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Abstract

AIM: To investigate the effect of norcantharidin on
proliferation and invasion of human gallbladder carcinoma
GBC-SD cells /n vitro and its anticancer mechanism.

METHODS: Human gallbladder carcinoma GBC-SD cells
were cultured by cell culture technique. The growth and
the invasiveness of GBC-SD cells /in vitro were evaluated
by the tetrazolium-based colorimetric assay and by the
Matrigel experiment and the crossing-river test.
Expression of PCNA, Ki-67, MMP, and TIMP, proteins of
GBC-SD cells was determined by streptavidin—biotin
complex method.

RESULTS: /n vitro norcantharidin inhibited the growth and
proliferation of GBC-SD cells in a dose- and time-dependent
manner, with the ICs, value of 56.18 ug/mL at 48 h.
Norcantharidin began to inhibit the invasion of GBC-SD
cells at the concentration of 5 ug/mL, and the invasive
action of GBC-SD cells was inhibited completely and their
crossing-river time was prolonged significantly at 40 ug/mL.
After treatment with norcantharidin, the expression of
PCNA, Ki-67, and MMP, was significantly decreased. With
the increase in TIMP, expression, the MMP, to TIMP, ratio
was decreased significantly (£<0.05).

CONCLUSION: Norcantharidin inhibits the proliferation and
growth of human gallbladder carcinoma cells in vitro at
relatively low concentrations by inhibiting PCNA and Ki-67
expression. Its anti-invasive activity may be the result of
decrease in MMP, to TIMP, ratio and reduced cell motility.
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INTRODUCTION

Primary carcinoma of the gallbladder represents a highly
lethal and aggressive malignant tumor because of its
dormancy course, difficult diagnosis, early metastasis, strong
invasion and poor prognosis!'¥l. The only potentially curative
therapy for gallbladder carcinoma is surgical resection.
Unfortunately, most patients with this type of cancer present
with advanced and unresectable disease-only 10-30% of
patients can be considered for surgery on presentation!”*"!
and should be considered for palliative treatment such as
chemotherapy™***" and radiotherapy™>*'*'l. However,
reports of chemotherapy and radiotherapy in gallbladder
carcinoma are disappointing, results are conflicting and most
series have a small number of patients!***!1, Obviously,
there is an urgent need to identify new therapeutic agents
for the treatment of gallbladder carcinoma 7 vivo. Many
lines of evidence have shown that Chinese medicine contains
many chemical compounds with anticancer effects. We
reported the influence of norcantharidin (NCTD, a
demethylated form of cantharidin, which is an active
ingredient of Chinese medicine-Mylabris) on growth and
apoptosis of GBC-SD cell lines of human gallbladder
carcinomal'. In the present study, human gallbladder
carcinoma GBC-SD cell lines were used to study the 7 vitro
effect of NCTD on proliferation and invasion of human
gallbladder carcinoma GBC-SD cells and its mechanism.

MATERIALS AND METHODS

Materials

GBC-SD cell lines of human gallbladder carcinoma were
purchased from Shanghai Cell Institute Country Cell Bank.
NCTD was purchased from Beijing Fourth Pharmaceutical
Works, China. Matrigel invasion chamber, which is composed
of a layer of artificial basement membrane matrix above
PET membrane with 8.0-um hole, were purchased from
Becton Dickinson, USA. Rat monoclonal antibody proliferating
cell nuclear antigen (PCNA) and Ki-67 were respectively
purchased from Calbiochem Co. and Antibody Diagnostica
Co.; Monoclonal MMP, antibody was purchased from
Neomarker and TIMP, antibody from Boster. Bovine calf
serum, RPMI-1640 medium, trypsin and D-Hanks’ solution
were all purchased from Gibco; MTT solution and DMSO
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were purchased from Sigma; SABC kit and DAB are all
purchased from Boster.

