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ABSTRACT

Cholangiocarcinoma (CCA) is a variety of biliary epithelial tumors involving intrahepatic, perihilar
and distal bile duct. It is the most common malignant bile duct tumor in the liver and the second
most common primary liver cancer, whose molecular mechanism not fully understood.
Specifically, the relationship between CCA and chondroitin polymerizing factor (CHPF) is still
not clear. In this study, detection of clinical specimens was performed to preliminarily study the
role of CHPF in CCA. CCA cells with CHPF knockdown were constructed for in vitro study, which
was also used in the construction of mice xenograft model for investigating the role of CHPF in
the development of CCA. The results demonstrated that CHPF was significantly upregulated in
CCA tissues compared with normal tissues. High expression of CHPF was correlated with more
advanced tumor grade. Moreover, knockdown of CHPF significantly inhibited cell proliferation, cell
migration, promoted cell apoptosis and arrest cell cycle in G2 phase in vitro, as well as suppressed
tumor growth in vivo. In conclusion, CHPF was identified as a tumor promotor in the development
and metastasis of CCA, which may provide a novel therapeutic target for the targeted therapy
against CCA.
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Introduction For patients with advanced or unresectable CCA,

Cholangiocarcinoma (CCA) is a variety of biliary
epithelial tumors involving intrahepatic, perihilar
and distal bile duct. It is the most common malig-
nant bile duct tumor in the liver and the second
most common primary liver cancer, accounting
for 10-20% of primary liver cancer [1,2]. In the
past decades, the morbidity and mortality of CCA
are both increasing rapidly worldwide [3].
Moreover, CCA is usually diagnosed in advanced
stage because of its “silent” clinical features [4].
Nowadays, surgery is still the most effective treat-
ment for CCA, but only 30% of patients are diag-
nosed with resectable tumor [4,5]. Even treated
with the most aggressive surgery, the recurrence
rate of patients with CCA after resection is still
high, which is usually between 67% and 75%, and
the 5-year survival rate is still lower than 5% [6].

they could only benefit from chemotherapy [7].
However, due to the drawback of drug resistance,
the long-term therapeutic effect is still very poor
[7,8]. Therefore, deepening the understanding of
molecular mechanism of CCA is in urgent need
for development more effective treatment strategy
against CCA [8].

Chondroitin sulfate (CS) is a sulfated glycosami-
noglycan that is widely distributed in the connective
tissues of humans and other animals [9,10]. It is
noteworthy that there is a correlation between CS
and the regulation of various types of diseases such
as osteoarthritis [9,11], cardiovascular and cerebro-
vascular diseases [12], central nervous system related
diseases [13] and malignant tumors [14]. Further
analysis suggested that CS may exert anticancer
effects through immunomodulatory and angiogenic
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inhibition [15,16]. The biosynthesis of CS is extre-
mely complex, which requires the participation of
a variety of glycosyltransferases. chondroitin poly-
merizing factor (CHPF) is an essential cofactor in the
synthesis of double disaccharide units in CS
mediated by human chondroitin synthase [10,17].
Except for its role in biosynthesis of CS, CHPF has
also been reported to be associated with several types
of human cancers [18,19]. For example, Cao et al.
supported that the expression of CHPF in lung can-
cer can regulate cell proliferation and invasion [20].
Xu et al. elucidated that CHPF is involved in the
malignant proliferation and migration of hepatocel-
lular carcinoma [21]. Sun et al. put forward that
CHPF could promote the progression of malignant
melanoma by regulating CDK1 [22]. However, the
role in CCA played by CHPF has not been reported
and remains unclear.

In this study, we identified CHPF as a tumor
promotor in the development and progression of
CCA and a potential therapeutic target for CCA
treatment. CHPF was found to be upregulated in
CCA tumor tissues, whose high expression was
associated with more advanced malignant grade.
The in vitro experiments clarified that knockdown
of CHPF could inhibit CCA development through
regulating cell growth, apoptosis and migration,
while CHPF overexpression induced reversed
effects. The inhibition of CCA by CHPF knock-
down was also confirmed by in vivo experiments
through constructing mice xenograft models.

