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Aim. To determine 293 and U373 cell response and ERK1/2 activation profile after CHI3L1 or CHI3L?2 treat-
ment. Methods. Specific activation and localization of ERK1/2 kinases after CHI3L1 or CHI3L2 addition to un-
supplemented cell medium were evaluated by Western blots, immunofluorescence and confocal microscopy. To
determine whether CHI3L1 or CHI3L2 can enhance mitogenesis, [*H]thymidine incorporation in cellular DNA
was measured. Results. The obtained results show that ERK1/2 phosphorylation was stimulated in both cell ty-
pes (293 and U373 cells) following addition of CHI3L2 or CHI3L1 in dose- and time-dependent manner. Un-
expectedly, in opposite to CHI3L1, the dose-dependent decreasing of measured mitogenesis parameters was ob-
served in 293 and U373 cells. In both cell types the treatment with CHI3L2 gave more sustained than CHI3L1
MAPK-pathway activation with prolonged phospho-ERK 1/2 nuclear accumulation in 293 cells. Conclusions. In
contrast to the activation of ERK1/2 phosphorylation by CHI3L1 cell treatment, that leads to a proliferative sig-
nal, the activation of these kinases by CHI3L2 addition inhibits cell mitogenesis and proliferation in serum star-
ved 293 and U373 cells.
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Introduction. Despite the lack of chitin synthesis in
mammalians, their genomes encode a set of homologo-
us chitinase-like proteins (CLPs). In human there are
six proteins of this family [1] and CHI3L1 is the most
investigated protein of the group. CHI3L2 protein is
closely related to CHI3L1 and has significant sequence
homology with other mammalian CLPs. CHI3L2 was
identified as a protein that co-purified with CHI3L1
from conditioned medium from human articular carti-
lage chondrocytes primary culture [2]. Overexpression
of CHI3L1 and CHI3L2 genes was found in glioblas-
toma [3—5] and other tumors (reviewed in [6]). It was
reported that CHI3L1, similarly to IGF1, promotes the
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growth of human fibroblasts by MAPK/ERK1/2 and
PI3K/AKT pathways activation [7]. An assumption
about CHI3L2 function was gained from the structural
similarity with CHI3L1 in size, nucleotide and amino
acid sequences, and 3D structure [8]. However, Western
blot analysis did not show simultaneous production of
CHI3L1 and CHI3L2 in gliomas, apparently indicating
their different functions [5].

The work described here demonstrates the possible
influence of MAPK signaling duration and the locali-
zation of phosphorylated ERK1/2 on the control of mi-
togenesis and proliferation in CHI3L1 or CHI3L2 trea-
ted human glial U373 and embryonic kidney 293 cells.

Materials and methods. 293 cells (Human emb-
ryonic kidney 293 cells, also often referred to HEK
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293, or less precisely as HEK cells) and U373 cells (Hu-
man glioblastoma-astrocytoma, epithelial-like cells)
were kindly provided by Prof. I. Gout (UCL, Cell Signa-
ling and Metabolic Regulation Dept., UK). Cells were
grown in DMEM supplemented with 10 % FBS and
100 ug/ml penicillin, 100 units/ml streptomycin in an
environment of 5 % CO,.

Native CHI3L1 was purified from conditioned MG-
63 cell medium as described by Harvey et al. [9]. Syn-
thesis of recombinant CHI3L2 was performed accor-
ding to our previous description [5]. Antibodies were
obtained from multiple sources and used at the specifi-
ed dilutions for immunofluorescence microscopy: p44/
42 MAP (ERK1/2) (L34F12) Mouse mAb («Cell Signa-
ling Technology», USA) 1:100 (anti-phospho-ERK);
ERK2 (K-23) Rabbit polyclonal IgG («Santa Cruz Bio-
technology», USA) 1:100 (pan-anti-ERK1/2); Fluo-
rescein Anti-Mouse IgG (H + L) as well as Texas Red"”
Anti-Rabbit IgG («Vector Laboratories Inc.», USA)
1:400; and for immunoblots: pERK (E-4) Mouse
monoclonal IgG («Santa Cruz», USA) 1:2000 (anti-
phospho-ERK1/2); ERK2 (K-23) Rabbit polyclonal
IgG 1:3000 (pan-anti-ERK1/2); Anti-Mouse IgG (H +
L), HRP Conjugate and Anti-Rabbit IgG (H+L), HRP
Conjugate («Promega», USA) 1:20000 (HRP-anti-
mouse IgG), (HRP-anti-rabbit IgG).

