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Establishment and Characterization of a New Intrahepatic
Cholangiocarcinoma Cell Line, ICC-X2
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Abstract

Background: Intrahepatic cholangiocarcinoma (ICC) is an aggres-
sive malignant tumor of the biliary tract that is prone to recurrence
and metastasis and is characterized by poor sensitivity to chemo-
therapy and overall prognosis. For these reasons, there is an urgent
need to understand its pathological mechanisms and develop effective
treatments. To address this challenge, the establishment of suitable
preclinical models is critical.

Methods: Fresh ICC tissue samples were used for primary cul-
ture and subculture. The cell line was evaluated by cell prolifera-
tion assays, clonal formation assays, karyotype analysis, and short
tandem repeat (STR) analysis. Drug resistances against oxaliplatin,
paclitaxel, gemcitabine and 5-fluorouracil (5-FU) were evaluated
by CCK-8 assay. Subcutaneous injection of 1 x 10 cells to three
BALB/c nude mice was conducted for xenograft studies. The hema-
toxylin and eosin (H&E) staining was used to detect the pathologi-
cal status of the cell line. The expression of biomarkers CK7, CK19,
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Ki-67, E-cadherin and vimentin was determined by immunocyto-
chemistry assay.

Results: A new ICC cell line named ICC-X2 was successfully estab-
lished. Like ICC-X3 established using the same patient’s metastatic
tumor, the cell line has been continuously cultured in vitro for more
than a year and has been passaged more than 100 times. ICC-X2
retained the typical biliary epithelial morphology. The population
doubling time of ICC-X2 is 48 h. The cells demonstrated an abnor-
mal nearly tetraploid karyotype. The STR analysis confirmed that
ICC-X2 was highly consistent with the primary tumor tissue and not
cross-contaminated by existing cell lines. ICC-X2 cells positively
expressed CK7, CK19, E-cadherin, and vimentin, and the positive
expression of Ki-67 in ICC-X2 cells was 40%. The ICC-X2 cells
exhibited a strong clonogenic ability. The drug sensitivity test in-
dicated that ICC-X2 was sensitive to oxaliplatin and paclitaxel, but
naturally resistant to gemcitabine and 5-FU. ICC-X2 was rapidly
able to form transplanted tumors in vivo after subcutaneous inocula-
tion in nude mice.

Conclusions: ICC-X2 is an excellent experimental model that can be
used for studying the occurrence, development, and metastasis of [CC
and investigating the mechanism of tumor drug resistance.

Keywords: Intrahepatic cholangiocarcinoma; Cell line; Establish-
ment; Xenograft; Animal model

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary malignant liver tumor, with a rising global
incidence rate [1, 2]. Most ICC patients are in the advanced
stage of the disease, and only 23-53.0% of them have the op-
portunity to undergo surgery [3-5]. However, due to postop-
erative recurrence and disease progression, the 5-year survival
rate of patients after surgery is only 20-30% [6-8].

The prognostic factors of ICC include tumor size, multi-
focality, microvascular invasion (MVI), nerve invasion, and
lymph node metastasis [9-12]. Studies have indicated that
even in the early stages of ICC without MVI and lymph node
metastasis, the recurrence rate in patients after resection may
still be as high as 60-80% [13-18]. Animal models are es-
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Figure 1. Relevant clinical data and morphology of the ICC-X2 cells. (a) MRI scan showing a large 9 x 7 cm lesion in segment
IV of the liver (long arrow). (b) Gross view of the surgically resected specimen. Multiple satellite lesions can be observed around
the primary lesion (short arrows). (c) Light microscope image of the ICC-X2 cells of passage 10. (d) Light microscope images of
the ICC-X2 cells of passage 50 (scale bar = 100 um). MRI: magnetic resonance imaging.

3 min. The final precipitate obtained was mixed with a com-
plete culture medium (RPMI-1640 + 10% fetal bovine serum
(FBS) + 1% penicillin and streptomycin, BI), and uniformly
inoculated on a six-well plate (NEST). During the primary
culture, the fibroblasts were mechanically scraped repeatedly
with a 1 mL pipette gun under the microscope. After about 2
weeks, when the cells completely occupied the bottom of the
culture plate, the culture solution in the plate was removed,
and the plate was rinsed twice with PBS. The adherent cells
on the surface of the culture plates were then digested with
0.25% trypsin for the passage of cell culture. The cell growth
was regularly observed under a light microscope. From the
fourth generation onwards, the cells were subcultured in a
ratio of 1:2 and frozen with a reagent procured from Mei5
Biotechnology.

