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Abstract

Aims: Intrahepatic cholangiocarcinoma (ICC) is a highly malignant and heterogeneous cancer with a poor prognosis. At present, there is
no optimal treatment except for surgical resection, and recurrence after resection will lead to death due to multidrug resistance. Changes
in the redox signal have been found to be closely related to the growth and drug resistance of tumor cells. Therefore, the purpose of
this study was to screen small molecule compounds from the redox library to find a drug for anti-ICC and to explore its downstream
mechanism. Material and methods: Tumor clone and sphere formation of ICC cell lines, as well as mouse ICC organoid proliferation
assays were utilized to screen the candidate drug in the Redox library. Western blotting, quantitative reverse-transcription polymerase
chain reaction (qRT-PCR), as well as cell apoptosis and cell cycle flow cytometry assays were used to explore the mechanism. Results:
We found that Hinokitiol was a candidate drug through inhibition of tumor clone and sphere formation, and the expression of cancer stem
cell (CSC)-related genes. Furthermore, Hinokitiol significantly inhibited the proliferation of ICC cells by downregulating the ERK and
P38 pathways. In addition, the combination of Hinokitiol and Palbociclib showed a significant inhibitory effect on human ICC cells and
mouse ICC organoids. Conclusion: Hinokitiol may have the potential to be developed as a clinical therapeutic drug for ICC treatment.
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1. Introduction
Intrahepatic cholangiocarcinoma (ICC), which origi-

nates from intrahepatic bile duct epithelial cells, is the sec-
ond most common human primary liver cancer after hepa-
tocellular carcinoma (HCC) [1,2]. Recently, studies have
shown an increasing incidence and mortality rate of ICC,
especially in Eastern Asia [3]. Although surgical resection
is the most effective treatment for early stage ICC, only a
few patients are suitable for this therapy [4,5], as the major-
ity of ICC patients are diagnosed at an advanced stage, lack-
ing the opportunity for resection [6], and recurrence leading
to multidrug resistance is the key problem of ICC treatment
[7,8]; therefore, it is essential to develop a chemotherapy
regimen to overcome this refractory malignancy.

Redox signaling has been reported to be a feasi-
ble target for overcoming multidrug resistance in cancer
chemotherapy [9,10]. Changes in the oxidation-reduction
equilibrium state may lead to oxidative stress and abnor-
mal cell signal transduction [11,12], which in turn regu-
late redox-sensitive enzymes and transcription factors [13].
It can also directly affect the curative effect of cancer
treatment through various mechanisms, such as apopto-
sis, growth inhibition [14], angiogenesis, and metastasis

[15,16]. For example, higher ROS levels could promote
the development of cancer by inducing DNA mutations
[17,18], genome destruction, and abnormal signal trans-
duction of tumor initiation, proliferation, and drug resis-
tance [19]. Detoxifying enzymes and antioxidant proteins
in redox-related pathways play a key role in regulating the
balance between apoptosis and carcinogenesis [20]. More-
over, the overactivation of nuclear factor-erythroid 2 re-
lated factor 2 (Nrf2), a redox-sensitive factor, may be in-
volved in the occurrence of breast cancer and ovarian can-
cers [21,22]. Apurinic-apyrimidinic endonuclease 1/redox
factor 1 (APE-1/Ref-1) [23], another redox factor, can pro-
mote the binding of transcription factors to gene promoters
involved in cancer initiation and progression. These redox-
related factors may be responsible for the occurrence and
development of tumors. Therefore, regulating the redox
levels of tumor cells may be of great significance for the
development of potential anti-cancer therapies.

The redox library in our study contains a variety of 84
small molecular chemical compounds that inhibit the redox
reaction. In this study, we explored whether these small
molecules in the redox library can effectively inhibit the
clone formation and tumor sphere formation in ICC cells.

https://www.imrpress.com/journal/FBL
http://doi.org/10.31083/j.fbl2701018
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


We screened the redox library and found that #15 Hinoki-
tiol was the candidate molecule that could inhibit the cancer
stemness of ICC cells. Using qRT-PCR assays, flow cy-
tometry, and western blotting analysis, we found that some
CSC-related markers were downregulated by #15 Hinoki-
tiol treatment through inhibition of the ERK and P38 path-
ways. Based on the functional role of Hinokitiol in the re-
pression of proliferation and tumor sphere formation of ICC
cells, Hinokitiol has the potential to develop into a new anti-
cancer drug with good biological safety.

