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Aim. To characterize the immortalized 293 cell line afier stable transfection with human oncogene (CHI3L1). Me-
thods. 293 cells, stably transfected with pcDNA3.1 _CHI3L1, and 293 cells, stably transfected with pcDNA3.1 as
a negative control, were used throughout all experiments. The clones of CHI3L1-expressing 293 cells and 293
cells, transfected with pcDNA3.1, were analyzed by immunofluorescence and confocal microscopy. Cell proli-
feration was measured using MTT assay, analyses of ERK1/2 and AKT activation and their cellular localization
were performed with anti-phospho-ERK and anti-phospho-AKT antibodies. Specific activation of MAP and PI3
kinases was measured by densitometric analysis of Western-blot signals. Results. The obtained results show
quite modest ability of CHI3L1 to stimulate cell growth and reflect rather an improved cellular plating efficiency
of the 293 cells stably transfected with pcDNA3.1 CHI3L1 as compared to the 293 cells transfected with an
«emptyy vector. ERK1/2 and AKT are activated in the 293 CHI3L1 cells. In these cells phosphorylated ERK1/2
were localized in both cell cytoplasm and nuclei while AKT only in cytoplasm. The 293 CHI3LI cells differed
from the 293 cells, transfected with an «empty» vector, in their size and ability to adhere to the culture plates.
Conclusions. The overexpression of CHI3L1 is likely to have an important role in tumorigenesis via a mecha-
nism which involves activation of PI3K and ERK1/2 pathways. The tumors which can be induced by orthotopic
implantation of the transformed human cells with overexpressed human oncogene CHI3L1 into the rat brain can
be used as a target for anticancer drug development.
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Introduction. Mouse models of human cancer have be-
en instructional in understanding the basic principles of

and leucine (L) and molecular mass of 40 kDa [4], or hu-
man cartilage glycoprotein-39 (HC gp-39) [1], 38-kDa

cancer biology. Recently, we have reported the develop-
ment of a new method to induce tumors in adult immu-
nocompetent rat brains by the 293 cells stably producing
chitinase 3-like 1 oncoprotein (CHI3L1) (Kavsan et al.,
in press).

CHI3L1 is a member of mammalian chitinase-like
proteins [1-3], it is also named YKL-40 based on its
three N-terminal amino acids tyrosine (Y), lysine (K)
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heparin-binding glycoprotein (Gp38k) [5], breast re-
gression protein 39 kDa (brp-39) [6], and Chondrex
[7]. The gene for human CHI3L1 is localized on chro-
mosome 1 and the crystal structure of human CHI3L1
has been described [8, 9].

Increased level of serum CHI3L1 has been sugges-
ted as a robust biomarker of various inflammatory/fib-
rotic diseases [10].

The increased CHI3L1 expression has been docu-
mented in various malignancies [11] and a number of
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cancer cell lines [4, 6, 12]. Previously, in an effort to
identify genes which could be used as molecular mar-
kers of glial tumors, we found CHI3L! as one of the
most overexpressed in glioblastomas [13]. Furthermo-
re, CHI3L1 plays a role in angiogenesis by stimulating
the migration and reorganization of vascular endothe-
lial cells [14, 15]. CHI3L1 also stimulates the migrati-
on of endothelial cells and promotes the migration and
adhesion of vascular smooth muscle cells [15, 16].

Here we describe further characterization of a new
293 cell line stably producing oncoprotein CHI3L1.

Materials and methods. Cells. The 293 cells (Hu-
man Embryonic Kidney 293 cells, also often referred to
HEK293, or less precisely as HEK cells), were kindly
provided by Prof. V. Filonenko; 293 cells, stably trans-
fected with pcDNA3.1 («empty» vector) were kindly
provided by Dr. V. Grishkova (IMBG, Ukraine); the 293
cells, stably expressing CHI3L1 (293 _CHI3L1I) we ob-
tained earlier (Kavsan et al., in press).

