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The pathogenesis of hepatocellular carcinoma (HCC) is a 
multifactorial process which has not been fully explained 
so far. Early diagnosis is still difficult; this neoplasm 
is frequently diagnosed in the advanced phase. Serum 
α‑fetoprotein (AFP) and ultrasound imaging (US) for 
many years have been the gold standard of HCC screening. 
However, sensitivity and specificity of serum AFP in 
HCC diagnosis are relatively low,[1,2] therefore, it was 
excluded from the American Association for the Study of 
Liver Diseases (AASLD) guidelines for HCC screening 
in 2010[3] and from European Association for the Study 
of the Liver (EASL) guidelines in 2012,[4] whereas others 

still recommend testing AFP in addition to US.[5‑7] There 
is a need for new, more sensitive, and reliable diagnostic 
tests. There are several molecular markers of HCC 
currently under investigation including cellular markers, 
cellular cycle regulators, markers of apoptosis, telomerase 
activity, adhesive molecules, markers of extracellular matrix 
degradation, markers of angiogenesis, growth factors and 
their receptors, oncofetal and glycoprotein antigens, 
enzymes and isoenzymes, and genetic markers.[8]

Pigment epithelium‑derived factor (PEDF) is an 
endogenously produced glycoprotein with a molecular 
weight of 50 kD, occurring commonly in various organs 
and exhibiting diverse biological activity. It belongs to the 
superfamily of serine protease inhibitors. PEDF reaches high 

ABSTRACT

Background/Aim: The aim of this study was to assess the role of serum pigment epithelium‑derived 
factor (PEDF) and matrix metalloproteinase‑9 (MMP‑9) in progression of liver cirrhosis and development 
of hepatocellular carcinoma (HCC). Patients and Methods: Serum levels of PEDF and MMP‑9 were tested 
in 212 patients with liver cirrhosis and in a control group of 30 healthy volunteers. HCC was diagnosed in 
45 of the 212 patients studied (21%). Results: Serum PEDF and MMP‑9 were higher in the study group than 
that in the control group (P < 0.001). In patients with alcoholic or mixed (alcoholic and viral hepatitis‑related) 
cirrhosis, serum PEDF was higher than that in other patients (13970.2 ± 13406.9 ng/ml vs. 8563.5 ± 9602.7 ng/
ml, P = 0.008). In patients with viral hepatitis‑related cirrhosis, significantly higher PEDF levels were recorded 
in those with HCC (13429.1 ± 12045.8) than that in patients without HCC (6660.1 ± 7927.1; P = 0.04). There 
was a trend for higher serum MMP‑9 in patients with HCC (5778.7 ± 12426.6 vs. 1389.8 ± 1944.7 in those 
without HCC; P = 0.07). Significant negative correlation between serum MMP‑9 and serum alpha‑fetoprotein 
in patients with HCC was observed (r = −0.54; P = 0.04). Conclusion: Serum PEDF and MMP‑9 could be 
auxiliary markers in diagnosis of HCC, especially in patients with low alpha‑fetoprotein level. Alcohol 
consumption can affect serum PEDF.
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concentrations in serum, which can be used for diagnostic 
purposes.[9] Repeatedly confirmed effect of this molecule is 
inhibition of angiogenesis.[10] It is believed that PEDF has 
neuroprotective properties,[11] acts as an antioxidant and 
anti‑inflammatory agent,[12] inhibits cellular proliferation 
and supports cell differentiation, and protects against 
tumor metastasis.[13] Liver is the major site of PEDF 
synthesis.[14] PEDF is an important factor in many liver 
diseases.[15] The mechanism of its action remains largely 
unclear. Antifibrogenic activity of intrahepatic PEDF has 
been demonstrated.[16] PEDF is secreted by fat cells as well, 
playing a role in the development of insulin resistance, 
metabolic syndrome, and liver steatosis.[17‑22]

Matrix metalloproteinase‑9 (MMP‑9) is a zinc‑dependent 
enzyme also called gelatinase B, with a molecular weight of 
92 kD. It degrades extracellular matrix proteins, particularly 
collagen IV, which is a component of basement membrane. 
This enzyme plays an important role in inflammation, 
tissue remodeling process, as well as promotes tumor 
cell migration and metastasis.[23,24] The main sources of 
matrix metalloproteinases in the damaged liver are stellate 
cells with endothelium and inflammatory cells.[25] It was 
found that serum or plasma MMP‑9 may be a useful 
marker of the processes that occur in the tissues.[26] 
Elevated MMP‑9 levels were observed in colorectal cancer 
and breast cancer,[27] stomach cancer,[28] bladder cancer, 
acute leukemia, rheumatoid arthritis, melanoma, and 
HCC.[29] The activity of MMP‑9 is checked on several 
levels: transcription – control of cytokines, activation of the 
proenzyme – enzyme cascade, including serine proteases 
and other metalloproteinases, finally – regulation by 
specific tissue inhibitors of metalloproteinases (TIMP). 
The data on the serum MMP‑9 as a marker of fibrosis are 
controversial.[30]

In this study, we investigated the usefulness of serum PEDF 
and MMP‑9 in evaluating the progression of liver cirrhosis 
and development of HCC.

