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Abstract

Aim

Regorafenib is an oral small-molecule multi kinase inhibitor. Recently, several clinical trials

have revealed that regorafenib has an anti-tumor activity in gastric cancer. However, only

part of patients benefit from regorafenib, and the mechanisms of regorafenib’s anti-tumor

effect need further demonstrating. In this study, we would assess the potential anti-tumor

effects and the underlying mechanisms of regorafenib in gastric cancer cells, and explore

novel biomarkers for patients selecting of regorafenib.

Methods

The anti-tumor effects of regorafenib on gastric cancer cells were analyzed via cell prolifera-

tion and invasion. The underlying mechanisms were demonstrated using molecular biology

techniques.

Results

We found that regorafenib inhibited cell proliferation and invasion at the concentration of

20μmol/L and in a dose dependent manner. The anti-tumor effects of regorafenib related to

the decreased expression of CXCR4, and elevated expression and activation of CXCR4

could reverse the inhibition effect of regorafenib on gastric cancer cells. Further studies

revealed that regorafenib reduced the transcriptional activity of Wnt/β-Catenin pathway and

led to decreased expression of Wnt pathway target genes, while overexpression and activa-

tion of CXCR4 could attenuate the inhibition effect of regorafenib on Wnt/β-Catenin pathway.

Conclusions

Our findings demonstrated that regorafenib effectively inhibited cell proliferation and inva-

sion of gastric cancer cells via decreasing the expression of CXCR4 and further reducing

the transcriptional activity of Wnt/β-Catenin pathway.
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Introduction

Of all the cancers, gastric cancer ranks the fourth and the fifth respectively among males and

females worldwide in terms of incidence rate, while it ranks the third and the fifth respectively

in terms of mortality rate [1]. Most patients are either diagnosed at an advanced stage, or

develop a relapse after surgery with curative intent. Moreover, gastric cancer has a high rate of

recurrence and metastasis, and most patients have a low 5-year survival rate [2–4]. So there is a

clear and emergency need for new treatment regimens. Despite recent advances in adjuvant/

neo-adjuvant therapy and improved understanding of gastric cancer biology, progress in the

treatment of gastric cancer has been limited. Compelling data have emerged to improve the

prognosis of advanced gastric cancer, and increased attention has been given to the use of

small-molecule inhibitor in gastric cancer therapy, recently.

Regorafenib is an orally administered small-molecule inhibitor of multiple protein kinases.

Preclinical data showed that regorafenib inhibited tumor angiogenesis, stroma formation and

also tumor cells growth through targeting VEGFRs (vascular endothelial growth factor recep-

tors) 1, 2 and 3, tyrosine-protein kinase receptor TIE-2, PDGFR (platelet-derived growth fac-

tor receptor)-β, FGF (fibroblast growth factor) receptor 1, proto-oncogene tyrosine-protein

kinase receptor Ret, mast/stem cell growth factor receptor Kit and RAS/RAF/MEK/ERK path-

way, proto-oncogene serine/threonine-protein kinase B-raf [5–8]. However, the mechanisms

of regorafenib inhibiting cancer cells have not fully understood. Clinical studies have demon-

strated that regorafenib exhibited broad antitumor activity in a series of solid tumors. Phase Ⅲ
studies have showed that regorafenib significantly improved overall survival (OS) and Progres-

sion-Free-Survival (PFS) in patients with metastatic colorectal cancer and advanced gastroin-

testinal stromal tumors (GIST) [9–10]. Although a number of clinical studies have shown that

anti-angiogenesis inhibitors such as bevacizumab and sunitinib in the treatment of gastric can-

cer have limited efficacy [11–14], recently, a phase Ⅱ trial (INTEGRATE) showed that regora-

fenib prolonged PFS in refractory advanced gastric adenocarcinoma and the phase Ⅲ trial is

planned [15]. However, the trial also showed that regorafenib was only effective in about

40% of patients with gastric cancer. The fact reveals that the resistance to regorafenib readily

appears(PFS:2.6 months)and 32% of patients had at least one serious adverse event in the

regorafenib group, so the overall clinical efficacy of regorafenib remains quite limited [15–

16]. But the mechanism of resistance to regorafenib has not been clearly understood. There-

fore, investigation of the mechanism of resistance and biological marker predicting the effi-

ciency of regorafenib for gastric cancer would be significantly valuable for the application of

regorafenib.

