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INTRODUCTION

Differential Elevation of Serum Matrix Metalloproteinases 1 and 2
in Pediatrics Chronic Liver Diseases

ABSTRACT

Background/Aim: Non invasive diagnosis of hepatic fibrosis has become the focus because
of the limited biopsy, especially in the screening of hepatic fibrosis. Matrix
metalloproteinases (MMPs) are thought to play an essential role in liver injury associated
with tissue remodeling. The present study aims to investigate levels of two major collagen-
degrading enzymes, matrix metalloproteinase (MMP-1& MMP- 2) in children with viral and
parasitic liver diseases.

Methods: Serum samples from 75 children with chronic hepatitis B (n = 12), hepatitis C (n =
22), Bilharziasis (n = 34), and healthy children (n = 30) were collected for measuring the
levels of MMP-1 and MMP-2 using ELISA technique. Liver function tests were measured
using auto-analyzer. Abdominal ulltrasonography was also done.

Results: The results of this study showed a significant increase in MMP-1 level in children
with Bilharziasis, whereas serum MMP-2 level was significantly increased in children with
hepatitis B and C. Serum MMP-1 and MMP-2 levels were correlated with liver function
indices and liver biopsy scores. MMP-1 level showed negative correlation with ALT (r= -
0.274, P< 0.05), AST (r=-0.343, P< 0.01) ALP (r = -0.322,P<0.05), total bilirubin (r= - 0.357,
P< 0.01 ), GGT(r= -0.244, P<0.05). Significant positive correlation was obtained with
ALT/AST ratio (r=0.250, R 0.05), serum albumin (r=0.249, P< 0.05), and prothrombin
concentration (r= 0.236, P< 0.05). Level of MMP-2 showed positive correlation with ALP(r=
0.249, P<0.05). According to the severity of liver disease, levels of MMP-1 showed
significant decrease whereas MMP-2 showed significant increase. The sensitivity level of
MMP-1 was 0, 0 & 76.5 % and of MMP-2 was 50, 48.3 & 61.8 % for HBV, HCV and Bilharzial
respectively at specificity 100% for both markers.

Conclusion: Since serum MMPs activities were significantly varied according to the cause
as well as the stage of liver fibrosis, an individual profile of these parameters might serve
as an easy accessing serum marker to monitor the progression of liver disease.
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Matrix metalloproteinases (MMPs) are central to tissue

Hepatic fibrosis is the result of an excessive accumulation of
extracellular matrix components, in part due to increased
synthesis and deposition of various collagens (Type 1
collagen in particular) and noncollagenous glycoproteins {1}.
Indirect evidence indicates insufficient extracellular matrix
degradation as a factor contributing to the pathological
accumulation of hepatic extracellular matrix {2}, but the role
of specific matrix- degrading enzymes in this process is still
controversial.

Matrix metalloproteineases (MMPs) are important group of
enzymes that degrade the extracellular matrix and other
extracellular proteins {3}. MMPs are synthesized by hepatic
stellate cells that are involved in degradation of these
extracellular matrix proteins (fibrolysis). The family of MMPs
consists of collagenases, glatenases and recently described
membrane type MMPs (MT-MMPs). MMPs are secreted in
latent form and their activation is regulated by a family of
tissue inhibitors of metaloproteinases (TIMMs) {4}.
Importantly the physiological balance between degradation
and deposition of extra-cellular matrix (ECM) is maintained
by the tissue inhibitors of MMPs (TIMPs). All TIMPs are
secreted proteins that have the potential to reversibly
inhibit active forms of MMPs {5}.

remodeling {6}, however little is known about the temporal
pattern and differential regulation of hepatic MMP
expression in the course of chronic human liver disease {7}.
Therefore, the present work was planned to evaluate the
expression of two major collagen—degrading enzymes,
matrix metalloproteinases 1 (MMP-1) and 2 (MMP-2)
activities in hepatocellular damage in children with viral and
bilharziasis infections.