Methods

Cell cultures™"” GBC-SD cells of human gallbladder
carcinoma were cultured in RPMI-1640 medium
supplemented with 10% bovine calf serum in an incubator
with 50 mL/L at 37 C. The medium was changed every 2
d. When the cells became confluent, namely a 95% plating
efficiency, they were trypsinized with 0.25% trypsin. Then
the cells were returned to culture at 37 ‘C in 50 mL/L CO,
for 24 h, and they were washed twice with Hanks’ balanced
salt solution, and used in this experiment.

Inhibitory effect of NCTD on growth of GBC-SD cells
The tetrazolium-based colorimetric assay (MTT) was used
to evaluate the inhibitory effect of NCTD on growth of
GBC-SD cells i vitro, namely the tumor cytotoxicity test!'>!,
After GBC-SD cells were cultured in a 96-well plate (3X10°
cells 100 pL/well) in culture medium overnight, they wete
treated with various concentrations of NCTD in fresh
culture medium at 37 “C for 24 h. The tumor cell cytotoxicity
was determined by MTT. The optical densities (A4 values)
at 540 nm were measured using an ELISA reader (DG3032,
Shanghai). The As4 value of the experimental groups was
divided by the 45 value of untreated controls and presented
as a percentage of the cells. The inhibitory percent of vatious
concentrations of NCTD on GBC-SD cells (%) = (1-As40
value in the experimental group/.Ass value of control group)
%x100%. Three separate experiments were performed. The
concentration of drug giving 50% growth inhibition (ICsy)
was calculated from the formula I.Cs, = 4! [X.-I( 2 -0.5)].
Matrigel invasion experiment of GBC-SD cells (1) Living
GBC-SD cells were trypsinized with 0.25% trypsin and
washed with fresh culture medium, suspended in the culture
medium with 10% bovine calf serum (1X10° cells/mL). The
tumor cell suspension was transferred to the above layer
of the Matrigel invasion chamber (0.3 mL/every chamber),
while 0.8 mL of RPMI-1640 medium with 10% bovine
calf serum was only added to the bottom layer of the
Matrigel invasion chamber. Then the cells were cultured in
50 mL./L. CO,at 37 C for 24 h; (2) The cells were treated
without (untreated control group) or with various
concentrations of NCTD (the six-concentration groups,
every concentration X3) in fresh culture medium (0.3 mL./
every chamber), wete cultured in an incubator with 50 mL./L.
at 37 C for 72 h; (3) The passing-membrane cells were
collected from the above layer of the Matrigel invasion
chamber, centrifuged (200 r/min, 10 min), dyed by Trypan
blue dye, and counted in a hemocytometer. Each experiment
was performed thrice.

Crossing-river experiment of GBC-SD cells The
suspension of GBC-SD cells (3%X10° cells/mlL) according
to the above-mentioned confection method were fed
(3 mL/well) into six-well culture plates and incubated in
50 ml./Lat 37 “C for 24 h; (2) The cells were treated without
(untreated control group) or with various concentrations
of NCTD in fresh culture medium, and were again cultured
in 50 mL/Lat 37 °C for 84 h; (3) After being washed with
PBS and one beeline as a river was then laid out on the well
with 10 pL. pipette tip, the cells of culture plate well were

washed twice with PBS and cultured in the medium
supplemented with 10% bovine calf serum in 50 mI./Lat
37 "C. Beeline matk on the well was observed every 2 h till
the mark was filled with the cells. Three separate expe-
riments were performed for each concentration/exposure
time combination.

Immunohistochemistry assay of PCNA, Ki-67, MMP,,
TIMP; Expression of PCNA, Ki-67, MMP, and TIMP,
proteins of GBC-SD cells was determined by streptavidin-
biotin complex method (SABC). PCNA, Ki-67, MMP, and
TIMP, antibodies were respectively used at a concentration
of 1:100. Goat serum, biotinylated secondary antibody (goat
anti-mouse IgG) and DAB are all purchased from Boster.
For negative control, the slides were treated with PBS in
place of primary antibody. Ten slides were made up per
experimental group. More than 10 visual fields were
observed or more than 500 cells were counted per slide.
The positive index of PCNA represented expression of
PCNA protein. The positive index of PCNA = number of
PCNA-positive cells/1 000 cells. The positive index of
Ki-67 represented expression of Ki-67 protein. The positive
percentage of MMP, or TIMP, showed expression of MMP,
or TIMP, protein.

