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ةيجولويسفلاتلااحلافلتخميفامهمارودةيعولأادلوتبعلي:ثحبلافادهأ
مييقتوهةساردلاهذهنمفدهلا.ثيبخمرومرولاومنليرورضهنإ.ةيضرملاو
ىلعهريثأتويئاعولابوبنلأانيوكتىلعبيسكوكيليسوبيناتيدنافةبيكرتريثأت
يربتخمجذومنمادختساب)9-ب.م.مو2-ب.م.م(ةيعولألةدلوملاتانيجلا
.يرسلاديروللةيناطبلاايلاخلا.ناسنلإل

اهنمققحتلاويرشبلايرسلاديروللةيناطبلاايلاخلاتابنتسامت:ثحبلاقرط
يرسلاديرولايفةيناطبلاايلاخلاتجلوع.يولخلاقفدتلاسايققيرطنع
ءاقبةيلباقديدحتمتو،نيراقعلانمجيزموبيسكوكيليسوبيناتيدنافبيرشبلا
مت.يولخلاقفدتلاسايقوت.ت.مةسياقممادختسابجمربملاايلاخلاتوموةيلخلا
ريثأتلاديدحتمتو،بوبنلأانيوكترابتخامادختسابةيعولأانيوكتةيلمعليلحت
لسلستملاةرملبلالعافتليسكعلاخسنلامادختسابةيعولألةدلوملاتانيجلاىلع
.يقيقحلاتقولايفيمكلا

144-يد.يسـلةبجوميرشبلايرسلاديروللةيناطبلاايلاخلاتناك:جئاتنلا
ءاقبطيبثتىلإامهبيكرتوبيسكوكيليسوبيناتيدنافىدأ.14-يد.يسـلةيبلسو
لدعمناك.ةعرجلاىلعدمتعتةقيرطبيرشبلايرسلاديروللةيناطبلاايلاخلا
،بيناتيدنافـبجلاعلادنع،٪23.7و٪9،٪13.1جمربملاايلاخلاتوم
ةبسنببوبنلأاليكشتبيناتيدنافعنم.نيراقعلالاكنمجيزموأ،بيسكوكيليس

.يلاوتلاىلع٪77.3ةبسنبمهجيزمو،٪21ةبسنببيسكوكيليسلاو،43.7٪
رهظأ.يقيقحلاتقولايفيمكلالسلستملازاريميلوبلالعافتنميسكعلاخسنلا
و2-ب.م.منعريبعتلاتايوتسمنمنلالقيبيسكوكيليسوبيناتدنافنملاكنأ
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Abstract

Objective: Angiogenesis plays an important role in

various physiological and pathological conditions and is

essential for tumor growth and metastasis. The aim of

this study was to evaluate the effect of a combination of

vandetanib and celecoxib on angiogenic tube formation

and its effect on angiogenic genes (MMP-2 and MMP-9)

using an in vitro model of human umbilical vein endo-

thelial cells (HUVECs).

Methods: HUVECs were cultured and verified by flow

cytometry. HUVECs were then treated with vandetanib,

celecoxib, and the combination of both drugs. Then, we

investigated cell viability and cell apoptosis by MTT as-

says and flow cytometry. The process of angiogenesis was

analyzed by tube formation assays, and the effect on

angiogenic genes was determined by RT-qPCR.

Results: HUVECs were positive for CD144 and negative

for CD14. Vandetanib, celecoxib, and their combination

inhibited HUVEC viability in a dose-dependent manner

(p < 0.001). The rate of apoptosis was 13.1%, 9%, and

23.7% (p < 0.001) when treated with vandetanib,
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celecoxib, or the combination of both drugs, respectively.

Vandetanib inhibited tube formation by 43.7%, celecoxib

by 21%, and their combination by 77.3% (p < 0.001),

respectively. RT-qPCR revealed that both vandetanib

and celecoxib reduced the expression levels of MMP-2

and MMP-9, and their combination resulted in an even

greater extent of reduction in expression levels

(p < 0.001).

