxmmmyeckoe nc-
cneposaHue noaTeepauno yyactn ERK kackagos B ynpasne-
HUW penapauunen npu NoBpPeXaeHN CEPO3HOM 000NTOUKN.

* BERK1 BERK2

16,00

8,00

4,00

2,00

0,50

gyTokK

0,25

Puc. 5. 3kcnpeccua ERK B 30He noBpexaeHnA. JKCNpeccrsa B KOHTPOse BO BCeX cnyyasax npuHaTa 3a 1. * — CcTaTMCTMYECKanA 3HAYUMOCTb pas-

JINYMIA NO CPABHEHMIO C MHTAKTHBIMU XXMBOTHbIMY (p < 0,05)

Fig. 5. Expression of ERK in the damaged area. Expression in control in all cases was taken as 1. * - statistical significance of differences compared with

intact animals (p < 0.05)
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[MCTOXMMMYECKM BbIABNEHO NOBbIWEHNe 3Kcnpeccum ERK1
C ABYyMA NKamu akTMBHOCTM — Ha 1 1 30 cyToK.

Haww gaHHble ycTaHaBAMBAKOT MHOMOKaHanbHoe yrnpaBs-
NneHve penapaTUBHLIM NMPOLIECCOM B 30HE MOBPEXAEHNA
cepo3Hol 060/104KK C BoBNeYeHnemM Kak p38, Tak n ERK
MAPK KackafoB, 4To Ba)KHO yumTbiBaTb Npun pa3paboTke
cnoco6oB BO3AeNCTBMA Ha NMPOLECcC paHO3a)XMBNEeHMs
B OpIOLLIHON nofocTu.
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