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Abstract

Norcantharidin (NCTD) is a demethylated water-soluble synthetic small molecule of cantharidin (CTD), has been reported that
it has anticancer activities including apoptosis and anti-angiogenesis. NCTD reduced VEGF production and the expression of
integrin-p1 in tumor cells even at the low concentrations with less toxicity to the kidney or liver, and destroyed vimentin to inhibit
angiogenesis in tumor cells by inducing anoikis of vascular endothelial cells. In addition, basing on recent data that the
metastasis and recurrence of tumor are closely related to angiogenesis in tumor tissues, Croquel-180 sarcomatous cells, a
mesenchyma-derived cells group with better angiogenesis were transplanted to Chick embryo Chorioallantoic Membrane
(CAM) and the anti-angiogenic effect of NCTD was examined. When NCTD was injected at a dose of 40g/L and 80/,
there was significant decrease in the number of microvascular branches than the control group. There was no significant
difference in microvascular density (MVD) when NCTD was injected at a dose of 20pug/pL, but at a dose of 40pg/pl and
801/, MVD decreased significantly compared to the control. We reaffirmed that NCTD is a drug that can specifically inhibit
angiogenesis in tumor tissues through CAM experiments, and that it is a very effective drug that can be applied to antitumor
therapy targeting angiogenesis in tumor tissues. Norcantharidin is a powerful angiogenesis inhibitor capable of sufficiently
inhibiting angiogenesis in tumor tissue. We confirmed that it has potential application value applicable to tumor treatment
targeting endothelial cells.
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1. Introduction

With the rapid development of molecular biology, the study  one.
of cancer is intensified as it has become one of the world’s Tumor cells easily enter the blood when microvascular
intractable diseases and it has been reported that the prolifer-  density (MVD) in the tumor tissue is high, and the lower a
ation, invasion and metastasis of cancer cells are closely re-  degree of differentiation and the higher an ability of angio-
lated to angiogenesis as its mechanism are revealed one by  genesis is, the better a metastasis occurs. Thus, MVD in tumor
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tissue was proposed as an important index for observing the
angiogenesis in tumor, as it is the most necessary process in
metastasis of tumor [1]. Some researchers have found that
vascular endothelial growth factor (VEGF), fibroblast growth
factor (FGF), and interleukin-8(IL-8), which are angiogenesis
growth factors, play an important role in angiogenesis [2-4]. It
has been reported that VEGFs are produced in normal cells
such as smooth muscle cells and macrophages, as well as in
many cancer cells such as mammary and colorectal carcinoma
than normal cells [5, 6].

It was reported that the balance between the anti-apoptotic
protein family Bcl-2 and g1-integrins influences proapoptotic
signals in cancer cells, making anoikis important in cancer
and cell therapy [7]. Vimentin, a cytoplasmic intermediate
filament protein, plays an important role in the regulation of
anoikis and the phenotype of epithelium-to-mesenchyma
transition (EMT) [8]. PKCy overexpression in immortalized
mammary epithelial cells results in increased levels of vi-
mentin and S1-integrin and the cells become resistant to death
by anoikis; this may generate various signaling changes as-
sociated with a preference to EMT during tumor growth [8].
Increased Tiaml expression leads to anoikis-resistance, in-
creases EMT and vimentin expression as well as gives rise to
more metastatic phenotype of colon tumor cells [9]. Another
family of angiogenic regulators is adhesion molecules.
Blockade of various adhesion molecules, such as avf; and
avfs integrin, induces anoikis and facilitates angiogenesis in
human umbilical endothelial cells (HUVECSs) [10]. Anoikis is
anchorage-related apoptosis resulting from a loss of cell-
matrix interaction and was first discovered in epithelial and
endothelial cells [11]. Further-more, it also appears to act as a
physiological barrier to proliferation and metastasis of tumor
cells [12]. Additionally, blocking anoikis-inducing mecha-
nisms by an anoikis inhibitor K-ras trigger angiogenesis [13].