Cell growth curve

The 25th-generation cells in the logarithmic growth phase
were collected after trypsin digestion and the cell density was
adjusted to 1 x 10%mL. After mixing, 0.1 mL of inoculum
was added to each well of a 96-well plate. Each sample was
added to five wells. CCK-8 (Dojindo) reagent was added at
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the same time for 4 consecutive days after inoculation and
allowed to react for 2 h. The UV absorbance value at 450 nm
was measured using a microplate reader. The cell doubling
time was calculated using the formula Td =t x Lg2/lg (N1/
NO).

Analysis of short tandem repeats (STRs)

The 10th-generation cells in the logarithmic growth phase
were collected after trypsin digestion, and the STR analysis
was conducted by Suzhou Genetic Testing Biotechnology
Company to determine the cross-contamination among cul-
tured cells.

Karyotype analysis

The 40th-generation cells in the logarithmic growth phase
were collected and treated with 0.25 pg/mL colchicine for 6 h
at 37 °C overnight. The metaphase cells were then harvested
and fixed with methanol glacial acetic acid (3:1). After trypsin
digestion, the specimens were stained with Giemsa stain and
counted under a microscope. The cells showing good disper-
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sion and moderate staining during the metaphase stage of mi-
tosis were selected for karyotype analysis.

Tumor sphere culture

The 30th-generation ICC-X2 cells in the logarithmic growth
phase were digested followed by centrifugation. The cell con-
centrate was then washed twice with PBS, resuspended in the
stem cell culture medium (RPMI-1640 + 1 x B27 + 20 ng/mL
basic fibroblast growth factor (bFGF) + 20 ng/mL epidermal
growth factor (EGF)), and then counted. The cells were culti-
vated in an ultra-low attachment six-well plate (Corning). A to-
tal of 1,000 cells were added to each well of the plate, and then
2 mL of culture medium was added for 14 days. The plate was
observed under a microscope to determine the tumor sphere
formation and the number of tumor spheres.

Organoid culture

Initially, the matrigel (Corning) was dissolved at 4 °C, and the
24-well plate and centrifuge tube were precooled at -20 °C.
The 30th-generation ICC-X2 cells in the logarithmic growth
phase were digested, resuspended, and counted. A total of 1 x
10# cells along with 30 puL matrix glue and 30 puL complete
medium were added to each cell of the plate. The addition was
carried out on an ice bath, and care was taken to avoid bubbles
during the whole process. The 24-well plates were incubated
in an incubator at 37 °C for 30 min. After full solidification,
500 pL of complete medium was added to each well to cover
the liquid drop and placed in an incubator at 37 °C for cell
cultivation. The liquid in the plates was replaced every 2 days.
The morphological changes in organoids were observed under
a microscope.

Drugs

Gemcitabine was procured from Jiangsu Haosen Pharmaceu-
tical Group Co., Ltd., oxaliplatin was procured from Jiangsu
Hengrui Pharmaceutical Co., Ltd., 5-FU was procured from
Tianjin Jinyao Pharmaceutical Co., Ltd., and paclitaxel was
procured from Jiangsu Aosaikang Pharmaceutical Co., Ltd.

Drug sensitivity test

The 45th-generation ICC-X2 cells in the logarithmic growth
phase were digested with trypsin and collected to prepare a
single-cell suspension. Each well of a 96-well plate was in-
oculated with 10,000 cells/100 pL, with each test repeated in
six wells. After the cells adhered to the wall, different concen-
trations of anti-tumor drugs were added to the experimental
group. Equal volumes of solvent of each drug group were add-
ed to the vehicle control group. After 72 h of drug action, the
complete medium was replaced by 8 uL of 100% serum-free
medium containing 10% (v/v) CCK. Then, the optical density
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(OD) value was measured after 2 h at 450 nm.
BALB/c nude mice

The experimental animals used in this study were BALB/c
nude female mice, 4 - 6 weeks old, weighing 16 to 20 g. The
animals were purchased from Changzhou Kavens Experimen-
tal Animal Co., Ltd. and raised in the SPF Laboratory of the
Animal Experiment Center of Lanzhou University. All the
animal experiments have been reviewed and approved by the
Medical Animal Experiment Ethics Committee of the First
Hospital of Lanzhou University (LDYYLL2022-345).

