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Background: Cipangopaludina cahayensis contains active fibrinolytic proteins and has been considered a potential anti-cancer
agent. However, its anti-cancer characteristics and functions have yet to be elucidated.

Objectives: To study the fibrinolytic activity and anticancer activity of crude protein extracts from Cipangopaludina
cahayensis.

Materials and Methods: Crude proteases were separated and extracted from the Cipangopaludina cahayensis through
homogenization, desalting, ammonium sulfate fractionation, dialysis, and ion exchange chromatography. The fibrinolytic
activity of extracted proteins was assessed using the fiber plate method. Total protein concentrations of the crude proteases
were determined via BCA assay. Molecular weights (MWs) were determined through SDS-PAGE electrophoresis.

Results: The crude extract had a MW of ~ 50 kDa, and the highest protein concentration was 3.026 mg.mL"'. The optimum
pH for fibrinolytic activity was 7.0. Cell culture assays demonstrated that the addition of the crude enzyme extracts to the
human ovary cancer cell line Ovcar-3 resulted in significant growth defects.

Conclusions: Our data showed that crude proteins purified from Cipangopaludina cahayensis are novel fibrinolytic proteases

and have potential anti-cancer properties
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1. Background

Both cancer and cardiovascular diseases are a serious
threat to human health, and their incidence continues
to rise. Despite advances in cancer therapeutics, the
vast majority of cancer related deaths arise from cancer
metastasis or recurrence. Tumor growth and metastasis
are closely related to the formation of new blood vessels
and changes in the function of fibrinolytic system (1,2).
The accumulation of clots reduces blood flow leading to
the development of thrombosis related cardiovascular
disease (3,4). Current anticancer therapeutics include
alkylating agents, antimetabolites, antitumor antibiotics,
plant antitumor drugs, hormones, metal platinum,
auxiliary antitumor drugs, immunomodulators and
mTOR inhibitors (5,6,7). Anti-clotting therapies include
anti-platelet drugs, anticoagulants, and thrombolytic
agents (3,4). Fibrinolytic enzymes and their activators
display anti-thrombotic effects including the inhibition

of neovascularization and the prevention of cancer cell
metastasis.

As a traditional Chinese medical material, Cipangopa-
ludina cahayensis is distributed across various provinc-
es and regions in the South of China and North Ameri-
ca. Its meat is of nutritional value due to its high protein
and low fat content, and contains phosphorus, calcium,
iron, vitamin B, thiamine, and glucose (8).

2. Objectives

Sofar,only fewstudieshave focused on Cipangopaludina
cahayensis. Given that Cipangopaludina cahayensis
contains active fibrinolytic proteins, it has been
considered a potential anti-cancer agent. In this study,
we assessed the fibrinolytic activity, physicochemical
properties, and anti-cancer activity of crude protein
extracts that were derived from Cipangopaludina
cahayensis.
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3. Materials and Methods

3.1. Instruments and Reagents

Bovine fibrinogen was obtained from Beijing Solarbio
Science & Technology Co., Ltd. Urokinase and thrombin
were obtained from the China National Institute for the
Control of Pharmaceutical and Biological Products.
Protein columns (10.0 mm x 25 cm) were obtained
from GE, USA. BCA kits were purchased from Beijing
ComWin Biotech Co., Ltd. RPMI 1640 media was
purchased from Beijing Solarbio Science & Technology
Co., Ltd. Newborn bovine serum was purchased from
Hangzhou Sijiqing Biological Engineering Materials
Co., Ltd.

3.2. Materials

Cipangopaludina cahayensis was purchased from the
Nanchang Aquatic Products Wholesale Market. The
human ovarian cancer cell line OVCAR-3 was obtained
from the laboratory of Xiong Xiangyuan.

