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Inhibitory Effect of Uncaria Sinensis on Matrix Metalloproteinase-9 Activity
and Human Aortic Smooth Muscle Cell Migration

Chang Geun Kwak, Dall Yeong Choi*

Department of Pathology, College of Oriental Medicine, Dongguk University

The migration of vascular smooth muscle cells (VSMC) and the production of matrix metalloproteinases-9
(MMP-9) may play a key role in the development of atherosclerosis. In this study, we have more extensively
investigated the inhibitory effect of UR on MMP-9 activity and TNF-a induced human aortic smooth muscle cells
{HASMC) migration. The result from gelatin zymography showed that UR inhibited MMP-9 activity in a dose-dependent
manner (IC50 = 55 g/ml). In addition, UR strongly inhibited the migration of HASMC induced by TNF- treatment (IC50
= 125 g/ml), although it has very low cytotoxic effect on HASMC (IC50 > 500 g/ml). These results suggest that UR
is a potential anti-atherosclerotic agent through inhibition of MMP-9 activity and VSMC migration.
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Introduction

The proliferation and migration of vascular smooth
muscle cells (VSMC) may play a key role in the development
of intimal thickening after arterial wall injury or in
atherosclerosis”. VSMC in the media has low mitogenic
activity. During the early stages of arterial wall injury or
atherosclerosis, aortic smooth muscle cells (SMC) may undergo
transition from a contractile to a synthetic phenotype and
begin proliferating in response to various growth factors,
causing intimal thickening of the arterial walls™®. However, in
addition to growth factor stimulation, the replication and
migration of VSMC may require the degradation or
remodeling of extracellular matrix surrounding the cells™®.
VSMC synthesizes important components of the extracellular
matrix, including collagens, elastin, and proteoglycans7’8). An
imbalance between the accumulation and degradation of
extracellolar matrix may be crucial in the development of
intimal thickening that forms after vascular wall interventions”.

Matrix remodeling requires the action of proteinases,
among which the matrix metalloproteinases (MMPs) appear to
play a key role”. MMPs comprise three main groups: the
interstitial collagenases (MMP-1), the type IV collagenases or
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gelatinases (MMP-2 and -9), and the stromelysins (MMP-3)”.
Among these MMPs, gelatinases degrade denatured interstitial
collagens, native basement-membrane collagens; the expression
of matrix metalloproteinase-9 (MMP-9) has been implicated in
the progression of atherosclerotic lesions'. Recent reports from
an in vivo study concluded that MMP-9 is critical for the
development of arterial lesions by regulating both VSMC
migration and proliferation'”. On the basis of in depth reports
from several different laboratories, it has been generally
concluded that the basal levels of MMP-9 are usually low, and
that its expression can be induced by treatment of vascular
smooth muscle cells with tumor necrosis factor- (TNF-a)”**™,
Recent results from our laboratory demonstrated that ERK1/2
mediates TNF-a induced MMP-9 expression in VSMC via the
regulation of NF-B and AP,

The endogenous MMP inhibitors, known as tissue
inhibitors of metalloproteinase (TIMPs), maintain a balance
between matrix formation and destruction but have short
half-lives'®. Therefore, synthetic inhibitors of MMPs, such as
BB94 (batimastat) and BB2516 (marimastat) have been
developed. BB9%4 has a structure that mimics collagen and
facilitates chelation of the zinc ion in the active site of the
MMP molecule, thereby causing an inactive protease'”. During
the last few years, substances of this type have been used to
study the importance of extracellular matrix remodeling in
various types of diseases, including rheumatoid arthritis,
cancer and cardiovascular diseases. Thus, synthetic MMP

inhibitors have been demonstrated to affect the wound-healing
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I . .18
response in injured rat carotid arteries )

, to reduce migration
of VSMC from baboon aortic medial explants®, and to inhibit
the macrophage modulation of phenotypic change and DNA
synthesis in cultured rabbit aortic SMC?.

Several natural products have been used for vascular
diseases™, and some traditional herbs and prescriptions have

B

been also employed for treatment of atherosclerosis
previous study, we reported that Cho-Deung-san (CDS), which
is a Korean herbal formulation including the hook and stem of
Uncaria sinensis (Oliv.) Havil. (UR) as an ingredient, has an
inhibitory effect on migration and MMP-9 activity of HASMC?.

Therefore, we carried out this study to elucidate' the
inhibitory potential of UR on HASMC migration induced by
TNF-a treatment. We also investigated inhibition of UR against

MMP-9 activity using gelatin zymography.

Materials and Methods

1. Preparation of the plant material extract

The authentic plant material, UR was our deposit™,
which was purchased from local market and identified by the
botanical expert at the College of Oriental Medicine, Dongguk
University (Gyeongju, Korea).

