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Abstract

Background: Intrahepatic cholangiocarcinoma (ICC) is a malignant carcinoma with
high rate of mortality. The current treatment is ineffective with poor survival time.
Therefore, there is an urgent need for effective therapeutic drug regimens. The
multi-target tyrosine kinase inhibitor (TKI) anlotinib has been approved for treating
non-small cell lung cancer (NSCLC); however, the combined therapeutic regimen of
anlotinib for ICC has not been investigated yet. This study aims to investigate the
inhibitory effect of anlotinib and the mechanism of gemcitabine combination for ICC
treatment.

Methods: Two ICC cell lines, HCCC-9810 and RBE cells, were used in this study. Cell
Counting Kit-8 (CCK-8) was used to study the cell viability, and flow cytometry (FCM)
was used to evaluate the apoptosis and cell cycle arrest. Compusyn software was
used to calculate the combination index (Cl) of anlotinib and gemcitabine. The pro-
tein expression rate of cleaved PARP/PARP and cleaved caspase-3/caspase-3 was
detected by Western blotting.

Results: Our result showed that the anlotinib and gemcitabine combination signifi-
cantly inhibits the growth of ICC cell lines. Compusyn software results showed that
the combination regimen had an anti-tumor synergistic effect. FCM results showed
that it promoted apoptosis. Moreover, it increased the protein expression rate of
cleaved PARP/PARP and cleaved caspase-3/caspase-3. Finally, we found a synergistic
anti-tumor effect by increasing GO/G1 cell cycle arrest.

Conclusion: The combination of anlotinib and gemcitabine can increase the anti-

tumor effect and may be a potential therapeutic drug regimen in a clinical setting.
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1 | INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second most common
primary liver cancer, and the incidence is rapidly increasing world-
wide. 12 Surgical resection is the only standard therapeutic option
for ICC, with a 5-year survival rate of 30%-35%.% However, the de-
gree of ICC malignancy is high, with a poor prognosis.* The 5-year
survival rates are significantly low.® In addition to surgery, chemo-
therapeutic drugs, including gemcitabine, cisplatin, and fluorouracil,
can be used to treat ICC, but the therapeutic effect observed in pa-
tients is not satisfactory.® Therefore, effective drug treatment and
regimens are urgently needed.

Anlotinib is a highly effective, selective, ATP-competitive small-
molecule tyrosine kinase inhibitor (TKI), which has been reported
in several preclinical studies.”® The multi-target TKI anlotinib sup-
presses tumor angiogenesis and proliferation signaling. The main
targets are vascular endothelial growth factor 1-3 (VEGFR1-3),
fibroblast growth factor receptor 1-4 (FGFR1-4), platelet-derived
growth factor receptor (PDGFR), and c-kit.?1° Anlotinib was ap-
proved as a third-line treatment for locally advanced or metastatic
non-small cell lung cancer (NSCLC) in a randomized, double-blind
clinical trial, ALTER0303.1! However, clinical practice has shown that
a single drug small-molecule TKI has a limited therapeutic effect, and
combined chemotherapeutic drugs can significantly improve their
anti-tumor effect.}?13

Currently, studies have shown that targeted drugs combined
with chemotherapy drugs can significantly improve the efficacy of
anti-tumor therapy.’* Due to the combination of targeted drugs and
reduced dose of chemotherapeutic drugs, patients have better tol-
erance to anti-tumor therapy and better treatment compliance, thus
achieving the purpose of low-toxicity and high-efficiency anti-tumor
therapy.*® According to this view, the hypothesis of this study is that
gemcitabine is a cell cycle-specific chemotherapy drug.16 Anlotinib
also showed cell cycle arrest efficacy, according to preliminary ex-
periments.'” Therefore, the hypothesis that anlotinib combined with
gemcitabine can act on intrahepatic cholangiocarcinoma cell lines is
proposed in this study.

There is a lack of studies reported on the action of anlotinib com-
bined with gemcitabine in ICC; therefore, this study aims to investi-
gate the anlotinib and gemcitabine combination in vitro on ICC cell
lines. The synergistic effect of the two drugs was verified, and the
mechanism was further explored. This study provides a new and ef-
fective treatment regimen for ICC. Therefore, the combined regimen

has potential clinical value for the treatment of ICC.

