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Pe3rome

Ieas — U3yunTh 9P (HEKTUBHOCTH IEHCTBUS XJIOPUA JTUTHS B KAUECTBE CPEJICTBA, TPEJOTBPAIIIAI0IIEro
MOBpesKIeHNe MOHOCTIOS 9HA0TeTNAIbHBIX KIETOK in vitro moj, feficCTBeM ChIBOPOTKHY ITAIlieHTOB C Cell-
TUYECKUM IIIOKOM.

MaTepnaJI H MeToabl. HpI/I IpoBeJEeHNN NCCAE0BaHUA NCIIOJ/JIB30BaJIXM TOKCUYHYIO CBIBOPOTRY OOJIBHBIX
CEeINITUYeCKUM IIIOKOM B KOJIMYECTBe 5 UeJI0BeK, OTOOPAHHBIX B COOTBETCTBUU € Kputepusamu «Cercuc-3».
KpoBb 11151 TpoBeeHUs 9KCIIEPUMEHTOB 3a0MpaJi B TEUEHUH 2 YacoB I10C/Ie BBIABJIEHUS CEIITUYeCKOTrOo
III0Ka. B KayecTBe KOHTPOJILHOH IPYIIIBI UCCJIEJOBAIU CBIBOPOTKY KPOBU 5 TPAaKTUUECKU 3[JOPOBBIX JOHO-
PpoOB. dHJOTeMaIbHbIe KieTKU Ea.hy926 nuaky6upoBasu B TeueHue 3 yacoB pu 37°C ¢ CBIBOPOTKOM 3/10pO-
BOTO YeJIoBeKa (KOHTPOJIb), @ TAK)Ke C CBIBOPOTKOM MalleHTa C CeITUYeCKUM IIIOKOM 6e3 XJIOpuaa TUTUA U
B €ro IPUCYTCTBUU B KOHEYHbIX KOHIeHTpanusax 0,01 Mmmoub/Ja, 0,1 MMOJb/J1, 1 MMOJIB/J1, 10 MMOJIB/ 1. XJ10-
pua IUTHUA 00aBJIAIH 3a 1 yac 10 CMeHbI CBIBOPOTOK. [Tocsie MHKyOaIii ¢ IOMOIIIbI0 IMMYHO(MIyOPeCleHT-
HOI MUKPOCKOIIUU OLIEHUBAJIU COCTOSTHUE aKTHUHA, VE-KaAreprHa U KJIayIuHa, C TOMOIIBI0 BeCTepH-0JI0T-
TUHTA OTPEEISIIN CoflepsKaHle U cTeneHb (pochopuanpoBaHusi MTUKOTeHCUHTa3bl KnHaskl 33 (GSK-34).

Pe3ysnbpraThl. YCTAHOBUJIU, YTO TOKCUYHASI CHIBOPOTKA MTonaBJisiiia pocopunupoBanue GSK-36 B aH[I0-
TeJIMOIUTAX, a TAaK)Ke BbI3bIBasIa paciierienne VE-KaarepuHa, yMeHbIIIeHHe KOJIUYecTBa KaayauHa. Tok-
cHUYecKasi CbIBOPOTKA TaK)Ke U3MeHsIa (popMy SHIOTeJIUIIOTOB — OHH TePSATH HAaTUBHYIO MHOTOYTOJIBHYIO
¢opmy, BEITATUBAINCEH, MEXKIY HUIMHU 00pPa30BbIBAINCH TPOMEKYTKU. VIHKYOAIMsi MOHOCJIOS 9HI0TEeINO-
OUTOB C XJIOPUIOM JIUTUA B KOHIEHTPAIIUU OT 1,0 MMOJIb/JI Y BBIIIIE NpaKTU4YeCKU MOJTHOCTBIO ITpeJoTBpa-
masia pa3bopKy KIayauHa, akTuHA U VE-kaarepuHa. [Ipu MofeTMpoBaHUM 3aIIUTHI XJIOPUOM JIUTHUSA 9H-
JIOTEJIMOIIUTOB OT TOKCUYHOH CHIBOPOTKU OOHAPYKUJIM, UTO MPEJUHKYOAIus C XJIOPUIOM JIUTUS
JJINTeIBHOCTBIO 1 Yac, B KOHI[EHTpaIuu 1 MMOoJIb/JI IpeoTBpaliaga HHaKTUBAIuIo (1edocdopuamupona-
uue) GSK-36 u gake, HA000POT, CTUMYIHPOBaAJIO ee ¢pochopuUIUPOBaHNE HA BpeMEHHOM MHTepBase 1-4
4aca 1ocJje Bo3JefiCTBUS CBIBOPOTKU.

3ak/roueHue. B peaysbrare IpoBeeHHOTO UCCIEI0BAHNSA YeTKO IT0Ka3a/IM HaTndrie IPOTeKTUBHOTO
acdexTa xyT0pHa TUTHUA OTHOCUTEIEHO MOHOCJIOA 9HIOTEIMOLUTOB ITyTeM aKTUBAIuU pochopuinpona-
uust GSK-34 (mepeBon ¢pepMeHTa B HEAKTUBHYTO (popmy). IIpu 9T0OM BO3AEHCTBHE XJTOPHU/IA JTUTHUSI UMEJIO BbI-
pasKeHHBIH J0303aBUCUMBII XapaKkTep HaunHas ¢ KoHIeHTparuu 0,01 MMOJIb/JI.

Kntouesvle cnosa: X10puo IUmust; Cenmu4eckull Wok; IHO0Meauoyuny; 2iukozeHcunmasa kunasa 36; GSK-33

Summary

The aim is to study the effectiveness of lithium chloride for preventing damage to the monolayer of en-
dothelial cells in vitro exposed to serum of patients with septic shock.
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Material and methods. Serum samples prepared from blood of 5 septic shock patients selected according
to «Sepsis-3» criteria and 5 healthy volunteers (control serum) were used in the study. Blood for experiments
was withdrawn within 2 hours after the diagnosis of septic shock. The Ea.hy926 endothelial cells were incu-
bated with the serum of a patient with septic shock (toxic serum) or control serum for 3 hours at 37°C without
or with lithium chloride at final concentrations of 0.01 mmol/l, 0.1 mmol/l, 1 mmol/l, 10 mmol/l. Lithium
chloride was added 1 hour before the serum change. After incubation, the expressions of actin, VE-cadherin
and claudin were assessed by immunofluorescent microscopy; the level and degree of phosphorylation of
glycogen synthase kinase 33 (GSK-34) were determined using western blotting.

Results. Toxic serum significantly inhibited GSK-38 phosphorylation, induced cleavage of VE-cadherin
and reduced the claudin inendothelial cells. Toxic serum also altered the shape of endothelial cells: they lost
their native polygonal shape and became elongated with gaps between them. Incubation of endothelial cells
monolayer with lithium chloride at concentrations equal or higher 1.0 mmol/l almost completely prevented
cleavage of claudin, actin and VE-cadherin. When studying the in vitro protection of endothelial cells from ef-
fects of toxic serum with lithium chloride, pre-incubation with the drug at a concentration of 1 mmol/I for 1
hour prevented inactivation (dephosphorylation) of GSK-34 and even to stimulate its phosphorylation in 1-4
hours after exposure to the serum.

Conclusion. The study clearly showed the protective effect of lithium chloride on endothelial cell mono-
layer by activating phosphorylation of GSK-34 (enzyme conversion into inactive form). Moreover, the effect of
lithium chloride exhibited a distinct dose-dependent character starting with a concentration of 0.01 mmol/1.

