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Abstract

Introduction

Papillary thyroid carcinoma (PTC) is the most common type of thyroid malignancy with increased
incidence rapidly occurring in most countries. The study aimed to investigate the antitumor effects of
the combination of 5-FU and Apatinib on PTC.

Material and methods

TPC-1 and SW579 cells were treated with 5-FU, Apatinib, or a combination of 5-FU and Apatinib. Cell
viability was assessed by the CCK-8 assay. Edu staining and colony formation were used to evaluate
the cell proliferation ability. Flow cytometry was used to analyze the cell apoptosis. Wound healing and
the Transwell assay were conducted to analyze cell migration and invasion. The angiogenesis of
TPC-1 and SW579 cells was assessed by conducting the tube formation assay. Xenograft tumor
models were established by injecting TPC-1 cells into nude mice. Expressions of CD31, VEGFA, and
VEGFR2 were determined using immunofluorescence and Western blotting.

Results

Compared with 5-FU or Apatinib treatment alone, the combination of 5-FU and Apatinib produced
stronger suppressive effects on cell proliferation, migration, invasion, and angiogenesis. An in vivo
experiment showed that the combination of 5-FU and Apatinib strongly suppressed tumor growth. The
combination of 5-FU and Apatinib remarkably suppressed expressions of CD31, VEGFA, and
VEGFRZ2, associated with angiogenesis.

Conclusions

Our data demonstrated that 5-FU combined with Apatinib therapy obtained synergistic antitumor
effects in PTC, compared with either 5-FU or Apatinib alone by down-regulating VEGFA/VEGFR2
signaling pathways.
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Abstract:

Introduction: Papillary thyroid carcinoma (PTC) is the most common type of thyroid
malignancy with increased incidence rapidly occurring in most countries. The study
aimed to investigate the antitumor effects of the combination of 5-FU and Apatinib on
PTC.

Material and methods: TPC-1 and SW579 cells were treated with 5-FU, Apatinib, or a
combination of 5-FU and Apatinib. Cell viability was assessed by the CCK-8 assay. Edu
staining and colony formation were used to evaluate the cell proliferation ability. Flow
cytometry was used to analyze the cell apoptosis. Wound healing and the Transwell
assay were conducted to analyze cell migration and invasion. The angiogenesis of TPC-
1 and SW579 cells was assessed by conducting the tube formation assay. Xenograft
tumor models were established by injecting TPC-1 cells into nude mice. Expressions of
CD31, VEGFA, and VEGFR2 were determined using immunofluorescence and Western
blotting.

Results: Compared with 5-FU or Apatinib treatment alone, the combination of 5-FU
and Apatinib produced stronger suppressive effects on cell proliferation, migration,
invasion, and angiogenesis. An in vivo experiment showed that the combination of 5-FU
and Apatinib strongly suppressed tumor growth. The combination of 5-FU and Apatinib
remarkably suppressed expressions of CD31, VEGFA, and VEGFR2, associated with
angiogenesis.

Conclusion: Our data demonstrated that 5-FU combined with Apatinib therapy obtained
synergistic antitumor effects in PTC, compared with either 5-FU or Apatinib alone by
down-regulating VEGFA/VEGFR?2 signaling pathways.

Keywords: papillary thyroid cancer, TPC-1, 5-FU, Apatinib, drug combination,

angiogenesis
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Introduction

Papillary thyroid carcinoma (PTC) originating from thyroid epithelial cells is the
most prevalent subtype of thyroid cancers accounting for approximately 80% of cases
[1]. Despite that good clinical outcomes have been achieved by thyroidectomy,
supplemented with postoperative radiotherapy and chemotherapy, the prognosis of PTC
patients still remains unfavorable, mainly due to recurrence and metastasis[2, 3].
Therefore, understanding the molecular mechanism is helpful for developing therapeutic
agents/drugs against PTC.

Angiogenesis is the process of new blood vessel formation from existing vessels and
includes vascular endothelial cell migration and new tube formation[4] . Accumulating
evidences have verified that dysregulation of angiogenesis is a critical hallmark in
tumor formation and progression[5, 6]. Multiple growth factors have been reported to
promote tumor angiogenic processes, of which vascular endothelial growth factor A
(VEGFA), VEGF, and its primary receptors (VEGFR1, VEGFR2, and VEGFR-3) are
the most critical drivers of angiogenesis[7-9]. As demonstrated by Lennard et al [10],
VEGFA is overexpressed in PTC and its expression is associated with the incidence of
metastasis. Thus, anti-angiogenic drugs have tremendous clinical value for advanced
PTC failure from multi-lines of therapies.

