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Objective: To study whether the infection of Schistosomiasis japanicum (S. japanicum) is related
to enhanced proliferation and migration of cancer cells, and the molecular mechanism pertains to
cancer cell metastasis in human host. Methods: The gene of S. japanicum glutathione transferase
(sjGST) cloned from S. japanicum was expressed, purified and applied in a series of assays to
explore the effect of sjGST on proliferation and migration of MDA-MB-435S, and the expression of
MMP2 and MMP9. Immunofluorescence assay for the binding of sjGST to MDA-MB-435S was also
carried out. Results: Results showed that sjGST enhanced proliferation and migration in human

ﬁgf:girgi breast cancer cell MDA-MB-435S signifycantly at 50-200 nM, but did not enhance them in human
Schistosomiasis japanicum lung cancer cell A549. Immunofluorescence assay for the binding of sjGST to MDA-MB-435S and
Clutathione s—transferase A549 showed that GST was readily bound to the breast cancer cells, but showed almost no binding
Proliferation to human lung cancer cells. The assays for gelatinase activity showed that both MMP2 and MMP9
Gelatinase activities were increased significantly in the presence of sjGST (50-200 nM) in MDA-MB-435S,
MMP2 and MMP9 but they were not significant in A549. Conclusions: Our current results show strongly that S.
Migration Japanicum GST binds to MDA-MB-435S probably via its receptor, and enhances proliferation and

Breast cancer

migration of the cancer cells by up-regulatory expression of MMP2 and MMP9.

1. Introduction

Schistosomiasis japanicum (S. japanicum) is mainly present
in Asia, and it threatens more than 300 millions people in
south China, Japan and southeast Asian countries. Upon
infection, cercariae actively penetrate into the skin of a
suitable host and transform into schistosomula and during
this process the worm may release substances in the
circulation of the host, including glutathione transferase
(GST). The enzyme presents in the worm’s cells and
functions as toxic substance carrier in homology dimmer,
and thus neutralizes toxic effects caused by drugs, food
additives, environmental chemicals and carcinogens
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which enter many types of cellsl1-31. So far it has been
revealed that human host contains 4 GST genes located in
chromosomes 6p encoding for « —GST, 1p for 1 -GST, 11q
for Pi—GST and 22q for 0 —GSTI4-7] respectively, the natural
substrate of which is glutathione, a water soluble molecule
widely presenting as both oxidized (GSSG) and reduced
(GSH™) forms in eukaryotic cells. Binding of GSH™ to GST
causes oxidation of the substrate, and thus maintains the
balance of redox states in cellsi8l. Chemical studies show
that internal detoxification via GST occurs in conjugation
pathway (phase II) in which GST binds with substrates,
forming conjugates such as GSH s—conjugate. The conjugate
is then catalyzed to cysteine s—conjugate by y —glutamyl
transpeptidase and finally released in faeces and urinel9.101.
These reactions occur in cytoplasmic space, but it is not
known what it may happen when S. japanicum continuously
releases S. japanicum glutathione transferase (sjGST) into
the host circulation.

When the parasite moves via circulation to the portal
vessels of the liver where the adult male and female worms
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develop and mate, they may live for 25 years during which
the worm’s substances may be released into the circulation.
It is well-known that the worm pair produces eggs, which
are responsible for major pathogenesis. The worm’s
antigens including sm22.6(11] can be present in patient’s
circulation[12.13] and cause disorders of the host. Study
showed GST could interact with nucleic acids, proteins and
lipidsit4l and other radicals, such as alkoxy radical and «,
B —unsaturated aldehydes, which may be generated readily
when lipid is attacked by hydroxyl radical and singlet
oxygen, causing high oxygen pressure in cells[15]. Therefore,
GST plays an important role in neutralizing these radicals,
decreasing accumulation of fatty acid hydroperoxides (FA-
OOH) and phospholipids hydroperoxides (PL-OOH), and
preventing the production of «, B —unsaturated aldehydes in
the cells[16.171. For instance, anti—apoptic effects of GST has
been reported in leukaemia K562 cell line which expresses
large amounts of « —GST. The enzyme inhibits the activation
of stress—activated protein kinase/c—jun N—terminal kinase
(SAPK/JINK) and caspase—3. Thus GST prevents apoptosis
probably via decreasing superoxide anion under high oxygen
pressurel18].

