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Introduction
Breast cancer is the most prevalent anaplastic changes in 
females with high-rate mortality.1,2 Patients with triple-
negative breast cancer (TNBC) exhibit poor outcomes 
compared to other anaplastic changes.3 TNBC that has the 

most aggressive behavior, metastasizes to remote sites.4 
Unfortunately, TNBC cells are resistant to commercially 
available chemotherapeutic drugs.4,5 The release of pro-
angiogenesis cytokines like vascular endothelial growth 
factor (VEGF) helps tumor mass growth via the promotion 
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Abstract
Introduction: The inhibition of vascularization 
into tumor stroma as well as dynamic cell growth 
is the center of attention. Here, we aimed to 
examine the role of vandetanib on angiogenesis 
capacity of breast cancer stem cell (CSCs). 
Methods: MDA-MB-231 cells were exposed to 
different doses of vandetanib and survival rate 
was monitored. Stimulatory effects of vascular 
endothelial growth factor (VEGF), fibroblast 
growth factor (FGF), and epidermal growth 
factor (EGF) were evaluated in vandetanib-
treated MDA-MB-231 cells. In vitro tubulogenesis capacity was studied on the Matrigel surface. 
The synergistic effects of vandetanib on cell survival were also assessed after PI3K and/or Wnt3a 
inhibition. Vascular endothelial (VE)-cadherin, matrix metalloproteinase-2 (MMP-2), -9, Wnt3a, 
and p-Akt/Akt ratio were measured using western blotting. 
Results: Vandetanib reduced survival rate in a dose-dependent manner (P < 0.05). Proliferative 
effects associated with VEGF, FGF, and EGF were blunted in these cells pre-exposed to vandetanib 
(P < 0.05). The microcirculation pattern’s triple-negative breast cancer (TNBC) was suppressed 
by 1, 5 µM of vandetanib (P < 0.05). Hence 1, 5 µM of vandetanib potentially decreased the 
population of CD24– cells. 1 and 5 µM of vandetanib inhibited cell proliferation by blocking PI3K 
and Wnt3a pathways and decreased the p-Akt/Akt ratio, Wnta3 protein levels (P < 0.05). 1 and 5 
µM vandetanib combined with PI3K inhibitor diminished metastatic markers including, MMP-2, 
and MMP-9. The concurrent treatment (PI3K, inhibitor+ 1, 5 µM vandetanib) also considerably 
reduced epithelial-mesenchymal transition (EMT) markers such as VE-cadherin (P < 0.05). 
Conclusion: Vandetanib suppressed vasculogenic mimicry (VM) networking through blunting 
stemness properties, coincided with suppression of VE-cadherin in CSCs. 
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of cancers.24,25 Despite progress in the field of tumor 
biology and treatment, the potency of vandetanib on VM 
properties of human breast CSCs and its differentiation 
potential is not found so far. Whether vandetanib can 
alter VM of MDA-MB-231 CSCs remains to be elucidated. 
This study was conducted to examine anti-VM properties 
of vandetanib on MDA-MB-231 cells by focusing on the 
PI3K/Akt and Wnt/β-catenin axes. 

Material and Methods
Chemicals and antibodies
Vandetanib (Cat no: 14706) was purchased from Cayman 
(USA). Vandetanib dissolved in dimethylsulfoxide 
(DMSO), and the final concentration of DMSO was 
below 0.1%. Cell culture medium (RPMI-1640), fetal 
bovine serum (FBS), and enzymatic solution (0.25% 
Trypsin-EDTA) were obtained from Gibco (USA). 
3- [4, 5-dimeylthiazol-2-yl]-2, 5 diphenyl tetrazolium 
bromide (MTT, Cas No: 298-93-1), PI3K-specific 
inhibitor (Ly294002, CAS no: 934389-88-5), FGF-2 (Cat 
no: F0291) and epidermal growth factor (EGF) (Cat no: 
SRP3027) were purchased from Sigma-Aldrich (USA). 
Wnt3a -specific inhibitor (LGK974, Cat no: 14072) was 
obtained from Cayman (USA). VEGF (Cat no: C64423) 
was obtained from Promocell (USA). Growth factor free-
Matrigel® (Cat no: 356230) were purchased from Corning. 
FITC-conjugated CD24 antibody (Order no: 130-095-952) 
was from Miltenyi Biotec (Germany). Primary antibodies 
against β-actin (Cat no: sc-47778), VE-cadherin (Cat 
no: sc-52751), phospho-Akt (Dilution: 1:100; Cat no: sc-
271966), MMP-2 (Cat no: sc-10736), MMP-9 (Cat no: sc-
393859), Wnt-3a (Cat no: sc-74537), and HRP conjugated 
anti-rabbit secondary antibody (Cat no: sc-2357) were 
provided from Santa Cruz Biotechnology Inc. (USA). 
Primary antibody against Akt (Cat no: E-AB-30471) was 
obtained from Elabscience Biotechnology Inc. (USA).