5-FU has been widely used among patients with breast cancer [11], colorectal
carcinoma [12], and pancreatic carcinoma [13]. However, severe side effects and drug
resistance cannot be avoided and this situation limited for further clinical application
[14]. Apatinib, a highly selected tyrosine kinase inhibitor targeting VEGFR-2, can
effectively inhibit the proliferation, migration, and neovascularization of endothelial
cells [15], and was approved for the second-line treatment of advanced gastric cancer in
2014 by China[16]. Moreover, Apatinib exerts potential benefits in advanced non-small
cell lung cancer patients after multi-line therapies [17, 18]. Although usage of 5-FU or
Apatinib monotherapy has shown efficacy for tumor therapy, more drug toxicity usually

occurs with a higher dosage. The combination of 5-FU and Apatinib obtains better
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therapeutic effects in advanced gastric cancer, which was reported by Xu et al [19].
Interestingly, Apatinib has been shown to inhibit angiogenesis in anaplastic thyroid
cancer [20] and is a new option for the treatment of advanced medullary thyroid
carcinoma[21]. However, whether the combination of 5-FU and Apatinib has a
synergistic antitumor effect on PTC cells has not been previously determined.

In the present study, we explored the effects of 5-FU combined with Apatinib on
TPC-1 cell proliferation, migration, invasion, and angiogenesis, compared with either 5-
FU or Apatinib treatment alone. Furthermore, we constructed a xenograft tumor model
to further evaluate the antitumor effects of 5-FU and Apatinib in vivo. The mechanism
of the regulatory role of 5-FU and Apatinib on the molecules associated with
angiogenesis was further explored in vitro and in vivo.

Materials and Methods

Cell culture and treatments.

Human TPC-1 and SW579 cells were purchased from the American Type Culture
Collection and cultured in DMEM supplemented with 10% FBS (Thermo Fisher
Scientific, Waltham, MA, USA) and 1% v/v penicillin/streptomycin (Solarbio, Beijing,
China) in a humidified atmosphere containing 5% CO2 at 37 °C. For the in vitro
experiments, 5-FU and Apatinib were provided by Hengrui Medicine Co. Ltd. (Jiangsu,
China) and dissolved in DMSO Sigma-Aldrich (StLouis, MO) before use. Then, TPC-1
cells were treated with 5-FU (70 uM), Apatinib (10 uM), or the combination of 5-FU
and Apatinib for 48 h. The coefficient of drug interaction (CDI) was calculated as
follows: CDI=AB/ (A xB). The CDI calculations were carried out on SW579 and
TPC-1 (Supplementary tablel, table2).

Cell viability assay.

For the cell viability assay, TPC-1 and SW579 cells were seeded into 96-well plates
in triplicate at a density of 4 x 10° cells per well and then subjected to drug treatment as
indicated above. After 48 h, cells in each well were incubated with 10 uL CCK-8

reagent solution (Dojindo, Kumamoto, Japan) for 2 h at 37 °C. Subsequently, the optical
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density (OD) was measured using a microplate reader at a wavelength of 450 nm.
EdU staining assay.

Cell proliferation was assessed by Cell-Light EdJU Apollo 488 in the in vitro Imaging
Kit (RiboBio, Guangzhou, China) according to the manufacturer’s protocol. TPC-1 cells
and SW579 cells (1x10° cell) were fixed with cold 4% formaldehyde for 30 min at
room temperature, stained with 50 uM EdU labeling medium, and reacted with 150 ul
of 1 x Apollo® for 30 min in the dark. DAPI was used to stain the cell nuclei for 30 min
at room temperature. The red signal (Edu-positive cells) was detected under a
fluorescent microscope (Olympus, Japan) at a magnification of x200.

Colony formation assay.

TPC-1 cells and SW579 cells were subjected to analysis of the capacity of colony
formation. Cells at a density of 500 cells per well were seeded into six-well plates and
cultured for two weeks. The naturally formed colonies were fixed with 70% ethanol and
stained with 0.1% crystal violet. The number of colonies (at least 50 cells per colony)
was counted under a light microscope.

