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Abstract

Background: Agiogenesis is the development of new blood vessels from pre-existing vasculatures. Although essential in the physiologi-
cal process, it becomes pathological in various diseases including cancer. Preventing the formation of new blood vessels causes reductions
in tumor size and metastasis. This study has been undertaken to elucidate the anti-angiogenesis effects of ICD-85 (derived peptides from

venom).

Methods: We evaluated the ICD-85 anti-angiogenesis activity by the in vivo CAM assay and in vitro tube formation assay of human
umbilical vein endothelial cells (HUVECS). The anti-proliferative activity of ICD-85 was also determined through MTT assay on HUVECs.

Results: Results of this study revealed the anti-proliferative activity of ICD-85 on the HUVEC cell line with an IC50 of 12 pg/mL. The in vivo
CAM assay also clearly showed the prevention of new vascular formation when the chick embryos were exposed to 0.15 pg/disc of ICD-85.
In vitro tube formation assay of HUVECs also showed the complete prevention of capillary tube formation on 18 pg/mL.

Conclusion: Based on the results obtained in this study, ICD-85 has anti-angiogenesis activity as shown by the prevention of capillary

tube formation and the CAM assay.
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Introduction

ngiogenesis is the formation of new capillaries from pre-
Aexisting microvessels, which plays a major role in several
physiological and pathological events. Angiogenesis has
an important role during pathological conditions such as inflam-
matory diseases, tumor growth and metastasis.* This complex is a
multistep process that includes extracellular matrix degradation,
endothelial cell proliferation and migration, followed by the re-
cruitment and adhesion of pericytes or smooth muscle cells.? An-
giogenesis is regulated by the balance between angiogenesis fac-
tors that include vascular endothelial cell growth factor (VEGF)3#
and anti-angiogenesis factors such as endostatin.>® Preventing the
formation of new blood vessels causes a reduction in tumor size
and prevention ofmetastasis.” Since the discovery of its impor-
tance, angiogenesis is considered an optimal target for anti-cancer
strategies. Recently many researchers have tested different com-
pounds to develop anti-angiogenesis agents.®*

Some of the disintegrins purified from snake venom, that bind
specifically to integrins and certain tumor cells have been pro-
posed to be anti-angiogenesis agents.'? The antitumor activity of
rhodostomin, a purified disintegrine from snake venom, has been
evaluated by examining its effects on B16F10 melanoma tumor-
induced angiogenesis, where it was determined to be an anti-an-
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giogenesis factor.®

Our previous studies on ICD-85 revealed an inhibitory effect
on the breast cancer cell line MDA-MB231.4% In vivo studies
have shown that the breast tumors stop weight gain and undergo
a reduction in size when ICD-85 was injected intratumorally into
mice that had breast tumors. This could be an indicator of the anti-
angiogenesis characteristics of ICD-85.2° Hence the present study
seeks to evaluate the anti-angiogenesis effect of ICD-85 by using
in vitro and in vivo models.

Materials and Methods

Materials

The cell culture medium (DMEM/F12), fetal bovine serum
(FBS) were purchased from the Gibco company. Trypsin-EDTA,
penicillin and streptomycin were provided by Roche company
(USA). Isopropanol, 0.1 N HCI, PBS, MTT, collagen type I, cy-
todex-3-microcarriers were from the Sigma company (USA). Hu-
man Umbilical \ein Endothelial Cells (HUVECS) were obtained
from the National Cell Bank, Pasteur Institute of Iran and SPF
fertilized eggs purchased from Venky’s India Ltd.

