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Cucurbitacin B inhibits tumor angiogenesis by triggering
the mitochondrial signaling pathway in endothelial cells
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Abstract. Cucurbitacin B (CuB), the active component of a
traditional Chinese herbal medicine, Pedicellus Melo, has
been shown to exhibit antitumor and anti-inflammation effects,
but its role in tumor angiogenesis, the key step involved in
tumor growth and metastasis, and the involved molecular
mechanism are unknown. Tumor angiogenesis is one of the
hallmarks of the development in malignant neoplasias and
metastasis. Effective targeting of tumor angiogenesis is a key
area of interest for cancer therapy. Here, we demonstrated
that CuB significantly inhibited human umbilical vascular
endothelial cell (HUVEC) proliferation, migration, tubulo-
genesis in vitro, and blocked angiogenesis in chick embryo
chorioallantoic membrane (CAM) assay in vivo. Furthermore,
CuB induced HUVEC apoptosis and may induce apoptosis
by triggering the mitochondrial apoptotic pathway. Finally,
we found that CuB inhibiting angiogenesis was associated
with inhibition of the activity of vascular endothelial growth
factor receptor 2 (VEGFR2). Our investigations suggested that
CuB was a potential drug candidate for angiogenesis related
diseases.

Introduction

Angiogenesis, the formation of new blood vessels from
preexisting ones, is a dynamic complex process including cell
proliferation, migration and capillary-like tube formation (1).
It plays an important role in a wide range of pathophysiological
events, including diabetic retinopathy, peripheral vascular
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disease, endometriosis, tissue regeneration, atherosclerosis,
obesity, rheumatoid arthritis, and cancer (2-4). Scientists
have found that angiogenesis has close relationship with the
development of cancer (5-7). Tumor growth needs blood
vessels to provide nutrients and discharge metabolic waste (8).
Inhibition of angiogenesis has been called the fourth modality
of anticancer therapy (9). Vascular endothelial growth factors
(VEGFs) are crucial regulators of vascular development
during embryogenesis (vasculogenesis) as well as blood vessel
formation (angiogenesis) (10,11). Binding of VEGF to vascular
endothelial growth factor receptor 1 (VEGFR1) (FIt-1)
and VEGFR2 (KDR/Flk-1), two receptors for VEGF with
intrinsic tyrosine kinase activity, lead to activation of phos-
pholipase C (PLC), PKC and MAP-kinase. VEGFR2 is the
major mediator which plays proangiogenic effect induced by
VEGF (12). The inhibitors of VEGFR2 such as sorafenib and
sunitinib have been used in clinical treatment of cancer (13-15).
Sorafenib inhibited tumor growth by 49% at the dose of
10 mg/kg, which inhibited the phosphorylation of both ERK
and elF4E, reduced the microvessel area, and induced tumor
cell apoptosis in the PLC/PRF/5 xenograft model. Sunitinib
is a novel oral small-molecule multitargeted receptor tyrosine
kinase inhibitor that has shown direct antitumor activity and
antiangiogenic action.

Pedicellus Melo from dry stems of the cucurbitaceous
plant Cucumis melo L. Pedicellus Melo is widely used in
traditional Chinese medicine to treat digestive system and
hepatic diseases, including dyspepsia, jaundice, acute and
chronic hepatitis, hepatic cirrhosis and liver cancer. However,
its pharmacological mechanism of antitumor effect and
the medicinal material basis have not been well studied.
Chemical studies have shown that Pedicellus Melo consists
of abundant cucurbitacins, which have become a key point
of study as promising therapeutic antitumor drugs (16-18).
According to the chemical structure, cucurbitacins are divided
into twelve categories (19). Cucurbitacin B, cucurbitacin D,
cucurbitacin E and cucurbitacin I have been proven to have
antitumor effect through inducing cellular apoptosis (20,21).
Cucurbitacin B (CuB) is the most abundant component in the
cucurbitacins of Pedicellus Melo. In vitro experiments also
proved the inhibitory effect of CuB on the growth of human


https://www.spandidos-publications.com/10.3892/ijmm.2018.3647
https://www.spandidos-publications.com/10.3892/ijmm.2018.3647