Keywords: lithium chloride; septic shock; endothelial cell; glycogen synthase kinase 38; GSK-33
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BBenenue

[IpenapaTh! IUTHUA yKe MHOTHE roJbl yCIIel-
HO TPUMEHSIOTCA B IICUXUATPUU [JIs JIEUeHUs
OUITOJIAPHBIX paccTpoicTs [1]. OmMHAKO K HACTOSI-
IIIeMy MOMEHTY B JIUTEpPAType HAaKOIJIeHO O0JIbIIIOe
KOJIMYECTBO 9KCIIEPUMEHTAIbHbBIX JaHHBIX, CBUE-
TeJIbCTBYIOIIUX O Kapauo-, Hepo- U HEHPOoIpo-
TEKTOPHBIX CBOMCTBAX JTUTHS [2]. BriepBbIe 3amur-
Hble CBOMCTBA MOHOB JINTUsI ObLIIN 0OHAPYSKEHBI i
vitro Ha Kapauomuonurax B 2004 romy, Korga ux
WHKYOAIUsl C XJOPUIOM JINTUsI NPUBOAWIIA K
BBIPQYKEHHOMY CHUPKEHUIO TUOEJTH KJIETOK OT UIIIe-
MUM/peoKCUreHaluy, peaoTspaliasi OTKpbITHe
MUTOXOHIPUAJILHOU TTOPbI Yepe3 hochopusimpo-
BaHue (MHTUOMpoBaHue) hepMeHTa NIMKOTE€HCUH-
Tasa kuHassel 3B (GSK-3P) [3]. B nanbHeliieM oHU
OBLTM TOATBEPIKIEHBI HA MOJIEJIH HITIEMUU ITepdy-
3upyemoro 110 Jlaurennopdy cepaua [4] u in vivoHa
Moesu nH(papKTa MUOKapaa y KpbIc [5].

B aroii cBs13u mpejicTaBJisieT O0JIBIIION HHTE-
pec HegaBHee ucceg0BaHue [6] Ha MOAesIu OCTa-
HOBKM ceppua 1o B. I Kopniauesy. [Ipu rucroJio-
TMYeCKOM MCCJIeJOBAHUM YCTAaHOBJIEHO, 4YTO
10-MuHYyTHasA OCTaHOBKA cepjla IIPpUBOOMWJIA K
CHIKEHUIO YK CJIa JKU3HECITOCOOHBIX HEHPOHOB B
nosie CAl runnokamna Ha 37,5% (p<0,001), B moJsie
CA3/CA4 — na 12,9% (p<0,05). [Ipumenenue LiCl
CII0COOCTBOBAJIO YBEJTMYEHUIO YK CIA YKU3HECIIO-
COOHBIX HEPOHOB TUIIIOKAMIIa Y pEaHUMHUPOBaH-
HbIX KpbIC — B n1oJie CAl Ha 37% (p<0,01), B moJie
CA3/CA4 — na 11,5% (p<0,1) 0 cpaBHEHHUIO C
HeJIEYeHBIMHU SKHUBOTHBIMU. ITOT 3P GeKT Mor
OBITH 0O0YCJIOBJIEH TMOBBIIIEHUEM COAEPIKAHUS
dochopunmpoBannoit popmbl 6eska GSK-30.

CUHAPOM CHCTEMHOTO BOCHAJUTEJTHHOTO
OTBEeTa BOSHUKAET B OTBET HA PA3JINYHbIE IOBPEK-

JaroIe BO3IeNCTBYSA, Kak MH(PEKIMOHHOTO (0aK-

Introduction

Lithium preparations have been successfully
used for many years in psychiatry to treat bipolar
disorders [1]. However, to date, a lot of experimen-
tal data have been accumulated in the literature, in-
dicating cardio-, nephro- and neuroprotective
properties of lithium [2]. The protective properties
of lithium ions were first discovered in vitro on car-
diomyocytes in 2004 when their incubation with
lithium chloride led to a marked decrease in cell
death from ischemia/reoxygenation, preventing
the opening of mitochondrial pore via phosphory-
lation (inhibition) of glycogen synthase kinase 3f3
(GSK-3p) [3]. Later the lithium effects were con-
firmed using the Langendorff perfusion heart [4]
and in vivo myocardial infarction model in rats [5].

In this connection, a recent study [6] that em-
ployed modeling the cardiac arrest according to
method by V. G. Korpachev is of great interest. His-
tological study revealed that 10-minute cardiac ar-
rest resulted in a 37.5% (P<0.001) decrease in the
number of viable neurons in the CA1 field of the
hippocampus and 12.9% (P<0.05) decrease in the
CA3/CA4 field. The use of LiCl was associated with
an increase in the number of viable hippocampal
neurons in resuscitated rats by 37% in the CA1 field
(P<0.01) and by 11.5% in the CA3/CA4 field (P<0.1)
compared to untreated animals. This effect may
have been due to the increased content of phos-
phorylated protein GSK-3p.

The systemic inflammatory response syn-
drome (SIRS) occurs as a result of various damag-
ing effects of both infectious (bacterial pathogens)
and non-infectious (traumas, burns, and large vol-
ume surgical interventions) origin. [7] SIRS is
manifested by increased production of proinflam-
matory cytokines and their penetration through
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TepuaIbHbIE BO3OYIUTENN), TAK M HEMH(MEKITNOH-
HOT'0 (TpaBMBbl, 0YKOT'H, OllepaTuBHbIE BMeIllaTe Ib-
cTBa 60JIBITIOTO 00 beMa) TeHe3a [7] ¥ IPOsIBJISAEeTCSA
TUIEePIPOaYKIMel IPOBOCHAIUTeIbHBIX ITUTOKHU-
HOB, UX IDOHUKHOBEHNEM Yepes3 rucToreMarnye-
cKye Oapbephl ¢ oCeAyIolleil nHGUIbTpaein
JIEMKOLIMTaMU M IUTOKWHAMM TKaHell OpraHoB-
muitieHen [8, 9]. [locsieTHee TPUBOIUT K pa3BUTUIO
MOJIMOPTaHHOM HeI0CTaTOUHOCTH, SIBJIAIOIIENCS
OCHOBHOU NMPUYMHON r'MOesy MareHToB B maJsa-
TaX UHTEHCUBHOH Tepanuu. BaskHeuIyio poJib B
PpasBUTHM, PErYIALMN U pa3pelleHnH BOCaJIeHUA
UrpaloT HeUTPOPUIbI — KJIETKH, YU4aCTBYIOIIUE B
¢dopmupoBaHnHU HeclieruuIeCcKol pe3uCTEHTHO-
ctu opranu3ma. IMMyHHBIN OTBeT Ha IIOBpEsKe-
HUe TKaHel WM UH(PeKINI0 HAUNHAeTCsI C CEKpe-
Uy HelTpoduiIaMu IIPOBOCIAJUTE/BHBIX U
NIPOTUBOBOCHAIUTEJNBHBIX  IUTOKWHOB,  YTO
HAIIpaBJICHO Ha yJaJleHre [IOBPEesKIaiolero areH-
Ta ¥ BOCCTaHOBJICHHE T'OMeOoCTasa.

BBICOKOYYBCTBUTEIBHBIMU U JUArHOCTUYE-
CKM 3HAYMMBIMHU MapKepaMy CUCTEMHOIO BOCIIa-
JIMTEJILHOTO OTBETA SIBJISAIOTCA MOJieKy/bl CD11b u
CD66b, koTOpbIe HAXOAATCS BO BHYTPUKJIETOYHBIX
rpaHysax Heitpogusaos. CD11b BsauMopneiicTByeT
c pertentopamu ICAM-1 Ha 9HAOTETUAJIBHBIX KJIET-
Kax, 4To o0ecreyrnBaeT are3nio HeUTPO(PUIOB 1
IOCJIEAYIONIYIO NX MATPALIUIO Yepes 9HA0TeINaIb-
HBII 6apbep Kk ovyary Bocnasienus [10].