ICD-85

The active fraction of ICD-85 is a combination of three peptides
that range from 10 to 30 kDa and are derived from the venom of
an Iranian snake (Agkistrodon halys) and a scorpion (Hemiscor-
pius lepturus).*

Cell culture

The HUVEC cell line was cultured in DMEM:F12 supplement-
ed with 7% heat-inactivated FBS along with 100 IU/mL penicil-
lin G and 100 pug/mL streptomycin. The culture was incubated at
37°C with humidified air that contained 5% CO,.
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Cell viability assay

MTT assay

Cell viability was determined using the 3-(4,5 dimethyl thiazol-
2-y1)-2,5 diphenyl tetrazoium bromide (MTT) assay. HUVECs
(12.5 x 10°) were cultured in 96-well plates for 72 hours. Differ-
ent concentrations of ICD-85 (24, 12, 6, 3, 1.5, 0.75, 0.37, 0.19,
0.094, 0.047, and 0.023 pg/mL) were diluted by the medium cul-
ture and added, after which, cells were incubated for an additional
48 hours. The dilution series of 1CD-85 was removed; culture
medium and FBS were added and plates were transferred to the
incubator for an additional 48 hours. To assay cell viability, 20 uL
of MTT was added to each well and plates were incubated for 6
hours. The medium was carefully removed and acidic isopropanol
was added. Plates were carefully shaken until the formazan solu-
bilized. We measured absorbance at 570 nm using an absorbance
reader.'® The percentage of viable cells was calculated according
to the following formula:

Percentage of viability of each concentration = (corrected mean
OD of test/corrected mean OD of control) x 100

CAM assay

Specific pathogenic-free (SPF) fertilized eggs (Venky’s India
Ltd.) were incubated at 37°C at a constant humidity. On day sev-
en, two small holes were drilled into the shell, one at the base
of the egg and the other on the upper surface. With the use of a
gentle vacuum, an air sac was transferred to the upper surface and
the CAM was dropped. Next, we was created a small window
(~1 cm in diameter) on the upper surface. Whatman’s sterile pa-
per disk that contained 5 pL distilled water was used as the nega-
tive control and, under sterile conditions, different concentrations
(15, 30, 60, 90 pg/mL) of ICD-85 were placed on the CAM. The
zones around and under the disks were observed microscopical-
ly (Olympus BX51TRF Microscope, USA) 72 hours after disc
placement and blood vessels were analyzed by three independent
expert observers.t

HUVEC capillary tube formation in three-dimensional collagen gel

Preparation of cylodex-3-microcarrier bead's

Cytodex-3-microcarrier beads were allowed to pre-swell in
phosphate buffer, then rinsed with DMEM:F12 under a sterile
hood.*

Development of in vitro anglogenesis moadels

HUVECs were mixed with cytodex-3-microcarriers at an ap-
propriate ratio in DMEM:F12 medium supplemented with 7%
FBS, 100 1U/mL penicillin and 100 ug/mL streptomycin. Then,
cell-coated beads were cultured in collagen matrix and the culture
medium was added. In order to monitor anti-angiogenesis effect
of ICD-85, we treated the cells with different concentrations (9,
18, 27 pug/mL) of ICD-85 against the controls. The results were
analyzed microscopically after 48 hours.*®

Results

Anti-proliferative effect

To investigate the anti-proliferative effect of ICD-85 on HU-
VECs, we performed the MTT assay using various concentrations
of ICD-85. According to the results, HUVECs proliferation was
inhibited by less than 20% at 0.75 pug/mL of ICD-85. However,
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more than 72% inhibition was observed when the HUVECs were
exposed to 24 pg/mL of ICD-85. The 50% proliferation inhibition
(1C50) of HUVECs exposed to ICD-85 was 12 pug/mL (Table 1).

Table 1. Inhibitory effect of various concentrations of
ICD-85 on HUVECSs.

Concentration of ICD85 (ng/mL) Inhibition + SD (%)
24 72+3

12 50+4.12

6 42 +4.36

3 33+2.29

15 23+2.12

0.75 19+1.78

0.37 18 +4.29

0.19 15+ 4.57

0.093 12 £1.55

0.047 5+£25

0.023 0

Values are expressed as mean = SD from at least three independent
experiments.