SUBJECTS AND METHODS
Subjects for this study were obtained from patients with
liver fibrosis diagnosed by histopathological examination.
One hundred and five children were enrolled in this study
from Al-Hussein hospital and Menofyia Liver Institute
inpatient and outpatient clinic; they were divided as follows:
1. HBV group: 12 patients
2. HCV group: 29 patients
3. Bilharzial group: 34 patients
4.  Control group: 30 apparently healthy children with
no history or clinical evidence of liver disease or
any other diseases
All individuals were subjected to full history and clinical
examination.
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Specimen collection

Under complete aseptic technique, 5 ml of blood was taken
from the patients and controls. Blood samples were divided
into two portions, the first one (1.8 ml) was added to 0.2 ml
Na-citrate (3.8 m%) in test tube to obtain plasma, while the
remaining portion was allowed to clot naturally in another
test tube. Serum was separated and stored at -80 °C, until
tested, whereas plasma was used immediately to measure
prothrombin time and prothrombin concentration.

Analytical determination

Using ELISA techniques of kits purchased from Dia-Sorin
Biomedical Company, Hepatitis B surface antigen (HBsAg),
Hepatitis B Core Antibody IgM (HBcAb-IgM), and Hepatitis B
Core Antibody IgG (HBcAb-IgG), were measured according
to the methods of Boniolo et al {8}, Tedder and Wilson {9}
and Hoofangle et al {10} respectively. Anti-HCV was
detected by third generation ELISA kit from the Biochem.
Immunosystem Company. {11}. HCV-RNA extraction was
carried out by reverse transcription polymerase chain
reaction (RT-PCR) according to the method described by
Ravaggi et al {12}. Anti-bilharzial antibodies were detected
by indirect haemagglutination test (IHA) according to the
method of Hoshino et al {13}, using kits of Fumoze-France.
Serum levels of AST, ALT, alkaline phosphatase (ALP), total
protein, albumin, total bilirubin and GGT were measured
using EKTOCHEM 750XRC Analyzer. Prothrombin time and
prothrombin concentration were also estimated in plasma,
according to method of Poller {14}.

Total MMP-1 concentration was measured by ELISA
technique using kit of Oncogene Research Products
Company-Sandiago, USA, according to the method of Zhang
et al. {15}, while total MMP-2 concentration was measured
by immunoassay technique according to the method of
Murphy, {16}, using kit of R&D Systems Company- USA.

Abdominal Ultrasonography

To assess the size and echopattern of the liver, the size of
the spleen and the presence of ascitis or any other
abnormalities in the abdomen, abdominal ultrasonography
was done using RT-X200 Prob 3.5 MHZ convex of general
Electric Company — USA.

Statistical analysis

The data obtained were presented in tables as mean %
standard error. The difference between two groups was
calculated using unpaired t-test, while the differences
among more than two groups were calculated using F-test
(One way analysis of variance, ANOVA). Correlation of
variable was tested by Pearson's test. The analysis was run
on IBM compatible computer using the SPSS/PC+ statistical
package (SPSS Inc. Chicago, IL). Sensitivity, specificity and
cut-off values were calculated according to Sox et al., {16}.

RESULTS

Serum levels of MMP-1 & MMP-2 in all patients (n=75) were
significantly increased as compared with control. The
recorded increases were 45.2% and 18.12% respectively
(Table-1). The data revealed significant increases in MMP-1

level only in Bilharzial children as compared to control group
(P< 0.05). However, a significant increase was recorded in
levels of MMP-2 in patients with viral hepatitis B&C as
compared with the healthy children (P< 0.05).

The correlation between the biochemical markers (MMP-1
& MMP-2) and liver function indices in patients with liver
diseases (n=75) are illustrated in Table (Il). Serum level of
MMP-1 showed a significant negative correlation with ALT
(r=0.274, P< 0.05). AST (r=0.343, P< 0.01), ALP (r=0.322, P<
0.05), total bilirubin (r=0.357, P< 0.01) and GGT (r=0.244, P<
0.05) while positive correlation was recorded with ALT/AST
ratio (r=0.250, K 0.05), serum albumin (r=0.249, R 0.05)

and prothrombin concentration (r=0.236, K 0.05). To sum -
up, the level of MMP-1 was related to good liver function.
Level of MMP-2 showed positive correlation only with ALP
(r=0.249, P< 0.05).

