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Purpose: Apatinib is an inhibitor of VEGFR2 (vascular endothelial growth factor receptor 2) 
that has attracted a great deal of attention due to its promotion of anticancer activity. In the 
present study, we investigated the therapeutic effects of apatinib against colorectal cancer 
(CRC) and examined the underlying mechanism.
Materials and Methods: Both in vivo and in vitro assays were conducted to study the 
effect of apatinib on CRC. To elucidate the associated mechanism, RNA-seq (transcriptome) 
analysis was conducted on apatinib-treated HCT116 cells.
Results: Apatinib showed antiproliferative and proapoptotic effects, induced G0/G1 arrest and 
blocked cell migration and invasion in CRC. An analysis of the mechanism associated with 
apatinib activity demonstrated that by interacting with VEGFR2, apatinib decreased p-Src, 
p-Akt, and p-GSK3β levels, which further increased β-catenin ubiquitination and reduced the 
nuclear translocation of β-catenin. Furthermore, apatinib strongly suppressed CT26 cell growth 
in mouse xenograft models by inhibiting β-catenin signaling and angiogenesis.
Conclusion: Overall, the results of the present study here indicated that by inhibiting the 
VEGFR2-β-catenin-mediated malignant phenotype, apatinib significantly suppresses the growth 
of CRC, suggesting that the use of apatinib is a promising therapeutic strategy for CRC.
Keywords: apatinib, colorectal cancer, VEGFR2, angiogenesis, β-catenin

Introduction
Colorectal cancer (CRC) is the third most common cancer and a major cause of death.1 

In the United States, CRC incidence and mortality have decreased as a result of 
colonoscopy screening and therapeutic developments. However, an increasing number 
of young patients are diagnosed in the advanced stage of CRC.1,2 For patients with 
metastatic colorectal cancer (mCRC), the current emphasis is fluoropyrimidine-based 
chemotherapy combined with biological immunity or targeted therapy.3 After the 
failure of all standard therapy, regorafenib,4 TAS-102,5 and fruquintinib6 are 
available.4,7,8 Programmed cell death-1 (PD-1) blockade has shown high efficacy in 
mismatch-repair deficient tumors, which account for approximately 5% of mCRC 
cases.9,10 Thus, novel and safe treatment strategies for CRC are urgently needed.

Apatinib, a VEGFR2 inhibitor recognized in China for its effect against progressive 
gastric cancer,11 has been reported to have anticancer activity in various 
malignancies.12,13 In a previous study, we conducted a clinic trail assessing apatinib 
monotherapy treatment in mCRC, the results of which showed that the median PFS 
(Progression-free survival) of apatinib was 3.9 months.14 Although the therapeutic effect 
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of apatinib against CRC has been reported, the associated 
mechanism has not been fully elucidated.

In our present study, the antitumor activity of apatinib 
against CRC was investigated. Our data revealed that 
apatinib arrests cell cycle progression, increases apoptosis 
and inhibits the proliferation, migration and invasion of 
CRC cells. Moreover, we observed that deactivation of 
VRGFR2-mediated angiogenesis and β-catenin signaling 
are principle mechanisms by which apatinib inhibits CRC. 
These findings highlighted the potential for using apatinib 
as a novel candidate for treating CRC in the future.

Materials and Methods
Antibodies and Materials
Apatinib was contributed by HengRui Medicine Co., Ltd 
(Lianyungang, Jiangsu, China). The storage and usage 
of apatinib are implemented as previously reported.15 