Flow cytometry analysis.

Cell apoptosis analysis was conducted using an Annexin V-FITC/Pl Apoptosis
Detection Kit (KeyGEN BioTECH, Jiangsu, China). TPC-1 and SW579 cells (1x10°
cells) were washed twice in cold PBS and re-suspended in Annexin V-binding buffer.
Then, cells were incubated with 5 uLL of Annexin V-FITC and 5 pL of PI solution for 15
min at room temperature in the dark. After being treated with 400 pL 1xbinding buffer,
apoptotic cells were analyzed using a flow cytometer (BD Biosciences, San Jose, CA,
USA).

Wound healing assay.

Cell migration was evaluated using a wound healing assay. TPC-1 cells and SW579
cells (5108 cells) at a density of 2x10° cells per well were plated in six-well plates and
a scratch wound was created with a 200-ul sterile pipette tip. Then the cells were

cultured in serum-free medium for 48 h. Relative wound closure was estimated by



140  recording the wounds at the same position with a light microscope at 0 h and 48 h in
141 five randomly selected fields.

142 Transwell invasion assay.

143 Cell invasion was evaluated with Transwell chambers (Corning, Lowell, MA, USA)
144  coated with Matrigel (BD Bioscience, USA) in accordance with the manufacturer’s
145  instructions. TPC-1 cells and SW579 cells (5x10* cells) were suspended in 200pL
146  serum-free medium and seeded onto the upper chambers and the medium containing 10%
147  FBS was added to the lower chambers as a chemoattractant. After being cultured for 48
148  h, the invasive cells that migrated to the lower surface were fixed with 20% methanol,
149  stained with 0.1% crystal violet, and counted under a microscope (Olympus, Japan) at
150  200x magnification.

151  Tube formation assay.

152 The angiogenesis of TPC-1 cells and SW579 cells was assessed by conducting a tube
153  formation assay according to the protocol previously described [22]. TPC-1 cells and
154  SW579 cells at a density of 1 x 10° cells/well were cultured in a 24-well plate pre-
155  coated with 60 pL of Matrigel (BD Biosciences). After 8 h of incubation, cells were
156  fixed with 4% paraformaldehyde and the capillary-like structures were viewed using an
157  inverted microscope (Nikon, Tokyo, Japan).

158  Immunofluorescence.

159 TPC-1 cells and SW579 cells (5x10% cells) were washed twice with PBS, fixed with 4%
160  paraformaldehyde for 10 min at room temperature, and permeabilized with 0.5%Triton
161  X-100 for 5 min. After being blocked in PBS containing 3% bovine serum albumin for
162 1 h, the cells were incubated with primary antibodies against CD31, VEGFA, and
163 VEGFR2 overnight at 4°C. Subsequently, cells were incubated with Alexa Fluor 488-
164  conjugated or Alexa Fluor 647-conjugated secondary antibodies (Abcam, Cambridge,
165 MA, USA) at room temperature for 1.5 h. The cell nuclei were stained with DAPI. After
166  being washed twice with PBS, the stained images (magnification, x200) were visualized

167 by a Zeiss LSM700 confocal microscope (Zeiss AG).
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Xenograft tumor model.

Male BALB/c nude mice (3-4-week-old, 19-21g) were purchased from Guangdong
Experimental Animal Center (Guangdong, China) and kept under specific pathogen-free
conditions. Xenograft models were established by subcutaneous injections of
approximately 2x10° TPC-1 cells into the same side armpit of each nude mouse. Then,
the mice were treated with Apatinib (200 mg/kg), 5-FU (50 mg/kg), 5-FU plus Apatinib,
or PBS once daily by oral gavage for four weeks, and were accordingly divided into
four groups with five mice per group. During this time, the tumor volume was
monitored and calculated as Volume = (length x width?)/2. At day 30, the animals were
sacrificed by cervical decapitation and tumor tissues were removed for further analysis.
All animal procedures were approved by the Experimental Animal Ethics Committee of
Shandong Provincial Hospital Affiliated to Shandong First Medical University and in
accordance with institutional animal care and use committee guidelines.

Quantitative real time PCR.