PATIENTS AND METHODS

The study group consisted of 212 patients with cirrhosis from 
the database e‑Hepar; 127 men and 85 women, aged from 
28 to 86 years, with a mean age of 54.6 years. The study also 
included a control group of 30 healthy volunteers; 12 men 
and 18 women, aged from 28 to 52 years, with a mean 
age 38.3 years. Informed consent was obtained from each 
patient included in the study. Serum PEDF and MMP‑9 
were determined by ELISA Kits (PEDF – ChemiKine, 
Chemicon International; MMP‑9 – Platinum ELISA, 
eBioscience). Standard biochemical serum tests were carried 
out, including aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and alpha‑fetoprotein (AFP). The 

severity of liver cirrhosis was assessed using the Child‑Pugh 
score. Statistical analysis was performed using Statistica; 
Spearman’s rank correlation test and the Mann–Whitney 
U test were used. P value of < 0.05 was considered to be 
statistically significant.

Analyzing the etiology of liver cirrhosis in the study group, 
pure viral hepatitis‑related cirrhosis was identified in 
124 patients, pure alcoholic cirrhosis in 27 patients, cirrhosis 
of mixed etiology (viral hepatitis‑related and alcoholic) in 
43 patients, and cirrhosis of other or unknown etiology in 
18 patients. From 167 patients infected with hepatotropic 
viruses, 126 patients were infected with hepatitis C 
virus (HCV), 33 with hepatitis B virus (HBV), and 8 patients 
were co‑infected with HBV and HCV.

HCC was diagnosed in 45 of the 212 patients studied (21%). 
These were patients with viral hepatitis‑related 
liver cirrhosis (36 patients) and cirrhosis of mixed 
etiology (8 patients). None of the patients with alcoholic 
liver disease were diagnosed with HCC. Among patients with 
HCC, 40 were infected with HCV, 4 patients were diagnosed 
with HBV, and 1 patient was infected with both viruses.

RESULTS

The concentration of both PEDF and MMP‑9 was significantly 
higher in patients with cirrhosis than in the control 
group (for PEDF, respectively, 11000.7 ± 11367.7 ng/ml vs. 
417.3 ± 266.5 ng/ml, P < 0.001; for MMP‑9 1863.5 ± 4692.8 ng/
ml vs. 94.9 ± 21.6 ng/ml, P < 0.001). There were no 
significant differences in levels of PEDF or MMP‑9 between 
the groups A, B, and C according to the Child‑Pugh 
classification [Figures 1 and 2]. There were significant 
differences in the levels of PEDF, depending on the etiology 
of cirrhosis. In patients with alcoholic or mixed (alcoholic 
and viral hepatitis‑related) cirrhosis, serum PEDF was 
higher than in other patients (13970.2 ± 13406.9 ng/ml vs. 
8563.5 ± 9602.7 ng/ml, P = 0.008) [Figure 3].

In further analysis of the group of patients with viral 
hepatitis‑related cirrhosis, there were significantly higher PEDF 
levels recorded in patients with HCC (13429.1 ± 12045.8) 
than that in patients without HCC (6660.1 ± 7927.1; 
P = 0.04) [Figure 4].

Similarly, there was also a trend for higher serum MMP‑9 in 
patients with HCC (5778.7 ± 12426.6 vs. 1389.8 ± 1944.7 
in those without HCC; P = 0.07). The analysis was 
performed in all patients, regardless of the etiology of 
cirrhosis [Figure 5].

By examining correlations of various factors associated 
with the disease to the value of serum PEDF, a negative 
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correlation between serum PEDF and ALT level (r = −0.18, 
P = 0.06) was found. This correlation was particularly 
visible and statistically significant in patients without HCC 
(r = −0.27; P = 0.03). Significant negative correlation 
between serum MMP‑9 and serum AFP in patients with 
HCC was observed (r = −0.54; P = 0.04).