Conclusion: Celecoxib enhanced the effect of vandetanib

in inhibiting in vitro angiogenesis and the combination of

these two drugs led to even greater extents of inhibition

than vandetanib alone.

Keywords: Angiogenesis; Celecoxib; HUVEC; MMP-2;

MMP-9; Vandetanib

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Angiogenesis is defined as the process used to form new

blood vessels from pre-existing vasculature.1 Angiogenesis is
a naturally occurring process that takes place throughout the
body and can be divided into physiological and pathological

angiogenesis. Physiological angiogenesis is necessary for
tissue development, reproduction and wound repair while
pathological angiogenesis is required for tumor growth and

metastasis.2,3 Angiogenesis is considered as a main target
for treating cancer because it is essential for supplying
nutrients and oxygen for the growth of tumors.4

Matrix metalloproteinases (MMPs) are zinc-containing
proteolytic enzymes that are mostly involved in degrada-
tion of the extracellular matrix to promote cellular invasion,
migration and events such as angiogenesis.5 In humans, there

are 23 members of the MMP family. Of these, MMP-2 and
MMP-9 are predominantly expressed in various human
cancers (breast, lung, gastric, bladder, prostate and ovarian

cancer) and play a vital role in tumor angiogenesis and in-
vasion. Therefore, the targeting of MMP-2 and MMP-9 is
considered as an ideal approach for the treatment of can-

cer.6e8

Vandetanib is a multi-kinase inhibitor that inhibits
angiogenesis by targeting vascular endothelial growth factor

receptor 2, the epidermal growth factor receptor, proto-
oncogene RET9 and MMPs. Vandetanib is mainly used for
treating medullary thyroid cancer but has also shown
beneficial effects for other cancers, such as breast, colon

and lung cancer, and hepatocellular carcinoma.10e12

Celecoxib belongs to a class of non-steroidal anti-in-
flammatory drugs (NSAIDs) that inhibits the process of

inflammation by targeting the cyclooxygenase-2 (COX-2)
enzyme.13 Celecoxib is commonly used for treating
arthritis, although various studies have also

demonstrated its beneficial effect in the treatment of
human cancers. Studies have also reported that celecoxib
possesses an anti-cancer effect and is also capable of
inhibiting angiogenesis by targeting VEGF and MMPs.
Different clinical trials are underway to investigate the
effect of celecoxib in combination with other drugs for

treating cancer.14

As vandetanib and celecoxib both possess anticancer
and antiangiogenic effects, they have never been used in

combination. In this study, we investigated the effect of
vandetanib and celecoxib, as single agents and in combi-
nation, on angiogenesis using HUVECs as an in vitro

model.

Materials and Methods

Vandetanib (Caprelsa, Sanofi) and celecoxib (celbexx,
Getz Pharma) stock solutions were serially diluted in culture

medium to obtain final concentrations of vandetanib (1, 2
and 4 mM) and celecoxib (1.5, 3 and 4.5 mg/mL).

Isolation and primary culture of HUVECs

The umbilical cord, which is normally discarded after
childbirth, was collected with the informed consent of pa-
tients from the gynecology wards of Dow University Hos-

pital. HUVECs were isolated from umbilical cords using
methods described previously.15 The cells were cultured in
EBM-2 media (Lonza, Walkersville, MD) supplemented

with 100 U/mL penicillin/streptomycin and 15% FBS
(SigmaeAldrich). The cells were maintained at 37 �C in a cell
culture incubator in the presence of 5% CO2 and 95% hu-

midified air. The culture media was changed on alternate
days until the cells reached a confluent state. The cells were
then trypsinized using Tryple Express (Life Technologies)
and sub-cultured till P2.

