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Background: Cnidium lactone is a natural coumarin compound that can inhibit a variety of cancer cell proliferation and in-
duce cancer cell apoptosis. This experiment investigated the effect of cnidium lactone on molecular marker ex-
pression in prostate cancer nude mice to study its effect in inducing apoptosis.

Material/Methods: We randomly and equally divided 30 male BALB/C nude mice inoculated with human prostate cancer cells PC-3
into a negative control group, a cyclophosphamide group (500 mg/Kg), and cnidium lactone groups at 3 dos-
es (280 mg/Kg, 140 mg/Kg, and 70 mg/Kg). The mice were weighed at 2 weeks after administration. Tunnel
assay was applied to test the nude mice tumor cell apoptosis. ELISA was performed to detect serum AMACR,
CD147, mutant P53, BCL-2, AND BAX expression levels. Tumor tissue was separated and weighed.

Results: Mice weight did not change significantly in the groups receiving 3 different doses of cnidium lactone(p>0.05),
while it decreased obviously in the cyclophosphamide group (p<0.05). Tumor weight, CD147, mutant P53, and
BCL-2 levels were significantly lower in the groups receiving 3 different doses of cnidium lactone than in the neg-
ative control group (p<0.05). Among them, the abovementioned indexes decreased markedly in the 280 mg/Kg
and 140 mg/Kg dose groups than in the cyclophosphamide group (p<0.05). AMACR and BAX levels showed no
significant difference in the cnidium lactone group or the cyclophosphamide group (p>0.05).

Conclusions: Cnidium lactone may induce prostate cancer cell apoptosis and inhibit its proliferation through regulating
CD147, mutant P53, and BCL-2 expression in nude mice.
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Background

Prostate cancer is a common male urinary system disease that
is difficult to diagnosis because of its long incubation period,
complex etiology, and hidden pathogenic site [1]. The patho-
genesis of prostate cancer is still not fully understood. The fac-
tors influencing the biological characteristics of prostate can-
cer are complex, which is directly related to the occurrence and
development of cancer. Tumor cells’ rapid and unlimited pro-
liferation is the most important characteristic. There is a bal-
ance between proliferation and apoptosis in normal cells; once
this balance is broken, hyperplasia and even malignant tumors
can appear. Therefore, much research is currently focussed on
how to correct the abnormal growth cycle in tumor tissue and
defining the main factors influencing it. Existing research [2,3]
suggests that some drugs have certain effects in cell prolifer-
ation cycle, in particular, in inducing cell apoptosis. There is
still a lack of research on drugs for treatment of prostate can-
cer invasion and inducing apoptosis. Cnidium lactone is a nat-
ural coumarin compound extracted from fruit of the umbellif-
erous plant Cnidium monnieri. In traditional Chinese medicine
the fruit is characterized as acrid and bitter, warm in nature,
and belong to the kidney and spleen channel. It has multiple
pharmacological effects, including anti-inflammation, anti-tu-
mor, anti-arrhythmia, decreasing blood pressure, and enhanc-
ing immunity. Experiments [4,5] showed that cnidium lactone
exhibits good antitumor activity in vivo and in vitro with no ad-
verse reactions at normal drug doses. Its main mechanism is
to inhibit cancer cell proliferation by acting on cancer cell cycle
or inducing apoptosis, such as in liver cancer, lung adenocarci-
noma, colorectal cancer, and cervical cancer [6]. In this study,
a BALB/c nude mouse prostate cancer model was used to test
3 different doses of cnidium lactone. The mice were eutha-
nized at 2 weeks after inoculation and tumors were weighed.
Serum alpha-methylacyl coenzyme A racemase (AMACR), im-
mune glycoprotein gene (CD147), mutant P53 tumor suppres-
sor gene, BCL-2, and BAX levels were detected. We aimed to
explore the therapeutic effect of different doses of cnidium lac-
tone on prostate cancer and its related mechanism.