The clones of 293 CHI3L1 cells were obtained by
limiting dilution cloning ofthe 293 cells, stably expres-
sing CHI3L1. The presence of CHI3L1 in the cloned
cells was evaluated by immunofluorescence and confo-
cal microscopy. For this purpose the CHI3L1 expres-
sing clones of 293 cells and 293 cells, transfected with
an «empty» vector were seeded on coverslips and allo-
wed to grow to near-confluence. The cells were washed
in cold phosphate-buffered saline (PBS), fixed with 4 %
paraformaldehyde and permeabilized with Triton X-
100, washed three times for 5 min each with PBS, and
blocked with 5 % horse serum («Sigmay, USA) in PBS
(blocking buffer) for 30 min at room temperature. Incu-
bations were performed at room temperature with anti-
bodies diluted in blocking buffer. Slides were mounted
using PVA-DABCO («Sigmay) and images were captu-
red with Zeiss LSM 510 Meta confocal microscope
(Germany). Presence of CHI3L1 in the conditioned me-
dium from the cloned cells was determined after 24 h of
cell starvation by Western blotting, 1/20 part of the cell
conditioned medium was used from 3 cm well.

Proteins and antibodies. The goat polyclonal anti-
bodies against human CHI3L1 (S-18) were purchased
from «Santa Cruz Biotechnology» (USA), p44/42
mitogen activated protein (MAP) (extracellular signal-
regulated kinase (ERK1/2)) (L34F12) Mouse mAb
(«Cell Signaling Technology», USA); (ERK1) (K-23)
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rabbit polyclonal IgG («Santa Cruzy»); Anti-phospho-
Akt1/PKBa (Ser473), clone 11E6, mouse monoclonal
IgG («Millipore», USA); Anti-Mouse IgG (H + L),
HRP Conjugate, Anti-Rabbit IgG (H + L), HRP Conju-
gate («Promega», USA), and Rabbit anti-goat IgG (H +
+ L), HRP Conjugate («Invitrogen», USA) used in Wes-
tern blot as well as goat anti-rabbit Alexa Fluor 488 and
rabbit anti-goat Alexa Fluor 633 antibodies used in im-
munofluorescence were from «Invitrogen».

Cell proliferation assay. The clone 1 0f 293 cells stab-
ly expressing CHI3L1, and the 293 cells, stably trans-
fected with pcDNA3.1 were seeded in quadruplicates
into 96 well plate at density 210 cells/well and grown
in DMEM, supplemented with 10 % FBS, 300 ug/ml
geneticin G418 sulphate and 100 pg/ml penicillin/100
units/ml streptomycin (PAA, Austria) for 5 days. Cell
proliferation was measured using 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) («Sig-
may) at days 2, 3, 4 and 5, of seeding.

Analysis of ERK1/2 and AKT activation. For investi-
gation of ERK1/2 phosphorylation the 293 CHI3LI
cells (clone 1) and 293 cells, stably transfected with an
«empty» vector, were seeded into 6-well tissue culture
plates in DMEM contained 10 % FBS and allowed to
grow to near-confluence. Cells were serum-starved for
24 h. Cell layers were washed twice in ice-cold PBS
and whole cell lysates were mixed with 2 x Laemmli
sample buffer, boiled, proteins were resolved by 10 %
sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE), and transferred to the nitrocel-
lulose membrane.

Membranes were blocked for 1 h at room tempera-
ture with 5 % powdered skim milk in Tris buffered sa-
line (TBS) with 0.05 % Tween-100 (TBST), reacted
with anti-phospho-ERK or anti-phospho-AKT at 4 °C
overnight, and then incubated with HRP-anti-mouse
IgG for 1 h. Blots were developed with an ECL detecti-
on system. Then membranes were incubated in strip-
ping buffer (0.5 M NaCl, 0.2 M Gly, pH 2.5) for 15 min
at 70 °C, washed twice in TBST, blocked, and incuba-
ted with anti-ACTB for 1 hr at room temperature. After
incubation with HRP-anti-rabbit IgG for 1 h, ACTB
was detected with ECL. Specific activation of MAP ki-
nases was measured by densitometric analysis of Wes-
tern-blot signals using Scion Image 1.62c program (NIH
ImageJ; NIH, USA).
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To investigate the localization of phosphorylated
ERK1/2 and phosphorylated AKT, the 293 cells, stably
expressing CHI3L1 (clone 1), and the 293 cells, stably
transfected with an «empty» vector, were prepared as
described above. The cells were washed in cold PBS,
fixed with 10 % paraformaldehyde and permeabilized
in —20 °C methanol, washed three times for 5 min each
with PBS and blocked with blocking buffer (2 % bo-
vine serum albumin, BSA) in PBS for 30 min at room
temperature. Incubations were performed at room tem-
perature with antibodies diluted in blocking buffer. Sli-
des were mounted using PVA-DABCO («Fluka, Swit-
zerland») and images were captured with a Zeiss LSM
510 Meta confocal microscope. All images represent a
single confocal section, taken from the bottom surface
of the cells being analyzed.

