Human Cell (2023) 36:854-865
https://doi.org/10.1007/5s13577-023-00858-x

CELL LINE

=

Check for
updates

Establishment and characterization of a new intrahepatic

cholangiocarcinoma cell line, ICC-X3

Hao Xu'® - Wei Luo’ - Zhenjie Zhao' - Xin Miao? - Changpeng Chai’ - Jinjing Hu' - Huan Tang? - Hui Zhang* -

Wence Zhou®*

Received: 30 November 2022 / Accepted: 14 January 2023 / Published online: 20 January 2023

© The Author(s) under exclusive licence to Japan Human Cell Society 2023

Abstract

Intrahepatic cholangiocarcinoma (ICC) is an aggressive cancer of the biliary tract that is prone to recurrence and metastasis
and is characterized by poor sensitivity to chemotherapy and overall prognosis. To address this challenge, the establishment
of suitable preclinical models is critical. In this study, we successfully established a new ICC cell line, named ICC-X3, from
the satellite lesions of one ICC patient. The cell line was characterized with respect to phenotypic, molecular, biomarker,
functional and histological properties. STR confirmed that ICC-X3 was highly consistent with primary tumor tissue. ICC-X3
cells positively expressed CK7, CK19, E-cadherin, vimentin, and Ki67. ICC-X3 was all resistant to gemcitabine, paclitaxel,
5-FU, and oxaliplatin. The cell line was able to rapidly form xenograft tumors which were highly similar to the primary tumor.
The missense mutation of 7P53 exon was detected in ICC-X3 cells. ICC-X3 can be used as a good experimental model to

study the progression, metastasis, and drug resistance of ICC.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is a highly aggres-
sive liver malignancy that originates from the intrahepatic
bile ducts, and is the second most common primary liver
cancer, accounting for 6.4—12% of all primary hepatic malig-
nancies [1-3]. Although the incidence of ICC is relatively
low, an upward trend has been observed over the past few
decades [4, 5]. Due to the lack of pathognomonic signs
and symptoms in the early stages and the absence of spe-
cific tumor markers, most ICC patients are already in the
advanced stages of the disease at the time of diagnosis, and
only 23-53% of patients have the opportunity for surgery
[6, 7]. Unfortunately, a high recurrence rate after surgery
also results in a poor disease prognosis. Even after radical
resection, more than half of patients experience recurrence
and eventually die [8—10]. Traditional chemotherapy with
gemcitabine combined with platinum, as well as the use of
targeted therapy and immunologic agents, are often the only
options for patients with advanced disease stages, albeit with
limited survival benefits. Since biliary tract tumors have high
endogenous or acquired resistance to chemotherapy drugs,
the therapeutic effect in patients is severely limited [11, 12].
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Cell lines are in vitro models that are widely used in
various fields of medical research, especially in basic tumor
research and drug discovery. They provide unlimited quanti-
ties of homogeneous biomaterials for experimental purposes
[13]. Each cell line has unique characteristics that reflect
specific genotypes, sex-related properties, and patient-
related phenotypes that make them of significant scientific
and commercial value [14]. However, cell lines undergo
phenotypic and genetic changes over long-term use. Other
serious factors that greatly affect the results of subsequent
experiments are cross-contamination or cell line misidenti-
fication during culture [15].

The etiology of ICC is diverse. The tumors are highly
heterogeneous and ethnic factors also have a huge impact on
drug efficacy. It is, therefore, important to use appropriate
preclinical models that reflect these characteristics. So far,
the established ICC cell lines still cannot meet these needs
[16—-19]. Hence, there is still an urgent need to continuously
establish new ICC cell lines.

In this study, we successfully established a stable ICC
cell line, named ICC-X3, using surgically resected satellite
lesions from the ICC patient. The cell line can rapidly form
xenograft tumors in nude mice and exhibit natural multid-
rug resistance to commonly used clinical chemotherapeutic
agents. This newly established cell line provides a useful
model for the study of ICC.

