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Abstract

Elevated YKL-40 plasma concentration has been found in several malignancies and is associated
with poor prognosis and short survival time of the cancer patients. It has also been shown that YKL-40
can stimulate the growth of tumor by regulating angiogenesis. We previously showed that YKL-40
plasma concentration is significantly increased in CCA patients. Overall survival is worst in patients with
elevated YKL-40 plasma concentration. However YKL- 40 is rarely express in CCA tumor cells, but
highly expressed in liver cells and connective tissue at intratumoral stroma. In this study, we demonstrated
further that YKL-40 has an autocrine and paracrine functions in CCA progression. We expressed and
purified recombinant YKL-40 (rYKL-40) in mammalian system for investigating the paracrine effects.
Purified rYKL-40 protein significantly enhanced growth, cells adhesion, and migration of CCA cells.
Similar effects were seen in CCA cells with exogenous YKL-40 overexpression that cell proliferation,
anchorage-independent growth, and migration of CCA cells were increased. Moreover, overexpression of
YKL-40 also led to an increased resistance to cisplatin. In summary, the present study showed that YKL-
40 had an autocrine and paracrine functions to promote CCA progression and chemoresistance of CCA
cells. Hence, YKL-40 expression level in plasma or CCA cells may use as a marker for monitoring
disease progression and chemotherapeutic response in CCA and YKL-40 may serve as a potential

therapeutic molecular target for treating CCA.
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Cl i il (CCA)isa i of the bile duct epitheli CCAisa ling cancer with a high incidence in Northeast Thailand. YKL-40 or chitinase-3-like-1 (CH3L1) is a
secreted in, which is m stroma! cells and highly expressed in several types of solid cancers. In this study, we determined YKL-40 expression in plasma and
!umor tissues of CCA patients by ELISA and y. Ci ions between YKL-40 expression in plasma and tumor tissues, clinicopathological features and patient survival were

YKL~40 plasma were signi i in CCA patients as compared to those in the control group. Overall survival was worst in patients with elevated YKL-40
plasma i ical staining of YKL-40 in 34 CCA tissues indicated that YKL-40 was rarely expressed in CCA tumor cells, but was highly axpressed in liver cells and
ive tissue at it stroma. Univariate analysis showed that patients with high expression of YKL-40 in CCA tumor cells were i with poor (non-
paplllavy type) To determine lhe blologlcal funcuon whether YKL-40 promotes malignant phenotypmc changes in CCA we e and purified i YKL-40 in ian system for
of CCAcell and We that tumor growth and were (p<0 05) in CCA cell lines with recombinant YKL-40 added

These data indicated that YKL-40 may associate with CCA progression and poor patient outcome and YKL-40 may serve as an for the itoring of disease

in CCA patients.

1. Elevated YKL-40 plasma concentration and poor patient survival. 3.R YKL-40 p 2] tes cell proliferation and
migration of CCA cell llm
MW (kDa)
178~

>
@

YKL-40 effect on Cell proliferation

YKL-40 plasma concentration (ngimi)
Y g § 8

control

Fig 1. (A) Plasma YKL-40 levels in 57 CCA patients were significantly higher than in 41 A Moss B 213
healthy control (P<0 0001). (B) Kaplan-Meier survival curves showing the association " - control = -+ Control
between and YKL-40 plasma commx:ton and overall survival in 57 patients with CCA. The £ o -a viis0200gm g & YKL 80 ngimt
YKL-40 plasma o the 25th le level in CCA S, s®
subjects (cutoff value 100.7 ngImL). P-values were calculated by using the log-rank test. z S

o £

i E

2. YKL-40 I and ical fe

YKL-40 was by (IHC) in CCA tissues. Polycional
antibody rabbit anti-human YKL-40 (Quidel Corperation, Santa Clara, CA) was used as a pmury
antibody against human YKL-40. Anti-rabbit IgG Envision (Dako, Carpintaria, CA) was used as
secondary antibody.