Results and discussion. The significant increasing
of CHI3L1 gene expression was shown for a number of
tumors [11] including glioblastomas in our and other
laboratories [13, 17, 18]. These data were obtained
mostly by Serial Analysis of Gene Expression (SAGE)
and microarray analysis or polymerase chain reaction
(PCR) and were presented mostly as an average gene
expression for a given group of patients. The results of
CHI3L1 RNA Northern hybridization which were per-
formed in our lab as described earlier [13, 18] are sum-
marized in Fig. 1 indicating a substantial increase of
CHI3L1 expression in anaplastic astrocytomas — World
Health Organization (WHO) III stage of malignancy
and glioblastomas — WHO IV stage of malignancy. At
the same time CHI3L 1 expression is much lower in dif-
fuse astrocytomas (WHO 1I stage of malignancy) and
in normal adult human brain. However, there appears
to be also significant (about 20 %) overlap of the levels
in individual samples of tumor and normal brain. Re-
cently it has been shown that the expression of CHI3L1
does not increase in proneural subtype of glioblastoma
comprising up to 30 % of all glioblastomas [19], and
the patients with such tumors experience significantly
improved outcome. So, the absence of CHI3L1 expres-
sion revealed by Northern hybridization could serve as
a prognostic marker.

The clones of 293 CHI3LI cells were obtained by
limiting dilution cloning ofthe 293 cells, stably expres-
sing CHI3L 1. Overproduction of CHI3L1 in the cloned
cells was confirmed by Western blot and immunofluo-
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Fig. 1. Results of CHI3L I Northern blot analysis in human glial tumors
and normal brain. N —normal brain; 4 — astrocytoma; 44 — anaplastic
astrocytoma; GB — glioblastoma
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Fig. 3. Western blot analysis of CHI3L1 protein secretion. The conditi-
oned medium in the absence of serum were collected after 24-h culture
for analyzing the level of CHI3L1 secreted from 293 cells, stably ex-
pressing CHI3L1 and 293 cells, stably transfected with an «empty» vec-
tor. Cell lysates were subjected also to the testing of actin expression;
I — conditioned medium from MG-63 cells (positive control); 2 —
empty track; 3 — 293 cells stably expressing CHI3L1; 4 — 293 cells,
stably expressing CHI3LI in the absence of serum; 5 — conditioned
medium from 293 cells, stably expressing CHI3LI; 6 — 293 cells,
stably transfected with an «empty» vector; 7 — conditioned medium
from 293 cells, stably transfected with an «empty» vector

40— B-actin

rescent analysis (Fig. 2, see inset). Western blot analy-
sis revealed CHI3L1 in the 293 CHI3L1 cell conditi-
oned medium, showing that CHI3L1 is a secreted pro-
tein. Previously it was shown, that CHI3L1 was secreted
in large amount by osteosarcoma cell line MG-63 [7]. As
it is possible to see, the 293 CHI3LI cells also secrete
CHI3L1 but at lower level than MG-63 in the same
culturing conditions (Fig. 3).