2 | MATERIALS AND METHODS

2.1 | Reagents and cell culture

The human ICC cell lines, including HCCC-9810 and RBE cells, were
obtained from the Cell Resource Center, Peking Union Medical
College, Dongcheng District, Beijing, China (The headquarters

for the National Infrastructure of Cell Line Resource, NSTI). Cells
were grown in RPMI 1640 with 10% fetal bovine serum (FBS)
(Gibco) and 1% penicillin-streptomycin solution. They were cul-
tured at 37°C humidified atmosphere with 5% CO,. Anlotinib was
provided by Chia Tai Tianging Pharmaceutical Group Co., Ltd.
The compounds were dissolved in dimethyl sulfoxide (DMSQO) to
4.2 x 10° pM as a stock solution and stored at -20°C for in vitro
studies and diluted with the medium before each assay. Cleaved
caspase-3, caspase-3, cleaved PARP, PARP, and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) were purchased from Cell
Signaling Technology.

2.2 | Cytotoxicity assay

The HCCC-9810 and RBE cells were cultured in 96-well plates at
a density of 5000 cells per well. Cells were harvested at indicated
times and stained with Trypan blue (Sigma Chemical Co.), accord-
ing to the manufacturer's instructions for the Cell Counting Kit-8
(CCK-8; Dojindo Laboratories). The cells were incubated for 24 h
and then with or without anlotinib and/or gemcitabine at different
concentrations for 24, 48, and 72 h. The cells were incubated with
CCK-8 working solution for 1-2 h at 37°C. The resulting absorbance
was measured at 450 nm using a multifunctional enzyme-linked im-

munosorbent assay (ELISA) instrument (Thermo).

2.3 | Cell cycle and apoptosis analyses

HCCC-9810 and RBE cells were collected at a final concentration
of 4 x 10° cells/ml in 6-well plates. For the cell cycle assays, the
cells were digested by trypsin, washed with PBS, and fixed with 70%
alcohol overnight. Subsequently, the cells were stained by FXCycle
™P|/RNase Staining Solution (Thermo Fisher Scientific), incubated
for 30 min at room temperature in the dark. For the apoptosis as-
says, the cells were stained with annexin V-FITC and propidium io-
dide (PI) (Thermo Fisher Scientific). After harvesting the cells, FCM
was used for evaluating the cell cycle and apoptosis. All assays were

performed in triplicate.

2.4 | Western blotting

Western blotting was performed as previously described.’” Briefly,
the cells were lysed with radioimmunoprecipitation (RIPA) lysis
buffer (Beyotime Biotechnology) containing protease and phos-
phatase inhibitor cocktails (Beyotime Biotechnology). The protein
extracts were resolved using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred to polyvi-
nylidene difluoride membranes (PVDF) (MilliporeSigma) for Western
blotting. PVDF membranes were incubated with primary antibodies
(cleaved PARP, PARP, cleaved caspase-3, and caspase-3 at 1:1000),
washed with Tris-buffered saline with Tween (TBST), followed by
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secondary antibodies (at 1:5000), and conjugated with horseradish
peroxidase. Afterward, PVDF membranes were scanned and pho-
tographed using a Bio-Rad imager (Bio-Rad). Three independent as-

says were performed.

2.5 | Statistical analysis

All experiments were performed in triplicate. Statistical analysis
was performed by SPSS version 18.0 software (IBM Corporation).
Quantitative data are shown as the mean +SD. Significant differ-
ences between groups were assessed by one-way ANOVA with the
least significant difference (LSD) test. p < 0.05 was considered sta-

tistically significant.
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3 | RESULTS
3.1 | Anlotinib inhibits the proliferation of ICC cell
lines in vitro