Material and methods
Cell culture, transduction and antibodies

Human CCA cell lines QBC939, HCCC-9810 and
HUCCT1 cells were purchased from BeNa
Technology (Hangzhou, Zhejiang, China). QBC939
cells were cultured in 90% DMEM-H medium with
10% FBS containing glutamine and sodium pyru-
vate. HCCC-9810 and HUCCT1 cells were grown
in 90% RPMI-1640 medium with 10% FBS additives
containing glutamine. All culture medium was chan-
ged every 3 days and cells were humid maintained in
a 37°C 5% CO, incubator.

QBC939 and HCCC-9810 cells (2 x 10° cells/
mL) were infected with 400 pL lentiviral vectors
(1 x 107 TU/mL) additive with ENLS and

polybrene (10 pg/mL, Sigma-Aldrich, St Louis,
MO, USA) at a MOI of 20 in 6-well plates. After
cultured at 37°C with a 5% CO, for 72 h, the
fluorescence was observed under microscope with
magnification of x100 and x200.

Antibodies used in our study were detailed as
follows: CHPF (1:100, # ab224495 Abcam) for
IHC and CHPF (1:1000), E-cadherin (1:1000,
#3195, CST), N-cadherin (1:1000, # ab18203,
Abcam), Vimentin (1:1000, # ab92547, Abcam) for
WB. Inner control antibody GAPDH (1:3000, #
AP0063, Bioworld), and horseradish peroxidase
(HRP) Goat antirabbit IgG (1:3000, #A0208,
Beyotime). Ki-67 (1:200, # Ab16667, Abcam) and
HRP Goat antirabbit IgG (1:400, # ab6721, Abcam)
for Ki-67 assay.

Immunohistochemistry (IHC)

Extrahepatic and intrahepatic bile duct adenocar-
cinoma tissue microarray chip was obtained from
Xian Alenabio Co., Ltd (Xian, Shanxi, China),
including 74 cases of bile duct adenocarcinoma
tissue and 5 cases of bile duct normal tissue.
Before the IHC experiment, the tissue microarray
chip was baked at 60°C for 30 min in an oven.
Next, the chip was dehydrated in xylene and rehy-
drated in graded alcohol (100%, 95%, 90%, and
70%). Antigen of the chip was recovered by boil-
ing citric acid buffer for 30 min. After blocked
with 3% H,O, and rabbit serum, the chip was
incubated with the primary polyclonal antibody
of rabbit to CHPF at 4°C overnight.
Subsequently, the chip was washed with PBS
three times, and the second antibody was added
and incubated for 2 h at room temperature.
Finally, the chip was stained with DAB solution
for 10 min and counterstained with hematoxylin
for 5 min. All tissues in the chip were pictured
with microscopic and all slides were viewed with
ImageScope and CaseViewer. IHC scores were
determined by staining percentage scores and
staining intensity scores. Staining percentage
scores were classified as: 1 (1-24%), 2 (25-49%),
3 (50-74%), 4 (75-100%) and staining intensity
was scored as 0 (Signalless color), 1 (brown), 2
(light yellow), 3 (dark brown). CHPF expression
outcomes in CCA tissues and para-normal tissues
revealed here were analyzed.



Lentiviral vector construction and package

Short hairpin RNA and overexpression construction
of CHPF was designed by Shanghai Biosciences, Co.,
Ltd (Shanghai, China) and the sequence was 5’-
AGCTGGCCATGCTACTCTTTG-3". The follow-
ing primer sequences were used for amplifying:
Forward, 5-CCTATTTCCCATGATTCCTTCATA
-3’ and reverse, 5-GTAATACGGTTATCCACGCG
-3’. 20 uL PCR volume contained 0.2 pL DNA, 0.4 uL
forward primer and 0.4 pL reverse primer and the
PCR cycling condition is 94°C 3 min, 94°C 30's, 55°C
30 s, 72°C 30 s, 22 cycles, a final extension for 72°C
for 5 min. The PCR products were verified by DNA
sequencing and then target sequence was cloned into
BR-V-108 lentiviral vector (Shanghai Biosciences,
China). EndoFree Maxi Plasmid Kit (Tiangen
Biotech, Beijing, China) was used for plasmid extrac-
tion. Qualified plasmid was used for packaging.

