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Hepatocellular carcinoma (HCC) related to cirrhosis 
is one of the most important health issues worldwide. 
The pathogenesis of cirrhosis is a result of chronic liver 
disease (CLD), which is characterized by an excessive 
accumulation of extracellular matrix (ECM) protein. The 
matrix metalloproteinases (MMPs) such as MMP-1, 2, 8, 
9 and transforming growth factor beta 1 (TGF-β1) play 
important roles in the progression in CLD and HCC 
(1,2). The comment of Dr. Feitelson on our paper of 
which the title was “Reciprocal activation between MMP-
8 and TGF-β1 stimulates EMT and malignant progression of 
hepatocellular carcinoma” in Cancer Letters (3) highlighted 
that the reciprocal activation between MMP-8 and TGF-β1 
could be the target to delay or prevent the development of 
cirrhosis and/or HCC (4). 

Besides MMP-8, many studies have indicated that the 
expression of MMP-2/9 is more likely to be upregulated in 
highly invasive HCC cells than that in the lowly invasive 
and non-invasive cells. Furthermore, the overexpression 
of MMP-2/9 has been correlated to the invasiveness and 
metastasis of HCC, and MMP-9 is superior to MMP-2  
for the prediction of tumor recurrence and survival in 
HCC (5). Consistent with these studies, our previous data 
showed that the mRNA and protein levels of MMP-9 and 
MMP-2 were significantly higher in highly invasive SK-

Hep-1 and HCCLM3 cells than that in lowly invasive 
HepG2 and SMMC-7721 cells and normal liver HL-7702 
cells. Furthermore, knocking down TGF-β1 significantly 
decreased the mRNA and protein levels of MMP-9 and 
MMP-2 in SK-Hep-1 and HCCLM3 cells [Supplementary 
material in (3), which can be found online at http://dx.doi.
org/10.1016/j.canlet.2016.02.001]. In addition, TGF-β1 
has been proved to be an independent indictor for the 
survival in HCC (3). Herein, the high throughput RNA-seq 
data from The Cancer Genome Atlas (TCGA) suggested 
that high expression of MMP-9 was also closely related 
with poor survival rate (Figure 1A, n=360), which showed 
a similar predictive value as TGF-β1. However, there is 
no significant difference in survival between HCC tissues with 
high and low MMP-2 expression (Figure 1B, n=360), which 
suggests that MMP-9 could be more sensitive than MMP-2  
for the prediction of HCC patients’ survival. Therefore, 
our previous results indicate that genetic targeting-
modification of TGF-β1 can affect the expression levels 
of MMP-2 and MMP-9 in HCC cells, suggesting that 
TGF-β1 may similarly regulate some other members of the 
MMP family besides MMP-8. Some in vitro studies also 
pointed out the consistent relationship between MMP-2/9 
and TGF-β1. In several cancer cells or some fibroblasts, 
TGF-β1 may also upregulate MMP-2 and MMP-9 

Correspondence

The prospective role of matrix metalloproteinase-2/9 and 
transforming growth factor beta 1 in accelerating the progression 
of hepatocellular carcinoma

Gang Chen1*, Gui-Hui Qin2*, Yi-Wu Dang1, Jie Yang2

1Department of Pathology, the First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China; 2Department of Pharmacology, 

School of Pharmacy, Guangxi Medical University, Nanning 530021, China

*These authors contributed equally to this work.

Correspondence to: Jie Yang. Department of Pharmacology, School of Pharmacy, Guangxi Medical University, Nanning 530021, China. 

Email: yanglz2005@126.com.

Response to: Feitelson MA. Can we stop the progression of chronic liver disease to hepatocellular carcinoma? Transl Cancer Res 2016;5:S794-9.