DHAO0Te U NIPeACTaBJIEH OTHUM CJI0EM CIle-
IMAIU3UPOBAHHBIX KJIETOK, BBICTHJIAIOIINX BHYT-
PEHHIOIO IOBEPXHOCTh KPOBEHOCHBIX U JIUM(paTu-
YeCKHUX cocyoB. [TomrnMo 6apbepHOM, 9HJOTETNH
BBIIIOJIHSAET P IPYTUX (PU3UOJIOTUYECKUX (PYHK-
IUA: MoJJepsKaHue OHKOTUUYECKOTO [aBJIEeHUs,
y4JacTue B CBEPTBIBAaHUM KPOBHU, aHTHUOTeHe3e U
npouee. [Ipy pa3BUTHM HEKOTOPBIX ITaTOJIOTAYe-
CKHX IIPOLIECCOB 9HJIOTeNraNbHas AUCHYHKIUA
CTAaHOBUTCS UX BAYKHOU COCTABJISIIONIEN U BO MHO-
oM oIlpefesiseT TAYKeCTh TeYeHUs aTepPOCKJIepPO-
34, celcuca, uleMuYeCKux U penep@ysnoHHbIX
MMOBPEXKIEHUH, TSAKETO0U COYeTaHHOU TpaBMBbI, a
TaK’Ke CUHJpPOMa CUCTEeMHOU BOCHAIUTEJbHOU
peaxkuuy, B TOM 4MCJIe, U B paHHEM I10cJIeolepa-
IMOHHOM Tiepuoje [11]. 9TOT CHHIPOM — KJI04Ye-
BOU (peHOMEH KPUTUUYECKUX COCTOSTHUHN, COMPO-
BOYKJIAIONINIICS yBeJUYeHueM IIPOHUKHOBEHUs
IIPOBOCIIAJIUTEJIbHBIX IUTOKWHOB Yepes3 TUCTore-
Maruyeckre 0apbepbl M MPUBOAAIINN K HapyIe-
HUIO LIeJIOCTHOCTU IOCJIEJHUX, C IOCenyIoen
UH@UIBTpaIed TkKaHel JeUKOIUTaMU U IUTOKU-
HaMm [12]. TpaHCKanUIAPHAA YTEYKA YKUIKOCTH,
BO3HUKAIOIIAsI BCJIECTBYE HapyIlleHus bapbep-
HOU (PYHKIIMU 9HIOTEUs] WU THOEJH KJIETOK,
NIPUBOAUT K BOSHUKHOBEHUIO MHTEPCTULNAIBHO-
r'0 OTeKa, YTO, Ha yPOBHE OPTaHU3Ma, MaHU(ECTHU-
pyeT IOJMOPTaHHOM HEeJO0CTaTOYHOCTHIO
COCTOsIHMEM, IIPeICTABIIAIONIEM CEPbE3HYIO YIPO-
3y sKU3HM 00JBHOTO [13, 14].

blood-tissue barriers with subsequent infiltration
of target organ tissues with leukocytes and cy-
tokines [8, 9]. The latter leads to the development
of multi-organ failure, which is the main cause of
death of patients in intensive care wards. The most
important role in development, control and reso-
lution of inflammation is played by neutrophils,
which participate in formation of nonspecific re-
sistance of the body. Immune response to tissue
damage or infection begins with neutrophils se-
creting pro-inflammatory and anti-inflammatory
cytokines aimed at eliminating the damaging
agent and restoring homeostasis.

The CD11b and CD66b molecules, which are
found in neutrophil intracellular granules, are
highly sensitive and diagnostically significant
markers of the systemic inflammatory response.
CD11b interacts with ICAM-1 receptors on en-
dothelial cells, allowing for neutrophil adhesion
and their subsequent migration through the en-
dothelial barrier to the inflammation site [10].

Endothelium is a monolayer of specialized
cells lining the inner surface of blood and lym-
phatic vessels. The main physiological functions
of endothelium include barrier, maintenance of
oncotic pressure, participation in blood coagu-
lation, angiogenesis, etc. Endothelial dysfunc-
tion is an important component of various
pathological processes and largely affects the
severity of atherosclerosis, sepsis, ischemic and
reperfusion injuries, severe combined trauma, as
well as SIRS occurring in the early postoperative
period [11]. This syndrome is a key event of crit-
ical conditions accompanied by increased pen-
etration of pro-inflammatory cytokines through
blood-tissue causing their impaired integrity
with subsequent tissue infiltration by leukocytes
and cytokines [12]. Transcapillary fluid leakage
resulting from endothelial barrier function dis-
turbance or cell death leads to interstitial edema
contributing to the life-threatening multi-organ
failure [13, 14].

Prevention, treatment and minimization of
the consequences of systemic inflammatory re-
sponse syndrome is one of the main challenges in
anesthesiology and intensive care. The presence of
anti-inflammatory activity (i. e., the ability to in-
hibit the systemic inflammatory response syn-
drome) and, consequently, the ability to prevent
endothelial dysfunction, is a beneficial «side effect»
of some well-known drugs [15].

According to available experimental data
lithium chloride posseses strong organoprotective
properties, but their mechanisms, particularly for
endothelial protection, remains unexplored.

The aim of the study was to evaluate the effi-
cacy of lithium chloride for preventing damage to
the monolayer of endothelial cells in vitro exposed
to the serum of patients with septic shock.
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[Ipenynpesxnenue, JjedyeHne 1 MUHAMU3al A
MOCJIEJICTBUM CHUHJAPOMA CHCTEMHOW BOCIIAJIM-
TeJIbHOU peaKkInu SIBJISETCSA OJHOU U3 OCHOBHBIX
3a/lad aHEeCTe3WOJIOTUM U PEAHUMATOJIOTUM.
Hanuyre npoTUBOBOCTIAIUTEIHHON aKTUBHOCTHU
(T. e. CHOCOOHOCTH TOPMO3UTDH PA3BUTHE CUHIPO-
Ma CUCTEMHOM BOCITAJIUTEILHON peaKInu) 1, Kak
CJIEJICTBHE, CITOCOOHOCTH IIPEIOTBPAIaTh Pa3BU-
THEe 3HJ0TeJUATbHOU TUC(YHKIUU, ABJSIETCS
MTOJIOKUTETbHBIM TMOO0YHBIM 3 dekToM psma
U3BECTHBIX Ipenaparos [15].

Ilo mMeromIMMCS Ha CETOTHAIITHUM eHb 9KC-
MepUMeHTATbHBIM JaHHBIM XJIOPUI JIUTHUSI 00J1a-
JlaeT BBIPAYKEHHBIMU OPraHOMPOTEKTOPHBIMU
CBOMCTBaMH, HO MEXaHWU3M peaJu3alluu ero
3aIUTHBIX CBOMCTB M B 0OCOOEHHOCTH Ha (PyHK-
MO 3HJIOTEJINA OCTAIOTCA HEeN3yYeHHBIMU.

esb uccienoBanusi — U3y4uThb 3 HEKTUB-
HOCTb JIEWCTBUSA XJIOPUJIA JTUTUS B KaueCcTBe Cpe]l-
CTBa, PEIOTBPAIIIAOIIEr0 MOBPEsKIEHE MOHOCJIOS
9HIOTEJTUAJILHBIX KJIETOK i71 Vilro Tof, JeHCTBUEM
CBIBOPOTKY NAIIMEHTOB C CENITUYECKUM IIIOKOM.

MarepuaJ 1 MeTobI

BoJIbHBIX C pa3BUBIINMCS CEITUYECKUM IIIOKOM B
KOJIMYecTBe 5 4eJIOBEK 0TOOpasu B COOTBETCTBUU C
kpurepusimu «Cericuc-3» (cpeguuit Bo3pact 32,4 [25,6;
42,4]) [21]. KpoBB AJ151 IpOBeIeHUsI 9KCIIEPUMEHTOB 3a-
Oupasy B TeYeHNe 2 YaCOB IIOCJIE BBISBJIEHUSI CENITHYE-
CKOTO II0Ka. B kauecTBe KOHTPOJIBHOU I'PYIIIBI KCCIIE-
JIOBaJIU CHIBOPOTKY KPOBU IIPAKTHUUYECKHU 3J0POBBIX
IOHOPOB (5 4yesiOBeK), MenuaHa Bo3pacra 35,6 [28,7;
45,0] seT. B kaskI0U M3 TPymIr O6bLI0 3 MYKYHUHBI U 2
SKeHITHBI. TakM 00pa3oM, B KasKI0H CEPUU OIBITOB
(B mocTaHoBKax ¢ fob6aB/IeHneM pa3HOil KOHLIEHTpaluu
npenapara, TOKCUYHOH ChIBOPOTKH) KOJINUYECTBO JKC-
[IepUMEHTOB COCTaBJISIIO 5.