qRT-PCR

Transfected QBC939 and HCCC-9810 cells (LV-
shCtrl and LV-shCHPF) were fully lysed and total
RNA was extracted using TRIzol reagent (Sigma,
St. Louis, MO, USA). Nanodrop 2000/2000 C spectro-
photometer (Thermo Fisher Scientific, Waltham,
MA, USA) was used to evaluate the RNA quality
according to the manufacturer’s instructions.
Promega M-MLV kit (Heidelberg, Germany) was
used to reverse transcribed RNA (2.0 pug) to cDNA.
Two steps qRT-PCR was performed with SYBR
Green mastermixs Kit (Vazyme, Nanjing, Jiangsu,
China) and melting curve was drawn, the relative
quantitative analysis in gene expression data was ana-
lyzed by the 27**“ method. GAPDH act as the inner
control, and the upstream and downstream primer
sequences of human CHPF for the PCR reaction were
5-GGAACGCACGTACCAGGAG-3’ and 5-CGGG
ATGGTGCTGGAATACC-3,  respectively.  The
upstream and downstream primer sequences of
GAPDH were 5-TGACTTCAACAGCGACACCCA
-3" and 5-CACCCTGTTGCTGTAGCCAAA-3".

Western blotting

Lentivirus transfected QBC939 and HCCC-9810
cells (LV-shCtrl and LV-shCHPF) were fully lysed
in ice-cold RIPA buffer (Millipore, Temecula, CA,
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USA) and total protein was collected. The protein
concentration was detected by BCA Protein Assay
Kit (HyClone-Pierce, Logan, UT, USA). A total of
20 ug per lane was separated by 10% SDS-PAGE
(Invitrogen, Carlsbad, CA, USA) and then trans-
ferred onto PVDF membranes at 4°C. The PVDF
membranes were blocked with TBST solution con-
taining 5% degreased milk at room temperature for
1 h. Then the PVDF membranes were incubated at
4°C overnight with primary antibodies. After wash-
ing with TBST, the membranes were further incu-
bated with second antibody HRP-conjugated Goat
antirabbit IgG for 2 h at room temperature. The blots
were visualized by enhanced chemiluminescence
(ECL, Amersham, Chicago, IL, USA) and the density
of the proteins band was analyzed by Image]
software.

MTT assay

2500 lentivirus transfected QBC939 and HCCC-
9810 cells were seeded into a 96-well plate with
100 mL culture medium. The detection time
points were 24 h, 48 h, 72 h, 96 h, 120 h. Four
hours before each detection time point, 20 pL
5 mg/mL MTT solution (GenView, El Monte,
CA, USA) was added for coloring. After formazan
was dissolved by DMSO solution, the absorbance
values at 490 nm were measured by microplate
reader (Tecan, Minnedorf, Ziirich, Switzerland)
with a reference wavelength of 570 nm. The cell
viability ratio was calculated.

Cell apoptosis and cycle assay

Lentivirus transfected QBC939 and HCCC-9810
cells were inoculated in a 6-well plate until cell
density reached 85%. Cells were harvested and
washed with 4°C ice-cold PBS. After centrifugation
(1200 x g), cells were resuspended with 100 pL
binding buffer.

For cell apoptosis, 10 puL Annexin V-APC
(eBioscience, San Diego, CA, USA) was added
and incubated at room temperature without light.
After 15 min later, 300 pL binding buffer was
added and apoptosis analysis was measured using
FACSCalibur (BD Biosciences, San Jose,
CA, USA).
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For cell cycle, cells were stained by staining
solution containing 40 x PI (2 mg/ml), 100
x RNase (10 mg/ml) and 1x PBS. FACSCalibur
(BD Biosciences, San Jose, CA, USA) was used to
detect cell cycle distribution at 200-300 Cell/s. The
percentage of cells in G1, S, and G2-M phases were
analyzed.