Material and Methods

Animals

We obtained 30 SPF grade male BALB/c nude mice aged 4 to
6 weeks and weighing 15-20 g from the Experimental Animal
Center in Shanghai. The mice were feed in super clean lami-
nar flow cabinet under the SPF condition of SPF.

Mice were used for all experiments and all procedures were ap-
proved by the Animal Ethics Committee of Provincial Hospital
affiliated to Shandong University.
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Drugs and reagents

Cnidium lactone (purity >99%, HPLC detection) and cyclo-
phosphamide (purity >98%, HPLC detection) were supplied by
the China Institute of Pharmaceutical and Biological Products
Verification. Human prostate cancer cells PC-3 were provided
by the Chinese Academy of Sciences, Shanghai Institute of Cell
Biology. The cells were maintained in F12 medium with 10%
fetal bovine serum and 1% penicillin-streptomycin (10 000 U
and 10 mg/ml, respectively) at 37°C and 5% CO,,. The cells were
digested by a mixture of 0.25% (W/V) trypsin and 0.02% EDTA
for passage. Fetal bovine serum was obtained from Beijing
Solarbio Technology Co., LTD; F12 medium was obtained from
Shanghai Hybio Technology Co., LTD; and 2406-2 type CO, in-
cubator was obtained from SHELLAB Co. (USA).

Modeling

After adaptation under SPF conditions for 3 to 5 days, the
BALB/c nude mice were anesthetized by 1% pentobarbital so-
dium (75 mg/kg) intraperitoneal injection. A 1-cm transverse
incision was made at the center of the lower abdomen and
the bladder and seminal vesicle gland were exposed, then
20 pl PC-3 cell suspension (about 1.5x10° cells) was inject-
ed into the prostate. The abdomen was closed and the mice
were set back to the cage after waking [7]. The tumor diam-
eter was measured using vernier calipers for length (a) and
width (b) every 2 days, and the tumor volume was calculated
as V=1/2xaxbxb. After the tumor reached 200 mm?3, the mice
were grouped for administration.

Administration

Cnidium lactone and cyclophosphamide powders were dis-
solved in physiological saline to get the suspension with the
concentration of 28 mg/ml and 1.875 mg/ml, respectively.

Thirty male BALB/C nude mice inoculated with human prostate
cancer cells PC-3 were randomly and equally divided into a neg-
ative control group, a cyclophosphamide group (500 mg/Kg,
every two days), and cnidium lactone groups at 3 doses (280
mg/Kg, 140 mg/Kg, and 70 mg/Kg, once a day). Intragastric
administration was applied.

Detection

The mice were continuously treated for 2 weeks. The tumor
size was measured by vernier caliper on days 0, 5, 10, and
15 after administration. The tumor volume was calculated
as v=axb?/2. After being euthanized, mice were weighed and
the tumor weight was measured. After removing the eye, the
blood was collected and centrifuged at 1000 rpm/min for 15
min. ELISA was performed to detect serum AMACR, CD147,
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Table 1. Nude mice weight, tumor weight and volume size comparison (X+s).

Groups N Weight/g Tumor weight/mg
Negative control 6 23.80+0.35% 356.0+5.8%%
| Cnidium lactone 280 mg/Kg group s 2236068 12384845
| Cnidium lactone 140 mg/Kg group 6 227505 154047.2%
Cnidium lactone 70 mg/Kg group 6 2375028 195.0486"
 Cyclophosphamide group s 16520570 194069%

* P<0.01, compared with control; # P<0.05, compared with cyclophosphamide group; * P<0.05, compared with control.

mutant P53, BCL-2, and BAX expression levels according to the
manual. All ELISA kits were obtained from IBL Co. (Germany).
A BIO-RAD model1680 type microplate reader was obtained
from Shanghai Tiancheng Biotech Co., LTD (China).

