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Background: Anlotinib is a highly potent multi-target tyrosine kinase inhibitor, with very

good anti-tumor activity against a variety of solid tumors. However, its effect on colorectal

cancer (CRC) is not yet clearly understood. The objective of this study was to investigate the

anti-tumor effect and underlying mechanism of anlotinib in the pathogenesis of CRC.

Materials and Methods: Effects of anlotinib on CT26 cells proliferation and microvessel

formation in endothelial cells were determined by MTT assay and tube formation assay. Cell

migration and invasion were analyzed by using the wound healing assay and transwell assay.

Cell cycle and apoptosis were detected by flow cytometry. A CRC xenograft mouse model

was used for conducting in-vivo studies to verify the effect of anlotinib. The expression of

Ki-67 and CD31 in the tumor tissue was detected by immunohistochemistry and protein

expression was measured by Western blot.

Results: In-vitro studies revealed that anlotinib inhibited the proliferation, migration, and

invasion of CT26 cells and the tube formation of HUVECs in a dose-dependent manner.

Anlotinib also significantly induced cell apoptosis and G2/M arrest. It effectively inhibited

tumor growth and prolonged survival time in the CRC xenograft mouse model.

Immunohistochemical analysis of the tumor tissue revealed that anlotinib downregulated

CD31 and Ki-67 which are the biomarkers of microvessel density and proliferation.

Furthermore, anlotinib was able to inhibit the activation of VEGFR-2/AKT and FGFR,

PDGFRβ and their downstream signaling ERK.

Conclusion: The findings of the present study suggested that anlotinib suppressed cell

proliferation and angiogenesis via inhibition of AKT/ERK signaling pathway in colorectal

cancer and could be a novel therapeutic strategy for treatment of CRC.
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Introduction
Colorectal cancer (CRC) is the third most prevalent malignancy of the gastro-

intestinal tract. Over 1.8 million new cases of CRC were reported worldwide in

2018. CRC continues to be the second leading cause of cancer-associated mor-

tality, contributing to approximately 900,000 associated deaths each year.1,2

Surgical resection is the cornerstone for the treatment of CRC. Postoperative

adjuvant chemotherapy is routinely recommended to reduce the recurrence and

improve prognosis in CRC patients. However, approximately 50% of the patients

suffering from CRC develop recurrence and distant metastasis (mCRC).3,4

Targeted cancer therapies have attracted considerable attention in recent times.
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The emergence of molecular targeted therapies has pro-

longed the overall survival (OS) of patients with mCRC

from 6–12 months to nearly 30 months.5 Although the

introduction of molecular targeted drugs has significantly

improved the prognosis of patients with mCRC, due to

the heterogeneous nature of cancer, primary resistance

caused by lacks of gene mutations or secondary resis-

tance after using drugs have made some patients with

poor treatment or disease progression.6 Thus, prognosis

of CRC remains unsatisfactory due to the development

distant metastasis and limitations of current therapies for

management of mCRC. Therefore, there is an urgent

need for development of novel and effective drugs and

therapeutic strategies for management of patients with

metastatic CRC.7

Anlotinib, a novel orally administered potent multi-

targeted receptor tyrosine kinase inhibitor that targets vascular

endothelial growth factor receptor (VEGFR), platelet-derived

growth factor receptor (PDGFR), fibroblast growth factor

receptor (FGFR), and stem cell factor receptor (c-Kit), has

been developed independently in China.8 Multiple studies

have tumor cell growth, proliferation, angiogenesis, and

metastasis in several human cancers, including non-small

cell lung cancer (NSCLC),9 hepatocellular carcinoma

(HCC),10 osteosarcoma,11 and thyroid cancer12 can be effec-

tively suppressed by anlotinib. VEGF triggered a network of

downstream signaling pathways to promote tumor angiogen-

esis, metastasis, and growth by activating three structurally

related VEGF receptor tyrosine kinases including VEGFR1,

VEGFR2, and VEGFR3.13–18 Notably, anlotinib markedly

inhibited the activation of VEGFR2, VEGFR3, PDGFRβ,
and FGFR1. Thus, anlotinib exerted an inhibitory effect on