Cell culture protocol
MDA-MB-231 cells were obtained from Pasture Institute 
(Iranian Cell Bank, Tehran) and expanded using RPMI-
1640 culture medium with FBS (10% v/v) and Pen-Strep 
(1% v/v) under standard condition [37°C, 95% relative 
humidity, 5% CO2]. Passages from 3 to 6 were used for 
several analyses.

MTT assay 
The spectrophotometric measurement of mitochondrial 
dehydrogenase activity was done in MDA-MB-231 cells 
using MTT assay. Briefly, 104 CSCs were plated in each well 
of a 96-well plates and exposed to various concentrations 
of vandetanib (0.195, 0.390, 0.781, 1.562, 3.125. 6.25, 12.5, 
25, 50, and 100 µM) for 48 hours. After that, 30 μL MTT 
solution [5 mg/mL] was poured onto each well, and plates 
kept at 37˚C for 4 hours. Then, supernatant was discarded 
and 100 μL DMSO added onto each well. Using a 
microplate reader (Hiperion MPR4+, Germany), samples 

of de novo vascular formation and hence facilitates tumor 
cell metastasis.6 Besides these properties, multiple studies 
have been conducted on the inhibition of the angiogenesis 
signaling pathway such as VEGFR via neutralizing 
antibodies.7-9 However, several recent studies have shown 
that the abortion of VEGF signaling could not completely 
affect the regression of all cancer types. For instance, upon 
the administration of sunitinib with a tyrosine kinase 
inhibitor activity, tumor regrowth, and metastasis limit its 
application in cancer patients.4 Although the suppression 
of angiogenesis could lead to a reduction of vascular density 
in tumor stroma from one point of view, the continuous 
lack of oxygen and nutrients causes special angiogenesis 
event so-called vasculogenic mimicry (VM).10,11 In 1999, 
Maniotis et al discovered VM phenomenon in melanoma 
cells.12 It is thought that VM development is promoted by 
the participation of tumor cells and their differentiation 
toward endothelial cells (ECs).4 of note, hepatocellular, 
prostate, inflammatory breast and ovarian carcinoma, 
glioblastoma, gastrointestinal stromal tumors exhibit VM 
channel formation.12-16 VM can determines the metastasis 
behavior of cancer cells. This structure consists of several 
types of cells such as mesenchymal stem cells, tumor-
related macrophages, and other stem cell types.12 Cancer 
stem cell (CSCs) participate in the formation of VM 
units.4 CSCs exist within tumor parenchyma with distinct 
multipotentiality and self-renewal properties.17 CSCs 
could promote the formation of VM through an engaging 
mechanism entitled epithelial-mesenchymal transition 
(EMT) process.18-20 EMT is a dedifferentiation process 
in which epithelial marker mainly E-cadherin down-
regulated coincides with expression of stemness marker 
vimentin, snail, Zeb along with vascular endothelial (VE)- 
cadherin.21 