TUNEL method was used for detection. After drug delivery for
15 consecutive days, the nude mouse tumor tissue was cut into
paraffin sections. Sections were dewaxed by dimethyl benzene
and hydrated with a gradient of ethanol (100%, 95%, 85%,
70%, and 50%). Twenty pg/ml proteinase K with no DNase
was added at 20-37°C for 20 min. After washing in PBS or
HBSS 3 times, hematoxylin was used to stain and the section
was closed. The section was observed under an optical micro-
scope according to the TUNEL kit manual (Promega Company).

Statistical analysis

All statistical analyses were performed using SPSS20.0 soft-
ware (Chicago, IL). Numerical data are presented as means and
standard deviation (+SD). One-way ANOVA was used for mul-
tiple means comparisons. P<0.05 was considered to indicate
a statistically significant result.

Results

Nude mice weight, tumor weight, and volume size
comparison

Compared with the control, mouse weight did not change sig-
nificantly in the groups receiving 3 different doses of cnidi-
um lactone (p>0.05), while it decreased obviously in the cy-
clophosphamide group (p<0.05). Compared with the control,
tumor weight in the groups receiving 3 different doses of
cnidium lactone decreased obviously (P<0.01), of which, the
280 mg/Kg and 140 mg/Kg dose cnidium lactone groups ex-
hibited significantly lower tumor weight than the cyclophos-
phamide group (p<0.05) (Table 1).

We found that the tumor volume in all of the drug-treated
groups showed markedly lower level than in the control group

400 ——| — Control
— — 280 mg/Kg
----140 mg/Kg
3501 - - - - 70mg/Kg
T || Cyclophosphamide ..o
£300 —~

Tumor volume
N
wua
o

2004

150 T T 1
Time (d)

Figure 1. Tumor volume growth trends. o P<0.05, compared with
control; o P<0.05, compared with negative control and
cyclophosphamide group.

(p<0.05). The 280 mg/Kg and 140 mg/Kg dose cnidium lactone
groups exhibited significantly lower tumor volume than the
cyclophosphamide group (p<0.05). The tumor volume growth
trends are shown in Figure 1.

TUNEL assay for cell apoptosis comparison

TUNEL assay was applied to test cell apoptosis. Cells with deep
stained nucleus were TUNEL-positive and TUNEL-positive cells
were considered apoptosis. The results revealed that, compared
with negative control, the 3 dosages of cnidium lactone groups
all clearly promoted tumor cell apoptosis in the nude mice.
Among them, the 280 mg/Kg cnidium lactone group showed
the strongest ability to induce cell apoptosis, followed by the
cyclophosphamide group and the 140 mg/Kg and 70 mg/Kg
cnidium lactone groups (Figure 2).

Serum AMACR and CD147 expression level comparison

Compared with negative controls, CD147 decreased significant-
ly in all of the groups receiving 3 different doses of cnidium
lactone and cyclophosphamide group (p<0.05). Among them,
it reduced markedly more in the 280 mg/Kg and 140 mg/Kg
dose groups than in the cyclophosphamide group (p<0.05).
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Figure 2. TUNEL assay for cell apoptosis comparison. (A) Nude mouse tumor cell apoptosis in the 280 mg/Kg cnidium lactone group;
(B) Nude mouse tumor cell apoptosis in negative controls.

Table 2. Serum AMACR and CD147 expression level comparison (X+s).

AMACR/pg-mL!

CD147/pg-mL!

Negative control 5 205.3+0.65 126.0+2.8%&
© Cnidium lactone 280 mg/kg group 6 1876:072 Bonar
© Cnidium lactone 140 mg/Kg group 6 1952:054 sS4l
© Cnidium lactone 70 mg/kg group s 039078 850:26*
© Cyclophosphamide group s 1964:067 8a5s34me

* P<0.01, compared with control; # P<0.05, compared with cyclophosphamide group; * P<0.05, compared with control.
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Figure 3. Serum AMACR and CD147 expression level comparison. (A) Serum AMACR expression level comparison; (B) Serum CD147
expression level comparison. * P<0.05, compared with controls; # P<0.05, compared with cyclophosphamide group; & P<0.05,
cyclophosphamide group compared with controls.