Data statistical analysis All the statistical analyses were
performed using SPSS 10.0 for Windows. P<0.05 or F<0.05
was considered to be of statistical significance.

RESULTS
Inhibitory effect of NCTD on growth of GBC-SD cells

Inhibitory effect of various concentrations of NCTD
on GBC-SD cells The effect of NCTD on cell growth
was examined at doses between 0 and 100 pg/ml.. As shown
in Figure 1, inhibitory effect of NCTD at low concentrations
(5 pg/mL) on GBC-SD cells was not obvious; but as
concentration increased, proliferation of GBC-SD cells was
markedly inhibited by NCTD with 98.59% growth inhibition
at 100 pg/mL concentration, in a dose-dependent mannet.
1Csyis 56.18 pg/ml..

Inhibitory effect of IC;, NCTD on GBC-SD cells at
different time The effect of NCTD on cell growth was
examined at times between 0 and 120 h. As shown in
Figure 2, anti-proliferation effect of IC5i NCTD on GBC-
SD cells began to show after being cultured for 6 h;

1001

50

Cell inhibition %

25r

o-e ‘

| | | |
0 5 10 20 30 40 60 80
NCTD concentration (ug/mL)

100

Figure 1 The dose-response curves of effect of NCTD on GBC-SD cells for
72 h. Inhibition of the growth of human gallbladder carcinoma GBC-SD cells by
various concentrations of NCTD. Cell number was counted by the MTT
method.
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Table 1 Influence of different concentrations of NCTD on Matrigel
invasion of GBC-SD cells

Group NCID n  Passing-membranecells  Dead passing-membrane
(ug/mL) (% of control group) cells (% of control group)
Control 0 6 100.0 17.24¢1.15
NCTD 5 6 62.04£5.08" 31.7+4.29
10 6 37.7£2.01° 59.74¢1.15"
20 6 18.0£1.79° 67.3+4.93"
40 6 5.0£1.80° 95.2+4.88°

*P<0.01 vs control group.

moreover, the inhibitory effect was markedly intensified as
time prolonged with 52.18% growth inhibition for 48 h, in a
time-dependent manner. So it was most obvious after
48 h.

Influence of NCTD on Matrigel invasion of GBC-SD
cells 7n vitro As shown in Table 1, GBC-SD cells in
untreated control group passed more of the membrane
and had more invasive capability 7z vitro; NCTD began to
inhibit the invasion of GBC-SD cells at the concentration
of 5 ng/ml and as its concentration increased, theit passing-
membrane cells markedly decreased, the Trypan blue dyed
cells, namely the dead passing-membrane cells obviously
increased (P<0.01). At 40 pg/ml of NCTD, the invasive
action of GBC-SD cells was inhibited completely. Its effect
was also in a dose-dependent manner. The experiment
showed that NCTD could inhibit obviously the iz vitro
invasive capability simulating human basement membrane
of GBC-SD cells.

Influence of NCTD on the crossing-river test of GBC-
SD cells As shown in Table 2, the crossing-river time of
GBC-SD cells in various experiment groups was prolonged
significantly after treatment with NCTD. When compared
with control group, the crossing-river time was prolonged
by 25% in 5 pug/mLNCTD group; 160% in 30 pg/mlL
NCTD group; GBC-SD cells did not still cross-river
completely after 72 h in more than 40 pg/mIL NCTD group.
The crossing-river test indicated that NCTD could inhibit
movement capability of GBC-SD cells 7 vitro markedly.
Influence of NCTD on expression of PCNA, Ki-67
proteins of GBC-SD cells The positive expression, with
brown or yellow dye, of PCNA or Ki-67 occurred in cell
nucleoli. GBC-SD cells in control group showed mostly the
positive dye of PCNA and Ki-67 (Figures 3A and 4A), the
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Figure 2 The inhibitory effect curves of ICsy NCTD on GBC-SD cells at different
times. Cell number was counted by the MTT method.