Total RNA was extracted with Trizol reagent (Invitrogen, CA, USA) and cDNA was
synthesized with a Reverse Transcription Kit (Takara Inc, USA) according to the
manufacturer’s instructions. Real-time PCR (RT-PCR) was performed on a Roche
LightCycler480 Real-Time PCR System using the SYBR Green PCR kit (Takara,

Dalian, China) with the following primer sequences: CD31l-forward: 5°-

AACAGTGTTGACATGAAGAGCC-3’ and CD31-reverse: 5’-
TGTAAAACAGCACGTCATCCTT-3’; VEGFA-forward: 5’-
AGGGCAGAATCATCACGAAGT-3’ and VEGFA-reverse: 5’-
AGGGTCTCGATTGGATGGCA-3’; VEGFR2-forward: 5’-
GGCCCAATAATCAGAGTGGCA-3’ and VEGFR2-reverse: 5’-
CCAGTGTCATTTCCGATCACTTT-3’; GAPDH-forward: 5’-
TGTTCGTCATGGGTGTGAAC-3’ and GAPDH-reverse: 5’-

ATGGCATGGACTGTGGTCAT-3". The relative gene expression level was calculated

by the 27T method with GAPDH as the endogenous control.
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Western blot.

Total protein samples were extracted using RIPA lysis buffer with protease inhibitors
(Beyotime, Haimen, China). Equal amounts of protein were separated on 10% SDS-
PAGE gel and electro-transferred to PVDF membranes. The membranes were blocked
with 5% non-fat milk for 2 h and probed with primary antibodies against CD31,
VEGFA, VEGFR2, and GAPDH overnight at 4°C followed by the HRP-conjugated
secondary antibody. After being twice washed with PBS, the protein signals were
detected using the enhanced chemiluminescent (ECL) detection system (Amersham, GE
Healthcare, Chicago, IL, USA). GAPDH served as the loading control.
Immuno-histochemistry

Tissues were fixed in 4% paraformaldehyde and embedded in paraffin afterwards.
Then embedded tissues were cut into slices (4 pm) and followed by dehydration and
dewaxing. Subsequently, slices were performed an antigen repairment, peroxidase
deactivation and blocking. Afterwards, slices were incubated with primary antibody and
secondary antibody and then developed using DAB staining kit. Finally, slices were re-
stained using Harris and sealed by neutral resins for observation under a microscope.
Statistical analysis.

All experiments were performed independently at least three times and quantitative
data are expressed as the mean £ standard deviation (SD). Statistical analysis was
performed using GraphPad Prism software (GraphPad Software Inc., La Jolla, CA) with
one-way ANOVA analysis, followed by Tukey’s test. The values of p less than 0.05

were considered to be statistically significant.

Results
The effects of 5-FU, Apatinib, or their combination on cell proliferation and
apoptosis in TPC cells and SW579 cells.

To evaluate the synergistic effect of 5-FU and Apatinib on cell proliferation, TPC-1
cells were subjected to 5-FU, Apatinib, or 5-FU + Apatinib treatment. IC50 of TPC cells
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and SW579 cells to 5-FU was measured. As shown in Figure 1A and 2A, IC50 of TPC
and SW579 was 100.95 uM and 103.11 uM. CCKS assay showed that both 5-FU and
Apatinib treatments significantly reduced cell viability, which was further enhanced by
the combination of 5-FU and Apatinib (Figure 1B and Figure 2B). It was demonstrated
that 5-FU + Apatinib treatment further promoted the decreased cell proliferation
induced by either 5-FU or Apatinib treatment, as reflected by less Edu-positive cells
(Figure 1C and Figure 2C) and colonies (Figure 1D and Figure 2D). Annexin V/PI
apoptosis analysis showed that 5-FU had a synergistic effect on Apatinib that
significantly induced apoptosis in TPC-1 cells (Figure 1E and Figure 2E). These
results suggest that both 5-FU and Apatinib not only induced apoptosis of TPC-1 and
SW579 cells but also exhibited a strong synergistic effect when combined (see

Supplemented Table 1).

The effects of 5-FU, Apatinib, or their combination on migration, invasion, and
angiogenesis in TPC cells and and SW579 cells.