Matrix metalloproteinases (MMPs) contain a family
of enzymes catalyzing degradation of components of
extracellular matrix, including collagen, elastin and
gelatinel19]. Because of their important activity in tissue
remodelling, they are recognized as pathological factors,
such as rtheumatoid factors and elastase, which are involved
in tumour invasion and metastasis[20l. Two members of the
family of enzymes have been identified to cleave denatured
collagens, type IV collagen, elastin and other matrix
proteins(21.22]. These enzymes are specific for native type IV
collegen chains, one being 72 kDa (MMP2), and the other 92
kDa (MMP9). Therefore the enzymic activities are taken as
markers for invasion and metastasis of cancer cells.

In order to reveal the role of sjGST in circulation, we used
recombinant sjGST to assay for the proliferation, migration
and expression of MMP2 and MMP9 in human breast cancer
cell line (MDA—-MB-435S) and lung cancer cell line (A549).
Our present results showed that the GST enhances the
proliferation and migration by up-regulatory expression of
MMP2 and MMP9 in MDA—-MB-435S, which is not found in
A549.

2. Materials and methods
2.1. Reagents

Recombinant Taq DNA polymerase with proofreading
activity, PCR buffer, ANTP mix, and restriction enzymes were
purchased from TaKaRa (Tokyo, Japan). The intermediate
PCR cloning kit (pGEM-T easy vector system) was obtained
from Promega (Madison, WI, USA), and expression vector

(pAcGFP-NI) was purchased from Invitrogen (San Diego,
California, USA). General chemicals were purchased from
Sigma (Shanghai, China).

2.2. Purification of GST

The gene of sjGST was cloned in expression vector, pGEX—
2T. Recombinant sjGST was purified from pGEX-2T-
transformed Escherichia coli strain JM10923]. Briefly, 100
mL of fresh LB medium containing 10 g/L tryptone, 5 g/L
yeast extract, 10 g/l NaCl and 80 ¢ g/mL ampicilline was
inoculated with transformed BL21 (DE3) containing pGEX—
2T with a ¢DNA fragment for sjGST and grew overnight at
37 C with vigorous shaking. The stock cells were then
transferred to 900 mL of fresh LB medium containing the
same concentration of antibiotic and continued to grow for
2 h before IPTG was added to the final concentration of 0.3
mM to induce gene expression. The growth was maintained
for another 4 h before harvesting the cells which were then
broken in sonicator and soluble proteins in 50 mM Tris—
HCI (pH 8.0) were achieved by centrifugation. Supernatant
containing rGST was dialyzed against 100—fold volume
of PBS (140 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1.8
mM KH,PO,), centrifuged to remove insoluble materials,
filtered through 0.45 ' m membrane and then loaded onto
glutathione—agarose column equilibrated with PBS. The
column was washed in 5-10 bed volumes of PBS or until the
zero absorbance at 280 nm. The recombinant protein sjGST
was eluted in elution buffer (10 mM reduced glutathione
in Tris—HCI, pH 8.0). Protein concentration was estimated
spectroscopically with a formula of mg/mL = 1.55A,, —
0.76A4111, and used immediately or stored at =80 “C for use.

2.3. Assays for proliferation of MDA-MB-435S and A549

The assays were carried out similarly as we described241.
Briefly, MDA-MB-435S or A549 cells were seeded in BD
Falcon 96—well culture plates (BD Biosciences, Taipei,
Taiwan) at a density of 1500 cells per well and cultured in
a complete growth medium at 37 °C in air in the presence
of various concentrations of sjGST. The culture media (100
© L/well) were replaced with fresh medium containing
fresh sjGST every two days. At day 2, 4, 6, and 8, cells were
harvested, fixed and stained with 0.2% crystal violet for 15
min, and destained with ddH,0. The plate was air—dried,
recorded (with photographs) and the dye was solubilized
with 1% SDS (100 ¢ T/well) by incubation at 37 °C for 1 h.
Absorbance of the solubilized stain was measured at 570 nm
using a calibrated Model 5500 Microplate Reader (Bio—Rad,
Hercules, CA, USA).