(0.1% concentration of DMSO was used to dissolve 
apatinib at 100 mM for a stock solution and diluted 
into the work concentration with a culture medium.) 
Primary antibodies including anti-PARP, anti-Axin 2, 
anti-β-catenin, anti-cyclin D1, anti-vimentin, anti-α- 
SMA, anti-Survivin, anti-p-GSK-3β (ser9), anti-Ub, 
anti-p-VEGFR2, anti-VEGFR2, anti-p-Erk and anti- 
Lamin B1 were purchased from Cell Signaling 
Technology (Beverly, MA, USA). Anti-Actin, anti- 
Tubulin, anti-CD31 and anti-PCNA antibodies were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, 
California, USA). Alexa Fluor 488 goat anti-rabbit IgG 
was bought from Thermo Fisher Scientific (Waltham, 
MA, USA). Annexin V/PI (Propidium Iodide) staining 
kit was purchased from Beyotime Company (Nantong, 
Jiangsu, China). TUNEL assay kits were got from 
Vazyme Biotech Co., Ltd (Nanjing, Jiangsu, China). 
GTVisinTM anti-mouse/anti-rabbit immunohistochemical 
analysis KIT was bought from Gene Company 
(Shanghai, China).

Cell Lines
The HCT116, SW480, SW620, HT29 (human origin), 
CT26 (mouse origin, derived from BALB/c mice) color-
ectal cancer cell lines were obtained from the Type 
Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China). Cell culture conditions are 
the same as reported.15

Animals
BALB/c mice, female, aged from 6 to 8 weeks, were 
purchased from Model Animal Research Center of 
Nanjing University (Nanjing, Jiangsu, China). The breed-
ing environment is the same as reported.15 All animals 
suffered the minimum harm, as the experimental proce-
dures were executed rigorously under the Guide for the 
Care and Use of Laboratory Animals (National Institutes 
of Health, the United States) and the related ethical reg-
ulations of Nanjing Medical University.

Syngeneic Model
CT26 (2 × 106) cells were injected into the right flank of 
BALB/c mice by subcutaneous. After tumors had grown to 
about 100 mm3, mice were administered with apatinib by 
gavage daily (3, 10, 30 mg/kg) or with the vehicle solution 
(0.9% CMC.Na) or injected intraperitoneally with 5-FU 
(25 mg/kg) once every 3 days. The measurement and 
calculation of tumor volume are the same as previously 
described.15 After 15 days of administration, the animals 
were sacrificed.

Cell Viability Assay and Clone Formation 
Assay
The cells (5,000 cells/well in a 96-well plate) were incu-
bated overnight in a medium with 10% FBS. Cells were 
incubated with various concentrations of apatinib at 37°C 
for 24 h, 48 h, 72 h, respectively. At the end of incubation, 
10 μL MTT solutions (5 mg/mL in PBS) were added and 
incubation for another 4 h, and then the supernatants were 
discarded and 200 μL DMSO was added into each well. 
Then, OD570nm was measured by Microplate Reader 
(BioTek, Winooski, VT, USA). For clone formation 
assay, 500 cells were seeded into 6-well plates and incu-
bated for 14 days (with medium replaced every 3 days). 
Then, the cells were fixed and stained with 1% crystal 
violet at room temperature for 20 min. Photos were taken 
and the number of clones was counted.

Cell Apoptosis Assay
Incubated cells were gathered and subjected to Annexin 
V-FITC/PI (propidium iodide) staining assay and then ana-
lyzed by using FACS Calibur flow cytometry (Becton- 
Dickinson, Franklin Lakes, NJ, USA).16 Annexin V +/PI− 

and Annexin V +/PI + cells were regarded as apoptotic cells.
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Cell Cycle Assay
HCT116, CT26 cells (1×106 cells/well in 6-well plate) 
were stimulated with 0, 3, 10 and 30 μM apatinib for 
24 h. For cell cycle analysis, after fixed in 70% ethanol 
overnight at 4°C, the cells were washed and stained 
with 5 μg/mL RNase and 20 μg/mL propidium iodide 
(PI) at 37°C for 20 min and analyzed by FACS Calibur 
flow cytometry (Becton Dickinson) as reported 
before.17

Real-Time PCR
Real-time PCR was carried out as reported.18 The primer 
sequence applied is as follows:

α-Sma: forward: 5’-GGCCAGATCCTGTCCAAGC 
-3’; reverse: 5’-GTGGGTTTCCACCATTAGCAC-3’;