duporenuanbHble kieTku Ea.hy926 pacrunu B
cpege DMEM (Gibco, USA) ¢ 10% Tensiubeit amOpuo-
HasbHOU ceiBopoTKON — FBS (HyClone, USA) 1o MoHO-
cJ10s1. 3aTeM KJIETKY NHKYOMPOBAJIU B Te€YEHNE 3 YaCOB
nipu 37°C ¢ 5%-HOU TeJIsT9beil 9MOPUOHATBHON ChIBO-
POTKOI (KOHTPOJIb), C CBIBOPOTKOU KPOBU 3I0POBOIO
4yeJIOBeKa, a TAaK)Ke C ChIBOPOTKOU INalleHTa ¢ CerTuye-
CKUM IIIOKOM 0€3 XJIOPHIa JIUTUS U B €r0 IPUCYTCTBUU
B KOHEYHbIX KoOHIeHTpauusax 0,01 mmouss/a, 0,1
MMOJIb/JI, 1 MMOJIB/JI, 10 MMOJIB/JI. XJIOpUL JIUTHUS AO-
6aBJisyiH 3a 1 yac 10 CMEHBI CBIBOPOTOK. ITocyie MHKY-
Oarnuu KJIeTKY MPOMBIBAJIU TETIBLIM pacTBopoM DMEM
6e3 CBIBOPOTKH, a 3aTeM (UKCHPOBaIH 2%-HBIM pac-
TBOPOM Ilapadopma U nepMeabuIn30BbIBAIU 1%-HbIM
pactBopoM Triton X-100. duUKCUpPOBAHHBIE KJETKU
OKpallluBaJ/ii IIepBUYHBIMU aHTUTesJaMU K VE-kanre-
puny (BD Biosciences, CIIIA), a 3aTeM HHKYOUPOBAJIH C
BTOPUYHBIMM aAHTHUTEJaMU, KOHBIOTUPOBAHHBIMU C
duryopecuenTbiM kpacutesieMm Oregon Green 488 (Life
Technologies, USA), a Takske ¢ pa/yionIMHOM KpPaCHbIM
(Invitrogen, CIIIA) u kpacutesiem Hoechst 33342 (Life
Technologies, CIIIA). O6paboTKy n300paskeHHH, ITOJTy-
UYeHHBIX Ha (DJIyOpPeCleHTHOM MUKPOCKOIIE, a TAKKE UX
KOJIMYeCTBEHHBIHN aHaJ/IN3 IIPOBOJUJIU C IOMOIIIBIO IIPO-
rpamm Image]J 1.44p u MetaVue 4.6.

Materials and Methods

Five patients with progressive septic shock were se-
lected according to «Sepsis-3» criteria (median age
32.4 [25.6; 42.4]) [21]. Blood for experiments was with-
drawn within 2 hours after the diagnosis of septic shock.
The sera samples from 5 healthy volunteers were used in
the control group (median age 35.6 years [28.7; 45.0]).
There were 3 men and 2 women in each group. Thus,
each series of tests (with addition of various concentra-
tions of the drug and toxic serum) had 5 experiments.

Endothelial cells Ea.hy926 were grown until mono-
layer formation in the DMEM medium (Gibco, USA) with
10% calf embryonic serum (CES, HyClone, USA). The
cells were then incubated for 3 hours at 37°C with 5% CES
(control), with healthy human serum, and with the
serum of patient with septic shock without and with
lithium chloride at final concentrations of 0.01 mmol/l,
0.1 mmol/l, 1 mmol/l, 10 mmol/l. Lithium chloride was
added 1 hour before serum change. After incubation the
cells were washed with warm DMEM solution without
serum, and then fixed with 2% solution of paraformalde-
hyde and permeabilized with 1% solution of Triton X-100.
The fixed cells were stained with primary antibodies to
VE-cadherin (BD Biosciences, USA) and then incubated
with secondary antibodies conjugated with fluorescent
dye Oregon Green 488 (Life Technologies, USA), as well
as with phalloidin red (Invitrogen, USA) and Hoechst
33342 dye (Life Technologies, USA). Processing of images
obtained with a fluorescence microscope as well as their
quantitative analysis was done using Image] 1.44p and
MetaVue 4.6 software.

For western blotting, Ea.hy926 endothelial cells
were grown and incubated in the same way as described
above. After incubation, the cells were lysed in hot buffer
(62.5 mM Tris-HCI, pH 6.8; 2% SDS; 10% glycerin; 50 mM
DTT, 0.01% bromophenol blue), incubated at +94°C for 4
minutes. The proteins were separated in 12% polyacry-
lamide gel and transferred to PVDF membranes. Anti-
bodies to VE-cadherin and claudin (BD Biosciences,
USA) as well as secondary antibodies conjugated with
horseradish peroxidase (BD Biosciences, USA) were used.
Visualization was performed with SuperSignal West Pico
(Thermo Scientific, USA) kit. Image Lab software (Bio-
Rad, USA) was used for densitometric analysis.

For statistical analysis, the data were presented as
mean values with standard deviations, or as medians and
quartiles. The statistical significance of differences be-
tween quantitative variables was calculated using Mann—
Whitney test whereas qualitative differences were evalu-
ated using the y? criterion. Prior to the statistical analysis,
the distribution of variables was checked for normality
using the Kolmogorov-Smirnov and Shapiro-Wilks tests.
The material was graphically presented as medians
(lower quartile; upper quartile).

Results and Discussion

Incubation of endothelial cell monolayer with
5% toxic serum resulted in loss of adhesion contact
protein, the VE-cadherin (fig. 1). Incubation of cells
with patients' serum samples caused a decrease in
the level of claudin, one of the main proteins of
dense (closing) endothelial contacts. Toxic serum
significantly altered the shape of cells: they lost the
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Jlna mpoBeneHHA BeCTEPH-
670TTHHTA 9HJI0Te/InaJIbHbIe
kieTku Ea.hy926 pactunu u UHKY-
OmpoBaM TaK >Ke, KaK OIMCAHO
BhImIe. [locae MHKyOanuyM KJIETKU
JU3UPOBATN B TopsdeM Oydepe
(62,5 mM Tpuc-HCI, pH 6,8; 2% SDS;
10% rmmnepus; 50 mM ATT, 0,01%
6poMdEHO0TIOBOTO CHHETO) UHKYOHU-
poBanu npu +94°C, 4 MUHYTHL
benkn pasgensanu B 12% mnonan-
AKPUJIAMUIHOM reJjie ¥ IIepeHOCU/IN
Ha PVDF-Mmembpansl. lcmosbso-
BaJIM aHTUTesa K VE-Kagrepuny u
raayguny (BD Biosciences, CIIIA), a
Tak)Ke BTOPUYHbIe aHTUTesa, KOH-
'BIOTUPOBAaHHblEe C IIEPOKCHUIA30H
xpeHa (BD Biosciences, CIIIA). Busya-
JIM3ALMI0 IIPOBOAMIIM HabopoM Su-
perSignal West Pico (Thermo Scientific,
CIIA). [l 1eHCUTOMEeTPUYEeCKOro
aQHaJ/IM3a UCII0/Ib30BAJIM IIPOrpaMMy
Image Lab (BioRad, CIIIA).

B nporecce cTaTUCTUYECKOIO
aHa/lM3a IOJIydeHHble [aHHbIe
TIPe/CTaBJIsA/IN B BUE CPeJHero co
CTaHAAPTHBIMU  OTKJIOHEHUSIMU,
MeAuaHbl U KBapTesiell. CTaTucTu-
4eCKyI0 3HaUMMOCTb Pa3/jnuuil Ko-
JIMYeCTBEHHBIX IIOKa3areseld pac-
CUNTBIBAIM C IIOMOIIBIO TecTa
MaHHa-YUTHH, 3 KAYECTBEHHBIX — C
noMoInbio Kputepus 2. IlpenBapu-
TeJIbHO, IIepe]] IIPOBeleHreM CTaTh-
CTAYECKOr0 aHaji3a OIlpefesisiiu
HOPMaJIbHOCTD pacnpeneseHust
NIPU3HAKOB BapUALMOHHOM PSALY C
nomo1bo kpurepus Koamoroposa—
CmupnoBa u tecra lllanmmpo-Ynika.
I'papuuecku Marepuasn mnpejcra-
BUJIA KAK MeJUaHy (HUKHUN KBap-
TWJIb; BEPXHUI KBAPTUJIb).