Wound-healing assay

Lentivirus transfected QBC939 and HCCC-9810
cells (5 x 10* cells/well) were plated into a 96-
well dish in triplicate for culturing. After conflu-
ence of cells reached 90%, the medium was
exchanged to medium with 0.5% FBS. Cell
scratches across the cell layer were accomplished
by a 96-wounding replicator (VP scientific, San
Diego, CA, USA). Then the cell layers were gently
washed with PBS. 24 and 48 h post scratching,
photographs were taken by a fluorescence micro-
scope and cell migration rates were calculated.

Human Apoptosis Antibody Array

In lentivirus transfected HCCC-9810 cells, the
related genes in human apoptosis signal pathway
were detected with Human Apoptosis Antibody
Array (# abl134001, Abcam, Cambridge, MA,
USA) following the manufacturer’s instructions.
Briefly, lentivirus transfected HCCC-9810 cells at
90% confluence were collected, washed, lysed in ice-
cold RIPA buffer (Millipore, Temecula, CA, USA)
and then protein concentration was detected by
BCA Protein Assay Kit (HyClone-Pierce, Logan,
UT, USA). Protein were incubated with blocked
array antibody membrane overnight at 4°C. After
washing, 1:100 Detection Antibody Cocktail was

Normal tissue

Figure 1. CHPF was upregulated in cholangiocarcinoma.

Tumor tissue (Grade II)

added incubating for 1 h, followed by incubated
with HRP linked streptavidin conjugate for 1 h.
All spots were visualized by enhanced ECL
(Amersham, Chicago, IL, USA) and the signal den-
sities were analyzed with Image] software (National
Institute of Health, Bethesda, MD, USA).

Xenograft mouse model experiments

Female BALB/c nude mice (aged 4 weeks,
weighted 17-20 g) obtained from Beijing Vital
River Laboratory Animal Technology Co., Ltd.
(Beijing, China) were used in our study and the
animal experiments were approved by Ethics com-
mittee of Hunan Provincial People’s Hospital.
4 x 10° LV-shCtrl or LV-shCHPF transfected
HUCCT]1 cells were subcutaneously injected into
the 10 mice which were randomly divided into
shCtrl and shCHPF groups. The mice were housed
in a conditional environment with a 12-h dark/
light cycle. The tumor size and weight of each
mouse was monitored 2 times per week. For
in vivo bioluminescence imaging, all mice were
anesthetized by intraperitoneal injection of 0.7%
pentobarbital sodium (10 uL/g) 9 weeks post-cell
injection, and anesthetized mice were placed under
the Berthold Technologies living imaging system
and imaging was collected. Then anesthetized mice
were sacrificed by cervical dislocation and the
tumor tissues were harvested for Ki-67 staining
assay.

Ki-67 staining assay

Mice tumor tissues were fixed in 10% formalin for
24 h and then were paraffin-embedded. 5 um
slides were cut and immersed in xylene and

Tumor tissue (Grade ll)

The expression of CHPF in tumor tissues of cholangiocarcinoma was detected by IHC and compared with normal tissues, showing
that CHPF was upregulated in cholangiocarcinoma and associated with tumor grade. The representative images were randomly

selected from at least three independent experiments.



Table 1. Expression patterns of CHPF in cholangiocarcinoma
tissues and normal tissues revealed in immunohistochemistry
analysis.

Tumor tissue Normal tissue

CHPF expression Cases Percentage Cases Percentage
Low 38 51.4% 5 100%
High 36 48.6% 0 -

P < 0.001

ethanol for deparaffinization and rehydration.
Tissue slides were blocked with 3% PBS-H,O0,
and were incubated with primary antibody Ki-67
at 4°C overnight. Then slides were incubated with
HRP goat anti-rabbit IgG at room temperature for
2 h. Finally, all slides were stained by Hematoxylin
(# BA4041, Baso) for 10 min and Eosin for 5 min
(# BA4022, Baso, Zhuhai, Guangdong, China).
Stained slides were examined at x100 and %200
objective lens microscopic.