Norcantharidin (NCTD) is a demethylated water-soluble
small molecule synthetic of cantharidin (CTD) as a specific
inhibitor of protein phosphatase (PP1, PP2A), a signal-
ing-related enzyme in tumor cells [14, 15]. Previous re-
searchers found that NCTD, like CTD, inhibits protein
phosphatase (PP 2A), which was specifically activated in
malignant tumor cells, inhibits protein synthesis in tumor cells,
and affects the biosynthesis of RNA and DNA to impair the
division of DNA synthesis in tumor cells to inhibit the pro-
liferation of cancer cell [16].

According to the literature, NCTD also inhibits the activa-
tion of Wnt target genes such as c-Jun and cyclin-D;. In hu-
man gallbladder carcinoma xenografted tumors, and
NCTD-treated group decreased the expression of cyclin-D;,
Bcl-2, and surviving proteins/mRNAs significantly [17].
Similar results were noted in human gallbladder carcinoma
GBC-SD cells in vitro [16]. NCTD inhibits the growth of
GBC-SD cells by increasing the rate of cell apoptosis and
decreasing the expression of the proliferation related genes,
such as cyclin-D; or the apoptosis-related genes [16]. NCTD
also arrests the cell-cycle progression from G1 transition to S
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phase through declining cyclin D5, E, A and B transcripts and
stops protein production in phytohemagglutinin (PHA-)
treated peripheral blood mononuclear cells (PBMC) [18]. The
plasma VEGF levels of tumor-transplant mice, migration, and
capillary-like tubes formation of HUVECs are suppressed by
NCTD with potential anti-metastasis and anti-angiogenesis
[19]. One researcher confirmed that NCTD induces anoikis in
colorectal cancer cell CT26 in vitro, inhibits metastasis of
CT26 in vitro [20]. In addition, Researchers found that NCTD
reduced VEGF production and the expression of integrin-p1
in tumor cells even at the low concentrations with less toxicity
to the kidney or liver, and destroyed vimentin to inhibit an-
giogenesis in tumor cells by inducing anoikis of vascular
endothelial cells [21, 28].

We reviewed the angiogenesis inhibitory ability of NCTD,
based on the above literature, as NCTD was a potential sub-
stance capable of inhibiting the metastasis of tumor cells and
had less the toxicity to human body than other anticancer
drugs.

2. Materials and Methods

2.1. Materials

Research drugs: NCTD powder synthesized and purified in
the Biochemistry Laboratory at the University of natural
science was diluted in sterile distilled water and applied.
NCTD powder has a purity of 99.2% and the analysis results
are as follows. {mp: 108~110°C, m/z: 185 [M+H,0O-H], *H
NMR (100.13 MHz, CDCls, ppm): 3.17(2H, s, H-c), 5.03(2H,
dd, J=3.0, 3.0Hz, H-b), 1.5~2.2(4H, m, 2>xCH,)}.

Tumor cells; DMEM incubator containing 10% fetal bo-
vine serum and insulin was used in the cell laboratory of
Cancer Center in Academy of Medical Science, and Crog-
uel-180 sarcomatous cells group subcultured in an incubator
at 37<C, humidity and 5% CO, was used.

Hatched chicken eggs; Each of the weight is 45-50g, the
product name is “Korea-Sam Sok”, and the modification rate
is over 96.2%. It was purchased from Animal Veterinary
Center of Academy of Agricultural Science in Pyongyang
City.

10% fetal bovine serum; It was purchased from Stem Cell
Laboratory of Biotechnology Center in State Academy of
Science.

DMEM culture solution; It is a product of US GIBCO
company.

CO, culture box; It is a HERA cell product.