PIAO et al: CUCURBITACIN B INHIBITS TUMOR ANGIOGENESIS THROUGH THE MITOCHONDRIAL PATHWAY

cancer cell lines and tumor xenografts including HepG2
cells (22), and SW480 cells (23). CuB has antitumor effect
through different mechanisms. The antitumor effect of CuB
on HepG?2 cells was due to the induction of cell cycle arrest as
well as apoptosis. CuB suppresses non-small-cell lung cancer
growth (24), which significantly altered the actin cytoskeletal
assembly, induced G2/M cell cycle arrest and mitochondrial
apoptosis by targeting cellular thiols. CuB may inhibit the
proliferation of human breast cancer cells through disruption
of the microtubule network and downregulation of c-Myc. At
present, it is considered that inhibition of angiogenesis is an
important means in anticancer therapy. It remains unknown
whether CuB inhibits pathological angiogenesis especially
tumor angiogenesis, and its underlying mechanism has not
been revealed.

In this study, we found that CuB inhibited human umbilical
vascular endothelial cell (HUVEC) proliferation, migration
and tubulogenesis in vitro. We also demonstrated that CuB
suppressed VEGF-induced angiogenesis in chick embryo
chorioallantoic membrane (CAM) assay in vivo. Furthermore,
our results showed that CuB induced HUVEC apoptosis,
and may induce apoptosis by triggering the mitochondrial
apoptotic pathways. Finally, we found that CuB inhibiting
angiogenesis was associated with inhibition of the activity of
VEGFR2. Our studies suggested that CuB is a novel tumor
angiogenesis inhibitor and could be a potential drug candidate
for angiogenesis related diseases.

Materials and methods

Cells and reagents. HUVECs and HepG2 cells were obtained
from Allcells, LLC (Shanghai, China). CuB (purity 99%) was
purchased from Chengdu Herbpurify Co., Ltd. (Chengdu,
China). DMEM/F-12, fetal bovine serum (FBS), was from
Gibco (Carlsbad, CA, USA). EGM-2 complete medium was
purchased from Lonza Technology (Basel, Switzerland).
Twenty-four-well plate with Matrigel was from BD Biosciences
(Franklin Lakes, NJ, USA). The Annexin V-FITC/propidium
iodide (PI) kit and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) reagents were purchased
from Beyotime Institute of Biotechnology (Shanghai,
China). Fertilized chicken eggs were from Harbin Veterinary
Research Institute, CAAS (China). VEGF was purchased
from PeproTech (Rocky Hill, NJ, USA). Antibodies against
VEGFR2 was purchased from Sigma (St. Louis, MO, USA).
Antibodies against phosphated-VEGFR2 (Tyrl175) was
purchased from Cell Signaling Technology (Beverly, MA,
USA). Antibodies for Bcl-2, Bax, caspase-3 and cleaved
caspase-3 were purchased from Cell Signaling Technology.
CuB was prepared as a 10 mM stock solution in phos-
phate-buffered saline (PBS) at pH 7.4. This stock solution
was further diluted to the desired concentration with culture
medium. Fresh CuB stock solution was prepared before use.

Cell culture. HUVEC was cultured in DMEM/F-12 with
10% FBS, 10 U/ml penicillin and 10 mg/ml streptomycin or
cultured in complete endothelial cell medium (EGM-2) with
grow factors and 2% FBS in a humidified 5% CO, atmosphere
at 37°C. Cells were dissociated with 0.25% trypsin just before
transferring for experiments and counted using a hemocytometer.
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Cell viability assay. The effects of extracts isolated from
Pedicellus Melo on the proliferation of HUVEC were deter-
mined by MTT assay. Briefly, HUVEC was seeded in a 96-well
plate in a final volume of 200 ul/well of culture medium, at
1x10* cells/well 24 h prior to treatment. The cells were treated
with different concentrations of extractions and compounds
isolated from Pedicellus Melo. Then 20 ul of 5 mg/ml MTT was
added to each well. After 4 h incubation at 37°C, 150 ul dimethyl
sulfoxide (DMSO) was added and rocked at room temperature
for 15 min. The absorbance was measured at 490 nm. The
percentage of the absorbance was calculated against untreated
cells. All experiments were repeated three times.