Next, the synergistic effect of 5-FU and Apatinib was assessed on migration, invasion,
and angiogenesis in TPC-1 and SW579 cells. The results from the wound healing assay
showed that continuous rapid movement was found in the control group compared with
cells treated with 5-FU, Apatinib, or their combination (Figure 3A and Figure 4A).
Quantitative analysis further indicated that the wounded areas in the control group were
significantly decreased compared with 5-FU or Apatinib and further reduced compared
with the combination of 5-FU and Apatinib (Figure 3C and Figure 4C), which
indicated a strong synergistic effect in attenuating cell migration. In addition, the
Transwell assay demonstrated that either 5-FU or Apatinib treatment remarkably
reduced the number of invasive cells, which was further enhanced by the combination
of 5-FU and Apatinib (Figure 3B, 3D, Figure 4B, 4D). Furthermore, a strong
synergistic effect of 5-FU and Apatinib on decreased tube length was found compared

with 5-FU or Apatinib treatment alone (Figure 5) (see Supplemented Table 1).
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The effects of 5-FU, Apatinib, or their combination on the molecules associated
with angiogenesis.

To explore the mechanism underlying 5-FU and Apatinib suppression of angiogenesis,
we analyzed the protein expression of growth factors in angiogenesis using
immunofluorescence. As depicted in Figure 6 and Figure 7, the micro-vessel density
marker differentiation 31 (CD31), vascular endothelial growth factor A (VEGFA), and
epidermal growth factor receptor (EGFR) were obviously down-regulated in TPC-1
cells after either 5-FU or Apatinib treatment and further reduced after the combination
of 5-FU and Apatinib. Additionally, 5-FU or Apatinib treatment alone decreased
expression of VEGFR2, an important VEGF receptor and their combination produced a

stronger suppressive effect on VEGFR2 expression (see Supplemented Table 1).

The effects of 5-FU, Apatinib, or their combination on tumor growth and
angiogenesis in Vvivo.

Subsequently, to further explore the effect of 5-FU and Apatinib on tumor growth in
vivo, xenograft tumor models were established by injecting TPC-1 cells into nude mice,
followed by administration of Apatinib, 5-FU, 5-FU plus Apatinib, or PBS by oral
gavage. After 30 days, nude mice in the control group developed visible tumors, while
relatively smaller tumors were observed in Apatinib and 5-FU groups and the smallest
tumors were in the 5-FU plus Apatinib group (Figure 8A). Every 3 days, the
subcutaneous tumors were measured and data showed that the combination of Apatinib
and 5-FU remarkably suppressed the tumor volume at consecutive days (Figure 8B).
Consistent with the in vitro study, quantitative real time PCR (Figure 8C) and Western
blot analysis (Figure 8D) further demonstrated that either 5-FU or Apatinib suppressed
expressions of CD31, VEGFA, andVEGFR2, associated with angiogenesis. Finally,
Caspase 3 was enhanced by 5-FU or Apatinib, and expression was promoted in tissues

of 5-FU and Apatinib group (Figure 8E). Besides, expression of Ki67 in tissues was
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detected by using IHC. Results in Figure 8F showed that Ki67 expression was
suppressed by 5-FU or Apatinib, and inhibitive effect was strengthened when 5-FU and

Apatinib was administrated at the same time (Figure 8F) (see Supplemented Table 1).

Discussion

We provided for the first time evidence that the combination of 5-FU (50 mg/kg) and
Apatinib (200 mg/kg) could produce stronger synergistic effects in suppressing TPC-1
cell proliferation, migration, and invasion, compared with either 5-FU or Apatinib
treatment alone. Consistent with our data, Xu et al [19] showed that the combination of
5-Fu and Apatinib enhanced the chemosensitivity of a gastric cancer cell line and it was
more effective for gastric cancer treatment than 5-Fu alone. Feng et al [23] reported that
the combination therapy of Apatinib and 5-FU was effective and well tolerated in the
treatment of gastric cancer in vivo and in vitro.

Apatinib, an anti-angiogenic agent, exerting cytostatic activity rather than
cytotoxicity, showed modest survival benefits. Some studies have confirmed that the
combination of Apatinib and cytotoxic drugs increased the antitumor effect and
alleviated side effects[24-26]. Previous reports indicated that 50 to 200mg/kg/day
apatinib was necessary to achieve anticancer effects in different mouse models [24, 27,
28].

Like other chemotherapeutic drugs, 5-FU has been reported to exhibit systemic
toxicities, including, likely hepatotoxicity and nephrotoxicity[29]. 5-FU is catabolized
into dihydrouracil in the liver which is cleaved into urea, ammonia, and carbon dioxide,
thus causing nephrotoxicity [29, 30]. 5-FU is eliminated from the body via hepatic
metabolism and toxic intermediates produced during the metabolism of 5-FU are
majorly responsible for hepatotoxicity[31]. Generally, a high dose of 5-fluorouracil (200
or 400 mg/kg) was used to build the mouse model of chemotherapy [30, 32].