Pesyisrarsl
U 00Cy:K/IeHHe

WNukybanus MOHOCJIOSI
9HA0TEeJNAJTbHbBIX KJIETOK C 5%-
Of TOKCHYECKOU CHIBOPOTKOU
NpUBOUa K mMoTepe Oesika
aJIre3aMoOHHBIX KOHTAaKTOB VE-
Kaarepusa (puc. 1). Takxke UHKy-
bamusi ¢ CHIBOPOTKAMU KPOBU
[TIalMeHTOB BBI3bIBAJId YMEHb-
IIeHue KOJIMYecTBa KJayguHa,
OJHOTO M3 IJIaBHBIX OEJIKOB
IJIOTHBIX (3aMBIKAIOIINX) KOH-
TAKTOB dHJOoTeausi. Tokcuue-
CKasl CbIBOPOTKA TaKsKe U3MEHSI-
Ja popMy KJIETOK: OHU Tepsiau
HaTUBHYIO MHOTOYTOJIBHYIO
¢opMy, BBITATUBAIUCE, MEKIY
HUMHU 00pa30BBIBAIMCH ITPOMe-

VE-cadherin

Nuclei

Actin

N

Puc. 1. UMmmyHO(dTyopeciieHTHasA MHKPOCKOITUS 9HI0Te THAILHBIX KiIeTok Ea.hy926,
HMHKYOHMPOBAHHBIX C Pa3JIMYHBIMH KOHIEHTPAIMAMH XJIOPHIA JTUTHA (MOJIb/JI) H 00-
padoTaHHBIX 5%-HOU TOKCHYHOH CHIBOPOTKOM.

Fig. 1. Inmunofluorescent microscopy of Ea.hy926 endothelial cells incubated with
various concentrations of lithium chloride (mmol/l) and treated with 5% toxic serum.
Note. Actin — cell staining for actin microfilaments; VE-cadherin — staining for the
intercellular contact protein VE-cadherin; Nuclei — staining of the cell nuclei. I — con-
trol; 2 — toxic serum; 3 — toxic serum and lithium chloride 0.01 mmol/l; 4 — toxic
serum and lithium chloride 0.1 mmol/l; 5 — toxic serum and lithium chloride 1.0
mmol/l; 6— toxic serum and lithium chloride 10.0 mmol/I.

IIpumevanue. Actin — OKpacka KIeTOK Ha aKTHHOBble MUKpoduiameHnTsl; VE-cad-
herin — okpacka Ha 06eJIOK MeKKJIETOYHbIX KOHTaKTOB VE-kanrepus; Nuclei —
OKpackKa siiep KJIETOK. ] — KOHTPOJIb; 2— 100aBjIeHre TOKCUYHON CBIBOPOTKY; 3 —
J100aBIeHNEe TOKCHYHON CBIBOPOTKH U Xopuaa autus 0,01 Mmouis/ i1, 4 — nobasiie-
HHE TOKCUYHOH ChIBOPOTKHU U XJ10pua tuTUs 0,1 MMOJIb/JT; 5— no0aBJjieHre TOKCHY-
HOM CBIBOPOTKU U XJI0pUJa JIUTHUA 1,0 MMOJIB/JT; 6 — fo0aBjieHre TOKCUYHOM ChIBO-
POTKHU U X0puja autus 10,0 MMOJIb/J1.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 3



DOI: 10.15360/1813-9779-2020-3-94-105

BKCHepI/IMeHTa.HI)HbIe HCCJJaeqoBaHuA

20
18
16 -
14 4
12 4

o N B O

C HD

TS ¢ 0,01 0,1 1 10

The area of intercellular gaps, % of total

Vo
TS+LiCl, mmol/l

Puc. 2. BiuAaHue pa3/IMYHBIX KOHIEHTPALUH XJIOpHIa
JINTHS Ha 00pa3oBaHHe MEJKKJIETOYHBIX IPOMEKYTKOB MO-
HOCJIOSA 3H0TEJUAJIBHBIX KJIETOK MOoJ JaelicTBueM 5%-0i
TOKCHYHOH CHIBOPOTKH.

Fig. 2. Effect of various concentrations of lithium chloride on
the formation of intercellular gaps in the endothelial mono-
layer cells after exposure to 5% toxic serum.

Note. For Fig. 2-7: C— the control serum; HD— healthy donors’
serum; TS — toxic serum; TS+LiCl — a combination of lithium
chloride and toxic serum. The results are presented as mean val-
ues and standard deviation; * — P<0.05 vs C.

IIpumeuanwue. The area of intercellular gaps, % of total — n1o-
1aIb MESKKJIETOUYHBIX IIPOMEKYTKOB, % OT 00IIeH MJIO0Iaau.
[l puc. 2-7: C — KoHTpoJsbHAsA cbIBOpoTKa FBS; HD — cbI-
BOpoTKa A0HOpOB; TS — TokcuyHas ceiBOporka; TS+LiCl,
mmol/l — coyeTanue XJ0pua JIUTHUS B YKa3aHHBIX KOHIIEHT-
panusax ¢ TOKCUYHON CHIBOPOTKOH. Pe3ysbraTel IpecTaB-
JIEHBI B BUJIE€ CPeJHEr0 3HAYEHHSI CO CTAaHAAPTHBIM OTKJIOHE-
HHeM; * — p<0,05 o oTHOMIEHUO K C.

SKYTKH, TTOCKOJIbKY pas3bupasinch emje M MydKu
nepudepuyecKux aKTUHOBBIX MUKpodUIaMeH-
TOB. Takve n3MeHeHUs1, MPesKe BCero, XapaKTep-
HbI OJIs1 9HA0TeJUaJbHOU AUCHYHKIUU, COIPO-
BOKJAIOIIEliCcsT HapylleHueM MeyKKJIeTOYHbBIX
KOHTaKTOB. [Tomob6HbIe 3P eKThI He HAOJIOmATH
py THKYOAmu ¢ 5%-HOH TesIsTYbei 9MOPUOHAE-
HOU CBIBOPOTKOU (KOHTPOJIb) UJU 5%-HOU CHIBO-
POTKOM 3I0POBBIX JIIOJIEN.

[To aHHBIM UMMYHO(IYyOpeCcIeHTOU MUK-
pOCKOTINY, WHKYOANMs C XJIOPHUAOM JIUTUS B
koHneHTpanuu 0,01 MMOJIB/J1 HE TIpeAOTBpalla-
Jia pa3bopry KaayqrHa (0JHOTO0 M3 VIABHBIX 0eJI-
KOB MJIOTHBIX (3aMbIKAIOIINX) KOHTAKTOB 9HI0-
TeJaus1), akTUHa (0CHOBHOIO OeJIka IIUTOCKEJIeTa)
u VE-kaarepuHa (6esIka aare3mOHHBIX KOHTAK-
ToB). [IpefMHKYOAIHSA C XJTTOPHUIOM JIUTHUS B KOH-
neHtpanuu 0,1 MMOJB/JI  CTAaTUCTHUYECKHU
He3HAYMMO ITpeoTBpaIiana pa3dbopry Kaaymu-
Ha (p>0,05), HO B G0Jiee BBICOKUX KOHIIEHTpA-
nusax (1 MMousib/ga, 10 MMOJIB/JI) IPAaKTHYECKHU
MMOJTHOCTBIO 3aIlUINaja 9HA0TeANaIbHBIIA MOHO-
CJION OT pas3pyllieHusl MeKKJIeTOUHbIX KOHTaK-
TOB TOJ JeHCTBUEM TOKCUYECKOU CHIBOPOTKHU.
UucaeHHBIA aHAJAU3 [aHHBIX MUKPOCKONUU
IIpeJCTaBUJIN HA PUC. 2.

TS+LiCl, mmol/l

Cc TS [0,01][0,1][ 1][10]

T w— w— — o vy VE-cadherin

e e T

Puc. 3. BiauAHHe pa3jIMYHBIX KOHIEHTpAaUUi XJopHaa
JINTHS HA pacilienyieHue 0ejIKka aare3nBHBIX KOHTAaKTOB VE-
KaJrepuHa.

Fig. 3. Effect of various concentrations of lithium chloride on
the cleavage of VE-cadherin adhesive contact protein.
ITIpumeuanne. GAPDH — KOHTPOJIbHBII 6€JIOK IIHIiepasbie-
rundocdaraernaporenasa (FAD/T).

native polygonal shape, became elongated with
gaps between them, as bundles of peripheral actin
microfilaments were also dismantled. Such changes
were considered as prime parameters of endothelial
dysfunction accompanied by impaired intercellular
contacts. These effects were not observed when
cells were incubated with 5% CES (control) or 5%
human serum from control vilunteers.