AMACR failed to show significant difference among the groups
(p>0.05) (Table 2 and Figure 3).

Mutant P53, BCL-2 and BAX expression levels comparison

Compared with controls, the cnidium lactone group showed
significantly lower levels of mutant P53 and BCL-2 (p<0.05) but
not BAX (p>0.05), while the 280 mg/Kg and 140 mg/Kg dose
cnidium lactone groups exhibited obviously lower mutant P53
and BCL-2 levels than in the cyclophosphamide group (p<0.05).

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

After calculating the ratio of BCL-2 and BAX, we found that the
BCL-2/BAX ratio was lower in all of the groups receiving 3 dif-
ferent doses of cnidium lactone than in the controls (p<0.05),
and it was markedly lower in the 280 mg/Kg and 140 mg/Kg
dose cnidium lactone groups than in the cyclophosphamide
group (p<0.05) (Table 3 and Figure 4).
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Table 3. Mutant P53, BCL-2 and BAX expression levels comparison (X+s).

Mutaphpss BCL-2/BAX
(pg-mL™)
Negative control 6 245.4+4.37*% 93.0+2.8*& 85.4+1.3 123.3%*&
Cnidium lactone 280 mg/Kg group 5
Cnidium lactone 140 mg/Kg group 6
Cnidium lactone 70 mg/Kg group 6
Cyclophosphamide group 5 192.0+5.72%% 75.4+1.6%& 74.0£2.8 101.3%**
* P<0.01, compared with control; # P<0.05, compared with cyclophosphamide group; * P<0.05, compared with control.
A B
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Figure 4. Mutant P53, BCL-2 and BAX expression levels comparison. (A) Serum P53 expression levels comparison. * P<0.05, compared
with controls; # P<0.05, compared with cyclophosphamide group; & P<0.05, cyclophosphamide group compared with
controls; (B) Serum BCL-2/BAX expression levels comparison. * P<0.05, compared with controls; # P<0.05, compared with
cyclophosphamide group; & P<0.05, cyclophosphamide group compared with controls.

Discussion

In recent years, the incidence of prostate cancer in China is
obviously rising [8-10]. Cnidium lactone is reportedly a type
of coumarin compound with antitumor activity, but its effect
in prostate cancer cell apoptosis has not been investigated. In
vitro experiments suggested that cnidium lactone may inhibit
human prostate cancer DU145 cell proliferation through induc-
ing apoptosis [11]. It can significantly increase mutant P53 and
Bax expression in human breast cancer MDA — MB435 cells,
while inhibiting Bcl-2 expression to induce MDA — MB435 apop-
tosis [12]. It can act on the G2/M stage in lung adenocarcino-
ma A549 to induce apoptosis and inhibit metastasis through
the PI3K/Akt pathway [13]. It also can induce liver cancer cell
apoptosis by regulating NF-xB activity [14]. The cell prolifer-
ation process is determined by a series of gene regulations,
while apoptosis is the only way for cell renewal. The P53 tu-
mor suppressor gene is divided into wild and mutant types —
the wild-type P53 gene can inhibit tumor cell abnormal growth,
while the mutant P53 gene can promote cancer cell growth.
Studies have shown that the positive rate of mutant P53 pro-
tein in the biopsy of prostate cancer patients is significantly

higher than in the hyperplasia tissue [15,16]. Excessive mu-
tant P53 gene expression has a direct influence on a variety
of tumor occurrence and metastasis, such as ovarian cancer
and breast cancer [17,18]. Research indicated that Bcl-2 can
increase cell resistance to most of the DNA damage factors
and inhibit most of the target cell apoptosis caused by che-
motherapy drugs [19]. The Bax gene can promote cell apop-
tosis, in contrast to the role of Bcl-2. Calculating the ratio of
the Bcl-2/Bax in cells can more clearly reflect the main factors
that influence cell apoptosis.