A combination of tegafur, gimeracil, and oteracil potassium, named S-1, has been

widely used in treatment of multiple cancers[33]. S-1 is converted into fluorouracil after
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internalization into cells, and S-1 shares similar anticancer properties as intravenous 5-
Fu[34].The clinical study of 84 patients with advanced gastric cancer showed that the
progression free survival (PFS) of patients was overtly longer in the Apatinib + S-1(a
fluorouracil drug) group than that in S-1 group[35]. Capecitabine is a novel drug that
can be well absorbed after oral administration, and converted into 5-FU by thymidine
phosphorylase in tumor tissues[36]. Capecitabine has been confirmed to replace 5-FU
for the gastrointestinal chemoradiation therapy[37]. The oral combination of apatinib
and S-1/capecitabine achieved satisfactory disease control in esophageal squamous cell
carcinoma  patients with  residual disease after  definitive  concurrent
chemoradiotherapy[33]. Zhao et al. [38]reported that the combination therapy of
apatinib and S-1 was effective in the treatment of advanced squamous cell carcinoma
patients. The combination of apatinib and capecitabine regimen can achieve a better
efficacy than capecitabine alone as the third-line treatment for advanced triple-negative
breast cancer[39].In the present study, we investigated the synergistic effect of Apatinib
and 5-FU in TPC-1 and SW579 cells.

What is more, we found a strong suppressive effect of 5-FU and Apatinib on
angiogenesis, as reflected by decreased tube length, compared with 5-FU or Apatinib
treatment alone. The growth of tumor cells mainly depends on the oxygen and nutrients
supplied by tumor angiogenesis [40]. Tumor angiogenesis requires interactions among
tumor cells and mesenchymal cells through growth factors and their corresponding
receptors[41]. VEGF is an important signaling pathway involved in
neovascularization[42]. VEGF can be activated when combined with its receptor
(VEGFRs) and activated VEGF promotes vascular cell proliferation to develop a new
blood supply, leading to tumor growth and metastasis[43]. Among the VEGFRs,
VEGFR2 is considered to be the most relevant factor associated with tumor
angiogenesis[44]. Related studies indicated that Apatinib can inhibit the VEGF
signaling pathway by destroying the interaction between VEGF-A and VEGFR-2[45,

46]. In line with these facts, our data showed that the combination of 5-FU and Apatinib

12



336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356
357
358
359
360
361
362
363
364
365
366

strongly suppressed expressions of CD31, VEGFA, and VEGFR2, associated with
angiogenesis in vitro and in vivo. Thus, targeting VEGF might be a promising
therapeutic strategy for PTC pathogenesis, indicating that it is feasible to combine
apatinib with other chemotherapeutic agents to yield a synergistic effect in the treatment

of PTC.

Conclusion

In conclusion, our preliminary study demonstrated that 5-FU combined with Apatinib
therapy obtained synergistic antitumor effects in PTC cells, compared with either 5-FU
or apatinib alone by suppressing cell proliferation, migration, invasion, and
angiogenesis via down-regulating VEGFA/VEGFR?2 signaling pathways (Figure 9). In
the future, large-scale, prospective, randomized clinical studies are needed to validate

and expand the findings of our study.
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Figure legends

Figure 1 The effects of 5-FU, Apatinib. or their combination on cell proliferation
and apoptosis in TPC-1 cells. TPC-1 cells were subjected to 5-FU, Apatinib, or 5-FU +
Apatinib treatment. (A) IC50 of TPC cells to 5-FU was detected. (B) Cell viability was
determined in TPC-1 cells. (C) Edu-positive cells were detected with Edu staining. (D)
Representative images of colonies are shown (left panel) and quantification of colonies
(right panel) in TPC-1 cells. (E) Flow cytometry images (left panel) and quantification
of apoptotic TPC-1 cells (right panel). Data are expressed as the mean +standard
deviation. *p< 0.05, **p< 0.01, ***p< 0.001, compared with the control; #p< 0.05,
##p< 0.01, compared with 5-FU or Apatinib