In vitro migration assays. Monolayer HUVEC migration was
modified from the method described previously (25). Briefly,
HUVEC:s were allowed to grow to confluence on 6-well plates.
After 1 h of mitomycin C (2 pg/ml) treatment, monolayer
cells were scratched with pipette tip and washed three times
with PBS. Fresh media with or without 10 ng/ml VEGF and
various concentrations of CuB were added into the wells. Cells
were further cultured for 24 h, and the HUVECs migration
in culture was determined by measuring wound distance in
cell monolayers. Three different images from each well along
the wound were captured by a digital camera under a micro-
scope (x200). Wound distance was measured and analyzed by
Image-Pro Plus software.

Capillary-like structure formation assay. HUVECs (1x10%)
were cultured in EGM-2 medium in a Matrigel-precoated
24-well plate at 37°C. Immediately following cell addition,
CuB was added and the plate tapped gently. The plate was
incubated overnight at 37°C, in 5% CO, humidified incubator.
After treatment, the medium was aspirated and the plate
washed with PBS twice. Then cells were stained with Green
Cell Tracker at 10 uM dissolved in PBS and incubated for
60 min at 37°C, in 5% CO, humidified incubator. Each well
was washed two times with 1 ml PBS and 200 ul PBS was
added to each well. Pictures were taken with 10x objective
lens. The level of tube formation was quantified by measuring
the number of tubes in three randomly chosen fields from each
well and was calculated against untreated groups.

In vivo chick embryo chorioallantoic membrane assay.
According to a previous method (10), fertilized chick eggs were
incubated at 38.5-39°C with relative humidity at 65-70%. Five
days later,a 1-2 cm? window was opened with forcep and the shell
membrane was removed to expose the chorioallantoic membrane.
Sterilized 5-mm diameter filter (Whatman, Maidstone, UK)
disks absorbed CuB or dissolvant alone as control were put onto
the avascular area of CAM. Then the window was sealed with
filter plastic tape and eggs were incubated for 4 days. The CAM
was observed under stereomicroscope and the neovasculariza-
tion was quantified using Image-Pro Plus software. All animal
procedures and experiments were approved by the Institutional
Animal Care and Use Committee of Harbin Medical University.

Assessment of apoptosis by Annexin V-FITC/PI staining.
Apoptosis analyses of HUVEC cells were carried out by
flow cytometry. HUVEC cells were treated with various
concentrations of CuB. After the treatment, the cells were
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Figure 1. Cucurbitacin B (CuB) inhibits proliferation in human umbilical vascular endothelial cells (HUVEC) and HepG2 cells. HUVEC and HepG2 cells
were treated with different concentrations of CuB, then the proliferation was detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
Untreated cells were 100%. (A) CuB has strong effect of inhibiting proliferation on HUVEC. "p<0.05 and “p<0.01. (B) CuB has strong effect of inhibiting

proliferation on HepG2 cells. "p<0.05.

harvested by 0.25% trypsin and washed with PBS and then
resuspended in 200 gl binding buffer with an addition of
5 ul Annexin V-fluorescein isothiocyanate and 10 ul PI. The
mixture was kept in the dark for 15 min at 4°C and then 300 ul
of binding buffer was added and analyzed with flow cytometry.

Western blotting. To determine the effects of CuB on VEGF-
dependent angiogenesis and HUVEC apoptosis, western blot
analysis was performed. Starved HUVECs were treated with
CuB for 2 h followed by inducing with 100 ng/ml VEGF165.
The apoptosis-related proteins were prepared after treated
with indicated concentration of CuB for 12 h. HUVECs
lysates were suspended in RIPA buffer (10 mmol/l Tris
(pH 7.4), 150 mmol/1 NaCl, 1% Triton X-100, 1% deoxycholic
acid, 0.1% SDS, 5 mmol/l EDTA (pH 8.0), 1 mmol/l PMSF).
Protein concentration was determined using the BCA assay
and equalized before loading. Proteins (80 pg) were resolved
on 12% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred onto nitrocellulose membranes. The
membranes were blocked with 5% defatted milk in TBS and
0.1% Tween-20 and probed antibodies overnight at 4°C. Signals
were taken by LI-COR Infrared Imaged Odyssey.