Axin2 : forward: 5’-CAACACCAGGCGGAACGAA- 
3’; reverse: 5’-GCCCAATAAGGAGTGTAAGGACT-3’;

c-Myc: forward: 5’-ATGGCCCATTACAAAGCCG-3’; 
reverse: 5’-TTTCTGGAGTAGCAGCTCCTAA-3’;

CylinD1 : forward: 5’-GCTGCGAAGTGGAAACCATC 
-3’; reverse: 5’-CCTCCTTCTGCACACATTTGAA-3’;

Cxcr4: forward: 5’-ACTACACCGAGGAAATGGGCT 
-3’; reverse: 5’-CCCACAATGCCAGTTAAGAAGA-3’;

Survivin: forward: 5’-AGGACCACCGCATCTCTAC 
AT-3’; reverse: 5’-AAGTCTGGCTCGTTCTCAGTG-3’;

Vimentin: forward: 5’-GACGCCATCAACACCGAGT 
T-3’; reverse: 5’-CTTTGTCGTTGGTTAGCTGGT-3’.

RNA Sequencing (RNA-Seq)
The RNA was extracted and sequenced. RNA sequen-
cing of control and apatinib-treated (30μM) HCT116 
(each with 3 biological replicates) was performed and 
analyzed by Beijing Novagene company. Feature 
Counts v1.5.0-p3 was applied to count the reads num-
bers mapped to each gene.19 Then, FPKM (Fragments 
Per Kilobase Million) of each gene was calculated 
based on the length of the gene and reads count 
mapped to this gene. Differential expression analysis 
of control and apatinib-treated HCT116 were per-
formed using the DESeq2 R package (1.16.1).20 

KEGG pathway enrichment analysis and Gene 
Ontology analysis of DEGs were conducted.21 Raw 
data have been uploaded to the Sequence Read 
Archive (SRA) database with accession code 
PRJNA602151.

Western Blot and 
Co-Immunoprecipitation
Western blot was conducted in accordance with the standard 
protocols as previously reported.18 Co-immunoprecipitation 
assay was done as reported.22

Isolation of Nuclear and Cytoplasmic 
Compartments
A Nuclear and Cytoplasmic Protein Extraction Kit 
(Beyotime Company, Nantong, Jiangsu, China) was taken 
to isolate the nuclear and cytoplasmic compartment pro-
teins of cells. The experimental procedure was under the 
manufacturer’s instruction.

Immunohistochemistry and 
Immunofluorescence Analysis
Immunohistochemistry or immunofluorescence staining 
was done as reported.22 Regents used were listed as fol-
lows: streptavidin-HRP (Shanghai Gene Company, 
GK500705), DAB (Shanghai Gene Company, 
GK500705), Alexa Fluor 546 goat anti-rabbit IgG 
(1:500, Thermofisher). TUNEL-FITC (1:100) (Vazyme 
Biotech Co., Ltd Nanjing, Jiangsu, China).

Trans-Well Cell Invasion Assay
The trans-well chambers with Matrigel (BD 
Biosciences, San Jose, CA, USA) were used to evalu-
ate the invasion of tumor cells. Cells (2.5×105 cells/ 
mL) resuspend in 100 μL serum-free medium were 
added to the upper chamber, while the lower wells 
were filled with 600 μL medium containing 10% FBS 
and incubated in a humidified atmosphere with 5% 
CO2 at 37°C. After 24 h, the chambers were washed 
with PBS, fixed with 4% paraformaldehyde (in PBS, 
pH 7.4) for 30 min, and stained with 0.1% crystal 
violet dye for 20 min. Finally, five fields of view 
were randomly selected under an inverted phase- 
contrast microscope to observe cell migration and 
count the cells.