The dried UR was extracted with boiling water (Scheme
1). Briefly, a 100 g of UR was cut into small sections, boiled in
500 ml of distilled water for 24 hrs. The residues were
removed by filtration, and then the filtrate was evaporated to
obtain the desired concentration (2 g dry plants equivalent
extract/ml). The liquid was centrifuged at 7,000 rpm for 30
min, and the supernatant was lypophilized by freeze-drier to
give a powder (yield, 2.35%). The dried extract was resolved in
distilled water to appropriate concentrations and the resolved

extract was used for analysis.
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Scheme 1.The role of migration and MMP production of SMC in
development of atherosclerosis.
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Scheme 2. Prapatation of the water-extracts of the hook and stem
of Uncariae sinensis

2. Cell culture

Human aortijc smooth muscle cells (HASMC) were our
deposit'”, which were purchased from Bio-Whittaker (CA,
USA). HASMC were cultured in smooth muscle cell growth
medium-2 containing 10% FBS, 2 ng/ml human basic fibroblast
growth factor, 0.5 ng/ml human epidermal growth factor, 50
pg/ml gentamicin, 50 pg/ml amphotericin-B, and 5 ug/ml
bovine insulin. For all experiments, early passage of HASMC
were grown to 80 -90% confluence and made quiescent by
serum starvation for at least 24 hrs. The serum-free medium,
which contains secreted proteins such as MMP-9, was used for

gelatin zymography.

3. Gelatin zymography assay

Gelatin  zymography was performed as described
previously®® with some modification. Culture supernatants of
HASMC treated with or without TNF-q(100 ng/ml) were
resuspended in a sample buffer containing 62.5 mM Tris-HCl
(pH 638), 10% glycerol, 2% SDS, and 0.00625% (w/v)
bromophenol blue and loaded without boiling in 7.5%
acrylamide / bisacrylamide (29.2:0.8) separating gel containing
0.1% (w/v) gelatin. Electrophoresis was carried out at a constant
voltage of 100 V. After electrophoresis, the gels were soaked in
0.25% Triton X-100 (twice for 30 min) at room temperature and
rinsed in distilled pure water.For inhibitory effect of UR on
gelatinolytic activity of MMP-9, the samples were freshly
solubilized in the Tris-HCI buffer used for incubation of gel to
appropriate concentration. The gel slab was cut into slices
corresponding to the lanes and was incubated at 37C for 20 hrs
in the incubation buffer containing 50 mM Tris-HCl (pH 7.6), 20
mM NaCl, 5 mM CaCl; and 0.02% Brij-58 with or without the
stated concentrations of UR in different tanks. The gel was then
stained for 15-30 min in 0.1% (w/v) Coomassie blue R-250 in
30% methanol and 10% acetic acid, and destained in the same
solution without the Coomassie biue dye. Proteolysis was
detected as a white zone in a dark field and the intensity of the

bands obtained from zymogram studies was estimated with
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Scion Tmage (Scion Corp., MA, USA). The values are calculated

by percent of control and expressed as means SE.

4. Cell viability assay

The cytotoxic effect of UR on HASMC was investigated
using a commercially available proliferation kit (XTT II,
Boehringer Mannheim, Mannheim, Germany). Briefly, the cells
were plated in 96-well culture plates at a density of 1 104cells
per well in DMEM culture medium and allowed to attach for
2 hrs. The UR was added to various final concentrations (and
control: 0 g/ml) in triplicates. After 72 hrs of culture, 50 1 of
XTT reaction solution (sodium 3’-[1-(phenyl-aminocarbonyl)-3,
4-tetrazolium]-bis(4-methoxy-6-nitro)  benzenesulfonic  acid
hydrate and N-methyl dibenzopyrazine methyl sulfate; mixed
in proportion 50:1) was added to the wells. After the plates
were incubated for 4 hrs at the condition of 37°C and 5% CO,,
the optical density at 490 nm was measured by an ELISA plate
reader (Molecular device co.,, CA, USA). All determinations
were confirmed using replication in at least three identical

experiments. The data were shown mean SE as percent of control.

5. Migration assays

Matrigel migration assay was performed as described
previously”. Briefly, Matrigel-coated filter inserts (8 m pore
size) that fit into 24-well invasion chambers were obtained
from Becton-Dickinson (NJ, USA). HASMC cells to be tested
for invasion were detached from the tissue culture plates,
washed, resuspended in conditioned medium (5 x 10* cells/200
1), and then added to the upper compartment of the invasion
chamber in the presence or absence of TNF-a(100 ng/ml) and
various concentration of UR (0, 50, 100, 250 and 500 g/ml).
The serun-free medium (500 [), which incubated HASMC for
24 hrs, was added to the lower compartment of the invasion
chamber. The Matrigel invasion chambers were incubated at
37°C for 24 hrs in 5% CO,. After incubation, the filter inserts
were removed from the wells, and the cells on the upper side
of the filter were removed using cotton swabs. The filters were
fixed, mounted, and stained according to the manufacturer’s
instructions (BD bioscience, NJ, USA). The cells that migrated
through the Matrigel and were located on the underside of the
filter were counted. Three to five invasion chambers were used
per condition. The values .obtained were calculated by

averaging the total number of cells from three filters.