Materials and methods
Tissue source and ethics approval

This study was approved by the Medical Ethics Com-
mittee of the First Hospital of Lanzhou University
(LDYYLL2022-345), and the patient signed the informed
consent.

This patient was a 62-year-old female with a liver tumor
and she received S4b hepatectomy in the First Hospital of
Lanzhou University on July 23, 2021. The tissue sample was
obtained from the surgically resected tumor. This patient
did not receive systemic treatment before surgery. CT scan
showing a large 9 X7 cm lesion in segment IV of the liver
(Fig. 1a). The primary tumor in the S4b segment of the liver
was confirmed during the operation. There were multiple
satellite lesions around the primary tumor (Fig. 1b).

Establishment of cell line

The freshly excised tumor tissue sample was immersed
in sterile PBS (Gibco) 3-5 times, cut into small pieces of
about 1 mm? and treated with type II collagenase (Gibco)
and neutral protease (Invitrogen) at 37 °C for 1 h. The tis-
sue blocks were agitated by pipette mixing every 15 min for

about 1 min. The resulting supernatant was then collected
and filtered using a 100-mesh filter, followed by centrifuga-
tion at 300xg for 3 min. The supernatant was discarded, then
the residues were resuspended in PBS and centrifuged at
300xg for 3 min. The pellet was then resuspended with com-
plete medium (RPMI-1640 supplemented with 10% FBS, 1%
penicillin—streptomycin, Biological Industries), and was uni-
formly seeded in six-well plates (NEST). The mixed fibro-
blasts during the primary culture were mechanically scraped
repeatedly with a pipette tip under the microscope to purify
the epithelial cells. After about 2 weeks, upon reaching the
full confluency, the culture medium was removed by suc-
tion, and the cells were rinsed twice with PBS and digested
with 0.25% trypsin (Gibco) for passage. The growth of cells
was periodically monitored under an inverted phase contrast
microscope. From passage 4 onwards, cells were passaged
at a 1:2 ratio and cryopreserved in serum-free Rapid Cell
Freezing Buffer (Mei5 Biotechnology).

Tumorsphere formation assays

ICC-X3 cells (p35) in the logarithmic growth phase were
harvested, digested, centrifuged, washed twice with PBS,
and placed in stem cell culture medium (RPMI-1640 sup-
plemented with 1xB27, 20 ng/mL bFGF, and 20 ng/mL
EGF). Cells were resuspended and counted. The cells were
then seeded in ultra-low attachment cell culture 6-well plates
(Corning) at a density of 1,000 cells/well, and 2 mL of cul-
ture medium was added daily for 14 days. Cultures were
observed under a microscope to monitor the formation of
spheroids.

Organoid culture

The matrigel (BD-Pharmingen) was placed at 4 °C to dis-
solve in advance. Meanwhile, the 24-well plates and centri-
fuge tubes were pre-cooled at —20 °C. ICC-X3 cells (p35)
in the logarithmic growth phase were harvested, digested,
resuspended, and counted. Then, 30 pL of matrigel and 30uL
of organoid medium were added to 1x 10* cells. All pro-
cedures were done on ice to prevent the formation of air
bubbles. The 24-well plates were placed in a 37 °C incu-
bator and incubated for 30 min. Upon solidification of the
matrigel, 500 uL of the complete medium was added to each
well to cover the droplets, and the cells were cultured in a
37 °C incubator. The complete medium was changed every
2 days. The morphological changes of the organoids were
evaluated under a light microscope (Leica, S40-SLIder).