Wound Healing
Cells were cultured to 90% confluence in 6 well plates 
and incubated with 3, 10, 30 μM apatinib. After 24 h, 
a fine scratch was made using a sterile yellow 200 µL 
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Eppendorf pipette tip. Then, the cells were cultured in 
a serum-free medium. The width of the scratch was 
recorded under phase-contrast light microscopy imme-
diately (0 h) and after 6, 12, 24 h to determine the 
extent of wound closure.

Cellular Thermal Shift Assay (CETSA)
HCT116 cells were incubated with or without apatinib (30 
μM) for 2 h, and then the cells were collected and sub-
mitted to CETSA assay.23 Incubated cells were divided 
into ten (50 μL each) parts and heated for 3 min under 43, 
46, 49, 52, 55, 58, 61, 64, 67, 70°C, then put into −80°C 
overnight. Samples were taken out to room temperature 
for 2 h (repeated one more time), then centrifuged at 
20000 g for 25 min. The level of VEGFR2 was detected 
by Western blot.

Statistical Analysis
Statistical analysis was performed as previously described.15

Results
Apatinib Inhibits the Proliferation and 
Colony Formation of Colorectal Cancer 
Cells in vitro
First, we performed MTT and colony formation assays 
on four CRC cell lines (HCT116, SW480, SW620 and 
CT26) to assess the effect of apatinib in vitro. 
Compared to the control group, the proliferation of 
CRC cells was significantly suppressed by the apatinib 
treatment (Figure 1A). As shown in Figure 1B, apatinib 
treatment significantly reduced clone formation in CRC 
cells, an effect that was most pronounced in the cells 
treated with 30 μM apatinib. In addition, the effect of 
apatinib towards the normal colon epithelial cell line 
NCM460 was examined, with the data showing that 
apatinib was not toxic to NCM460 at concentrations 
less than 100 μM (Supplementary Figure 1A and B).

Apatinib Induces the Apoptosis of 
Colorectal Cancer Cells
Since the downregulated cell proliferation induced by 
apatinib may be attributed to apoptosis, we assessed 
the apoptotic rate of cells by using Annexin V/PI 
staining via flow cytometry. HCT116 and CT26 cells 
were co-cultured with apatinib for 24 h. Compared to 
the control group, the apatinib-treated cells exhibited 
a significantly higher level of apoptosis (Figure 2A and 

B). Then, the expression of apoptosis-related molecules 
in apatinib-treated cells was further examined by 
Western blot analysis. As shown in Figure 2C and D, 
PARP was abundantly activated after treatment with 30 
μM apatinib for 24 h. Subsequently, Z-VAD-FMK, an 
inhibitor of apoptosis, was used to treat cells in com-
bination with apatinib for 24 h. MTT assay results 
showed that the Z-VAD-FMK treatment reversed the 
inhibition of cell proliferation induced by apatinib 
(Figure 2E). These findings suggest that the observed 
downregulation of CRC cell proliferation by apatinib 
was partially due to the induction of cell apoptosis.

Apatinib Inhibits the Invasion, Migration, 
and Arrested Cell Cycle Progression of 
Colorectal Cancer Cells
Based on the observed antiproliferative and proapoptotic 
effects of apatinib, we next assessed whether apatinib affects 
the migration and invasion or cell cycle progression of CRC 
cells. To this end, we investigated the role of apatinib in cell 
cycle progression via PI staining. The mean numbers of cells 
at different phases are shown in Figure 3A. The number of 
CT26 cells in G0/G1 phase increased from 48.8% (control) 
to 68.2% after treatment with 30 μM apatinib. Furthermore, 
HCT116 cells treated with apatinib also showed an increase 
in the number of G0/G1 stage cells.

Subsequently, we performed trans-well invasion and 
wound healing assays to evaluate the effect of apatinib 
on the invasion and migration of CRC cells and observed 
that apatinib treatment suppressed CRC cell invasion and 
migration (Figure 3B and C).

