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MeTa. MokasaTu, wo CHI3L2, Ak i romonoriyHuii iiomy CHI3L1, akTuBye curHanbHuin kackag ERK1/2.
MeTogun. MpuyeTHicTb CHI3L2 fo akTumBauii ERK1/2 ouiHoBanu BecTepH-610T-aHanisoM 3 nonikno-
HanbHUMN aHTU-ERK1/2 a60 MOHOKNOHaNbHUMU aHTu-thoco-ERK1L/2-aHTuTinamu. PesynbTaTu. Bus-
HayeHo, o ocopunoaHHs ERK1/2 cTumynioeThes gogasanHisam CHI3L2 fo KniTUHHOIO cepefoBuLLa
DMEM. BucHoBKK. XiTuHasonogioHuii 6inok CHI3L2 akTwuBye hocthopuntoBaHHs ERK1/2 y KniTuHax
embpioHanbHOT HUPKK ntognHn (HEK293) i, Takum ymHoM, iHilitoe ERK1/2-MAP-KiHa3HWiA curHanbHuit
Kackag, Lo Mo>Ke CNpUYNHUTI KNiTUHHY nponidepauito abo gudepeHuyiauito.

KntouoBi cnosa: xiTnHazo-3-nogi6Hnii 6inok 1 (CHI3L1, HC gp-39, YKL-40), xiTuHa30-3-nogibHui 6inok 2
(CHI3L2, YKL-39), MAP kiHa3a, ERK1/ERK2.

BcTyn. N'eHoMu ccasLiB, He3BaXkaroum Ha BiACYTHICTb
CUHTE3Y XiTUHY, KOAYIOTb Habip roMONOriYHUX XiTu-
Ha30noAibHMX 6iNKiB, AKi 3rpynoBaHi B poAnHY rniko-
aun-rigponas 18. XiTuHa30-3-nofibHUiA  6inok 1
(CHI3L1, HC gp-39, YKL-40), HaliBUBYeHILLNIA 6iNOK
POAUHW, Mae MonekynspHy macy 40 k[a, horo MoHo-
Mep CcKnagaeTbea 3 383 aMiHOKUCNOTHUX 3a/IULLKIB |
MICTWUTb CUrHaNbHWIA nenTug Met™-Ala™ ans cekpedii
Ta ABa CTPYKTYPHUX AoMeHW. 3pina ghopma Ha N-KiHLi
Mae aMiHOKMUCNOTHY nocnifgosHicTb Y-K-L 1a N-riko-
3unboBaHa no Asn® [1].

eH CHI3L1 eKcripecyeTbCsi B CUHOBIaIbHUX K-
TUHAX, XOHApOLMTax Cyrnob0BOro xpswa, neyviHui ta
3pinnx makpodharax, Moro ekcrpecisi 3Ha4HO 3pocTae
Mpy 3anaieHHaX i B AeAKUX MyxXnvMHax [2].

Y rniobnactomax ekcnpecis reHa CHI3L1 niasu-
LLleHa NOPIBHAHO 3 rN1ioMaMy MeHbLLOMO CTYMeHs 3/10-
AKICHOCTI Ta HOPMa/IbHUMKW KNITUHAMWU TOJIOBHOIO
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MO3Ky ntoguHun [3, 4]. € paHi npo obepHeHy Kope-
NAUi0 MDK BUCOKMM piBHeM ekcripecii CHI3LL i
TpUBaNICTHO BUXKMBAHHSA navieHTiB [5].

CHI3L1 cripusie pocTy CUHOBIaNbHUX KNITUH NtO-
OMHW, a TaKOX (Di6p0o61acTiB LLKipY Ta eMOPiOHaIbHUX
(hibpobnacTis nereHis [6]. Mpy BUKOPUCTaHHI AeAKNX
CEeNEKTUBHUX THTiBGITOPIB cUrHanbHUX wnsaxis MAPK
Ta AKT BM3HA4YeHO, W0 OCTaHHi NPUYETHI 40 onoce-
pefKyBaHHS MITOreHHOI BIAMNOBIAI LMX KMITUH Ha
CHI3L1 [7].

CHI3L2 HaiibinbLw cnopigHeHuii 3 CHI3L1 nroau-
HW. PaHile My nokasanu nigsuileHHs pisHa CHI3L1
MPHK y rnio6nactomax [8]. OfgHak BecTepH-6/10T-
aHani3oM He BCTaHOB/IEHO OAHOYACHOr0 NPOAYKyBaH-
HA CHI3L2 ta CHI3L1 [9], wo cBigu1Tb MPO XHIO
Pi3HY MOXNMBY PO/ib Y PO3BUTKY Fia/ilbHUX MYX/IUH.

