
Stimulation of transient versus sustained ERK1/2
phosphorylation by relative chitinase-like proteins 
CHI3L1 and CHI3L2 correlates with different kinase
localization and biological outcome

P. O. Areshkov, S. S. Avdieiev, A. V. Iershov, V. M. Kavsan 

Institute of Molecular Biology and Genetics, NAS of Ukraine
150, Akademika Zabolotnogo Str., Kyiv, Ukraine, 03680

chitotrio@gmail.com

Aim. To determine 293 and U373 cell response and ERK1/2 activation profile after CHI3L1 or CHI3L2 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, [3H]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-ERK1/2 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.

Keywords: chitinase 3-like 1 protein (CHI3L1), chitinase 3-like 2 protein (CHI3L2), MAP kinase, mitogenesis.

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

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 µg/ml penicillin, 100 units/ml streptomycin in an
environment of 5 % CO2.

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 [3H]thymi- 
dine (3 µCi/ml) («Amersham», 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 («Whatman», UK) and washed with
5 % trichloroacetic acid. [3H]thymidine content was de- 
termined by liquid scintillation spectroscopy using a
Perkin Elmer scintillation counter.

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 × 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 ImageJ; 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 CHI3L2 
(Fig. 1). The simultaneous addition of both CHI3L1 and
CHI3L2 chitinase-like proteins showed the inhibition
of [3H]thymidine incorporation in DNA of both cell types 
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Fig. 1. Cell mitogenesis assay. [3H]thymidine incorporation in cells
(white column – U273; black – 293) treated with CHI3L1 or CHI3L2
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Fig. 3. Time cour-
se of ERK1/2 phos-
phorylation and lo-
calization in activa-
ted and inactivated 
cells. Immunofluo-
rescence and con-
focal microscopy
analysis of CHI3L1
or CHI3L2 treated
293 cells (A) and
U373 cells (B) with
phospho-ERK (gre-
en) and pan-ERK
(red) antibodies.
(Scale bar: 25µm)

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 mitoсhondrial 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
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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].
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Сти му ляція ко рот кот ри ва ло го vs дов гот ри ва ло го 
фос фо ри лю ван ня кіназ ERK1/2 до да ван ням двох 
близь кос порідне них білків CHI3L1 і CHI3L2 ко ре лює 
зі зміною ло калізації відповідних кіназ та 
біологічною відповіддю ак ти во ва них клітин

Ре зю ме

Мета. Виз на чи ти клітин ну відповідь та вста но ви ти профіль ак -
ти вації кіназ ERK1/2 після об роб ки клітин 293 та U373 білка ми
CHI3L1 чи CHI3L2. Ме то ди. Спе цифічну ак ти вацію і ло каліза-
цію кіназ ERK1/2 після вне сен ня білків CHI3L1 або CHI3L2 до клі-
тин но го се ре до ви ща, що не містить си ро ват ки, про а налізо ва но
Вес терн-блот аналізо та ме то да ми іму ноф лу о рес ценції і кон фо -
каль ної мікрос копії. Для вста нов лен ня, чи змо же до да ван ня білків 
CHI3L1 або CHI3L2 по си лю ва ти міто ге нез, за сто со ва но аналіз
інкор по рації [3H]тимідину в клітин ну ДНК. Ре зуль та ти. Отри -
мані ре зуль та ти де мо нстру ють, що сти му ляція фос фо ри лю ван -
ня кіназ ERK1/2 після до да ван ня CHI3L1 або CHI3L2 має дозо- та
ча со за леж ний ха рак тер. Ви я ви ло ся, що, на відміну від CHI3L1, до-
зо за леж не  при гнічен ня інкор по рації [3H]тимідину кон ста то ва -
но у 293 та U373 кліти нах. В обох ти пах клітин об роб ка білком
CHI3L2 вик ли кає три валішу ак ти вацію кас ка ду МАРК, ніж об -
роб ка білком CHI3L1, з аку му лю ван ням кіназ ERK1/2 у ядрі клітин 
293. Вис нов ки. На про ти ва гу ак ти вації фос фо ри лю ван ня кіназ
ERK1/2 внаслідок об роб ки клітин білком CHI3L1, що спри чи няє
проліфе рацію, сти му ляція цих кіназ до да ван ням білка CHI3L2 при-
гнічує міто ге нез у кліти нах 293 та U373, що пе ре бу ва ють у стані 
сиро ват ко во го го ло ду ван ня.
Клю чові сло ва: хіти на за 3-подібний білок 1 (CHI3L1), хіти на -

