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Matrix metalloproteinase (MMP) enzymes are responsible for the degradation and formation of the 
extracellular matrix (ECM), and overproduction of MMPs is observed in several diseases, such as can-
cer and asthma, that progress with metastatic characteristics. Natural products, especially phytochem-
icals, have been an important source of MMP inhibitors with reduced side effects. Although the ma-
jority of phytochemicals inhibit the enzymatic activity of MMPs, some suppress MMP production. In 
this context, the current study evaluated the potential of Corydalis heterocarpa, a halophyte with re-
ported bioactivities, to inhibit MMP expression in PMA-stimulated HT-1080 cells. A crude C. hetero-
carpa extract was shown to decrease the mRNA and protein expression of MMP-2 and MMP-9 while 
increasing the endogenous MMP inhibitors TIMP-1 and TIMP-2 which regulate MMP expression in 
healthy tissues. In addition, our results show that the inhibitory effects of C. heterocarpa might occur 
through suppression of the phosphorylation of MAPK signaling, the upstream activator of MMP 
overexpression. In conclusion, C. heterocarpa is a potential source of antimetastatic compounds that 
might serve as lead molecules to develop novel MMP inhibitors.
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Introduction

Matrix metalloproteinases (MMPs) are a family of en-

zymes responsible for the degradation and rebuilding of the 

extracellular matrix components. Due to their activities on 

extracellular matrix (ECM) remodeling, they play crucial 

roles in normal biological processes such as wound healing 

and angiogenesis [8]. Although there are several sub-types 

of MMPs that act on different proteins in ECM, studies 

pointed out the specific involvement of the MMP-2 and 

MMP-9 gelatinases during the tumor cell growth and migra-

tion [3]. 

In healthy tissues, the expression, and activity of MMPs 

are regulated by endogenous tissue inhibitors such as 

TIMP-1 and TIMP-2 [9]. Up to date, several studies reported 

novel MMP inhibitors from both synthetic and natural lead 

molecules that can play pivotal roles in developing anti-can-

cer pharmaceuticals [7]. In this context, phytochemicals allo-

cate a big portion of the researched molecules for natural 

MMP inhibitors. Numerous studies reported that extracts of 

halophytes contained MMP-2 and MMP-9 inhibitors [6, 11]. 

In the present study, another halophyte, Corydalis heterocarpa, 

was evaluated for its potential to inhibit upregulated MMP 

expression in PMA-stimulated HT-1080 cells.

Materials and Methods

Materials

The C. heterocarpa plant material was harvested from 

Jeollanam-do in 2003 and subsequently sun-dried. Dried 

plant material was then ground to powder and immersed 

in 3 l MeOH for 2 days and after the MeOH was collected, 

remaining powder material was kept in 3 l CH2Cl2 for 2 

more days. The crude extract of C. heterocarpa (CHE; 41.1 

g) were obtained from the concentration of combined MeOH 

and CH2Cl2 solvents from previous step.

The HT-1080 cell line was purchased from ATCC 

(Manassas, VA, USA), and other reagents used in cell cul-

ture, maintenance and stimulation were purchased from 

Gibco BRL (New York City, NY, USA) unless otherwise 

noted. 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 

- Note -
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bromide (MTT) was purchased from Sigma-Aldrich (St. 

Louis, MO, USA). The primary antibodies used in Western 

blotting were against MMP-2 (#4022; Cell Signaling Technol-

ogy, Beverly, MA, USA), MMP-9 (#393857; Cell Signaling 

Technology), TIMP-1 (#8946; Cell Signaling Technology), 

TIMP-2 (#5738; Cell Signaling Technology) , phospho (p)-p38 

(#4511; Cell Signaling Technology), p-JNK (sc-293136; Santa 

Cruz Biotechnology), p-ERK (#4370; Cell Signaling Technol-

ogy), and β-actin (sc-47778; Santa Cruz Biotechnology).

Cell culture and cytotoxicity of extracts and solvent 

fractions

Human HT-1080 fibrosarcoma cells were fed with Dulbec-

co’s modified Eagle medium (DMEM). Culture medium con-

tained 10% fetal bovine serum (FBS) and cells were grown 

in in 37°C temperature in the incubators with 5% CO2 

atmosphere. The HT-1080 cells were stimulated by addition 

of 10 ng/ml phorbol 12-myristate 13-acetate (PMA) in order 

to induce overexpression of MMPs. Stimulated cells were 

treated with or without different concentrations of CHE to 

evaluate its effect on PMA-stimulated MMP overexpression. 