Table 2 Influence of different concentration of NCTD on the cross-
ing-river time of GBC-SD cells

Group NCTD n Crossing-river
(ug/mL) time (h)

Control 0 6 22.6+0.67

NCTD 5 6 28.2+1.00°
10 6 33.440.71°
20 6 45.0£0.68"
30 6 58.8+0.72°
40 6 >72°

*P<0.01 vs control group.

positive index of PCNA and Ki-67 reached 0.932+0.031
and 0.964%0.092, respectively. After treatment with 1Cs,
NCTD for 48 h, the positive cells of expression of PCNA
and Ki-67 proteins decreased significantly, the dye of cell
nucleoli became light and shallow (Figures 3B and 4B), the
positive index of PCNA and Ki-67 came down 0.318%0.
023 and 0.297%0.018 respectively, when compared with
the control group (Table 3, P<0.05).

Influence of NCTD on expression of MMP,, TIMP,
proteins and MMP,/TIMP; of GBC-SD cells The
positive expression, with brown or yellow dye, of MMP,
occurred in cytoplast, TIMP, in cytoplast or on nucleoli
membrane. The positive expression of MMP,, the negative
expression of TIMP, was observed in most GBC-SD cells
of control group (Figures 5A and 6A). After treatment
with various concentrations of NCTD for 48 h and as its
concentration increased, the positive cells of MMP,expression
was decreased and the dye became light and race, the positive
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Figure 3 Positive expression occurred in cell nucleoli, with brown or yellow
dye, of PCNA protein of GBC-SD cells (immunohistochemistry SABC method,
x200). A: The brown dye of PCNA was shown positively in most cells of the
control group. B: In the experiment group with treatment of IC5 NCTD for 48 h,
the positive cells of PCNA expression decreased significantly and the dye in
cell nucleoli became light and shallow.
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Table 3 Influence of NCTD on expression of PCNA, Ki-67 proteins
of GBC-SD cells

Table 4 Influence of NCTD on expression of MMP,, TIMP, proteins
and the MMP, to TIMP;, ratio of GBC-SD cells

Group n Positive index (mean+SD)
PCNA Ki-67
Control 10 0.932+0.031 0.964+0.092
IC5,NCTD
(56.18 pg/mL) 10 0.318+0.023° 0.297+0.018*

2P<0.05 vs control group.

petcentage of MMP, expression was reduced significantly;
the positive cells and the positive percentage of TIMP,
expression were all increased significantly; the MMP; to
TIMP, ratio was decreased significantly (Figures 5B and
6B; Table 4, P<0.05).

DISCUSSION

Present treatment for primary carcinoma of the gallbladder
Primary carcinoma of the gallbladder is one of the malignant
neoplasms with increasing incidence recently. As the special
site of anatomy, the feature of biology and epidemiology of
the disease, it is hitherto a poor prognostic disease with difficult
diagnosis, eatly metastasis and dismal treatment result!".
The only potentially curative therapy for the disease is still
surgical resection. Unfortunately, most patients with this
type of cancer present with advanced and unresectable
disease-only 10-30% of patients can be considered for
surgery on presentation, furthermore, only about 5% of
patients were alive after 5 yeats since operation*>”. So, it
is important that these patients should be considered for
palliative, integrated treatment such as chemotherapy!'>*#
and radiotherapy**'*'. However, no specific chemoradio-
therapy program for carcinoma of the gallbladder has
emerged as the definitive acceptable standard of care, most
series have small number of patients and there is much room
for improvement>**". With the deep research on the
etiology, molecular biology of tumor and tumorigenesis,
there is obviously an urgent need to identify new therapeutic
agents for the treatment of gallbladder carcinoma.