2.4. Wound—healing assays and cell counting

Migration assays were carried out according to our recent
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report(2s] for the different concentrations of sjGST in BD
Falcon 24-well culture plate (BD Biosciences). The cells
were seeded in the plate wells with or without 1 mm tape
stuck in the middle and grown to 100% confluent. Then the
tape was taken out to make the wound region, or the cell
layer was scratched in the middle of the wells using yellow
tips, washed three times with serum—free medium and the
cells were grown further in 1% FBS—supplemented medium
containing 0.01 mg/mL human insulin (Gibco, Oxford, UK)
at 37 'C. The wounded monolayer of culture was recorded
under inverted microscope at 0, 6, 12, 24, 36, 48 h, and
the migrated cell numbers were counted from the camera
records. Cell number was counted with computerized
programme image—pro—plus 6.0.

2.5. Binding of GST to MDA-MB-435S

Recombinant sjGST (100, 200 and 500 nM) was added to
detached MDA-MB-435S or A549 cells, mixed and incubation
at room temperature was carried out for 30 min. Then cells
were washed 3 times with PBS to remove free sjGST, and then
10 nM of anti—sjGST conjugated with fluorescing substance
(Santa Cruz, CA, USA) was added and incubated at room
temperature for 30 min. This was followed by 3 washes in
PBS, and then viewed under fluorescence microscope.

2.6. Zymographic assays for gelatinase activity

New culture supernatants centrifuged at 12 000 g for 30
min were collected and subjected to separation in non—
denatured polyacrylamide gel electrophoresis (PAGE)
containing 2% gelatine. After electrophoresis, gels were
washed 3 times with 2.5% triton X-100, each of which
lasted for 20 min. The gels were incubated in reaction buffer
containing 2 M tris—HCI (pH 8.0) and 1 M calcium chloride
for 16—18 h. Then the gels were stained with Commasie
blue and viewed under light box. Quantification of MMP
activity was measured by scanning the zymographic band
with computerized programme as described above. Areas in
square million meters (mm’) were taken as quantitative units
in statistic calculations. We found it was inappropriate to
use stored culture supernatants because the enzymes were
subjected to be degraded during freeze—thaw cycle.

2.7. Statistical analysis

Significance of different proliferation (absorbance at
570 nm), migration (cell number) and gelatinase activities
(relative imagine area after digestion of gelatine by
gelatinase) was tested with student /—distribution using two—
way formula of =F-7)i/m+si/m  for multiple comparison.
A P<0.05 was considered as statistically significant (*), P
<<0.01 as very significant (**) and P<<0.005 as extremely
significant (**%).

3. Results

3.1. Recombinant sjGST enhances proliferation of MDA-MB-
4358

Three different concentrations of sjGST were used to
incubate with human breast cancer cell line MDA-MB-
435S and human lung cancer cell line A549 for assaying
proliferation of the cancer cells. Assays for proliferation of
MDA-MB-435S showed that sjGST significantly enhanced
cell growth at the concentration of 50, 100 or 200 nM in the
second day of incubation (Figure 1). Comparison of the
growth of MDA-MB-435S (n=3) in the presence or absence
of sjGST showed ¢ = 8.896 4** hetween MDA-MB-435S
alone and MDA-MB-435S incubated with 50 nM sjGST, ¢ =
10.917 7#%* hetween MDA-MB-435S alone and MDA-MB-
435S incubated with 100 nM sjGST, and ¢ = 9.275 8** between
MDA-MB-435S alone and MDA-MB-435S incubated with
200 nM sjGST in the second day of assays. In the 4th and
6th day incubation, the different proliferations remained
at extremely significant level (P<<0.005). Interestingly,
comparison between 50 nM and 100 nM, 50 nM and 200
nM, and 100 nM and 200 nM showed that their different
proliferations did not reach to significant level in the 2nd
day assay, but ¢ = 5.585% between 50 nM and 200 nM in the
4th day assay, and ¢ = 3.368 2* between 100 nM and 200 nM
in the 6th day assay were achieved. In the incubation of
A549 in the presence or absence of the same concentration
of sjGST however, the different proliferations did not reach to
significant level (results not shown).
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Figure 1. Proliferation assays (n=3) for MDA-MB-435S in the presence
or absence of sjGST.