HUVEC verification (flow cytometry)

HUVECs were verified by flow cytometry using the BD

FAC Celesta. Detached cells were resuspended in 500 mL of
PBS and then incubated for 30 min at 4 �Cwith the following
antibodies (BD Pharmingen): Horizon V450-A-conjugated

anti-CD144 and Horizon v500-A-conjugated anti-CD14.
Unstained cells were used as a negative control and the ob-
tained data were analyzed using FACSDiva software 8.0.

Cell viability (MTT) assays

An MTT assay (methylthiazolyldiphenyl tetrazolium

bromide) (SigmaeAldrich) was performed to investigate the
effect of drugs on the growth of HUVECs. In a 96-well plate,
cells were seeded at a density of 15,000 cells per well and
cultured continuously for 24 h. After 24 h, the media was

replaced with fresh culture medium containing 2% FBS and
then treated with different concentrations of vandetanib (1, 2
and 4 mM), celecoxib (1.5, 3 and 4.5 mg/mL), and their

combination for 48 h. Cells without the drug were used as
controls. After 48 h, MTT solution (5 mg/mL) was added to
each well, and the incubation was continued for another 4 h.

The culture medium was then removed and 150 mL of
dimethyl sulfoxide (DMSO) was added to each well; this
enabled MTT crystals to completely dissolve. Plates were

read at a wavelength of 560 nm using a spectrophotometer,
and the inhibition rates of cell growth were calculated using

http://creativecommons.org/licenses/by-nc-nd/4.0/
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the following formula: Growth rate (%) ¼ (ODControl

group � ODTreatment group)/(ODControl group) � 100%.

Cell apoptosis (flow cytometry)

HUVEC apoptosis was examined by flow cytometry (BD

FACS Celesta) using an annexin apoptosis detection kit (BD
Pharmingen). HUVECs (30,000 cells/well) were plated in 6-
well plates and then incubated for 24 h. After 24 h, the

cells were treated with vandetanib (1 mM), celecoxib (1.5 mg/
mL), and the combination of both drugs, for 48 h. After 48 h,
the cells were collected by centrifugation at 10,000 rpm,
resuspended in 500 mL of binding buffer, and incubated for

15 min at room temperature. After that, 5 mL of propidium
iodide and 5 mL of Annexin V-FITC were added and then
incubated for another 15e20 min at room temperature. The

data were analyzed by flow cytometry using FACSDiva
Software 8.0 (BD Bioscience).

Tube formation assays

The process of angiogenesis was demonstrated using a tube
formation assay, as described by Liu et al.16 The 96-well plate,

pre-chilled at�20 �C,was carefully filledwith 60 mL perwell of
liquid geltrex at 4 �C with a pre-chilled pipette, avoiding bub-
bles. The geltrex was then polymerized for 1 h at 37 �C.
HUVECs (15,000 cells per well) were suspended in 200 mL of
completemediumsupplementedwith 2%FBS in theabsenceor
presence of vandetanib, celecoxib, or their combinations, at the
indicated concentrations and carefully layered on the top of the

polymerized geltrex. After 8 h of incubation, the effect on the
formation of endotubes was inspected using a phase contrast
microscope, and images were recorded at 10� magnification.

The data were analyzed by Image J software 1.52.
Figure 1: HUVEC primary culture and verification. (A) The typical co

scopy. (B) Verification of HUVECs by flow cytometry. Negative cont

(n ¼ 3).
Real-time quantitative reverse transcriptase polymerase
chain reaction (RT-qPCR)

Total RNA was extracted from cells treated with vande-
tanib, celecoxib, and the combination of both drugs, by
TRIzol reagent (Life Technologies), as described in the
manufacturer’s protocol. Approximately 1 mg of RNA was

reverse transcribed using a High-Capacity RNA-to-cDNA
kit (Applied Biosystems). Then, qPCR was performed using
the SYBR Green PCR Master Mix (Qiagen). The primer

sequences were as follows: MMP-2: 50-CAGGCTCTTCT
CCTTTCACAAC-30 and 50-AAGCCACGGCTTGGT
TTTCCTC-30; MMP-9: 50-TGGGCTACGTGACCTAT-

GACAT-30 and 50-GCCCAGCCCACCTCCACTCCTC-30;
b-actin: 50-CTACAATGAGCTGCGTGTGG-30 and 50-
AGCTCTTCTCCAGGGAGGA-30. The 2�DDCT method

was used to calculate the mRNA expression level after
normalizing to b-actin.