Data in Table (lll) shows increasing tendency in MMP-1
levels with a decrease in severity of liver disease from
Child’s A to C while a significant increase was observed in
the level of MMP-2, with severity of liver affection (ANOVA)
test.

According to ultrasonographic finding (Table IV), MMP-1
level showed a significant increase in 57 patients of enlarged
spleen, using t-test and 25 patients with PPF, using ANOVA
test. However, MMP-2 showed a significant decrease only in
4 patients with diffuse and periportal fibrosis by ANOVA
test.

Sensitivity results of MMP-1 was 0% for viral patients and
73.5 % for patients with bilharziasis at specificity level of
100% (Fig. 1) and the sensitivity level for MMP-2 was
50,41.4, and 35.3 % for patients with HBV, HCV and
bilharziasis respectively at specificity level of 100% ( Fig. 2).

DISCUSSION

Liver fibrosis is characterized by imbalanced deposition and
degrading of extra-cellular matrix (ECM). Many factors are
involved in this process. Therefore, it is difficult to evaluate
the fibro-proliferative activity {18}.

In our study, we compared serum level of MMP1 & MMP2
to observe whether a difference between patients with viral
or parasitic liver damage is demonstrated or not. Our results
indicate that there is a significant increase in level of MMP-1
in patients with bilharzial liver affection; whereas increased
level of MMP-2 is related to viral liver damage whether due
to HBV or HCV. Thus, expression of the two
Metalloproteinases differs according to the cause of liver
damage.

Consistent with our findings, Gomez and co-author {19}
agreed with the concept that matrix MMPs differ in their
expression in Schistosomal portal fibrosis; they also
reported that MMP-2 expression was always less intense
than MMP-1. Moreover, Bin-Bin et al., {18} and Kasahara et
al.,, {20} found that in patients with chronic hepatitis C,
serum MMP-2 levels were significantly higher especially in
patients with no response to interferon than in those with
sustained and transient response. They also found that
serum MMP-1 levels did not differ hence; they concluded
that serum MMP-2 level might be useful for estimating the
degree of fibrosis in patients with HCV.
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This study also showed that expression of these two
enzymes was different according to the extent of liver
damage, while serum MMP-1 decreased , serum MMP-2
increased with the progress of liver affection from Child's A
to C as well as with the deterioration of liver function.

Our finding that serum level of MMP-1 was related to good
liver function (as evidenced by its negative correlation with
ALT, AST, ALP, GGT & total bilirubin and its positive
correlation with ALT/AST ratio, serum albumin, and
prothrombin concentration) is supported by the finding that
its level was also decreased with the progression of liver
damage from Child’s A to C. In contrast, MMP-2 was found
to be increased with the progression of liver cell damage
(from Child’s A to C). A previous study reported that reversal
of aminotransferase ratio (ALT/AST) with prolonged
prothrombin time is positive predictor markers in hepatic
cirrhosis {21}.

The normal liver contains the sub endothelial space which
separates the epithelium (hepatocytes) from the sinusoidal
endothelium. This space contains a basement membrane —
like matrix composed of non- fibril — forming collagens
including type IV {22}. A hall mark of early liver injury is the
replacement of this normal sub endothelial matrix, which
contains laminin, type IV collagen, and fibronectin, with one
enriched in inter-stitial collagens types | of Il {23}. This
replacement may lead to deterioration of hepatocellular
function {24}.

MMP-1 shows a substrate specificity for the native forms of
interstitial collagens type | and Il {25}. Current evidence
indicates that except for the granulocyte MMP-8, MMP-1 is

the only collagen with specificity for native interstitial type 1
of Il collagens produced in the liver. Absent or reduced
MMP-1 activity may therefore shift the balance between
fibrogenesis and fibrolysis, which are delicately maintained
in normal tissues, towards accumulation of native interstitial
collagens. Moreover, it is likely that the enhanced
expression of MMP-2 may contribute to the alteration of
normal liver matrix in the perisinusodial space, thus
affecting liver cell function and favouring the progression of
the fibrotic process {1}.