Statistical analysis. Results of cell proliferation, apoptosis and
tube formation were expressed as the mean of at least triplicate
determinations. Statistical comparisons between drug-treated
group and untreated group were performed by SPSS 12.0. Data
are presented as mean + standard deviations. The bar graphs
were prepared using the GraphPad Prism 5. p-values <0.05
were considered statistically significant.

Results

CuB inhibits proliferation in HUVEC. Proliferation of
endothelial cells is an important step in the processes of angio-
genesis and tumor cells proliferation is required for tumor
growth (26). To investigate the inhibitory effects of CuB on
cell proliferation in both endothelial cells and HepG2 cells,
we performed the MTS assay with the two types of cells. CuB
inhibited the proliferation of HUVEC and HepG2 cells in a
dose-dependent manner, and the inhibitory effect of CuB on
the HUVEC was greater than that of HepG2 cells (Fig. 1).

CuB inhibits HUVECs migration. To investigate the potential
roles of CuB in angiogenesis in vitro, we performed migra-
tion assays to test the effects of CuB on HUVECs. Cells in
6-well plates were scratched, washed with phosphate-buffered
saline (PBS) and incubated for 8-12 h (Fig. 2). Cells migrated
toward the wound regions were analyzed. We found that CuB
inhibited VEGF induced HUVECs migration in wound-
healing assay in a dose-dependent manner.

CuB inhibited tube formation in vitro and angiogenesis in vivo.
Endothelial cell tube formation is a key step involved in tumor
angiogenesis (27). To study the effect of CuB on endothelial
cell angiogenesis, we added HUVEC with different concen-
trations of CuB onto Matrigel and examined the formation of
capillary-like structure by HUVECS. Our results showed that
the number of tubular capillary-like network on Matrigel was
inhibited by CuB in a dose-dependent manner (Fig. 3A and B).
To directly evaluate the effects of CuB on angiogenesis and
vascular development in vivo, we examined the inhibitory
effects of CuB on the chick chorioallantoic membrane to
measure the antiangiogenesis property of CuB in vivo. After
2 days treatment of CuB. The formation of novel blood
vessels was obviously blocked by CuB (5 ug/disc), suggesting
that CuB inhibited chick embryo chorioallantoic membrane
angiogenesis, and decreased 62.8% in branching patterns of
the blood vessels (Fig. 3C and D).

CuB induced apoptosis in HUVECs. We further tested the
effect of CuB on cell apoptosis by flow cytometry with PI
staining. We evaluated the effect of CuB on HUVEC apoptosis
with Annexin V/PI assay (Fig. 4). The percentage of apoptotic
cells in HUVECs was ~50 and 80% at the concentration of 100
and 1,000 nM of CuB, respectively. These data suggested that
CuB can induce apoptosis of endothelial cells.

CuB triggers the mitochondrial signaling pathway. CuB
inhibited the expression of Bcl-2 and increased the expres-
sion of Bax (Fig. 5). On the other hand, we also found that
the expression of caspase-3 was downregulated and cleaved
caspase-3 was upregulated in HUVEC. The above results
suggested that CuB inhibited the mitochondrial signaling
pathway.
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Figure 2. Cucurbitacin B (CuB) inhibits human umbilical vascular endothelial cell (HUVEC) migration. HUVECs were inactivated by 2 yg/ml mitomycin C
and induced with 10 ng/ml vascular endothelial growth factor (VEGF). Dotted lines indicate the area of initial scraping. (A) Representative figure of migration
inhibition in HUVECs by (0, 1, 10 and 100 nM) CuB. (B) Migration distance toward the wound regions at 12 h. "p<0.05, n=6.
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Figure 3. Cucurbitacin B (CuB) inhibits capillary-structure formation of human umbilical vascular endothelial cells (HUVECs) and formation of new blood
vessel branches in chorioallantoic membrane (CAM) assay. (A) Representative figures of tube formation inhibition in HUVECs by 100 nM CuB. HUVEC
(1x10° cells) were seeded in 24-well plate previously coated with Matrigel and treated with CuB for 12 h. (B) The number of tubes after CuB treatment,
percent is the proportion in control group. p<0.05, n=10. (C) Five micrograms per disc of CuB significantly inhibited microvessel growth in the CAM assay.
(D) Statistical analysis of CAM assay. Percent is the proportion of the control group. ““p<0.001, n=10.