We used different concentrations of anlotinib (0, 0.5, 2, 8, 32, and
128 uM) and added them to human ICC cell lines (HCCC-9810 and
RBE) for 24, 48, and 72 h. Then, we detected the ability to inhibit
growth by a CCK-8 assay. As shown in Figure 1A, the inhibition of
HCCC-9810 and RBE cell lines was significantly increased with the
increase in anlotinib concentration, and the growth of the ICC cell lines
was also inhibited with time. Consequently, anlotinib inhibited the
growth of ICC cell lines in a dose- and time-dependent manner. The
IC50 values of 24, 48, and 72 h of anlotinib treatment were 45.51 pM,
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FIGURE 1 Anlotinib and gemcitabine inhibit cell growth of ICC cell lines in vitro. (A and B) HCCC-9810 and RBE cells were treated with
anlotinib or gemcitabine at the indicated concentrations for 24, 48, and 72 h. The CCK-8 assay measured the growth inhibition rate. (C and
D) HCCC-9810 and RBE cell lines were treated with the combination of anlotinib and gemcitabine for 48 h by constant dilution, and then the
growth inhibition rate of ICC cell lines was detected by CCK-8. The Cl of the two drugs was calculated by Compusyn software, and the value
of Cl less than 1.0 indicated a synergistic effect (n = 3). Con: control; An: anlotinib; Gem: gemcitabine
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TABLE 1 Half-maximal inhibitive concentration (IC,) values of
HCCC-9810 and RBE cell lines were time- and dose-dependent
after treatment with different concentrations of anlotinib

Cell lines HCCC-9810 RBE
IC5q24h (95% Cl)  45.51uM 49.37 uM

(95% CI1 38.18-56.16)  (95% Cl 39.25-66.96)
IC;,48h(95% Cl)  21.33uM 7.18 M

(95% Cl 17.7-26.11) (95% Cl1 5.30-9.73)
IC5, 72h (95% Cl)  8.13 uM 4.67 uyM

(95% Cl 6.50-10.09) (95% Cl 4.05-5.40)
21.33 pM, and 8.13 pM in HCCC-9810 cell lines and 49.37 pM,
7.18 uM, and 4.67 pM in RBE cell lines, respectively (Table 1).

3.2 | Gemcitabine inhibits the growth of ICC cell
lines in vitro

We used different concentrations of gemcitabine (0, 0.001, 0.1, 10,
and 1000 pM) and added them to human ICC cell lines (HCCC-9810
and RBE) for 24, 48, and 72 h, and the ability to inhibit growth was
detected by a CCK-8 assay. As shown in Figure 1B, the inhibition of
HCCC-9810 and RBE cell lines was significantly increased with the
increase in gemcitabine concentration, and the growth of the ICC cell
lines was also inhibited with time. Consequently, gemcitabine inhib-
ited the growth of ICC cell lines in a dose- and time-dependent man-
ner. The IC50 values of 24, 48, and 72 h of gemcitabine treatment
were 3277862 pM, 2.08 uM, and 0.28 pM in HCCC-9810 cell lines
and 153735 pM, 4.92 uM, and 0.03 pM in RBE cell lines, respectively
(Table 2). We found that HCCC-9810 and RBE cell lines were resistant
to gemcitabine treatment for 24 h. Therefore, we chose 48 h as the

incubation time for the follow-up experiments.
3.3 | Anlotinib combined with gemcitabine had
synergistic anti-tumor effects

The response to chemotherapy against ICC is not satisfactory;

therefore, we demonstrated whether anlotinib could increase the

anti-tumor effect of gemcitabine on ICC. Anlotinib and gemcitabine
were diluted in equal proportions. Anlotinib significantly inhibited
growth of ICC cell lines when administered at very low concentration
(2 pM), a concentration at which it fails to affect the viability of more
than 80% of ICC cell lines. However, gemcitabine inhibited growth of
ICC cell lines when administered at low concentration (0.025 pM). It
restrains the viability of approximately 40% to 50% of HCCC-9810
cell lines and less than 40% of RBE. Furthermore, the results of the Cl
of anlotinib combined with gemcitabine, which was performed with
Compusyn software, showed that the CI of anlotinib (2 uM) and gem-
citabine (0.025 uM) was less than 1.0. It was also shown that the com-
bination of the two drugs at those concentrations had a synergistic
effect in HCCC-9810 and RBE cell lines, as shown in Figure 1C and D.
Therefore, the above concentrations were selected for the experimen-
tation in the current study. The molar ratio of anlotinib:gemcitabine
was 80:1. The utility of the two-drug combination is additive when
Cl = 1.0, synergistic when Cl <1.0, and antagonistic when CI >1.0.