According to immunofluorescence microscopy
data, incubation with lithium chloride at a concen-
tration of 0.01 mmol/l did not prevent cleavage of
claudin (one of the main proteins of dense (closing)
endothelial contacts), actin (the main protein of cy-
toskeleton) and VE-cadherin (the protein of adhe-
sion contacts). Pre-incubation of cells with lithium
chloride at concentration of 0.1 mmol/l insignifi-
cantly prevented cleavage of claudin (P>0.05), but in
higher concentrations (1 mmol/l, 10 mmol/l) almost
completely prevented endothelial monolayer from
destruction of intercellular contacts after exposure
to toxic serum. Quantitative analysis of microscopy
data is shown in fig. 2.

Note. C — control serum; TS — toxic serum;
C+LiCl — combination of lithium chloride and
toxic serum; GAPDH — the glyceraldehyde 3-phos-
phate dehydrogenase control protein.

Western blotting was used to quantify protein
changes in VE-cadherin intercellular contacts. In-
cubation with 5% toxic serum reduced the level of
VE-cadherin in cellular lysates by about 50% (fig. 3).
Incubation with lithium chloride protected against
the protein cleavage after exposure to toxic serum
in a dose-dependent mode. The graphic presenta-
tion of the results is given in fig. 4, a.

Western blotting was also used to quantify
changes in the level of claudin, the dense contact
protein. Incubation with lithium chloride also pro-
tected against the degradation of this protein after
exposure to toxic serum in a dose-dependent
mode. Graphical presentation of experiment is
shown in fig. 4, b.
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[ KOJIM4YeCTBEHHOU OIeHKU H3MEHEHUS
Oeska MEKKJIETOUHBIX KOHTAKTOB VE-KanrepwHa
HcIiosb30Bau BecrepH-0s0TTHHT. VIHKYyOAus ¢
5%-HOM TOKCUYHOU CHIBOPOTKOM ITPUMEPHO BIT0JIO-
BUHY yMeHbIIIaJ1a KoJInuecTBO VE-KaireprHa B KJie-
TOYHBIX JT3aTax (puc. 3). MHKyOaIusi ¢ XJI0pUI0M
JINTHS 3allAIIaIa OT PacIlerieHusl 3Toro Deska
T0[1, 1eiCTBHEM TOKCUYHOI CBIBOPOTKU B J0303aBU-
cuMoM peskume. KosmmaecTBeHHBIN 00CYeT TaHHbBIX
9KCIepUMeHTa IPUBeJIN Ha PUC. 4, a.

7151 KOJTMYeCTBEeHHOU OLleHKU U3MeHeHUs
KOJIMYeCTBa OeJTKa MJIOTHBIX KOHTAKTOB KyIayIuHa
TaK>Ke MCII0JIb30BaIu BecTepH-00TTHHT. ITHKY-
fanus ¢ XJTOPUIOM JIUTHS TaK)Ke 3aIlHIana OT
pacIernieHus aToro 0esKa Mmoj JefiCTBUeM TOK-
CUYHOU CBIBOPOTKU B 10303aBUCUMOU pesKUMe.
KoJsimdecTBeHHBIN 00CUET TaHHBIX 9KCIIEPUMEHTA
TIPUBEJIA Ha pUC. 4, 0.

Xyopun muTus B KoHIleHTpanuu 0,01 MMOJTb/ 1
He 00J1a/1aJT TPOTEKTUBHBIM JIEHICTBUEM Ha 9HJIOTE-
g, TIpennHKyOAIus ¢ XJIOPUIOM JIUTHAS B KOH-
neHtpanyu 0,1 MMOJIb/J1 He OKa3bIBaJla 3HAYUTEIb-
HoTrO 3(p(eKTa, a B KOHIIEHTpAUusAX 1 MMOJIb/JI
1 10 MMOJIb/JT OH OKa3bIBaJI BEIPAsKEHHOE IIPOTEK-
THUBHOE JeHCTBYE Ha 9HIOTEINIA.

[Tockonbky knHa3a GSK-3 sABJsI€eTCSA OCHOB-
HOU CUTHAJbHOU MOJIEKYJIOH, y4acTBYIOIIEeH B
MIOBPEXKIEHUN MHOTUX TUIOB KJIETOK, BKJIIOYAsI
3HJI0TesIMaJIbHbIe, UCCJIeOBAIU JeiCTBUE TOK-
CUYHOU CHIBOPOTKHU Ha YPOBeHb (pochOopuInpo-
BaHMs JAHHOU KHUHa3bl. OKA3aJI0Ch, UYTO TOKCHY-
Hasi ChIBOPOTKA IPAaKTUYeCKU He BJIMsIeT Ha
conepskanue gpocdo-GSK-33 yepes 5, 15, 30 MUHYT
u 1 yac rocJjie [eiCTBUsI CbIBOPOTKH, HO BbI3bIBAET
3HAYUTEJbHOE, IPUMEPHO Ha 60%, yMEHbIIIeHUE
conepskanus gocdo-GSK-3p uepes 2 u 4 yaca, 4TO
cBuieTenbCcTBOBAO0 00 aktmBaruu GSK-33 mpu
JleficTBUU (DAKTOPOB KPOBU M3 JAHHOW CHIBOPOTKU
Ha 9HJoTeJINaIbHble KJIETKU (puc. 5, 4, b).

[TapaJieapHO € BBIIIEONHCAHHBIM OIIBITOM
WU3YUYUJIU IeficTBUe XJIopuaa JuTusi (1 MMOJIb/ 1)
Ha OuHaMuky docdopunupoBanus GSK-38 B
9HJIOTENNANBHBIX KjeTKax. OOHapYyKWUJIH, YTO
XJIOPUJ JIUTHS (1 MMOJTB/J1) BBI3BIBAJI 3HAUYUTEb-
HOe IOBbIIIeHUe conepskaHus @ocdo-GSK-3
ysKke depe3 15 MUH Iocjie BO3JAENUCTBUS, U 3TOT
a(pderT coxpaHsIcsa BILJIOTH A0 4 4 (puc. 5, a, 0).

[Ipy MopesMpOBaHUM 3AIUTHI XJIOPHUIOM
JINTUSI KJIETOK 9HJOTEJMsI OT TOKCUYHON ChIBO-
POTKY 0OHAPY>KUJIH, YTO IPETUHKYOAIUS C XJI0-
PUAOM JIUTHSI AJUTEIbHOCTBIO 1 Yac, B KOHIEHT-
pauu 1 MMoJIb/J1 Ipe0TBpaliaga HAKTUBAIHIO
(medochopunupoBanue) GSK-3 u masxe, Haobo-
poT, cTuMmynupoBaa ee pochopuarpoBaHue BO
BpeMeHHOM UHTepBaJse 1-4 yaca mocsie BO3nei-
CTBUSA CbIBOPOTKU (pucC. 6).

3areM U3YUMJIU AEUCTBUE PA3JIUYHBIX KOH-
neHTpanut Jiutus xjaopuaa (0,01 mmodas/a, 0,1
MMOJIB/JI, 1 MMOJIb/J1, 10 MMOJIB/J1) Ha pochopu-
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Puc. 4. BiusiHue pa3InyHON KOHIEHTPAIYH XJI0PUIA JTUTHUS
Ha OTHOCHUTEJbHOe cojep:kaHue VE-kaarepuHa (a) 1 KJjay-
auHa (b) B MOHOCJI0€ 9HAOTETHATBHBIX KJIETOK, 00padoTaH-
HBIX 5%-HOH TOKCUYHOM CHIBOPOTKOM.

Fig. 4. Effect of various concentrations of lithium chloride on
the relative level of VE-cadherin (a) and claudin (b) in amono-
layer of endothelial cells treated with 5% toxic serum.

Note. The results are presented as mean values with standard
deviation. * — P<0.05 vs C

Ipumeuanwue. /1151 puc. 4-7: relative level of — orHOCHTETBHOE
comepskaHue. Pe3ysbrarsl IIpeCTaBJIEHbl B BUJE CPEJHETO
3HAYEHUsI CO CTAaHAAPTHBIM OTKJIOHEeHUueM. * — p< 0,05 110 oT-
HomeHumo K C.

Lithium chloride at the concentration of
0.01 mmol/I had no protective effect on endothe-
lium. Pre-incubation with lithium chloride at con-
centrations of 0.1 mmol/l had no significant effect,
and in concentrations of 1 mmol/l and 10 mmol/1 it
provided a strong protective effect on endothelium.

