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Purpose: The aim of this study was to examine the effects of the crude extract of Acanthus
ebracteatus Vahl (AE) on tumor growth and angiogenesis by utilizing a tumor model in which
nude mice were implanted with cervical cancer cells containing human papillomavirus 16 DNA
(HPV-16 DNA).

Materials and methods: The growth-inhibitory effect of AE was investigated in four dif-
ferent cell types: CaSki (HPV-16 positive), HeLa (HPV-18 positive), hepatocellular carcinoma
cells (HepG2), and human dermal fibroblast cells (HDFs). The cell viabilities and IC, values
of AE were determined in cells incubated with AE for different lengths of time. To conduct
studies in vivo, female BALB/c nude mice (aged 6—7 weeks, weighing 20-25 g) were used.
A cervical cancer-derived cell line (CaSki) with integrated HPV-16 DNA was injected subcu-
taneously (1 x 107 cells/200 uL) in the middle dorsum of each animal (HPV group). One week
after injection, mice were fed orally with AE crude extract at either 300 or 3000 mg/kg body
weight/day for 14 or 28 days (HPV-AE groups). Tumor microvasculature and capillary vascu-
larity were determined using laser scanning confocal microscopy. Tumor tissue was collected
from each mouse to evaluate tumor histology and vascular endothelial growth factor (VEGF)
immunostaining.

Results: The time-response curves of AE and the dose-dependent effect of AE on growth
inhibition were determined. After a 48-hour incubation period, the IC,  of AE in CaSki was
discovered to be significantly different from that of HDFs (P < 0.05). A microvascular network
was observed around the tumor area in the HPV group on days 21 and 35. Tumor capillary
vascularity in the HPV group was significantly increased compared with the control group
(P < 0.001). High-dose treatment of AE extract (HPV-3000AE group) significantly attenuated
the increase in VEGF expression and tumor angiogenesis in mice that received either the 14- or
28-day treatment period (P < 0.001).

Conclusion: Our novel findings demonstrated that AE crude extract could inhibit cervical
cancer growth, VEGF expression, and angiogenesis in a CaSki-cell transplant model in mice.

Keywords: Acanthus ebracteatus Vahl, tumor angiogenesis, VEGEF, CaSki cell-implanted
nude mice, capillary vascularity, laser scanning confocal microscopy

Introduction

Cervical cancer, a malignant tumor that occurs in the cervical area of the uterus, is the
second most common type of cancer in women worldwide.! Presently, it is clear
that persistent human papillomavirus (HPV) infection of the epithelial cell within
the cervical mucosa significantly contributes to the development and maintenance of
cancer. More than 100 different types of HPV have been reported, and approximately
20 HPV types are associated with cervical cancer. HPV DNA is found in nearly all
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cervical cancer tissue (>99.7%),>* and the prominent types
appear to be HPV-16, 18, 31, and 45.* The high-risk types of
HPV (HR-HPV) are, HPV-16, and HPV-18, which account
for approximately 50% and 20% of all cervical cancers,
respectively.>® HR-HPV contains two critical oncogenes,
E6 and E7, which are involved in the carcinogenesis of host
cells. The E6 and E7 oncoproteins bind to the cellular tumor-
suppressor proteins p53 and pRb, respectively. These interac-
tions result in the degradation of active p53 and interference
with pRb function, which then transform the precancerous
lesion into a malignant cancer.’

Currently, there exists evidence to support a major role for
HPV in the process of angiogenesis during the early stages
of cervical cancer. High expression of vascular endothelial
growth factor (VEGF), a potent angiogenic factor, has been
found documented in all stages of cervical cancer lesions.* '3
HPV E6 promotes VEGF-dependent angiogenesis during the
growth and development of cervical cancer.!*** Moreover, it
has been reported that the upregulation of VEGF expression
results from HPV E6—induced p53 degradation.'” In addition,
both E6 and E7 induce VEGF expression via direct trigger-
ing of the VEGF promoter,'®!” which is mediated through
enhancing the hypoxia-inducible factor-1o (HIF-10) protein
expression in HPV-16-positive cervical cancer cells.'®

During the last decade, there have been a number of
research studies reporting that the Thai medicinal plant
Acanthus ebracteatus Vahl (AE) (family Acanthaceae;
English name, Sea Holly; Thai name, “ngueak pla mo™) has
antitumor potential. AE is a spiny mangrove herb that is
used in a ayurvedic folk medicine and is commonly distrib-
uted in Southeast Asia. It is composed of several chemical
constituents, including alkaloids, flavonoids, tritepenoids,
sterols, aliphatic glycosides, lignans, phenolic glyco-
sides, quaternary amino acids, and polysaccharides.?*
A number of studies conducted on this plant and others
of its species identified bioactive components that posses
special pharmacological activities, including antimicro-
bial, immunopotentiating, hepatoprotective, antioxidative,
anti-inflammatory, antimutagenicity, and anticarcinogenic
activities. !