X axis indicates treatments (MDA alone in No. 1, MDA in the presence
of 50 nM sjGST in No. 2, MDA in the presence of 100 nM sjGST in No.
3, MDA in the presence of 200 nM sjGST in No. 4) and Y axis shows the
absorbance at 570 nm. Statistical data showed that P>0.05 among all
the treatments in the first day incubation (bottom line), P<<0.05 after
the 2nd day incubation (second line to the bottom), P<<0.005 after the
4th day incubation (second line to the top), and P<<0.005 after the 6th
day incubation (top line).
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3.2. Recombinant sjGST enhances migration of MDA-MB-435S

Migration rate via adhesion indicates the motorgenesis
and mitogensis of majority of cancer cells, and thus it is
taken as a characteristic feature of metastasis24l. Wound
healing assay is one of migration assays used frequently
in cancer research. Migrated cells in wells of BD Falcon
24—well culture plate (n=5) could be fixed and stained for
direct observation under reversed microscope of adhesion
cells. The number of migrated MDA-MB-435S cells began to
increase significantly within 12 h of culture in the absence
or presence of sjGST, but the migrated cell number was
significantly larger in the presence of sjGST than that of the
MDA-MB-435S control. T—values calculated from two way
equation showed that ¢ = 5.713 8*** hetween MDA-MB-435S
alone and MDA-MB-435S in the presence of 50 nM sjGST, ¢
= 6.085 1*** hetween MDA-MB-435S alone and MDA-MB-
435S in the presence of 100 nM sjGST, and ¢ = 6.184 8***
between MDA-MB-435S alone and MDA-MB-435S in the
presence of 200 nM sjGST in 12 h migration assay. This
different motorgenesis among the experimental treatments
was remained at the best in 24 h migration assay. In the 36
h assay for cell migration however, significance between
MDA-MB-435S alone and MDA-MB-435S in the presence of 50
nM sjGST decreased (¢ = 1.949 3), but significant difference
between MDA-MB-435S alone and MDA-MB-435S in the
presence of 100 nM (¢ = 3.070 4*), MDA-MB-435S and MDA-
MB-4358 with 200 nM sjGST (¢ = 2.631 1*) was remained
(Figure 2). Similar experiments were carried out with A549,
and no significant different migration was observed between

A549 and A549 with siGST.
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Figure 2. Quantification of absorbance of migration assays (n=>5) for
motorgenesis of human breast cancer cells in the presence of sjGST.
Migrated cell numbers were accounted from the 6th (bottom line),
12th (second line to the bottom), 24th (second line to the top) and 36th
(top line) hour of culture. X axis indicates different treatments (MDA
alone in No. 1, MDA in the presence of 50 nM sjGST in No. 2, MDA in
the presence of 100 nM sjGST in No. 3 and MDA in the presence of 200
nM sjGST in No. 4). The Y axis shows the migrated cell number. The
difference among the treatments did not reach significant level (P>
0.05) in the first 6 h migration, but reached extremely significant (P<<
0.005) after 24 h migration. The significance was remained for 36 and
48 h migration.

3.3. Recombinant sjGST binds to MDA-MB-435S

In order to study the mechanism which determines the
enhanced proliferation and migration of MDA-MB-435S,
sjGST was used to bind to the cancer cell. Anti—sjGST
conjugated with fluorescing substance was added to bind to
sjGST. Control experiment without sjGST was carried out. As
expected, our results showed that anti—sjGST—{luorescin did
not bind directly to MDA-MB-435S, but anti—sjGST—fluorescin
bound well if sjGST was added first to the cells. Binding of
sJGST to MDA-MB-435S could be observed directly under
fluorescence microscope (Figure 3). Similar experiments
were carried out in A549, unfortunately however, no strong
enough fluorescence was observed.

Figure 3. Binding of sjGST to MDA-MB-435S.
The upper figure (X50) shows that MDA-MB-435S cells were

directly bound with anti-sjGST—fluorescin, washed, and then
observed under fluorescence microscope. No fluorescence was
emitted from the cells. The bottom figure (>X200) shows that when
MDA-MB-435S cells were incubated with sjGST followed by

anti-sjGST—fluorecin, strong fluorescence could be observed.

3.4. Gelatinase activity is enhanced under the stimulation of
sjGST

Culture supernatants (20 ¢ L) were loaded onto
polyacrylamide gel containing 2% of gelatine and separation
was carried out with constant 100 mV until bromophenol
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blue reached to the bottom of the gel. The gel was washed
and incubated to reveal the gelatinase activity (Figure 4).
Different expression of MMP9 and MMP2 was clearly shown
with zymographs. Again, when the same experiment was
carried out in A549, the different expression of MMP2 and
MMP9 was not clearly shown.