Since GSK-3 kinase is the main signal molecule
involved in the damage of many cell types, including
endothelial cells, we investigated the effect of toxic
serum on the phosphorylation level of this kinase.
Toxic serum was found to have practically no effect on
the level of phospho-GSK-3p 5, 15, 30 minutes and 1
hour after serum exposure, but it caused a significant
decrease (by approx. 60%) in the level of phospho-
GSK-3p after 2 and 4 hours demonstrating the activa-
tion of GSK-3p due to the influence of blood factors
from this serum on endothelial cells (fig. 5, a, b).

In parallel with the above experience, the ef-
fect of lithium chloride (1 mmol/l) on the changes
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Puc. 5. [leficTBHEe TOKCHYHOM CBIBOPOTKH M XJIOPHU/IA JTUTHS Ha (pocopummpoBanue kmHa3bl GSK-34 (Ser9) B kiieTkax aHI0-

Teqaus (a). KonuecTBeHHBII 00cUeT JaHHBIX UMMYHOO10TAa (b, C).

Fig. 5. Effects of toxic serum and lithium chloride on phosphorylation of GSK-35 (Ser9) kinase in endothelial cells (a). Im-

munoblot data quantification (b, ¢).

Note. Data of immunoblot analysis for various time points after exposure of cells to toxic serum or lithium chloride are given. Fig.

b, c:Y-direction shows % in relation to the total protein in cells.

IIpumeuanue. [TpuBeeHb] JaHHBIE IMMYHOOJIOT-aHAIN3a PA3IMYHBIX BDEMEHHBIX TOUKEK IT0CJIe JeHCTBUS Ha KJIETKA TOKCHY-
HOM CBIBOPOTKU MJIU XJI0pua JUTHA. [yt puc. 5 b, ¢, 6 b, 7 b 1o ocu opuHar ykaszaH % OTHOCUTEJIbHO 00111ero 6e/IKa B KJIeTKaX.

a

TS+LiCl
C Smin  15min 30 min 1h 2h 4h
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C 5 min 15 min 30 min 1h 2h 4h
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Puc. 6. CoBMecTHOe [JeliCTBHe TOKCHYHOM CHIBOPOTKH M XJIOPHU/IA JUTHS Ha
¢pochopununpopanne kuHa3bl GSK-3( B kiaerkax angorenus (a). Koauue-
CTBEHHBII1 00CcUeT JaHHBIX MMMYHOO/10Ta (D).

Fig. 6. Joint action of toxic serum and lithium chloride (1 mmol/l) on phosphoryla-
tion of GSK-34 kinase in endothelial cells (a). Inmunoblot data quantification (b).

Note. Immunoblot analysis data for various time points after exposure of cells to
lithium chloride (1 hour pre-incubation) and toxic serum (incubation time is
shown above the immunoblot tracks).

IIpumeuanue. [IprBeeHbI JaHHBIE UMMYHOOJIOT-aHAIN3a PA3/IMYHBIX BPEMEHHBIX
TOYEK IOCJIe IEMCTBUS Ha KJIETKU XI0puaa iuThs (1 yac mpequHKyOaum) U TOK-
CHYHOH CHIBOPOTKY (BpeMz MHKYOAINH YKa3aHO HaJl JOPO)KKaMI IMMYHOOJIOTA).

in GSK-3p phosphorylation in en-
dothelial cells was studied. Lithium
chloride (1 mmol/I) was found to have
caused a significant increase in the
level of GSK-33 phosphorylation 15
min after exposure, and this effect per-
sisted until up to 4 h (fig. 5, a, b).
When the lithium chloride-in-
duced protection of endothelial cells
from toxic serum was studied, pre-in-
cubation with lithium chloride at a
concentration of 1 mmol/I for 1 hour
not only prevented the inactivation
(dephosphorylation) of GSK-33 but
stimulated its phosphorylation during
1-4 hours after serum exposure (fig. 6).
We then studied the effects of
lithium chloride in various concentra-
tions (0.01 mmol/l, 0.1 mmol/], 1
mmol/l, 10 mmol/l) on GSK-3f phos-
phorylation. Endothelial cells were
pre-incubated for 30 minutes with
lithium chloride in specified concen-
trations and then exposed to toxic
serum. Two hours after the incuba-
tion, the immunoblot analysis was
processed. The results of the experi-
ment are presented in fig. 7, a, and
graphic representation of data is
shown in fig. 7, b. Lithium chloride
was found to prevent GSK-3f de-
phosphorylation in all studied con-
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Puc. 7. CoBMecTHOe JieiiCTBHe TOKCHYHOH ChIBOPOTKH H XJI0pHAA JTUTHA (MpefaodpadoTka 30 MuH) Ha hocopuaInpoBaHne
kuHa3bl GSK-34 B kieTkax aHg0Te M (a). KomnuecTBeHHbIH 00cUeT JaHHBIX MMMYHO0/10Ta (D).

Fig. 7. Joint action of toxic serum and pretreatment with lithium chloride (pre-treatment for 30 min) on phosphorylation of
GSK-3p kinase in endothelial cells (a). Quantitative immunoblot data analysis (b).

Note. The data of immunoblot analysis after 2 hours of incubation with toxic serum are presented.

IIpumeuyanue. [IpuBeeHbI JaHHBIE IMMYHOOJIOT-aHA/IM3a I10CJIE 2-4ACOBOM MHKYOAIMH C TOKCUYHOM CHIBOPOTKOM.

gupoBanue GSK-3f. KieTku sHgoTeus npeguH-
KyompoBasi 30 MUHYT C YKa3aHHBIMU KOHIIEHTpPa-
UMY XJIOPUJIA JIUTHS, @ 3aTeM Ha HUX BO3Jel-
CTBOBAJ/IM TOKCUYHOW CHIBOPOTKOU. YUepesd aBa
Yyaca WHKyO0ammu MpoBOIUIN UMMYHOOJIOT-aHa-
Jn3. Pesysbrarsl onbITa IpeiCcTaBu/In Ha puUc. 7, 4,
a KOJTMYeCTBEHHbBIN 06cUeT — Ha puc. 7, b. Ob6Ha-
PYsKWJIH, 4YTO JIMTHUA XJOPUL INpefoTBpalnall
nedpocpopunuposanue GSK-3 Bo Bcex uccmaeno-
BaHHBIX KOHIICHTPAUXAX, IIPX 9TOM IIpU yBeJInde-
HUU KOHIIEHTPAIUU XJI0PpUIa JUTUS HAOJI0mIaIn
JI0303aBHCUMOE IIOBBIIIIEHHEe YPOBHSA (pochopu-
gupoBanus GSK-3p.

Jlo HacTosI11Iero BpeMeHu el cTBHE XJI0pUa
JIUTHUS U3y4aJIOCh B OCHOBHOM JIUIIIb HA [IOCTMU-
TOTUYECKUX OpPraHax: TOJIOBHOU MO3T, MUOKap/I,
MOYeYHbIN anuTe ni. FI3BeCTHO, UTO pa3/InyHbIe
IUTOKUHBI BocnajgeHus, Hanpumep, TNF-a
(Tumor Necrosis Factor @) BBI3BIBAIOT paciierie-
Hue VE-kagrepmHa — 9HIOTeJHUAJBHOTO Oeka
QITe3MOHHBIX KOHTAKTOB [17]. Takke mipu jeii-
CTBUU TTOJOOHBIX MTPOBOCITAIUTEHLHBIX ar€HTOB
MIPOUCXOIUT JAerpamanusi 6eJIKOB MJIOTHBIX KOH-
TaKTOB, HalpuMep, KaayguHa. IIporeosms aTux
BaKHEHUIINX OEJIKOB MEKKJIETOUYHBIX KOHTAKTOB
BBI3bIBAaeT 0Opa3oBaHME MPOMEKYTKOB MEKIY
KJIETKaMH, YTO [IPUBOJUT K YBEJIUYECHUIO [IPOHU-
[[aeEMOCTHA U HapyIIeHWI0 6apbepHOU (PYHKIIUN
3HJ0Tes . B KpallHUX CiIydasix MOYKeT pa3BUThHCS
3HJOTeNnalbHasi OUCHYHKIOUs, KoTopas B
HaCTOsAIIlee BpeMsI CYUTAETCS OHUM U3 OCHOBHBIX

centrations, and the dose-dependent increase of
GSK-3B phosphorylation was observed when
lithium chloride concentration was increased.