Apatinib Inhibits the VEGFR2-β-Catenin 
Pathway
To further investigate how apatinib inhibits CRC cell prolif-
eration, we used RNA-seq technology to assess RNA expres-
sion changes. RNA from apatinib-treated HCT116 cells (30 
μM, 24 h) was extracted and sequenced. The Pearson correla-
tion coefficient (R) between the three replicates (C1, C2, and 
C3) in the control group was greater than 0.95, which is nearly 
as high as the 0.99 observed in the apatinib treatment group 
(A1, A2, and A3) (Supplementary Figure 2A). This result 
indicates the outstanding quality of the samples and that they 
could be used for subsequent analysis. Subsequent cluster 
analysis of differentially expressed genes also showed that 
the reproducibility of the three samples was good 
(Supplementary Figure 2B). KEGG pathway enrichment 
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Figure 1 Apatinib inhibited proliferation and colony formation of colorectal cancer cells in vitro. (A) HCT116, SW620, SW480 and CT26 cells were treated with indicated 
concentrations of apatinib. Cell viability was tested by MTT assay after 24, 48 and 72 h. (B) Colorectal cancer cells were pretreated with indicated doses of apatinib for 24 
h and then cells were seeded at a density of 500 cells per well into a 6-well plate. After cultured for 14 days, the clones were fixed and stained with crystal violet. The data 
were expressed as mean ± SEM obtained from triplicate experiments. *P < 0.05, **P < 0.01 vs control group.
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analysis and Gene Ontology analysis of DEGs further con-
firmed that apatinib arrested the cell cycle of HCT116 cells 
(Supplementary Figure 2C and D). We analyzed the sequen-
cing results and observed that among the 155 genes regulated 
by the-β-catenin signaling pathway (https://web.stanford.edu/ 
group/nusselab/cgi-bin/wnt/target_genes), 46 were downregu-
lated after treatment with apatinib. Furthermore, 23 of these 
genes (such as Cxcr4, Wnt6, Myc, Axin2, Acta1, Bmp4 and 
Cacna1g) were downregulated by more than 2-fold (Figure 
4A), which was confirmed by RT-PCR (Figure 4B). In addi-
tion, the downstream components of the β-catenin pathway 
were further examined at protein level in HCT116 cells and 
CT26 cells. The expression of the examined genes (Cyclin D1, 
Axin2, α-Sma, Vimentin, Survivin) decreased in response to 
apatinib treatment (Figure 4C and D). Taken together, the 

above results showed that apatinib suppresses β-catenin path-
way signaling.

Apatinib Increases the Ubiquitination of 
β-Catenin and Reduces Its Nuclear 
Localization
Subsequently, we further examined the expression of β- 
catenin after apatinib treatment. To this end, HCT116 
and CT26 cells were treated with apatinib for 24 h and 
then analyzed for β-catenin expression, which was sig-
nificantly decreased by treatment with 30 μM apatinib. 
We further investigated this response and observed 
decreased expression levels of p-GSK3β after apatinib 
treatment (Figure 5A). In addition, Western blot 

Figure 2 Apatinib induced apoptosis of colorectal cancer cells. CT26 cells (A) and HCT116 cells (B) were treated with indicated doses of apatinib or control (vehicle: 0.1% 
DMSO) for 24 h. Cells were then analyzed by Annexin V/PI staining. Data shown are representative of three experiments. CT26 cells (C) and HCT116 cells (D) were 
treated with indicated doses of apatinib for 24h. PARP expression was detected by immunoblotting, and β-Actin was used as a loading control. Results represent three 
repeated experiments. (E) HCT116 cells were treated with indicated doses of apatinib alone or in combination with Z-VAD-FMK (20 μM) for 24 h. Cell viability was tested 
by MTT assay. Data are expressed as means ± SEM of three experiments. **P < 0.01 vs control group.
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Figure 3 Apatinib arrested cell cycle progression and inhibited the invasion and migration of colorectal cancer cells. (A) CT26 cells and HCT116 cells were treated with 
indicated doses of apatinib for 24 h, after which the cells were washed, fixed, stained with PI, and analyzed for DNA content by flow cytometry. (B) HCT116 cells and CT26 
cells were pretreated with apatinib at the different concentrations for 24 h. After 24 h, trans-well assay invasion was performed as described in the methods. (C) HCT116 
cells were pretreated with apatinib at the different concentrations for 24 h. After 24 h, the wound healing assay was performed as described in the methods. Data are 
expressed as means ± SEM of three experiments. *P < 0.05, **P < 0.01 vs control group.
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analysis of immunoprecipitated β-catenin revealed that 
apatinib significantly increased β-catenin ubiquitination 
(Figure 5B). Then, we analyzed the cytosolic and 
nuclear fraction of apatinib-treated cells, and 
a significant decrease in nuclear β-catenin was 
observed (Figure 5C). Moreover, immunofluorescence 
results also confirmed the decreased localization of β- 
catenin in the nucleus in HCT116 cells (Figure 5D). 
Taken together, these results revealed that the β-catenin 
pathway is inhibited by apatinib.

