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Inhibitory effects of the recombinant human serine protease
inhibitor Hespintor on the proliferation, migration
and invasion of hepatocellular carcinoma cells
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Abstract. Hespintor is a new Kazal-type serine proteinase
inhibitor (Serpin) screened from the HepG2 hepatoblastoma
cell line using the suppression subtractive hybridization (SSH)
technique. Seprin is closely associated with the progression
and remission of malignant tumors, and has certain signifi-
cance in the diagnosis and treatment of tumors. Investigations
on the antitumor activity of Serpin are expected to aid in the
development of a new method for tumor treatment based on
the serine protease inhibitor. Although the Hespintor prokary-
otic expression strain and recombinant Hespintor protein
(recombinant fusion protein of Hespintor and rHespintor)
have already been obtained, the protein extraction efficiency
is low due to the low initial amount of extracted protein and
large number of purification steps, which affect the study
of the protein function. The aim of the present study was
to improve the purification method of rHespintor, increase
the protein extraction efficiency, and investigate its effects
on the proliferation, migration and invasion of the HepG2
hepatoblastoma cell line. The results demonstrated that the
application of urea gradient washing of inclusion body of the
protein may effectively remove the majority of impure proteins
from the targeted protein. After one-step purification, the
target protein rHespintor exhibited a high inhibitory effect of
Trypsin Hydrolysis, which was exhibited in a dose-dependent
manner. Hoechst 33258 staining was used to determine cell
apoptosis. After treating HepG2 hepatoblastoma cells with
rHespintor, the cell growth was inhibited, the proliferation

Correspondence to: Dr Yong-Zhi Lun, Liaoning Provincial
University Key Laboratory of Biophysics, College of Medicine, Dalian
University, 10 Xuefu Street, Dalian, Liaoning 116622, P.R. China
E-mail: lunyz@163.com

Dr Hui-Juan Wu, Beijing Center for Physical and Chemical Analysis,
Beijing 100094, P.R. China
E-mail: sunnywhj@126.com

Key words: recombinant protein, purification, serine proteinase
inhibitor, cell proliferation, cell migration, cell invasion

ability was reduced, and the number of migrated and invaded
cells were significantly decreased. Hoechst 33258 staining
and flow cytometry assay results showed clear cell apop-
tosis. The results reveal showed that rHespintor significantly
inhibited proliferation, migration and invasion of the HepG2
hepatoblastoma cell line in vitro, and induced cell apoptosis
to a certain extent, indicating that the recombinant protein
Hespintor exerts an antitumor effect in vitro, and has the
potential and feasibility to become an antitumor drug.

Introduction

In the processes of tumor growth, angiogenesis and invasion and
metastasis, protease plays the role of the final common pathway,
and has an important role in the functional or pathological
tissue reconstruction process, in addition to the participation
of growth factors, tumor-suppressor gene mutation, cell cycle
changes, and other upstream mechanisms (1). The abilities of
invasion and metastasis of tumor cells are closely associated
with the degradation ability of the extracellular matrix (ECM)
and basement membrane (BM) of the protease induced by
tumor cells. Inhibition of protease activity may affect cancer
development and become an effective method for the treat-
ment of tumors. Protease activity can be regulated at various
levels, however, the most direct method is to block the protease
activity. Highly expressed protease inhibitors or synthetic
protease inhibitors can effectively block the activation of the
proteases (1-3) and prevent degradation of the ECM. Therefore,
protease inhibitors have become the focus of current studies.
Existing studies have shown that the Kazal family members
exert mostly inhibitory effects on protease activity, such as the
trypsin inhibitor secreted by the pancreas, acrosin inhibitor,
and elastase inhibitory factor (4). Members of the Kazal family
are involved in the regulation of tumor cell invasion and metas-
tasis. Zou et al (5) isolated a new gene known as Maspin from
normal human breast epithelial cells, by using the subtractive
hybridization method. Previous results have demonstrated an
enhanced expression of Maspin in many malignant tumors,
which may lead to positive outcomes, suggesting that the serine
protease inhibitor has antitumor effects (6). The transforma-
tion suppressor gene RECK (reversion-inducing systeine-rich
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protein with Kazal motif) isolated by Takahashi et al (7) is
widely distributed in a variety of normal human tissues. The
accumulation and expression of RECK in tumor cells can
significantly inhibit the invasion, metastasis and angiogenesis
of tumor cells (7,8). Another member of the Kazal family,
TATI (tumor-associated trypsin inhibitor), can be synthesized
and secreted by tumor cells, and inhibit the activity of a series
of matrix metalloproteinases (MMPs) and prevent tumor cell
invasion and metastasis, while the expression of TATI is also
involved in the inhibition of tumor cells (9,10). Su et al (11)
isolated esopageal cancer-related genes (ECRGs) by using the
differential displaying PCR method (DD-PCR), and found
that ECRGI, -2 and -4 markedly inhibited the proliferation,
migration and invasion of tumor cells, and induced tumor cell
apoptosis (12-14).