Xenograft experiment

The 45th-generation cells in the logarithmic growth phase
were collected after trypsin digestion, and the cell density was
adjusted to 1 x 107/mL. Then, three BALB/c nude mice were
inoculated with 0.1 mL of culture each into the middle and
posterior parts of the left armpit for the construction of ICC-
X2 nude mice xenograft. The tumor growth of the nude mice
was observed and recorded every other day, and the tumor-
bearing mice were killed 4 weeks later. The tumor tissue was
then excised and fixed with 10% formalin. Further, routine his-
topathological and immunohistochemical (IHC) examinations
were performed on the harvested tissues.

Hematoxylin and eosin (H&E) and IHC staining

The 40th-generation cells were digested and inoculated onto a
sterile slide for monitoring growth. After 48 h, the slides were
washed with PBS, fixed with 4% paraformaldehyde for 15 min,
dried, and then treated with 0.5% Triton X-100 for 20 min. The
paraffin sections of similar organs, transplanted tumors, and
primary tumors were prepared and baked at 60 °C overnight.
The dewaxing, gradient alcohol hydration and antigen repair
processes were completed using Dako’s Autostainer Link 48
instrument. The samples were incubated in 3% hydrogen per-
oxide solution at 37 °C for 15 min to block the activity of per-
oxidase. The sections were blocked with drip diluted 100 puL
normal goat serum and sealed at 37 °C for 15 min. The samples
were incubated with Fuzhou Maxin ready-to-use antibodies
(CK7,CK19, Ki-67, E-cadherin, and vimentin) at 37 °C for 1 h.
DAB dye kit (Dako) was used for color development (the sam-
ples were washed under running water for 5 min for the remov-
al of excess DAB). Dehydration and xylene transparency were
carried out after hematoxylin counterstaining, and the sections
were observed under a microscope after neutral resin sealing.

Statistical analysis

All the statistical analyses were performed using the SPSS 26.0
software. The data were expressed as mean =+ standard devia-
tion (SD). Student’s #-tests and analysis of variance (ANOVA)
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were applied for group comparisons. A P-value < 0.05 was
considered statistically significant.

Results

Establishment of the ICC-X2 cell line

The human ICC cell line, named ICC-X2, which can be main-
tained by a continuous passage, was established by first ex-
tracting the primary tumor, obtaining the primary culture using
the enzyme digestion method, and the removal of fibroblasts
by mechanical scraping method. At present, the cell line has
been continuously passaged for more than 100 generations and
deposited in the Chinese Typical Culture Collection Center
(CCTCC No. 202259).

Under the inverted microscope, it was observed that the
cells were grown in a monolayer culture and lost contact inhi-
bition. The cells were mainly spindle-shaped, and a few were
polygonal and round (Fig. 1c). The cells had evident nucleoli.
The cells maintained vigorous metabolism with each passage.
The cell morphology and growth rate were stable, even after
80 generations (Fig. 1d).

Cell growth curve

CCK-8 was used for measuring the absorbance values of cells
at 450 nm for 4 consecutive days. The cell growth curve was
plotted with the culture time as the abscissa and the absorbance
value as the ordinate (Fig. 2a). According to the equation: Td
= tlg2/lg (N1/NO), the doubling time of ICC-X2 was computed
to be 48 h.

Analysis of STRs of genomic DNA

The DNA typing results supported that the two submitted sam-
ples were from the same individual with a likelihood ratio (LR)
0f5.0731 x 1020, The STR profiles suggested a high match be-
tween ICC-X2 cells and tumor tissue (Fig. 2b), indicating that
ICC-X2 was from the tumor tissue.

Karyotype analysis

The chromosomes were counted and analyzed in 10 metaphase
cells with good dispersion and moderate staining. The results
indicated that all the ICC-X2 cells were sub-tetraploid, with
large differences in chromosome number and morphology.
The representative karyotype was 77, XXX der(1)der(7)der(8)
del(9)q(21) (Fig. 2¢).

Tumor sphere and organoid culture

As shown in Figure 2d, ICC-X2 cells grow in suspension and
form a well-structured tumor sphere in the ultra-low attach-
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ment plate under a serum-free culture medium, indicating that
ICC-X2 had some stem cell characteristics. When the ICC-X2
cell line was inoculated into the matrix, it can be observed that
the organoid formed gradually increased from small granules
to simple sphere- or cyst-like structures (Fig. 2e). This tissue
culture took 7 to 14 days depending on the tumor characteristics.