Statistical analyses

All cell experiments were performed in triplicate
and data were shown as mean + SD. The signifi-
cance of the differences between shCHPF and
shCtrl group in cells experiment was determined
using the two-tailed Student’s t-test. Mann-
Whitney U analysis and Spearman rank correla-
tion analysis were used while explaining the rela-
tionship between CHPF expression and tumor
characteristics in patients with CCA. Statistical
significance (P value) was calculated by SPSS 22.0
(IBM, SPSS, Chicago, IL, USA) with P value < 0.05
as statistically significant. Graphs were made using
GraphPad Prism 6.01 (Graphpad Software, La
Jolla, CA, USA).

Results
CHPF was highly expressed in CCA

For exploring the role played by CHPF in the
development of CCA, clinical specimens (including
74 CCA tissues and 5 normal tissues) were collected
and subjected to IHC analysis of CHPF expression.
As shown in Figure 1 and Table 1, CHPF was found
to be expressed in both tissues, showing obviously
higher expression in CCA tissues. Simultaneously, it
was demonstrated that tumor tissues with higher
grade were accompanied with higher expression of
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CHPF, indicating the potential linkage of them
(Figure 1la). Consistently, the correlation analysis
between CHPF expression and tumor characteris-
tics of CCA patients showed significant association
between CHPF expression and malignant grade
(Tables 2 and 3). Altogether, the upregulation of
CHPF in CCA was illustrated, which indicated its
potential role in the development of CCA.

Construction of CHPF knockdown CCA cell
lines

Considering the potential facilitation role of CHPF
in CCA, we subsequently silenced CHPF in HCCC-
9810 and QBC939 cells to investigate its functions
in development of CCA in vitro. ShRNA targeting
CHPF (shCHPF), and shCtrl as negative control,
were designed, prepared, packaged into lentivirus
vector, which was finally used for cell transfection.
The fluorescence of green fluorescent protein on
lentivirus vector was used as a representation of

Table 2. Relationship between CHPF expression and tumor
characteristics in patients with cholangiocarcinoma.

CHPF

expression
Features No. of patients Low High P value
All patients 74 38 36
Age (years) 0.492
<59 36 17 19
>59 38 21 17
Gender 0.812
Male 38 19 19
Female 36 19 17
Grade <0.007***
1 10 10 0
2 38 26 12
3 23 0 23
lymphatic metastasis (N) 0.214
NO 58 32 26
N1 16 6 10
T Infiltrate 0.146
T 5 5 1
T2 34 17 17
T3 32 15 17
T4 3 1 2

Table 3. Relationship between CHPF expression and tumor
characteristics in patients with cholangiocarcinoma analyzed
by Spearman rank correlation analysis.

Tumor characteristics index
Grade Pearson correlation 0.724
Significance (two tailed) P < 0.001%**
n 71
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Figure 2. Construction of cholangiocarcinoma cell models with CHPF knockdown.

(A) Fluorescence imaging was performed to evaluate the efficiency of lentivirus transfection. (B) qPCR was utilized to detect the
knockdown efficiency of CHPF in HCCC-9810 and QBC939 cells. (C) The successful knockdown of CHPF in HCCC-9810 and QBC939
cells was further verified by western blotting. The representative images were randomly selected from at least three independent
experiments. The data were shown as mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001

transfection efficiency, which indicated >80%, as
well as successful transfection (Figure 2a).
Moreover, results of qPCR showed that the
mRNA level of CHPF was decreased by 55% and
90% in HCCC-9810 and QBC939 cells, respectively
(P < 0.001, Figure 2b). The successful knockdown
of CHPF in HCCC-9810 and QBC939 cells was also
verified by the detection of CHPF protein level by
western blotting (Figure 2c). Collectively, these
results suggested that the lentivirus expressing
shCHPF could significantly downregulate the
expression of CHPF in CCA cells.