Thus, several mechanisms such as CSCs and EMT 
as well as various signaling pathways, including VE-
cadherin, PI3K, Wnt3a, matrix metalloproteinases 
(MMPs), VEGFR1, focal adhesion kinase, cyclic adenosine 
monophosphate and hypoxia-inducible factor (HIF)-1α 
are involved in VM network formation.22,23 Therefore, 
VM has been touted as a potential alternative for tumor 
growth inhibition. Some researchers have examined the 
effect of several classical anti-angiogenic agents on VM 
networks inhibition, and finally inconsistent results were 
obtained. There are contradictory results on these drugs. 
For example, TNP-470 and Endostatin do not suppress 
VM network formation while sunitinib increases these 
structures, but Thalidomide, Tivantinib, Rapamycin, and 
Trastuzumab inhibits the VM network formation.10,19,21 
Besides, the efficacy of other anti-angiogenic drugs like 
vandetanib on VM networking is unknown yet, so future 
studies are needed. Vandetanib possesses an inhibitory 
effect on receptors with serine-threonine and tyrosine 
kinases activity like VEGFR-2, and epidermal growth 
factor receptor (EGFR).24,25 Indeed, vandetanib has been 
proved to use in clinical trials against various types 
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were read at 570 nm with a reference wavelength of 630 
nm. The experiments were conducted in triplicate and cell 
viability was expressed as % relative to control group. 

Furthermore, we investigated the combined effect of 
two inhibitors [PI3K inhibitor (Ly294002; 10 µM), and 
Wnt inhibitor (LGK974; 10 µM)] with vandetanib on CSC 
survival rate.26,27 The similar procedure was done as above-
mentioned. After 24-hour incubation time, supernatant 
was discarded and cells were exposed to 5 µM vandetanib 
for the next 48 hours. 

To assess whether the addition of vandetanib to the 
culture medium could blunt the effects of VEGF, EGF, 
and EGF, we measured cell viability after being exposed 
to vandetanib plus growth factors. For this purpose, cells 
were pre-treated with vandetanib (1 and/or 5 µM) for 
48 hours followed by incubation in a culture medium 
containing 10 ng/mL of each growth factor for 24 hours. 
In this study, the final concentration of solvent was below 
1%.

Tubulogenesis assay 
The inhibitory effect of vandetanib on CSCs VM 
potential was examined using in vitro tube formation 
assay.28 Each well of a 96-well plates was filled 50 µL 
pre-cooled Matrigel and maintained at 37˚C for 2 hours 
until gelation. Thereafter, 2.5 × 104 cells pretreated with 
vandetanib (1 and 5 µM) were incubated in 200 μL 
culture medium and placed on the Matrigel surface and 
kept under a conventional culture system. During 8-24 
hours, the formation of tubular units was monitored and 
photographs were taken using an inverted microscope 
(Optika IM3, Italy). The total number, length, and 
intersection of tubules were measured using ImageJ 
software (Version 1.52a). 

Stemness feature 
To assess the impact of vandetanib on CSC stemness, 
flow cytometric analysis was done for the evaluation 
of cell membrane CD24. Cells pre-treated with 1 and 5 
µM vandetanib were washed with PBS. Then, 100 μL cell 
suspension containing 106 cells was prepared and FITC-
conjugated CD24 antibody (1 µg/mL) was added. The 
samples were kept at 4˚C for 30 minutes and washed with 
PBS. CD24+ cells were detected using the BD FACSCalibur 
system and FlowJo software (ver.7.6.1). 

Western blotting
Pellets of vandetanib-treated MDA-MB-231cells were 
lysed in a protein extraction buffer containing protease 
cocktail inhibitor. Lysates were centrifuged at 12000×g for 
20 minutes at 4˚C. Protein concentration was calculated 
using Bradford assay. About 10 µg/mL proteins were 
electrophoresed with 10% SDS-PAGE gels and transferred 
to the PVDF membrane. The procedure was continued 
with the blocking of membranes in 2% non-fat milk for 
75 minutes at RT. Then, membranes were incubated 

with primary antibodies as follows: β-actin (dilution: 
1:300), VE-cadherin (dilution: 1:200), Akt (dilution: 
1:1000), p-Akt (dilution: 1:100), MMP2 (dilution: 1:200), 
MMP9 (dilution: 1:100), Wnt-3a (dilution: 1:100). The 
membranes were maintained at 4°C overnight. After three-
time PBS washes (each for 10 minutes), an appropriate 
HRP-conjugated secondary antibody (1:1000) was used. 
The immunoblots were detected with an ECL reagent 
and the intensity of immunoblots calculated using ImageJ 
software (Ver 1.4, NIH).