Interestingly, studies employing different experimental
animal models have reported that the extract from AE can
delay the onset of carcinogenesis, inhibit hepatocarcinogen-
esis, inhibit tumor progression, and greatly decrease tumor
growth.*3234 It has been suggested that the cytotoxic effects
of AE on different types of cancer may result from this plant’s
bioactive compounds, including B-sitosterol, stigmasterol,
lupeol, and benzoxazoline-2-one.?>3#

The antitumor effect of AE has not been studied in
HPV-16-positive cervical carcinoma cells. Moreover, though
it is well known that AE crude water-soluble polysaccharides
inhibit VEGE**® a key regulator of angiogenesis, there cur-
rently exist no experimental data addressing the possible
mechanism by which AE inhibits tumor angiogenesis.

Therefore, the present study is the first to demonstrate
the effects of AE on tumor growth, tumor angiogenesis, and
VEGF expression using a tumor model in which HPV-16-
positive human cervical carcinoma cells were implanted
into nude mice.

Materials and methods
Preparation of A. ebracteatus Vahl crude

extract

The crude extract of AE was prepared by the Medicinal Plant
Analytical Development Section, Research and Development
Institute, Government Pharmaceutical Organization (GPO),
Thailand. Briefly, fresh leaves and stems of AE were chopped
into small pieces and then sun-dried until a residual moisture
content of 16.8% weight/weight was obtained. The dried
matter was then boiled with distilled water (1 kg dried mat-
ter per 20 L water) twice. After filtration, the solution was
dried by spraying it until it became powder (15 kg of ground
dried leaves and stems: 1800 g of powder extract). The light
creamy-white powder was then kept in foil packages (20 g per
pack) with humidity absorbance. The powder was dissolved
in distilled water for use in each experiment.?**

Cell line cultivation

Three human cancer cell lines and one normal cell line were
used in this study. Two human cervical carcinoma cell lines,
which contain integrated HPV-DNA, were used: CaSki
(HPV-16-positive) and HeLa (HPV-18-positive). HepG2,
hepatocellular carcinoma cells, were also used. These
three cancer cell lines were obtained from the American
Type Culture Collection (Manassas, VA). The human
dermal fibroblast cells, or HDFs, were purchased from Cell
Applications (San Diego, CA). All cancer cells were grown
in minimum essential medium (Gibco, Gaithersburg, MD)
supplemented with 10% heat-inactivated fetal bovine serum
(Invitrogen, CA, USA), an antibiotic—antimycotic mixture
of penicillin (50 unit/mL) and streptomycin (50 pg/mL)
(Bio Basic, Markham, Canada) and 2 mM L-glutamine.
HDF cells were maintained in fibroblast growth medium
(Cell Applications) supplemented with a low-serum-growth
supplement. Cells were cultured at 37°C, and 5% CO, in a
humidified incubator.

submit your manuscript

270

Dove

Cancer Management and Research 2012:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Acanthus ebracteatus Vahl and cervical cancer

The medium was replaced with fresh medium every
other day, and cells were subcultured when they reached
80% confluence to maintain cell growth in the log phase.
Before use, cells were trypsinized using 0.025% trypsin-
EDTA (Invitrogen).

Cell proliferation assay

The effects of AE crude extract on cell growth were exam-
ined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium-bromide assay (MTT) (Sigma-Aldrich, St Louis,
MO). Cells were divided into the control group (untreated)
and treatment groups, which received different concentrations
of the AE crude extract (107~10* ug/mL).

Briefly, 0.025% trypsin-EDTA was used to detach cells
and prepare single-cell suspensions. Cells were then seeded
into 96-well plates (1 x 10* cells per well in 100 uL of
complete culture medium). The cells were allowed to grow
for 24 hours at 37°C in a humidified incubator with 5% CO,
atmosphere. On the following day, the medium was removed
and replaced with complete medium containing the crude extract
of AE (10°-10* ug/mL in a total volume of 100 uL/well), but
for the control group, only medium was added.