Cell growth curve

ICC-X3 cells (p30) in the logarithmic growth phase was
harvested. The cell density was adjusted to 1 x 10* cells/mL
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Fig. 1 Morphology, tumorsphere and organoid culture of ICC-X3 (yellow arrows). C shows an image of day 3 of the primary culture. D
cells. A CT scan showing a large 9 X7 cm lesion in segment IV of the shows an image of thawed passage 90 of the ICC-X3 cells. E shows
liver (black arrows). B Gross view of the surgically resected speci- an image of tumorsphere culture of ICC-X3 cells. F shows an image
men. Multiple satellite lesions can be seen around the primary lesion of organoid culture of ICC-X3 cells. Scale bars, 100 pm
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after trypsin digestion, and 0.1 mL per well of cell suspen-
sion was inoculated into a 96-well plate after mixing. Five
duplicate holes were selected. After inoculation, the cells
were treated with CCK-8 (Dojindo) reagent for 2 h at the
same time, for 4 consecutive days, and the UV absorbance
value at 450 nm was measured using a microplate reader
(Biotek, synergy H1). The cell doubling time was calculated
using the formula Td =tx1g2/1g(N1/NO). The cell growth
curve was constructed with the time on the horizontal axis
and the absorbance value on the vertical axis.

Short tandem repeat (STR) analysis

ICC-X3 cells (p15) in the logarithmic growth phase were
collected by trypsinization. The sample, together with the
primary tumor tissue, were sent to Genetic Testing Biotech-
nology Corporation (Suzhou, China) for STR analysis to
check for cross-contamination during culture.

Karyotypic analysis

ICC-X3 cells (p35) in the logarithmic growth phase were
treated with 0.25 pg/mL colchicine for 6 h and overnight at
37 °C. Metaphase cells were collected and fixed using a 3:1
methanol-glacial acetic acid solution. Samples were digested
with trypsin, stained with Giemsa stain, and counted under
a microscope. The well-dispersed, moderately stained split
phase was selected for karyotype analysis.

Pharmaceutical agents

Gemcitabine was obtained from Jiangsu Hansoh Pharma-
ceutical Group Co., Ltd.

Oxaliplatin was obtained from Jiangsu Hengrui Phar-
maceutical Co., Ltd. 5-FU was obtained from Tianjin Jin-
yao Pharmaceutical Co., Ltd. Paclitaxel was obtained from
Jiangsu Osaikang Pharmaceutical Co., Ltd.

Drug sensitivity test

ICC-X3 cells (p50) were collected and prepared into a sin-
gle-cell suspension after trypsinization. Then, cells were
seeded in 96-well plates at a density of 100 cells/uL, and
each group was repeated with 6 replicates. After the cells
adhered, different concentrations of antitumor drugs were
added to the experimental group, and equal volumes of sol-
vent of each drug group were added to the vehicle control
group. After 72 h of drug treatment, the spent media was
replaced with complete media with 100 pL of serum-free
medium containing 10% (v/v) CCKS. After 2 h of incuba-
tion, the OD value at 450 nm was measured.

BALB/c nude mice

The experimental animal models used in this study were
all female BALB/c nude mice, 4-6 weeks old, weighing
16-20 g. The mice models were purchased from Chang-
zhou Cavens Laboratory Animal Co., Ltd., and kept in the
SPF laboratory of Lanzhou University Animal Experiment
Center. All animal experiments were approved by the Eth-
ics Committee of Medical Animal Experiments of the First
Hospital of Lanzhou University (LDY YLL2022-345).

Xenograft formation assay

ICC-X3 cells (p40) in the logarithmic growth phase were
harvested, and the cell density was adjusted to 1 x 107/mL
after trypsinization. After mixing, 0.1 mL of each cell sus-
pension was inoculated into the middle and posterior parts
of the left armpit of BALB/c nude mice. The cell line was
inoculated into 3 BALB/c nude mice, and the tumor growth
in the nude mice was observed and recorded every other day.
Tumor-bearing mice were sacrificed after 4 weeks of incuba-
tion. The tumor tissue was excised, fixed with 10% formalin,
and subjected to routine histopathological and immunohis-
tochemical (IHC) examinations.