Knockdown of CHPF inhibited cell
proliferation and induced cell apoptosis and
cell cycle arrest

Next, cellular functions were detected in HCCC-
9810 and QBC939 cells transfected with shCtrl or
shCHPF to reveal the role of CHPF in development
of CCA. It was demonstrated that the viability of
CCA cells was significantly lower in shCHPF group
during cell culture, indicating the inhibition of cell
proliferation (P < 0.001, Figure 3a). The detection

of cell apoptosis by flow cytometry revealed the
significantly increased apoptotic cell percentage in
shCHPF group (P < 0.01, Figure 3b). Moreover,
a Human Apoptosis Antibody Array was per-
formed to explore how knockdown of CHPF affects
cell apoptosis. The comparison of the expression of
apoptosis-related proteins in HCCC-9810 cells with
or without CHPF knockdown identify a variety of
significantly downregulated proteins, including Bcl-
2, CD40, clAP-2, IGF-II, Survivin, sTNF-R1, TNF-
B, TRAILR-3, TRAILR-4 and XIAP, and the upre-
gulated Caspase3 (P < 0.05, Figure 3c).
Furthermore, the effects of CHPF on cell cycle
distribution were also evaluated for interpreting its
ability to regulate cell apoptosis. Similar results, that
CHPF knockdown induced the arrest of cell cycle in
S and G2 phase, were obtained in HCCC-9810 and
QBC939 cells (P < 0.05, Figure 3d).

Knockdown of CHPF suppressed cell motility
and downregulate EMT-related proteins

In order to explore whether CHPF depletion could
regulate tumor metastasis of CCA, cell migration
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Figure 3. CHPF knockdown inhibited cell proliferation and promoted cell apoptosis and cell cycle arrest in cholangiocarcinoma cells.
(A) MTT assay showed that knockdown of CHPF significantly inhibited cell proliferation of HCCC-9810 and QBC939 cells. (B) The
results of flow cytometry demonstrated that knockdown of CHPF obviously promoted cell apoptosis of HCCC-9810 and QBC939 cells.
(C) Human Apoptosis Antibody Array was performed to identify the differential expression of apoptosis- related proteins between
shCtrl and shCHPF groups of HCCC-9810 cells. (D) The detection of cell cycle indicated that knockdown of CHPF significantly
promoted the arrest of cell cycle in G2 phase. The data were shown as mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001

of HCCC-9810 and QBC939 cells transfected with
corresponding lentivirus. The outcomes of wound-
healing assay showed that knockdown of CHPF
could significantly decrease the cell migration abil-
ity of HCCC-9810 and QBC939 cells (P < 0.001,
Figure 4a). Moreover, as well-known participa-
tions in tumor metastasis, epithelial-mesenchymal
transition (EMT) related proteins including
N-cadherin, Vimentin and Snail were detected in
HCCC-9810 and QBC939 cells. As shown in
Figure 4b, the expression levels of N-cadherin
and Vimentin showed significant downregulation,
while that of E-cadherin exhibited significant
upregulation, upon silencing of CHPF, verifying
the suppression of EMT as well as tumor metas-
tasis by CHPF knockdown.

Overexpression of CHPF promoted
development of CCA in vitro

Although the inhibition of CCA by CHPF knock-
down has been clearly elucidated by the above results,
a gain-of-function assay was further performed to
deepen the role of CHPF in CCA development. As
shown in Figure 5a, upon the transfection of CHPF-
overexpressing lentivirus, the expression of CHPF in
HCCC-9810 «cells was significantly enhanced.
Subsequently, the detection of cell phenotypes
showed that cells with overexpressed CHPF showed
higher proliferative activity, lower apoptotic cell rate,
higher cell percentage in S phase and stronger moti-
lity (Figure 5b-E). Notably, all the regulatory effects
induced by CHPF overexpression were just the oppo-
site of that induced by CHPF knockdown.
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Figure 4. CHPF knockdown inhibited cell migration and expression of EMT-related proteins.