CuB suppresses VEGF activated VEGFR?2 phosphorylation.  phosphorylation of VEGFR2 in HUVECs. CuB decreased the
VEGFR?2 is the major receptor of VEGF in angiogenesis, = VEGF activated VEGFR2 phosphorylation in a dose-depen-
and VEGF/VEGFR2 pathway plays a central role in angio-  dent manner (Fig. 6). CuB (1000 nM) dramatically inhibited
genesis. To clarify the underlying molecular mechanism of  the phosphorylation of VEGFR2, suggesting that CuB is a
CuB on angiogenesis, we studied the effects of CuB on the potent inhibitor of VEGFR in HUVECs.
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Figure 4. Apoptosis assay of human umbilical vascular endothelial cells (HUVECs) measured by flow cytometry. Cells were treated with different concentra-
tions of cucurbitacin B (CuB) for 12 h and apoptosis was analyzed by Annexin V-FITC. (A-C) Annexin V-FITC staining is represented on the x-axis and PI
staining is represented on the y-axis. Lower right quadrants represent early stage apoptotic cells (Annexin V positive only); upper right quadrants contain late
apoptotic and necrotic cells (Annexin V and PI double positive); lower left quadrants represent live cells. (D) The values indicate the percentage of apoptotic
cells in each concentration. Results shown are the average of three independent experiments. “p<0.05 and “p<0.01.
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Figure 5. Cucurbitacin B (CuB) triggeringed the mitochondrial signaling pathway in human umbilical vascular endothelial cells (HUVECS) by western blot
analysis. (A) CuB suppressed the expression of Bcl-2 and caspase-3 and increased the expression of Bax and cleaved caspase-3 in a dose-dependent manner.
(B-E) Statistical graphs of expression of Bax, Bcl-2, cleaved caspase-3 and caspase-3.

Discussion

Tumor growth depends on angiogenesis and antiangiogenic
therapy is a new target for cancer treatment (28). Identification
of angiogenesis inhibitors will benefit drug discovery for
tumor and other diseases associated with angiogenesis (29).
In this in vivo angiogenesis study, a standard chick embryo

CAM assay of angiogenesis was used. We found that CuB
inhibited CAM angiogenesis in a dose-dependent manner. In
angiogenesis study in vitro, CuB suppressed key steps involved
in angiogenesis, including proliferation, migration, tubulogen-
esis, and induced apoptosis in endothelial cells. Further studies
illuminated that CuB induced endothelial cell apoptosis via
suppressing the mitochondrial pathway.
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Figure 6. Effects of cucurbitacin B (CuB) on the expression of pTyrl1175-vascular endothelial growth factor receptor 2 (VEGFR2) and VEGFR2 in human
umbilical vascular endothelial cells (HUVECs:). (A) CuB suppressed VEGF-induced phosphorylation activity of VEGFR2 in phosphorylation sites Tyr1175.
HUVECs were treated by VEGF alone or combined with different concentrations of CuB for 2 h. (B) Statistical graph of pTyr1175-VEGFR2. Data are
expressed as mean = SD, “p<0.05 vs. Ctrl; “p<0.05 vs. model, n=5. (C) Statistical graph of VEGFR2. Data are expressed as mean + SD.

Pedicellus Melo L. belongs to the Cucurbitaceae family
which consists of various cucurbitacins used as a natural
medicine in China for centuries. There is increasing evidence
showing that cucurbitacins not only inhibited cancer cell
proliferation and induced cell apoptosis, but also showed the
synergistic effect with known chemotherapeutic agents, such as
doxorubicin and gemcitabine. The reported molecular mecha-
nisms of action of cucurbitacins in human cancer cells not only
inhibited signal transducers and activators of transcription-3
(STATS3), but also affected other signaling pathways, such
as the MAPK pathway (30). Cucurbitacins as potential anti-
cancer drugs have attracted the attention of the drug industry.
It has been reported that cucurbitacins especially CuB is
widely utilized for antitumor activity in traditional Chinese
medicine (31,32). In this study, we demonstrated that CuB
significantly inhibited proliferation in HUVEC. Interestingly,
CuB inhibited much stronger proliferation in endothelial cells
than that in HepG2 cells. These results suggested whether CuB
inhibited tumor growth mainly through targeting endothelial
cells other than tumor cells. With the development of the
pharmacological mechanism in cucurbitacins, cucurbitacin E
has been proven to be an anti-angiogenic agent by inhibiting
VEGFR2-mediated Jak-STAT3 and mitogen-activated protein
kinases signaling pathways. However, whether the same kind
of compound as CuB, can also inhibit tumor angiogenesis is
still unknown. Whether the anti-angiogenisis will be a new
therapeutic target for cucurbitacins need to be further studied.