DISCUSSION

In this study, serum PEDF and MMP‑9 were determined 
in patients with cirrhosis of different etiologies, and 

their value in the diagnosis of HCC was assessed. PEDF, 
which has antiangiogenic and antiproliferative activity, is 
considered to be a protective factor, reducing the risk of 
HCC development.[31] In contrast, MMP‑9 is an enzyme 
whose activity promotes tumor growth and invasion.[32] In our 
study, we have shown that both of these markers are elevated 
in patients with cirrhosis, especially in patients with HCC. 
There are few reports describing changes in serum levels of 
PEDF in patients with cirrhosis; decreased level of PEDF in 
liver tissue was reported in these patients.[16,33] Elevated serum 
PEDF was described in patients with liver steatosis.[18,20] As 
MMP‑9 is the enzyme involved in the degradation of PEDF 
in the liver, it is postulated that there is a relationship of these 
two markers in certain liver diseases.[33,34] There was a decrease 
of PEDF in liver tissue of humans and animals with alcoholic 
liver disease with concomitant increase of MMP‑9.[33] There 
is a hypothesis that PEDF inhibits the development of 
cirrhosis by direct inactivation of the stellate cells and the 
induction of apoptosis[16] and by stimulating apoptosis in 
the HCC cells.[35,36]

Some studies have confirmed elevated levels of MMP‑9 in 
patients with chronic liver disease.[29,37] Studies have also 
shown a correlation of serum MMP‑9 with the progression 
of liver fibrosis,[37] as well as transaminase levels,[37,38] which 

Figure 1: Serum PEDF in groups A, B, and C according to the 
Child‑Pugh; P = NS

Figure 2: Serum MMP‑9 in groups A, B, and C according to the 
Child‑Pugh; P = NS

Figure 3: Serum PEDF depending on the alcoholic etiology of cirrhosis; 
P = 0.008. AC, alcoholic cirrhosis; non‑AC, non‑alcoholic cirrhosis.

Figure 4: Serum PEDF in patients with viral hepatitis‑related cirrhosis, 
depending on the presence of HCC; P = 0.04

Figure 5: Serum MMP‑9 in patients with cirrhosis, depending on the 
presence of HCC; P = 0.07
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was not confirmed in our study. Other authors, in contrast 
to us, found reduction in serum MMP‑9 in patients with 
chronic hepatitis C and cirrhosis.[39] Many studies have 
demonstrated higher MMP‑9 levels in plasma[22] and in 
liver tissue[40,41] in patients with HCC. In tumor tissue, 
higher expression of this enzyme was detected than in 
adjacent liver tissue.[40‑42] Hayasaka et al.[29] determined 
the sensitivity (53%) and specificity (89%) of plasma 
MMP‑9 for the detection of HCC. It was also found that 
MMP‑9 correlated with the progression of cancer: Vascular 
invasion,[28,29,42] a low tumor cell differentiation,[42] capsule 
infiltration,[40] the incidence of metastasis,[28] overall 
stage of HCC, and with poor prognosis.[42,43] The value of 
simultaneous determination of MMPs and tissue inhibitors 
of MMP (TIMPs) is emphasized. The ratios of MMP: TIMP 
and MMP‑9:MMP‑2 are important in the diagnosis and 
prognosis of HCC.[44,45]

In our study, we found that serum MMP‑9 correlates 
negatively with serum AFP. Other studies do not confirm 
these results.[29,46] Our results can be partially explained by 
a possible diversity of histopathological forms of HCC in 
the study group. Carcinoma with low cell differentiation 
may not produce AFP. In this case, the determination of 
MMP‑9 would increase the likelihood of the diagnosis of 
HCC.

In the study group, we found significantly higher level 
of serum PEDF in patients who abuse alcohol (alcoholic 
or mixed cirrhosis) than that in patients with viral 
hepatitis‑related cirrhosis. Sogawa et al.[47] also confirmed 
that PEDF levels may be an independent exponent of 
excessive alcohol consumption. A negative correlation of 
PEDF and ALT level in our study suggests that PEDF is not 
a marker of inflammation in the liver.

These are only preliminary studies regarding the potential 
role of serum PEDF and MMP‑9 as adjunctive diagnostic 
biochemical markers in HCC. The limitations of these tests 
is that their cut‑offs are not defined. Further studies are 
needed to better characterize the suitability of these tests 
in clinical practice.

In conclusion, serum PEDF and MMP‑9 may aid in the 
diagnosis of HCC, especially in patients with low AFP, where 
the diagnosis is questionable. Alcohol consumption can 
affect the level of serum PEDF. Serum PEDF and MMP‑9 are 
higher in cirrhosis, however, their level does not differentiate 
the stages of cirrhosis.
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