Figure 2 The effects of 5-FU, Apatinib. or their combination on cell proliferation
and apoptosis in SW579 cells. SW579 cells were subjected to 5-FU, Apatinib, or 5-FU
+ Apatinib treatment. (A) 1C50 of SW579 cells to 5-FU was detected. (B) Cell viability
was determined in TPC-1 cells. (C) Edu-positive cells were detected with Edu staining.
(D) Representative images of colonies are shown (left panel) and quantification of
colonies (right panel) in SW579 cells. (E) Flow cytometry images (left panel) and
quantification of apoptotic SW579 cells (right panel). Data are expressed as the mean
t+standard deviation. *p< 0.05, **p< 0.01, compared with the control; #p< 0.05, ##p<
0.01, compared with 5-FU or Apatinib

Figure 3 The effects of 5-FU, Apatinib, or their combination on migration and
invasion in TPC-1 cells. TPC-1 cells were subjected to 5-FU, Apatinib, or 5-FU +
Apatinib treatment. (A) TPC-1 cells in monolayers were wounded and the remaining
cell monolayers were incubated in the medium for 48 h. At the 0 h and 48 h, the wound

areas were photographed under a fluorescent microscope. (C) The relative wound area
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was calculated in TPC-1 cells. (B) Representative images of invasive cells are shown
and (D) quantification of invasive cells was calculated. Data are expressed as the mean
+standard deviation. **p< 0.01, compared with the control; #p< 0.05, ##p<0.01,

compared with 5-FU or Apatinib

Figure 4 The effects of 5-FU, Apatinib, or their combination on migration and
invasion in SW579 cells. SW579 cells were subjected to 5-FU, Apatinib, or 5-FU +
Apatinib treatment. (A) TPC-1 cells in monolayers were wounded and the remaining
cell monolayers were incubated in the medium for 48 h. At the 0 h and 48 h, the wound
areas were photographed under a fluorescent microscope. (C) The relative wound area
was calculated in SW579 cells. (B) Representative images of invasive cells are shown
and (D) quantification of invasive cells was calculated. Data are expressed as the mean
+standard deviation. **p< 0.01, compared with the control; #p< 0.05, compared with 5-

FU or Apatinib

Figure 5 The effects of 5-FU, Apatinib, or their combination on angiogenesis in
TPC cells and SW579 cells. TPC-1 cells (A) and SW579 cells (B) were subjected to 5-
FU, Apatinib, or 5-FU + Apatinib treatment. TPC-1 cells were seeded on Matrigel for 8

h to observe tube formation. Representative photographs are shown.

Figure 6 The effects of 5-FU, Apatinib, or their combination on the molecules
associated with angiogenesis. TPC-1 cells were subjected to 5-FU, Apatinib, or 5-FU +
Apatinib treatment. Representative immunofluorescent images of CD31, VEGFA,

andVEGFR2.

Figure 7 The effects of 5-FU, Apatinib, or their combination on the molecules

associated with angiogenesis. SW579 cells were subjected to 5-FU, Apatinib, or 5-FU
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+ Apatinib treatment. Representative immunofluorescent images of CD31, VEGFA,

andVEGFR2.

Figure 8 The effects of 5-FU, Apatinib, or their combination on tumor growth and
angiogenesis in vivo. Xenograft tumor models were established by injecting TPC-1
cells into nude mice, followed by administration of Apatinib, 5-FU, 5-FU plus Apatinib,
or PBS by oral gavage. (A) Xenograft tumors were harvested on day 30. (B) Graph
showing the growth curve of the tumor in nude mice. (C) Quantitative real time PCR
and (D) Western blot analysis were performed to determine expressions of CD31,
VEGFA, andVEGFR2. (E and F) Caspase 3 (E) and Ki67 (F) was detected using IFC.
Data are expressed as the mean +standard deviation. *p< 0.05, **p< 0.01, compared

with the control; #p< 0.05, ##p< 0.01, compared with 5-FU or Apatinib

Figure 9 Graphical Abstract.
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Supplementary tables

Table 1. Drug interaction was analyzed by calculating coefficient of drug interaction

(CDI) in SW579 cell line

5-FU Apatinib 5-FU+Apaptinib CDI
Apoptosis 2.75 2.67 393 054
Colony formation 0.31 0.51 0.03 0.16
Migration 0.58 0.66 0.38 0.99
Invasion 0.52 0.53 0.16 0.56