High-speed liquid chromatography-mass spectrometer
HPLC-MS (ACQUITY HPLC SQD-2)

Nuclear magnetic resonance spectrum device (BRUKER
WP 100 SY)

Olympus microscope and digital camera

Airtech ultra-pure workbench (manufactured by Sojing
Group Antai Company in China)

Egg test, Micropipet, Anatomy microscope
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2.2. Methods

2.2.1. Cultivation and Awakening of Hatching
Chicken Eggs

The surface of the hatching chicken eggs was cleaned. Af-
ter immersing in a 1: 1000 washing sterilization solution for
3 minutes and drying, the long axis of the chicken eggs and
the eggshell were 45°with the air chamber facing from the
bottom to the right, and the set temperature was 37.840.5C
and the relative humidity was 60-70%. The chicken eggs
were rotated 3 times a day and light was irradiated to remove
unfertilized or dying chicken eggs during the embryo devel-
opment process. When the embryo was developed and ferti-
lized on the 7th day, the eggs were removed, and the air
chamber of the chicken eggs and the location of the embryo
were marked under the conditions of the egg test, and the air
chamber was marked as the window opening area. Immedi-
ately before operation, the air chamber must be disinfected
with iodine tincture or 70% alcohol.

In the sterilized box, the following operation was per-
formed. Make a small hole at the head of the air chamber,
and then carefully peel off the egg shell with a size of 1xlcm
or more at the marked place with a small needle or ophthal-
mic forceps. When peeling off the egg shell, the thick film in
contact with the shell shouldn’t be damaged. A small gap is
made in this thick membrane, and care must be taken not to
damage Chick embryo Chorioallantoic Membrane (CAM)
below it. In addition, through a small hole at the end of the
air chamber of the rubber nipple create pressure in the air
chamber of the chicken eggs so that physiological saline en-
ters between the thick membrane and CAM [22]. In order to
form an artificial virtual air chamber (window), it is sealed
with a sterilized gelatin film on the first surface. Put this in
the culture cylinder and incubate for 24 hours. After incuba-
tion, the window was carefully opened, and eggs good for
growth were selected and used in the experiment (Figure 1).

v

T . n e

Figure 1. Windowed egg showing exposed chorioallantoic mem-
brane (CAM).
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2.2.2. Effect of NCTD on CAM Angiogenesis in
Chicken Eggs

Classification of Experimental Group and Drug Injection
Method.

It was divided into an experimental group in which NCTD
was injected and a control group in which physiological saline
was injected. According to the concentration, the experi-
mental group was again composed of 3 groups (group
1-20pg/uL, group 2-40pg/pL, group 3-80ug/ul). Each group
was given 10 egg embryos. The drug concentration of NCTD
was selected in the range below 100 pg/uL based on prelim-
inary experiments. Gelatin sponge was used as a drug carrier,
and the size of the carrier was 5>6>6 mm, and the solution
dropped onto the carrier was set to 20puL. The carrier is placed
in the CAM with relatively few blood vessels between the two
vitelline veins. The drug proceeds in micropipette, and 20 pL
per chicken egg embryo in a physiological saline group, once
daily, was dropped in a carrier cow for 3 days. In the exper-
imental group, 20pL of NCTD solution diluted in concentra-
tions of 20ug/uL, 40ug/uL, and 80ug/uL is used using a mi-
cropipette, and 20pL per each chicken egg embryo was
dropped into the carrier of the chicken egg embryo of ex-
perimental group, once daily for 3 days. After injecting the
drug once every day for 3 days, seal it with a gelatinous
membrane and continue to wake up. The control group was
injected with 0.85% physiological saline diluted at a concen-
tration of 20pug/ulL.

2.2.3. Sample Observation

On the 11th day of fertilization, the gelatinous membrane
of the sealed area was peeled off, and the CAM was dis-
charged to a size of 2>2cm around the carrier. Turn on the
egg test light from the bottom of the chicken egg embryo,
and determine the number of microvascular branches visible
with the eye in the 5mm range around the getalatin sponge
with an anatomy microscope.

How to calculate the number of angiogenesis;

Count the number of blood vessels under a microscope.
First, the number of blood vessels at the edge of the carrier is
divided into three types of blood vessels (small, medium,
large), basing on the diameter of the blood vessel. Here,
those with a diameter of 0.1 mm or less are called small
blood vessels, those with a diameter of 0.1-1 mm or less are
called middle blood vessels, and those with a diameter of 1
mm or more are called large blood vessels. Next, the number
of angiogenesis is repeated 3 times per sample and the aver-
age number is obtained. The angiogenesis inhibition rate is
calculated according to the formula below.