2. Materials and methods
2.1 ICC cell culture, redox library and animals

All animal experiments in this study were conducted
in accordance with ethical regulations and approved by the
Ethics Committee of the Academy of Military Medical Sci-
ences.

Intrahepatic cholangiocarcinoma cell line HuCCT1
cell was provided from Beijing Beina Chuanglian Biotech-
nology Institute. RBE and HCCC-9810 cell lines were
obtained by China Infrastructure of Cell Line Resource
(CICR). QBC939 cell line was given by Prof Jiahong
Dong (Beijing Tsinghua Chang Gung Hospital, Beijing,
China). ICC cell lines (QBC939 and HuCCT1) were grown
in high glucose DMEM medium supplemented with 10%
FBS (Invitrogen), 100 µg/mL penicillin, and 100 U/mL
streptomycin. RBE and HCCC-9810 cells were cultured
in RPMI1640 medium supplemented with 10% FBS, 100
µg/mL penicillin, and 100 U/mL streptomycin at 37 ◦C un-
der 5% CO2.

Redox library was established from Center for Ex-
cellence in Molecular Cell Science, Chinese Academy of
Sciences (Shanghai, China), as shown in Supplementary
Table 1. All the small molecular drugs were dissolved in
DMSO and the storage concentration was 10 mM.

2.2 Clone formation assays
A total of 1500 ICC cells were seeded in the 24-well

plates (Corning, USA) and cultured in the DMEM medium
supplemented with 10% FBS (Invitrogen). After 24 h, ICC
cells were treated with 84 small molecules in the redox li-
brary with a concentration of 10 µM for 7 days. The ICC
clones were fixed with 4% paraformaldehyde and stained
with 0.25% crystal violet at room temperature (RT) for 30
min, then washed with PBS, the clones over 50 cells were
counted under stereomicroscope.

2.3 Tumor sphere formation assays
A total of 3000 ICC cells were seeded in the 6-well

ultra-low attachment plates (Corning, USA) and cultured
in the DMEM/F-12 supplemented with B27 (Life Tech-
nologies, USA, 1:50), N2 (Life Technologies, 1:100), 20
ng/mL epidermal growth factor (EGF), 10 ng/mL bFGF,
100 units/mL penicillin, and 100 ng/mL streptomycin and
seven preliminary screening small molecules with a con-

centration of 10 µM for 5 days. Tumor spheres larger than
100 µm were observed and recorded by microscope.

2.4 Immunohistochemistry

Paraffin-embedded tissue sections were dewaxed and
hydrated in alcohol, then, 10% hydrogen peroxide was
added for 30 min to remove endogenous peroxidase. Af-
ter induction of Antigen epitope retrieval by microwave
heating. Tissues were immunostained with primary an-
tibodies overnight at 4 ◦C. The secondary antibody used
for immunostaining was biotin-conjugated anti-rabbit im-
munoglobulin (Beijing Zhongshan Biotechnology). The
immunodetection was performed on the following day us-
ing an PV-9001 kit (Beijing Zhongshan Biotechnology) ac-
cording to the manufacturer’s instructions. Hematoxlin was
used for counterstaining. The antibodies were listed in Sup-
plementary Table 2.

2.5 Cell apoptosis assay and cell cycle analysis

The cell apoptosis was detected with Annexin V, FITC
Apoptosis Detection Kit (Dojindo, #AD10-10). A total of
2 × 105 ICC cells per well were seeded in 6-well plates,
and 24 h later, the medium was replaced with 3 mL DMEM
medium containing Hinokitiol followed by 48 h incubat-
ing, and then the ICC cells were detached with EDTA-free
trypsin and suspended in 1× Annexin V Binding solution,
then added 5 µL Annexin V- FITC and incubated at RT for
15 min, 400 µL PBS was added to stop the reaction, then
the cells were analyzed by flow cytometry assays.