angiogenesis induced by VEGF, PDGF, and FGF-2 and may

serve as a potential therapeutic agent for inhibition of angio-

genesis in tumors.8,19

Recently, Phase II and III clinical trials demonstrated that

anlotinib exhibited noticeable anti-tumor activity in a variety

of solid tumors, including NSCLC, renal cancer, thyroid

medullary cancer and soft tissue sarcoma. Anlotinib was

approved by the China Food and Drug Administration

(CFDA) as a third-line treatment for patients with advanced

NSCLC in 2018.20–22 Anlotinib therapy may however exhi-

bit different clinical response in different cancers due to

heterogeneity of tumors. Besides, the antineoplastic activity

and potential anti-tumor effect of anlotinib in CRC has not

been characterized.

Therefore, the objective of this study was to investigate

the therapeutic effect of anlotinib on CRC and to understand

the probable underlying molecular mechanisms and signal-

ing pathways via which it exerted an anti-tumor effect.

Herein, we found that anlotinib potentially inhibited the

activation of VEGFR-2, FGFR, and PDGFRβ. It signifi-
cantly inhibited cell proliferation, migration, invasion and

angiogenesis. The findings of this current study revealed

that anlotinib produced a good antitumor effect in CRC by

affecting several malignancy endpoints via down-regulation

of the AKT/ERK signaling cascade. Overall, this study pro-

vided prospective evidence for the clinical application of

anlotinib in the therapeutic management of CRC.

Materials and Methods
Drugs and Reagents
Anlotinib was obtained from Chia Tai Tianqing pharmaceu-

tical group (Tianqing Co., Nanjing, Jiangsu, China). The anti-

bodies against p-VEGFR2, p-FGFR, and p-PDGFRβ were

procured from Cell Signaling Technology (Bioss Co.,

Beijing, China). Antibodies against VEGFR2, FGFR,

PDGFRβ, ERK1/2, p-ERK1/2, AKT, and p-AKT were pur-

chased from Cell Signaling Technology (Servicebio Co.,

Wuhan, China).

Cell Line and Cell Culture
The murine colorectal carcinoma cell line (CT26 cells) and

Human umbilical vein endothelial cell line (HUVECs) were

purchased from American Type Culture Collection (ATCC,

Manassas, VA, USA). The CT26 cells and HUVECs were

cultured in Dulbecco’s Modified Eagle’s medium (DMEM)

and Roswell Park Memorial Institute (RPMI) 1640 medium

supplemented with 10% fetal bovine serum (Thermo Fisher

Scientific, Waltham, MA, USA) and 1% (v/v) antibiotics

(100 units/mL penicillin and 100 μg/mL streptomycin;

Sigma-Aldrich, St Louis, MO, USA) in a humidified atmo-

sphere of 5% CO2 at 37 °C.

Cell Viability Assay
Cell proliferation activity was determined using the stan-

dard MTT assay (Abcam, Shanghai, China), following the

manufacturer’s instructions. Briefly, CT26 cells were

seeded into 96-well plates at a density of 5000 cells/well.

After the cells were treated with different concentrations

of anlotinib (0, 0.25, 0.5, 1, 2, 4, 8, 16, 32 μmol/L) and

incubated at 37 °C for 24 hours, 48 hours, and 72 hours.

Subsequently, 20 μL of the solution of MTT (5 mg/mL)

was added in each well and the cells were again incubated

at 37 °C for 4 hours. Finally, 150 μL of dimethyl sulfoxide
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(DMSO) was added to each well and the absorbance of the

solution was measured at 490 nm on an iMark microplate

reader (Bio-Rad, CA, USA).

Cell Migration Assay
The wound-healing migration assays were performed as

described previously.23 In brief, CT26 cells were uniformly

seeded into a 12-well plate and were incubated at 37 °C

until they reached about 90% confluence. A scratch line

“wound” was subsequently created in the cell monolayer

with a sterile 10-μL pipette tip perpendicular to the bottom

of the plate and cells were washed three times with phos-

phate buffered saline (PBS) to remove scraped or dead cells.

