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Effect of Cortactin and MMP-9 Expression Inhibited by
Norcantharidin on Invasion of PC-3 Cells

Xiangning Luo', Wenjuan Wang?, Kai Li, Jianjun You'and Honghong Du’
'Department of Urology, Affiliated Hospital of Shaanxi University

of Traditional Chinese Medicine(TCM), Xianyang,712000,China

2Biological Experiment Center of Shaanxi University of

Traditional Chinese Medicine, Xianyang,712000,China

The objective of the present study was to determine the effects of norcantharidin on the invasion of PC-3 cells. In this
study, norcantharidin was applied to PC-3 cells, after which the real-time fluorescence quantitative PCR and Western-
blot were used to detect the expression level of cortactin and MMP-9, scratch test and invasion tests were also used to
detect the invasion of PC-3 cells. Transmission electron microscopy was used to observe the morphological changes of
pseudopods of PC-3 cells. We found the mRNA expression of cortactin and MMP-9 in PC-3 cells of norcantharidin group
was significantly lower than that in PC-3 cells of blank control group, The protein expression of cortactin and MMP-9
in PC-3 cells of the norcantharidin group was also significantly lower than that of the blank control group (P < 0.05);
the scratch test results showed that the scratch healing degree of PC-3 cells in the norcantharidin group was significantly
lower than that of the blank control group (P < 0.05). Similarly, the invasion of PC-3 cells in the norcantharidin group
was also significantly lower than that of the blank control group (P < 0.05), and observation of transmission electron
microscope showed that the invasion of pseudopodia of PC-3 cells in the norcantharidin group was significantly less
than that in the blank control group. The results of this study indicate that when norcantharidin acts on PC-3 cells, the
invasion of PC-3 cells decreases, which may be related to the decrease of the expression level of cortactin and MMP-9.
The results also demonstrate that norcantharidinmay may be a new treatment for prostate cancer.

NORCANTHARIDIN; PROSTATE CARCINOMA; CORTACTIN; MMP-9; MIGRATION; INVASION.

A recent study has indicated that norcantharidin (NCTD)
can inhibit PC-3 cell proliferation and induce PC-3 cells
apoptosis (Luo, 2020). As well, few studies have also
shown that NCTD can inhibit the invasiveness of some
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tumor cells (Fan, 2020; Yang, 2020 and Gao,2020).
Cortactin and MMP-9 have been shown to be associated
with prostate carcinoma cell invasion (Ma, 2016 and Liu,
2016). This study aims to confirm if NCTD can inhibit
the expression of cortactin and MMP-9 and then reduce
the invasion of PC-3 cells. Prostate carcinoma is the
most common malignant tumor of the male reproductive
system, which is more common in the elderly men over
60 years. In recent 10 years, the incidence rate of prostate
carcinoma in China has been increasing year by year.
Compared with developed countries, the incidence of
prostate carcinoma in China is quite higher than before,
(Li,2021).

The incidence rate of advanced carcinoma is also higher
in China than in developed countries, (Xu,2020), and



many patients lose the chance of radical operation.
The vast majority of patients with advanced prostate
carcinoma are initially sensitive to androgen inhibition.
However, after an average of 2.5 years of androgen
suppression endocrine therapy, all of these patients
will be transformed into hormone resistant prostate
carcinoma (HRPC), that is, it has no response to the
endocrine therapy of inhibiting androgen.

The latter has been developed rapidly, with a median
survival of no more than 18 months. Cortactin, a protein
that interacts directly with cytoplasmic microfilaments,
served as the tyrosine protein kinase SRC 80 in the early
1990s.The direct substrate of 85-kDa (Wu,1991), encoded
by CTTN gene located in 11q13 region of chromosome,
contains four structural regions: N-terminal acid region,
tandem repeat region, carboxyl proline rich region and
SH3 region, which are located in invasive pseudopodia
and play an important role in the function of invasive
pseudopodia (Ren,2018).

At the same time, matrix metalloproteinases (MMPs)
have been confirmed to be involved in the procedure
of invasion and distant metastasis of various tumors.
At present, 26 different kinds of MMPs have been
found, in which MMP-9 can degrade and destroy tumor
extracellular matrix, and promote the formation of
invasive pseudopodia, (Murphy and Courtneidge 2011).
Norcantharidin (NCTD) is a demethylated analogue of
cantharidin extracted from cantharidin(Tang,2010). NCTD
has strong anti-cancer activity and has been used in the
clinical treatment of a variety of malignant tumors. This
experiment focuses on whether NCTD can down regulate
the expression of cortactin and MMP-9 protein in PC-3
cells, and then inhibit the invasion of PC-3 cells.