A total of 1 × 106 ICC cells were treated by 3 mL
DMEMmedium containing Hinokitiol. After treatment for
48 hours, the cells were collected and fixed in 75% ethanol
solution over 4 hours. The cells were centrifuged (400× g,
5 min) and washed with PBS twice, and suspended at 106
cells/mL. 20 µg/mL of RNase A was added to each sample
and incubated at 37 ◦C for 30min. Then 20µg of propidium
iodide was added to each tube for 15 min protected from
light. The distribution of cells in each phase of the cell cycle
were analyzed by flow cytometry analysis.

2.6 Quantitative reverse-transcription polymerase chain
reaction analysis (qRT-PCR)

Total RNAs were extracted from the cells with TRI-
zol (Invitrogen). The amount of RNA was quantified spec-
trophotometrically with a Nano-Drop ND-1000. Reverse
transcription of total RNAs into cDNAwas performed with
a reverse transcriptase kit (FSQ-201, TOYOBO, Japan).
The relative mRNA expression was determined by real time
PCR using THUNDERBIRD SYBR qPCRMix (QPS-201,
TOYOBO, Japan). Briefly, a 20 µL qPCR system was per-
formed for 40 cycles according to the following conditions:
An initial denaturation was performed at 95 ◦C for 3 min,
followed by denaturation at 95 ◦C for 15 sec, annealing at
58 ◦C for 30 sec, and extension at 72 ◦C for 7 min. Rela-
tive quantification of mRNA expression was calculated us-
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ing the 2−∆∆Cq method. 18S was used as a housekeeping
gene. The mRNA primer sequences were list in Supple-
mentary Table 3.

2.7 Western blotting

The ICC cells were lysed with RIPA buffer (50
mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS) supplemented with pro-
tease inhibitors (Calbiochem, San Diego, California), and
equal amounts of protein was separated by SDS-PAGE
(10% polyacrylamide), and then transferred the protein
to polyvinylidene difluoride membranes (PVDF, BioRad,
Hercules, CA). The membranes were incubated with pri-
mary antibody overnight at 4 ◦C after blocking in TBST
containing 5% skimmed milk. The membrane was washed
three times with TBST, and then incubated with horseradish
peroxidase-bound secondary antibody (Beijing Zhongshan
Biotechnology Co., Ltd., Beijing, China) for 1 h at RT. Af-
ter washing three times with TBST, the immunoreactive
bandwas detected by enhanced chemiluminescencemethod
(Santa Cruz Biotechnology Company, Santa Cruz, Califor-
nia), and then exposed with BioMax film (Kodak Company,
Rochester, New York) according to Clarity Max™Western
ECL Substrate (Bio-Rad, USA). The antibody information
is listed in Supplementary Table 3.

2.8 Mouse ICC model and isolation of primary mouse ICC
cells

C57BL/6 mice of 8~10 week old were purchased
from Vitalriver (Beijing, China) and raised under spe-
cific pathogen-free conditions. The plasmids ddAKT
and ddYAP were kindly gifted by Prof Yuji Nishikawa
(Asahikawa Medical University, Asahikawa, Hokkaido,
Japan). The plasmid containing Sleeping Beauty transpo-
son (SB13) was preserved in the laboratory. These three
plasmids were dissolved in 2 mL saline and injected into
the mouse via tail vein injection (5~7 s). After 8~10 weeks,
the abdominal bulge was observed and the mice were eu-
thanized. The tumor tissue (about 3~5 mm3) was cut with
surgical scissors under the aseptic condition. Then the ICC
tissue fragments were washed with PBS twice. After cen-
trifugation at 400 × g for 5 minutes, tumor fragments were
dissociated into single cells under 20mLmouse Tumor Dis-
sociation Kit (Miltenyi Biotec, #130-096-730) within 1h
at 37 ◦C. After dissociation, cells were filtered through a
70 µm cell strainer (BD Falcon, #352350). The primary
tumor cells were treated by ACK Lysing Buffer (Gibco,
#A1049201) for 3 minutes and were harvested after cen-
trifugation at 500 × g for 5 minutes at 4 ◦C.