The reagents for enhanced chemiluminescence (ECL)
from «Sigma-Aldrich Co.» (USA) and «Fluka» (Swit-
zerland) were used for the visualization of immunoreac-
tive bands on Western blots.

Mitogenic activity was assessed by determination
of DNA-synthesis rates of treated and untreated cell cul-
tures. 293 cells or U373 cells were seeded into 24-well
tissue-culture plates and allowed growing to near-con-
fluence in DMEM supplemented with 10 % FBS, follo-
wed by a 24 h serum-starvation period in unsupple-
mented DMEM, CHI3L1 and CHI3L2 were added at
the concentration of 100 ng/ml, followed by ['H]thymi-
dine (3 pCi/ml) («Amershamy», UK) 2 h later. Cultiva-
tion was stopped after 24 h of exposure and the cell la-
yers were briefly washed twice by PBS and lysed in
0.5 M NaOH with 0.5 % SDS. DNA was collected on
glass-fibre filters («Whatmany», UK) and washed with
5 % trichloroacetic acid. [’H]thymidine content was de-
termined by liquid scintillation spectroscopy using a
Perkin Elmer scintillation counter.
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Fig. 1. Cell mitogenesis assay. [*H]thymidine incorporation in cells
(white column — U273; black — 293) treated with CHI3L1 or CHI3L2
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Investigation of ERK1/2 phosphorylation was per-
formed according to our previous description [10]. Bri-
efly, cells were seeded into 6-well tissue culture plates
in DMEM contained 10 % FBS and allowed to grow to
near-confluence, serum-starved for 24 h, followed by
exposure to CHI3L1 or CHI3L2 for time periods up to
2 h. At the end of the incubation periods, cell layers
were washed twice in ice-cold PBS and whole cell lysa-
tes were mixed with 2 x Laemmli sample buffer, boiled,
proteins resolved by SDS-PAGE and transferred to
nitrocellulose membrane. Membranes were blocked
with 5 % powdered skim milk, reacted with anti-phos-
pho-ERK, and then incubated with HRP-anti-mouse.
Blots were developed with an ECL detection system.
Membranes were treated in stripping buffer and incu-
bated with pan-anti-ERK. After incubation with HRP-
anti-rbbit IgG for 1 h, total ERK1/2 was detected with
ECL. Specific activation of MAP kinases was measu-
red by densitometric analysis of Western blot signals
using Scion Image 1.62c program (NIH ImagelJ; NIH,
Bethesda, MD).

For immunofluorescence and confocal microsco-
py, cells were seeded on coverslips and allowed to
grow to near-confluence. Cells were then serum-starved
for 24 h, followed by exposure to CHI3L1 or CHI3L2
(100 ng/ml) for time periods up to 4 h. After treatment,
immunofluorescence analysis was performed as descri-
bed by Volmat et al. [11].

Results and discussion. A dose-dependent decrea-
se of mitogenesis was observed in the cells of tumor
(U373) and non-tumor (293) origin treated with CHI3L.2
(Fig. 1). The simultaneous addition of both CHI3L1 and
CHI3L2 chitinase-like proteins showed the inhibition
of "H]thymidine incorporation in DNA of both cell types
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In human, a single gene encodes the cytoplasmic
and mitochondrial forms of lysyl-tRNA synthe-
tase by means of alternative splicing. The cyto-
plasmic isoform is produced from the mRNA
lacking exon 2. This isoform is targeted to the
MARS (Multi Aminoacyl-tRNA Synthetase) com-
plex. The mitochondrial species is produced by
translation initiation at the level of exon 2. Mito-
chondrial LysRS is specifically hijacked by the
GagPol precursor protein during the process of pa-
ckaging of HIV-1 particles. Association of
mLysRS with GagPol involves catalytic domain of
the synthetase and transframe (p6*) and integrase
domains of the Pol region of GagPol. The for-
mation of the tRNA(Lys, 3) packaging complex is
an essential process of the HIV-1 life cycle, since
this tRNA is required for initiation of reverse
transcription of the RNA genome of HIV-1. The
tRNA(Lys, 3) packaging complex is a potential
therapeutic target