The results presented in the Fig. 4 show the ability
of CHI3L1 to promote cellular proliferation. However,
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Fig. 4. Proliferation of 293 clones stably expressing CHI3L1: A — stan-
dard coordinates; B — semi-logarithmic scale. Bl — 293 cells, transfec-
ted with «empty» vector, 4 —293 cells, stably expressing CHI3L1 (clo-
ne 1), - —trend line. Proliferation was measured by fluorescence after
3 h of cells exposure to MTT reagent. The data shown are the means
+ S.D. from four experiments for each cell line

the ability of CHI3L1 to stimulate cell growth when pro-
duced endogenously was quite modest, what is consis-
tent with the data of Shao et al. [20]. Five days after the
equal numbers of cells were plated, there were approxi-
mately 1,6-fold as many the CHI3L I-expressing clones
as parental cells. The major difference was an impro-
ved plating efficiency with the greater number of cells
present at the initial time point of 12 h (day 0). After
performing linear regression analysis for log scale
graph the slopes were 0,0086 for the 293 CHI3L1 cells
and —0,0067 for the 293 3.1 cells, resulting in 1,3-fold
increase in cell growth rate. Thereafter, we suppose that
the effect of CHI3L 1 transfection was mostly on cellular
plating efficiency and perhaps also on clonogenicity, a
similar cellular growth phenomenon.

The 293 CHI3L1 cloned cells were increased in size
as compared to the «empty» vector transfected human 293
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cells, both cell lines were oblong but the 293 CHI3L1
cloned cells were more prone to grow in well-defined
monolayer while the «empty» vector transfected human
293 cells tended to grow in foci (Fig. 5, see inset).

The MAPK and phosphoinositide 3-kinase (PI3K)
pathways are strongly associated with cell survival.
ERK1 and ERK2 were identified as growth fac-
tor-stimulated protein kinases phosphorylating micro-
tubule-associated protein-2 (MAP-2) and myelin basic
protein (MBP). Activation of ERK1/2 is involved in
many cellular responses such as cell motility, prolife-
ration, differentiation and survival [21]. We found that
overproduction of CHI3L1 in the cells stably transfec-
ted with CHI3LI induced activation of ERK1/2 with
equivalent cytoplasmic and nuclear localization. More-
over, AKT the main component of PI3K signaling path-
way, was also phosphorylated in these cells and confo-
cal laser scanning microscopy showed phosphorylated
AKT to be located in the cytoplasm (Fig. 6, see inset).
Although AKT is best known for promoting cell sur-
vival and growth through pathways parallel to ERK’s
control over cell proliferation, AKT activation can also
stimulate proliferation through multiple downstream
targets impinging on the cell-cycle regulation [22]. It
has been reported that AKT migrated into the nucleus
in response to a variety of stimuli, where it can block
FOXO-mediated transcription of target genes that pro-
mote apoptosis, cell-cycle arrest, and metabolic proces-
ses [23]. On the other hand, a function of AKT is to
phosphorylate and inhibit proapoptotic components of
the intrinsic cell death machinery within the cytoplasm
[24]. It is possible to hypothesize, that in the case of the
293 CHI3LI cells AKT can play this role. So, CHI3L1
has a different effect on cellular localization of ERK1/2
and AKT. The results suggest that biological effects of
CHI3L1 are mediated by association with unknown
cell surface receptor promoting proliferation of the 293
cells through Ras/MAPK/AKT pathways and support a
role of CHI3L1 in the malignant phenotype as a cellular
survival factor.

It is interesting that the 293 cells (HEK293) were
obtained by transformation of the human embryonic
kidney cell culture with sheared adenovirus 5 DNA
[25]. The observation that the 293 cells stain strongly
and specifically with antibodies to several NF proteins,
which are generally thought of as excellent markers for
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neuronal lineage cells, stimulated detailed DNA micro-
array analysis of the 293 cells. More than 60 mRNA
normally expressed specifically in neuronal cells were
detected in the 293 cells by this approach. Microarray
analysis of the 293 cells using Affymetrix and Clontech
arrays revealed also mRNAs encoding many other pro-
teins normally expressed in neuronal lineage cells. The
pattern of expression was quite similar to that seen in
the PC12 and Ntera-2 cells, which also express a mix of
neurofilament subunits and two basic keratins. So, the
293 cells were similar in several respects to the two
well defined neuronal lineage cell lines [26].