Statistical analysis
GraphPad Prism [ver. 8] was applied for comparison 
between groups using One-Way ANOVA with Tukey 
post hoc analysis. Values below P < 0.05 was considered 
statistically significant.

Results
Vandetanib diminished cells viability 
MDA-MB-231 CSCs were incubated with different doses 
of vandetanib ranging from 0.195 to 100 µM for 48 hours 
(Fig. 1A). Data revealed the inhibitory effect and dose-
dependent activity of vandetanib on human breast CSCs. 
The inhibitory impact was seen in the group that received 
3.125 µM vandetanib but these changes did not yield 
significant differences (P > 0.05). Vandetanib at higher 
doses, more than 6.250 µM, decreased prominently the 
survival rate of MDA-MB-231 cells (P < 0.001; Fig. 1A). 
These data exhibited a dose- and time-dependent activity 
of vandetanib on MDA-MB-231 CSCs (Fig. 1A). Consistent 
with the previous data and our results, we selected 1 and 
5 µM vandetanib for subsequent analyses.29,30 Along with 
these data, we monitored morphological adaptation of 
MDA-MB-231 CSCs after being exposed to vandetanib. 
Bright-field imaging indicated that MDA-MB-231 CSCs 
acquired a rounded morphology after treatment with 
vandetanib, showing the reduction of adherence to the 
plastic surface (Fig. 1B). 

Vandetanib inhibited VM capacity 
MDA-MB-231 CSCs pretreated with 1 and 5 µg/mL 
vandetanib were placed on Matrigel substrate to assess VM 
capacity (Fig. 2A-B). In this study, data showed that the 
control MDA-MB-231 CSCs were aligned and juxtaposed 
to form vessel-like structures with a relatively thick wall. 
Of note, incubation of MDA-MB-231 CSCs with 1 and 
5 μM vandetanib aborted VM properties. According to 
our obtained data, all parameters like tube area, number, 
and perimeter, were markedly blunted (P < 0.05; Fig. 2A-
B). In the vandetanib-treated groups, the MDA-MB-231 
CSCs lost cell-to-cell connection which is important 
for vasculogenic activity and finally exhibited focal cell 
microaggregates. Considering our data, we noted the 
dose-dependent activity of vandetanib to inhibit VM 
capacity in breast CSCs after 48 hours, showing the anti-
vasculogenic activity of vandetanib MDA-MB-231 CSCs. 



Haiaty et al

BioImpacts, 2022, 12(x), x-x4

Vandetanib diminished stemness feature properties 
The multipotentiality was analyzed by the density of the 
surface marker CD24 (Fig. 3). Data showed the significant 
increase of CD24 in the MDA-MB-231 CSCs from 28.8 ± 
1.95% (control levels) to 98.1 ± 1.05% and 99.1 ± 0.62% in 
the 1 and 5 µM vandetanib groups, respectively (P < 0.05; 
Fig. 3). Non-significant differences were achieved 
regarding the number of CD24+ cells in groups received 
1 and 5 µM vandetanib (Fig. 3). Vandetanib can reduce 
viability and stemness feature of MDA-MB-231 CSCs. 