(A) Wound-healing assay showed that cell migration of HCCC-9810 and QBC939 cells was significantly suppressed by CHPF
knockdown. (B) The results of western blotting showed the downregulation of EMT-related proteins in shCHPF group of both
HCCC-9810 and QBC939. The representative images were randomly selected from at least three independent experiments. The data

were shown as mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001

CHPF knockdown inhibited tumor growth of
CCA in vivo

For the sake of verifying the role of CHPF in CCA
in vivo, HUCCT1 cells with or without CHPF
knockdown were subcutaneously injected into
mice for constructing mice xenograft models.
Throughout the culture of animal models, the
growth of tumors was observed and the volumes
were calculated based on the tumor size. We found
that CHPF knockdown could obviously slowdown
the rate of tumor growth in vivo (P < 0.01, Figure
6a). Consistently, the suppression of tumor growth
by CHPF knockdown was also visualized by fluor-
escence imaging which was facilitated by injection
of D-Luciferin (P < 0.05, Figure 6b-C). After sacri-
ficing the animals, the weights of tumors were
measured, indicating smaller tumors in shCHPF

group (P < 0.01, Figure 6d). Besides, Ki-67, which
was considered as representation of tumor growth,
was also detected in the removed tumors and
exhibited apparently downregulation in shCHPF
group (Figure 6e). Altogether, the results suggested
that knockdown of CHPF could restrain tumor
growth in vivo.

Discussion

CS can be detected on the surface of extracellular
matrix and cell membrane of a variety of tissues
[10], which is closely related to the biological pro-
cesses such as the development of brain neural
network, inflammation, infection, cell division
and tissue morphology [23]. At the same time, it
imparts some physiological functions such as
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Figure 5. CHPF overexpression promoted cholangiocarcinoma development in vitro.

(A) gPCR and western blotting were performed to verify the overexpression of CHPF in HCCC-9810 cells. (B) MTT assay was
performed to show the effects of CHPF overexpression on HCCC-9810 cell proliferation. (C, D) Flow cytometry was applied to reveal
the regulatory effects of CHPF overexpression on cell apoptosis (C) and cell cycle distribution (D). (E) A wound-healing assay was
performed to demonstrate the regulation of cell migration by CHPF overexpression. The representative images were randomly
selected from at least three independent experiments. The data were shown as mean + SD. *P < 0.05, **P < 0.01

inhibition of axonal regeneration [24], prevention
of abnormal myocardial remodeling after spinal
cord injury [25] and so on. Moreover, previous
studies suggested that CS has a certain regulatory
capacity for malignant tumors. For example, the
content of CS in glioblastoma is related to the
proliferative activity of tumor cells and the prog-
nosis of the disease [26]. In addition, CS modified
nanoparticles brusatol has an inhibitory effect on
the proliferation, migration and invasion of cancer
cells [27]. Furthermore, as one of the six necessary
glycosyltransferases in the biosynthesis of CS,
CHPF is essential in the process of repeated dis-
accharide unit synthesis in CS [10]. In view of the

physiological functions of CS, CHPF was predicted
to be involved in the regulation of cell division and
differentiation, thus regulating the development of
the body and the occurrence of diseases.
Moreover, the role of CHPF in multiple types of
malignant tumors has been extensively studied,
such as lung adenocarcinoma [28], non-small cell
lung cancer [29], esophageal squamous cell carci-
noma [30]. Recently, the expression of CHPF can
regulate the proliferation and invasion of lung
cancer cells [20]. Additionally, it was revealed
that CHPF could promote the progression of
malignant melanoma by regulating CDK1 [22].
However, to the best of our knowledge, the



600 X. DUAN ET AL.

shCtrl
goo] ~ shcti *
- -o- shCHPF
3
Eco] @8 dae
[
E e e
35 4001
S
5
2 200
3
=l
20 40 60

Days post-tumor inoculation

d e

* %

0.8+

100 x

Tumor weight (g)
o °
s o

o
N

shCtrl shCHPF

shCHPF

o

* %%

IS

©

2

T

-

Total bioluminescent Intenslty (2]
(x10"° (p/s)/(UWIcm?))

o

shCtrl ShCHPF

shCHPF

Figure 6. CHPF knockdown inhibited tumor growth of cholangiocarcinoma in vivo.