Angiogenesis is a very complex process, it is the result
of the interaction of different factors in time and space.
Angiogenesis begins with the degradation of the basement
membrane by activated endothelial cells that will migrate and

proliferate, leading to the formation of solid endothelial cell
sprouts in the stromal space. The activation and proliferation
of endothelial cells is the first step in this process. In this study,
we demonstrated that CuB significantly inhibited proliferation
in HUVEC. The migration and new vessel formation of endo-
thelial cells is also the key steps in the angiogenesis. In our
results, CuB obviously inhibited the two steps in angiogenesis.
The chick CAM assay is a typical and widely used experiment
in angiogenesis study. In this in vivo experiment, the forma-
tion of novel blood vessels was obviously blocked by CuB. It
suggested that CuB may suppress angiogenesis in vivo and
in vitro.

In the process of angiogenesis, endothelial cell apoptosis
is an important factor for the inhibition of angiogenesis.
There is a dynamic balance between the formation of new
blood vessels and apoptosis, if it can promote the apoptosis,
angiogenesis will be inhibited. Increasing number of studies
have shown that mitochondria played a crucial role in cellular
apoptotic pathway (33). Bcl-2 protein family plays an essential
role in the regulation of mitochondrial apoptosis pathway (34).
The pro-apoptotic Bcl-2 family protein Bax has been shown
to be required for the disruption of mitochondrial of cancer
cells, whereas the antiapoptotic Bcl-2 can prevent cell death by
interfering with the activation of Bax (35). In the present study,
we found that the expression level of Bcl-2 was suppressed and
the expression of Bax was upregulated in HUVEC. To further
characterize the molecular mechanisms of CuB-induced
apoptotic pathways, we examined the expression of caspase-3
and cleaved caspase-3. Compared with control group, the CuB
could downregulate the expression of caspase-3 and upregulate
the expression of cleaved caspase-3. Thus, we concluded that
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CuB may induce apoptosis in endothelia cells by triggering the
mitochondrial apoptotic pathways.

VEGFs are critical regulators of vasculogenesis and angio-
genesis by binding to their cognate receptor. Among the three
receptors (VEGFR1,2,3), VEGFR2 is the main receptor of
VEGF involved in angiogenesis (36). Activation of the VEGF
signaling pathway triggers a network of signaling processes
that promote endothelial cell growth, migration and tube
formation. In this study, we found that the activity of VEGFR2
was inhibited by CuB in a dose-dependent manner. This result
showed that CuB inhibited VEGF mediated angiogenesis
through VEGFR?2 inhibition.

Angiogenesis is a complex multistep process. Inhibition
of any step of these processes may result in the damage of
angiogenesis and can serve as a potential antitumor therapy.
We found CuB inhibited angiogenesis effects of tumors by
triggering the mitochondrial apoptotic pathways in endothelia
cells. Shukla et al also reported that CuB inhibited metastasis
and angiogenesis of non-small cell lung cancer which was
related with the downregulation of Wnt/B-catenin signaling
axis (37). This shows that CuB inhibited angiogenesis possibly
through different mechanisms. The present study suggests that
CuB as a VEGFR?2 inhibitor is a potential drug candidate for
diseases associated with pathological angiogenesis.

In conclusion, our studies showed that CuB significantly
inhibited human umbilical vascular endothelial cell (HUVEC)
proliferation, migration, tubulogenesis in vitro, and blocked
angiogenesis in chick embryo chorioallantoic membrane assay
in vivo. Furthermore, CuB induced HUVEC apoptosis and may
induce apoptosis by triggering the mitochondrial apoptotic
pathway. Finally, we found that CuB inhibiting angiogenesis
was associated with inhibition of the activity of VEGFR2. Our
new finding of CuB in angiogenesis suggested a novel role of
CuB as an antiangiogenesis agent.
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