Results

1. Cytotoxicity of UR on HASMC cells
The cytotoxity of the UR on the HASMC cells were

evaluated using XTT cell proliferation assay kit. The 5104 cells
were incubated for 24 hrs in cultures in 96-well microplates
(volume 100 1/well) with various final concentration of UR (0,
50, 100, 250 and 500 g/ml). Dose-dependent cytotoxic effect of
UR against HASMC was shown in Fig. 1. UR has a weak
cytotoxicic effect on HASMC cells in a typical concentration
(IC50 > 500 g/ml).
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Fig. 1. Effect of UR on HASMC cells viability. The cytotoxity of the UR
on the HASMC cells were evaluated using XTT cell proliferation assay kit. The 5104cells
were incubated for 24 hrs in cultures in 96-well microplates (volume 100 I/well) with
various concentration of UR (0, 50, 100, 250 and 500 g/ml). The values were calculated
by % of control and expressed as means SE.
2. Inhibitory effect of UR on the MMP-9 activity

To examine the inhibitory activity of UR against MMP-9
activity, the cultured conditioned media obtained from TNF-a
(100 ng/ml) treated HASMC cells have been subjected to the
gelatin zymography in the presence of various concentrations
of UR (0, 50, 100, 250 and 500 g/ml). As shown in Fig. 2, UR
inhibited the MMP-9 activity, which were induced by TNF-a

treatment, in a dose-dependent manner (IC50 = 55 g/ml).
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Fig. 2. Effect of UR on the MMP-9 activity of TNF-a induced
HASMC cells. (A) The zymography was performed with conditioned media of
HASMC cells in the presence or absence of TNF-a and UR (0, 50, 100, 250 and 500
g/ml). The experiments were repeated 3 times and resulted in a similar outcome. (B)
The densitometric intensity of the zymographic bands was estimated as described in
matenalssénd methods. The values were caloufated by % of control and expressed as
means SE
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3. Inhibitory effect of UR on HASMC cells migration
HASMC was suspended in conditioned medium (5x10*
cells/200 1), added to the upper components of Matrigel
invasion  chamber various  final
concentrations of UR (0, 50, 100, 250 and 500 g/ml) in
presence of TNF-a (100 ng/mi). The cells were incubated for
24 hrs at 37C and 5% CO,. As shown in Fig. 3, the total

number of cells that invaded to the underside of the filters was

supplemented ~ with

significantly decreased by UR treatment, in a dose dependent
manner (IC50 = 125 g/ml).

Migrated cells

(% of control)
o1 ~ 0
gg8ssg

TNF-a - 100 {ng/ml)
UR 0 0 50 100 250 500 (ug/ml)

Fig. 3. Effect of UR on HASMC cells migrarion induced by TNF-
a treatment. HASMC cells were resuspended in conditioned medium (5104 cells/200
i) and added to the upper components of Matrigel invasion chamber supplemented with
or without 100 ng/mi of TNF-a and various concentration of UR (0, 50, 100, 250 and
500 g/ml). After incubating for 24 hrs, underside of Matrigel filter was stained with
hematoxylin & eosinand the total number of cells that migrated to the underside of the
filters was counted. The values, which were calculated by averaging the total number of
cells from three filters, were expressed as % of control.

4, Relative MMP-9 inhibitory activity of UR compared with
established MMP-9 inhibitors

The inhibitory effect against MMP-9 activity of UR was
compared with established MMP inhibitors such as catechin,

caffeic acid and their derivates.

A)

Con C EC ECG EGC EGCG CA CAPE UR

MMP-9 activity
(%o of control)

Con C EC ECG EGC EGCG CA CAPE UR

Fig. 4. Comparison of inhibitory effect of UR with established
MMP inhibitors on the MMP-9 activity. (A Gelatin zymography of
conditioned media of TNF-a (100 ng/ml) treated HASMC cells were incubated with
DMSO (Con) or 50 g/ml of catechin (C), epicatechin {EC), epicatechin galate (ECG),
epigaliocatechin (EGC), epigallocatechin gallate (EGCG), caffeic acid (CA), caffeic acid
phenyl ester (CAPE) and UR (UR). The experiments were repeated 3 times and reslted
in a similar outcome, (B) The densitometric intensity of the zymography bands was
estimated as described in Materials and Methods. The values are celculated by % of
control and expressed as means+SE

As shown in Fig. 4, the inhibitory effect of UR against
gelatinolytic activity of MMP-9 was higher than that of
catechin and epicatechin (EC), but lower than that of
epigallocatechin gallate (EGCG), caffeic acid (CA) and caffeic
acid phenyl ester (CAPE). The inhibitory potent of UR against
MMP-9 was almost equal to that of epicatechin galate (ECG)
and epigallocatechin (EGC).