Vandetanib exhibited synergy with PI3K, Wnt 3a 
inhibitors to reduce MDA-MB-231 CSCs viability 
MTT assay was done to compare the inhibitory effect 
of vandetanib on MDA-MB-231 CSCs survival rate in 

comparison with the suppression of PI3K, and Wnt 3a (Fig. 
4). We noted that the inhibition of PI3K did not reduce the 
viability of CSCs compared to the control group (P > 0.05). 
The incubation of CSCs with 1 and 5 µM vandetanib 
reduced significantly survival rate as compared to the 
control CSCs. These effects were more evident in group 
received 5 µM vandetanib. According to our data, the 
combination of vandetanib at a higher concentration (5 
µM) with PI3K inhibitor decreased the survival rate related 
to cells exposed to only 10 µM PI3K inhibitor (P < 0.0001; 
Fig. 4). Non-significant difference was achieved between 
the groups given PI3K inhibitor + 1 µM vandetanib and 
PI3K inhibitor alone (Fig. 4). Again, inhibition of Wnt3a 
caused non-significant changes in the viability of CSCs 
after 48 hours (P > 0.05; Fig. 4). Compared to the Wnt3a 

Fig. 1. Dose-dependent growth inhibitory effects of Vandetanib on triple-negative breast cancer cell lines. MDA-MB-231 cells were treated with Consecutive 
concentrations of vandetanib and incubated for 48 h, and MTT assays were performed (A). Phase-contrast microscopy indicated morphological changes after 
treatment with vandetanib (B). **P < 0.01, ****P < 0.0001 represent level of significance with respect to control.

Fig. 2. The effect of 1, 5 µM vandetanib on VM network formation by breast cancer cells on Matrigel. Phase-contrast microscopy showed that MDA-MB-231 
cells did not form VM channels when was treated with1, 5 µM vandetanib (A). Tube number, tube perimeter, and tube area evaluated using ImageJ software 
(B). *P<0.05, ***P<0.001 and ****P<0.0001 represent the level of significance concerning control. 
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inhibitor group, the combination of Wnt3a inhibitor and 
5 µM vandetanib reduced significantly the survival rate 
(P < 0.0001). We found non-significant differences in the 
percent of viable cells between groups 5 µM vandetanib 
and Wnt3a inhibitor. These data showed the superiority 
of vandetanib at higher concentrations to decrease the 
viability of breast CSCs compared to the Wnt3a and PI3K 
inhibitors. 

Vandetanib blunted stimulatory effect of growth factors 
We monitored the stimulatory impact of VEGF, EGF, 
and FGF on the CSCs pre-treated with 1, and 5 µM 
vandetanib using MTT assay. Data demonstrated an 
enhanced survival rate in groups that received 10 ng/mL 
growth factors (P < 0.05; Fig. 5). Treatment of CSCs with 
1, and 5 µM vandetanib blunted VEGF, EGF, and FGF 
effects in comparison with matched control groups. Data 

Fig. 3. Representative flow cytometric analysis of the CD24-populations of MDA-MB-231 cells after treatment with 1, 5 µM vandetanib. The increase in the 
CD24- population showed after treatment with 1, 5 µM vandetanib. ***P < 0.001; ****P < 0.0001 represent level of significance with respect to control.

Fig. 4. Representative figure of MTT assay of MDA-MB-231 cells treated with 1, 5 µM vandetanib and/or PI3Kand Wnt3a inhibitors along with control. Higher 
dosage of vandetanib (5 µM) combined with inhibitors significantly decreased cell proliferation as compared to the control group. The significant differences 
were shown as the mean ± SD as follows *P < 0.05, **P < 0.01, and ****P < 0.0001.

Fig. 5. The inhibitory effect of 1, 5 µM vandetanib in exposure to growth factors such as VEGF, EGF, and FGF was examined through MTT assay Data 
revealed that non of the growth factors could not increase the cell proliferation in MDA-MB-231 cells treated with 1, 5 µM vandetanib. Results are expressed 
as mean ± SD. ***P < 0.001 and ****P < 0.0001.
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showed the superiority of 5 µM vandetanib to inhibit the 
stimulatory effect of VEGF, FGF, and EGF compared to 
the 1 µM vandetanib group (Fig. 5). These data highlight 
the modulatory effect of vandetanib to reduce CSCs 
sensitivity to VEGF, FGF, and EGF. 

