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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
tumor tissues of CCA patients by ELISA and y. Ce 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 sxpressed 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-
paplllary kype) To determine lhe b‘ologlcal funcuon whether YKL-40 promotes malignant phenotyplc 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 tes cell proliferation and
migration of CCA cell lines
MW (kDa)
178~
130 o

g § 8

e YKL-40 effect on Cell proliferation

YKL-40 plasma concentration (ngimi)

control

Fig 1. (A) Plasma YKL-40 levels in 57 CCA patients were significantly higher than in 41 Moss
healthy control (P<0 0001). (B) Kaplan-Meier survival curves showing the association
between and YKL- plaunacomnkmnandwaﬂllwvhnlmﬂpanﬂmmmockm
YKL-40 plasma to the 25th ile level in CCA
subjects (cutoff value 100.7 ngImL). P-values were calculated by using the log-rank test.

m213
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@ (YKL-40 80 ng/ml

-~
& 1YKL40 80 ngimi

Relative Coll Growth 3>

Relative Cell Growth

2. YKL-40 I and

Xpi

YKL-40 was by (IHC) in . Hours

antibody rabbit anti-human YKL-40 (Quidel Corperation, Santa Clara, CA) was used as a primary

antibody against human YKL-40. Anti-rabbit 1gG Envision (Dako, Carpintaria, CA) was used as Fig. 3 Effect of YKL-40 on cell proliferation. rYKL-40 80 ng/ml enhanced the proliferation of

secondary antbody. MO55 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 YKL-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/ml) 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. After 6 hours of incubation, cells were fixed and stained. Average cells numbers
were calculate from 4 different fields in each sample.
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Fig. 2 Distribution and expnessmn of YKL-40 in CCA tissues detected by immunohistochemical 2
staining. (A) YKL-40 expressed in liver cells (x4 HP). (B) (x10 HP). (C)
connective tissue at intratumoral stroma (x4 HP). (D) Negative YKL-40 immunostaining in CCA
mor cole Gi10 U, (XK A0 posiive it cyopiasine Toacivly of oca tmor cale 10 B, Fig. 4 Effect of YKL-40 on cell migration. rYKL-40 at 80 ng/ml significantly induced the
(F) YKL-40 positive with membranous/cytoplasmic reactivity of CCA tumor cells especially the cel?mlgﬁhon in M213 cells. Error bgm SEM gl g at/
luminal surface or apical sna (black arrows) (x10 HP).
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et i b Conclusions and Discussion 2
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Autocrine and paracrine functions of YKL-40 promote tumor progression and
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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 initiasted 48 hours after transfection, and the drug-resistant cell populations were used for
2, subsequent studies after selection for 2 weeks
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Fig. 1 Plasma YKL-40 levels in CCA patients were " ik
significantly higher than thase of healthy controls
(p<0.0001). YKL-40 in plasma was determined by

using commercial YKL-40 ELISA kit (BlueGene gy 3 pisibution and expression of YKL-40 in CCA tissues »

e Call Gramtn
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Biotech Co., Lid, Shanghai, China). The median ror wambrane
plasma YKL40 levels in 57 CCA patients and 41 x oo g 1y o e ool Steming i [T [N OED
healthy control were 169.5 ng/ml (36.45 - 543.4 ng/ml) (8) rnmanng immune cels (€10 HP) YIL-4D sacreted i culturs M of KKL-MOSS 3t K-
and 46.92 ng/mi (11.2-116.7 ng/mi), respectively 1C) Comectve tissue at inpanumora sioma (14 HP) M213 overezpressing YHL-40 siabio cull lnes
10) Negative TKL4D Immenostaining @ CCATMOX cels (10 HP)
[E) YKL-40 posinve with Cytopiasmic reacoty of CCAMOr calls (10 HP) D [—
1F) YKL10 posilive with membranousicylogiss i reactiy of CCA tumor cells c
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Paracrine functions of YKL-40 in CCA cells B a8 LU
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Generation of recombinant YKL-40 protein (rYKL-40) 3 | - b |
The pCMViygro-His plasmid, containing fulHenght  YKL-40 (Sino biclogical Inc. Beijing, China) was
transfected into 283T HEK cells for 48 hours. After transfection, culture medium containing secreted rYKL-40
was harvested and followed by affinity purification using Ni-NTA column (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

A Mmoo B KIUMOSE [P cell transfected by pCMVB-YKL-40 construct plasmid. )

i " . B) Profferation 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 felds

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

Error bars represent + SEM from the experiments done in triplicate *P<0.08, **P<0.01, t-test,
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Fig. 5 Overexpression of YKL-40 in KKU-MOS5 increases chemoresistance to cisplatin. Cels were treated

vith cisplatin for 24 h, cells viabilty was determined using SR assay

(A), Stable YKL-40 overexpressing KKU-MOS5 cel resisted to cispiatin by increasing 1C50 of cisplatin from 8,55

M to 18.40 M

(B) Cell cycle analysis using flow cytometer shawed overexpressed YKL-40 reduced subG1 phase when treated
Ao YKL-AO-toer with cisplatin

Error bars represent + SEM from the experiments done in triplicate

Adhsion {4 of contrel)

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. . f f
B) P’r’n‘:lerabun assay nKu-Mgss and KKU-M213 cells were culture in complete medium with presence of rYKL- Conclusions and Discussion
40 80 ng/mL or PBS. Cell proliferation was determined at 0, 24, 43 and 72 hours using MTS assay.
C) ﬁgmm :T:ﬂ:e:sm“'«:'::m:m:ﬁA:;:.?;;E T@:ﬁ:ﬂ:h;:%;:;:%ﬁ’:; :‘;ES. (‘\E:‘ﬂ:;l:ﬂl Re:onjbmanl YKL-40 protein and YKL-40 overexpressing stable cell lines have been used to investigates. !he
D) Cell adhesion assays of KKU-M213 cells in different culture coating surfaces including rYKL-40 or BSA, Cells paracrine and autocrine effects of YLK-40 in CCA. The results showed that YKL-40 has both the paracrine
adhered onto BSA-coated plate were used as controls and autocring function to promoted CCA cell proliferation, anchorage-independent growth, migration and
chemoresistance. Thus, our study highlighted important roles of YKL-40 in CCA development and

Error bars represent = SEM from the experiments done in triplicate *P<0.05, **P<0.01, ttest
progression, and may provide substantial clues for novel strategies treatment against CCA.
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