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Aim. To characterize the immortalized 293 cell line after 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
«empty» 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_CHI3L1 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
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)

and leucine (L) and molecular mass of 40 kDa [4], or hu-
man cartilage glycoprotein-39 (HC gp-39) [1], 38-kDa
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 CHI3L1 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_CHI3L1) we ob-
tained earlier (Kavsan et al., in press). 

The clones of 293_CHI3L1 cells were obtained by
limiting dilution cloning of the 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 («Sigma», 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 («Sigma») 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)

rabbit polyclonal IgG («Santa Cruz»); Anti-phospho-
Akt1/PKBα (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 of 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 2⋅103 cells/well and grown
in DMEM, supplemented with 10 % FBS, 300 µg/ml
geneticin G418 sulphate and 100 µg/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-
ma») 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_CHI3L1
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 × 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 CHI3L1 expression is much lower in dif-
fuse astrocytomas (WHO II 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_CHI3L1 cells were obtained by
limiting dilution cloning of the 293 cells, stably expres- 
sing CHI3L1. Overproduction of CHI3L1 in the cloned 
cells was confirmed by Western blot and immunofluo-

rescent analysis (Fig. 2, see inset). Western blot analy-
sis revealed CHI3L1 in the 293_CHI3L1 cell cоnditi-
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_CHI3L1 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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N

No expression 14/16–87,5 %
Low level 1/16–6,25 %
Very high level 1/16–6,25 %

A

No expression 3/3–100 %

AA

GB

No expression 5/13–38,46 %
Low level 6/13–46,15 %
High level 1/13–7,7 %
Very high level 1/13–7,7 %

No expression 8/41–19,5 %
Low level 21/41–51,2 %
High level 4/41–9,7 %
Very high level 8/41–19,5 %

Fig. 1. Results of CHI3L1 Northern blot analysis in human glial tumors 
and normal brain.  N – normal brain; A – astrocytoma; AA – anaplastic
astrocytoma; GB – glioblastoma

1 2 3 4 5 6 7

40 → CHI3L1

40 → β-actin

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;
1 – conditioned medium from MG-63 cells (positive control); 2 –
empty track; 3 – 293 cells stably expressing CHI3L1; 4 – 293 cells,
stably expressing CHI3L1 in the absence of serum; 5 – conditioned
medium from 293 cells, stably expressing CHI3L1; 6 – 293 cells,
stably transfected with an «empty» vector; 7 – conditioned medium
from 293 cells, stably transfected with an «empty» vector



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 CHI3L1-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 CHI3L1 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

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 CHI3L1 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_CHI3L1 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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Fig. 4. Proliferation of 293 clones stably expressing CHI3L1: A – stan-
dard coordinates; B – semi-logarithmic scale. � – 293 cells, transfec-
ted with «empty» vector, ‚ – 293 cells, stably expressing CHI3L1 (clo- 
ne 1), þ – 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



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 
CHI3L1 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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Ха рак те рис ти ка но вої клітин ної лінії, що стабільно експре сує
онко ген CHI3L1

Ре зю ме

Мета. Оха рак те ри зу ва ти іммор талізо ва ну клітин ну лінію 293
після стабільної транс фекції онко ге на CHI3L1. Ме то ди. Клі-
тини 293, стабільно транс фе ко вані pcDNA3.1_CHI3L1, та клі-
тини 293, стабільно транс фе ко вані pcDNA3.1 як не га тив ний
кон троль, ви ко рис та но в усіх ек спе ри мен тах. Кло ни 293 експре -
су ю чих CHI3L1 клітин та клітини 293, транс фе ко вані «по -
рожнім» век то ром, про а налізо ва но ме то да ми іму ноф лу о рес-
ценції та кон фо каль ної мікрос копії. Клітин ну проліфе рацію ви-
зна че но за до по мо гою MTT, ак ти вацію ERK1/2 i AKT та їxню ло -
калізацію в клітинax – із за сто су ван ням анти-фос фо-ERK- та
анти-фос фо-AKT-ан титіл. Спе цифічну ак ти вацію кіназ MAP і
PI3 виз на че но ден си то мет рич ним аналізом Вес терн-блот сиг на-
лів. Ре зуль та ти. Отри мані ре зуль та ти де мо нстру ють помірну
здатність CHI3L1 сти му лю ва ти клітин ний ріст, алe відоб ра жа -
ють скоріше підви ще ну здатність до при кріплен ня 293 клітин,

стабільно транс фе ко ва них pcDNA3.1_CHI3L1 порівня но з кліти -
на ми 293, транс фе ко ва ни ми «по рожнім» век то ром. У 293_
CHI3L1 кліти нах ERK1/2 та AKT пе ре бу ва ють в ак ти во ва но му
стані. У цих кліти нах фос фо риль о ванi ERK1/2 ло калізо ванi як у
ци топ лазмі, так і в ядрі, тоді як AKT – лише в ци топ лазмі.
293_CHI3L1-клітини відрізня ють ся від клітин 293_pcDNA3.1 за
мор фо логією та їхньою здатністю до при кріплен ня до куль ту -
раль них ча шок. Вис нов ки. Нaдeкспресія CHI3L1, оче вид но, має
важливе зна чен ня в пух ли но ут во рунні і опо сед ко вується ак ти ва-
цією PI3K- і MAPK- сиг наль них шляхів. Пух ли ни, спри чи нені орто -
топічною імплан тацією транс фор мо ва них клітин лю ди ни з нaде -
кспре со ва ним CHI3L1 у мо зок щурів, ста ють вірогідною мішен ню 
для ан ти ра ко вої те рапії. 
Клю чові сло ва: хіти на за 3-подібний білок 1 (CHI3L1), пух ли ни