2.9 Mouse ICC organoid culture

Isolated primary mouse ICC cells were dissolved in
the organoid culture medium (Stemcell, #06030) andmixed
with Matrigel (BD, #356234) in precooled EP tube and and
suspended the pellet at 4 ◦C. Add 150 µL matrigel to 150

µL suspension in a 1.5 mL tube and mix cells to avoid bub-
bles. About 20000 cells in 50 µL suspension was used per
well of the preheat 24-well plate. After Matrigel was solid-
ified for 15 min, 500 uL mouse organoid culture medium
was added. After seeding for 7~14 days, organoids were
mechanically fragmented and re-seeded into new Matrigel
or cryopreserved in liquid nitrogen. Rho-associated protein
kinase (ROCK) inhibitor Y27632 was added to the culture
medium additionally after 3–4 days. Then, Hinokitiol with
a concentration of 4 µM, Palbociclib with a concentration
of 1 µM, and the combination of Hinokitiol and Palboci-
clib were added in the culture medium. According to the
growth rate of the ICC organoids, the passage was carried
out in the ratio of 1:4. On the second day, the medium con-
taining different drugs was added to tumor organoids. The
results were observed and photographed in 3~10 days.

2.10 Statistical analysis
We analysed the data using GraphPad Prism software

version 8 (GraphPad Software, San Diego, California, US).
Comparisons between two groups were performed with un-
paired t tests. All experiments were conducted at least three
times and data are presented asmeans± standard deviations
(SDs). N.S. means no significantly difference, *p < 0.05,
**p < 0.01, ***p < 0.001.

3. Results
3.1 Preliminary screening of redox library by tumor clone
formation assays

The anti-tumor effect of 84 different small molecules
in the redox librarywith four human ICC cell lineswere pre-
liminary screening using clone formation assays (Fig. 1A–
D). The representative clone formation of preliminarily
screened four ICC cell lines is displayed in Fig. 1E, Supple-
mentary Fig. 1A–C. We statistically analyzed and merged
the inhibitory effect on four ICC cell lines treated with 84
different small molecules in the redox library, as shown in
Fig. 1F. Eight small molecule inhibitors (#3, #15, #40, #54,
#61, #67, #68, and #71) showed a significant decrease in
clone formation capacity compared with the control group
treated with DMSO. Among them, #54 (n-Octylcaffeate)
has not been sold in China, sowewill not consider using this
drug for further exploration. These preliminary results indi-
cated that these seven small molecule inhibitors could sig-
nificantly suppress the proliferation of human ICC clones.

3.2 Screening of the candidate small molecules with tumor
sphere formation assays

The tumor sphere formation assay is a standard
method for evaluating the proliferation ability of CSCs
in vitro. The above seven candidate small molecular in-
hibitors were further screened for their effects on tumor
sphere formation in four human ICC cell lines (Fig. 2A–
E, Supplementary Fig. 2A–C). The number of tumor
spheres treated by these candidate small molecules was
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Fig. 1. Preliminary screening of drugs from the redox library via clone formation assays. (A–D) The column graph of HuCCT1
(A), QBC939 (B), RBE (C), and HCCC-9810 (D), each treated with small molecules in the redox library, compared with the control
group. (E) Photos of the clone formation assay of HuCCT1 cells treated with various drugs in the redox library. (F) Venn diagram of
anticancer drugs (with over 50% anti-tumor effect) in four ICC cell lines treated with 84 drugs from the redox library. Data was analyzed
using unpaired t test. N.S., no significance, *p < 0.05, **p < 0.01, ***p < 0.001.

statistically analyzed using a column graph and Venn dia-
gram (Fig. 2F). The results showed that β-Lapachone (#3),
Hinokitiol (#15), Tanshinone IIA (#61), and Ciclopirox
ethanolamine (#67) exerted a marked anti-proliferative ef-
fect on human ICC tumor sphere formation compared with

other drugs.

3.3 Hinokitiol modulated the expression of CSC-related
markers

Drug resistance caused by CSC enrichment has been
proven to be the main cause of chemotherapy failure and