3.3. Preparation of Fibrinolytic Protein
Cipangopaludina cahayensis was homogenized in
a high-speed tissue masher with leaching at 4 °C for
24 h in PBS. Extracts were obtained by centrifuging
at 10,000 rpm for 15 min at 4 °C. Precipitates were
discarded and supernatants were collected. Crude
extracts were subjected to fractional desalting through
ammonium sulfate saturation (9). Proteins were
collected in a minimum unit of 60%. Precipitates of
each desalting condition were dissolved in Tris-HCI
and stored at 4 °C. Samples were dialyzed, desalted,
and concentrated with polyethylene glycol 10000. The
fibrinolytic activity of purified proteins was detected
using the fibrin plate method as previously described
(10). Urokinase was included as a positive control.
Sterile Tris-HCI was used as a negative control. Prior to
staining, plates were incubated at 37 °C for 24 h.

A gradient elution solution was prepared using DEAE-
32 cellulose as the chromatographic medium in 0.2,
0.4, 0.6 and 0.8 moL.L! NaCl (pH 7.4) (11). Following
chromatography, protein absorption peaks were imaged
and the fibrinolytic activity of each peak was measured
and plotted.

3.4. Molecular Weight Determination

Separation gel (12%, 0.001% bovine fiber), concentrated
gel (5%) and 5 x loading buffer were prepared. Samples
were electrophoresed at 80 V for 30 min, and 120 V for
1 h (12,13). Gels were washed with tap water, rinsed
with distilled water, and treated with washing buffer (50
mM Tris, pH 8.0; 2.5% Triton X-100) for 60 min. Gels
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were then washed and immersed in reaction buffer (50
mM PBS, pH 7.2; 0.15 M NaClI) at 37 °C for 18 hours.
Gels were stained with Coomassie blue, destained until
protein bands were visible, and imaged.

3.5. Determination of Total Pprotein Content
Bicinchoninic acid (BCA) assays were used to
determine total protein content (14). Standard curves
were produced using BCA standards (2, 1.7, 1.4, 1.1,
0.8, 0.5, and 0.2 pg-uL"). Absorbances were read at
570 nm. Crude protein concentrations were determined
from the standard curves.

3.6. Effects of pH on the Activity
Cipangopaludina Cahayensis Extracts
Samples were dissolved in an equal volume of sample
solution at a range of pH conditions. pH 6-8 samples
were prepared with phosphate buffers, pH 8-8.5 buffers
were prepared with Tris-HCI, and pH 9-10 buffers
were prepared through NaOH addition to physiological
saline. Buffers were allowed to stand at 4 °C for 30 min.
Enzyme activity was measured using the fibrin plate
method.

of Crude

3.7. OVCAR-3 Cell Viability Assays

OVCAR-3 cells were passaged in the logarithmic
growth phase and plated into 96 well plates at a density
of 6.5x10* cells. mL. Cells were treated with the target
protein or PBS (controls) in serum-free medium for 24
h. For cell viability assessments, 20 pL of MTT solution
(5 mg-mL"') was added for 4 h in the dark. Supernatants
were discarded and 150 uL. of DMSO was added to each
well to dissolve the formazan crystals. Absorbances
were read at 490 nm on a microplate reader.

Cell inhibition rates were calculated using the following
formula = (1-A *100%

medication group control group)

4. Results

4.1. Fibrinolytic Activity

Fibrin plate analyses were performed to assess the
fibrinolytic activity of crude protein extracts (Fig.1). The
assay employs colorimetric qualitative methods to assess
fibrin gel degradation. Fibrin degradation halos were
evident after 20 h of urokinase or crude extract treatment
(0-60, 60-80, and 80-100). Halos were absent in 0.05 M
Tris-HCl treated controls. Positive controls (Fig.1, NO.
4) and samples with different concentration gradients
(Fig.1, NO.1 and 6 60% CFP, 2 and 7 80% CFP, 3 and 8
100% CFP, ) showed fiber activity except for the negative
control (Fig.1, NO. 5). This confirmed the fibrolytic
activity of Cipangopaludina cahayensis extracts.
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Figure 1. Cipangopaludina cahayensis fibrinolytic protease assessments. A total of 8 labeled halos are shown representing the crude