CT26 cells were then cultured in a serum-free medium

containing different concentrations (0, 1, 2, 4 μmol/L) of

Anlotinib at 37 °C for 24 hours. Cell migration was

observed under a phase-contrast microscope (Olympus

Cor., Tokyo, Japan) at 0–24 h post-induction of injury.

The differences in migration were analyzed using ImageJ

software with Wound Healing Tool plug-in.

Transwell Invasion Assay
The invasion assay was carried out using a 24-well trans-

well chambers with 6.5 mm diameter polycarbonate filters

(8 µm pore size, Corning, NY, USA) that coated with 35 μL
Matrigel (Becton, Dickinson and Company, USA). Cells

were seeded in the upper compartments at a density of

5×104 cells/well and then treated with different concentra-

tions of Anlotinib (0, 2, 4, 8 μmol/L), Culture medium

containing 10% FBS was added to the lower chambers.

The plates were incubated for 24 hours at 37 °C. After the

chambers were washed twice with PBS, the fixed cells were

treated with methanol for 20 min and stained with Giemsa

stain for 15 min. The inner side of the chambers were wiped

with a cotton swab. Images were acquired using an inverted

microscope (Olympus Cor., Tokyo, Japan), and the invaded

cells were counted manually in 5 randomly selected fields.

Tube Formation Assay
60 μL/well of cold Matrigel (Becton, Dickinson and

Company, USA) was added to a prechilled 96-well plate

and solidified at 37°C for 30 minutes. HUVECs (1×105

cells/mL) were cultured in 1640 culture medium contain-

ing 10% FBS and different concentrations of anlotinib (0,

1, 2, 4 μmol/L) and added to each Matrigel-containing

well. The cells were incubated for 6 hours at 37°C after

which the structure of forming tubes was observed with

a microscope (Olympus Cor., Tokyo, Japan).

Cell Cycle and Apoptosis Assays
Cells were cultured (1×106/mL) for 24 hours with different

concentration of Anlotinib (0, 2, 4, 8 μmol/L). The treated

cells were harvested and washed twice with cold PBS after

which they were fixed with 70% ice-cold ethanol for 12

hours at 4 °C. The cells were then incubated for 30

minutes with a mixture containing 0.5 mL staining buffer,

25 μL propidium iodide staining solution (20X) and 10 μL

RNase A (50X). Cell cycle distribution was analyzed

using a flow cytometer with PI/RNase staining buffer

(BD Biosciences, CA, USA). Cell apoptosis assay was

performed using FITC Annexin V Apoptosis Detection

standard kit (BD Biosciences, CA, USA). The cells were

briefly treated with 0, 2, 4, 8 μmol/L concentrations of

Anlotinib for 48 hours. They were then digested and

washed twice with cold PBS and then resuspended in 1X

Binding Buffer. Apoptotic and dead cells were detected by

flow cytometry after staining with Annexin V-FITC and

propidium iodide (PI). The frequencies of PI+ and

Annexin V-FITC+ cells were analyzed using FACS

Canto II flow cytometer (BD Biosciences, CA, USA);

between 500,000–1,000,000 events were assessed in each

tube. FlowJo software (version 10.0) was used for analyz-

ing the data.

Xenograft Mouse Model
The animals were cared for in accordance with the Guide

for the care and use of laboratory animals in China. All

procedures and animal experiments were approved by the

Animal Protection and application committee of

Southwest Medical University, Luzhou, Sichuan, China.

Forty-eighty female BALB/c mice (age 4–5 weeks,

weight 200 to 250 g) were obtained from the Dashuo

Animal Laboratory Center (Chengdu, China). The mice

were housed under specific-pathogen-free (SPF) controlled

conditions of 22 ± 1°C temperature, 60% ± 10 humidity with

a 12-h light/dark cycle and ad libitum access to water and

sterile food pellets. The subcutaneous CRC xenograft model

was established by administering 100 μL suspensions of

CT26 cells (1×106 cells/mL) into the right flanks of BALB/

c mice. The cells were allowed to grow in the animals for 2

weeks until the tumor size was approximately 200 mm3 in

volume. Forty-eighty mice were randomly divided into four

groups (n=12): Normal saline (NS) group, 0.75 mg/kg anlo-

tinib group, 1.5 mg/kg anlotinib group, and 3mg/kg anlotinib

group and were treated by intragastric administration for 2

weeks. After 21 days, six mice in each group were
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anesthetized with ether and sacrificed. The tumor tissues