In our study, we found that the anti-tumor effects of regorafenib correlated with CXCR4

levels in gastric cancer cells, and CXCR4 further reduced the transcriptional activity of Wnt/β-

Catenin pathway. Our findings revealed that CXCR4 might mediate the anti-tumor effect of

gastric cancer to regorafenib, and might be a novel biomarker for patients selecting of

regorafenib.

Materials and methods

Cell culture and reagents

The human gastric cancer cell lines MKN-28, SGC7901, and MKN-45 were purchased from

American Type Culture Collection (ATCC) and cultured in RPMI 1640 supplemented with

10% fetal bovine serum (FBS), 1% glutamax, and 1% P/S and maintained in an incubator with

a humidified atmosphere of 5% CO2 at 37˚C. The RPMI1640 and FBS were purchased from

Life Technologies.
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Cell proliferation assay

The cells were seeded in a 96-well plate at a concentration of 5×103 cells/well a day before the

experiment. 3-[4,5-Dimethylthiazol-2-yl]-2,5- diphenyltetrazolium bromide (MTT, 0.5 mg/

ml, Sigma, St. Louis, MO, USA) was added to each well 1, 2, 3, 4, and 5 days after seeding.

Cells were cultured at 37˚C for 4 h, followed by addition of 150 ml DMSO. Absorption was

measured at a wave length of 490nm.

Soft agar assay

The cells were seeded in six-well plates for the soft agar assay. Each well contained a bottom

layer of 1.2% agarose, a middle layer of 0.6% agarose that included 3000 cells, and a top layer

of medium, which was changed every sixth day. After 25 days, the colonies were counted by

Quantityone analysis software (BioRad Inc., Hercules, CA, USA).

Invasion assay

The transwell invasion assay was performed using a Millicell invasion chamber (Millipore, Bil-

lerica, MA, USA). The 8-μm pore inserts were coated with 15 μg of Matrigel (Becton Dickin-

son Labware, Bedford, MA, USA), and 5×104 cells were seeded in the top chamber. The

Matrigel invasion chamber was incubated for 24 h in a humidified tissue culture incubator.

Non-invading cells were removed from the top of the Matrigel with a cotton-tipped swab.

Invading cells on the bottom surface of the filter were fixed in methanol and stained with crys-

tal violet. Invasion ability was determined by counting the stained cells.

Reverse transcription and quantitative real-time PCR

Total RNA was isolated by Trizol (Takara Biotechnology Co. Ltd., Dalian, China). cDNA syn-

thesis was conducted as followed with the SYBRs ExScriptt RT-PCR kit (Takara Biotechnology

Co. Ltd., Dalian, China) according to manufacturer’s instruction. The quantitative real-time

PCR were employed using the ABI PRISM 7300 Sequence Detection System (Applied Biosys-

tems, Foster City, CA, USA). Relative quantification of gene expression was determined using

the comparative CT method. Gene expression levels in A cells relative to B cells were calculated

using the following formulas: ΔΔCT = ΔCT A-ΔCT B, fold change = 2-ΔΔCT.

Protein extraction and western blotting

Total protein was isolated from 5×106 cells with 200 ml of ice-cold lysis buffer containing 1%

Nonidet P-40 (NP-40), 50 mmol/l Tris (pH 7.4), 150 mmol/l NaCl, 0.1% sodium dodecyl sul-

fate (SDS), 0.5% deoxycholate, 200 mg/ml phenylmethanesulfonyl fluoride (PMSF), and 50

mg/ml aprotinin. Insoluble materials were removed by centrifugation at 20000 g for 20 min at

4˚C. Clarified protein lysates (50 μg) were electrophoretically resolved on a denaturing SDS

polyacrylamide gel, and electrotransferred onto nitrocellulose membranes. The membranes

were initially blocked with 5% nonfat dry milk in Tris-buffered saline (TBS) for 2 h and then

probed with primary antibodies against CXCR4 (ab2074, abcam) and GAPDH (ab9485,

abcam) as loading control. Immunodetection was carried out using the ECL Western Blotting

Detection Kit (Amersham Corp, UK). Relative protein expression levels were quantified by

densitometric measurement of ECL reaction bands and normalized to GAPDH levels.