MeToto uiei poboTn 6yno NPoAeMOHCTPYBaTH, WO
CHI3L2 (YKL-39), sk i romonoriuxHmia iomy CHI3L1
(YKL-40), aKTBYE CUTHa/IbHWI Kackag, onocepeako-
BaHUIi ERK1/ERK2 KiHazamu.
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Puc. 1. 3ictaBnenHs ctpyktypn CHI3L2 i CHI3L1. 3aransHi ans
000X 6ifIKiB aMiHOKUC/IOTHI 3a/ULLKW BUAINEHO CIPYM KOJIbOPOM

1 2 3 4 5

A -
- -

Puc. 2. BecTepH-6/10T aHani3 ToTanbHWUX Nisatis knituH HEK293,
wo ekcnonysanucs 3 YKL-39 y koHueHTpauisx 0 (2), 25 (3), 75 (4)
Ta 100 (5) Hr/mn a6o BCA — 150 Hr/mn (1), 3 aHTuUTINamun fo
pERK1/2 i ERK1/2

Martepianu i meTogn. Muwwadi MOHOK/IOHA/bHI
aHTU-hocho-ERK1L/2 (sc-7383) i Kponadi nonikno-
HanbHi aHTN-ERK1/2 (sc-94) aHTWTiNa oTpumyBanu i3
«Santa Cruz Biotechnology» (CLLUA); muwadi i Kpo-
NAYi BTOPVHHI @aHTUTING, KOH’OroBaHi 3 Mepokcuga-
3010 XpOHY, — 3 «Promega» (CLUA). Ans Bisyanisauii
iIMYHOPEaKTUBHWUX CMYT BUKOPWUCTOBYBa/IM Habip 415
nocuneHoi xeminomiHecueHuii ECL  («Amersham
Pharmacia Biotechnology», ABCTpis).

Ndel/Xhol-pparmeHT nnasmign pGemT-Easy-
YKL-39 [9] knoHyBann B pET-24a(+) («Novagen»,

HimeuuwnHa). MNicns HapoLyBaHHA KNiTWH Escherichia
coli (BL21), TpaHcthopmoBaHux pET-24a(+)-YKL-39,
CUHTE3 PeKOMOIHAaHTHOro 6inka iHgykyesaanm 1 MM
IPTG. AdiHHe ounwieHHa YKL-39, akuii MicTuB
LWicTb 3anmwkiB His Ha C-kiHUi, nposogunu B 8 M ce-
yoBuHi Ha Ni-NTA araposi («Qiagen», CLLA). Uncto-
Ty OTpMMaHOro npenapary 6inka aHanisysanu B 12 %-
my SDS-PAGE.

3anyyeHictb CHI3L2 go aktuByBaHHst MAP-KiHa-
3HOrO LLUAAXY OLiHIOBaNM, aHani3youmn cTyniHb goc-
(hopuntosaHHa ERK1/ERK2 B HEK?293 kniTuHax, AKi
BUCIBA/IM Y 6-NIYHKOBI  Ky/bTypaslbHi  MIaHLIETU.
KniTuHM HapollyBanu Ao cTaHy 70 % KOH(OEHTY,
BUTPUMYBanM NPOTAroM 24 roa Ha cepeaoBulli 6e3
FBS, a gani ekcnoHysanu 3 ounteHnm CHI3L2 y KoH-
LeHTpayisx 0-100 Hr/mn a6o 3 BCA (150 Hr/mn).
[Micns eKCnoHyBaHHA yNpoaoBX 60 XB KNiTUHM Nigaa-
Ba/I Ni3ncy, Ni3aTn BUBYaSM MeTOLOM BecTtepH-610T
aHaisy 3 MULWA4YMMM MOHOK/IOHA/IbHUMK aHTU-(hoc-
(o-ERK1/2 i KponsuMMm noniknoHalbHUMKU aHTK-
ERK1/2-aHTuTiNnamu.

PesynbTaTu i 06roBopeHHs. 3a pe3ynbraTamu
cepiiHoro aHanisy reHHoi ekcnpecii (SAGE) reH
CHI3L2, sk i CHI3L1, 3aHeceHO A0 nepeniky 44 reHis
3 BiNbLL HXK M’ATMPA30BUM MiABULLEHHAM PIBHA eKC-
npecii B rnio61acTomi NopiBHAHO 3 HOPMa/IbHUMU K-
TUHaMW FO/I0BHOI0 MO3KY /toAnHW. OgHaK abcontoTHa
KiNbKiCTb TpaHCKpUNTIB i 6inka YKL-39 y rniobnacto-
Max 3Ha4HO MeHLLIa X NokasHukiB ana Y KL-40 [9].