fibrolytic proteins obtained through desalting in different concentrations of ammonium sulfate: NO.1 and 6 60% CFP, 2 and 7 80% CFP, 3
and 8 100% CFP, 4 80U-mL"' UK (positive control), 5 0.05M Tris-HCI (negative control).
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Figure 2. Chromatographic separation maps of CFP. Samples were injected into DEAE-32 cellulose columns connected to the AKTA

protein purification system. Each peak represents possible fibrinolytic proteins.

4.2. Ion Exchange Chromatography, MW Assessment,
and Optimal pH of Fibrolytic Activity of the
Cipangopaludina Cahayensis Extracts

Figure. 2 shows that DEAE-32 cellulose ion exchange
chromatography of Cipangopaludina cahayensis
extracts led to two distinct peaks at 280 nm. This
suggested the presence of two protein species (pl and
p2). SDS-PAGE electrophoresis (Fig. 3) revealed that
pl and p2 were ~50 kDa in size. The crude extracts
were 3.026 mg-mL"! as assessed via BCA assays (Table
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1, Fig. 4). The optimum pH of the fibrolytic activity of
the extracts was 7.0. Fibrolytic activity was inhibited at
higher pH conditions, and completely inactivated at pH
9.0 (Fig. 5).

4.3. Cancer Cell Growth Inhibition Assays

Crude proteins from the Cipangopaludina cahayensis
extracts had a significant inhibitory effect on OVCAR-3
cell growth. The inhibition of cell growth increased with
increasing protein concentrations. At a concentration
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Figure 3. SDS-PAGE electrophoresis. Following ion exchange chromatography, the molecular mass of the fibrinolytic proteins were

determined via SDS-PAGE (12%).

Table 1. Protein concentration determination.

Tough .
Absorb Average Concentration Saltlng out
) gradient
(mg-mL"")
2.316 2.220 2.060 2.199 1.513 100%
0.026 0.024 0.025 0.025 blank
1.600 -
yv=06166x+0.1724
1.400 1 R2=0.9934
g 1.200
=
g 1.000 -
0.800
0.600
0.400
0.200 -
0.000 T T | 1
0 05 1.5 2 23
Concentration ( mg'-mL™? )

Figure 4. Protein concentrations and standard curves.

of 500 mg.mL-!, the inhibitory rates were as high as
103.66%, indicating high fibrinolysis activity (Table 2)

5. Discussion

The use of traditional Chinese medicines for the
treatment of human disease continues to attract intense
research interest. However, the complex composition
of traditional Chinese medicine and the lack of clarity
of the major active ingredients continues to restrict its
development. Traditional Chinese medicinal materials
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including Cipangopaludina cahayensis, are not only
nutritious, but display favorable pharmacodynamic
effects, including anti-cancer activity. However, the
anti-cancer mechanisms of these compounds remain
poorly understood.

In this study, we combined traditional Chinese medicine
with modern biotechnology, and extracted and purified
the fibrinolytic proteins of Cipangopaludina cahayensis,
which inhibited the proliferation of OVCAR-3 cells
in vitro. At the cellular level, systematic and in-depth
molecular studies are required to characterize the anti-
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Figure S. Effects of PH on fibrinolytic activity. Five pH conditions were assessed (6.0, 7.0, 8.0, 9.0, and 10.0). Optimal activity was

observed at pH 7.0.
Table 2. Cancer cell proliferation inhibition assays.
100% protein

Conig:terg;on lpg mL"! 25ug-mL"! 125pg'mL!  250pg'mL"! 500pg mL"! Blank
0.87 0.78 0.749 0.761 0.154 0.788
Absorb 0.881 0.881 0.783 0.762 0.186 0.823
0.841 0.898 0.823 0.808 0.197 0.765
Average 0.864 0.853 0.785 0.777 0.179 0.792