Many lines of evidence have shown that Chinese medicine
contains many chemical compounds with anticancer effects.
We reported the effect of norcantharidin (NCTD) on growth
and apoptosis of GBC-SD cell lines of human gallbladder
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Figure 4 The positive expression occurred in cell nucleoli, with brown or yellow
dye, of Ki-67 protein of GBC-SD cells (immunohistochemistry SABC method,
x100). A: The brown dye of Ki-67 was shown positively in most cells of the

Percent of protein expression (%)

Group NCTD n MMP,/ TIMP,
(ng/mL) MMP, TIMP,
Control 0 10 62.82+3.20 13.42+1.27 4.68
NCTD 5 10 34.61+1.822 30.79+2.15% 1.12°
10 10 27.02+1.40° 34.22+2.972 0.79*
20 10 26.18+1.81* 35.60+2.042 0.74°
40 10 19.56+£2.36 29.54+2.33 2 0.66"

2P<0.05 vs control group; "P<0.01 vs control group.

carcinomal'>”’l, NCTD, the demethylated analog and the
low-cytotoxic detivative of cantharidin, a 7-oxabicyclo[2.2.1]
heptane-2, 3-dicarboxylic acid derivative, a natural toxin and
the active ingredient extracted from Chinese medicine
Mylabris. NCTD is synthesized from furan and maleic
anhydride via the Diels-Alder reaction™ ', It has been
reported that NCTD inhibit the proliferation and growth
of a variety of human tumor cell lines 7 vitro, and are used
to treat human cancers with stimulation of the bone marrow
and increase of the petipheral leukocyte count*'**!l. There
were, however, very few reports describing the effect of NCTD
on human gallbladder carcinoma. In the present study, we
investigated the 7 vitro effect of NCTD on proliferation and
invasion of human gallbladder carcinoma GBC-SD cells
and its mechanism.

Inhibitory effect of NCTD on proliferation, growth of GBC-SD
cells and its mechanism
Modern oncology research has shown that genesis and
development of tumor are obviously related with proliferation
and apoptosis of the cells. Proliferation and apoptosis of
normal cells comparatively maintain their balanceable
condition. If cell apoptosis is arrested or cell proliferation
exceeds its apoptosis, the cells grow predominately. This is
a significant basis of genesis and development of tumor.
One of the most important mechanisms, on which many
anti-cancer agents inhibit the growth of tumor is inhibition
of the proliferation of tumor cells or inducement of their
apoptosis?*,

In this study, we investigated the effect of NCTD on
proliferation of human gallbladder carcinoma GBC-SD cells
and its anti-cancer mechanism. NCTD was shown obviously
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control group. B: In the experiment group with treatment of IC5 NCTD for 48 h,
the positive cells of Ki-67 expression decreased significantly and the dye in cell
nucleoli became light and shallow.
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Figure 5 Positive expression with brown dye occurred in cytoplast of MMP,
protein of GBC-SD cells (immunohistochemistry SABC method, x100). A: The
brown dye of MMP, was shown positively in most cells of the control group. B:

Figure 6 Positive expression with brown dye occurred on nucleoli membrane
of TIMP; protein of GBC-SD cells (immunohistochemistry SABC method, x100).
A: The negative expression of TIMP, was observed in most GBC-SD cells of