Vandetanib decreased endothelial differentiation and 
migration capacity 
Anti-angiogenic and anti-migratory properties of 
vandetanib on MDA-MB-231 CSCs were assed using 
western blotting (Fig. 6). Our data showed that vandetanib 
alone (1 and 5 µM) could not significantly decrease 
Wnt3a. Co-treatment of cells with Wnt3a inhibitor and 

vandetanib, either 1 or 5 µM blunted the expression of 
Wnt3a compared to the Wnt3a inhibitor alone (Fig. 6). 
Incubation of MDA-MB-231 CSCs with PI3K inhibitor, 
but not Wnt3a inhibitor, suppressed VE-cadherin 
synthesis (Fig. 6). The combination of vandetanib and 
Wnt3a and PI3K inhibitors suppressed VE-cadherin 
related to control group. Non-significant differences 
were found between the protein levels of VE-cadherin in 
vandetanib + Wnt3a and vandetanib + PI3K inhibitors, 
and the groups received inhibitors only. The combination 
of vandetanib with inhibitors significantly suppressed the 
p-Akt/Akt ratio compared to the control cells (P < 0.05). 
Again, non-significant differences were achieved between 

Fig. 6. Western blot analyses of VM associated markers by human MDA-MB-231 cells. Western blot results and the densitometry analysis revealed that 1, 
5 µM vandetanib combined inhibitors could decrease the protein levels of VE-cadherin, MMP-2, MMP-9, Wnt3a, and p-Akt/Akt ratio with a dose-dependent 
effect. The significant differences were shown as the mean ± SD as follows *P < 0.05, **P < 0.01; ***P < 0.001 and  ****P < 0.0001.
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the groups that received vandetanib + inhibitors and those 
receiving inhibitors only. Moreover, the results show that 
CSCs treated with 1 and 5 µM vandetanib had reduced 
MMP-2, but not MMP-9 (P < 0.01; Fig. 6). PI3K inhibitor 
plus vandetanib suppressed MMP-2 and -9 in CSCs. Of 
note, we found a significant reduction of MMP-9 in the 
CSCs treated with the combination of Wnt3a inhibitor 
and vandetanib. Vandetanib could regulate the angiogenic 
and metastatic behavior of breast CSCs and these effects 
were intensified along with Wnt3a and PI3K inhibitors. 

Discussion
The term VM stands for the formation of a vascular-
like network by the progenitor cells residing in the most 
aggressive and metastatic tumor types.10 High mortality 
rates and poor outcomes mostly occur in patients with VM 
behavior.31 Previously Zhang and colleagues indicated a 
close association between VM and TNBC cells advertised 
as CSCs.4 It has been thought that CSCs possess VM 
capacity via being trans-differentiated into endothelial-
like cells in hepatocellular carcinomas, glioblastomas, 
and breast cancers, which consequently leads to strong 
tumorigenicity and increased resistance to medication.32,33

Vandetanib, as a commercially available tyrosine kinase 
inhibitor, is administrated orally.24,25 Various signaling 
pathways related to tumor growth, progression, and 
angiogenesis have been studied after the administration of 
vandetanib for different cancer types. However, the effect 
of vandetanib in association with the angiogenic behavior 
of CSCs has been neglected, termed here as VM capacity.24 
Herein, the effect of vandetanib on the VM capacity of 
breast TNBC cells was investigated. As a result, we found 
that vandetanib exerts dose-dependent cytotoxic effects 
on human breast CSCs after 48 hours. 

In the present study, we found that the decreased 
CSC viability concurred with multipotentiality removal 
(an increase of surface CD24) after being exposed 
to vandetanib. The treatment of breast CSCs with 
vandetanib decreased the vasculogenic capacity of MDA-
MB-231 CSCs. To achieve the vasculogenic activity, the 
expression of specific endothelial adhesion molecules like 
VE-Cadherin is critical for VM network development via 
aligning ECs.15,22,34-36 Additionally, PI3K/Akt and Wnt3a/
β-catenin axes are considered as the main pathways in 
CSC, EMT, and VM networks formation processes.18,19,21 
Along with these comments, in the current study, we also 
monitored VE-Cadherin, MMP-2, -9, Wnt3a, and p-Akt/
Akt ratio. As a result, we found an efficient suppression of 
the Wnt3a factor in the group co-treated with vandetanib 
with Wnt3a inhibitor, showing the synergistic effect of 
vandetanib with a chemical inhibitor on blocking the 
Wnt3a signaling pathway. Vandetanib alone reduced 
the level of MMP-2, but not that of MMP-9, and the 
combination of vandetanib with PI3K and Wnt3a blockers 
caused a higher inhibitory effect on MMPs synthesis. The 
data showed that the migration of human breast CSCs 