including the heart, lung, liver, and kidney were dissected

carefully and washed with sodium chloride solution and then

collected and fixed with 10% buffered formalin for 24 hours

at room temperature after which they were embedded in

paraffin. Tumor volumes were calculated every 2 days

using the following standard formula: 0.5*length*width2.24

The survival periods were also evaluated (6 mice per group)

to further evaluate the anti-tumor effect of anlotinib

against CRC.

Histopathology and

Immunohistochemistry Assay
Formalin-fixed tissue samples were embedded in paraffin

and sectioned into 4-μm-thick sections. The sections from

the primary tumor, heart, lung, liver, and kidney were

stained with hematoxylin and eosin, and the tumor speci-

mens were immunostained with Ki-67 (Bio-World, CA,

USA) and CD31 (Bio-World, CA, USA). To quantify Ki-

67 and CD31 expression, the Ki-67 labeling index was

calculated in five randomly selected areas in each tumor

sample as the number of Ki-67 positive cells/total counted

at 400× magnification. Besides, by calculating the area

percentage of positive expression of CD31, five high

power visual fields (X400) were randomly selected for

each section. The proportion of CD31 positive expression

was calculated as the area of CD31 positive staining/the

total area under a high magnification field of vision. All

these counts were performed in a blinded manner. The

sections were visualized with a Zeiss Axioplan 2 micro-

scope, and images were captured on a Windows NT work-

station and analyzed using Zeiss Axiovision software

(Zeiss; New York, NY).

Western Blotting Analysis
The expression of AKT/ERK signaling cascade proteins

were detected using Western blot analysis as described

previously.25 In brief, the tissue samples were weighed

(0.5 g), homogenized and centrifuged at 14,000 rpm at 4

°C for 20 min. Supernatant was collected and preserved at

−80 °C. The total proteins were then extracted on ice using

a protein extraction buffer supplemented with protease

inhibitors cocktail. Protein concentrations were quantified

using the BCA Protein Assay Kit (KeyGEN BioTECH).

Cell lysates were separated by 10% sodium dodecyl sul-

fate-polyacrylamide (SDS-PAGE) gel electrophoresis

(SDS-PAGE) and after which the proteins transferred on

to polyvinylidene difluoride (PVDF) membrane

(Millipore, Corporation, Billerica, MA, USA). The mem-

brane was blocked with 4% non-fat dry milk in Tris-

buffered saline with Tween-20 for 1 hour at 20ºC.

Subsequently, the membrane was incubated with primary

antibodies against VEGFR2, p-VEGFR2, FGFR, p-FGFR,

PDGFRβ, p-PDGFRβ, ERK1/2, p-ERK1/2, AKT, and

p-AKT, respectively using a dilution of 1:200 for each

antibody. The membrane was incubated overnight at 4°C

with the respective primary antibody in 5% blocking

buffer.

Then, the membrane was washed three times with PBS

and incubated with the goat anti-rabbit secondary antibody

(1:3000) (Beyotime Institute of Biotechnology, Shanghai,

China) at room temperature for 1 hour. The protein bands

were visualized using the enhanced chemiluminescence

detection kit (Bio-Rad, CA, USA.) and the protein bands

were quantified and analyzed using photo-shop image

software.

Statistical Analyses
Statistical analyses were performed using the SPSS soft-

ware package (version 20.0; IBM, Chicago, IL, USA). All

graphs were produced using Graph Pad Prism 5.0 for

Windows software (Graph Pad Software Inc., La Jolla,

CA, USA). All experiments were performed in triplicate

and the data represents means from three independent

experiments. Data are presented as mean ± standard devia-

tion (SD) or median (range) for variables and were com-

pared using a Student’s t-test for two groups, or one-way

ANOVA for multiple groups. A P-value of <0.05 was

considered to be statistically significant.

