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Glioma-associated protein CHI3L2 suppresses cells viability
and induces G1/S transition arrest
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Aim. To analyze the effect of the CHI3L2 protein on malignant and non-malignant cell viability, and deter-
mined the CHI3L2 impact on the cell cycle and signaling pathways involved in the cell cycle regulation.
Methods. MTT-based cell proliferation assay, FACS, western blot analysis. Results. The CHI3L2 protein
inhibits the glioma cells viability and potentiates the effect of anti-cancer cytotoxic agents. The CHI3L2
treatment results in the G1/S transition arrest. CHI3L2 provoked a dramatic reduction of pRB phosphoryla-
tion and a significant decrease in the cyclin D1 expression, whereas the pS3 and p21 expression levels were
substantially increased. Conclusions. The CHI3L2 protein, which is overexpressed in human gliomas, is a
negative regulator of the glioma cells viability. The reduced cell viability after the CHI3L2 treatment could
be due to the activation of pRB and p53 and the downregulation of cyclin D.
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Introduction

Almost half of the intracranial tumors are gliomas,
the majority of which are astrocytic gliomas. They
are considered to be the most lethal among all types
of tumors. We have previously compared the gene
expression in glioblastoma, the most common and
aggressive malignant brain tumor, and normal adult
human brain by Serial Analysis of Gene Expression
(SAGE) to identify those involved in gliomagenesis
and found that that 44 genes were expressed at a sig-
nificantly higher level in the tumors compared to the
normal brain cells [1]. Chitinase 3-like 2 (CHI3L2)
is one of the genes expressed in glyoblastoma; it en-
codes a 39 kDa secreted chitinase-like protein.
CHI3L2 is a member of the 18 glycosyl hydrolase
family [1]. It is closely related to another mammali-
an chitinase-like protein (CLP) CHI3L1. CHI3L1 is

overexpressed in glioblastoma and possesses onco-
genic properties [2]. CHI2L1 and 2 may have differ-
ent functions since the molecular structures of these
homologous proteins have significant differences
[3]. We have previously demonstrated that the acti-
vation of ERK1/2 phosphorylation by CHI3L2 in-
hibits the cell mitogenesis and proliferation. In con-
trast, the activation of ERK1/2 phosphorylation by
CHI3L1 leads to the proliferation [4]. Here we have
reported that CHI3L2 downregulates the glioma
cells viability and potentiates the effect of cytotoxic
agents; the CHI3L2-mediated growth suppression is
mediated by G1/S transition arrest.

Materials and Methods

Cell proliferation assay (MTT-assay) was performed
as described in [4]. The CHI3L2 protein was ob-
tained using Bac-toBac expression system (Invitro-
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gen, USA). Bradykinin (BK) antagonist BKM-570
was kindly provided by Dr. Lajos Gera (University
of Colorado Denver). Temozolomide was purchased
from Abcam (UK).

Cell cycle analysis. 293 cells were incubated with
the CHI3L2 protein or transfected with pcDNA4/
TO_CHI3L2. After 48 hours, the cells were fixed
with cold 70 % ethanol, and resuspended in 1 ml of
hypotonic buffer (0.1 % sodium citrate, 0.1 % Triton
X-100, 5 mg/ml PI (Sigma, USA), 20 mg/ml RNase
A (Thermo Scientific, USA) and 40 mg/ml propidi-
um iodide (Sigma) for 1 hour. The cells were then
analyzed using the BD Accuri C6 machine (Becton
Dickinson, USA) according to the manufacturer’s
instructions. The data were analyzed using the soft-
ware package CFlow (Becton Dickinson) and Flow-
Jo (De Novo Software, USA).

Western-blot analysis was performed as described
earlier [4]. 293 cells were incubated with the CHI3L2
protein or transfected with pcDNA4/TO CHI3L2.
After 48 hours, the cells were lyzed and probed with
the following antibodies: anti-pRB (Abcam), anti-
CyclinD1 (Cell Signaling Tech, USA) anti-p53 (Mil-
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lipore, USA), anti-p21 (Santa Cruz Biotech., USA),
and anti-beta-actin (Sigma). Secondary polyclonal
HRP-conjugated anti-rabbit IgG or anti-mouse IgG
Abs (AbD Serotec, UK) and the ECL Western blot-
ting detection system (Amersham, USA) were used
to reveal immunoreactivity.