Discussion

Proliferation ‘and migration of VSMC play an important
role in the pathogenesis of atherosclerosis and restenosis after
vascular injuryl). On injury, VSMC migrate from the tunica
media to the intima, leading to neointima formation™. As
VSMC in the media are entirely surrounded by basal lamina
and extracellular matrices, VSMC migration requires

29,30)

breakdown of extracellular matrix Among these

extracellular proteinases, the matrix metalloproteinases (MMPs)

%) In the past

have been shown to play an essential role
several years, a number of studies have demonstrated that
MMPs, specifically MMP-2 and MMP-9, are important for
smooth muscle cell proliferation and migration into the
intima'®, Of these studies, a recent report by Cho et al'”
showed that TNF-amarkedly induces the expression of MMP-9.
In addition, knock-out study indicated that MMP-9 is critical
for the development of arterial lesions by regulating both
migration and proliferation of vsmc™,

Several natural products have been wused for

. )
atherosclerosis™.

34)

Especially, baicalein®™® and green tea
catechins™ inhibit proliferation and migration of VSMC,
respectively. Some traditional Korean fomulations were
employed for treatment of atherosclerosis™®. Previously, we
reported that Cho-Deung-san (CDS), which is a Korean herbal
formulation including the hook and stem of Uncaria sinensis
(Oliv.) Havil. (UR) as an ingredient, has an inhibitory effect on
migration and MMP-9 production of HASMC™.

As shown in Fig. 1, UR has very weak cytotoxic activities
on HASMC cells, and the IC50 was higher than 500 g/ml. As
our group previously reported, the MMP-9 activity and
migratory potential of HASMC was significantly increased by
TNF-a treatment™. The MMP-9 activity, which was highly
increased by 100 ng/ml of TNF-a treatment, was significantly
inhibited by UR treatment, in dose-dependent manners (Fig. 2).
The IC50 for MMP-9 activity was 55 g/ml. In addition, UR
inhibited migration of TNF-a treated HASMC ceils in a
dose-dependent manner. The IC50 for HASMC migration was
125 g/ml, and the concentration is very lower than that at
which it affect the viability of HASMC cells (Fig. 3).
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Some synthetic MMP inhibitors are currently in clinical

%) Therefore,

trials but carry undesirable side -effects
understanding the molecular mechanisms by which the natural
compound from the herbal drugs inhibits the activity of
MMP-9 is important in exploring its properties for prevention
and treatment of vascular disease. Among these natural
products, catechin and its derivates,which are found in a
variety of plants and present particular high amounts in green
tea leaves, have been reported for potent anti-atherosclerotic

343940) Among the derivates of cathecin, EGCG caused a

agent
strong inhibition of the gelatinolytic activities of MMP-9*". In
addition, we previously demonstrated that CA and CAPE have
very strong inhibitory effect on MMP-9 activity*”. Therefore,
we assayed the inhibitory effect against MMP-9 activity of UR
and established MMP inhibitors, such as catechin, cathecin
derivates, CA and CAPE, in same condition of gelatin
zymography. The inhibitory effect of UR against MMP-9
activity was higher than that of catechin and lower than that
of EGCG, CA and CAPE (Fig. 4).

In conclusion, these results showed that UR has an
inhibitory effect on TNF-a induced HASMC migration through

inhibition of MMP-9 activity.

Conclusion

The migration of vascular smooth muscle cells (VSMC)
and the production of matrix metalloproteinases-9 (MMP-9)
may play a key role in the development of atherosclerosis. In
this study, we have more extensively investigated the inhibitory
effect of UR on MMP-9 activity and TNF-a induced human
aortic smooth muscle cells (HASMC) migration. The result
from gelatin zymography showed that UR inhibited MMP-9
activity in a dose-dependent manner (IC50 = 55 g/ml). In addition,
UR strongly inhibited the migration of HASMC induced by
TNF-a treatment (IC50 = 125 g/ml), although it has very low
cytotoxic effect on HASMC (IC50 > 500 g/ml). These results
suggest that UR is a potential anti-atherosclerotic agent
through inhibition of MMP-9 activity and VSMC migration.
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