Results
Anlotinib Inhibits the Cell Proliferation,

Migration, Invasion and Angiogenesis

in vitro
The effect of anlotinib on the proliferative activity of

CT26 cells and the tube formation of HUVECs were

evaluated by using the MTT and tube formation assay.

As shown in Figure 1C, the growth of CT26 cells was

significantly reduced with increasing concentrations of

anlotinib (0, 0.25, 0.5, 1, 2, 4, 8, 16, and 32 μmol/L; P <

0.05). Moreover, cell growth was also significantly inhib-

ited when the treatment time was prolonged. The IC50

values with 24 hours, 48 hours and 72 hours of anlotinib

treatment were 16.16 μmol/L, 11.73 μmol/L, and 2.89
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Figure 1 Anlotinib inhibits cell proliferation, migration, and invasion of CT26 cells and the tube formation of HUVECs. (A) Representative images of the tube formation

assay. (B) Number of tube formation with different concentrations of anlotinib as a percentage of NS group. (C) Proliferation activity of cells after incubation for 24, 48, and

72h with different concentrations of anlotinib. (D) Representative images of migration at 0 and 24 h post-induction of injury in a wound-healing assay. (E) Histogram showing

relative migration level. (C) Proliferation activity of cells after incubation for 24, 48, and 72h with different concentrations of anlotinib. (F) Representative images of

a transwell assay. (G) The quantification of invading cell numbers with different concentrations of Anlotinib. Data are presented as mean ± SD of three independent

experiments. (*P < 0.05 and **P < 0.01 versus NS group).
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μmol/L, respectively. Anlotinib also inhibited the micro-

vessels formation of HUVECs in a concentration-

dependent way (Figure 1A). The formation of enclosed

tubes were visibly decreased following treatment with 0.1

μmol/L and 1 μmol/L anlotinib when compared with the

NS group (P < 0.01) (Figure 1B).

In addition, we also performed wound-healing and

transwell assays to investigate whether anlotinib inhibited

the CRC cell migration and invasion. The migration cap-

ability of CT26 cells progressively decreased with increas-

ing concentrations of Anlotinib (Figure 1D and E). These

results clearly indicated that 1 μmol/L, 2 μmol/L, and 4

μmol/L of anlotinib significantly inhibited cell migration

of CT26 cells after 24 h of treatment when compared with

the NS group (P < 0.01). Invading cell number at different

concentrations of anlotinib has been illustrated in

Figure 1F and G). Interestingly, 4 μmol/L and 8 μmol/L

concentrations of anlotinib exerted the highest effect in

reducing the number of invading cells when compared

with NS group (95±11 cell/mL and 67±14 cell/mL, respec-

tively vs. 263±13 cell/mL, P < 0.01 for both). Thus,

increasing concentrations of anlotinib significantly sup-

pressed the migration of CT26 cells and the number of

cells migrating through the Transwell ventricular mem-

brane. Taken together, these results indicated that anlotinib

can significantly inhibit the proliferation, migration, and

invasion of CT26 cells and the tube formation of HUVECs

in vitro in a dose-dependent manner.

Anlotinib Induces Cell Apoptosis and G2/

M Cell Arrest
The distribution of cells at different concentrations of anlo-

tinib was analyzed by using flow cytometry to verify

whether anlotinib induced cell apoptosis (Figure 2). As

anticipated, there was a significant increase in the propor-

tion of cells at the G2/M phase and a decrease in the G0/G1

phase population in the anlotinib-treated CT26 cells. This

suggested that anlotinib caused the progression of the cell

cycle from the G0/G1 phase to the G2/M phase (Figure 2A).

A higher proportion of cells at the G2/M phase and fewer

cells at the G0/G1 phase of the cell cycle were seen at 4

μmol/L and 8 μmol/L of anlotinib, respectively (Figure 2B).

Likewise, the apoptotic rate increased significantly when

the concentration of anlotinib was increased (Figure 2C).

As illustrated in Figure 2D, the apoptotic rate at the 2 μM

(23.56 ± 2.42 %), 4 μM (44.98 ± 10.5%), and 8 μM (94.07 ±

3.09 %) was significantly higher as compared with NS

group (9.74 ± 2.55 %; P < 0.05). Taken together, these

data confirmed that anlotinib inhibited the proliferation of

CT26 cells through the induction of mitotic arrest and

apoptosis.