Survival rate(%) 109.09 107.70 99.12 98.11 22.60 -

Inhibition rate(%) 17.17 18.56 27.15 28.17 103.66 -

cancer mechanisms of these fibrinolytic proteins. This
will enhance our understanding of Cipangopaludina
cahayensis and provide important impetus for the
development and utilization of traditional Chinese
medicinal materials. SDS-PAGE revealed that the
MW of the fibrinolytic protein was 50 kDa, which
was different from that of other natural sources of
fibrinolytic enzymes, such as the fibrinolytic enzyme
from Porcellio scaber Latreille with a MW of 38.5
kDa(15), the MW of fibrinolytic enzyme from
Pheretima posthumousis is 29.5 kDa(16), the MW
of the fibrinolytic enzyme from Whitmania pigra
Whitman is 26.7 kDa(17), and the molecular weight of
fibrinolytic enzyme from Lumbrineris nipponica(18)
is 28 kDa. This indicates that the fibrinolytic enzyme
is a novel fibrinolytic enzyme. Moreover, the results
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showed that the optimum pH of the fibrinolytic protein
of Cipangopaludina cahayensis is 7.0, as was pH of the
medicinal animal Porcellio scaber Latreille(15), but it
was lower than that of Pheretima posthumous(16) and
Whitmania pigra Whitman(17), which had an optimum
pH of 8.0 and 8.5 respectively. Thus, these findings
indicated that the fibrinolytic enzyme that was extracted
from Cipangopaludina cahayensis was closer to the pH
of humans.

Fibrinolytic enzymes and their active products degrade
the tumor extracellular matrix, leading to a loss of tumor
cell attachment, survival, metastasis, and invasion
(19,20). Thus, the discovery of fibrinolytic proteases
in Cipangopaludina cahayensis highlights its potential
as a thrombolytic or anti-cancer therapy. Fibrinolytic
proteins have similarly been extracted from Pheretima
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posthumous (16), Bothrops colombiesis (21), Neanthes
Jjaponica (22), and animal fibers. Drugs in which these
active proteins are the major ingredient have been
developed and are currently available for clinical use,
including Dilong thrombolytic capsules.

In this study, proteins were obtained from crude
extracts, but were not purified. Contaminants could
therefore influence the reproducibly of the experimental
data, but our findings were consistent across individual
experimental replicates. In subsequent experiments,
fibrolytic enzymes could be purified and isolated by
affinity chromatography (18), molecular exclusion
chromatography (23), or reverse phase chromatography
(24). This would permit a more in-depth analysis of the
anti-cancer activity of individual proteases.

To-date, crude extracts of fibrinolytic proteins have
been isolated from Cipangopaludina cahayensis and
have been shown to inhibit the proliferation of the
human lung cancer cell line A549 (25). This provided
a theoretical basis to further study these fibrinolytic
enzymes. In this study, we further characterized the
fibrolytic activity of Cipangopaludina cahayensis
extracts and highlighted their thrombolytic and anti-
cancer potential.

6. Conclusions

In this study, proteins were isolated from
Cipangopaludina cahayensis through desalting in
ammonium sulfate. The fibrinolytic activity of the
purified proteins was determined through fibrin plate
analysis. According to these analyses, 60%, 80%, and
100% of the proteins extracted from Cipangopaludina
cahayensis displayed fibrinolytic activity, of which
the highest activity occurred in the most concentrated
sample and at an optimum pH of 7.0. The protein
concentration was 3.026 mg.mL'. Jon exchange
chromatography showed that the Cipangopaludina
cahayensis extracts contained p1 and p2 proteins. SDS-
PAGE electrophoresis showed that these two major
proteins had a molecular weight of ~ 50 kDa. MTT
assays revealed that high concentrations of the active
fibrinolytic proteins from Cipangopaludina cahayensis
displayed significant inhibitory effects on OVCAR-3
cells.
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