The non-toxic concentrations of CHE were defined according 

to common MTT assay results.

Gelatin zymography

The effect of CHE on the levels of active MMP-2 and 

MMP-9 present in the PMA-stimulated HT-1080 culture me-

dium was evaluated by gelatin zymography. The detailed 

gelatin zymography protocol was previously reported by 

Bae et al. [2].

Reverse transcription-polymerase chain reaction 

analysis

The effect of CHE on the expression of MMP-2 and MMP- 

9 mRNA was analyzed by known RT-PCR analysis method. 

The mRNA levels were quantified and normalized against 

β-actin levels and given as the relative percentage to that 

of PMA-stimulated non-treated group. Specific primer se-

quences for the tested genes and the detailed RT-PCR proto-

col were reported previously by Bae et al. [2].

Western blotting

Protein expression levels of MMP-2, MMP-9, TIMP-1, 

TIMP-2 and MAPK proteins were analyzed by typical Wes-

tern blotting protocols. Protein levels were quantified and 

normalized against β-actin levels and given as the relative 

percentage to that of PMA-stimulated non-treated group. 

The method reported by Bae et al. [2] was followed to obtain 

the protein bands. 

Statistical analysis

All numerical results were given as the mean of three dif-

ferent quantification of the same treatment group ± standard 

deviation. Any statistical importance was defined at p<0.05 

level according to the analysis of variance (ANOVA) and 

post-hoc Duncan’s multiple range test. The SAS v9.1 soft-

ware (SAS Institute, Cary, NC, USA) was used for statistical 

analysis.

Results and Discussion

Unregulated MMP expression causes disrupted ECM pro-

file and several pathological processes such as tumor meta-

stasis, inflammation and asthma are reported to exhibit over-

expressed MMP profiles [3]. Therefore, regulation of MMP 

expression is a well-known and accepted target to achieve 

prevention and treatment of aforementioned complications. 

Several other halophyte species such as Atriplex gmelinii [11], 

Limonium tetragonum [2] and Salicornia herbacea [5] were re-

ported to possess phytochemicals that inhibit MMP pro-

duction in stimulated cancer cells. Considering the potential 

upon reported studies, current study aimed to evaluate the 

potential of C. heterocarpa using PMA-stimulated Ht-1080 hu-

man fibrosarcoma cells. 

Effect of CHE on active MMP-2 and MMP-9 levels

Prior to test the effects of CHE on MMP-2 and MMP-9 

levels, the toxicity of CHE on HT-1080 cells was observed. 

Results indicated that CHE was not toxic to the cells up to 

100 μg/ml (Fig. 1A) treatment which was chosen as the high-

est dose to be implemented. The effect of CHE on the MMP-2 

and MMP-9 secretion levels was tested by gelatin zymogra-

phy. The collagen degradation ability of MMP-2 and MMP-9 

present in the PMA-stimulated HT-1080 culture medium 

was observed as hollow spaces in gels. As seen in Fig. 1B, 

PMA-stimulation significantly increased the active MMP-9 

levels in HT-1080 medium, however, did not affect the 

MMP-2 levels significantly. Treatment with CHE decreased 

the clear zones indicating the less degradation of gelatin by 

MMP-9 in a dose-dependent manner. 
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Fig. 1. Effect of Corydalis heterocarpa crude extract (CHE) on MMP-2 and MMP-9 levels in PMA-stimulated HT-1080 cells. (A) Effect 

of SKI-MC and SKI-MeOH fractions on the viability of HT1080 human fibrosarcoma cells analyzed by MTT assay. (B) Effect 

of CHE on the MMP-2 and MMP-9 activity levels in PMA-stimulated HT-1080 cell culture conditioned media. HT-1080 cells 

were stimulated with PMA and treated with indicated concentrations of CHE and CHE fractions for 24 hr. Active MMP-2 

and MMP-9 levels were evaluated by electrophoresis of enzymes on gelatin containing polyacrylamide gel. (C, D) Effect 

of CHE on the mRNA (C) and protein (D) expression of MMP-2 and MMP-9. The mRNA expression was quantified via 

the density of the bands and normalized against β-actin. The mRNA expression levels were given as the relative percentage 

of the PMA-stimulated untreated group. Values are mean ± SD. 
a-eMeans with different letters are significantly different 

at p<0.05 level.