Unlike proteinases that degrade normal basement
membrane constituents (i.e., type IV collagenases, such as
MMP-2, which degrades type IV collagen) and thereby
indirectly promote net matrix accumulation, interstitial
collagenase MMP-1 degrades type | and Il collagen that
could potentially be beneficial {23}. Milani and coworkers
agreed with this concept and they concluded that
expression of MMP-2 in the absence of MMP-1 expression
may be responsible for the quantitative and qualitative
changes of extracellular matrix observed in chronic liver
disease {1}.This study suggests that the differential
expression of matrix metalloproteinases (MMP-1 and MMP-
2) in patients with bilharzial and viral liver damage explains
in part the rapid progression of liver cirrhosis in patients
with viral liver disease than in those with bilharziasis.

In conclusion, expression of MMP-1 and MMP-2 differs
according to the cause of the disease. They also differ
according to the severity of liver damage. MMP-1
expression is related to good liver function and to less
severe hepatic damage.

Table I: Serum levels of MMP-1 and MMP-2 in total and different studied groups (mean + SE)

Control HBV HCV Bilharzial Total
(n=30) (n=12) (n=29) (n=34) (n=75)
MMP-1(ng/ml) 42+0.3 4104 4.1+0.2 8.5+03* 6.1+0.3*
% Change 24% 4.8% 102 % 452 %
MMP-2(ng/ml) 653.37 £18.4 849.33+31.3* 792.61+34.4* 726.65 +37.6 771.8+22.6*
% Change 30% 21.3% 11.2% 18.1%

Table II: Pearson correlation between MMP-1, MMP-2 with liver function parameters in all patients with liver diseases

(n=75)

MMP -1 MMP -2
ALT -0.274* 0.037
AST -0.343%* -0.050
ALT/AST 0.250% 0.100
Alk. Phosphtase -0.322%* 0.293*
T.Protein 0.164 0.009
Albumin 0.249* -0.122
T.Bilirubin -0.357%* 0.211
GGT -0.244* 0.190
Prothrombin % 0.236* 0.006

*significant at level < 0.05
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Table IV: Serum levels of MMP-1 and MMP-2 according to ultrasonographic finding (mean + SE)

MMP -1 MMP -2
(ng/ml) (ng/ml)

Spleen

Enlarged(n=57) 6.5 £ 0.4% 758.1+25.4

Not (n=18) 48 + 04 815 +48.9
Ascitis

Present (n=15) 5.8 0.6 847 +38.6

Not (n=60) 6.2+04 752.8+26.1
Liver:
Hepatomegaly (n=13) 5.0+0.7 791.6 +47.7
Shrunken (n=2) 4.4+0.1 654 +29.0

PPF (n=25) 8.5+0.5* 731.1+415

Diffusepathology (n=12) 3.9+0.3 802.4+ 41.7
diffuse+PPF (n=4) 74+1.1 508.5 + 80.5*
coarse texture (n=14) 45+0.3 836.0 £43.5
coarse texture+PPF (n=5) 58+1.1 928.0+64.2

*significant difference at level < 0.05 using t-test for spleen and ascites or F- test for liver ultrasonographic finding

Fig 1:Scatter diagram of MMP- 1(ng/ml) level. The Horizontal line represents the cut-off value of 7.68 (mean +2SD of
control). The sensitivity is 0% for HBV and HCV and 76.5% for Patients with Bilharziasis at a specificity level of 100%
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Fig 1:Scatter diagram of MMP- 2(ng/ml) level. The Horizontal line represents the cut-off value of 854.29 (mean +2SD of
control). The sensitivity is 50%, 48.3%, 61.8% for Patients with HBV, HCV and Bilharziasis respectively at a specificity level

of 100%
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