As apatinib has been reported to act on VEGER2, we 
subsequently verified this activity. As shown in Figure 5A, 
p-VEGFR2 levels were significantly decreased, as were those 
of the downstream signaling proteins Erk, PI3K-Akt and Src. 
Upon binding with small drug molecules, proteins become 

resistant to denaturation at higher temperatures. Therefore, 
CETSA was conducted on HCT116 cell to further confirm 
the direct interaction between apatinib and VEGFR2. 
VEGFR2 began to degrade at 49°C and disappear at 55°C in 
vehicle-treated cells, both of which occurred at higher tem-
peratures in apatinib-treated cells (Figure 5E). VEGFR2 
knockdown decreased the HCT116 cell growth, which acted 
in synergy with the inhibitory functions of apatinib (Figure 5F). 
Collectively, these data confirmed the on-target effect of 
apatinib.

Apatinib Inhibits the Growth of 
Colorectal Cancer in vivo
Subsequently, we tested the antitumor effects of apatinib 
in vivo using xenograft mouse models that were established 

Figure 4 Apatinib inhibited the β-catenin pathway. Apatinib decreased mRNA and protein levels of endogenous β-catenin target genes in HCT116 and CT26 cells. HCT116 
cells were treated with 30 μM apatinib for 24 h, and different expression genes were analyzed by RNA-seq. mRNA levels of β-catenin target genes were analyzed (A) and 
further confirmed by RT-PCR (B). Data shown represent the mean of three independent RT-PCR reactions, graphed as relative expression level compared to that of DMSO- 
treated control. (C and D) The effects of apatinib on β-catenin target gene products in HCT116 (C) and CT26 cells (D) were examined through Western blot analyses. The 
level of β-actin was used as a loading control. Data are expressed as means ± SEM of three experiments. *P < 0.05, **P < 0.01 vs control group.
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as described in the methods. We observed that in contrast to 
that observed in the control group, the mice in the apatinib- 
treated group had slower tumor growth and lower tumor 
volume. Interestingly, an inhibitory effect on tumor growth 
was analogous to that of 5-FU (Figure 6A and B). The results 
showed that the mice in the 5-FU group had the lowest tumor 
weight, while that observed in the apatinib-treated group was 
lower than that measured in the control group (Figure 6C). In 
addition, no significant decrease in body weight was 
observed in each group during treatment (Figure 6D).

Apatinib Promotes Tumor Cell Apoptosis 
and Inhibits the Proliferation of Tumor 
Cells in vivo
We further assessed the effect of apatinib on the pro-
liferation and apoptosis of tumor cells in vivo. 

Resected specimens from the apatinib-treated group 
displayed typical pathological characteristics of malig-
nancy via H&E staining, such as condensation of the 
cytoplasm and pyknosis of the nuclei (Figure 7A). The 
PCNA expression was decreased in the tumor tissues 
from the apatinib and the 5-FU groups compared to 
that observed in the control group (Figure 7B and D). 
To assess whether apatinib promotes tumor reduction 
by increasing tumor cell apoptosis, we performed 
TUNEL staining, and a significant increase in TUNEL- 
positive apoptotic cells in the apatinib-treated group 
was observed (Figure 7C and E).