Cell line PC-3 was purchased from the National Cell Bank
of Shanghai Institute of Cell Technology. Main reagents
used were: NCTD (Aladdin company, batch number
d131603-1g), cisplatin (MCE company, batch number hy-
17394) cytoplasmic nucleoprotein Extraction Kit (Nanjing
Kaiji biological company, batch number kgp150),BCA
protein concentration determination kit(biyuntian
biological technology company, batch number p0010),
mouse monoclonal antibody B-actin(Wuhan PhD
Bioengineering Co.,Ltd, batch number bm0627), rabbit
monoclonal antibody C ortactin (Abcam, batch number:
ab81208), rat monoclonal antibody MMP-9 (Abcam,
batch number: ab58803), Transwell culture dish (Corning,
batch number: 658042)Instruments used were: Real-time
fluorescent quantitative PCR instrument (ABI company
of America), CO, constant temperature incubator
(Sanyo company of Japan), inverted microscope (Olympus
company of Japan), 3001 enzyme labeling instrument
(Thermo Fisher Scientific Company of America).

Cell culture PC-3 cells were resuspended in a complete
medium containing 10% fetal bovine serum and placed at
37Z and 5% CO, Culture in cell incubator. Take the PC-3
cells in logarithmic growth period and add the culture

medium containing NCTD with different concentrations
prepared in advance,The final concentration of NCTD
was 12.5 pg/ml, 25 pg/ml and 50 pg/ml respectively,
the blank control group and positive control(cisplatin
concentration 2.5 pmol/L).

The total RNA of PC-3 cells in each group was
extracted by Trizol reagent in real-time PCR
experiment, and then the operation instructions of
real-time PCR kit were followed. PCR primers were
synthesized by Xi’an Kehao Bioengineering Co., Ltd.
the upstream primer sequence of cortactin was 5
-CGATGAGTACGAGAACGAT-3’, the downstream primer
sequence was 5 '-GCAACACGAACACAAGAGA-3’,
the upstream primer sequence of MMP-9 was 5 ’-
GCTACCACCTCGAACTTTGAC -3’, and the downstream
primer sequence was 5 - TCAGTGAAGCGGTACATAGGG
-3", the upstream primer sequence of B-actin was 5’
- agcgagcatcccaaagtt-3’, and the downstream primer
sequence was 5’ - gggcacaggcatcatcat3 . PCR reaction
conditions: 50 °C 2min, 95 °C 10min; 95 °C 30 sec, 60
°C 30sec, 40cycles. In the experiment, each sample was
tested three times, and the dissolution curve was drawn.
The final data was analyzed with 2-ACt.

Western-blot was used to collect PC-3 cells from five
groups, add the lysate and place it on ice for 30min, 4,
12000rpm for 5min, and use BCA protein concentration
test kit to determine the protein content in the
supernatant. Take 40pg of total protein for SDS-PAGE
electrophoresis, transfer membrane, 5% skimmed milk
powder, add anti-cortactin rabbit monoclonal antibody
and mouse monoclonal antibody MMP-9 4 overnight,
take-actin mouse monoclonal antibody as reference, and
then add corresponding anti IgG (HRP labeled Sheep anti
rabbit and HRP labeled Sheep anti mouse) to incubate
at room temperature for 1h. ECL exposure imaging,
chemiluminescence system analysis results.

In the cell scratch test, PC-3 cells of blank control group,
NCTD 12.5 pg/ml group, NCTD 25 pg/ml group, NCTD
50 pg/ml group and cisplatin 2.5 pumol/l group were
taken respectively, and the cell density was adjusted to
2.5x105 cells/ml with 1640 medium, and 6-well plates
were connected with 2ml cell suspension of each hole,
which was cultured overnight at 37 T ; cells were washed
with PBS for three times to remove the scratched cells,
and serum-free medium was added. After 24 hours of
treatment, samples were taken for photos.