Angiogenesis inhibition rate (%)= (Number of Branched
Microvasculatures with physiological saline group
Number of Branched Microvasculatures with drug injection
group/Number of Branched Microvasculatures with physio-
logical saline group) <100%
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2.2.4. Effect of NCTD on Angiogenesis in Tumor
Tissues with Croquel-180 Sarcomatous Cells
Group

Culture and inoculation of tumor cells

Using several DMEM incubators containing 10% fetal bo-
vine serum and insulin, cultivated Croquel-180 sarcomatous
cells at the same time in 37 <C, humidity, and 5% CO, incu-
bator. Each bottle contains 90% Croquel-180 sarcoma cells.
When the percentage was full up to 90%, it was digested with
0.1% pancreatic enzyme, washed twice with PBS, and then
the cells were collected to make a suspension. The concen-
tration of Croquel-180 sarcoma cells was adjusted to be
5x107/ml. After selecting 7-day-old fertilized chicken em-
bryos and opening the window in aseptic conditions according
to the method described above, inoculated on CAM in the area
where there were almost no blood vessels by absorbing 120 A
of Croquel-180 sarcomatous cells suspension per chicken egg
embryo with micropipette. Then sealed with the sterilized
gelatin colloid membrane and put it in a culture vessel and
cultured for 4 days.

Laboratory Classification and Drug Injection Method

The experimental group was divided into the one in which
NCTD was injected as shown in Figure 1 and a control group
in which physiological saline was injected. According to the
concentration, the experimental group was again composed of
3 groups (group 1-20pg/uL, group 2-40pg/uL, and group
3-80ug/uL). Each tank was made into 10 chicken egg em-
bryos. In addition, the chicken egg embryos transplanted with
Croquel- 180 sarcomatous cells group were cultured for 4
days and then a drug carrier was placed. The size of the carrier
was the same as that of the above, and the carrier was placed
on the CAM at the site where Croquel-180 sarcomatous cells
were transplanted. The amount of solution dropped on the
carrier was also set to 20uL, and a micropipette was used to
drop it on the carrier. Give injection 5 times in ago every day
and must be sealed with sterilized gelatin colloid membrane
and continued hatching process.

Specimen fixation and observation

Specimen fixation was carried out on the 10d day after the
chicken egg embryos were inoculated with Croquel-180 sar-
comatous cells group. First, preliminary fixation with For-
maldehyde in the air chamber was performed for 15 minutes,
and the grafted tumor tissue mass was separated from the
surrounding CAM. Following the pathologic tissue sample
preparation process, paraffin was embedded, then consecu-
tively bonded to a thickness of 2-4 um, and each sample was
subjected to H-E stain. For observation, three areas that was
considered to have the most MVD in tumor tissues under
100-diameters was first selected, and the average value was
calculated by calculating the number of microvessels in the
tumor tissue under 400-diameters.

2.2.5. Statistical Method
The results are expressed as meansdastandard errors (SE)
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from at least three experiments. Statistical comparisons were
based on Student's t-test or analysis of variance. Differences
were considered significant at p< 0.05. All statistical analyses
were done using Sigma Stat software (Jandel Scientific, San
Rafael, CA).

3. Results and Discussion

The formation of capillaries around the tumor tissue and the
formation of microcirculatory networks in the tumor tissues
caused by tumor cells provide the material basis for tumor
growth, which is called tumor angiogenesis. So, research on
drugs targeting tumor blood vessels in cancer treatment is
constantly being conducted, and such an anticancer treatment
method is being proposed as an important anticancer treat-
ment method in the world today as it blocks the "life line" on
which tumor growth and metastasis depend.