Result of inhibitory activity of ICD-85 on chick chorioallantoic mem-
brane (CAM) model

Results of the CAM assay showed that the lowest concentration
(0.075 pglegg) of ICD-85 decreased the size and density of blood
vessels compared to control group that used only distilled water.
However at higher concentrations, the effect of ICD-85 was more
prominent and at concentrations of 0.3 pug/egg and higher, angio-
genesis was inhibited. Also, at higher concentrations some previ-
ously formed capillary tubes and vessels were absent (Figure 1).

Anti-angiogenic effect of ICD-85 on collagen-cytodex model

The anti-sprouting effect of ICD-85 was studied by three-di-
mensional culture as an in vitro model. While untreated control
wells showed a branching pattern of tube-like vessels, capillary
tube formation did not appear in the treated models. Inhibition
of this model was also dose-dependent. Capillary tube formation
was partially inhibited in wells treated with 9 pg/mL of ICD-85.
This concentration showed the lowest inhibitory activity. In addi-
tion sprouting was completely inhibited with 18 ug/mL of ICD-
85; eventually, at 27 ug/mL, HUVECs were destroyed (Figure 2).

Discussion

Cancer, despite the ongoing efforts from developed countries,
still causes one in five deaths. Surgery, chemotherapy, and ra-
diotherapy have their own limitations. Several studies have been
undertaken during the last three decades to find the anti-cancer
property of venoms and toxins. Claude Bernard, the father of
physiology was the first who realized that physiologically active
components of snake venom might have therapeutic potential. %
Tumorigenesis is a multistep process where angiogenesis plays an
important role in growth, progression and metastasis of all solid
tumors. Therefore, the agents that inhibit angiogenesis could be ef-
fective in controlling primary growth and development of tumors
as well as secondary metastatic tumors. Based on this hypothesis
and the outcomes of preclinical studies, antiangiogenic therapy
has been suggested as a most promising approach to cancer con-
trol.2-2* Some disintegrins purified from snakes are proposed to
be anti-angiogenesis agents.*? For example, rhodostomin, a puri-
fied disintegrine from snake venom has been evaluated and found
to have anti-angiogenesis properties.*®

ICD-85 used in the present study is a combination of 3 peptides
partially isolated from two different venoms. The molecular
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Figure 1. Anti-angiogenic effect of ICD-85 on CAM assay. Control (A). Eggs treated by 0.075

e

pg of ICD-85 (B). Eggs treated with 0.15

Mg of ICD-85 (C, D). Eggs treated with 0.3 pg of ICD-85 (E). Eggs treated with 0.45 ug of ICD-85 (F).

weight of active fractions of ICD-85 range from 10 to 30 kDa and
have been derived from the venoms of an Iranian snake (Agkis-
trodon halys) and a scorpion (Hemiscorpius lepturus).** The com-
bination of these peptides are used because they work together
synergistically having anti-proliferative activity on cancer cells
and in vivo suppression of tumors in mice.'s

The results of the present study demonstrated that ICD-85
strongly inhibited growth and cell proliferation as well as reduced
survival, causing HUVE cell death. Anti-proliferation activity of

ICD-85 was carried out on the tube-forming endothelial cells us-
ing the MTT assay.® ICD-85 inhibited endothelial cell viability
in a concentration-dependent manner. Our previous studies on
MDA-MB231*1 and HL60 cells® showed that ICD-85 effec-
tively inhibited the growth of cancer cells. We determined the
50% inhibitory concentration of ICD-85 on HUVECs to be 12
ng/mL. However, in the present study the maximum concentra-
tion of ICD-85 which showed consistency and reproducibility of
results with 72% inhibition of HUVEC cells was 24 pug/mL; when

Figure 2. Effect of ICD-85 on in vitro angiogenesis. HUVECs were cultured on three microcarrier beads and seeded on a three-dimensional
cytodex-3 microcarrier model. Sprouting at control was induced by adding medium that contained growth supplements (A, B). Angiogenesis of
the endothelial cells treated by ICD-85 at 9 pg/mL (C).100% of inhibition of sprouting observed at 18 pg/mL of ICD-85 (D, E). Cell destruction
observed at 27 pg/mL of ICD-85 (F).