Results and Discussion

Although the investigation of human CLPs was
mainly focused on the expression patterns in a
number of pathological conditions [5], CHI3L2 re-
mains poorly characterized. To explore an effect of
the CHI3L2 protein on the cells viability, we per-
formed the MTT test with the human glioma cells
U251 and non-transformed 293 cells. The CHI3L2
protein exhibits cytotoxic properties in both U251
and 293 cells: an addition of 100 ng/ml CHI3L2 to
the cell culture medium led to ~ 40% reduction of
the cell viability as compared to the control group
(0 ng/ml) (Fig. 1 a). The ability of CHI3L2 to in-
hibit the viability of malignant and non-transformed
cells lines may suggest that a mode of its action is
cell-type independent.
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Fig. 1. Reduction of cells viability after CHI3L2 treatment. a) U251 or 293 cells were treated with CHI3L2 for 48 h in DMEM with
2,5 % FBS. b) U251 cells were treated with 100 uM temozolomide, 1 uM BKM-570, 100 ng/ml CHI3L2, or their combinations for
48 h in DMEM with 2,5 % FBS. Data are expressed as a percentage of growth compared to the vehicle control (100 %). Values are
represented as means = SD (n =9). *p < 0.05 and **p < 0.01 vs control group

317



S. S. Avdieiev, L. Gera, R. Hodges, V. V. Dmytrenko

Control CHI3L2 peDNA4/TO_CHI3L2
1001 % GO/G1 100° o
. S § -
VU mem Y Y
T 60- < 60 S 60 -
s 5 s 40
24 e s
20 20 20
0 0 0 -

Fig. 2. Impact of CHI3L2 on cell cycle. 293 cells were treated with 100 ng/ml CHI3L2 or transfected with pcDNA4/TO_CHI3L2 in
DMEM with 2,5 % FBS. Cell cycle analysis was performed 48h after tretment
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Fig. 3. CHI3L2 affects cell cycle regulation cascades. 293 cells were treated with 100 ng/ml CHI3L2 or transfected with pcDNA4/
TO_CHI3L2 in DMEM with 2,5 % FBS and lyzed after 48 h. Western blot analysis was performed with appropriate antibodies (a)
and immunoreactive bands were analyzed by densitometry (b)

The proteins with cytotoxic properties could increase
the efficacy of anticancer chemotherapy when applied
in combinations [6]. Taking into account that CHI3L2
is overexpressed in glioblastoma, we aimed to see the
outcome of the combination of CHI3L2 with the first-
line anti-gliomic drug temozolomide, as well as with a
highly potent anti-cancer agent, bradykinin antagonist
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BKM-570, possessing a significant cytotoxic activity
against the glioma cell lines [ 7]. We did not observe any
potentiation of the temozolomide activity but the com-
bination of CHI3L2 with BKM-570 led to an increased
cytotoxic effect (Fig. 1 b), suggesting that CHI3L2
could potentially be used as a component of a combo
approach for the glioma treatment.
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To elucidate the molecular mechanisms of the ob-
served cell viability reduction, we studied the impact
of CHI3L2 on cell cycle. While no apoptotic action
of CHI3L2 was observed, CHI3L2 induced the G1/S
transition arrest. The proportion of cells in G1 phase
increased after treatment by exogenous CHI3L2 as
well as after its ectopic expression by 19 % and 13,7
%, correspondingly (Fig. 2). To explore how CHI3L2
affects the specific signal cascades involved in the
cell cycle regulation, we have studied the state of
some proteins essential for the G1/S cell cycle tran-
sition. The CHI2L2 treatment or ectopic expression
leads to a reduction of pRB phosphorylation, as well
as to a decrease of the cyclin D1 expression level
(Fig. 3). Furthermore, the expression levels of p53
and its transcriptional target p21 were significantly
upregulated. Thus, the G1/S transition arrest through
changes in the cell cycle regulation cascades is a pu-
tative component of the molecular mechanism un-
derlying the cytotoxic effect of CHI3L2 protein. The
blockage of cell cycle in a certain phase is the mech-
anism of action described for a set of cytotoxic
agents [8], however, it has never been reported for
the chitinase-like proteins. CHI3L1, the most inves-
tigated protein in this family, is also overexpressed
in gliomas and was shown to be an oncogen [2].
CHI3L2 has a high level of homology to CHI3L1,
however, a set of structural differences exists be-
tween them giving a ground to distinct functions [3].
CHI3L2 is not a glycoprotein and does not bind hep-
arin, a component of the important receptor com-
plexes [3]. Nevertheless nothing is know about a
function of CHI3L2 in brain issue, the results de-
scribed in this paper is a step forward shedding a
new light on molecular pathways involved by these
similar proteins to realize their function.

The complex application of chemotherapeutic
agents and cytotoxic proteins is a promising ap-
proach to treat cancer [6]. Taking into account the
cytotoxic properties of CHI3L2 and its overexpres-
sion in glioblastomas, one could speculate that at
least in a certain part of patients the CHI3L2 protein
could potentiates the action of chemotherapeutics.

Further investigations are needed to clarify a role of
the chitinase-like proteins in the human gliomas.