Tumor formation by the 293 cells stably expressing
CHI3L]1 in rat brains strongly suggests that this gene is
likely to be critical in the tumor development, and tu-
mors which can be induced after orthotopic implanta-
tion of transformed human cells with overexpressed hu-
man oncogene CHI3L1 in the rat brain can be used as a
target for anticancer drug development.
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XapakTepucTHKa HOBOI KJIITHHHOI JIiHII, IO CTabiIbHO eKcrpecye
onkoren CHI3L1

Pestome

Mema. Oxapaxmepu3ysamu iMmopmanizoéamy Kiimunuy ainio 293
nicna cmabinbnoi mpancgexyii onkocena CHI3LI. Memoou. Kni-
munu 293, cmabineno mpancgexosani pcDNA3.1 CHI3L1, ma xni-
munu 293, cmabineno mpaucgexosani pcDNA3.1 ax necamuenuil
KOHMPOJIb, UKOPUCMAHO 8 Ycix excnepumenmax. Knonu 293 excnpe-
cyrouux CHI3L1 xknimun ma xnimunu 293, mpancgexosani «no-
POICHIMY  8EKMOPOM, NPOAHANIZ08AHO Memodamu IMyHo@yopec-
yenyii ma Kougoranvroi mikpockonii. KnimunHy nponighepayiro eu-
3Haueno 3a oonomozoio MTT, akmusayito ERK1/2 i AKT ma ixuro no-
Kanizayio 6 KiimuHax — i3 3acmocysanuam anmu-gocgo-ERK- ma
aumu-poco-AKT-anmumin. Cneyugpiuny axmueayiro xinaz MAP i
PI3 susnaueno dencumomempuuHum ananizom Becmepn-61om cucna-
zie. Pesynemamu. Ompumani pe3yiomamu 0eMOHCMPYIONb NOMIPHY
30amuicms CHI3L1 cmumyniogamu kiimunnui picm, ane 8iooopasica-
0omb cKopiuie nidguweHy 30amuicms 00 npukpinienns 293 kaimu,

cmabinvrho mparcgerxosanux pcDNA3.1 _CHI3L1 nopisHsano 3 knimu-
Hamu 293, mparcghexosanumu «nopodxcHimy eexkmopom. YV 293
CHI3L1 knimunax ERK1/2 ma AKT nepe6ysaromov 6 akmugo8aHomy
cmani. Y yux knimunax ¢pocgpopunvosani ERK1/2 noxanizosani sk y
yumonnasmi, maxk i 6 0pi, mooi ax AKT — nuwe 6 yumonaiasmi.
293 CHI3LI1-knimunu giopisustomucs 6i0 knimun 293 pcDNA3.1 3a
Mopgonoziero ma iXHbOH 30amMHICMI0 00 NPUKDINIEHHS 00 KYJIbmy-
panvrux yawok. Bucnoeku. Haoexcnpecis CHI3LI, ouesuono, mae
8avICIUGe 3HAYCHHS 8 NYXIUHOYMBOPYHHI | ONOCEOKOBYEMbCA AKMUBA-
yieto PI3K- i MAPK- cuenanvnux winaxis. I1yxaunu, cnpuyuneni opmo-
MONIYHOI IMNAAHMAYIEI MPAHCHOPMOBAHUX KAIMUH THOOUHU 3 HAOe-
kenpecosarnum CHI3L1 y mo3ok wypie, cmaroms 6ipo2iOH00 MileHHIO
07151 aHMupakoeoi mepanii.

Kntouosi cnosa: ximunasa 3-nodi6nui 6inox 1 (CHI3L1), nyxaunu
201061020 M03KY, MAP-kinasa, PI3-xina3za.

E. B. banvinckas, B. I1. baknaywes, I1. O. Apewrkos, C. C. Agdees,
O. U. bouiko, B. II. Yexonun, B. M. Kascan

XapakTepuCTHKa HOBOW KJICTOUHOM JIMHHUH, CTAOMIIBHO
aKcrnpeccupytomeit oukored CHI3L1