STIMULATION OF TRANSIENT VERSUS SUSTAINED ERK1/2 PHOSPHORYLATION
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ERK1/2 phosphorylation. Western
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indicating that proliferative influence of CHI3L1 was
inhibited with CHI3L2 addition. The obtained results
demonstrate that CHI3L1 and CHI3L2 possess antago-
nistic properties in spite of their quite similar structure.
Using Western blot analysis we showed, that simi-
larly to CHI3L1, the treatment of both U373 and 293
cell lines with CHI3L2 leads to phosphorylation of
ERK1/2 (Fig. 2). However, CHI3L2 and CHI3L1 me-
diated phosphorylation of ERK1/2 occurred in the time-
and place-dependent manner. In 293 and U373 cells, the
CHI3L1 mediated phosphorylation of ERK1/2 is tran-
sient. Even after 2 min of the treatment with CHI3L1
cells became brightly fluorescent, while in 60 min we
did not see any phosphorylation of ERK1/2. At the sa-
me time the treatment of cells with CHI3L2 leads to pro-
long ERK1/2 phosphorylation, which was maintained
for more than 4 h. Moreover, such event was entailed
by translocation of phosphorylated ERK1/2 to the cell
nucleus (Fig. 3, see inset). Previously, using the model
of cells PC-12 treated with NGF, it was shown that
translocated to the nucleus ERK1/2 could activate seve-
ral transcription factors leading to the inhibition of pro-
liferation and apoptosis or to differentiation of cells [ 12].
Acknowlegements. The work was supported by
grants N ©40.4/018 «Ilomyk i xapakTepUCTHKa OHKO-
TeHiB 1 MyXJIMHHUX TeHiB-CYNIPECOPIB, 110 MPHHMAIOThH
y4acTb B iHiIialii Ta pO3BUTKY IITiOM» CIUIBHOT YKpai-
HO-pociiicbkoi mporpamu GpyHIaMEHTaTbHUX OCIHi[-
weHb «JOD/-POD/I-011» and «CtBOpeHHS cucTeMu
IHTiIOyBaHHS POCTY MyXJIMH TOJIOBHOTO MO3KY Ha OCHO-
Bl HAHOKOH IOTaTiB aHTHCEHC-0JIITOHYKJICOTHIIB Ta aH-
THUTLI, CISIU(IIHUX IO OHKOOLIIKIB, 3 TPUPOJHUMH 010-
nosiMepamu» Jlep:kaBHOI LiIbOBOI HAayKOBO-TEXHiY-
HOi porpamu «HaHOTeXHOJIOTIT Ta HAHOMATEPiATNY.

I1. O. Apewros, C. C. Asoces, A. B. Epwios, B. M. Kascan

CTUMyJISILiS KOPOTKOTPUBAJIOTO VS JIOBFOTPHBAJIOrO
tdochopunroanns kinaz ERK1/2 nonaBanusm qsox
onmspkocnopigaenux 6inkis CHI3L1 i CHI3L2 kopentoe
31 3MIHOIO JIOKaTi3alii BiAIMOBIqHMUX KiHA3 Ta
010JIOTYHOKO BiJMOBIIII0 aKTUBOBAHUX KIIITHH