4
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Fig. 2. Screening of drugs from the redox library via tumor sphere formation assays. (A–D) The column graph of the tumor
sphere formation of HuCCT1 cells (A), QBC939 cells (B), RBE cells (C), and HCCC-9810 cells (D), each treated with small molecule
compounds from redox library. (E) Photos of the tumor sphere formation in QBC939 cells treated with small molecules in the redox
library; Scale bar = 250 µm. (F) Venn diagram of the tumor sphere analysis of four ICC cell lines treated with small molecules in the
redox library. Data was analyzed using unpaired t test. N.S., no significance, *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 3. Hinokitiol significantly inhibited some CSC-related markers. (A–D) Relative expression of CSC-related genes in HuCCT1
and QBC939 cells treated with β-Lapachone (A), Hinokitiol (B), Tanshinone IIA (C), and Ciclopirox ethanolamine (D). (E) Western
blotting analysis of the CSC-related markers in HuCCT1 and QBC939 cells treated with DMSO or Hinokitiol, respectively. (F) Screening
strategy of the redox library in human ICC cells. Data was analyzed using unpaired t test. N.S., no significance, *p < 0.05, **p < 0.01,
***p < 0.001.

cancer recurrence in various cancers [24]. We detected the
altered expression of CSC-related genes in human ICC cells
treated with four candidate drugs at the secondary screening
stage using qRT-PCR assays (Fig. 3A,B,C,D). Compared
to the control group treated with DMSO, we found that
several CSC-related markers, excluding KLF4 and CD24
in HuCCT1 and QBC939 cells, were significantly down-
regulated by #15 Hinokitiol, not by #3 β-Lapachone, #61
Tanshinone IIA, and #67 Ciclopirox ethanolamine treat-
ment. Moreover, western blotting analysis was used to de-
tect the expression of CSC-related markers at the protein
level. The expression of EpCAM, SOX2, and C-MYC was
dramatically decreased in both ICC cell lines treated with
Hinokitiol (Fig. 3E), indicating that Hinokitiol remarkably
inhibited the CSC characteristics of ICC cells. Overall,
by screening the redox library by clone formation assays,
tumor sphere formation assays, and CSC-related marker
repression, we found that Hinokitiol could be an effec-
tive small molecular inhibitor to repress ICC proliferation
(Fig. 3F).

3.4 Hinokitiol significantly inhibited the pathways of ERK
and P38 in human ICC cells

Energy-dependent drug efflux, cell cycle promotion,
and apoptosis escape are usually related to the drug resis-
tance in CSCs [24]. To explore the downstream mecha-
nism of ICC cells treated with Hinokitiol, we performed
apoptotic and cell cycle analysis of ICC cells after Hi-
nokitiol treatment using flow cytometry. As shown in
Fig. 4A,B, there were no significant differences in the early
and late apoptotic cell populations between the Hinokitiol-
treated group and control cells. The cell cycle analysis
also showed that there were no significant differences be-
tween the Hinokitiol-treated group and the control group
in G1, G2, and S phrase (Fig. 4C,D). These results sug-
gest that the concentration of Hinokitiol used in our exper-
iments can inhibit the proliferation of ICC cells and CSCs
(Supplementary Fig. 3A,B), but not through apoptosis in-
duction or cell cycle blockage.

To further investigate the underlying mechanism of
Hinokitiol-induced CSC repression in human ICC cells,
we detected the expression of key target genes in var-
ious signaling pathways by qRT-PCR assays, includ-
ing WNT, Hedgehog, NOTCH, mitogen-activated pro-
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Fig. 4. Effects of Hinokitiol on the apoptosis and cell cycle of ICC cells. (A) Apoptosis of HuCCT1 cells treated with DMSO and
Hinokitiol. Q1, Q2, Q3, and Q4 population represents the number of living cells, the number of late apoptotic cells, the error within the
detection range, the number of early apoptotic cells, respectively. (B) Apoptosis of QBC939 cells treated with DMSO and Hinokitiol,
respectively. (C,D) Cell cycle of HuCCT1 and QBC939 cells treated with DMSO and Hinokitiol, respectively.

tein kinase (MAPK), and epithelial-mesenchymal transition
(EMT) (Fig. 5A,B). As shown in Fig. 5B, the expression
of ERK2 and P38, which belong to the MAPK signaling
pathway, exhibited a remarkable reduction in HuCCT1 and
QBC939 cells in the Hinokitiol-treated group. Moreover,
the expression levels of total and phosphorylated ERK and
P38 proteins were further verified by western blot analysis
(Fig. 5D). Overall, these results indicate that Hinokitiol may
reduce the proliferation of human ICC cells by decreasing
the expression of ERK, p-ERK, P38 and p-P38.