Note: CDI, Cofficient of drug interation




Supplementary tables

Table 2. Drug interaction was analyzed by calculating coefficient of drug interaction
(CDI) in PTC-1 cell line

5-FU Apatinib 5-FU+Apaptinib CDI
Apoptosis 2.18 2.59 342 0.60
Colony formation 0.62 0.72 031 0.70
Migration 0.56 0.73 039 095
Invasion 0.52 0.53 0.16 0.56

Note: CDI, Cofficient of drug interation



Figure 1B and Figure 2B

CCKS8
5-
FU+Apatini
TPC-1 Control 5-FU Apatinib b
Mean 1.02 0.72 0.78 0.44
SD 0.06 0.02 0.02 0.02
5-
FU+Apatini
SW579 Control 5-FU Apatinib b
Mean 1.17 0.72 0.88 0.37
SD 0.02 0.08 0.07 0.04
Figure 1D and Figure 2D
Colony number
5-
FU+Apatini
TPC-1 Control 5-FU Apatinib b
Mean 63.33 41.00 48.00 20.67
SD 7.77 8.00 7.00 3.06
5-
FU+Apatini
SW579 Control 5-FU Apatinib b
Mean 38.33 12.00 19.67 1.00
SD 6.11 2.65 5.03 1.00
Figure 1E and Figure 2E
Apoptosis rate
(%)
5-
FU+Apatini
TPC-1 Control 5-FU Apatinib b
Mean 8.70 19.00 22.57 29.73
SD 1.74 1.50 2.25 4.12
5-
FU+Apatini
SW579 Control 5-FU Apatinib b
Mean 7.27 19.10 18.50 27.27
SD 0.76 1.81 4.19 2.55




Figure 3C and Figure 4C

Migration index

(%)
5-
FU+Apatini
TPC-1 Control 5-FU Apatinib b
Mean 72.85 60.92 49.17 30.77
SD 0.67 1.12 0.79 0.70
5-
FU+Apatini
SW579 Control 5-FU Apatinib b
Mean 70.13 40.80 46.31 26.65
SD 0.37 0.65 1.42 0.98
Figure 3D and Figure 4D
Invasion cells
per field
5-
FU+Apatini
TPC-1 Control 5-FU Apatinib b
Mean 60.67 30.67 29.00 11.00
SD 3.51 2.52 2.65 1.00
5-
FU+Apatini
SW579 Control 5-FU Apatinib b
Mean 106.33 55.67 58.00 15.33
SD 6.11 6.03 7.21 1.53
Figure 8B
5-
Tumor FU+Apatini
volume(mm3) Control 5-FU Apatinib b
od Mean 82.67 82.45 83.18 82.42
SD 28.47 18.38 11.75 17.06
5d Mean 141.25 98.39 140.21 93.76
SD 53.64 16.07 20.92 23.31
10d Mean 214.31 113.26 181.21 108.14

SD 110.75 17.73 33.00 28.39



15d Mean 338.94 137.97 232.29 122.40
SD 181.80 24.31 54.37 31.07
20d Mean 527.81 161.27 291.68 133.21
SD 223.03 31.90 76.02 30.13
25d Mean 849.87 222.99 436.73 149.12
SD 342.77 37.03 91.22 37.21
30d Mean 1275.35  310.60 656.32 181.00
SD 440.45 65.02 147.91 39.82
Figure 8C
Relative Control 5-FU Apatinib 5-
expression of FU+Apatini
mRNA b
CD31 Mean 1.05 1.21 1.30 1.03
SD 0.11 0.13 0.20 0.02
VEGFA Mean 0.89 0.58 0.30 0.16
SD 0.14 0.08 0.05 0.00
VEGFR2 Mean 1.13 1.30 1.32 1.22
SD 0.12 0.17 0.22 0.09
Figure 8D
Relative 5-
expression of FU+Apatini
proteins Control 5-FU Apatinib b
CD31 Mean 0.92 0.75 0.68 0.63
SD 0.02 0.04 0.06 0.03
VEGFR2 Mean 0.81 0.69 0.75 0.81
SD 0.07 0.04 0.02 0.03
VEGFA Mean 0.88 0.43 0.45 0.38
SD 0.03 0.03 0.05 0.05
EGFR Mean 1.54 1.59 1.55 1.65
SD 0.07 0.05 0.04 0.04
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