Hours

Fig. 3 Effect of YKL-40 on cell proliferation. rYKL-40 80 ng/ml enhanced the proliferation of
MO055 and M213 (CCA cells) as compared with those of control (A and B). However, only
KKU-M213 proliferation treated with 80 ng/mL of nocombmant YKI.-4O at 72h was found to
be statistically significant (A). Error bars +SEM

'YKL-40 effect on Cell migration

M213 cell was treated with rYKL-40 (80 ng/mi) and determined the cell migration by transwell migration
assay. M213 celis were loaded into the upper chamber of a transwell and medium with or without YKL-
40 (80 ng/mi) condition. Amershotnonmbmion cells were fixed and stained. Average cells numbers.
‘were calculate from 4 different fields in each sample.
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g. 2 Distribution and expression of YKL-40 in CCA tissues detected by immunohistochemical -
smmg (A) YKL-40 expressed in liver cells (x4 HP). (B) (x10 HP). (C) oL — =
connective tissue at intratumoral stroma (x4 HP). (D) Negative YKL-40- immunostaining in CCA oy, B

tumor cells (x10 HP). (E) YKL-40 positive with cytoplasmic reactivity of CCA tumor cells (x10 HP).
(F) YKL-40 positive with membranous/cytoplasmic reactivity of CCA tumor celis especially the
luminal surface or apical sm (black arrows) (x10 HP).

Table 1. YKL-40 i in i i tissues in relation to n&onclusmns-and Discussion /

cli nu:opathologxcal features of the patients

Fig. 4 Effect of YKL-40 on cell migration. rYKL-40 at 80 nglml sngmﬁcanw induced the
cell migration in M213 cells. Error bars SEM
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Autocrine and paracrine functions of YKL-40 promote tumor progression and

chemoresistance in cholangiocarcinoma cell lines
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Abstract

Elevated YKL-40 plasma concentration has been found in several malignancies and is associated with poor prognosis and short survival time of cancer patients. It has also been shown
that YKL-40 can stimulate the growth of tumar by regulating angiogenesis. We previously showed that YKL-40 plasma concentration is significantly increased in cholangiocarcinoma (CCA)
patients. Overall survival is worse in patients with elevated YKL-40 plasma concentration. However, YKL- 40 is rarely expressed in CCA tumor cells, but highly expressed in liver cells and
connective tissue at intratumoral stroma. In this study, we demonstrated that YKL-40 has autocrine and paracrine functions in CCA pr ion. We purified r YKL-40 from
mammalian cell expression system to investigate the paracrine effects. Purified recombinant YKL-40 protein significantly enhanced growth, adhesion, and migration of CCA cells. YKL-40
overexpression in CCA cells showed similar effects in proliferation, anchorage-independent growth, and migration of CCA cells. Moreover, overexpression of YKL-40 also led to an increased
resistance to cisplatin. The present study showed that YKL-40 had autocrine and paracrine functions to promote CCA progression and chemoresistance of CCA cells. Hence, YKL-40
expression level in plasma or CCA cells may be a marker for predicting disease progression and chemotherapeutic response of CCA, and the YKL-40 may be a potential therapeutic malecular
target for treating CCA.

Methods and results
YKL-40 expressionin CCA

Autocrine functions of YKL-40 in CCA cells

Generation of cancer cell lines stably expressing YKL-40

The full length of YKL-40 cDNA was subcloned into a pCMVE-entry vector. Selection with 700 ug/mL of
G418 was initiated 48 hours after transfection, and the drug-resistant cell populations were used for
subsequent studies after selection for 2 weeks

#7706 = Empty wactor conrol et
- ¥ = Overespressing YXL-20 ool

YKL-40 planera level (ngimi)

KU KKUM213

o Contalwee
+ a0

Fig. 1 Plasma YKL-40 levels in CCA patients were
significantly higher than those of healthy controls ;
(p<0.0001}. YKL-40 in plasma was determined by s ot
using commercial YKL-40 ELISA kit (BlueGene gy 3 pisiribution and expression of YKL-40 in CCA tissues
Biotech Co., Lid. Shanghai, China). The median geio oy o0 810 FEERRR T
plasma YKL40 levels in 57 CCA patients and 41 (u ropaories o 1)
healthy contral were 169.5 ngimi (36.45 - 543.4 ng/mi) (5) waiaing mmine cats (10 HE
and 46.92 ng/mi (11.2-116.7 ng/mi), respectively mecve e st rzatumors svoma (rd HP)