After incubation for 21, 48, or 72 hours, the medium
was aspirated and 100 uL of 0.5 mg/mL MTT in serum-
free medium was added into each well. The plate was then
incubated for 4 hours at 37°C in a humidified incubator with
5% CO,. After incubation, the MTT formazan, which is the
metabolic product produced by viable cells, appeared as dark
crystals in the bottom of the wells. The MTT solution was
carefully removed from each well to prevent disruption of the
cell monolayer and then was replaced with 150 UL 0f99.9%
dimethylsulfoxide (Sigma-Aldrich). To ensure thorough dis-
solving of the formazan crystals, each plate was placed on
a shaking table for 5 minutes at room temperature. A purple
solution was visible at this stage, and the optical density (OD)
of each plate was read by an enzyme-linked immunosorbent
assay plate reader (Bio-Rad Laboratories, Hercules, CA) at
a wavelength of 540 nm. The MTT assay was repeated in at
least 3 independent experiments.

The inhibitory effect of AE on cell proliferation was
calculated by determining the percentage of living cells
at each time interval: (OD of AE-treated sample — OD of
blank)/(OD of untreated control — OD of blank) X 100%.
Dose-response curves were obtained for each cell type by
plotting the percentage of growth inhibition versus the AE-
extract concentrations. After 48 hours of incubation with AE,
the nonlinear regression equation was used to calculate the
half-maximal inhibitory concentrations (IC, values; fitting

logistic-sigmoidal model) using Origin version 5.0 software
(MicroCal Northampton, MA).

Experimental animal preparation

Inbred female BALB/c nude mice (body weight 20-25 g)
were obtained from the National Laboratory Animal Center,
Salaya Campus, Mahidol University, Nakornpathom,
Thailand. All animal experiments were conducted according
to the Ethical Guidelines for the Uses of Animals by
The National Research Council of Thailand (1999) and
were approved by the Institutional Animal Care and Use
Committee of Chulalongkorn University, Thailand. The mice
were housed in a specific pathogen- and germ-free environ-
ment where the temperature was maintained at 25° £+ 3°C
with 60%—70% air humidity and a 12-hour light—dark cycle.
During the experiment, the mice were fed with standard
laboratory chow and sterile water ad libitum.

The mice were divided into four groups: (1) control
mice that received distilled water (Con; n =5), (2) HPV-16-
implanted mice that received distilled water (HPV-Veh; n =8),
(3) HPV-16-implanted mice that received AE 300 mg/kg body
weight (HPV-300AE, n=8), and (4) HPV-16-implanted mice
that received AE 3000 mg/kg body weight (HPV-3000AE;
n = 8). The AE supplementation began 24 hours after the
inoculation of CaSki cells and continued for 14 or 28 days.

The HPV-implanted mice were prepared according to the
procedure reported previously by Lertworapreecha et al in
2009.% For the HPV group, CaSki cells (1 x 107 cells/200 pL,
viability > 95%) were injected into the subcutaneous layer of
dorsal skin in mice. Control mice received 200 UL of mini-
mum essential medium only, which was equivalent to the vol-
ume injected into the HPV mice. All mice were then housed
at one animal per cage until the end of the experiment.

All procedures were performed under aseptic conditions.
To confirm tumorigenesis, at the end of each experiment a
tissue sample from the dorsal skin area where the cancer
cells were previously injected was collected for histologi-
cal examination. Hematoxylin and eosin-stained specimens
were evaluated by a pathologist in the Pathological Division,
Department of Obstetrics and Gynecology, Faculty of
Medicine, Chulalongkorn University.

Tumor microvasculature imaging

The experiments were performed on days 14 and 21
after either vehicle or AE treatments. The mice were
anesthetized with an intraperitoneal injection of sodium
pentobarbital (50 mg/kg body weight). A catheter was
inserted into the jugular vein to inject fluorescence tracers
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(5% fluorescein isothiocyanate-labeled dextran [FITC-
dextran], MW = 200000, 0.5%) (Sigma-Aldrich).

The tumor microvascular network was observed using a
laser scanning confocal microscope system (Eclipse E800
C1; Nikon, Tokyo, Japan). By cutting and including the
dorsal skin around the tumor mass, the skin and the adjacent
tumor mass could then be turned inside out and fixed with
modeling wax on a plate. For visualization of the microvas-
cular lumen, a bolus of 0.1 mL 5% FITC-dextran was injected
into the jugular vein 5 minutes prior to imaging. During the
experiment, the fluorescent images were obtained for analysis
of the capillary vascularity within the tumor-bearing area
using the image analysis software Image-Pro Plus 6.0 (Media
Cybernetics, Bethesda, MD).