Figure 2 Anlotinib induces G2/M cell cycle arrest and promotes cell apoptosis in CT26 cells. Representative dot plots of the cell cycle after 24 h of treatment with anlotinib

(A) and apoptotic cells after 48 h of treatment (C) were assessed by flow cytometry. The percentages of the cell cycle (B) and apoptotic cells (D) with different

concentrations of Anlotinib. Data were represented as mean ± SD of three independent experiments. (*P < 0.05 and **P < 0.01 versus NS group).
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Anlotinib Suppresses Tumor Growth and

Prolongs the Survival Time of Mice in vivo
The anti-angiogenic effect of anlotinib in vivo was evalu-

ated by using a mouse subcutaneous xenograft model

(Figure 3A). After intragastric administration of different

concentrations of anlotinib (0.75, 1.5, 3 mg/kg), the tumor

volume of the 1.5 mg/kg anlotinib group (1371.25 ±

649.26 mm3) and the 3 mg/kg anlotinib group (767.17 ±

200.28 mm3) was significantly lower than NS group

(2513.25 ± 402.07 mm3) (P < 0.01). As shown in

Figure 3B, there were no significant differences between

the NS group and the 0.75 mg/kg anlotinib group (2513.25

± 402.07 mm3 vs. 1887.33 ± 598.35 mm3; P = 0.119).

Although the different concentrations of anlotinib exhibited

a little effect on the bodyweight of mice (Figure 3C), there

was no significant difference in the body weight between

the four groups (P > 0.05). Mice become less active, men-

tally poor and die with an increase in the tumor load. The

median survival time of mice in the 0.75 mg/kg, 1.5 mg/kg

and 3 mg/kg anlotinib group was 48 days, 54 days, and 64

days, respectively while that in the NS group was 41 days

(Figure 3D). Moreover, the data revealed that the median

survival time of mice treated with anlotinib was signifi-

cantly prolonged (P < 0.05). Collectively, these findings

suggested that anlotinib markedly suppressed tumor growth

and prolonged the survival time in a mouse xenograft model

in vivo.

Anlotinib Inhibits Cell Proliferation and

Microvessel Density
Ki-67+ and CD31+ index of tumor sections were analyzed

with immunohistochemistry in order to evaluate cell

Figure 3 Antineoplastic effect of anlotinib in a xenograft mouse model. (A) Gross image of representative tumors excised after gastric administration of mice with different

concentrations of anlotinib. Tumor volume (B) and mouse weight (C) were calculated every 4 days. (D) Survival analysis for the relationship between survival time and

different concentrations of anlotinib. Data were represented with a mean ± SD. The data is representative of three independent experiments. (*P < 0.05 and **P < 0.01
versus NS group).
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proliferation and microvessel density. Significant differences

in expression of Ki-67 and CD31 were seen between each of

the three active treatments and the NS group (Figure 4A). As

illustrated in Figure 4B, the percentage of Ki-67 positive

cells was 32.03 ± 1.37% in the 0.75 mg/kg Anlotinib

group, 24.33 ± 0.74% in the 1.5 mg/kg Anlotinib group and

16.74 ± 1.17% in the 3 mg/kg Anlotinib group; which was

significantly lower than that in the NS group (53.13 ± 3.46%;

P < 0.05). Similarly, higher concentrations of anlotinib

(1.5–3 mg/kg) significantly reduced the proportion of CD31

positive expression when compared with the NS group.

Notably, a significant reduction of CD31 positive expression

was found in 0.75 mg/kg anlotinib group (4.5 ± 0.14 %),

1.5 mg/kg anlotinib group (2.42 ± 0.29 %) and 3 mg/kg

anlotinib group (1.22 ± 0.32 %) compared with the NS

group (6.61 ± 0.16 %, P < 0.05) (Figure 4C). Thus, these

findings demonstrated that CRC tumor proliferation and

angiogenesis in an in vivo mouse xenograft model was

suppressed by anlotinib.