Pesrome

Mema. Buznavumu Kiimunmy 6i0onogiob ma 6Cmanogumu npoghis ax-
musayii kinaz ERK1/2 nicisi 06pobku xnimun 293 ma U373 6inkamu
CHI3L1 uu CHI3L2. Memoou. Cneyucghiuny axmuseayiio i 1o0kania-
yiio kinaz ERK1/2 nicns enecenns oinkie CHI3L1 abo CHI3L2 oo kui-
MUHHO20 Cepedosuyd, Wo He MICIUmMb CUpoOSaAmKU, NPOAHANI3084HO
Becmepn-61om ananizo ma memooamu imyHoayopecyenyii i Kongo-
KanbHoi Mikpockonii. /[ 6cmaHno6eHHs, Yu 3M04ce 000A8aAHHS OIIKI8
CHI3L1 abo CHI3L2 nocuniosamu mimozenes, 3acmoco8aio anaiis
inkopnopayii ['H] mumiouny 6 xnimunny JHK. Pesynomamu. Ompu-
Maui pe3yibmamu OeMOHCMPYIOmb, Wo CIMUMyaayis ¢ocgopuniosan-
us kinaz ERK1/2 nicna oooasanna CHI3L1 abo CHI3L2 mae 0o30- ma
uacosanedxcnutl xapaxmep. Buseunocs, wo, na giominy ¢io CHI3L1, 0o-
303anexcHe NpUeHIYeHHs iHKopnopayii [3H]muMic)tu KoHCcmamosa-
noy 293 ma U373 knimunax. B o6ox munax xnimun 06po6xa 6inkom
CHI3L2 suknuxae mpuganiuy akmugayito kackaoy MAPK, nixc 00-
pobka 6inkom CHI3L1, 3 akymymosanusam kinaz ERK1/2 y siopi knimun
293. Bucnoexku. Ha npomusaecy axmusayii ¢pocghopunioganns rinasz
ERK1/2 enacnioox obpobku knimun oinkom CHI3LI, wo cnpuuunse
npoaigepayiro, cmumynayis yux Kinaz oooasannsm oinka CHI3L2 npu-
eHiuye mimoeenes y knimunax 293 ma U373, wo nepebysaroms y cmani
CUPOBAMKOBO20 20100YBAHHS.

Kmiouosi cnosa: ximunaza 3-nodibnuil 6inox 1 (CHI3L1), ximuna-
3a 3-nodi6nuii 6inok 2 (CHI3L2), MAP-xinasza, mimozenes.
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CTUMyISIINST KPATKOBPEMEHHOTO VS JUTHTEIBHOTO
¢dochopunuposanus kunaz ERK1/2 nobaBnenunem aByx
onmm3koponctBeHHbix 6enxkoB CHI3L1 u CHI3L2 koppenupyer ¢
HM3MEHEHHEM JIOKATH3AIHI COOTBETCTBYOIINX KAHA3 U
OUOIOTMYECKAM OTBETOM aKTHBHPOBAHHBIX KIIETOK

Pesrome

Lenv. Onpedenums kiemourblil omeem u npopuibL akmueayuu KUHAa3
ERK1/2 nocae obpabomru knemox 293 u U373 6eaxamu CHI3LI unu
CHI3L2. Memoowt. Cneyughuueckyro akmueayuio u 10KaIu3ayuio Ku-
naz ERK1/2 nocne enecenus 6enkos CHI3L1 uiu CHI3L2 6 kiemou-
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HYI0 cpedy, 20e OMCYmcmeayem CbleOPOmKd, NPOAHANUZUPOBAHO MEMO-
oamu Becmepn-61om ananusza, ummyHogayopecyenyuu u Konghoxans-
Hou muxkpockonuu. /s onpedenenus, 6yoem au 0dobagienue 6eiKkos
CHI3L1 unu CHI3L2 ygenuuugamov mumocenes, UCnoIb308aH AHAIU3
unkopnopayuu [ H]mumuduna 6 xnemounyio JJHK. Pesynsmamot. ITo-
JIyUeHHble Pe3yIbmamvl OeMOHCMPUPYIOM, MO CIMUMYAaYus Gocgo-
puauposanus kunaz ERK1/2 nocne oobasnenus CHI3L1 iu6o CHI3L2
umeem 3agucauuti om 003bl u gpemenu xapaxmep. OKazanoce, ymo, 8
omauuue om CHI3LI, doso3asucumoe yenemenue unxopnopayuu [*HJ
mumuoura koncmamupogaro 6 293- u U3 73-kremxax. B o6oux munax
Kknemok obpabomka beaxom CHI3ZL2 svizvieaem bonee OaumenvHyO
axkmusayuto xkackaoa MAPK, nexcenu oopabomra 6enxom CHI3LI, ¢
akkymynayuei kunaz ERK1/2 6 aopax knemoxk 293. Bo1600wt. B omau-
yue om akmusayuu gocgopuruposanus kurnaz ERK1/2 nocie obpa-
6omxu knemox 6eaxom CHI3L1, npusoosiweii k nponugpepayuu, cmu-
mynayus smux kunaz 0ooasnenuem oeaxa CHI3L2 yenemaem mumocze-
nes 6 knemkax 293 u U373, Haxo0awuxcs ¢ cCOCMOsIHUU Cbl8OPOMOY-
HO20 207100aHU.