β-Catenin/Tcf transcription reporter assay

1×105 cells were seeded per well in a 24-well plate in gastric cancer cell lines MKN-28, SGC7901,

and MKN-45 before transient transfection with the construct TOPflash or FOPflash reporter
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plasmid (Millipore, Billerica, MA, USA). All transfections were performed using 0.8 mg of TOP-

flash or FOPflash plasmid and 2 ml lipofectamine 2000. To normalize the transfection efficiency

in reporter assays, the cells were co-transfected with 0.02 mg of an internal control reporter plas-

mid, containing Renilla reniformis luciferase driven by the TK promoter. At 24 h after TOPflash

or FOPflash transfection, the luciferase assay was performed with the Dual Luciferase Assay Sys-

tem kit (Promega Corp., Madison, WI, USA). Relative luciferase activity was reported as the fold

induction after normalization for transfection efficiency.

Lentivirus-mediated gene overexpression

Lentivirus-mediated overexpression of human CXCR4 (Genbank accession, no.NM_003467)

was constructed using the pGLV5-EF1a-GFP vectors (GenePharma, Shanghai, China). Cells

transductions were conducted by mixing virus with cells. Eight hours after transduction, the

medium was changed, and cells were replenished with fresh medium. After a recovery period

of 24h, puromycin (10μg/ml) was added to select cells with stable virus integration into the

genome. Primers used are shown in Table 1.

Statistical analysis

All statistical analyses were performed using the SPSS 19.0 software. The results were pre-

sented as means ± standard deviation (SD) of three replicate assays. Differences between the

groups were assessed by the Student’s t-test. P< 0.05 was considered to indicate statistical

significance.

Results

Regorafenib inhibited the growth of gastric cancer cells

Firstly, we investigated the role of regorafenib on the anchorage-dependent growth of gastric

cancer cells. MTT assay showed that treated with regorafenib at the concentration of 20μmol/L

significantly inhibited gastric cancer cell growth as compared to control, and the inhibition

effect showed dose dependent (Fig 1A–1C, S1 Table). Soft agar assay showed that regorafenib

dramatically decreased the formation of colonies of SGC7901, MKN 28 and MKN45 (Fig 1D–

1E, S2 Table). These results revealed that regorafenib inhibited the growth of gastric cancer

cells.

Table 1. Primers of real-time PCR used in this study.

Name Sequence (5’-3’) Product size

CXCR4 F: CTGAGAAGCATGACGGACAAG 175

R: GGATGAGGACACTGCTGTAGA

CTNNB1 F: CGACACCAAGAAGCAGAGATG 193

R: GAACTAGTCGTGGAATGGCAC

CD44 F: CTTTCTGCACTATTCCCAGCC 241

R: CTCTGGGAAAACAAGAGGCAC

CD31 F: GCTGACCCTTCTGCTCTGTT 150

R: TGAGAGGTGGTGCTGACATC

CCND1 F: CCTGTCCCACTCCTACGATAC 171

R: CCAAGTAGCTGTGGGTTGAAC

GAPDH F: CAAAAGGGTCATCATCTCTGCC 179

R: TCATGAGTCCTTCCACGATACC

https://doi.org/10.1371/journal.pone.0177335.t001
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Regorafenib blocked the invasion of gastric cancer cells

We then determined the effect of regorafenib on the invasion ability of gastric cancer cells via

the Matrigel invasion assay. The results showed that treated with regorafenib at the concentra-

tion of 10μmol/L or 20μmol/L significantly decreased the invasion ability of SGC7901, MKN

28 and MKN45 as compared to the control groups (Fig 2A and 2B, S3 Table). The results

revealed that regorafenib inhibited the invasion ability of gastric cancer cells.

Regorafenib suppresses the expression of CXCR4 in gastric cancer

cells

Chemokines and chemokine receptor 4 (CXCR4) plays an important role in gastric cancer

growth, invasion and metastasis [17–19]. To determine how regorafenib affected proliferation

and invasion in gastric cancer cells, we then investigated whether regorafenib modulated the

expression of CXCR4 in gastric cancer.

Fig 1. The inhibitory effect of regorafenib on the growth of gastric cancer cells. Cell lines SGC7901(A),

MKN-28(B) and MKN-45(C) were seeded in 96-well plates. Cytotoxicity of regorafenib was assessed using MTT

test at day1, day 2, day 3, day 4 and day 5 of different concentration groups. All assays were performed in triplicate.