Hespintor is a new member of the Kazal family, and
the length of the open reading frame (ORF) of Hespintor is
285 bp, the encoded product of which is a serine protease
inhibitor composed of 94 amino acid residues. The analysis
results showed that Hespintor is divided into three sections:
1-23 amino acid residues in the N-end are a signal peptide,
35-94 amino acids contain a typical Kazal domain, and 24-34
amino acid residues between the N terminal signal peptide
and Kazal structure domain constitute a linking section. In
previous studies (25), the Hespintor-Kazal prokaryotic expres-
sion system was successfully constructed. Homology analysis
showed that Hespintor and other Kazal family members have
both similar and unique characteristics in terms of structure.
Therefore, conducting studies on the antitumor activity of
Hespintor may be useful for understanding the role of Hespintor
in the process of tumor invasion and metastasis, and provide
a basis for the future development of drugs in the treatment of
cancers based on the serine protease inhibitor Hespintor.

Materials and methods

Plasmids and strains. Recombinant prokaryotic expression
vector pET-40b (+)/Hespintor and Escherichia coli Rosetta
(DE3) were obtained from the present laboratory. The HepG2
hepatoblastoma cells were obtained from the Beijing Center
for Physical and Chemical Analysis (Beijing, China).

Major reagents. The PageRuler Prestained Protein Ladder
was purchased from Thermo Fisher Scientific, Inc. (Wyman,
MA, USA). The mouse anti-human His‘Tag monoclonal anti-
body (primary antibody) was purchased from Kebaiao Biotech
Co., Ltd. (Beijing, China). The goat anti-mouse HRP-IgG
(secondary antibody) was purchased from Sequoia Jingiao
Biological Technology Co., Ltd. (Beijing, China). The bovine
serum albumin (BSA) and trypsin (activity =250 NF U/mg)
were purchased from Amresco, Inc. (Solon, OH, USA). The
Na-benzoyl-DL-arginine-p-nitrophenyl amide hydrochloride
(BAPNA) was purchased from Sigma (St. Louis, MO, USA).
The Ni** column (Ni**-Histrap FF crude 5 ml) was purchased
from GE Healthcare Co. (Piscataway, NJ, USA). The BCA
protein assay kit was purchased from Seitz Biological Co., Ltd.
(Beijing, China).

Extraction of the recombinant protein Hespintor from the inclu-
sion body. The positive clone of the Rosetta (DE3)/Hespintor/
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pET-40b (+) single colony was screened and inoculated in an
LB liquid medium with kanamycin and chloramphenicol for
8 h at 37°C. Amplification culture was conducted on the cells
according to the proportion, when the concentration of the
cells was OD600=0.6-0.8, the final adding concentration of
IPTG was 0.25 mmol/l at 30°C, and the cells were induced for
5 hat 180 rpm.

The induced Rosetta (DE3) bacteria liquid was collected,
and the bacteria were harvested. After cell crushing and
washing, the recombinant protein precipitation of the inclusion
body was resuspended in an 8 M urea lysis buffer (binding
buffer). The obtained supernatant was filtered through a
0.45 ym membrane for subsequent use.

Purification and renaturation of the inclusion body of recom-
binant protein Hespintor. The purification of the inclusion body
solution was conducted according to the purification operation
of the 6X His histidine-tagged protein affinity chromatography.
The binding buffer was used to balance the Ni column. After
balancing, low-speed centrifugation was conducted on the 10 ml
loading pre-column protein solution after dilution. The entire
process was performed at 4°C. After loading the sample, the
binding buffer was used continuously to wash flat baseline, then
20 repetitions of the refolding buffer were used for the renatur-
ation of the column protein. The elution buffer was then used
to collect the 280-nm absorption peak of the targeted protein.
After conducting electrophoresis analysis of 12% SDS-PAGE,
the collected protein was added to the dialysis bag for further
purification with PBS as the buffer. Following completion of
dialysis, the protein was collected again and the protein concen-
tration was measured and stored at -20°C for subsequent use.