Ha BigMmiHy Bif XiTMHA30M04i6HOr O rNiKONpPoTEIHY
CHI3L1, aKuiAn iIHTEHCMBHO BMBYaNW B MMaHi B3aEMO-
3B’A3Ky Npoginis oro ekcnpecii 3 gereHepaTUBHUMU
XBopo6amu [2], BNacTUBOCTI Oro HanbAMX4oro ro-
monora CHI3L2 gocnigkeHo Habarato MeHLle. Buco-
Ka romMonoris HykneoTUAHOI Ta amiHOKUC/IOTHOT Mno-
cnigosHocteir CHI3L1 i CHI3L2 (puc. 1) po3sonse
NPUMNYCTUTM CXOXICTb TXHIX PYHKUiA. Toi thakT, Lo
O[IMH YNeH PoAMHM TNiKo3uUN-rigponas 18 ccasLiB Mae
MIiTOreHHY aKTUBHICTb [6], Ta iAeHTMdIKaLia npes-
CTaBHUKIB POAMHN XiTUHA30Mo4i6HMX (haKTopiB pocTy
y Drosophila melanogaster [10] cBiguyaTb, WO us
(hyHKLiS € KOHCEPBATMBHOK Y 6araTb0X BUAIB.

[na nepeBipKuM BULLE3a3HA4YEHOro M1 cnpobyBan
3’acyBsatu, um 6yae CHI3L2 iHaykyBsatu hocopunto-
BaHHS ERK1/ERK2 y kniTuHax HEK293, ki He npo-
OYKYHOTb Oy[b-AKNX eHA0reHHMX (hakTopis pocTy. Pe-
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Puc. 3. CxematunyHe 306paxeHHs curHansHoro Kackagy ERK [11] 3a yyacti CHI3L2 ta CHI3L1

3ynbTaTu, HaBefeHi Ha puc. 2, AeMOHCTPYHOTb, L0 (ho-
chopuntoBaHHa ERK1/ERK2 B uux KiiTUHax cTUMYy-
NKETLCA nicns gogasaHHa CHI3L2. docdopuioBaH-
HA ERK1/ERK2 y KniTuHax 3a BigcyTHocTi CHI3L2 B
cepenoBuLLi abo B cepenosuLili 3 BCA He Bif10yBaeTbCS
30BCiM.

ERK-kackag € ogHUM 3 ronoBHUX y MAPK-cur-
Ha/IbHOMY LUNISAXY, LLLO BiZirpae BaX/IMBY po/ib Y Takux
KNITUHHKX npolecax, aK nponidepadis, audepeHdia-
Lif, po3BUTOK, OHKOreHHa TpaHcgopmayis. KiHasm
ERK1 ta ERK2 € cknagoBoro 4acTMHOK Kackagdy Ras-
Raf-ERK, skuii nepefiae curHan BHacMiAoK aKTuBaLii
peuenTopiB (hakTopamu pocty. [Mepefava curHany
PO3NOYNHAETLCA 3i CTUMYNALIT Mannx G-6inkiB (Ha-
npuknan Ras), ki NOLMPIOTb 30YMKEHHS Yepes pek-
pyTyBaHHsA H13KM Raf-kiHa3 (MAP3K) fo nnasmaruu-
HOI MeMbpaHu. Came TaMm i 34iACHIOETLCA TXHA aKTU-
Bauis. Okpim Raf, no MAP3K Hanexatb c-Mos, npo-
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TOOHKOreH TPL2 tTa MEKKL. ¥Yci 3a3HauyeHi KommMo-
HEeHTW MepefaloTb CUrHan 3a paxyHoK ¢ochopusto-
BaHHS | 30YMKEHHAM HaCTymnHOI NaHKW Kackagy —
MAPK/ERK-kiHa3 (MEKS). AkTuBoBaHi KiHasn MEK
(hochopmnooTb TUPO3UHOBI Ta TPEOHIHOBI peryns-
TOpHi 3anuwkn ERK. Micna ctumynauii ui KiHasu
(hocthopmntotoTb BESIMKY KiNbKICTb Cy6CTpaTiB, cepeq
AKMX BapTo Big3HaumTty Elk1, Fos, p53, Etsl/2 Ta
c-Jun. [1o TOro X BOHM MOXYTb NnepesaBaT CUrHan Ye-
pe3 akTuBauito rpynm 6inkis MAPK/APK. OCHOBHOO
naHkoto B ERK-kackagi npv NoLMpeHHi 30y AXeHHs B
LUbOMY HanpsMKy BBaXalTb KiHasW pPUOGOCOMHOIO
6inka S6 3 monekynapHoto macoto 90 k[a (RSKSs)
(puc. 3).