Immunohistochemical staining

ICC-X3 cells (p40) in the logarithmic growth phase were
seeded onto sterile glass slides after trypsinization. The glass
slides were incubated for 48 h, then the slides were washed
with PBS, fixed with 4% paraformaldehyde for 15 min, air-
dried, and treated with 0.5% Triton X-100 for 20 min. Paraf-
fin sections of the transplanted tumors and organoids were
prepared and baked at 60 °C overnight. Deparaffinization,
gradient alcohol hydration, and antigen retrieval were per-
formed using the Autostainer Link 48 instrument (Dako).
Then, the slides were incubated at 37 °C with 3% hydrogen
peroxide solution for 15 min to block peroxidase activity.
Next, 100 puL of normal goat serum was added dropwise and
the tissue samples were blocked at 37 °C for 15 min. Pri-
mary antibodies (CK7, CK19, Ki67, E-cadherin, Vimentin,
Fuzhou Maixin) were incubated at 37 °C for 1 h.The DAB
staining solution kit (Dako) was used for color development
and washed with running water for 5 min. After counter-
staining with hematoxylin, the slides were then sealed with
neutral resin and observed under a light microscope (Olym-
pus, IX73 +DP74).

TP53 mutation screening
The coding region mutations of 7P53 was evaluated in ICC-

X3 (p45) cells. Total mRNA was extracted. After genomic
DNA was removed, we conducted reverse transcription
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Table 1 Primer sequences for the amplification of 7P53 exons

Primer name Sequences
TP53-F ATGGAGGAGCCGCAGTCAG
TP53-R TCAGTCTGAGTCAGGCCC

to synthesize cDNA. Finally, we used cDNA as template,
upstream primer TP53-F: ATGGAGGAGCCGCAGTCAG,
and downstream primer TP53-R: TCAGTCTGAGTCAGG
CCC to conduct PCR (Table 1). The PCR product was con-
nected to the T plasmid and then coated. The PCR products
were purified using the Shanghai Sangon PCR product puri-
fication kit and were sent to Shanghai Sangon Company for
sequencing. The sequencing results of the amplified fragments
were aligned with the reference sequence using NCBIL.

Statistical analyses

All statistical analyses were performed using the SPSS 22.0
software. The data were expressed as mean +SD. Student’s ¢
tests and ANOVA were used for group comparisons. A P value
of <0.05 was considered statistically significant.

Results
Establishment of cell line

The satellite lesions were obtained aseptically, followed
by enzymatic digestion for primary culture and subculture.
The fibroblasts were then removed by mechanical scraping
to establish a stable passage of human ICC cell line, named
ICC-X3. The cells have been stably passaged for more than
90 generations and have been deposited in the China Center
for Type Culture Collection (CCTCC NO: 202260). Observed
under a light microscope, the cell line grew adherently and
lost contact inhibition. The cells exhibited a spindle-shaped
morphology, with a small amount of polygonal and round cells
(Fig. 1c). The nucleus is obvious, the cells of each generation
always maintain vigorous metabolism, the cell shape is stable
even if it was already passed to the 90th generation, and the
cell shape and growth rate remain unchanged (Fig. 1d).

Tumorsphere and organoid culture

Under serum-free conditions, [CC-X3 cells were able to grow
in suspension and formed well-structured cholangiocarcinoma
spheres in ultra-low attachment plates, indicating that ICC-X3
may have stem cell properties (Fig. le).

When ICC-X3 cells were inoculated into matrigel, the
formed organoids gradually increased from small granules to
single spheroids or spore-like aggregates of multiple spheroids
with different sizes. This culturing process took 7 to 14 days,
depending on the characteristics of the cell itself (Fig. 1f).
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DNA STR analysis

The DNA typing results indicated that the two submitted
samples were from the same individual with a likelihood
ratio (LR) of 5.0731 x 10%°. It suggests that ICC-X3 cells
are highly consistent with the STR analysis of the primary
tissue source (Fig. 2a).