effective in inhibiting the proliferation of GBC-SD cells in
a dose- and time-dependent manner. This is consistent with
the foreign reports about the effect of NCTD on other
tumor cells?*?), The reports demonstrated that NCTD is
the inhibitor of protein phosphatase type 2AP** and can
inhibit the growth of human colon cancer HT29 cells, inhibit
cell growth and atrest the cell cycle at G,/M phase in K562
human myeloid leukemia cells, inhibit DNA synthesis in
H L-60 cells and induce apoptosis in human tumor cells™~"*,
We reported that after treatment with NCTD, percentage of
the G,/M phase in human gallbladder carcinoma GBC-SD
cells was increased, percentage of the S phase was decreased
with the increased rate of cell apoptosis by flow cytometry;
cell nuclear shrinkage, membrane budding and karyorrhexis
in some GBC-SD cells were shown by light microscope;
microvillus decreasing, cell apparatus including Golgi and
mitochondria atrophy, and typical apoptosis cells were observed
by electron microscope, and there was the morphological
change of apoptosis of GBC-SD cells'?. It was shown that
the mechanisms, on which NCTD inhibit the proliferation
and the growth of human gallbladder carcinoma GBC-SD
cells might be correlated with the inhibition of cell proliferation,
arresting of cell cycle, blockage of DNA synthesis, influence
of cell metabolism and inducement of cell apoptosis!'?.
PCNA and Ki-67, gene proteins of cell proliferation-related,
are the markers for reflection of cell proliferation® ). In
this study, after treatment with IC;) NCTD for 48 h, the

In the experiment group with treatment of NCTD (5 pg/mL) for 48 h, the positive
cells of MMP, expression decreased significantly and the dye in the cytoplast
became light.
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the control group. B: In the experiment group with treatment of NCTD (5 pg/mL)
for 48 h, the positive cells of TIMP, expression were increased significantly and
the dye on nucleoli membrane represent brown.

positive GBC-SD cells of expression of PCNA and Ki-67
proteins were decreased significantly; their positive indexes
were also decreased significantly (P<0.05). It was shown
that NCTD could influence the expression of the proliferation-
related gene proteins, PCNA and Ki-67, of GBC-SD cells.
This may be one of the mechanisms by which NCTD inhibit
proliferation and growth of human gallbladder carcinoma
GBC-SD cells.

Inhibitory effect of NCTD on invasion of GBC-SD cells and its
mechanism

Tumor invasion, one of the essential characters of malignant
neoplasm, is considered to be a dynamic, complex and multi-
step processPY, but the essential step is the degradation
of extracellular matrix (ECM) and basement membrane
(BM)P*¥7, Tt was reported that matrix metalloproteinases
(MMPs) are important for the degradation of ECM. MMPs
hydrolyze specifically type IV, V, VII, X collagens and
fibronectin, elastin, e#., which are all important components
of ECM and BM, and are closely associated with the
invasiveness and metastasis of tumor?**7. Tissue inhibitors
of metalloproteinases (TIMPs), as the specific inhibitors
of MMPs, have such ability to form tight-binding, non-
covalent inhibitory complexes with multiple members of
the MMP family that they inhibit MMP activity of ECM
degradation and have anti-metastasis functionP**". The
organic balance or homeostasis of MMPs to TIMPs ratio
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is the decisive factor for the maintenance of ECM steadiness

and integrity®**". So, inhibition of cancer cell invasion,

maintenance of ECM integrity and homeostasis of expression
of MMPs and TIMP;s became one of the basic mechanisms

of anti-cancer treatment for invasion and metastasis of

tumor*-4l,

In the present study, The Matrigel experiment, the crossing-
river test and immuno-histochemistry assay of MMP,, TIMP,
in human gallbladder carcinoma GBC-SD cells were shown
that NCTD began to inhibit the 7# vitro invasion and
movement of GBC-SD cells at the concentration of 5 pig/mlL;
and that after treatment with norcantharidin, the expression
of MMP, was significantly decreased, with the increase in
TIMP, expression the MMP; to TIMP;, ratio were decreased
significantly (P<0.05). Also, these changes were obviously
related with the decrease of passing-membrane GBC-SD
cells in the Matrigel experiment. NCTD could affect the
expression of matrix dissolution-related gene proteins-
MMP, and TIMP,, and the ratio of MMP,/TIMP,, conseq-
uently, exert the inhibiting effect of invasion of GBC-SD
cells. So, NCTD in vitro inhibits not only proliferation of
human gallbladder carcinoma GBC-SD cells but also invasion
and metastasis of the cells at relatively low concentrations.
Its anti-invasive activity may be the result of decrease in
MMP, toTIMP, ratio and reduced motility of the cells.
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