Determination of capillary vascularity
From the confocal microvascular images, the capillary vas-
cularity (CV) of each mouse was determined using Global
Lab Image/2 (Data Translation, Marlboro, MA) software.
The software calculated the CV in three regions of interest
(ROIs) from one fluorescent image (frame) for each mouse.
The RGB images were converted into binary images, and
vascular pixels and perivascular pixels were differentiated
from each other based on gray-scale intensity. The CV was
defined as the number of microvessel pixels divided by
the total number of pixels within the ROI, as described by
Viboolvorakul et al in 2009.*" Accordingly, averaging CV
over three ROIs was performed, and the mean CV value in
each group was used as an index of tumor angiogenesis. Each
ROI was selected to cover only capillary networks with a
diameter of less than 15 um.*

Determination of tumor volume

and histopathological examination

When the tumor microvasculature study was completed, mice
were killed and the tumor masses were excised carefully.
Tumor size was measured by using a Vernier caliper (VWR,
St Louis, MO). Tumor volume was calculated using the
ellipsoid volume formula: volume (mm?®) = /6 (length) X
(width) x (height).** The tumor mass was then fixed with
neutral buffer formalin (4% formalin, 0.4% NaH_PO,,
0.65% Na,HPO,) for further evaluation of histopathologi-
cal changes. The formalin-fixed, paraffin-embedded tissue
samples were cut into 5-\Um sections using a microtome with
a disposable blade. The sliced tissue was fixed onto a slide
and stained with hematoxylin and eosin using automatic tis-
sue staining (Autostainer XL; Leica Microsystems, Wetzlar,
Germany). The establishment of cervical carcinoma was

confirmed by a trained pathologist (Pathological Division,
Department of Obsteric and Gynecology, Faculty of
Medicine, Chulalongkorn University).

Determination of VEGF expression
Immunostaining was performed on paraffin-embedded
S-um-thick tumor sections. Sections were deparaffinized,
hydrated, blocked for endogenous peroxidase using 3% H,0,/
H,0, and subsequently incubated with antigen Retrieval
Solution EDTA buffer (BD Pharmingen, San Diego, CA) in
a 95°C—99°C water bath at pH 8 for 40 minutes.

Nonspecific background was blocked by the application
of 200 UL of 3% normal horse serum. Then, 200 UL of the
anti-VEGF antibody (1:100; Santa Cruz Biotechnology,
Santa Cruz, CA) was applied to tissue sections, followed by
incubation at 4°C overnight. After washing with phosphate-
buffered saline (pH7.4), 200 UL of visualization reagents
(Envision) were applied to the tissue sections, which
were then incubated at room temperature for 30 minutes.
Color was developed using 3,3’-diaminobenzidine tetra-
hydrochloride and the slides were then counterstained with
hematoxylin and mounted with resinene. Negative control
slides were generated by replacing the primary antibody
with phosphate-buffered saline and normal rabbit serum.
Known immunostaining-positive slides were used as posi-
tive controls.

The cells staining positively for VEGF were observed
and recorded using a digital camera (DS-Fil-L2; Nikon) and
image software (NIS-Elements Basic Research, Nikon). The
quantitative analysis of VEGF expression was performed
using Image-Pro Plus 6.1 software. VEGF-positive cells
exhibited brown-yellow particles in the cytoplasm, and the
percentage of VEGF expression was defined by determin-
ing the proportion of VEGF-positive staining area per total
ROI area.*

Statistical analysis

All results are expressed as the mean + standard error of
mean. Statistical analyses were performed by one-way
analysis of variance using SPSS version 16.0 (IBM, Armonk,
NY). The difference between means was considered statisti-
cally significant when the probability level (P-value) was
less than 0.05.

Results

Effects of AE on cell proliferation
The time-response curves of AE crude extract were gener-
ated by plotting the percentage of cell viability versus the
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concentrations of AE after three different incubation periods
(24, 48, and 72 hours), as shown in Figure 1.

InTable 1, the IC, of AE in each cell type was calculated
using the nonlinear regression equation (fitting logistic sig-
moidal model). The results indicate that the dose-dependent

effect of AE on growth inhibition, as well as the IC, , were

50

significantly different between CaSki cells and HDFs
(P < 0.05).