3.4 | The combination of anlotinib and gemcitabine
synergistically promoted apoptosis

FCM was used to detect the effect of anlotinib (2 uM) combined with
gemcitabine (0.025 pM) on ICC cell lines. In HCCC-9810 and RBE cell
lines, apoptosis was significantly increased after combined adminis-
tration (p < 0.05; Figure 2A-D). Furthermore, the protein expression
rate of cleaved PARP/PARP and cleaved caspase-3/caspase-3 were
analyzed by Western blotting. Our results suggested that the pro-
tein expression rates of cleaved PARP/PARP and cleaved caspase-3/
caspase-3 in the combined treated cell lines were significantly up-
regulated (p < 0.05; Figure 2E and F).

3.5 | The combination of anlotinib and
gemcitabine resulted in GO/G1 phase cell cycle arrest
synergistically

Previous studies have shown that gemcitabine can cause S phase

cell cycle arrest, and under certain conditions, it prevents the G1

TABLE 2 1C,, values of HCCC-9810

Celllines Hece-9810 RBE and RBE cell lines were time- and dose-
IC54 24 h (95% Cl) 3277862 uM 153735 uM dependent after treatment with different
(95% Cl 168851-537181042) (95% Cl 12688-13674180) concentrations of gemcitabine
IC,, 48 h (95% ClI) 2.08 uM 4.92 yM
(95% Cl 1.08-4.16) (95% Cl 1.62-17.34)
ICs, 72 h (95% CI) 0.28 uM 0.03 uM

(95% C1 0.14-0.56)

(95% CI1 0.02-0.07)

FIGURE 2 Anlotinib and gemcitabine combination promoted apoptosis of ICC cell lines, and the protein expression rates of cleaved
PARP/PARP and cleaved caspase-3/caspase-3 were up-regulated. (A, B, C and D) The ICC cell lines were treated with anlotinib (2 pM) and
gemcitabine (0.025 uM) for 48 h. FCM showed that combining the two drugs significantly promoted apoptosis of ICC cell lines compared with
the anlotinib and gemcitabine monotherapy. (E and F) Western blotting confirmed that the protein expression rate of cleaved PARP/PARP and
cleaved caspase-3/caspase-3 protein in the combined group was up-regulated. (n = 3, * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001)
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phase transition to S phase. Blockchain extension also exerts its anti-
tumor activity through a series of other cellular mechanisms on DNA
synthesis.*®? Anlotinib is a multi-target drug; however, the purpose
of this study was to investigate the anti-tumor mechanism of anlo-
tinib combined with gemcitabine. To determine whether the inhibi-
tory effect of anlotinib combined with gemcitabine on cell growth
inhibition was due to cell cycle arrest, we analyzed the cell cycle
distribution of these cells using FCM with PI/RNase staining. Our
results showed that anlotinib (2 uM) combined with gemcitabine
(0.025 pM) significantly increased the percentage of cells arrested at
the GO/ G1 phase (p < 0.05, Figure 3A-D). Taken together, these re-
sults indicate that anlotinib has a synergistic effect when combined
with gemcitabine.

4 | DISCUSSION

ICC is a highly malignant tumor prone to early metastasis, with
short survival and poor prognosis.?’ However, effective therapeu-
tic methods for ICC are not yet well established. Surgery can im-
prove survival in patients with early-stage ICC; however, most ICC
patients are diagnosed at advanced stages.® A combined chemo-
therapeutic regimen of gemcitabine and cisplatin for advanced ICC
patients confers a median overall survival of less than 12 months.*
Unfortunately, survival time was not significantly improved in the
past decade. Consequently, the therapeutic effect of chemo-
therapy for ICC treatment is unsatisfactory, and there is a lack of

standard targeted therapeutic drugs. Anlotinib is a multi-target TKI
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independently developed in China. The ALTER 0303 study was a
multicenter, double-blinded, phase Ill randomized clinical trial 1t
Based on the clinical trial, anlotinib has been approved as a third-
line treatment for NSCLC in China.?! Currently, preclinical studies of
other solid tumors are gradually being performed.'”?? However, re-
search on targeted therapy combined with chemotherapy is limited
for the treatment of ICC.