Cantharidin (CTD) is a naturally occurring compound iso-
lated from the medicinal insect blister beetle (Mylabris
phalerata Pallas) [23]. CTD is exo, exo-bicyclo [2.2.1] hep-
tane 2, 3-dicarboxylic acid anhydride. The most important of
the medicinal uses of CTD is its anticancer activities [24].
CTD treatment could cause granulocytosis in vivo but not
granulocytopenia due to most chemotherapeutics [23]. This
unique bioactivity renders CTD a promising lead compound
for chemical modification to develop cancer therapeutics, but
the application of CTD is limited due to its toxicity to gas-
trointestinal and urinary tracts [25]. However, CTD had not
been widely used in clinical treatment due to limitation of
natural materials and a strong toxic effect on urinary system
(LDsp=1.71mg/kg), and the artificial aquaculture technology
of CTD was not established. Since it was discovered in 1992
that CTD is a specific inhibitor of protein phosphatase (PP
2A), an intracellular signaling molecule, molecular studies on
the anticancer activity of CTD have been actively conducted
[26, 27].

From this, research has been actively conducted to develop
derivatives of CTD with high anti-tumor activity, low side
effects, and low cost. Thus, the first synthetic of CTD de-
veloped is NCTD. NCTD is chemically known as
exo-7-oxabicyclo-[2.2.1] Heptane-2, 3-dicarboxylic anhy-
dride [25, 23]. NCTD is a de-methylated synthetic of CTD,
which has a low manufacturing cost and anti-tumor activity
similar to CTD, but exhibits minimal renal toxicity, strong
tissue penetration, and relatively stable chemical substance.
Unlike CTD, the synthesis of NCTD completely overcomes
the limitations of the natural material source while reducing
the side effects of CTD as much as possible, opening the
prospect of broad application of these substances to antitumor
therapy. The acute toxicity (LDso) of NCTD synthesized and
purified in the Biochemistry Laboratory at the University of
natural science, was 20.75mg/kg, which was a very toxic
drug.

First, we conducted an experiment for angiogenesis inhi-
bition of NCTD on CAM fertilized for 7d. NCTD was in-
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jected into a drug carrier of CAM at a dose of 20ug/uL,
40pg/pL, and 80pg/pL once a day for 3 days, and the angio-
genesis inhibitory effect was observed in CAM at fertilization
11d. There was no significant difference in the number of
microvascular branches that was injected at a dose of 20pug/uLL
than the control group, but when NCTD was injected at a dose
of 40pg/L and 80pg/L, there was significant decrease in the
number of microvascular branches than the control group

(Figure 2). The above results showed that as the injection dose
of NCTD increased, the number of microvascular branches in
CAM was decreased, and thus the angiogenesis inhibition rate
tended to increase gradually (Figure 3). In addition, it was
found that the angiogenesis inhibitory effect of NCTD de-
pends on the injection dose, but the effect was evident even at
an effective concentration of 40pg/uL of NCTD.

0.85% salt solution

80
- 70
S
3 60
]
£ 50 -
i)
(%]
2 a0
c
a
g 30
2
w20
[=
T 10
.E
0
< 73.241.94 ‘ 37.8+1.78
10(Egg) ‘ 10(Egg)
20(ug/pL) ‘ 20(pg/pL)

26.6+1.50 18.4+1.82
10(Egg) 10(Egg)

a0(ug/uL) 80(ug/uL)
NCTD

Figure 2. The angiogenesis effect of NCTD in CAM. In the figure, as the injection dose of NCTD increases, the rate of inhibition of angio-

genesis in CAM is gradually increasing.
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Figure 3. The angiogenesis effect of NCTD on CAM. The figure
showed the microvessels formed in CAM. (A) Control group injected
with physiological saline. Many microvessels were formed, and they
were very remarkable. (B) Experiment groupl in which 20pg/pL of
NCTD was injected. There were fewer microvessels than the control.
(C) Experiment group2 in which 40ug/uL of NCTD was injected.
Here, the microvessels were significantly less than the control or the
case injected NCTD 20ug/uL. (D) Experiment group3 in which
80/ L of NCTD was injected. The microvessels were significantly
less than those injected with NCTD 20pg/pl and 40g/ L.
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Since Croquel-180 sarcomatous cells are mesenchymal
cells of origin, it is recognized that the angiogenesis rate is
much faster than that of epithelial cells of ectodermal origin,
and the number of angiogenesis is higher. Therefore, we
transplanted the cells group of mesenchymal origin with very
good angiogenesis and examined the angiogenesis inhibitory
effect on the tissue mass.