Statistical analysis

Statistical analysis was performed using SPSS software

16.0. ANOVA and Tukey’s post hoc test were applied to
compare the control and treatment groups. A p value < 0.05
was considered statistically significant.

Results

HUVEC culture and verification

HUVECs exhibited typical cobblestone morphology
under phase contrast microscopy, as shown in Figure 1A.

The purity of HUVECs was determined by flow cytometry
using positive and negative markers. HUVECs were
bblestone morphology of HUVECs under phase contrast micro-

rol cells are shown in black and the test sample is shown in pink



Figure 2: Effect of drugs on the viability of HUVECs. The effect of (A) celecoxib, (B) vandetanib, and (C) the combination of these two

drugs on the viability of HUVECs. Each bar represents the mean � SD of three independent experiments. *p < 0.05 as compared to

controls (n ¼ 3).
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positive for CD144 and negative for CD14, as shown in

Figure 1B.

Effect of vandetanib, celecoxib, and their combination, on

the viability of HUVECs

HUVEC viability in the presence of vandetanib was 87%
at 1 mM, 75% at 2 mM, and 60% at 4 mM, respectively.

Similarly, when treated with celecoxib, HUVEC viability was
89% at 1.5 mg/mL, 78% at 3 mg/mL, and 68% at 4.5 mg/mL,
respectively. HUVEC viability at 1 mM vandetanib and
1.5 mg/mL celecoxib was 74%. At 2 mMvandetanib and 3 mg/
mL of celecoxib, the viability of HUVECs was 51%. At 4 mM
vandetanib and 4.5 mg/mL of celecoxib, the viability of
Figure 3: Effect of drugs on apoptosis in HUVECs. (A) The effect of ce

apoptosis in HUVECs as compared to controls. (B) Analysis of HU

dependent experiments. *p < 0.05 as compared to controls (n ¼ 3).
HUVECs was 24%. These findings revealed a dose-

dependent reduction in HUVEC viability (p < 0.001), as
shown in Figure 2.

Effect of vandetanib, celecoxib, and their combination, on
apoptosis in HUVECs

The rates of apoptosis were 13.1%, 9%, and 23.7%, when

HUVECs were treated with vandetanib, celecoxib, or the
combination of both drugs. These results further confirmed
that at the initial doses, vandetanib (1 mM), celecoxib (1.5 mg/
mL), and their combination, showed a mild to moderate

effect on HUVEC apoptosis (p< 0.001) and were considered
safe, as shown in Figure 3.
lecoxib (1.5 mg/mL), vandetanib (1 mM), and their combination on

VEC apoptosis. Each bar represents the mean � SD of three in-



Figure 4: Effect of drugs on HUVEC tube formation. (A) The effect of celecoxib (1.5 mg/mL), vandetanib (1 mM), and their combination on

HUVEC tube formation as compared to controls. Image taken at 10� magnification. Scale bar ¼ 1000 mm. (B) Analysis of HUVEC tube

formation. Each bar represents the mean � SD of three independent experiments. *p < 0.05 as compared to controls (n ¼ 3).
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Effect of vandetanib, celecoxib, and their combination, on
HUVEC tube formation

Total tube length decreased by 43.7% (p < 0.001) when

treated with vandetanib. Similarly, when treated with cele-
coxib, the total tube length was reduced by 21% (p < 0.001).
The total tube length was significantly reduced by 77.3%

(p < 0.001) when treated with their combination in com-
parison with the control, as shown in Figure 4. These results
suggest that vandetanib and celecoxib are both effective in

inhibiting tube formation, and that their combination
showed more pronounced inhibition than either drug alone.
Figure 5: Effect of drugs on angiogenic genes. The effect of celecoxib