Activity identification of the recombinant protein Hespintor.
The BCA protein assay kit was used to measure the protein
concentration of the obtained and purified rHespintor.
According to previous reports and the optimized method,
the enzyme activity of rHespintor was measured (15,16). The
0.1 M Tris buffer (pH 8.0) containing 0.4% CaCl, was used to
regulate the concentration of the Hespintor up to 0.2 mg/ml.
An amount of the Hespintor was taken to react with 100 ul
0.1 mg/ml trypsin (Trypsin, Sigma), with the mass ratios
between the rHespintor and trypsin in the reaction system
adjusted to 1:4, 1:2, 1:1, 2:1, 3:1, 4: 1 and 5:1, respectively. A
300 pl reaction substrate BAPNA (1 mg/ml) was then added to
the mixture for incubation at 37°C in a water bath for 10 min.
Acetic acid (30%) was added to the mixture for full mixing
to terminate the reaction. Prior to detection, centrifugation
at 8000 x g was conducted at room temperature for 3 min on
the mixture to remove the effects of the undissolved BAPNA
on detection. A spectrophotometer was used to determine the
A410 nm value of the sample without adding rHespintor as
the negative control group. Based on this method, the dose
inhibitory effect of the rHespintor on the hydrolysis of trypsin
was analyzed.

The inhibition rate of the recombinant protein Hespintor
was calculated according to the following formula to draw the
inhibition curve:

Adyy o mmUnhibited — Adyy, .., Inhibition)

T = 100%
(AAyyg Unhibited — Adyyq . Blank)

(
Inhibition%=
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Inhibition assay of cell proliferation. The HepG2 cells in the
logarithmic growth phase were obtained for vaccination on a
96-well plate with 200 ul in each well in 5% CO, at 37°C for
overnight culturing. The following day, different concentra-
tions of the recombinant protein Hespintor were used to treat
the cells at the final concentration of Hespintor as 1, 2, 4, 8,
12 and 16 pg/ml. In addition, a drug-free negative control
group, blank group and cisplatin (DDP)-positive control
group were established at the same time. Each group had five
repeated holes. After culturing for 48 and 72 h, 20 pl, 5 mg/
ml MTT was continuously added for culturing for 4 h. After
discarding the supernatant, 150 1 DMSO was added to each
hole, followed by gentle agitation for 10 min. A570 nm of the
cells was detected by a microplate reader. The survival rate of
the tumor cells was calculated according to the formula:

Experimental groupAsqg . - Blank groupdsa o

Survival rate of umor cells = =100%

Control groupAsyg um - Blank groupAsyg om

Cell-wound healing assay. When the HepG2 cells in a 6-well
plate were cultured in vitro to the 90% fusion state, a 10 ul
pipette tip was used to draw the line along the bottom section.
The cells were washed three times with PBS, then DMEM (10%
FBS) containing rHespintor with concentrations of 0, 10 and
20 pg/ml were added. Subsequent to culturing at 37°C in 5%
CO, for 0, 12 and 24 h, and images of the cells were captured.

Invasion assay of tumor cells. The matrigel in the BM
was diluted with the precooling serum-free DMEM. The
prepared matrigel was subsequently used to coat the upper
chamber of the Transwell 24-hole plate (8 ym, Corning Inc.,
Corning, NY, USa). The HepG2 cells were treated with the
rHespintor at final concentrations of 0, 5 and 10 ug/ml for 4
days (17,18). The medium was then discarded. The cells were
cultured with the serum-free medium for 12 h, the cells were
digested with 0.25% trypsin and adjusted to the cell density
to 4x10%/ml. Then, 200 pl cell suspension was added to the
upper chamber and 500 1 DMEM including 0.1% FBS,
40 ng/ml rHGF and containing rHGF as a chemotactic factor
was added to the lower chamber (19). The cells were cultured
in 5% CO, at 37°C for 24 h. The cells were removed from the
chamber and fixed with pre-cooling formalin for 20 min, and
washed twice with PBS. The washed cells were stained with
crystal violet in the dark for 30 min, and again washed twice
with PBS. Cotton buds were used to gently scrape the cells on
the upper chamber surface of the polycarbonate membranes.
The diaphragm was carefully cut off and placed on a glass
slide, to which neutral quick drying glue was added, and the
cover glass was used to seal it. Cells were counted under a
microscope in five random fields per membrane, and each
experiment was repeated three times.

Tumor cell migration experiment. The basic steps were iden-
tical to those of the invasion assay, with the exception that no
coated gel was used.