Cell growth curve

The cell proliferation was observed by measuring the absorb-
ance value of cells at 450 nm using a CCK-8 assay for 4 con-
secutive days. The cell growth curve was constructed with
the culture time as the abscissa and the absorbance value
as the ordinate. According to the formula: Td =tlg2/Ig(N1/
NO), the doubling time of ICC-X3 cells was 36 h (Fig. 2b).

Karyotypic analysis

Ten well-dispersed and moderately stained split phases were
selected for chromosome counting and analysis. The results
showed that ICC-X3 exhibited hypotetraploid karyotypes
with large differences in chromosome number and morphol-
ogy. The representative karyotype of ICC-X3 is 81,XXX
del(6) (p21),

del(12)(q23), del(X)(q13),+3,+ 15,4+ 16(X 3), + mar(X
7) (Fig. 2¢).

Drug sensitivity test

Oxaliplatin, 5-FU, paclitaxel and gemcitabine are the most
commonly used chemotherapeutic drugs for bile duct malig-
nancies. We evaluated the susceptibility of ICC-X3 to oxali-
platin, 5-FU, paclitaxel and gemcitabine (the IC50 values
being 38.36 pM, 119.5 uM, 11.21 ng/ml and 18.18 pM,
respectively) and the results showed that ICC-X3 cells
exhibited natural resistance to all four chemotherapeutic
drugs (Fig. 3a—d).

Xenograft formation assay

ICC-X3 cell suspensions were subcutaneously inoculated
into 3 BALB/c nude mice and showed 100% tumorigenicity
(Fig. 4a). The xenograft tumors grew rapidly, infiltrating
growth to surrounding tissues (Fig. 4b). The diameter of
the tumor was close to 1 cm at 4 weeks (Fig. 4c). In the
transplanted mice, no metastatic lesions were found in other
organs within 4 weeks (Fig. 4d). Figure 4e,and 4f shows the
tumor volume and weight curve of BALB/c nude mice.
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HE and immunohistochemical staining

HE staining showed that ICC-X3 cells exhibited a spindle-
shaped morphology, with enlarged nuclei, obvious nucle-
oli, and less cytoplasm (Fig. 5a). HE staining of organoids
showed that ICC-X3 formed gland-like structures. The cells
in the spheroid are closely connected, and there are lumen-
like structures inside. The contents of the cavity have no
cellular components (Fig. 5b).

The postoperative pathological diagnosis of the primary
tumor showed moderately to poorly differentiated ICC
(Fig. 5cl), some of which are undifferentiated carcinoma
(Fig. 5¢2).

HE staining of the xenograft tumor showed that the nuclei
of the transplanted tumor was deeply stained, the nucleoli
were obvious, the cytoplasmic foam was transparent, and
there were a lot of mitotic figures. The cell morphology in
the xenograft tumor was different. Some cells formed gland-
like structures (Fig. 5d1), while some cells were spindle-
shaped (Fig. 5d2), similar to fibroblasts. These indicated

that ICC-X3 cells retained good tumor heterogeneity of the
primary tumor.

Further THC detection of cell lines, organoids, and
transplanted tumor showed positive expression of CK7
(Fig. 6al—cl) and CK19 (Fig. 6a2—c2), confirming that they
originated from bile duct epithelium. Ki67 was expressed
in a high proportion among them, which is consistent with
the rapid tumor proliferation and illustrates the malignant
characteristics of the tumors (Fig. 6a3—c3). The simultane-
ous expression of E-cadherin (Fig. 6a4—c4) and vimentin
(Fig. 6a5—c5) indicates that these cells have EMT character-
istics, which is also consistent with the clinical manifesta-
tions of multiple satellite lesions.