Drug sensitivity test

Gemcitabine, paclitaxel, 5-FU, and oxaliplatin are the most
commonly used chemotherapy drugs for bile duct malignant
tumors. The sensitivity of ICC-X2 to these drugs was evalu-
ated. The results indicated that [CC-X2 was sensitive to oxali-
platin (IC,, = 2.9 umol/L) (Fig. 3a) and paclitaxel (IC,, = 7.3
ng/mL) (Fig. 3b), but naturally resistant to gemcitabine (IC,,
> 60 pmol/L) (Fig. 3¢) and fluorouracil (IC;, = 176.9 pmol/L)
(Fig. 3d).

Xenograft experiment

When the ICC-X2 cell suspensions were subcutaneously in-
oculated into three BALB/c nude mice, they showed 100%
tumorigenicity (Fig. 4a). The ICC-X2 xenograft tumor exhib-
ited a spiky structure and a strong infiltration (Fig. 4b). The
xenograft tumors developed rapidly, with the diameter of the
tumor close to 1 cm at 4 weeks (Fig. 4¢). No metastatic lesions
were observed in other organs of the transplanted mice within
4 weeks (Fig. 4d). Figure 4¢ and f shows the tumor volume and
weight curves of BALB/c nude mice, respectively.

H&E and THC staining

H&E staining indicated that the ICC-X2 cells exhibited a
spindle-shaped morphology, with enlarged nuclei, obvious nu-
cleoli, and less cytoplasm (Fig. 5a). On the other hand, H&E
staining of the organoids demonstrated that ICC-X2 formed
gland-like structures. The cells in the organoids were closely
connected, with lumen-like structures inside (Fig. 5b).

The postoperative pathological diagnosis of the primary
tumor in the patient demonstrated moderately to poorly differ-
entiated ICC (Fig. 5c1), some of which were undifferentiated
carcinoma (Fig. 5¢2).

H&E staining of the xenograft tumors demonstrated deep
staining of the nuclei of the transplanted tumor cells in the
ICC-X2 cell lines, obvious nucleoli and several mitotic fig-
ures. Different cell morphologies in xenograft tumors were
observed. Some cells formed gland-like structures (Fig. 5d1),
while some cells were spindle-shaped (Fig. 5d2) similar to fi-
broblasts. The histological morphology of the xenograft tumor
was similar to that of the primary tumor. These indicated that
the ICC-X2 cells retained good tumor heterogeneity as the pri-
mary tumor.

Further IHC detection of cell lines, organoids, xenografts,
and the primary tumor demonstrated positive expression of
CK7 (Fig. 6al-d1) and CK19 (Fig. 6a2-d2), thereby confirm-
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Figure 2. Cell growth curve, karyotyping analysis, DNA STR analysis, tumor sphere, and organoid culture of the ICC-X2 cells. (a)
Growth curve of the ICC-X2 cells. The doubling time of the ICC-X2 cells is 48 h. (b) Representative karyotype of the ICC-X2 cells.
The cells exhibit hypotetraploid karyotypes with large differences in chromosome number and morphology. (c) STR analysis in-
dicates that the ICC-X2 cells are highly consistent with the primary tumor tissue. (d) Two-week tumor sphere culture of ICC-X2.
(e) Two-week ICC-X2 organoid culture (scale bar = 100 ym). STR: short tandem repeat.
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Figure 3. Drug sensitivity of the ICC-X2 cells. Dose-dependent effects of (a) paclitaxel, (b) gemcitabine, (c) oxaliplatin, and (d)
5-FU in the ICC-X2 cells. The cell line was sensitive to oxaliplatin and naturally resistant to gemcitabine, paclitaxel, and 5-FU.

5-FU: 5-fluorouracil.

ing that they originated from bile duct epithelium. Moreover,
a high proportion for 40% of Ki-67 was expressed in all the
cells, which was consistent with the rapid tumor proliferation
and represents the malignant tumor characteristics (Fig. 6a3-
d3). The simultaneous expression of E-cadherin (Fig. 6a4-d4)
and vimentin (Fig. 6a5-d5) indicated that these cells have ep-
ithelial-mesenchymal transition (EMT) characteristics, which
is also consistent with the clinical manifestations of multiple
satellite lesions.

Discussion

ICC is a highly fatal disease with a poor prognosis. Postop-
erative recurrence and drug resistance are the major causes of
death [16-18, 23, 24]. In this study, a new ICC cell line, i.e.,
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ICC-X2 was established from the primary tumor of a Chinese
female patient. Previously, we established an ICC cell line
ICC-X3 using the patient’s metastatic tumor [22].