(A) Volume of tumors was measured and calculated throughout the culture of animal models and showed obviously showed down
growth of tumor in shCHPF group. Inset showed the photo of the removed tumors. (B, C) The bioluminescence intensity obtained by
in vivo imaging showed apparently smaller tumors in shCHPF group. (D) The weight of the tumors was measured, which showed
that tumors in shCHPF group were lighter. (E) The IHC analysis of Ki-67 expression in tumors showed obvious higher levels in shCtrl
group. The representative images were randomly selected from at least three independent experiments. The data were shown as

mean = SD. *P < 0.05, **P < 0.01, ***P < 0.001

functional of CHPF in development of CCA has
not been elucidated.

In this study, the difference in the expression of
CHPF between CCA and normal tissues was
detected by IHC, showing that the expression of
CHPF was significantly upregulated in CCA.
Further analysis of the expression of CHPF in
CCA with different characteristics showed that
the high level of CHPF was positively correlated
with the advanced malignant grade, suggesting
that CHPF has cancer-like characteristics in
CCA. Subsequently, in vitro experiments demon-
strated that knockdown of CHPF could inhibit
CCA progression by slowing down cell growth,
increasing the percentage of apoptosis, blocking
cell cycle and inhibiting cell progression in S/G2
phase. Moreover, the promotion of cell apoptosis
by CHPF knockdown was contributed to the reg-
ulation of various apoptosis-related proteins. On
the contrary, CHPF overexpression could induce
promotion effects on the development of CCA. In
addition, in vivo experiments in mice further con-
firmed that knockdown of CHPF inhibited tumor

formation. Altogether, the in vitro and in vivo
studies on the role of CHPF in development of
CCA identified it as a potential tumor promotor.
In addition to malignant proliferation, metastasis
is also a major feature of tumor, which seriously
restricts the therapeutic effect of tumor and reduces
the survival period of patients [31]. EMT is a process
that plays an important role in tumor invasion and
metastasis [32-34]. During the process of invasion
and metastasis, tumor cells change from epithelial
phenotype to mesenchymal phenotype, and thus
moving from primary focus to metastasis pathway
[35]. E-cadherin and N-cadherin are calcium con-
taining transmembrane glycoprotein, which plays
important roles in cell adhesion of epithelial cells.
Studies have shown that the progression of EMT is
accompanied by simultaneous downregulation of
E-cadherin and upregulation of N-cadherin, which
can lead to increased invasion and metastasis during
tumor progression [36]. For example, the inhibited
expression of E-cadherin was identified to mediate
the promotion effects of LINC00978 on migration
and invasion of hepatocellular carcinoma cells [37].



Consistently, the inhibition of cell migration induced
by CHPF deficiency in our study could also be ratio-
nalized by the alteration of E-cadherin and
N-cadherin. Moreover, Vimentin is an intermediate
fibroin expressed by mesenchymal cells, and it is also
one of the important markers of EMT in epithelial
cells. Zhu et al. presented that CircNHSL1/miR-
1306-3p/SIX1 axis could exert its regulatory role in
the development and progression of gastric cancer
through regulating Vimentin and EMT [38]. Herein,
we also found that Vimentin expression was signifi-
cantly suppressed in cells with CHPF depletion.
Although there are still some limitations in our
study, such as limited number of clinical samples
and still unclear downstream regulatory mechanism.
The results allow us to conclude that CHPF may act
as a tumor promotor in the development and pro-
gression of CCA, which may be used as a novel
therapeutic target for treating CCA in the future.
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