D and E, the cell colonies were significantly reduced in regorafenib groups (20μmol/L) in soft agar assay (P<0.05).

https://doi.org/10.1371/journal.pone.0177335.g001
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The results of real-time PCR showed that regorafenib decreased the mRNA levels of

CXCR4 in SGC7901 cells at 24 and 36 hours, and in a dose–dependent manner (Fig 3A and

3B, S4 Table). Furthermore, as shown in Fig 3C (S1 File), western blot analysis confirmed that

treated with regorafenib at the concentration of 20μmol/L decrease the protein level of CXCR4

in gastric cancer cells. These data above demonstrated that regorafenib may inhibit the growth

and invasion of gastric cancer cells via decreased the expression of CXCR4.

Elevated expression and activation of CXCR4 reversed the inhibition

effect of regorafenib on gastric cancer cells

The ligand of CXCR4 is CXCL12 (stromal cell-derived factor 1, SDF-1). The binding of

CXCL12 to CXCR4 has been reported to play important roles in cancer growth, invasion and

metastasis [20–21]. As showed in Fig 4A (S5 Table), CXCL12 enhanced the ability of invasion,

and treated with CXCL12 and CXCR4 overexpression further increased the invasion of gastric

cancer cells.

We have showed that regorafenib inhibited gastric cancer cells growth and invasion via

downregulating the expression of CXCR4. Here, we further investigated whether overexpres-

sion and activation of CXCR4 could reverse the inhibition effect of regorafenib. As showed in

Fig 4B (S5 Table), CXCR12 significantly abrogated the inhibitory effect of regorafenib, and

CXCL12 together with CXCR4 overexpression further attenuated the inhibition of regorafenib

in gastric cancer cell invasion. These results revealed that elevated expression of CXCR4 and

activation of CXCR4 with its ligand CXCL12 abrogated the inhibition effect of regorafenib on

gastric cancer cells.

Regorafenib inhibited Wnt/β-catenin pathway via CXCR4

It has been reported that Wnt/β-catenin pathway played critical roles in the development and

progression in gastric cancer, and CXCR4 has been published as an upstream regulator of

Fig 2. The inhibitory effect of regorafenib on the invasion of gastric cancer cells. The invasion of SGC-7901, MKN-28, and MKN-45 cells

were determined as described in Materials and Methods. Representative tumor cell invaded were photographed (A) in a comparison of the control

groups (B, *, P<0.05).

https://doi.org/10.1371/journal.pone.0177335.g002
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Wnt/β-catenin pathway. We then determined whether regorafenib inhibited and CXCR4

enhanced the Wnt/β-catenin signaling pathway in gastric cancer. The β-catenin/Tcf transcrip-

tion reporter assay was recognised as an important assessment method for evaluation of the

cardinal Wnt pathway activity. As TOP flash has three TCF-binding sites, it could be applied

to represent the activation of the Wnt pathway. The results showed that compared to the

Fig 3. The effects of regorafenib on CXCR4 expression in gastric cancer cells. A and B, SGC7901 Cells

were treated with regorafenib at different concentration (5μmol/L,10μmol/L,20μmol/L,40μmol/L) for 24 hours

or at different times (0 hours, 8 hours,16 hours, 24 and 36 hours) at the concentration of 20μmol/L. The mRNA

levels of CXCR4 were measured using real-time PCR. C. SGC-7901, MKN-28, and MKN-45 cells were

treated with regorafenib at the concentration of 20μmol/L, and the protein levels of CXCR4 were analyzed via

western blot.

https://doi.org/10.1371/journal.pone.0177335.g003
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control group, regorafenib significantly decreased the TOP flash activity. Nevertheless, overex-

pression of CXCR4 increased the TOP flash activity (Fig 5A, S6 Table). Furthermore, real-time

PCR analysis showed that the expression of Wnt target genes such as CTNNB1 (β-Catenin),

CD44, CD31 and CCND1(CyclinD1) were decreased in gastric cancer cells treated with regora-

fenib at the concentration of 20μmol/L, but overexpression of CXCR4 increased the mRNA

levels of Wnt target genes (Fig 5B, S7 Table). These data suggested that Wnt signaling pathway

might be important for the inhibitory effect of regorafenib on gastric cancer cells, and regora-

fenib might inhibit the Wnt/β-catenin pathway via CXCR4 (S1 Fig).