So far, the action of lithium chloride has been
studied using the postmitotic organs such as brain,
myocardium, kidney epithelium. It is known that
different cytokines of inflammation, e.g. TNF-a
(tumor necrosis factor «) cause the cleavage of VE-
cadherin, the endothelial protein of adhesion con-
tacts [17]. Also, such pro-inflammatory agents
cause degradation of dense contact proteins, e. g.,
claudin. Proteolysis of these important intercellu-
lar contact proteins results in the formation of gaps
between cells, which leads to increased permeabil-
ity and impaired endothelial barrier function. In
extreme cases, endothelial dysfunction may de-
velop, which is currently considered to be one of
the main factors of multi-organ failure in sepsis
and septic shock [18].

The present study has shown that lithium
chloride is capable of preventing cleavage of
claudin, actin and VE-cadherin in intercellular con-
tacts of Ea.hy926 endothelial cells caused by expo-
sure to the toxic serum from patients with septic
shock. To date, the mechanisms of lithium chloride
action on endothelial cells have not been clarified.
In this regard, we consider important our data on
the protection of endothelial intercellular contacts
through phosphorylation of the enzyme GSK-3p.
The importance of the enzyme GSK-3p inactivation
is well known today: by preventing mitochondrial
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BKCHepI/IMeHTaJ'II)HbIe HCCJJaeqoBaHuA

(hpaKkTOpOB pPa3BUTHA NOJNOPTAHHON HEJOCTATOU-
HOCTH IIPY CEeIICUCEe U CeIITUYEeCKOM IIoKe [18].

B HacroAmem ncciaeroBaHuy II0KA3a/IH, YTO
XJIOPHUJI JIUTHSI CIOCOOEH MTPeJoTBpaIarTh pa3doop-
Ky KJIayAyHa, akThHa U VE-KaarepuHa B Me)KKJIe-
TOYHBIX KOHTAKTaX 9HAOTEJMAJIbHBIX KJIETOK
guHum Ea.hy 926, BeI3BaHHYI0 AefiCTBHEM TOKCUY-
HOU CBIBOPOTKY, ITOJTyY€HHOU OT ITAIIEeHTOB C Cell-
TUYeCKUM IIOKOM. Ha ceromHAIMHUN eHb Mexa-
HU3Mbl  JEeWCTBUS  XJIOpUJA  JMUTUA  Ha
9HJIOTEeJIMa/IbHbIE KJIETKU OCTAI0TCA HeM3yYeHHbI-
MU. B aTOM CBs131, HaM IIpeICTaBJIsAETCS BA&YKHBIMU
9KCIlepUMEHTAJbHbIC JaHHbIE O 3alIUTe IHIOTe-
JINAJIbHBIX MESKKJIETOYHBIX KOHTAKTOB uepes oc-
¢dopusmpoBanue ¢epmenta GSK-3f, koropsle
OBILTM ITOJTyYeHbI Ha MOJIETN BOCITa/IEHHUS B TOJIOB-
HOM Mo3are. Ha ceromHsIIHUNA [eHb XOPOIIO
M3BECTHO 3HAauYeHWe HHaKTUBaUU ¢epMeHTa
GSK-3p, koTopas, nperoTBpalias OTKpbITHE MUTO-
XOHJIpUAJIbHOU MOPBHI, 3alIUIIAeT TIOCTMUTOTUYE-
CKUe KJIeTKU OT uiemun/penepdysuu [19, 20].

B pabore kosutekTHBa aBTOPOB B 2013 romy
ot pykoBojctBoM Persydsky Y. [21] 6b1710 TOKa3a-
HO, uTo dochopunuposanue pepmenta GSK-33
MPUBOAUT K YBEJUYEHUIO BpEMEHU SKU3HU OeJI-
KOB IUIOTHBIX ME)KKJIETOYHBIX KOHTAKTOB (B
pesysbrare yBeJn4eHus BpeMeHU IoJypaciaga
Ha 38 1 43% COOTBETCTBEHHO), 00eCIeYnBaIOIINX
IIeJIOCTHOCTD 9H/IOTEJINAIBHOTO Oapbepa. Takum
06pa3oMm, TOSIBUJINCH Cephe3HbIe OCHOBaHUS CUU-
TaTh, uTo, pochopunupoBanue GSK-3B — ato
OIIVH U3 ITyTel, PEryJIMPYIOIIUX COCYIUCTYIO IIPO-
HHUI[aeMOCTb. A TIOJTyYeHHbIe paHee yOeauTe Ib-
Hble AaHHble 0 dochopunupoanuu GSK-33 B
TKaHW II0YeK XJOpUAoOM JuTusa B nose 30
mr/kr [20], B TKaHU MHOKap/a [21] U TOJIOBHOM
Mo3re [6, 22] akCIepUMeHTaJbHbIX KUBOTHBIX

MTO3BOJISTIOT IIPEIIOIOKATH O HATUYNH MEXaHN3-
Ma peajii3anyy 3alIUTHBIX 3(HEKTOB XJIOpHUaa
JINTUSI Ha 9HJ0Tes N Yepes BaussHue Ha GSK-3.

3arJaoueHnue

B pesysbrare BBITIOJTHEHU S HACTOSIIEN pabo-
TBI, TUTIOTE3a O PeaIN3alliy 3AMUTHBIX 3 HEKTOB
xJopuaa JuTUsl Ha aHporenuin deped GSK-3[3
TOJTy4HJIa CBOE TIpeIBApUTETbHOE TTOTBEPSKIE-
HHe: 0O0HAPYKWJIM, YTO TOKCHUYHAsi CHIBOPOTKA
nopasJsiiia pochopunuposanue GSK-3f u nepe-
BoguIa hepMEeHT B aKTUBHYIO (hOPMY, a XJIIOPU
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pore opening it protects postmitotic cells from is-
chemia/reperfusion [19, 20].

In a paper by Persydsky Y. et al. (2013) [21],
phosphorylation of GSK-3 enzyme was shown to
cause an increase in the life span of dense intercel-
lular contact protein (as a result of the increase in
half-life by 38% and 43%, respectively), ensuring
the integrity of the endothelial barrier. Thus, there
are good reasons to consider the phosphorylation
of GSK-3p as one of the signaling mechanisms reg-
ulating vascular permeability. Moreover, the earlier
data on GSK-3 phosphorylation by lithium chlo-
ride at a dose of 30 mg/kg in kidney tissue [20], in
myocardial tissue [21] and in brain tissue [6, 22] of
experimental animals support mechanistic links of
GSK-3p phosphorylations and protective effects of
lithium chloride on endothelium.

Conclusion

Threfore, our study has provided an initial
rationale for the hypothesis on mediation of pro-
tective effects of lithium chloride on endothe-
lium through GSK-3f. The toxic serum was ob-
served to inhibit phosphorylation of GSK-3f and
to convert the enzyme into an active form, while
lithium chloride, on the contrary, increased
phosphorylation (inactivation) of GSK-3f and,
most importantly, even prevented dephosphory-
lation of GSK-3f caused by toxic serum. However,
it remains unclear whether this mechanism is
working in vivo. Notably, even at minimal con-
centrations (0.01 mmol/l) lithium chloride pre-
vented the toxic serum-induced inhibition of
GSK-3p phosphorylation, which is generally a
dose-dependent process.

JINTHs1, HA000POT, yBesrm4auBaJ pochopuarpona-
Hre (nHakTuBanuio) GSK-30, u, yto 60J1ee BaskHO,
MpeJoTBpallajl BbI3BaHHOE TOKCUYHOM CBIBOPOT-
Kol yMeHbIleHue pocdopunupoBanus GSK-3p.
TeM He MeHee, OCTaeTCsl HeSICHBIM, peau3yeTcs
JIV TAaKOI MeXaHu3M in vivo. BaXKHO OTMETUTh, UYTO
Ja)xe B MUHUMAaJIBHBIX KOHIeHTpanuax (0,01
MMOJIb/JT) XJIOPUJI JTUTHS IPeOTBPaliial BbI3BaH-
HOe TOKCUYHOW CHIBOPOTKON WHTHUOMpPOBaHUE
dochopunupoBanus GSK-3B, umes, B LesomM,
BBIpa’KeHHbIN 10303aBUCUMbII XapaKTep.
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