3.5 Hinokitiol combined with Palbociclib showed a
significantly repressive effect of tumor sphere formation of
human ICC cells

Human ICC is a malignant cancer with complex
pathology and multiple targets. Combined drug therapy
is becoming a trend in tumor treatment [25]. Cyclin-
dependent kinase 4 and 6 (CDK4/6) is a promising target
for ICC treatment, and Palbociclib, a CDK4/6 inhibitor,
has been reported to synergize with pan-mTOR inhibitors
to impair ICC growth [26]. As shown in Fig. 6A,B, com-
bined Hinokitiol and Palbociclib treatment showed a much
stronger anti-tumor effect than the single drug treatment in
clone formation assays (Fig. 6A) and tumor sphere forma-
tion analyses (Fig. 6B). Overall, our results suggest that Hi-
nokitiol combined with the CDK4/6 inhibitor Palbociclib
could significantly inhibit the clone formation capacity and
tumor sphere formation of human ICC cells.

3.6 Hinokitiol combined with Palbociclib significantly
inhibited the formation of tumor organoids from mouse
ICC models

3D tumor organoids derived from human primary tu-
mor tissues and mouse tumor models are novel preclinical
model systems that facilitate drug discovery and screening.
The ICC mouse model was constructed by hydrodynamic
transfection method [27,28] (Fig. 7A) and was verified
by the immunohistochemical staining of CK19 (Fig. 7B).
Thereafter, mouse primary ICC cells were purified from
the induced mouse ICC tumor tissues and then cultured the
mouse ICC organoids in three-dimensional (3D) medium,
treated with Hinokitiol, Palbociclib, or combined drug, re-
spectively (Fig. 7C,D). These results indicated that Hi-
nokitiol exerted anti-tumor effects in mouse ICC organoids
in vitro. In addition, Hinokitiol combined with Palboci-
clib significantly inhibited the formation of mouse ICC
organoids.

4. Discussion
In the past 30 years, the incidence and mortality of in-

trahepatic cholangiocarcinoma have increased worldwide;
however, only a few early stage patients can benefit from
surgical resection, and most patients diagnosed at an ad-
vanced stage have to be treated with standard chemotherapy
of platinum or cisplatin combined with gemcitabine; how-
ever, the combination treatment of these advanced state pa-
tients results in a poor prognosis, with only a median over-
all survival of 11 months [29]. Therefore, new treatments
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Fig. 5. Hinokitiol down-regulated the expression of ERK and P38 pathway of human ICC cells. (A,B) Various signaling pathways
were detected by qRT-PCR technology in HuCCT1 (A) and QBC939 (B). (C) Western blotting assays of ERK1/2, p-ERK, P38 and p-P38
protein expression in HuCCT1 and QBC939 cells treated with Hinokitiol. Data was analyzed using unpaired t test. N.S., no significance,
*p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 6. Hinokitiol combined with Palbociclib significantly inhibited tumor sphere formation of human ICC cells. (A) The effects
of Hinokitiol, Palbociclib, and combined group treatments were evaluated through clone formation assays in ICC cells. (B) The effects
of Hinokitiol alone, Palbociclib alone, and Hinokitiol + Palbociclib treatments were evaluated by tumor sphere formation assays in ICC
cells. Data was analyzed using unpaired t test. N.S., no significance, *p < 0.05, **p < 0.01.

with better outcomes are urgently required. Current stud-
ies have found that low-level reactive oxygen can be an
effective mitogen, which is necessary for many biological
processes, such as cell survival, proliferation, angiogene-
sis, and metastasis [9]. Excessive reactive oxygen species
metabolically produced by redox transcription factors will

affect the therapeutic effect of tumor drugs and lead to drug
resistance [30]. Therefore, we utilized a redox library to
screen the small molecule compounds to inhibit this refrac-
tory malignancy.