3a 0CTaHHiI KifbKa poKiB OMMCaHO feKinbKa Mexa-
Hi3MiB JOCATHEHHS CneumgiyHOCTI y nepegadi CUrHa-
ny 3a gornomMororo Kackagy ERK. [lo HuX cnif BifHe-
CTV TPUBANICTb Ta CUY CUrHasy, 3B8’3yBaHHSA 3 6inka-
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MU, WO 6epyTb yyacTb Y (hONAUHTY, BHYTPILUHLOKI-
TUHHY NOKani3ayito, B3aEMogito Mk ERK-kackagom
Ta IHWWMW CUTHIBHUMU LUNSIXaMK, NPUCYTHICTb Ki-
NBbKOX CXOXMX i30(hOpM Y KOXHIl rpyni 6ifKiB, Wo
BXOAATb [J0 KacKajy, BKNOUatoum criaincosaHi opmm
[11].

MpUrHivYeHHs MiTOreHHol BiANOBIAI KNITUH Ha
YKL-40 3a gonomoroto iHri6iTopis ERK1/2-MAP-
KiHa3n umn docoiHo3nTng-3-kiHasn (PI3K) cBigunts,
LLL0 KNiTUHaM HeobXiaHi 06MaBa LUNAXN ANS 3aBEPLLEH-
HA MITOTUYHOrO UMKy [6]. Moxnmea yyactsb YKL-39
i B aKkTmBauii curHasbHoro wnsaxy PI3K 3apa3 BuB-
4a€eTbCA.

BucHoBKuN. XiTnHazonofi6Huii 6inok CHI3L2 ak-
TmBye (pocopunosaHHa ERKI/ERK2 y kniTvHax
emopioHabHOT HUPKK NloAMHK (HEK293) i, TakuM K-
HOM, iHilitoe onocepeakoBaHuii ERK1/2 MAPK cur-
Ha/IbHUIA Kackag,

P. O. Areshkov, V. M. Kavsan

The chitinase 3-like human protein 2 (CHI3L2) activates ERK1/2
signaling pathway in human embryonic kidney cells (HEK293)

Summary

Aim. To show that CHI3L2 activates the extracellular signal
regulated kinase (ERK1/ERK2) mediated cascade similarly to the
homologous CHI3L1 protein. Methods. The involvement of CHI3L2
in ERK1/ERK2 phosphorylation was evaluated by Western blotting
with either polyclonal anti-ERK1/ERK2 or monoclonal anti-
phospho-ERK1/ERK2 antibodies. Results. The checking of CHI3L2
possibility to initiate MAPK cascade showed the phosphorylation of
ERK1/ERK2 in HEK293 after addition of CHI3L2 to DMEM.
Conclusions. Chitinase-like protein CHI3L2 activates phospho-
rylation of ERK1/ERK2 in human embryonic kidney cells (HEK293)
and thus initiates the MAP kinase signaling cascade which may lead
to increased cell proliferation or differentiation.

Keywords: chitinase 3-like protein 1 (CHI3L1, HC gp-39, YKL-
40), chitinase 3-like protein 2 (CHI3L2, YKL-39), MAP kinase,
ERK1/ERK2.

M. A. ApeLukos, B. M. KascaH

XWTUHa30-3-nofo6HbI 6enok 2 (CHI3L2) akTneumpyeT
cuUrHanbHbIi Nyt ERK1/2 B KneTkax aM6p1oHanbHOM NoYKm
yenoseka (HEK293)

Pestome

Llenb. MpoaeMoHCTpMpoBaTh, YT0 CHI3L2, Kak 1 rOMONOrnyHbIii
emy CHI3L1, akTUBMPYeT CUrHanbHbIN Kackag ERK1/2. MeTogpbl.
BosneyeHHocTb CHI3L2 B akTuBautw ERK1/2 ouenusanu Bec-
TepH- 610 T-aHaNN30M C NOMKNOHaNbHbIMWN aH TU-ERK1/2 nan mo-
HOKNOH&a/IbHbIMU aHTU-thoctho-ERK1/2-aHTUTEenamn. PesynbTa-
Tbl. MokasaHo, yTo pobasneHne CHI3L2 B KneTOYHYK cpedy
DMEM cTumynmpyeT chocopunmposarne ERK1/ERK2. BbiBogbl.