Clinical studies have shown that antiangiogenetic-targeted drugs
combined with chemotherapy drugs can improve the efficacy of anti-
tumor therapy.'® In this study, we found that anlotinib has significant
anti-tumor activity against ICC cell lines. The IC50 value at 24 and
48 h of anlotinib was 45.51 pM (95% CI 38.18-56.16) and 21.33 uM
(95% Cl 17.7-26.11) in HCCC-9810 cell line, and 49.37 uM (95% Cl
39.25-66.96) and 7.18 pM (95% Cl 5.30-9.73) in RBE cell line, respec-
tively. The IC50 value at 24 and 48 h of gemcitabine was 3277862 pM
(95% ClI 168851-537181042) and 2.08 pM (95% CI 1.08-4.16) in
HCCC-9810 cell line, and 153735 pM (95% Cl 12688-13674180) and
4.92 uM (95% Cl 1.62-17.34) in RBE cell line, respectively. The sig-
nificant IC50 difference between HCCC-9810 and RBE cell lines at
24 h and 48 h of anlotinib and gemcitabine was due to their time- and
dose-dependence. The results of this study are consistent with the re-
sults of Song et al. study,23 which provides the scientific basis for this
study. However, Song et al. mainly studied the inhibition of prolifera-
tion, invasion, and promotion of apoptosis of tumor cells by anlotinib
monotherapy through the VEGFR2/PI3K/Akt cell signaling pathway.
Our study is the first to investigate the synergistic anti-tumor ef-
fect of the anlotinib multi-targeted drug combined with gemcitabine
chemotherapy. Using Compusyn software, the Cl of anlotinib and
gemcitabine was less than 1.0 at low concentrations, suggesting the
synergism of the two drugs. It is well established that single traditional
chemotherapy is not effective. Currently, more researchers focus on
targeted drugs combined with chemotherapy to achieve synergistic
effects.’” Interestingly, we found that HCCC-9810 cell lines were sen-
sitive to gemcitabine, and RBE cell lines were relatively sensitive to
anlotinib at 48 h; however, they are less sensitive to the other drug.
The combination of the two drugs improved the poor sensitivity of
HCCC-9810 and RBE cell lines to targeted drugs and chemotherapy.
Hence, it has a synergistic anti-tumor effect.

Gemcitabine is a cell cycle-specific chemotherapeutic and an
antimetabolic chemotherapeutic drug. It can arrest the cell cycle in
the G1/S phase and inhibit DNA synthesis.?* We found that anlo-
tinib combined with gemcitabine could promote apoptosis. Previous
in vitro experiments showed that anlotinib combined with chemo-
therapeutic drugs could promote the apoptosis of tumor cells,®’
which was also confirmed by our results. Western blotting further
confirmed that the protein expression rate of cleaved PARP/PARP
and cleaved caspase-3/caspase-3 was notably increased in the
combination group of anlotinib and gemcitabine compared with the
monotherapy group, suggesting that the combination of the two
drugs promotes apoptosis and has a synergistic effect. Through our
research, we found that anlotinib combined with gemcitabine sig-

nificantly increased the effects of gemcitabine on GO/G1 cell cycle

WI LEYM

arrest and promoted apoptosis of gemcitabine in the GO/G1 phase
for ICC cell lines. Therefore, anlotinib has a synergistic effect in the
two-drug combination regimen.

In summary, the current study demonstrated that anlotinib
combined with gemcitabine increased the anti-tumor effect mainly
through cell cycle arrest, promoting the apoptosis of ICC cell lines.
Anti-vascular targeting drugs combined with conventional chemo-
therapy can improve the sensitivity of the ICC cell lines to chemo-
therapy. It may be used as an alternative treatment for ICC and has
potential clinical application. However, based on the above conclu-
sions, further prospective clinical trials are needed to verify these
effects.
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