In this study, eight small-molecule compounds were
firstly selected as candidate anti-tumor drugs by a prelimi-
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Fig. 7. Hinokitiol combined with Palbociclib significantly inhibited the formation of tumor organoids from mouse ICC models.
(A) The pattern of separation of tumor organoids in mice ICC. (B) Representative IHC staining of CK19 in ICC tissues. (C) The formation
of mouse ICC tumor organoids was observed after 7 days. Scale bar is 200 µm at 4× and 20× magnification. (D) The column graph of
tumor organoids treated with DMSO, Hinokitiol, Palbociclib, and Hiokitiol + Palbociclib. Data was analyzed by unpaired t test. N.S.,
no significance, *p < 0.05, **p < 0.01.

nary screening stage. Among them, β-Lapachone, Thymo-
quinone, and N-Ethylmaleimide have been reported to in-
duce apoptosis by blocking the cell cycle [31–33]. Further-

more, Tanshinone IIA and CAPE could inhibit tumor pro-
liferation by inhibiting the c-Jun N-terminal kinase (JNK)
signaling pathway, making the transforming growth factor
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beta1/Smad (TGF-β1/Smad) signaling pathway out of bal-
ance, and targeting the epigenetics of CSC to inhibit tumor
proliferation [34,35]. Ciclopirox ethanolamine and Hinoki-
tiol have been reported to possess a remarkable antifun-
gal effect [36,37]. However, #54 (n-Octylcaffeate) was not
sold in China, so the above investigation suggests that seven
other natural small molecules in the redox library could in-
hibit the tumor clone formation ability of ICC cells through
various pathways. We further investigated that whether
these small molecular inhibitors could significantly repress
the CSC characteristics of ICC cells via tumor sphere for-
mation, CSC-related marker inhibition, and organoid for-
mation. The above experiments indicated that only Hinoki-
tiol inhibited tumor sphere formation and suppressed the ex-
pression of some CSC-related markers in vitro. It has been
reported that Hinokitiol inhibits epidermal growth factor-
induced cell migration and signaling pathways in human
cervical adenocarcinoma [38]. Zhang et al. [39] found that
Hinokitiol can increase the sensitivity of cancer cells to ra-
diotherapy by inhibiting homologous recombination and re-
pair of cancer cells. Recent reports have found that Hinoki-
tiol can induce autophagy signal transduction by downreg-
ulating the AKT/mTOR pathway, thereby inhibiting tumor
growth [40,41]. In addition, Hinokitiol is also considered
as a safe zinc ionophore rather than hydroxychloroquine
(HCQ) for the treatment of viral infections. Moreover, Hi-
nokitiol has been reported in skin and oral care because of
its potent antiviral, anti-inflammatory, and anticancer prop-
erties [42,43]. In this study, through qRT-PCR assays and
western blotting analysis screening, we found that Hinoki-
tiol could inhibit some of the CSC characteristics of ICC
cells by reducing the expression of ERK and P38, thus in-
hibiting tumor sphere formation.

ICC patients often exhibit high drug resistance to Pal-
bociclib via various mechanisms, leading to an increasing
proportion of CSCs and EMT [44]. In this study, we found
that Hinokitiol has a better inhibitory effect when combined
with Palbociclib treatment, which may play a significant
role in the clinical application of ICC treatment.

We highly appreciate that ICC cells from different
patients may possess different molecular mutations, such
as FGFR, IDH, and BAP. The commonly used ICC cell
lines may not be a good model to reflect the response of
drugs in ICC patients. In our preliminary experiments,
we designed an experiment to culture organoids from hu-
man ICC patients using the method of Hidetsugu Saito
group [45], but in our hands, we could not successfully
culture the human ICC organoids, due to the difficulty of
human ICC organoid culture and the scarcity of human
ICC fresh samples. Instead, we have successfully cultured
the mouse ICC organoids from hydrodynamic transfection-
induced mouse ICC tissues, we will consider mutating the
mouse ICC organoids to screen the drugs in the future.
Actually, Segatto et al. [46] reported that FGFR2 fusion
proteins drive oncogenic transformation of liver organoids

from mouse ICC tissues.

5. Conclusions
In conclusion, a natural small molecule compound,

Hinokitiol, was found in a redox library that could effec-
tively inhibit the growth of ICC cells. Our results showed
that Hinokitiol can effectively inhibit tumor sphere prolifer-
ation in vitro by downregulating the expression of the ERK
and P38 pathways. Moreover, its combinationwith the clin-
ical drug, Palbociclib, showed significant anti-tumor effects
in human ICC cells and mouse ICC organoids. Therefore,
the study of Hinokitiol and Palbociclib provides a promis-
ing application for the treatment of patients with ICC.
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