Effects of AE on tumor volume

and histopathological examination

One week after inoculation with CaSki cells, a tumor bud
could be observed, and over time it enlarged continuously.
Table 2 shows the mean values of tumor volume for each
group. These data indicate that the tumor volume of the HP V-
3000AE group was significantly less than the tumor volume
ofthe HPV-Veh group (P < 0.05). These results indicate that
high-dose treatment of AE crude extract may significantly
inhibit or delay cervical carcinoma growth.
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Following excision of the tumor nodule, the results of
histological study confirmed the presence of a large deposit of
malignant tumor deep below the skin of the mouse, between
bundles of skeletal muscle. The morphological features of
the cancer cells confirmed that they were squamous cell car-
cinomas, which are characterized by irregular round nuclei,
small nucleoli, and a pale pink cytoplasm. In addition, these
histological results seem to support that high-dose treatment
of AE crude extract may inhibit or delay cervical carcinoma
growth (Figure 2).

Antiangiogenic activity of AE

Figure 3 shows confocal fluorescent images of the micro-
vasculature of the tumors collected from the HPV groups
on day 14 or day 28, with or without AE treatment. The
laser confocal microscopic images revealed a large num-
ber of microvascular networks around the tumor masses
in the HPV-16 group (Figure 3A and B). In addition, the
images indicated that the tumor microvascular ultrastructure
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Figure | The percent cell viability of HDFs (A), CaSki (B), HelLa (C), and HepG2 cells (D) when treated with Acanthus ebracteatus Vahl at different concentrations

(10°~10* pug/mL with total volume 100 uL/well) after 24-, 48-, and 72-hour incubations.

Abbreviations: HDFs, human dermal fibroblast cells.
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Table | The half maximal inhibitory concentration (IC,, ug/mL)
of Acanthus ebracteatus Vahl (AE) crude extract in three cancer cell
lines (CaSki, HeLa, HepG2) and one normal cell type (human dermal
fibroblast cells [HDFs]) after incubation with AE for 48 hours

Cell No of IC,, (ng/mL) Mean of

types experiment IC,, (ng/mL)

CaSki | 4290.11 + 333.06 4984.90 + 498.72"
2 4712.45 + 852.03
3 5952.04 + 595.81

Hela | 7009.56 * 434.40 6072.50 + 573.29™
2 5031.74 +33.90
3 6176.10 =421.22

HepG2 | 2263.06 +391.99 6419.50 +2282.62"
2 7708.35 £ 534.24
3 9988.64 + 1286.13

HDFs I 7121.10 +296.88 7382.40 = 221.05
2 7822.03 +£599.39

3 7203.23 £ 351.64

Notes: “Significantly different compared with HDFs (P < 0.01), as determined by the
Student t-test statistical testing (SPSS Version 16); “Nonsignificant difference when
compared with HDFs. Data are expressed as the mean + standard error of mean,
n =3 (n = number of independent experiments, which were performed in triplicate).
The IC, values were determined at 48 hours using the nonlinear regression equation
(fitting logistic-sigmoidal model) and Microcal Origin version 5.0 software program.
Abbreviation: IC50, half maximal inhibitory concentration.

contained pathological features, including abrupt changes in
diameter, tortuosity, and hyperpermeability. From the confo-
cal laser scanning images, the tumor CV was evaluated using
digital-image analysis, as previously described. The results
demonstrate that the neocapillary densities were signifi-
cantly increased in the HPV-Veh group on days 14 and 28
(CV 56.28% =+ 1.43% and 71.52% =+ 3.51%, respectively;
P < 0.01), when compared with the aged-matched control
group (22.58% £ 0.39%; P < 0.01) (Figure 4). Interestingly,
the high-dose (3000 mg/kg) treatment of AE induced a sig-
nificant decrease in the tumor CV on both day 14 and day
28 (P < 0.05) (Figure 4).

Effects of AE on VEGF expression
Figure 5 shows the results of immunoreactivity of VEGF
expression taken from control, HPV, and HPV treated

Table 2 Tumor volume of the tumor nodules excised from each
human papillomavirus (HPV) group

Groups Tumor volume (mm?®)

At day 14 At day 28

after AE treatments after AE treatments
HPV-Veh 103.79+ 11.69 (n=4) 23598 £7.57 (n=15)
HPV-300AE 94.89 £ 9.50" (n = 3) 245.36 £ 36.26™ (n = 4)
HPV-3000AE 62.37 £ 16.56" (n=15) 155.77 £+ 7.55" (n=4)

Notes: *Significant difference from HPV-Veh group (P < 0.05); “Nonsignificant
difference from HPV-Veh group (P < 0.05). Data expressed as the mean + standard
error; volume (mm?®) = 1t/6 (length) x (width) X (height).®

Abbreviations: Veh, vehicle; AE, Acanthus ebracteatus Vahl crude extract.

with AE. Table 3 shows the results of VEGF expression in
control and CaSki-implanted mice. It indicated that CaSki-
implanted mice had significant VEGF expression more
than the control group. Interestingly, it also indicated that
AE crude extract could inhibit VEGF expression in a dose-
dependent manner.