Detection of cell cycle and apoptosis. The HepG2 cells were
treated with rHespintor with the final concentrations of 0, 5
and 10 ug/ml for 4 days. The culture medium was collected in
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the centrifuge tube for further use. Trypsin (0.25%) was used
to digest the adherent cells. The previously collected culture
solution was added to the cells to gently collect the cells. The
collected cells were the harvested in an EP tube for centrifu-
gation at 1200 x g for 3 min. The supernatant was discarded
carefully. The cells were suspended in PBS and washed twice.
Pre-cooled 70% ethanol was used to decentralize and fix the
cells for 2 h. After centrifugation at 1200 x g for 3 min, the
supernatant was carefully discarded. The pre-cooled PBS
was used to suspend the cells for another round of washing. A
propidium iodide staining solution was then added to gradu-
ally and fully suspend the cells in a 37°C water bath for 30 min
in the dark. Following filtration, flow cytometry was used in
the measurement and analysis of the experimental results.

Cell apoptosis and Hoechst 33258 staining. The sterilized
coverslip was immersed in 75% ethanol for 5 min, and washed
three times with an aseptic PBS medium. After washing with
the culture medium, the coverslips were placed in a 6-well
plate. The HepG2 cells in the logarithmic growth period
were digested with trypsin and adjusted to the cell density of
1x10*/ml. Each well was seeded with 1 ml cells for culturing
for 24 h until the cells were adhered onto the cell culture
plate surface. The cells were treated with rHespintor at final
concentrations of 0, 10 and 20 ug/ml for 36 h to induce cell
apoptosis. After induction was complete, the supernatant
culture medium was discarded, and 500 pl fixative solution
was added for 10 min, and saline was used for two rounds of
washing. Staining was conducted by adding 500 pl Hoechst
33258 staining liquid in the dark for 10 min. Physiological
saline was used for two rounds of washing with a washing
time of 3 min each time. The cover slips were removed care-
fully, and excess moisture was removed. A quenching agent
was dripped on the slide glass for sealing. The morphological
changes of the cell nuclei were observed under a fluorescent
microscope and images were captured.

Results

Induction expression of the recombinant protein Hespintor
and extraction of the inclusion body. Centrifugation was
conducted on the induced Rosetta (DE3) bacteria solution.
Bacterial sedimentation was obtained after bacteria were lysed
by means of lysyme and centrifugation. SDS-PAGE electro-
phoresis analysis was performed on the resuspended bacteria
precipitate. The recombinant protein Hespintor was identi-
fied in the precipitate in the form of inclusion bodies. Urea
(2 and 4 M) were used to wash the inclusion body precipitate
to remove impurity proteins, and the precipitate was then
dissolved in 8 M urea (binding buffer) to obtain the inclusion
body dissolving liquid. SDS-PAGE analysis was conducted
on the induced entire bacterial pellet and supernatant. The
recombinant proteins were shown to be concentrated in the
precipitate in the form of inclusion bodies. Two successive
rounds of washing with the washing liquid effectively removed
the impure proteins and improved the purity of the crude
proteins (Fig. 1).

Purification of the recombinant protein Hespintor. The inclu-
sion body dissolving liquid was purified by the Ni** affinity
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Figure 1. SDS-PAGE analysis of the crude protein extracted from the induced
expression stains. M, PageRuler prestained protein ladder; lane 1, induced
Rosetta(DE3)/Hespintor/pET-40b(+) supernatant; 2, induced Rosetta(DE3)/
Hespintor/pET-40b(+) precipitate; 3, lysed Rosetta(DE3)/Hespintor/pET-
40b(+) supernatant; 4, supernatant for wash once; 5, supernatant for wash
twice; 6, inclusion body of rHespintor.
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Figure 2. SDS-PAGE analysis of the purified rHespintor.
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Figure 3. Western blot analysis of the expressed product and the recombinant
protein. M, PageRuler prestained protein ladder; lane 1, purified rHespintor.

column, while the refolding process of the recombinant
protein Hespintor was completed on the nickel column. After
elution, SDS-PAGE analysis was carried out on the obtained
protein after desalination by the semipermeable membrane,
and a single band was obtained (Fig. 2). The western blotting
identification demonstrated that the His‘Tag rHespintor was
successfully expressed (Fig. 3).