Apatinib Inhibits the Activation of 
VEGFR2 and β-Catenin in vivo
Subsequently, we assessed whether apatinib affects the activa-
tion of VEGFR2 and β-catenin in vivo. Immunoblotting results 

Figure 5 Apatinib increased the ubiquitination of β-catenin and inhibited the nuclear translocation of β-catenin. (A) HCT116 and CT26 cells were treated with apatinib for 
24h; the expression of related proteins was detected by immunoblotting. The level of β-Actin was used as a loading control. (B) Apatinib increased the ubiquitination of β- 
catenin. β-catenin was immunoprecipitated using the anti-β-catenin antibody in HCT116 and CT26 cells, immunoprecipitated fractions were analyzed by Western blot 
analysis to examine the protein level of Ub (ubiquitin). (C) HCT116 and CT26 cells were treated with 3, 10, 30 µM Apatinib for 24 h. The nucleus/cytoplasmic fractionation 
was separated and the localization of beta-catenin was corroborated by Western blot. (D) Apatinib inhibited nuclear translocation of β-catenin. HCT116 cells were treated 
with 30 µM Apatinib for 24 h. The image shows β-catenin (red)-stained Fluor-conjugated secondary antibody and the nucleus (blue) stained with DAPI, and the merged image 
of apatinib-treated cells shows the cytoplasm location of the β-catenin protein. Scale bar 10 μm. (E) HCT116 cells were incubated with or without apatinib (30 μM) for 2 h, 
and then the cells were collected and subjected to CETSA assay. (F) HCT116 cells with or without VEGFR2 knockdown were treated with apatinib for 24 h, and then cells 
were seeded at a density of 500 cells per well into a 6-well plate. After cultured for 14 days, the clones were fixed and stained with crystal violet. The data were expressed as 
mean ± SEM obtained from triplicate experiments. *P < 0.05 vs control group.
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showed that the expression of p-VEGFR2 and β-catenin levels 
were markedly decreased in response to apatinib treatment in 
a dose-dependent manner (Figure 8A), which was further 
confirmed by immunohistochemistry staining results 
(Figure 8B). Moreover, the levels of proteins downstream of 
VEGFR2 and β-catenin, including cyclin D1, p-Erk and CD31, 
were also confirmed to be suppressed by apatinib treatment 
(Figure 8C). These results demonstrated that in addition to the 
in vitro activity observed using CRC cell lines, apatinib can 
inhibit the activity of VEGFR2 and β-catenin in CRC in vivo.

Discussion
Both the incidence and mortality of CRC are increasing 
every year in China.24 As more patients with mCRC 
can receive third-line therapy,8,25 new treatment strate-
gies are urgently needed. Apatinib is a small-molecule 
kinase inhibitor that targets VEGFR2.26 In the present 
study, we investigated the antitumoral effects of apati-
nib on CRC in vitro and in vivo. The results indicate 
the involvement of a newly elucidated mechanism by 
which apatinib inhibits the β-catenin pathway.

We demonstrated that apatinib treatment blocks the cell 
cycle progression and inhibits the proliferation, migration and 
invasion of CRC cells in vitro, which is consistent with the 
results of previous research.27–29 Additionally, the xenograft 
assay results indicated that apatinib impeded the tumor growth 
of CRC, inhibited angiogenesis and promoted apoptosis 
in vivo. In our present study, the tumor lethality induced by 
apatinib in CRC was well demonstrated.