Morphological Effect of Anlotinib
The representative hematoxylin and eosin (H&E) morpho-

logic findings of anlotinib in the heart, liver, lung, and

kidney tissue samples of all the groups have been presented

in Figure 5. Histopathological analysis revealed that hepa-

tocytes of groups treated with anlotinib exhibited swelling

and balloon-like morphological alterations, which may be

attributed to the damaged hepatocytes caused by the drug.

However, no apparent metastasis or drug toxicity was seen

in vital organs including the heart, lung and kidney.

Anlotinib Inhibits the Activation of

VEGFR-2, FGFR and PDGFRβ and Their

Downstream Signaling
Furthermore, the expressions of VEGFR-2, FGFR, PDGFRβ,

AKT, ERK1/2 and their phosphorylation in mouse xenografts

were analyzed by Western blotting to investigate the mechan-

ism through which anlotinib inhibited tumor growth and

angiogenesis. The protein expression and phosphorylation

levels of all the groups have been presented in Figure 6A.

As depicted in Figure 6B, the expression of p-VEGFR2/

VEGFR2 and p-AKT/AKT was significantly decreased in

a dose depended manner in the anlotinib group when com-

pared with the NS group (P < 0.05). Moreover, a significant

decrease in phosphorylation levels of p-FGFR/FGFR and

p-PDGFRβ/PDGFRβ (P < 0.05) was also observed. The

expression of p-FGFR/FGFR and p-PDGFRβ/PDGFRβ in

Figure 4 (A) The representative immunohistochemistry staining of Ki-67 and CD31 in tumor tissues of mice in various groups. (Original magnification ×400). The black

arrow indicates the positive expression. The percentage of positive expression of Ki-67 (B) and CD31 (C) in various group (*P < 0.05).
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the 3 mg/kg anlotinib group (0.35 ± 0.01 vs.0.67 ± 0.04,

p < 0.05) and (0.38 ± 0.02 vs.0.65 ± 0.03, P < 0.05) was

significantly lower than that in the NS group. Besides, the

expression of p-ERK1/2/ERK1/2 in the 3 mg/kg anlotinib

group was significantly lower when compared with the NS

group (0.13 ± 0.02 vs.0.39 ± 0.02, P < 0.05). Taken together,

these findings indicated that anlotinib inhibited the expression

of these proteins and their phosphorylated levels. However,

the latter mainly has an inhibitory effect. As a result, anlotinib

inhibited the activation of VEGFR-2/AKT in a dose-depended

manner and FGFR, PDGFRβ and their downstream signal-

ing ERK.

Discussion
Results of our study have demonstrated that anlotinib could

inhibit proliferation, migration, invasion and angiogenesis,

regulate the cell cycle, and induce apoptosis in CT26 cells via

down-regulation of multiple targets and the AKT/ERK

Figure 5 Comparison of representative H and E-stained heart, liver, lung, and kidney sections between different groups (original magnification: ×200 and ×400). The

infiltrations of hepatocytes of swelling and balloon-like alterations were observed in the liver (arrow pointed).
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signaling cascade. Our study also dissected the probable

molecular mechanisms through which the anti-tumor effects

of anlotinib are mediated.

Proliferation and metastasis of tumor cells are the major

biological characteristics of CRC tumor formation.26,27 Thus,

the efficacy of antitumor agents always depends on their

ability to cause inhibition of tumor proliferation, migration,

and invasion. In-vitro results from our study demonstrated

that anlotinib remarkably suppressed proliferation, migration

and invasion of CT26 cells in a dose-dependent manner.