Activity detection of the purified recombinant protein
Hespintor. Trypsin is capable of hydrolyzing low molecular
weight substrate BAPNA, which can release yellow p-nitro-
aniline. Yellow p-nitroaniline has a maximum absorbance at
405 nm. If the trypsin inhibitor is added to this reaction system,
then the hydrolysis activity of the trypsin is inhibited, which
can decrease the absorption value of A405 nm. The results
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Figure 5. Inhibitory effects of rHespintor on the proliferation of HepG2 cells.

showed that 10 g rHespintor can act on 10 pg trypsin, and the
rHespintor can inhibit 30.99% of the activity of trypsin. When
the mass ratios between rHespintor and trypsin were 1:4, 1:2,
1:1, 2:1, 3:1, 4: 1 and 5:1, the respective inhibition rates of the
trypsin activity were 2.28, 12.37,30.99,45.72, 52.29, 59.18 and
70.32% (Fig. 4).

Effects of the recombinant protein Hespintor on the prolifera-
tion of HepG2 cells. The rHespintor has significant inhibitory
effects on the growth of HepG2 hepatoma cells. When the treat-
ment times of the rHespintor on the HepG2 cells were the same,
the inhibition roles of the rHespintor were gradually increased
with the increase of protein concentrations. When the treatment
concentrations of the rHespintor on the HepG2 cells were the
same, the inhibition roles of the rHespintor were gradually
increased with the increase of the treatment times (Fig. 5).

Effects of the recombinant protein Hespintor on the scratch
healing of HepG?2 cells. Compared with that of the control
group, i.e., the HepG2 cells, the cell migration ability in the
experimental group was significantly higher (P<0.05). When
the treatment times of the rHespintor on the HepG2 cells were
the same, the inhibition of cell migration was more evident
with the increase of protein concentrations (Fig. 6).

Effects of the recombinant protein Hespintor on the inva-
sion of HepG2 cells. The invasion ability of the HepG2 cells
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Figure 6. Inhibition effects of rHespintor on the scratch healing ability of HepG2 cells.
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Figure 7. Effects of rHespintor on the invasion ability of HepG2 cells. Panel 1, the control group without rHespintor treatment; panel 2, 5 pg/ml rHespintor
treatment; and panel 3, 10 pg/ml rHespintor treatment. Significant difference between groups was identified ("P<0.05).

was significantly attenuated after treatment with rHespintor
when rHGF was the chemokine (P<0.05). When the different
concentrations of rHespintor were applied to HepG2 cells
at the same time, the cell invasion ability was significantly
decreased with the increase of protein concentrations (Fig. 7).

Effects of the recombinant protein Hespintor on the cell migra-
tion of HepG2 cells. The cell migration ability of the HepG2
cells was significantly attenuated after rHespintor treatment
with tHGF as the chemotactic factor, and there were significant

differences among the groups (P<0.05). When the different
concentrations of rHespintor were applied to HepG2 cells at the
same time, the cell migration ability was significantly decreased
along with the increase of rHespintor concentrations (Fig. 8).

Detection results of cell cycle and apoptosis. rtHespintor at
final concentrations of 0, 5 and 10 pg/ml was able to induce
cell apoptosis of the HepG2 cells to a certain degree. An
increase in rHespintor concentrations resulted in an increase
in the cell apoptotic rate. Compared with that of the control
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Figure 8. Effects of rHespintor on cell migration of HepG2 cells. Panel 1, the control group without rHespintor treatment; panel 2, 5 yg/ml rHespintor treatment;

and panel 3, 10 yg/ml rHespintor treatment.
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Figure 10. Morphological changes of HepG2 cells under a fluorescent microscope.

group, significant differences in the cell apoptotic rate were
observed (P<0.05) (Fig. 9).

Cell apoptosis and Hoechst 33258 staining. After staining
with fluorescent dye Hoechst 33258, it may be observed in the
control group under the microscope that the cell membrane
showed integrity, while nucleoplasm staining in the HepG2
cells was uniform. After cell apoptosis chromatin pyknosis
was present, and its Hoechst absorbing ability was strong under
isotonic conditions, leading to the phenomenon of nuclear
dense staining. In the present experiments, the rHespintor
with the concentrations of 0, 10 and 20 ug/ml were treated
with cells for 36 h to induce cell apoptosis. When the concen-
tration of rHespintor reached 20 pg/ml, typical apoptotic
morphologies of condensed chromatin and enhanced fluores-

cent staining were observed. An increase of the rHespintor
concentration resulted in a marked increase in the degree of
apoptosis (Fig. 10).