Kntouesvie cnosa: xumunasza 3-noooomnwiii 6enox 1 (CHI3L1), xu-
munasza 3-nodobuwiil 6enok 2 (CHI3L2), MAP-kunasa, mumoczenes.

REFERENCES

1. Bussink A. P., Speijer D., Aerts J. M., Boot R. G. Evolution of
mammalian chitinase(-like) members of family 18 glycosyl
hydrolases // Genetics.—2007.-177, N 2.—P. 959-970

2. Hu B., Trinh K., Figueira W. F., Price P. A. Isolation and sequen-
ce of a novel human chondrocyte protein related to mammalian
members of the chitinase protein family // J. Biol. Chem.—
1996.-271, N 32.—P. 19415-19420.

3. Garifulin O. M., Shostak K. O., Dmitrenko V. V., Rozumenko V.
D., Khomenko O. V., Zozulya Yu. A., Zehetner G., Kavsan V. M.
The genes SOX-2 and HC gp-39 are overexpressed in astrocytic
gliomas // Biopolym. Cell.-2002.-18, N 4.—P. 324-329.

4. Shostak K., Labunskyy V., Dmitrenko V., Malisheva T., Shama-
yev M., Rozumenko V., Zozulya Y., Zehetner G., Kavsan V. HC

346

5.

6.

7

8.

10.

12.

gp-39 gene is upregulated in glioblastomas // Cancer Lett.—
2003.-198, N 2.—P. 203-210.

Kavsan V., Dmitrenko V., Boyko O., Filonenko V., Avdeev S.,
Areshkov P., Marusyk A., Malysheva T., Rozumenko V., Zozulya
Y. Overexpression of YKL-39 gene in glial brain tumors // Scho-
larly Research Exchange.—2008.—doi: 10.3814/2008/814849.
Johansen J. S. Studies on serum YKL-40 as a biomarker in disea-
ses with inflammation, tissue remodelling, fibroses and cancer //
Dan. Med. Bull.-2006.-53, N 2.—P. 172-209.

. Recklies A. D., White C., Ling H. The chitinase 3-like protein hu-

man cartilage glycoprotein 39 (HC-gp39) stimulates prolifera-
tion of human connective-tissue cells and activates both extracel-
lular signal-regulated kinase- and protein kinase B-mediated sig-
nalling pathways // Biochem J.—2002.-365, Pt 1.-P. 119-126.
lershov A., Odynets K., Kornelyuk A., Kavsan V. Homology mo-
deling of 3D structure of human chitinase-like protein CHI3L2
// Central Eur. J. Biol.—2010.—5, N 4.—P. 407-420.

. Harvey S., Weisman M., O’Dell J., Scott T., Krusemeier M., Vi-

sor J., Swindlehurst C. Chondrex: new marker of joint disease //
Clin Chem.—1998.—44, N 3.—P. 509-516.

Areshkov P. O., Kavsan V. M. The chitinase 3-like human pro-
tein 2 (CHI3L2) activates ERK1/2 signaling pathway in human
embryonic kidney cells (HEK293) // Biopolym. Cell.—2009.—
25, N 6.—P. 500-503.

. Volmat V., Camps M., Arkinstall S., Pouyssegur J., Lenormand

P. The nucleus, a site for signal termination by sequestration and
inactivation of p42/p44 MAP kinases // J. Cell Sci.—2001.—114,
Pt 19.—P. 3433-3443.

Traverse S., Gomez N., Paterson H., Marshall C., Cohen P.
Sustained activation of the mitogen-activated protein (MAP)
kinase cascade may be required for differentiation of PC12
cells. Comparison of the effects of nerve growth factor and
epidermal growth factor // Biochem. J.-1992.-288, Pt 2.—
P. 351-355.

UDC 577.22
Received 10.06.11