Discussion

The key part of the development and metastasis of gastric cancer is tumor angiogenesis which

is regulated by interconnected signaling pathways [4, 5]. Vascular endothelial growth factor

receptor (VEGFR) 2 which plays crucial roles in physiological and pathological angiogenesis of

normal and tumor vasculature is the core target of ramucirumab, apatinib and regorafenib.

Ramucirumab is a fully human IgG1 monoclonal antibody; its clinical activity as a second-line

therapy for advanced gastric cancer was demonstrated in the REGARD study and RAINBOW

study [22–23]. Apatinib treatment significantly improved the OS and PFS with an acceptable

safety profile in patients with advanced gastric cancer refractory to two or more lines of prior

chemotherapy in a Phase Ⅲ trial [24]. The development of more effective agents and the iden-

tification of biomarkers that can be used for the diagnosis, prognosis, and individualized ther-

apy for gastric cancer patients, have the potential to improve the efficacy and safety for gastric

cancer treatments [25]. The similarity of drug targets and the high reproducibility of clinical

benefit not only validate the important role of anti-angiogenesis therapy in second and third

line treatment of advanced gastric cancer [26], but also provide a basis for selecting the core

Fig 4. CXCR4 reversed the inhibition effect of regorafenib on gastric cancer cells. A. Gastric cancer cells treated with

CXCL12 alone or treated with CXCL12 together with CXCR4 overexpression enhanced the invasion of gastric cancer cells

compared to the control, and CXCL12 together with CXCR4 overexpression further increased the invasion of gastric cancer cells. B.

Overexpression and activation of CXCR4 could reverse the inhibition effect of regorafenib in gastric cancer cells. (CXCR4+, CXCR4

overexpression).

https://doi.org/10.1371/journal.pone.0177335.g004
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target of anti-angiogenesis research of gastric cancer in the future. Regorafenib is a small-mol-

ecule inhibitor of multiple protein kinases and inhibited tumor angiogenesis through targeting

VEGFR1, 2 and 3, PDGFR-β, FGFR1, Kit, RAS/RAF/MEK/ERK pathway and so on. Recent

studies showed that regorafenib also inhibited cancer cell growth. In this study, we showed

that regorafenib inhibited anchorage-dependent growth and invasion of gastric cancer cells.

But the mechanism of regorafenib’s anti-tumor effect was not fully demonstrated in gastric

cancer.

A phaseⅡtrial (INTEGRATE) has demonstrated that regorafenib was effective in prolong-

ing PFS in refractory advanced gastric adenocarcinoma; and the preliminary test results of

another ongoing trial also show that unresectable or metastatic esophagogastric (EG) cancer

patients may benefit from the treatment of FOLFOX plus regorafenib [15, 27–28] (S8 Table).

However, the clinical efficiency of regorafenib was limited because of the resistance of gastric

cancer to regorafenib and the high incidence of side effects. Thus a better understanding of the

Fig 5. Regorafenib inhibited Wnt/β-catenin pathway via CXCR4. A. The activity of TOP and FOP flash were

analyzed in gastric cancer cells treated with regorafenib and CXCR4 overexpression. B. Real-time PCR showed that

the expression of Wnt target genes such as CTNNB1, CD44, CD31 and CCND1 were increase in gastric cancer cells

with CXCR4 overexpression, whereas decreased in gastric cancer cells treated with regorafenib at the concentration

of 20μmol/L as compared to the control.

https://doi.org/10.1371/journal.pone.0177335.g005
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mechanisms, which mediated the inhibitory effect of regorafenib on gastric cancer cells, would

help us to understand the mechanism of the resistance to regorafenib and further discover the

biomarkers that might identify the sensitive patients who would benefit from regorafenib.