A B C D

MMP9

MMP2

Figure 4. Zymographic study of gelatinase activity.

New culture supernatants were separated in polyacrylamide gel
containing 2% gelatine. MMP9 (92 kDa) and MMP2 (72 kDa) are
present in the culture supernatants and contain gelatinase activity.

A: Supernatant of MDA-MB-435S in the presence of 200 nM sjGST;
B: Supernatant of MDA-MB-435S in the presence of 100 nM sjGST;
C: Supernatant of MDA-MB-435S in the presence of 50 nM sjGST;

D: Supernatant of MDA-MB-435S in the absence of sjGST. The bands

were quantified with imagin—pro—plus 6.0.

3.5.Quantification of expression of gelatinase activity

Gelatinase activity (n=5) was quantified with computerized
programme image—pro—plus 6.0 in which the zymographic
bands were scanned, calculated and expressed as square
million meters. Statistical data showed that the different
expression of MMP9 and MMP2 in the presence or absence
of sjGST in MDA-MB-435S cells was significant (P<<0.05) or
very significant (P<0.01).

4. Discussion

Internal cytoplasmic GST has been reported to occur at
phase II in detoxicification pathwaylsJl, protecting cells
from damage by free radicals. Detoxification occurred in
cytoplasmic space can be divided into two phases. In phase
I, toxic substances may be bound with P450 and turned
into intermediates. In phase II, GST binds and turns the
intermediates into non—toxic substances which are then
released through drainage systems. But nothing is known if
S. japanicum continuously releases sjGST into circulation
of the host, such as sm22.6 antigen in patient serali1-13.
Therefore, we design and carry out the present study to
examine the mechanism of action of sjGST in cancer cells.

Firstly, we used a range of sjGST concentration (50—200

nM) in cellular assays for proliferation of human breast
cancer cells (MDA-MB-435S) and found that 50-100 nM
of sjGST significantly stimulated cell proliferation. The
significant difference in proliferation in the presence
or absence of sjGST could be detected from the 2nd day
of incubation and remained in the 6th day experiment,
suggesting that sjGST significantly shortened the time of
cell cycle in MDA-MB-435S. Interestingly, when the same
experiment was carried out in human lung cancer cell
line A549, the stimulation was not significant, suggesting
differentially “acceptance” of sjGST could be possible.

Secondly, migration experiment was carried out to study
the difference among different treatments in the presence
or absence of sjGST. Migrated cell number was counted.
Statistical data showed that motorgenesis under different
treatments was significantly different from 12 h migration,
reached at maximum and remained in the 36 h migration.
These results strongly suggest that sjGST not only shortens
the cell cycle and promotes mitosis, but also stimulates
motorgenesis of MDA-MB—-435S,

The sjGST is a 26 kDa protein, and therefore it seems
likely that it acts on the cell via certain substance, e.g.
sJGST receptor on MDA-MB-435S cells. If sjGST binds well
to the surface of MDA-MB-435S, it can be revealed in situ
experiment by immune fluorescence. We designed another
experiment that allowed sjGST to bind to the surface
substance on MDA-MB-435S cells, then anti—sjGST-
fluorescin was used to reveal the site of sjGST. Observation
with fluorescence microscope showed it was indeed bound
well to the surface of MDA-MB-435S. We believe there is
likely a sjGST receptor on the surface of MDA-MB-435S cells.

In order to reveal the mechanism in which sjGST
stimulates proliferation and migration of MDA-MB-435S,
zymographic experiment was carried out to show gelatinase
activity, especially MMP2 and MMP9. Studies have shown
that gelatinase activities are responsible for migration and
metastasis of cancer cells[19-22], especially secreted proteins
MMP2 and MMP9. Our present study showed the expression
and quantification of the two enzymes are significantly
enhanced in the presence of sjGST, suggesting that
molecular is related to proliferation and migration.

The results of our present work indicates that the infection
of S. japanicum and the release of sjGST in circulation of
human host cause proliferation and migration of certain
cancer cells, such as MDA-MB-435S, by up-regulatory
expression of MMP2 and MMP9. Recombinant sjGST may
work via its receptor on the surface of MDA-MB-435S, and
further studies should be conducted to uncover its signal

pathways.
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