Next, we made the cultured Croquel-180 sarcomatous cells
at a concentration of 5x10/ml, and then on the 7th day of
fertilization inoculated at the concentration of 120pd/chicken
embryo into CAM. And the survival and proliferation status
of tumor cells transplanted to CAM were observed daily un-
der an anatomy microscope. After 4 days of inoculation with
Croquel-180 sarcomatous cells group, a tumor mass with a
diameter of 1-2mm visible to the naked eye was formed and
on the 8th day 5-7mm, on 12th day, a mass of tumor tissue of
8-9mm in diameter was formed. After 13 days of inoculation,
the tumor tissue mass was not remarkably large. In CAM,
Croquel-180 sarcomatous cells remarkably proliferated from
day 4 to day 12 of inoculation, but gradually after day 13
(Figure 4).

Also, the blood vessels formed by Croquel-180 sarcoma-
tous cells group, unlike the human tumor cells group, were
various kinds of vessels, and the sarcomatous cells lied on the
microvascular basement membrane along with the vascular
endothelial cells and protruded into the vascular lumen and
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had an incomplete basement membrane (Figure 5).
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Figure 4. Growth curve of Croquel-180 sarcomatous cells group.

The Chicken egg embryos trans-planted with Croquel-180
sarcomatous cells group were cultured for 4 days, and a tumor
mass (1-2mm) that could be seen with the naked eye was
formed, and then a drug carrier was placed on the tumor mass,
and NCTD was added at a dose of 20ug/ul, 40ug/uL and
80jg/L, the cells were injected 5 times daily, and mi-
cro-angiogenesis in the transplanted tumor tissue was ob-

served on the 10d day after inoculation with Croquel-180
sarcomatous cells group. There was no significant difference
in microvascular density (MVD) when NCTD was injected at
a dose of 20ug/uL, but at a dose of 40g/pL and 80/,
MVD decreased significantly compared to the control (Figure
6). The above results suggest that as the infusion dose of
NCTD increases, the number of microvessels in tumor tissue
grafted on CAM decreases, and thus the angiogenesis inhibi-
tion rate is gradually increasing (Figure 6). In addition, the
angiogenesis inhibitory effect of NCTD depends on the in-
jection dose, but the effect was evident from the effective
concentration of 40g/pL of NCTD.

Figure 5. Microvessels in tumor tissues formed by Croquel- 180
sarcomatous cells group (H-E, 10x<40).
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Figure 6. Effect of NCTD on angiogenesis in tumor tissue. In the left figure, as the injection dose of NCTD increases, the rate of angiogenesis
inhibition in tumor tissues is gradually increasing. The right figure showed the microvessels formed in the trans- planted tumor tissue under a
microscope (H-E stain, 10%10). (A) Control group infused with physiological saline. Many micro-vessels were formed. (B) Experiment group 1
in which 20pg/pL of NCTD was injected. There are fewer microvessels than the control. (C) Experiment group 2 in which 40ug/ul of NCTD
was injected. There were significantly fewer microvessels than the control and experiment groupl. (D) Experiment group 3 in which 80pg/pL of
NCTD was injected. The number of microvessels was significantly less than the control and experiment group 2.

4. Conclusion

Norcantharidin is a powerful angiogenesis inhibitor capa-
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ble of sufficiently inhibiting angiogenesis in tumor tissue. We
confirmed that it has potential application value applicable to
tumor treatment targeting endothelial cells.
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Abbreviations

NCTD Norcantharidin

CAM  Chorioallantoic Membrane

MVD  Microvascular Density

CTD Cantharidin

VEGF Vascular Endothelial Growth Factor
FGF Fibroblast Growth Factor

EMT  Mesenchyma Transition

PHA Phytohemagglutinin
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