Discussion

In the present study, the innovation of using an established
mouse model for studying HPV-16—containing CaSki cervi-
cal cancer cells was successfully achieved. The technique
we used here was different than the technique we used in
our previous models of HeLa cell-derived cervical cancer
in mice.*’ In this study, we performed subcutaneous injec-
tion of CaSki cells to induce a cervical cancer nodule on the
mouse’s dorsal skin. A total of 10”7 CaSki cells are required
to establish a tumor nodule at dorsal skin within 1 week after
inoculation. According to the report from the pathologist,
tumors generated using this model displayed features of
malignant tumors, and in particular exhibited hallmarks of
squamous cell carcinoma (Figure 2). Therefore, the animal
model for HPV-16-derived tumors used in this study is suit-
able to evaluate the anticancer properties of AE.

In this report, the anticancer properties of AE were
determined using both in vitro and in vivo assessments. The
cell growth assay was performed using four different types
of cells: CaSki (HPV-16-positive), HeLa (HPV-18-positive),
HepG2, and HDFs. The results of the MTT assay, which
depends on mitochondrial enzymatic activity in viable cells,
indicated that the growth-inhibitory effects of AE on each cell
type are dose-dependent, as shown in Figure 1. In Table 1,
a nonlinear regression equation (fitting logistic sigmoidal
model) was used to determine that the mean IC,  value
obtained in CaSki cells was significantly less than the IC,,
value in HDF cells (P < 0.01) after 48 hours in the presence
of AE. However, the crude extract of AE did not demonstrate
significant growth inhibition in HeLa or HepG2 cells, as
indicated by the fact that both IC,  mean values showed no
significant difference compared with the IC,| mean values
of HDFs (P < 0.1 and P < 0.69, respectively).

These results are similar to those of a previous study
conducted by Siripong et al,** in which it was reported that
the aqueous extract of AE has weak antitumor activity against
sarcoma- 180 ascites cells in a transplanted ICR male mouse
model. Moreover, in a study performed by Babu et al,” it was
found that the alcoholic extract of A. ilicifolius is cytotoxic
towards the tumor cell line L-929 after a 72-hour treatment,
but not after only 3 hours of treatment.
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Figure 2 (A-F) Histological images of subcutaneous tumor nodules taken from nude mice implanted with CaSki cells. (A) Arrows indicate the malignant tumor present in
the deep portion of the skin of 14-day HPV-Veh mice (x4). Tumor area of 14-day HPV-300AE (B), 14-day HPV-3000AE (C), 28-day HPV-Veh (D), 28-day HPV-300AE (E),

and 28-day HPV-3000AE (F) (x4).

Abbreviations: HPV, human papillomavirus; Veh, vehicle; AE, Acanthus ebracteatus Vahl crude extract.

Several in vitro studies have described the antitumor and
antiproliferative properties of AE crude extract,>>3* as well as its
active compounds, such as B-sitosterol, stigmasterol, lupeol,*
and benzoxazoline-2-one,*” on various types of cancer cells. In

14-day HPV-Veh 28-day HPV-Veh

.

14-day HPV-300AE 14-day HPV-3000AE

-
28-day HPV-300AE 28-day HPV-3000AE
-
Figure 3 (A-F) Confocal laser microscopic images of the tumor microvascular
network taken on day 14 in the HPV-Veh group (A), day 28 in the HPV-Veh group
(B), day 14 in the HPV-300AE (300 mg/kg body weight) group (C), day 14 in the HPV-
3000AE (3000 mg/kg body weight) group (D) day 28 in the HPV-300AE group (E) and
day 28 in the HPV-3000AE group (F). The microvascular network was visualized using
fluorescein isothiocyanate-labeled dextran fluorescence (MW 200000), with Acanthus

ebracteatus Vahl crude extract; low magnification x 10, bar = 50 um.