Expansion of tumors is promoted by neovascularization in

the tumors which provides oxygen and nutrients for tumor

growth.14,15 Angiogenesis is an extremely complex process

which involves interconnection of vascular endothelial cells

for formation of new vascular structures, which is one of the

key links in angiogenesis.28 In the current study, anlotinib

caused potent inhibition of microvessel outgrowth in

endothelial cells can destroyed the formation of vascular

structures at low concentrations. As disruption of the cell

cycle is one of the hallmarks of cancer, thus this process

represents the most crucial target of therapeutic drugs.29

Moreover, several previous studies have demonstrated that

anlotinib promoted cell apoptosis and cell cycle arrest in

a variety of cancers including lung cancer,8 liver cancer,9

osteosarcoma10 and thyroid cancer.11 As anticipated, anloti-

nib caused the arrest of the cell cycle at the G2/M phase and

promoted cell apoptosis of CT26 cells. Besides, our study

revealed that anlotinib-treated mice had significantly smaller

tumor volume than the control group. The median survival

time was also significantly prolonged in the anlotinib-treated

mice when compared with the control group. Furthermore,

histopathological analysis of the heart, liver, lung, and kidney

tissues from the xenograft mouse model revealed that anlo-

tinib caused significant hepatocyte damage. This suggests

that the monitoring of liver function is essential for cancer

patients receiving anlotinib. Accumulating studies indicated

that the downregulation of Ki-67 and CD31 in tumor tissues

have confirmed the inhibitory effects of anlotinib on

the proliferation of tumor cells and microvessels.8,10,30

Therefore, the expression of Ki-67 and CD31 was detected

by IHC and our results in a mouse xenograft model suggested

that anlotinib down-regulated biomarkers of microvessel

density (CD31) and proliferation (Ki-67). These results

were consistent with the in-vitro results which provided

evidence on the anti-proliferative and antiangiogenic effects

of anlotinib on CT26 cells.

Tumor angiogenesis has been attributed to an imbalance

between pro-angiogenic and anti-angiogenic factors as well

as increases tumor growth.31 Therefore, inhibition of angio-

genesis is an attractive strategy for treatment of cancer.32

VEGF and its receptor, VEGFR2 play a critical role in

tumor angiogenesis. Binding of VEGF to VEGFR2 is

Figure 6 Anlotinib suppresses AKT/ERK signaling cascade via blocking VEGFR-2, FGFR, and PDGFRβ. (A) Representative Western blot analysis of p-VEGFR2, VEGFR2,

p-FGFR, FGFR, p-PDGFRβ, PDGFRβ, p-AKT, AKT, p-ERK1/2, and ERK1/2 protein in various groups. (B) The relative expression of p-VEGFR2/VEGFR2, p-FGFR/FGFR,

p-PDGFRβ/PDGFRβ, p-AKT/AKT and p-ERK1/2/ERK1/2 in various groups. In Western blot, ACTIN was used as an internal control (*P < 0.05 versus NS group).
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responsible for the phosphorylation of VEGFR2 and the

activation of AKT and ERK1/2 which are the downstream

signaling molecules in the VEGF pathway. AKTand ERK1/

2 promote endothelial cell growth, migration, and

survival.25,33 Similar to VEGF, FGF-2 triggers the auto-

phosphorylation of FGFR1 and activates downstream sig-

naling cascades and angiogenesis.34 Besides, PDGF-BB

binds to its receptor PDGFRβ to regulate tumor angiogen-

esis, growth and metastasis.35 Results from our study

demonstrated that anlotinib potently inhibited the activation

of VEGFR2, FGFR, and PDGFRβ and their downstream

signaling molecules AKT and ERK1/2.

Most of the studies conducted till dates have only exam-

ined the use of anlotinib in cancer treatment as a monotherapy.

Certainly, these data need to be substantiated by an appropriate

perspective and comprehensive study. Based on the findings

of the current study, we created a molecular model which

demonstrated the anti-tumorigenic effect of anlotinib on the

CT26 cells. The aforementioned results will be helpful to

dissect out the mechanisms via which anlotinib inhibits CRC

progression. Further studies on anlotinib in CRC are war-

ranted to study whether the combination of anlotinib and

other therapies result in an enhanced anti-tumor effect. The

long term toxicity of anlotinib in CRC also needs to be

analyzed further.

In conclusion, the findings of the present study

revealed that anlotinib exhibits a strong inhibitory effect

on the growth, metastasis, and angiogenesis of CRC

through attenuation of VEGFR2, FGFR, and PDGFRβ
signaling pathways both in vitro and in vivo. Besides,

this study also provided prospective evidence for the clin-

ical application of anlotinib in the therapeutic management

of mCRC.
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