Prostate cancer PC-3 is a kind of hormone-independent can-
cer cell [20-22]. This study used a BALB/c nude mouse model
inoculated with human PC-3 cells to simulate prostate cancer
growth in vivo. After different doses of cnidium lactone were
administered by lavage, we found that mouse weight was
not significantly changed compared with the negative con-
trol group, but cyclophosphamide can significantly decrease
mouse weight. The tumor weight in the 3 different doses of
cnidium lactone groups was significantly lower than in the
negative controls (p<0.01), and it was obviously lower in the
280 mg/Kg and 140 mg/Kg dose groups compared with the
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cyclophosphamide group (p<0.05), indicating that cnidium
lactone can effectively inhibit tumor cell growth and its ef-
fect was significantly better than that of cyclophosphamide.
Importantly, the damage to the nude mice caused by cnidi-
um lactone under this dose is relatively small. Its expression
in the 3 different doses of cnidium lactone groups was ob-
viously lower than in the negative controls (p<0.05), and the
280 mg/Kg and 140 mg/Kg dose cnidium lactone groups also
showed significantly lower expression than in the cyclophos-
phamide group (p<0.05), showing that cnidium lactone can
inhibit mutant P53 and CD147 gene expression, thus affect-
ing the tumor proliferation process. P53 gene mutations oc-
cur when the normal human cells were stimulated and mu-
tant P53 gene can promote cancer cells abnormal growth.
Mutant P53 gene expression can be detected in serum [23,24].
Cnidium lactone is clearly more effective than cyclophospha-
mide in reducing mutant P53 gene expression level. We spec-
ulate that it may promote the cancer cell death by inducing
p21 expression, inhibiting Cdk activity, and making the dam-
aged DNA lose repair ability. This may be because the mutant
P53 tumor-suppressor gene can indirectly act on vascular en-
dothelial growth factor expression to inhibit tumor angiogen-
esis and prostate cancer cell proliferation. The CD147 gene ex-
ists in a variety of cancer cells, including glioma, lymphoma,
and breast tumor cells. It is mainly involved in the process of
tumor cells invasion and metastasis. Compared with the neg-
ative controls, cnidium lactone can significantly inhibit its ex-
pression to decrease prostate cancer invasion and metasta-
sis and further prevent the progression of prostate cancer.

BCL-2 expression levels in the groups receiving 3 different
doses of cnidium lactone were significantly lower than in the
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negative controls (p<0.05), and its levels in the 280 mg/Kg and
140 mg/Kg dose groups were obviously lower than in the cy-
clophosphamide group (p<0.05). In contrast, BAX level showed
no significant differences in the cnidium lactone group and
cyclophosphamide group when compared with the negative
controls (p>0.05). This suggests that cnidium lactone can ac-
celerate prostate cancer cells apoptosis by reducing BCL-2 ex-
pression and up-regulating the BCL-2/BAX ratio to abate the
antagonism between BCL-2 and BAX. Its effect on BCL-2 ex-
pression is significantly higher than cyclophosphamide. This
may be because BCL-2 can promote cytochrome C release by
mitochondria and increase caspase protease activated by cy-
tochrome C, thus weakening its inhibitory effect on cell apop-
tosis. In addition, as a kind of proto-oncogene, the exces-
sive expression of Bcl-2 may produce an antagonism effect
on cell apoptosis induced by the wild-type P53 gene. This in-
dicates that cnidium lactone may also achieve the effect of
promoting prostate cancer cell apoptosis by decreasing wild-
type P53 gene level through acting on the Bcl-2 expression.
Cnidium lactone showed no significant effect on BAX expres-
sion in the nude mice.

Conclusions

Above all, cnidium lactone can effectively inhibit CD147, mu-
tant P53, and BCL-2 expressions in a nude mouse prostate
cancer model and induce prostate cancer cell apoptosis. It ex-
hibited certain therapeutic effects for the treatment of hor-
mone-dependent prostate cancer, but the mechanism of its
induction of prostate cancer cell apoptosis still needs further
in-depth study.
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