decreased by the treatment with vandetanib and chemical 
blockers. Vandetanib alone could stop the synthesis 
of distinct MMP types. To achieve better therapeutic 
effects, a simultaneous combination of vandetanib with 
other blockers is mandatory. According to our obtained 
data, vandetanib did not decrease VE-Cadherin alone 
while the combined regime of vandetanib and PI3K and 
Wnt3a blockers diminished the synthesis of VE-cadherin. 
Calling attention, in vitro tubulogenesis assay showed that 
vandetanib prevented the human breast CSCs VM tube 
formation capacity on the Matrigel surface. 

This study revealed that co-treatment of CSCs 
with vandetanib and PI3K and Wnt3a inhibitors can 
diminish VE-cadherin and differentiation into ECs. 
Both PI3K and Wnt3a signaling pathways are the main 
mechanisms involved in the anti-vasculogenic property 
of vandetanib. Several cascades such as PI3K/Akt/MMPs 
and Wnt3a/β-catenin are important in tumor growth 
and progression via the regulation of EMT and vascular 
network formation.37 Previous data have confirmed that 
the existence of EMT cancer cells can lead to VM.38 It is 
touted that EMT is a dedifferentiation process in which 
epithelial marker mainly E-cadherin is down-regulated 
coincides with expression of stemness marker vimentin, 
snail, Zeb.21 To assess whether vandetanib in combination 
with PI3K and Wnt3a inhibitors can decrease angiogenic 
potential, VE-cadherin, an endothelial lineage factor, 
were monitored. Vandetanib plus PI3K and/or Wnt3a 
inhibitors diminished CSCs differentiation toward cells 
expressing VE-cadherin. It has been shown that VE-
cadherin can stabilize the intercellular junctions between 
ECs and promote VM capacity.37 Furthermore, the critical 
association of VE-cadherin with PI3K/Akt signaling 
pathway has been known in erythropoietin-producing 
hepatocellular carcinoma-A2.39 The suppression PI3K/
Akt axis can result in pleiotropic effects such as inhibition 
of MMPs as reported here.40

 According to our obtained data, we found that pre-
treatment of cells with vandetanib blunted normal activity 
of cytokines like VEGF, EGF, and FGF on CSCs. These 
data show that vandetanib inhibited the vasculogenic 
capacity of CSCs possibly via the inhibition of VEGF, 
EGF, and FGF signaling pathways and regulation of VE-
Cadherin activity. Again, p-Akt/Akt ratio was not altered 
by vandetanib while the combination of vandetanib and 
inhibitors decreased the phosphorylation of Akt. 

 VEGF, EGF, and FGF are proangiogenic factors that 
stimulated cancer cell proliferation, neoangiogenesis, and 
tumor progression.41 It has been elucidated that some anti-
angiogenic agents such as thalidomide and rapamycin 
inhibited VM networking by targeting VEGF.42,43 Besides, 
according to studies, VEGF could modulate the invasion 
and metastasis in different malignant tumors by targeting 
the EMT process.44 Mandal et al showed that vandetanib 
inhibited EGF-induced cell proliferation in breast cancer 
cell lines.25 



Haiaty et al

BioImpacts, 2022, 12(x), x-x8

Conclusion
Vandetanib suppressed the CSCs' VM networks formation 
and metastasis via the inhibition of VEGF, FGF, and EGF 
signaling pathways. This drug has the potential to decrease 
the stemness feature of breast CSCs. Therefore, it seems 
that a combination of PI3K and Wnt3a inhibitors could 
increase the tumoricidal effect of vandetanib. 
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