XuTuHazonogo6bHbli 6enok CHI3L2 akTusupyeT dhocdopunmpo-
BaHne ERK1/2 B KneTkax 3MOpPMOHaNbHOW MOYKM 4YenoBeka
(HEK293) u, Takum o6pasom, nHnuyumpyeT™ ERK1/2 MAP-knHas-
HbIl CUTHaNbHBIN Kackaf, YTO MOXKeT cTaTb NPUUMHOI KNeTou-
HOW nponudepauumn unn auddepeHLmaLny.

KntoueBble cnoBa: xuTuHasa 3-nogo6Hsblii 6enok 1 (CHI3L1, HC
gp-39, YKL-40), xuTuHasa 3-nofobHbii 6Genok 2 (CHI3L2,
YKL-39), MAP kuHasa, ERK1/ERK2.

MEPENIK NITEPATYPU

1. Fusetti F., Pijning T., Kalk K. H., Bos E., Dijkstra B. W. Cry-
stal structure and carbohydrate-binding properties of the
human cartilage glycoprotein-39 // J. Biol. Chem.-2003.-
278, N 39.-P. 37753-37760.

2.Johansen J. S. Studies on serum YKL-40 as a biomarker in di-
seases with inflammation, tissue remodelling, fibroses and
cancer // Dan. Med. Bull.— 2006.-53, N 2.—P. 172-209.

3. Shostak K. O., Labunskyy V. N., Dmitrenko V. V., Malysheva
T. A., Shamayev M. I., Rozumenko V. D., Zozulya Y. P., Ze-
hetner G., Kavsan V. M. HC gp-39 gene is upregulated in
glioblastomas // Cancer Lett.—2003.-198, N 2.—P. 203-210.

4. Dmytrenko V. V., Boyko O. I., Shostak C. O., Symyrenko O.
E., Bukreyeva T. V., Rozumenko V. D., Malysheva T. A., Sha-
maev M. I., Zozulya Y. P., Kavsan V. M. Overexpression of
genes at different stages of astrocytic glioma development //
Biopolymers and Cell.—2006.-22, N 1.—P. 38-48.

5. Tanwar M. K., Gilbert M. R., Holland E. C. Gene expression
microarray analysis reveals YKL-40 to be a potential serum
marker for malignant character in human glioma // Cancer
Res.—2002.-62, N 15.-P. 4364-4368.

6. Recklies A. D., White C., Ling H. The chitinase 3-like protein
human cartilage glycoprotein 39 (HC-gp39) stimulates
proliferation of human connective-tissue cells and activates
both extracellular signal-regulated kinase- and protein kinase
B-mediated signalling pathways // Biochem. J.-2002.-365,
N 15.-P. 119-126.

7. Ling H., Recklies A. D. The chitinase 3-like protein human
cartilage glycoprotein 39 inhibits cellular responses to the
inflammatory cytokines interleukin-1 and tumour necrosis
factor-alpha // Biochem. J.-2004.-380, N 15.-P. 651- 659.

8. Kavsan V., Shostak K., Dmitrenko V., Zozulya Y., Rozumenko
V., Demotes-Mainard J. Characterization of genes with in-
creased expression in human glioblastomas // Tsitology and
Genetics.—2005.-39, N 15.-P. 37-49.

9. Kavsan V., Dmitrenko V., Boyko O., Filonenko V., Avdeev S.,
Areshkov P., Marusyk A., Malysheva T., Rozumenko V., Zo-
zulya Y. Overexpression of YKL-39 gene in glial brain
tumors // Scholarly Res. Exchange.—2008.—doi: 10.3814/
2008/814849.

10. Kawamura K., Shibata T., Saget O., Peel D., Bryant P. J. A
new family of growth factors produced by the fat body and
active on Drosophila imaginal disc cells // Development.—
1999.-126, N 15.-P. 211-219.

11. Shaul Y. D., Seger R. The MEK/ERK cascade: From signa-
ling specificity to diverse functions // Biochim. et Biophys.
Acta.—2007.-1773, N 8.-P. 1213-1226.

YOK 577.21:577.214.622 + 616-006.484.04
Hagpiliwna fo pegakuii 05.05.09

503