MMP-2 and (B) MMP-9. Each bar represents the mean � SD of three i
Effect of vandetanib, celecoxib, and their combination, on
angiogenic genes (MMP-2 and MMP-9)

RT-qPCR was performed to investigate the effects of

vandetanib, celecoxib, and their combination, on tumor
angiogenic genes (MMP-2 and MMP-9). Analysis showed
that vandetanib and celecoxib both reduced the expression

levels of MMP-2 and MMP-9, and that their combination
resulted in a greater extent of reduction in expression levels,
as shown in Figure 5. Both MMP-2 and MMP-9 led to the

inhibition of angiogenesis with the co-treatment of vande-
tanib and celecoxib (p < 0.001).
(1.5 mg/mL), vandetanib (1 mM), and their combination, on (A)

ndependent experiments. *p < 0.05 as compared to control (n ¼ 3).
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Discussion

In this study we evaluated the effect of vandetanib and

celecoxib, and their combination, in terms of the inhibition
of angiogenesis by using an in vitro model (HUVECs).
HUVECs are frequently used for the in vitro investigation of

angiogenesis because they are very compatible and compar-
atively easy to obtain.17

HUVECs were successfully isolated from umbilical cords

and exhibited a typical cobblestone morphology, as reported
in previous studies.18 HUVECs were further verified by flow
cytometry using positive and negative markers. Analysis
showed that HUVECs were positive for CD144 and

negative for CD14; these findings were in accordance with
previous research.15

As described in our previous literature review, vandetanib

and celecoxib both possess anticancer effects; however, the
effects of a combination of these drugs on the inhibition of
angiogenesis has yet to be investigated.10,14 We hypothesized

that the combination of vandetanib and celecoxib would
have a more prominent effect in terms of inhibiting in vitro
angiogenesis, thereby enhancing drug efficacy and reducing

drug resistance.
Our findings showed that vandetanib, celecoxib, and their

combination, inhibited the viability of HUVECs in a dose-
dependent manner; these findings were consistent with the

research reported in a previous study, which revealed 45e
50% inhibition.19,20

Next, we evaluated the effects of vandetanib (1 mM),

celecoxib (1.5 mg/mL), and their combination, on apoptosis
in HUVECs by flow cytometry. Our findings showed that
vandetanib (1 mM), celecoxib (1.5 mg/mL), and their com-

bination, exhibited a mild to moderate effect on HUVEC
apoptosis and were therefore considered to be safe. This
finding is in complete agreement with previous studies.21

The effect of vandetanib, celecoxib, and their combina-

tion, on angiogenesis was investigated by performing tube
formation assays; such assays are widely considered to be a
reliable technique for investigating the angiogenic and anti-

angiogenic actions of a drug. Our results showed that van-
detanib and celecoxib both inhibited tube formation; these
findings are in accordance with those of previous studies,

which reported 37% inhibition by vandetanib22 and 35.6%
inhibition by celecoxibs.23 When the combination of
vandetanib and celecoxib was used, a more pronounced

inhibition of tube formation was observed.
Finally, we investigated the effect of the combination of

vandetanib and celecoxib on the expression of two tumor
angiogenic genes (MMP-2 andMMP-9). Our results revealed

that vandetanib and celecoxib both inhibited the expression
levels of MMP-2 and MMP-9; this finding was in complete
agreement with previous studies by Giannelli et al.12 and

Zhou et al.24 When vandetanib and celecoxib were
combined, there was a significant inhibition in the
expression levels of MMP-2 and MMP-9.

Conclusion

This study demonstrated that the combination of vande-
tanib and celecoxib exerted a significantly greater inhibitory
effect on in vitro angiogenesis than vandetanib alone. The
results suggest that the combination of these drugs might be
an effective therapeutic option for treating tumors.
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