Effect of CHE on MMP-2 and MMP-9 expression

The expression of MMP-2, MMP-9 at the mRNA and pro-

tein levels was analyzed by RT-PCR and Western blotting, 

respectively. PMA stimulation significantly increased the 

MMP-2 and MMP-9 expression at mRNA and protein levels 

(Fig. 1C, Fig. 1D). Treatment with CHE dose-dependently 

suppressed the MMP-2 and MMP-9 levels. At the concen-

tration of 100 μg/ml, CHE treatment decreased the MMP-9 

mRNA levels to 15.4% and MMP-2 mRNA levels to 19.0% 

of the untreated PMA-stimulated group (Fig. 1C). Similar 

effects were observed in MMP-2 and MMP-9 protein ex-

pression (Fig. 1D).

The effect of CHE was also tested on the protein levels 

TIMP-1 and TIMP-2, the intracellular inhibitors of MMP 

expression. PMA-stimulation of HT-1080 cells resulted in 

suppressed levels of TIMP-1 and TIMP-2 protein as a result 

of MMP overexpression (Fig. 2A). The release of expres-

sional control on MMPs via downregulation of TIMP levels 

is observed in tumor metastasis [13]. Therefore, in addition 

to suppression of MMP expression, reverting the TIMP ex-

pression to normal levels were expected to act against harm-

ful effects of MMP overexpression [12]. The cells exhibited 

significant decrease in TIMP-1 and TIMP-2 levels following 

PMA-stimulation. Treatment with 50 μg/ml CHE was able 
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Fig. 2. Effect of CHE on the protein levels of (A) TIMPs and (B) phosphorylated (p-) MAPKs. The protein expression levels in 

PMA-stimulated HT-1080 cells treated with or without CHE were analyzed by Western blotting and β-actin was used as 

loading control.

to relieve the effect of MMP overexpression on TIMP-1 and 

TIMP-2 levels. However, 100 μg/ml treatment exhibited fur-

ther suppressed levels for both TIMP-1 and TIMP-2, indicat-

ing that the at higher concentrations the inhibitory effect of 

CHE on MMPs was not fully dependent on TIMP mecha-

nism.  

Effect of CHE on the phosphorylation of MAPKs

Some studies reported that the expressional regulation of 

MMPs is carried out by the transcriptional activities of AP-1 

protein [14]. AP-1 protein is activated by the phosphorylated 

MAPK proteins which in turn stimulate the nuclear trans-

location of AP-1 protein and consequent MMP-2 and MMP-9 

expressions. Therefore, any effect of CHE on the phosphory-

lated p38, ERK and JNK MAPKs were analyzed by Western 

blotting. As expected, PMA-stimulation increased the phos-

phorylated MAPK levels (Fig. 2B). Results suggested that 

CHE might intervene with the MAPK activation in order 

to suppress the MMP expression. 

Previously, Kang et al. [4] reported that coumarins iso-

lated from C. heterocarpa expressed anti-inflammatory effects 

partially through MAPK inhibition. Similarly, anti-photo-

aging properties of C. heterocarpa were credited to its sup-

pressive effect on MAPK activation among others [10]. All 

these reports were in accordance with current results, further 

suggesting that C. heterocarpa extract might suppress MMP 

production via MAPK suppression. A study by Anuar et al. 

[1] also indicated that most of the MMP inhibitors from natu-

ral sources act through MAPK signaling and reduce the can-

cer cell characteristics such as proliferation and migration.

In conclusion, C. heterocarpa was suggested to possess bio-

active ingredients that suppresses over-stimulated MMP 

production in fibrosarcoma cells. Further studies focusing 

on isolation and characterization of active MMP inhibitors 

from C. heterocarpa might yield novel natural MMP inhibitors 

to be utilized in pharmaceutical and nutraceutical industries.
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