за 3-подібний білок 2 (CHI3L2), MAP-кіназа, міто ге нез.

П. А. Арешков, С. С. Авдеев, А. В. Ершов, В. М. Кав сан

Сти му ля ция крат ков ре мен но го vs дли тель но го 
фос фо ри ли ро ва ния ки наз ERK1/2 до бав ле ни ем двух 
близ ко ро дствен ных бел ков CHI3L1 и CHI3L2 кор ре ли ру ет с 
из ме не ни ем ло ка ли за ции со от ве тству ю щих ки наз и 
би о ло ги чес ким от ве том ак ти ви ро ван ных кле ток

Ре зю ме

Цель. Опре де лить кле точ ный от вет и про филь ак ти ва ции ки наз
ERK1/2 по сле об ра бот ки кле ток 293 и U373 бел ка ми CHI3L1 или
CHI3L2. Ме то ды. Спе ци фи чес кую ак ти ва цию и ло ка ли за цию ки -
наз ERK1/2 по сле вне се ния бел ков CHI3L1 или CHI3L2 в кле точ-
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Fig. 2. Dose-dependent induction of 
ERK1/2 phosphorylation. Western
blot analysis of total lysates of
CHI3L1 or CHI3L2 treated cells
(BSA – 100 ng/ml; EGF – 50 ng/ml)



ную сре ду, где от су тству ет сы во рот ка, про а на ли зи ро ва но мето-
дами Вес терн-блот ана ли за, им му ноф лу о рес цен ции и кон фо каль -
ной мик рос ко пии. Для опре де ле ния, бу дет ли  до бав ле ние бел ков
CHI3L1 или CHI3L2 уве ли чи вать ми то ге нез, ис поль зо ван ана лиз
ин кор по ра ции [3H]ти ми ди на в кле точ ную ДНК. Ре зуль та ты. По -
лу чен ные ре зуль та ты де мо нстри ру ют, что сти му ля ция фос фо -
ри ли ро ва ния ки наз ERK1/2 по сле до бав ле ния CHI3L1 либо CHI3L2
име ет за ви ся щий от дозы и вре ме ни ха рак тер. Ока за лось, что, в
от ли чие от CHI3L1, до зо за ви си мое угне те ние ин кор по ра ции [3H]
ти ми ди на кон ста ти ро ва но в 293- и U373-клет ках. В об оих ти пах
кле ток об ра бот ка бел ком CHI3L2 вы зы ва ет бо лее дли тель ную
ак ти ва цию  кас ка да МАРК, не же ли об ра бот ка бел ком CHI3L1, с
ак ку му ля ци ей ки наз ERK1/2 в яд рах кле ток 293. Вы во ды. В от ли -
чие от ак ти ва ции фос фо ри ли ро ва ния ки наз ERK1/2 по сле об ра -
бот ки кле ток бел ком CHI3L1, при во дя щей к про ли фе ра ции, сти-
му ля ция этих ки наз до бав ле ни ем бел ка CHI3L2 угне та ет ми то ге -
нез в клет ках 293 и U373, на хо дя щих ся в со сто я нии сы во ро точ -
но го го ло да ния.
Клю че вые сло ва: хи ти на за 3-по до бный бе лок 1 (CHI3L1), хи -

ти на за 3-по до бный бе лок 2 (CHI3L2), MAP-ки на за, ми то ге нез.
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