Abbreviations: HPV, human papillomavirus; Veh, vehicle; AE, Acanthus ebracteatus
Vahl crude extract.

particular, B-sitosterol, which is the most common dietary phy-
tosterol, is a highly concentrated constituent of 4E and may be
a potential candidate for cancer chemotherapy. Several studies
have demonstrated that B-sitosterol-induced apoptosis occurs
through caspase-3 activation. Additionally, B-sitosterol-induced
apoptosis in MCA-102 tumor cells via alteration of p53 and
p21 resulted in decreased expression of antiapoptotic Bcl-2 and
increased expression of proapoptotic Bax.*¢

Furthermore, the report by Phisalaphong et al** indicated
that the weak antiproliferative effect of AE could be enhanced
by its desalted product. This group reported an IC, value of
3500 pwg/mL after 48 hours’ incubation, which is much lower
than the IC, value we observed (6419.50 £ 2282.62 ug/mL)
when the same HeLa cancer cell type was used. In the future,
modification processes, including the isolation of the active
ingredients in AE, may be necessary to improve the efficacy
of AE crude extract.

Antiangiogenic activity of AE

This is the first time that a CaSki (HPV-16) cervical cancer
mouse model was used to determine the potential of AE to
inhibit angiogenesis. As shown in Figure 3, the capillary den-
sity was markedly increased around the tumor-bearing site.
It is well known that angiogenesis is an important process
involved in all stages of cervical cancer development.3-12474
Confocal scanning laser fluorescence micrographs were used
to generate microvascular networking images. The images
revealed that newly formed capillaries could be identified
by particular characteristics, such as increased permeabil-
ity, increased diameter, and high tortuosity.** In Figure 4,
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Figure 4 The percentages of capillary vascularity (mean + SE) on day |14 and day 28 after vehicle (distilled water) or AE (300 and 3,000 mg/kg BW) treatments, shown for
control and HPV groups.

Notes: 'Significantly different from control group (P < 0.001); *Significantly different from control group (P < 0.005); ‘Significantly different from HPV-Veh group (P < 0.001);
*significantly different from HPV-300AE group (P < 0.001); €Significantly different from HPV-300AE group (P < 0.01).
Abbreviations: Con, control; Veh, vehicle; HPV, human papillomavirus; AE, Acanthus ebracteatus Vahl crude extract; d, day.

the high-dose (3000 mg/kg) treatment of AE induced a = VEGF expression than the control mice. Interestingly, these
significant decrease in the tumor CV on both day 14 and data also indicate that AE crude extract can inhibit VEGF
day 28 (P < 0.05). expression in a dose-dependent manner.

In Figure 5 and Table 3, the results of VEGF expression In addition, when the means of the %CV values and the
indicate that CaSki-implanted mice had significantly greater =~ VEGF expression values for each group were plotted, they

Figure 5 (A-I) The expression of vascular endothelial growth factor from Con-Veh (A), Con -300AE (B), Con -3000AE (C), 14- day human papillomavirus (HPV)-Veh (D),
14-day HPV-300AE (E), |14-day HPV-3000AE (F), 28-day HPV-Veh (G), 28-day HPV-300AE (H), and 28-day HPV-3000AE (I) (magnification x 40).
Abbreviations: Con, control; Veh, vehicle; HPV, human papillomavirus; AE, Acanthus ebracteatus Vahl crude extract.
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Table 3 Vascular endothelial growth factor (VEGF) expression in
tumor tissue area (%) was determined from nude mice implanted
with CaSki cells, with or without AE treatment at day 14 or day 28

Groups Area of tumor tissue VEGF expression

(%)/days after treatment
At day 14 At day 28

32.89+£2.06 (n=4) 3317+ 112 (n=4)
29.64 £222 (n=5)" 3726 + 1.49 (n=5)"
4040 £ 347 (n=4)™ 35.17 £ 3.05 (n=4)"
80.96 £ 2.16 (n =5)t 80.56 = 1.09 (n = 4)t
77.33£3.87 (n=3)t 77.99 £2.30 (n =4)t
54.64 £3.59 (n=5)%t 4563 +3.47 (n=4)%
Notes: Significantly different than Con-Veh group (P < 0.001); €Significantly
different than HPV-Veh group (P < 0.001); #Significantly different than HPV-300AE
group (P < 0.001); "Nonsignificant difference compared with Con-Veh group
(P < 0.05). Data expressed as the mean + standard error of mean.

Abbreviations: VEGF, vascular endothelial growth factor; Con, control; Veh,
vehicle; HPV, human papillomavirus; AE, Acanthus ebracteatus Vahl crude extract.

Con-Veh (n =8)
Con-300AE (n = 10)
Con-3000AE (n = 8)
HPV-Veh (n =9)
HPV-300AE (n =7)
HPV-3000AE (n = 9)

exhibited a linear relationship with a correlation coefficient
of = 0.82 (P < 0.05) (Figure 6A). This result suggests
that the reduction in tumor capillary vascularity was linearly
correlated with the increase in VEGF expression during
tumor angiogenesis. Thus, the inhibitory effect of AE on
angiogenesis is likely related to its ability to inhibit VEGF
expression.