TP53 mutation screening
PCR gel electrophoresis showed that the full-length frag-
ment of TP53 was successfully cloned (Fig. 7a). By design-

ing primer PCR and sequencing, it is found that the TP53
gene of most cells in [CC-X3 has C mutation to T (Fig. 7b),
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and Fig. 7c is the antisense chain of the reference sequence,
so it shows that G mutation to A.

Discussion

ICC is a highly lethal disease with a poor prognosis. Postop-
erative recurrence and drug resistance are the main causes
of death in patients [1-3]. There are only a few reports on
the establishment of ICC cell lines; however, to account for
the high heterogeneity of ICC and the influence of ethnic
differences, it is necessary to continuously establish new
ICC cell lines for further research. Unfortunately, in recent
years, the incidence of this disease has gradually increased
in China, but compared with Japan and South Korea, there
are few reports on the establishment of Chinese-derived ICC
cell lines [20-22]. This is incompatible with China's huge
population. To further study the characteristics of ICC in the
Chinese population, more Chinese-derived ICC cell lines
need to be established.

@ Springer

In this study, a new ICC cell line, ICC-X3, was estab-
lished by primary culture and subculture after enzymatic
digestion. The cell line proliferates vigorously and can pro-
vide a sustainable in vitro model for basic and clinical stud-
ies on ICC. HE staining of ICC-X3 showed that the cells
were morphologically diverse, mainly spindle-shaped, with
enlarged nuclei, deepened staining, and an imbalanced ratio
of nucleus to the cytoplasm, similar to HuH-28 cells [23].
IHC staining showed that ICC-X3, as well as its correspond-
ing organoids and transplanted tumors, positively expressed
CK7, CK19, E-cadherin, vimentin, and Ki67. These indi-
cating the retention of most of the genetic properties of the
primary tumor.

ICC-X3 displayed a strong tumor spheroid formation
ability in ultra-low attachment plates and was able to form
organoids in matrigel. These data indicate that it has strong
stem cell properties [24].

Previous studies have found that the more aggressive
cells form branched organoids, and the less aggressive cell
lines mostly form spherical organoids. The ICC-X3 cell line
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Fig.4 Tumorigenicity in BALB/C nude mice. A ICC-X3 rapidly
formed xenografts after inoculation into the BALB/C nude mice and
showed 100% tumorigenicity. B The xenograft tumors grew rapidly,
infiltrating growth to surrounding tissues (yellow arrow). C The

in this study was from moderately to poorly differentiated
ICC tissues, and some were derived from undifferentiated
carcinomas. The formed tumor spheres and organoids were
branched, similar to those reported in the literature [25].

Chromosomal instability is closely related to tumorigen-
esis. Chromosomal instability is not necessarily the direct
cause of cell carcinogenesis, but genetic instability may lead
to the activation of oncogenes in cells or the inactivation
or deletion of anti-cancer genes, which in turn induces cell
carcinogenesis [26-28]. In this study, our karyotype analysis
showed that ICC-X3 was hypotetraploid, which was different
from 82.3, HKGZ-CC, MT-CHCO1, and other karyotypes,
which fully reflected the great chromosomal differences
between tumors. It can be used as a useful model for an in-
depth study of the mechanism of chromosomal abnormali-
ties in tumors [20, 29, 30].

Chemotherapy is one of the main components of compre-
hensive treatment for patients with advanced ICC. However,
due to the different hereditary patterns of drug-metabolizing
enzymes in patients and the heterogeneity of tumors, the
sensitivity of individual patients to different chemotherapeu-
tic drugs is different, with even the possibility of congenital
resistance [31]. In this study, [CC-X3 was naturally resistant

diameter of the tumor was close to 1 cm at 4 weeks. D No metastatic
lesions were found in the lung and liver tissues of the BALB/C nude
mice. E shows the tumor volume curve of BALB/c nude mice. F
shows the weight curve of BALB/c nude mice

to gemcitabine, paclitaxel, 5-FU, and oxaliplatin, similar to
82.3. This indicates that ICC-X3 is a multi-drug-resistant
cell line, which is a good model for drug resistance mecha-
nism studies.