Submitted Dec 10, 2016. Accepted for publication Jan 05, 2017.

doi: 10.21037/tcr.2017.02.41

View this article at: http://dx.doi.org/10.21037/tcr.2017.02.41

231

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2017.02.41


S230 Chen et al. The prospective role of MMP-2/9 and TGF-β1

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(Suppl 1):S229-S231 tcr.amegroups.com

expression via direct activation of transcription factors or 
several signal pathways, thus promoting the progression of 
tumor proliferation (6). Furthermore, TGF-β1, especially 
in HCC, has been shown to induce the expression of 
MMP-2 and MMP-9, which can promote the migratory/
invasive capacities of HCC cells (7). The link between 
MMP-2/9 and TGF-β1 can also be explained from other 
studies that, MMP-2 and MMP-9 drive stroma-mediated 
invasion and metastasis via cleaving the latency associated 
peptide (LAP) of TGF-β1 to increase TGF-β1 bioactivity. 
In addition, Okamoto et al. indicated that functional gene 
polymorphisms of MMP-1, MMP-3 and MMP-9 were 
associated with the progression of CLD (8), suggesting that 
there is a potential positive relationship between MMP-2 
or MMP-9 and TGF-β1. Finally, the interaction of MMPs 
and TGF-β1 forms a bidirectional regulatory feedback loop 
associated with liver fibrosis and HCC, and the clinical 
significance of MMP-9 in HCC prognosis and liver fibrosis 
is superior to that of MMP-2. However, the exact effect 

and potential molecular mechanism of this loop on CLD 
or HCC has not been clarified yet. The clinical significance 
of MMP-2 and MMP-9 in CLD and HCC still need to be 
investigated with a larger number of samples involved.

The pathogenesis of liver fibrosis is the excessive 
accumulation and deposition of ECM proteins, and 
the subsequent progression toward HCC has been well 
established. The hepatic stellate cells (HSCs) and epithelial–
mesenchymal transition (EMT) have been reported to be 
involved in the progression of CLD and HCC (6), and 
several MMP members and TGF-β1 are the inductor of 
HSCs and EMT. For example, TGF-β1 plays a key role in 
the progression of CLD, in which it induces fibrogenesis 
through activation of the HSCs, therefore inducing the 
progression of HCC. Besides, the TGF-β1-activated Smad-
signaling pathway has been considered as a potential target 
for cirrhosis therapy, for it can stimulate the synthesis of 
ECM-associated proteins, and inhibit their degradation (9). 
Furthermore, other ECM-degradation associated factors 
such as type IV collagen, fibrinogen, and urokinase type 
plasminogen activator stimulate HSCs via activating latent 
cytokines of TGF-β1 (9). In addition, MMPs are the major 
group of proteinases to regulate the ECM remodeling, so 
they are essential in the process of liver fibrosis or HCC. 
It has been reported that circulating MMP-2 and MMP-9 
levels increased significantly in cirrhosis so it can become a 
potential diagnostic marker of liver fibrosis in patients with 
chronic hepatitis C (10). In HCC cells, MMP-2, MMP-8, 
MMP-9 and TGF-β1 can induce EMT and promote the 
malignant progression of HCC (6). These studies indicate 
that TGF-β1 and MMPs, such as MMP-2 and MMP-9 can 
promote the progression of CLD or HCC via stimulating 
HSCs or EMT. Particularly, platelet-derived growth factor 
(PDGF)-BB and TGF-β1 promote the migration of HSCs 
and CLD via MMP-2/9-dependent mechanism (11).

In conclusion, we do agree with the insightful idea of Dr. 
Feitelson and we can imply that the potential regulatory 
feedback loop between MMP-8 and TGF-β1, as well as 
between MMP-2/9 and TGF-β1, may promote CLD 
progression to HCC. The research that we have conducted 
has its limitations though. Consequently, both in vitro and 
in vivo experiments are needed to verify the prospective role 
of MMP-2/9 and TGF-β1 in the progression of CLD 
and HCC.
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Figure 1 Prognostic value of MMP-2 and MMP-9 in HCC based 
on TCGA data. (A) MMP-2; (B) MMP-9. (n=360). MMP, matrix 
metalloproteinase; HCC, hepatocellular carcinoma; TCGA, The 
Cancer Genome Atlas.
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