0) Negative YKL 40 mmenostaining in CCALMRt calk (410 149)

[E) YKL 4D positve with Cytoplasmic reachnty of CCAtmor cels (410 HP) D ez

F) YKL 40 posiive Wih mEMbrancuscopissic reaclty of CCA Lumor cels c

sspecial fhe Lminai surface of spical st Ilack anaws) (<10 HP) (O —

e Call Gramtn

Relativa Call Growsh

PYoE Membrane
sy

YHL-4D 3acroted in culturs medtiam of KKU-MOSS and KKU-
M213 oversxpressing YKL 4D stable cell lines

Gamrsivestor

Paracrine functions of YKL-40 in CCAcells %

L
Generation of recombinant YKL-40 protein (rYKL-40)

The pCMViygro-His plasmid, containing fulHenght YKL-40 (Sino biclogical Inc. Beijing, China) was
transfected info 23T HEK cells for 48 hours. After transfection, culture medium containing secreted rYKL-40
was harvested and followed by affinity purification using Ni-NTA celumn (Genscript)

Fig. 4 YKL-40 overexpression in CCA cells promote anchorage-independent growth and migration of CCA

cells

A} Quantitative expression analysis of YKL-40 by SDS-PAGE and western blotting in KKU-MOS5 and KKU-M213
cel transfected by pCMVE-YKL-40 construct plasmid.

B) Proiferation assay. KKU-M0S5 and KKU-M213 cells were transfected with pCMVE-YKL-40 constructs or

- control vector. Cell proliferation was determined at 0, 24, 48 and 72 hours using MTS assay.

C) Cell migration assay using transwell in KKU-MOS5 and KKU-M213 transfected by pCMVE-YKL-40 constructs
o control vector. (left panel, representative pictures of invasion chambers; right panel, average counts from sk
random microscopic fields.

D) Anchorage-ndependent growth using soft agar colony formation in stable YKL-40 overexpressing KKU-MOSS
cells. (left panel, representative pictures of ivasion chambers; right panel, average counts from six random
micrascopic fields.

Error bars represent = SEM from the experiments done in triplicate *P<0,05, **P<0.01, t-test,
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T
o Fig. 5 Overexpression of YKL-40 in KKU-MOS5 increases chemoresistance to cisplatin. Cels were treated
H with cisplatin for 24 h, cells viability was determined using SRB assay
i, (A), Stable YKL-40 overexpressing KKU-MOS5 cel resisted to cispiatin by increasing 1C50 of cisplatin from 8,55
2 UM to 18.40 uM
(B) Cell cycle analysis using flow cytometer showed overexpressed YKL-40 reduced subG1 phase when treated
Ao YKL-AO-toer with cisplatin

Error bars represent + SEM from the experiments done in triplicate
Fig. 3 Added rYKL-40 enhances CCA cell proliferation, migration and adhesion
A} Quantitative expression analysis of rYKL-40 by SDS-PAGE and western blotting in 203T HEK cell transfected
by pCMV-YKL-40 construct plasmid.
B) Profferation assay. KKU-MOS5 and KKU-M213 cells were culture in complete medium with presence of rYKL-
40 80 ng/mL or PBS. Cell prolferation was determined at 0, 24, 48 and 72 hours using MTS assay.

Conclusions and Discussion

C) Cell migration assay using transwel in KKU-M213 cells treated with rYKL-40 80 ngimL or PBS. (left panel,
representative pictures of invasion chambers; right panel, average counts from six random microscopic fiekds.

D) Cell adhesion assays of KKU-M213 cels in different culture coating surfaces including rYKL-40 or BSA. Cells
adhersd onto BSA-coated plate were used as controls

Error bars represent = SEM from the experiments done n triplicate *P<0.05, **P<0.01, t-test
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