The canonical Wnt-β-catenin pathway is mutated in almost 
90% of CRC, which is related to metastasis and chemotherapy 
resistance in CRC.30–35 The previous study has provided 
a rationale for targeting β-catenin signaling in the treatment 
of CRC.36 In the present study, we observed that apatinib can 
inhibit the β-catenin pathway, as evidenced by observations of 
increased ubiquitination of β-catenin and reduced nuclear 
translocation of β-catenin. As previously reported, the cyto-
plasmic levels of β-catenin are maintained through 
a multiprotein complex called the β-catenin-destroying com-
plex, which consists of Axin1/2, adenomatous polyposis coli 
(APC), casein kinase I-alpha (CKIα) and GSK-3β.37–39 Ser-9 
is one of the major phosphorylation sites of GSK3b, and 
phosphorylation of ser-9 inhibits GSK-3β activity. Our results 

Figure 6 Apatinib inhibited the growth of colorectal cancer cells in vivo. 2 × 106 CT26 cells were transplanted subcutaneously into the armpit of the BALB/c mice. Three 
days after transplanted, mice were randomly allocated to either control or treatment groups, with 6 mice per group. Drugs were intraperitoneal injected (see in Materials 
and methods). Bodyweight and tumor volumes were measured every two days (A and D). After mice were sacrificed, solid tumors were separated and weighted (B and C). 
Data are expressed as means ± SEM, n=8. *P < 0.05, **P < 0.01 vs control group.
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Figure 7 Apatinib promoted tumor cell apoptosis and inhibited the proliferation of tumor cells in vivo. (A) The tumor tissues of the mice were fixed and sliced. The 
morphology and density of the tumor cells of each group were observed by H&E staining. (B and D) Immunohistochemistry staining and quantitative analysis of PCNA in 
tumor tissues. (C and E) TUNEL staining and quantitative analysis of apoptotic tumor cells in each group. Scale bar 100 μm, *p<0.05, **p<0.01 vs control group.
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demonstrated that apatinib treatment decreased the phosphor-
ylation of ser-9 in GSK3β, thereby decreasing the nuclear 
localization of β-catenin.40,41

Studies have shown that apatinib can regulate multiple 
VEGFR2-mediated pathways to have activity against 
cancers.42–44 The VEGF/VEGFR axis has also been shown 
to promote β-catenin activation through modulation of SRC- 
PI3K-AKT-mediated GSK3β phosphorylation.45–48 

Therefore, it is reasonable to suggest that by acting on the 
VEGFR2 expressed in cancer cells, which was confirmed by 
the CETSA assay results, apatinib inhibits β-catenin- 
dependent cancer growth. This conclusion was further 
strengthened by observations that VEGFR2 knockdown 
could decrease the cancer cell growth, which acted synergis-
tically with the inhibitory functions of apatinib. In addition, 
we also observed that apatinib could inhibit the VEGFR2- 
Erk pathway, which is consistent with the results of 
a previous study on cholangiocarcinoma cells.42

To sum up, it could conclude that apatinib has 
a therapeutic effect on CRC in vivo and in vitro, and 
apatinib exerts the antitumor effect by inhibiting angio-
genesis in endothelial cells as well as the VEGFR2-β- 
catenin pathway in cancer cells (Figure 9). These results 
reveal a mechanism of apatinib activity in CRC and 
provide a new candidate for the treatment of CRC in 
clinical practice.

Conclusion
Apatinib has a therapeutic effect on CRC in vivo and 
in vitro, and apatinib exerts the antitumor effect by 
inhibiting angiogenesis in endothelial cells, as well as 
the VEGFR2-β-catenin pathway in cancer cells 
(Figure 9). These results reveal a mechanism of apatinib 
activity in CRC and provide a new candidate for the 
treatment of CRC in clinical practice.

Figure 8 Apatinib inhibited the VEGFR2-β-catenin pathway in vivo. (A) The expression of β-catenin and p-VEGFR2 in tumor tissues was detected by immunoblotting. (B) 
The Immunohistochemistry staining and quantitative analysis of p-VEGFR2, β-catenin. (C) The Immunohistochemistry staining and quantitative analysis of cyclin D1, p-Erk 
and CD31 in tumor tissues of each group. *P < 0.05, **P < 0.01 versus control group.
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