At present, the cells have been continuously passaged for
more than 100 generations. The doubling time of the cell popu-
lation is 48 h, and the cell proliferation was vigorous. The STR
analysis indicated that ICC-X2 and primary tumor tissues were
highly consistent, proving that ICC-X2 is a new ICC cell line
without cross-contamination. H&E staining of ICC-X2 dem-
onstrated diverse cell morphology, mainly spindle-shaped,
with an enlarged nucleus and darker staining. Moreover, the
ratio of the nucleus to the cytoplasm was unbalanced, similar
to that of HuH-28 cells. The IHC staining indicated that the
ICC-X2 cells, organoids, xenograft, and primary tumor were
all positive for both CK7 and CK19, which confirmed that they
originated from the bile duct epithelium. In addition, the high
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Figure 4. Tumorigenicity in BALB/C nude mice. (a) ICC-X2 cells can rapidly form xenografts after inoculation into BALB/C nude
mice. (b) ICC-X2 xenograft tumors demonstrate stronger peritumoral infiltration (arrow). (c) Xenograft tumors develop rapidly,
and the diameter of the tumor is close to 1 cm at 4 weeks. (d) No metastatic lesions are observed in other organs of the trans-
planted mice within 4 weeks. (e) Tumor volume curve when the ICC-X2 cells were inoculated into BALB/C nude mice. (f) Weight
curve when the ICC-X2 cells were inoculated into BALB/C nude mice.

proportion of Ki-67 expression was consistent with the rapid
proliferation of the tumor and represents the malignant tumor
characteristics. The simultaneous expression of E-cadherin
and vimentin indicated that the cells exhibited the character-
istics of EMT and were consistent with the clinical manifesta-
tions of multiple satellite lesions.

Chemotherapy is the major treatment for postoperative
and advanced ICC. As a result of the heterogeneity of drug-
metabolizing enzymes and the heterogeneity of tumors in pa-
tients, every individual patient has a different sensitivity to
different chemotherapy drugs, and even the congenital drug
resistance is different [25, 26]. In this study, [CC-X2 was sen-
sitive to oxaliplatin and paclitaxel, while it was naturally re-
sistant to gemcitabine and 5-FU, which are commonly used
clinical drugs. It is a good model for understanding the mecha-
nism of drug resistance.

As an important step in tumor research, the mouse xeno-
graft model is widely used in investigating the in vivo tumor
biological behavior, preclinical detection of pharmacodynam-
ics, and research and development of novel anti-tumor drugs
[27]. However, several cell lines inoculated in nude mice can-
not form xenografts, which greatly limits the research on tu-
mor mechanisms. For example, HuH-28, RBE, HCCC-9810,
and other ICC cell lines cannot form xenografts [28, 29]. The
reason was considered to be related to the strong autoanti-
genicity or the strong residual innate immunity in mice [20, 30,
31]. After ICC-X2 was inoculated into the immune-deficient
mice, the xenograft was rapidly formed. The characteristics of
this model include a shorter incubation period, a simple inocu-
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lation process, and a 100% xenograft formation rate. Thus, it
was a good in vivo model for research.

Conclusion

In conclusion, a new ICC cell line was established in this
study. It is an excellent experimental model that can be used
for investigating the mechanism of ICC invasion, metastasis,
and drug resistance.
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Figure 5. H&E staining of the ICC-X2 cells, organoids, primary tumor, and xenograft tumor. (a) H&E staining of the ICC-X2 cells.
(b) H&E staining of the ICC-X2 organoids. H&E staining of the primary tumor shows moderately to poorly differentiated ICC,
and the cancer cells are mainly polygonal and round (c1), some of which are undifferentiated cells, as indicated by their spindle-
shaped appearance (c2). H&E staining of the xenograft tumors demonstrates that some cells form gland-like structures (d1),
while some cells are spindle-shaped (d2) similar to fibroblasts (scale bar = 50 ym). H&E: hematoxylin and eosin.
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Figure 6. IHC staining of the cells, organoids, xenograft, and the primary tissue of ICC-X2. CK7 positive staining in cells (a1), or-
ganoids (b1), xenograft (c1), and the primary tissue (d1) of ICC-X2. CK19 positive staining in cells (a2), organoids (b2), xenograft
(c2), and the primary tissue (d2) of ICC-X2. Ki-67 positive staining in cells (a3), organoids (b3), xenograft (c3), and the primary
tissue (d3) of ICC-X2. E-cadherin positive staining in cells (a4), organoids (b4), xenograft (c4), and the primary tissue (d4) of
ICC-X2. Vimentin positive staining in cells (a5), organoids (b5), xenograft (c5), and the primary tissue (d5) of ICC-X2 (scale bar
=100 pm). IHC: immunohistochemical.
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