This result is consistent with the results generated by mea-
suring tumor volumes, which indicated that 3000AE could
suppress tumor growth significantly, as shown in Table 1. In
Figure 2, the results of histological examination taken from
each group appear to support the difference between tumor
volumes as well.

In Figure 6B, the mean values of %CV and tumor volume
for every group were determined and discovered to possess
a linear relationship with each other, with a correlation

A 100
< 80 . .
‘; y =0.8782x + 21.599
£ =0.8173
&
S 60
(3]
(7]
©
2 40
2
T *
2
S 2
0 . . . .
0 20 40 60 80 100

VEGF expression (%)

coefficient of 72 = 0.52 (P < 0.07). This result suggested
that the reduction in tumor capillary vascularity was linearly
correlated with the decrease in tumor volume. This relation-
ship implies that the antiangiogenic activity of high-dose AE
may inhibit the synthesis of new blood vessels that supply
cervical cancer cells, resulting in a lack of nutrients and
oxygen, which then suppresses tumor growth.

Using an in vivo model, we have demonstrated for the
first time that AE crude extract is an efficacious inhibitor of
angiogenesis. This study demonstrated that HPV-16 cervical can-
cer neocapillarization was significantly reduced by a high-dose
treatment of AE crude extract (3000 mg/kg body weight).

It is believed that the major mechanism by which cervical
cancer induces angiogenesis involves a hypoxia-mediated
angiogenic switch. It has also been reported that the dysregula-
tion of p53 is involved in the activation of proangiogenic factors
such as VEGF and HIF-10.."*° Recent studies have identified
anumber of additional cellular targets of E6. The inactivation
of active p53 protein is most likely an important element of
E6-induced cellular transformation in cervical cancer. The E6
oncoprotein is not only an important factor in HPV-associated
carcinogenesis but is also directly involved in the angiogenic
process. The present study demonstrated that the mechanism
by which AE inhibits angiogenesis is related to its ability to
inhibit VEGF expression. Therefore, the effect of AE on the
E6 oncoprotein may need to be confirmed in the future.

Other properties of AE, including its anti-inflammatory
and antioxidative activities, may participate in the induction
of tumor apoptosis and/or the inhibition of tumor angiogen-
esis.2!*1-3* Therefore, in addition to its antitumor properties,
the antioxidative activity of AE might provide additional
benefits.

(o]

300

250
¢ *

200 ¥ =3.0532x - 12.377
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Figure 6 (A) Plots of % vascular endothelial growth factor (VEGF) expression vs % capillary vascularity (CV). The solid line represents the correlation between VEGF and CV.
The correlation is expressed by y = 0.8782x + 21.599, r* = 0.82. (B) Plots of %CV vs % tumor volume. The solid line represents the correlation between capillary vascularity

and tumor volume. The correlation is expressed by y = 3.0532x — 12.377, r> = 0.52.

Abbreviations: VEGF, vascular endothelial growth factor; CV, capillary vascularity.
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Conclusion 14. YuH, Zhang S, Zhang R, Zhang L. The role of VEGF-C/D and Flt-4 in
. the lymphatic metastasis of early-stage invasive cervical carcinoma.

In summary, our studies demonstrated that the AE crude J Exp Clin Cancer Res. 2009;28:98.

extract could inhibit tumor growth and tumor angiogenesis ~ 15. Monk BJ, Willmott LJ, Sumner DA. Anti-angiogenesis agents in

in a mouse model of HPV-16—derived cervical cancer. In rlr;eltasltggc or recurrent cervical cancer. Gynecol Oncol. 2010;116(2):

particular, the antiangiogenic activity of AE was signifi-  16. Bequet-Romero M, Lopez-Ocejo O. Angiogenesis modulators expres-

cantly correlated with its ability to inhibit VEGF expression, sion in culture cell lines positives for HPV-16 oncoproteins. Biochem
o . X . . Biophys Res Commun. 2000;277(1):55-61.

providing a potential mechanism to explain the antitumor 17. Lopez-Ocejo O, Viloria-Petit A, Bequet-Romero M, Mukhopadhyay D,

effects of AE. Rak J, Kerbel RS. Oncogenes and tumor angiogenesis: the HPV-16 E6

oncoprotein activates the vascular endothelial growth factor (VEGF)
gene promoter in a p53 independent manner. Oncogene. 2000;19(40):
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