Now the role of chemokines in tumor metastasis has become more and more impor-

tant, and chemokines and their receptors play critical roles in cancer growth, invasion

and metastasis [29]. CXCR4 is the one of the best known chemokine receptors. Jiang YX

et al. investigated that invasive gastric CSCs were CD26+ and CXCR4+ and were closely

associated with increased metastatic ability [30]. CXCR4 has been reported to be overex-

pressed in more than 20 different tumors, including gastric cancer. Qiao J, et al. found

that SRF promote gastric cancer metastasis by facilitating myofibroblast-cancer cell cross-

talk in an SDF1-CXCR4 dependent manner [17]. Guo ZJ et al. demonstrated that RUNX2

promotes the invasion and metastasis of human gastric cancer by transcriptionally up-

regulating the chemokine receptor CXCR4 [31]. Also, Inflammatory cytokines VEGF and

the growth factor receptor HER2 has also been correlated with overexpression of the che-

mokine receptor SDF-1, also known as CXCL12 can mediate angiogenesis via its cognate

receptor CXCR4 [32]. The protein has 7 transmembrane regions and is located on the cell

surface. Mutations in this gene have been associated with WHIM (warts, hypogammaglobu-

linemia, infections, and myelokathexis) syndrome. Detailed study of the underlying molec-

ular mechanisms reveal that cancer cell CXCR4 overexpression contributes to aggressive

tumor behavior, tumor growth, invasion, angiogenesis, metastasis, relapse, and therapeutic

resistance [33–35], and upregulated expression of CXCR4 was an independent prognostic

predictor for patients with gastric cancer [36]. CXCR4 is unique in that it exclusively inter-

acts with the endogenous ligand CXCL12 [37]. CXCL12/CXCR4 signaling axis regulates the

process of tumor proliferation and metastasis [20–21]. Studies have shown that blocking the

CXCR4 can reduce proliferation and metastasis, and induce apoptosis of cancer cell [38–

39]. In addition, CXCR4 has been found to be associated with tumor drug resistance [40–

41], and Gao DY et al. found the clinical potential of CXCR4-targeted NPs for delivering

sorafenib and overcoming acquired drug resistance in liver cancer [42] which suggesting

that CXCR4 may be associated with anti-angiogenic drug resistance.

Then we investigated the effect of regorafenib whether or not related with CXCR4 expres-

sion. The results indicated that regorafenib decreased the expression of CXCR4 in a dose–

dependent and a time–dependent manner in gastric cancer cells. Our data suggested that the

potential underlying mechanism of the inhibition effect of regorafenib in gastric cancer cells

was correlated with CXCR4. The CXCR4/CXCL12 axis plays an important role in tumorigene-

sis, metastasis, and recurrence of tumors. However, whether CXCR4/CXCL12 affected regora-

fenib sensitivity in gastric cancer cell has not been fully investigated. Our study assessed the

correlation between CXCR4/CXCL12 and regorafenib sensitivity in SGC-7901 and MKN-45

cell lines. The data showed that CXCL12 treatment or CXCL12 treatment combined with

CXCR4 overexpression reduced the anti-tumor effect of SGC-7901 and MKN-45 gastric cells

to regorafenib. Our results suggested that CXCR4/CXCL12 might serve as a potential drug

sensitivity biomarker of regorafenib.

Wnt/β-catenin pathway had proved to be a crucial pathway for gastric carcinogenesis [43–

45], and Wnt pathway has been reported to be activated by CXCR4/CXCL12 [46]. We then

investigated whether regorafenib affected Wnt/β-catenin pathway in a CXCR4/CXCL12-de-

pendent manner. The data showed that regorafenib inhibited the Wnt/β-catenin pathway tran-

scriptional activity and target genes such as CTNNB1, CD44, CD31 and CCND1. And

overexpression of CXCR4 elevated the activity of Wnt pathway.
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Conclusion

In conclusion, our study demonstrates that regorafenib obtain obvious anti-tumor activity by

inhibiting cell proliferation and invasion in gastric cancer cells. And our results revealed that the

inhibitory effect of regorafenib was mediated by CXCR4. Furthermore, regorafenib also inhibit

the Wnt/β-catenin pathway target genes in a CXCR4 dependent-manner. Our findings demon-

strated that regorafenib inhibited gastric cancer cells proliferation and invasion via decreasing the

expression of CXCR4 and further reducing the transcriptional activity of Wnt/β-Catenin path-

way. We revealed the potential anti-tumor effects and underlying mechanisms of regorafenib in

gastric cancer cells, and CXCR4 might mediated the anti-tumor effect of gastric cancer cell to

regorafenib, and might be a novel biomarker for patients selecting of regorafenib. These results

suggest that the CXCL12/CXCR4 signaling axis might play an important role in gastric cells resis-

tance to regorafenib which will help to study other anti-vascular drug resistance mechanism.
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