Human cell line-derived xenograft tumor models (CDX)
are widely used in the study of the in vivo biological behav-
ior of tumors, preclinical testing of pharmacodynamics,
and the development of new antitumor drugs [32]. How-
ever, not all tumor cell lines, such as TKKK, HuH-28, RBE,
HCCC-9810, etc., can form xenografts after inoculation into
immunodeficient mice, which greatly limits tumor biology
research and new drug development [23, 33]. In this study,
ICC-X3 cell line was able to rapidly form xenografts in
immunodeficient mice, with a short incubation period and a
100% xenograft formation rate. Moreover, cell suspension in
matrigel and additional growth factors before inoculation are
not needed, showing that the inoculation process is simple
and convenient.

It has been found that 37% of ICCs have mutations
in the TP53 gene [34]. Mutations in the T7P53 gene not
only lead to the loss of its tumor suppressor function
but also promotes the occurrence and development of
tumors, a phenomenon known as gain-of-function (GOF)
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Fig.5 HE staining of ICC-X3 cells, organoids, primary tumor and
xenograft tumor. A HE staining showed that ICC-X3 cells exhibited
a spindle-shaped morphology, with enlarged nuclei, obvious nucleoli,
and less cytoplasm. B HE staining of organoids showed that ICC-X3
formed gland-like structures. The cells in the spheroid are closely
connected, and there are lumen-like structures inside. The contents
of the cavity have no cellular components. C HE staining of the pri-
mary tumor showed that it was moderately to poorly differentiated

@ Springer

ICC (C1), some of which are undifferentiated carcinoma (C2). D HE
staining of the xenograft tumor showed that the nuclei of the xeno-
graft tumor was deeply stained, the nucleoli were obvious, the cyto-
plasmic foam was transparent, and there were a lot of mitotic figures.
The cell morphology in the xenograft tumor was different. Some cells
formed gland-like structures (D1), while some cells were spindle-
shaped (D2), similar to fibroblasts. Scale bars, 100 pm
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Fig. 6 Immunohistochemical staining of ICC-X3 cells, organoids and
xenograft tumor. CK7 positive staining in ICC-X3 cells (A1), orga-
noids (B1), xenograft tumor (C1). CK19 positive staining in ICC-
X3 cells (A2), organoids (B2), xenograft tumor (C2). Ki-67 positive

staining in ICC-X3 cells (A3), organoids (B3), xenograft tumor (C3).
E-cadherin positive staining in ICC-X3 cells (A4), organoids (B4),
xenograft tumor (C4). Vimentin positive staining in ICC-X3 cells
(AS), organoids (BS), xenograft tumor (C5). Scale bars, 100 pm
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Fig.7 TP53 mutation detection. A PCR gel electrophoresis showed
that the full-length fragment of TP53 was successfully cloned. B By
designing primer PCR and sequencing, it was found that the TP53
gene of most cells in ICC-X3 has C mutation to T. C The antisense
chain of the reference sequence showed that G mutation to A

[35]. About 80% of TP53 mutations are single-site point
mutations. Mutations in 7P53 are associated with tumor
progression, metastasis, recurrence, and drug resistance,
and TP53 expression tends to increase with tumor aggres-
siveness [36-39]. Previous studies demonstrate that 7P53
mutation frequency is about 10% in primary prostate can-
cer but up to 50% in metastases, which is associated with
poor overall survival and progression-free survival [40]. In
this study, a missense mutation in 7P53 was found in the
ICC-X3 cell line, the mutated protein was related to the
enhanced ability of cell invasion and metastasis.

In conclusion, a new ICC cell line was established from
the metastatic lesions. The cell line can be used as a good
cellular model to study the biological behavior of ICC and
develop new therapeutic strategies.
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