Conclusions

In summary, we have demonstrated that CHI3L2
acts as a negative regulator of the cell growth and
affects the cell cycle regulation machinery, resulting
in the G1/S transition blockage.
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[nioma-acouiiioBanuii nporein
CHI3L2 npursivye *uTTE3AATHICTh KIITHH
Ta 0aokye G1/S nepexin

C. C. Agnees, JI. I'epa, P. Xomxkec, B. B. /Imutpenko

Merta. [IpoanaiizyBaTH >KMTTE31ATHICTD 3/I0SKICHUX Ta HE3JIOs-
KicHHX KIiTHH 32 mii mporeina CHI3L2, a Tako BH3HAYHTH
BrumB CHI3L2 Ha KIiTHHHAHN UK 1 CHTHANIBHI IUIAXH, 3a7Ty9eH1
110 Horo peryssii. Meroan. MTT—recr, npotouna nuurodiryopu-
MeTpis, BecTepH 00T aHami3. Pesyasrarn. CHI3L2 npurniuye
JKUTTE3AATHICTh KITITHH [TIOMH JIFOIMHHY 1 MiICHITIOE TiF0 TPOTH-
pakoBux nurotokcnunux arenrtiB. CHI3L2 inribye nepexin kii-
tuH 13 G1- 1o S-¢asu writnHHOTO TMKITYy. CHI3L2 3ymoBirOE
3HIDKEHHS KUTBKOCTI (ocdopunboBanoi Gpopmu pRB, 3meHIIeH-
Hs BMicTy nukiiny D1 Ta 3pocranns Bmicty p53 i p21. Bucho-
Bku. CHI3L2, mo HaziekenpecyeThes B TIIIOMAX JIFOIUHU, € HeTa-
TUBHUM PETYISATOPOM YKUTTE3NATHOCTI KINITHH TilioMH. L{uToTOK-
cuynnid BrutiB CHI3L2 moke OyTH MOB'S3aHUM 3 aKTHBALIEIO
pRB Ta p53, a Takoxk 3HIKEHHSIM BMICTy IUKIIIHY D.

KawyoBi ciaoBa: XiTHHA30-110Ai0HI O1JIKH, IJTIOMH, aHTaro-
HICTH OpaJINKiHIHY, CHTHAJIbHI KaCKaIH, IO PETYIIOIOTh KIIITHH-
HUM UK.
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I'muoma-accouuupoBanublii nporens CHI3L2 nogasasier
“KH3HECNOCOOHOCTDb KiIeToK u 0okupyeT G1 /S nepexon

C. C. Aspees, JI. I'epa, P. Xomxkec, B. B. lImutpenko

Hens. [poananu3npoBaTh >KU3HECTIOCOOHOCTh 3JI0KaYeCTBEH-
HBIX U HE3JI0KaUECTBEHHBIX KJICTOK IPH BO3AEHCTBUU MPOTEHHA
CHI3L2, a raxxe onpenenuts Biusiuue CHI3L2 Ha kieTouHsblii
LUKJI ¥ CUTHAJIbHbIE IYTH, BOBJICUCHHBIE B €r0 PEryIALHUIO.
Metonpl. MTT-tect, npotoyHasi HUTOGIYOPHMETPHSI, BECTEPH
6ot ananmu3. Pesyabrarel. CHI3L2 mopaBnsieT »KH3HECTOCO0-
HOCTb KJICTOK IVIMOMBI YeJIOBEKA U YCUINBAET IeHCTBUE IIPOTUBO-
pakoBbIX IUTOTOKCHMUeckux areHToB. CHI3L2 nnrndupyer nepe-
xo11 KieTok ¢ G1- B S-dazy kierounoro rukia. Biusaue CHI3L2
NPHUBOJUT K CHIDKEHHIO KosmdecTBa (GochopriinpoBaHHOit (op-
MBI pRB, ymenbIeHHI0 copepxanus nukianHa D1 u yBenmuenuto
conepkanus pS3 u p21. Beioasl. CHI3L2, oBepakcnpeccust Ko-
TOPOTrO XapaKTepHa Ul INIMOM 4eJIOBEKa, sIBIAETCS HeraTUBHBIM
PEryJsITOPOM KH3HECIIOCOOHOCTH KJIETOK IHOMBI. [{utoTokcu-
yeckoe BimsgHre CHI3L2 moxkeT OBITH CBSI3aHO ¢ aKTHBAIUEH
pRB u p53, a Taxke CHHKEHUEM COfiepKaHUsl IIUKITHA D.

KiaouyeBble cJ0BAa: XUTHHA3A-TION00HbLIE OEIKHU, IIHOMBI,
AHTArOHKUCTHI OpaJMKUHUHA, CUTHAJIbHbIE KaCKaJbl, PEryIHpY-
JOLIE KIICTOUYHBIA [UKJL.
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