Transwell experiment, 2.5x105 cells were taken from
the blank control group, 12.5 pug/ml, 25 pg/ml, 50 pg/
ml NCTD group and positive control group (2.5 pmol /L
cisplatin) PC-3 cells respectively. 100ul Matrigel (final
concentration was 1 mg/ml) was added vertically to the
center of the upper chamber bottom of the Transwell,
chamber of Matrigel was incubated at 372 for 4-5h
to make it dry and gelatinous. After Matrigel dry and
gelatinous, 200 pL cell suspensions of the above groups
were respectively connected into the upper chamber of
Transwell, cultured in 5% CO, incubator at 37% for 24h
and fixed with 70% ice ethanol solution h. Staining with
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0.5% crystal violet dye solution, cleaning with PBS once,
wiping the non-migrated cells on one side of the upper
chamber with clean cotton ball, observing and taking
photos under the microscope.

Transmission electron microscope was used to observe 10
pl of PC-3 cell suspension in blank control group, 12.5
pg/ml, 25 pg/ml, 50 pg/ml NCTD group and 2.5 pmol/L
cisplatin positive control group. After 50 times dilution
with 1xPBS, 10 pl of suspension was added to copper
mesh, dried at 252 for 12 hours, and then re-stained
with uranyl acetate. The morphology of pseudopodia was
observed and photographed under transmission electron
microscope,under accelerating voltage 200kV, x5000.
Statistical analysis: The measurement data was expressed
as mean+standard error . The difference between the two
groups of independent samples was compared by t-test.
The difference between the multi-factor groups was
compared by single factor analysis of variance. P<0.05
was statistically significant. All the statistical analyses
were performed using Statistical Package forthe Social
Sciences 16.0 (IBM, New York, USA).

Figure 1: The curves of amplification and dissolution
A-C:amplification curves of cortactin ,MMP-9 and
B-actin

D-F: dissolution curves of cortactin, MMP-9 and B-actin

RESULTS AND DISCUSSION

Real time fluorescent quantitative PCR was used to detect
the content of cortacin and MMP-9 mRNA in PC-3 cells
of each group. The results showed that the content of
cortactin mRNA in12.5 u g/ml,25 pg/ml and 50 pg/ml
NCTD decreased by 20%, 38% and 59% respectively,
P<0.05, and the content of cortacin mRNA in 50 pg/ml
NCTD group decreased by 37% compared with that in the
positive control group ,P<0.05, The content of MMP-9
mRNA decreased by 13%, 39% and 58% respectively
compared with the blank control group,P<0.05.and the
content of MMP-9 mRNA decreased by 45% in the 50
pg/ml NCTD group compared with the positive control
group ,P<0.05. Real-time quantitative PCR detect the
amplification curve and dissolution curve of cortactin,
MMP-9, and B-actin internal parameter, the amplification
curves of cortactin, MMP-9 and B-actin internal
parameter were smooth s-shaped with clear inflection
points;dissolution of cortactin, MMP-9 and [B-actin

Hassan et al.,

internal parameter showed a single peak.Indicating that
the specificity of amplification was good and the results
were reliable.See Figure 1.

Western-blot showed that the expression levels of
cortactin and MMP-9 in 12.5 p g /ml, 25 pug/ml and 50
pg/ml NCTD group were lower than those in the blank
control group, and the expression levels of cortactin and
MMP-9 in the 50 pg/ml NCTD group were lower than
those in the blank control group with the increasing of
NCTD concentration ,P<0.05. see Figure.2.

Figure 2: Electrophoresis of NCTD effect on expressions
of cortactin and MMP-9 in PC-3

A B C D E

A:blank control group ;B-D:NCTD group( 12.5,25,50 pg/
mL);E:positive control group (cisplatin 2.5 pmol/L) The
effect of NCTD on the migration and invasion of PC-3
cells showed that the scratch healing area of 12.5 pg /ml,
25 pg/ml and 50 pg/ml NCTD group was smaller than that
of the blank control group, as shown in Figure 3. At the
same time, Transwell chamber method also found that the
number of invasive cells in 12.5 pg [ ml, 25 pg/ml and
50pg/ml NCTD groups were (66.4 + 12.4), (53.4 + 8.1),
(31.6 + 4.6) respectively, which were significantly lower
than that in the blank control group (84.2 + 7.3),P<0.05,
as shown in Figure.4.

Figure 3: Effect of NCTD on migration of PC-3 cells
(inverted microscope,x 100)

A:blank control group ;B-D:NCTD group( 12.5,25,50 pg/
mL))E:positive control group(cisplatin 2.5 pmol/L).