гoлoвно го моз ку, MAP-кіназа, PI3-кіназа.
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Ха рак те рис ти ка но вой кле точ ной ли нии, ста биль но 
экс прес си ру ю щей онко ген CHI3L1

Ре зю ме

Цель. Оха рак те ри зо вать им мор та ли зо ван ную кле точ ную ли нию
293 по сле ста биль ной транс фек ции онко ге на CHI3L1. Ме то ды.
Клет ки 293, ста биль но транс фе ци ро ван ные pcDNA3.1_CHI3L1,
и клет ки 293, ста биль но транс фе ци ро ван ные pcDNA3.1 в ка чест-
ве от ри ца тель но го кон тро ля, ис поль зо ва ны во всех экс пе ри мен -
тах. Кло ны 293_CHI3L1 и клет ки 293_ pcDNA3.1 ана ли зи ро ва ли
ме то да ми им му ноф лю о рес цен ции и кон фо каль ной мик рос ко пии.
Кле точ ную про ли фе ра цию опре де ля ли с по мощью MTT, ак ти ва -
цию и ло ка ли за цию ERK1/2 и AKT ана ли зи ро ва ли с при ме не ни ем
анти-фос фо-ERK- и анти-фос фо-AKT-ан ти тел. Спе ци фи чес кую 
ак ти ва цию MAP- и PI3-ки наз определяли ден си то мет ри чес ким
ана ли зом Вес терн-блот сиг на лов. Ре зуль та ты. По лу чен ные ре -
зуль та ты де мо нстри ру ют уме рен ную спо соб ность CHI3L1 сти -
му ли ро вать кле точ ный рост и от ра жа ют ско рее по вы шен ную
спо соб ность к при креп ле нию кле ток, ста биль но транс фе ци ро -
ван ных pcDNA3.1_CHI3L1 по срав не нию с 293-клет ка ми, транс -
фе ци ро ван ны ми «пус тым» век то ром. ERK1/2 и AKT в клет ках
293_CHI3L1 на хо дят ся в ак ти ви ро ван ном со сто я нии. В этих
клет ках фос фо ри ли ро ван ныe ERK1/2 ло ка ли зо ва ны как в цито-
плаз ме, так и в ядре, в то вре мя как AKT – толь ко в ци топ лаз ме.
Клет ки 293_CHI3L1 от ли ча ют ся от кле ток 293_pcDNA3.1 по
мор фо ло гии и спо соб нос ти при креп ле ния к куль ту раль ным чаш -
кам. Вы во ды. Свер хэ кспрес сия CHI3L1, оче вид но, име ет важ ное
зна че ние в опу хо ле об ра зо ва нии и опос ре ду ет ся ак ти ва ци ей PI3K- 
и MAPK-сиг наль ных пу тей. Опу хо ли, ко то рые ин ду ци ру ют ся ор-
то то пи чес кой им план та ци ей транс фор ми ро ван ных че ло ве чес -
ких кле ток со сверх э кспрес си ро ван ным CHI3L1 в мозг крыс, мо -
гут слу жить ми шенью для ан ти ра ко вой те ра пии.
Клю че вые сло ва: хи тина за 3-по до бный бе лок 1 (CHI3L1), опу -

хо ли гoлoвно го моз га, MAP-ки на за, PI3-ки на за.
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Рис. 2. Цен траль ные уча-
стки рас чет ных струк тур
ком плек сов ге те ро цик ли-
чес ких ли ган дов с дву-
спи раль ной ДНК
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←40→
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CHI3L1→ ←8-actin

B

293_CHI3L1 cells (clone 1) 293_pcDNA3.1 cells

Fig. 2. A – Western blot analysis of
CHI3L1 protein in 293_CHI3L1 cells
clone 1: 1 – 293 cells stably expressing
CHI3L1; 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
cells, stably expressing CHI3L1 (clone
1) and in 293_pcDNA3.1 cells
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Fig. 5. Phase-con-
trast features of hu-
man 293_CHI3L1
cells (A) and 293
cells, stably trans-
fected with an «em-
pty» vector (B)
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Fig. 6. ERK1/2 and AKT activation: A – Western blot analysis of AKT and ERK1/2
activation in starved 293 cells, stably transfected with an «empty» vector (1), 293
cells, stably expressing CHI3L1 (2); B – immunofluorescent analysis of ERK1/2 and
C – AKT activation in starved 293 cells, stably expressing CHI3L1 and 293 cells,
stably transfected with an «empty» vector