Archives of Iranian Medicine, olume 16, Number 2, February 2013 111



higher concentrations of ICD-85 were used the results inconsis-
tent. Hence, in the present study we reported the effect of ICD-85
on HUVECs only up to 24 ng/mL. HUVECSs are not a cancer cell
line, however since these cells are involved in new tube forma-
tion, their inhibition by 1CD-85 can be an indicator of the anti-
angiogenesis effect of these peptides.?” In another study by our
group, when HeLa as cancer cell line and MRC-5 as normal cells
were treated with ICD-85, we determined that ICD-85 inhibited
the growth of HeL a cells at a concentration less than 10 pg/mL in
a dose-dependent manner. It had a mild effect on normal MRC-5
cell growth and viability at a concentration of 60 ng/mL which
was six-times more than the cytotoxic dose against HelLa cancer
cells.®® In 2009, Chen et al. reported that the IC50 of L-amino acid
oxidase derived from Naja atra venom on HUVECs was 21.42
mg/L.% In order to block tumor growth and metastasis formation,
a number of inhibitors that target tumor vasculature have been
identified by in vitro and in vivo anti-angiogenesis studies.®

Inhibition of branching and capillary tube formation on HU-
VECs was evaluated in a dose-dependent manner. The anti-an-
giogenic potential of ICD-85 on a cytodex-3-microcarrier bead
model showed that these peptides at a concentration of 18 pg/mL
could completely inhibit angiogenesis. In a similar study, Seyfi et
al. have reported complete inhibition of capillary tube formation
by 100 pg/mL of an aqueous fraction of shallot.® Since in vitro
assays are relatively inexpensive with more rapid results, they are
often used by numerous researchers. We have attempted to con-
firm our in vitro results by in vivo studies. Results of the CAM
assay showed that the lowest used concentration (0.075 pg/egg)
of ICD-85 decreased the size and density of blood vessels com-
pared to the control group. However, at higher concentrations the
effect of ICD-85 was more prominent and with complete inhibi-
tion of angiogenesis as well as some previously formed capillary
tubes and vessels. The CAM assay is probably the most widely
used in vivo assay for studying angiogenesis.®** The lack of a ma-
ture immune system in 7-8-day-old chick embryos allows for the
study of anti-angiogenesis.* Jeon et al. used the CAM assay and
showed that the plasma hyaloronan binding protein (a novel ser-
ine protease) at 10 pg/disc could partially inhibit angiogenesis.®
Other researchers have also identified anti-angiogenesis peptides,
such as disintegrins, from snake venom. Disintegrins that have
been isolated from snake venom are a family of low-molecular-
weight, peptides that bind specifically to integrins on platelets
and other cells such as vascular endothelial cells and some tumor
cells.2 Triflavin from Trimeresurus flavoviridis venom is another
peptide with disintegrin properties that has been shown to inhibit
angiogenesis both in vitro and in vivo.®

The anti-angiogenesis effect of 1CD-85 could be through its
binding to VEGFR and other VEGF receptors in endothelial cells.
VEGF can trigger multiple cellular responses such as promoting
cell survival, preventing apoptosis, and cytoskeletal remodeling,
all of which promote angiogenesis. Several lines of evidence indi-
cate that endothelial cell apoptosis plays a critical regulatory role
in angiogenesis.®” Our previous studies have shown that ICD-85
induces apoptosis in the HL60 cell line.?® We have demonstrated
that ICD-85 increases caspase-8 activity.?” Hence, there is a possi-
bility that the antiangiogenic activity of ICD-85 is at least partially
related to induction of apoptosis in endothelial cells. In conclu-
sion, based on the results obtained in the present study as well as
our previous studies, we hope that ICD-85 can be considered as
an anti-angiogenic agent.
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