Discussion

Invasion and metastasis of malignant tumors is the main cause
of cancer patient mortality. Tumor invasion and metastasis
is a multi-step process, including tumor cell adhesion and
de-adhesion, ECM degradation and the reconstruction process,
in which the hydrolysis of the ECM of tumor cells is the first
step and the molecular basis of tumor invasion and metastasis.
Urokinase-type plasminogen activator system can promote the
growth of human tumor cells, and is important in the invasion
and migration of tumor cells. When uPA combines with uPAR,
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plasmin generation is activated and generated. Plasmin directly
degrades the ECM and is involved in the degradation of ECM
through the MMP pathway (20-24). Previous results have
shown that inhibition of the activity of the uPA/uPAR uroki-
nase-type plasminogen activation system can prevent tumor
cell invasion and/or migration (25,26). Since tumor invasion
and metastasis cause cancer patient mortality, the identifica-
tion of safe and effective antitumor drugs with minimal toxic
side effects is crucial. A variety of serine protease inhibitors,
such as ECRG2, have been shown to suppress the proliferation
and invasion of tumor cells and induce tumor cell apoptosis
(27,28), and have received relevant attention.

The present study used the previously constructed
Hespintor-Kazal prokaryotic expression system (29) and
obtained a large quantity of expression of Hespintor-
Kazal fusion-tagged proteins using IPTG induction. The
Escherichia coli expression system has the characteristics
of a clear genetic background, is a simple and rapid process,
cost-effective and has a high yield, and a variety of eukaryotic
genes have successfully obtained high expressions in E. coli.
However, the E. coli expression system cannot conduct post-
translational processing on the eukaryotic proteins after the
translation of proteins, and it is difficult to correctly form two
disulfide pairings and space conformation, thus the resulting
recombinant protein often lacks strong biological activity.
When the exogenous gene is expressed in E. coli in high effi-
ciency, it is easy to form inclusion bodies (inclusion body) that
gather in the intracellular sections. To obtain a recombinant
protein with the same activity as that of the natural protein,
the inclusion bodies should first be isolated and washed. A
high-concentration denaturant (such as 6-8 M guanidine
hydrochloride and 8-10 M urea) is used to dissolve the inclu-
sion bodies, then the inactive and dissolved inclusion body
proteins are refolded. The protein is folded correctly and the
molecular and natural conformation are recovered.

In the experimental process, the denatured inclusion body
proteins are refolded and renatured, which occupies a key step
in the process of recombinant protein, and is a difficult issue
in biological engineering technology. Each step of the process
causes loss of the target protein, as well as a greater number of
steps. More steps in the purification of the target protein lead to
a greater loss of protein and lower yield rate. In this study, the
gradient washing process was enhanced in the protein purifica-
tion steps to remove the influence of impurities on the purification
process of the protein. The basal concentration of imidazole in
the buffer was improved to reduce the binding of protein in the
host cells to the affinity chromatography column and enhance
the binding of histidine tagged proteins. In addition, a Tris buffer
solution was used to replace the phosphate-buffered solution to
reduce the binding capacity of non-histidine tagged proteins.

In this study, rHespintor was shown to significantly inhibit
the proliferation of HepG2 cells in vitro and inhibit the adhe-
sion and invasion on the matrigel BM. Therefore, rHespintor
can inhibit the hydrolysis ability of the ECM and BM in the
HepG2 hepatoblastoma cells, thereby inhibiting the metastasis
and invasion effects. This process may be achieved through
inhibition of the activation of MMPs in the extracellular parts,
leading to a decline in ECM degradation ability.

When a tumor is involved in metastasis and invasion,
tumor cells destroy the tissue sites to which they adhered,
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known as the degradation of ECM and BM, and realize
invasion, metastasis and angiogenesis. During this process,
the tumor cells enhance the release of various proteolytic
enzymes. Urokinase-type plasminogen activator (uPA) and its
inhibitors (plasminogen activation inhibitor, PAI), as well as
MMPs and their inhibitors (tissue inhibits of metalloprotein-
ases, TIMPs) play important roles in the process. Of these, the
specific binding of uPA to its receptor uPAR can transform
the cell surface plasminogen into plasmin. Plasmin directly
degrades fibronectin, laminin, as well as matrix components
fibronectin and proteoglycan, and can also activate MMPs for
ECM degradation. Therefore, plasminogen activation is the
first step of ECM and BM degradation, and the activation of
MMPs is important in the degradation of ECM and BM.

This investigation provides a basis for the study of the
in vitro development of rHespintor into a new anticancer drug.
Future studies are to examine the molecular antitumor mecha-
nism of rHespintor in a more thorough manner and improve its
antitumor activity in animals.
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