A:blank control group ;B-D:NCTD group( 12.5,25,50 pg/
mL))E:positive control group(cisplatin 2.5 pmol/L).
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Transmission electron microscopy showed that the
diameter of PC-3 cells was about 4 p m, the nucleus was
large, the nucleolus was obvious, and there were many
pseudopodoid processes on the cell surface. After 24
hours of incubation with 12.5 u g/ ml, 25 p g / ml and 50
p g/ ml NCTD, the number of pseudopodia on the surface
of PC-3 cells decreased. Compared with negative control,
with the increase of NCTD concentration,the number of
pseudopodia of PC-3 cells decreased gradually.What’s
more,the number of pseudopodia decreased obviously in
50 p g [/ ml NCTD group compared with positive control
group. See Figure.5.

Figure 4: Effect of NCTD on invasion of PC-3 cells

Figure 5: Effect of NCTD on pseudopodia morphology of
PC-3 cells (transmission electron microscopy, accelerating
voltage 200kV, x5000)

é?' ’

&

A:blank control group ;B-D:NCTD group( 12.5,25,50 ug/
mL))E:positive control group(cisplatin 2.5 pmol/L).

The existing evidence (Marioni,2018;Zhao,2016;Horn,20
18;Wen,2019) shows that the overexpression of cortactin
may increase the formation of pseudopodia of various
cancer cells, accelerate the degradation of peripheral
matrix components of cancer cells, and facilitate the
invasion and diffusion of cancer cells. Recent studies
(Ma,2016;Qi,2020) have also shown that the expression
of cortactin in prostate cancer is higher than that in
benign prostatic hyperplasia, and the expression of
cortactin gradually increases with the development of
prostate cancer, and is related to the distant metastasis
of prostate cancer. After knockout of the expression
of cortactin in PC-3 cells, the invasion ability and
extracellular matrix degradation ability of PC-3 cells
were significantly reduced, (Horn,2018).

Recent studies of Ren (2019) have shown that the
expression of MMP-9 mRNA in prostate cancer tissue is
significantly higher than that in benign prostate tissue,
and the expression of mm-9 mRNA in invasion and
metastasis prostate cancer tissue is significantly higher
than that in non invasion and metastasis prostate cancer

tissue, indicating that MMP-9 may play an important role
in invasion and metastasis of prostate cancer. MMP-9
can degrade and destroy tumor extracellular matrix and
promote the formation of invasive pseudopodia of cancer
cells, which suggests that MMP-9 may have synergistic
effect with cortactin protein in the development of
prostate cancer. There are few studies of NCTD in the
treatment of prostate cancer. Recent clinical studies of
scholars have found (Song,2018)that NCTD combined
with paclitaxel is better than paclitaxel alone in the
treatment of HRPC patients, and may reduce the adverse
reactions caused by paclitaxel, but the specific mechanism
is not clear. A recent study indicated that norcantharidin
(NCTD) can inhibit PC-3 cells proliferation and induce
PC-3 cell apoptosis (LUO,2020).

In this study, after the PC-3 cells were treated with
different concentrations of NCTD, real-time fluorescence
quantitative PCR and Western blot were used to detect
the content of cortacin and MMP-9 mRNA and protein
expression. The results showed that the content of
cortacin and MMP-9 mRNA and protein expression of
PC-3 cells in each concentration group of NCTD were
lower than those in the blank control group. At the
same time, with the increase of NCTD concentration,
the mRNA content and protein expression of cortin
and MMP-9 in PC-3 cells decreased gradually, and
there was a dose-response relationship. The results of
scratch test and Transwell test indicate that NCTD can
inhibit the peripheral migration and invasiveness of
PC-3 cells, and there is a dose-response relationship
between the concentration of NCTD and the invasiveness
of PC-3 cells. At last, the ultrastructural observation of
PC-3 cells was carried out by means of transmission
electron microscopy. Compared with the blank control
group, the number of pseudopodoid protrusions on
the surface of PC-3 cells decreased in the NCTD group.
With the increase of NCTD concentration, the number
of pseudopods decreased significantly. It indicates that
NCTD would inhibit the formation of pseudopodia on
the surface of PC-3 cells.

CONCLUSION

NCTD can inhibit the peripheral migration and
invasiveness of PC-3 cells, and its mechanism may be
related to the down-regulation of mRNA content and
protein expression of cortactin and MMP-9 in PC-3
cells and the inhibition of the formation of pseudopods
on the surface of PC-3 cells. At the same time, there
may be some synergistic effect between cortactin and
MMP-9 in promoting the invasion and metastasis of
prostate cancer.
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