Pestome

Leny. Oxapaxmepuzosams UMMOPMAIUZ0BAHHYIO KAEMOUHYIO TUHUIO
293 nocne cmabunvro mparncpexyuu onkocena CHI3L1. Memoowr.
Knemku 293, cmabunvro mpancgheyuposannvie pcDNA3.1 CHIZLI,
u kremku 293, cmabunvno mpancgeyuposantvie pcDNA3. 1 6 kauecm-
6e OMpuYaAmenbHO20 KOHMPOIA, UCNONb308AHbL 60 6CEX IKCNEPUMEH-
max. Knoner 293 CHI3LI u xnemxu 293 pcDNA3.1 ananuzuposanu
Memooamu UMMYHOPII0OpecyeHyuy 1 KOHGOKATLHOU MUKDOCKONUU.
Knemounyto nponugpepayuio onpedensinu ¢ nomowpro MTT, akmusa-
yuro u nokaruzayuro ERK1/2 u AKT ananusuposanu ¢ npumeHneHuem
aumu-poco-ERK- u anmu-goco-AKT-anmumen. Cneyugpuuecxyio
axmusayuro MAP- u PI3-kuna3z onpedensiiu 0eHcumomempuieckum
ananuzom Becmepu-6nom cuenanos. Pesynomamul. [lonyuennvie pe-
3ynbMamel OeMOHCMpUpyom ymepernuyro cnocoornocms CHI3L1 cmu-
MYIUPOBAMb KIEMOUHbIN POCI U OMPAICAION CKOPee NOBbIUEHHYIO
CNOCOOHOCMb K NPUKPENNeHul0 Kiemox, cmadbuioHo mpaucgeyupo-
eannvix pcDNA3.1 _CHI3LI1 no cpasnenuio ¢ 293-knemxamu, mpatc-
Geyuposannvivu «nycmoimy eekmopom. ERK1/2 u AKT 6 knemxax
293 CHI3L1 naxoosmcs 6 akmueupo8aHHOM COCMOSAHUU. B amux
kaemkax gocgopunruposannvie ERK1/2 noxkanuzoeansi kak 6 yumo-
naazme, mak u 6 aope, 6 mo epems kak AKT — monvko 6 yumonnasme.
Knemxu 293 CHI3LI omauuaiomcsa om xnemok 293 pcDNA3.1 no
Mopghono2uu u cnocooHOCMU NPUKPENTEeHUs K KYTbMYPATbHbLIM Yaul-
kam. Boteoowt. Ceepxsxcnpeccuss CHI3L1, ouesuono, umeem gasxcroe
3HayeHue 8 onyxo1eobpazosanuu u onocpedyemcs axkmusayuei PI3K-
u MAPK-cuenanonoix nymeu. Onyxonu, Komopule UHOYYUPYIOMCA Op-
MOMOnUYeCKoll uUMnNIanmayuel mpanc@opmMupoBantblx ueiogeuec-
Kux Kka1emox co ceepxakcnpeccupogarnnuvim CHI3L1 6 mo3e kpvic, Mo-
2Ym CIyHCUMb MUWEHBIO Ol AHMUPAKOBOU Mepanuu.

Kniouegvle cnosa: xumunasza 3-nodobuuiii 6enox 1 (CHI3L1), ony-
xoau 201061020 mozea, MAP-kunaza, PI3-kunaza.
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Fig. 2. A — Western blot analysis of
CHI3L1 protein in 293_CHI3LI cells
clone 1: 7 — 293 cells stably expressing
CHI3LI; 2 — glioblastoma total lysate,
prepared earlier; 3 — 293 cells, stably
transfected with an «empty» vector
clone 2: 1 — 293 cells stably expressing
CHI3L1; 2 —293 cells, stably transfected
with an «empty» vector; 3 — glioblas-
toma total lysate, prepared earlier [27];
B — Immunofluorescent analysis of
CHI3L1 in paraformaldehyde fixed 293
A AR " et cells, stably expressing CHI3LI (clone
293 _CHI3LI cells (clone 1) 293 pcDNA3.1 cells 1) and in 293_pcDNA3.1 cells
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Fig. 5. Phase-con-
trast features of hu-
man 293 _CHI3LI
cells (4) and 293
cells, stably trans-

fected with an «em-
pty» vector (B)

A
. pAKT Fig. 6. ERK1/2 and AKT activation: 4 — Western blot analysis of AKT and ERK1/2
— activation in starved 293 cells, stably transfected with an «empty» vector (7), 293
A S PERK cells, stably expressing CHI3L1 (2); B — immunofluorescent analysis of ERK1/2 and
b C — AKT activation in starved 293 cells, stably expressing CHI3L1 and 293 cells,

stably transfected with an «empty» vector
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