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Abstract

Aim of the study: Investigation of the relationships between the grade and stage of chronic liver dis-
eases irrespective of their etiology using some novel serum markers of liver fibrogenesis, the �classi-
cal� serum markers of liver necro-inflammatory injury (such as transaminases), and the histo-
morphological evaluation of liver biopsies.
Methods: Markers of liver fibrogenesis: serum metalloproteinase 1 (MMP-1), tissue inhibitor of MMP-1
(TIMP-1), and N-terminal propeptide of the procollagen III (PIIINP); �liver function tests� (LFTs):
bilirubin, transaminases ALT, AST; ALP, GMT; and liver morphology findings: necro-inflammatory
activity, fibrosis; were studied in the series of 32 �naive�, i.e. yet untreated patients (women/men � 11/21)
with various CLDs: chronic viral hepatitis B or C 13 (CHB 3, CHC 10), non-alcoholic steatohepatitis 9,
liver steatosis 4, primary biliary cirrhosis 5, drug-induced hepatitis. The diagnoses were based on the
clinical, laboratory and liver imaging (ultrasonography) findings and confirmed by the liver biopsy.
Conclusions: Investigation of liver fibrogenesis serum markers (PIIINP, MMP-1, TIMP-1) in patients
with various CLDs has shown statistically significant correlations of these parameters with �classical�
serum markers of liver necro-inflammation (ALT, AST) and the results of histomorphological evalua-
tion of the necro-inflammatory activity (parameters NAI, MEF) and fibrosis (parameter FI) in liver
biopsies. (Tab. 4, Ref. 31.)
Key words: chronic liver disease, liver fibrosis, serum metalloproteinase 1 (MMP-1), tissue inhibitor
of serum metalloproteinase 1 (TIMP-1), N-terminal propeptide of the procollagen III (PIIINP), liver
biopsy, histomorphology, morphometry.
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Liver fibrosis, together with other necro-inflammatory and
proliferative changes, are a major determinants of the clinical
course and prognosis in chronic liver diseases (CLDs) (1, 3, 7).
Because of various limitations in liver biopsy (4, 6, 10, 19), nov-
el markers of fibrosis as well as those of complex fibro-produc-
tive/-lytic processes are sought to enable the non-invasive eval-
uation and monitoring in clinical practice (12, 13, 14, 15, 21,
22). Several molecules, either elements or regulators of the met-
abolic pathways of the connective tissue extracellular matrix
components, are being considered as potential candidates (25,
26, 27, 28, 30, 31). More precise data on their clinical signifi-
cance, relationship to the liver biopsy findings and other �classi-
cal� liver serum parameters are still rather scarce.

To study the relationships between the stage and grade of
CLD irrespective of their etiology using some novel serum mar-
kers of liver fibrogenesis (PIIINP, MMP-1, and TIMP-1), the
�classical� serum markers of liver necro-inflammatory injury

(such as transaminases ALT, AST), and the histomorphological
evaluation of liver biopsies.

Material and methods
The series of 32 �naive� (i.e. yet untreated) consecutive pa-

tients (women/men � 11/21) with various CLDs � chronic viral
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hepatitis 13 (CHB 3, CHC 10), non-alcoholic steatohepatitis 9,
liver steatosis 4, primary biliary cirrhosis 5, drug-induced hepati-
tis 1 � were included into the study. The diagnoses were based

on clinical, laboratory and liver imaging (ultrasonography) find-
ings, and confirmed by liver biopsy. The overview of basic char-
acteristics of patients included into the series is given in Table 1.

Standard �liver function tests� (LFTs): bilirubin, alanine
transaminase (ALT), aspartate transaminase (AST), alkaline phos-
phatase (ALP), gamma-glutamyltranspeptidase (GMT), and his-
tomorphological examination of liver biopsies for necroinflam-
matory activity and fibrosis were performed in all patients.

Liver biopsy was done routinely as a part of the clinical
management. Tissue sections where stained with haematoxylin-
eosin and by the Mallory-Azan method. The common scoring
system (as used in evaluation of grading and staging of chronic
hepatitis (5, 10, 16)) was adopted and used for grading and sta-
ging of all liver biopsies evaluated (Tab. 2). The results were
expressed as NAI (necroinflammatory activity index; range 0�
18) and FI (fibrosis index; range 0�6) parameters (Tab. 3).

The biopsies were also subjected to automated morphomet-
ric evaluation of fibrosis (24) after being stained by means of

Diagnosis Men Women ∑

chronic hepatitis B 2 1 3
chronic hepatitis C 7 3 10
chronic drug-induced hepatitis 0 1 1
non-alcoholic steatohepatitis 8 1 9
liver steatosis 4 0 4
primary biliary cirrhosis 0 5 5
∑ 21 11 32

Mean age (x±SEM) 34,7±2,6 44,1±4,7 37,9±2,5

x�arithmetic mean, SEM�standard error of mean

Tab. 1. Basic characteristics of patients with chronic liver diseases
involved in the study.

GRADING OF NECRO-INFLAMMATORY ACTIVITY Score

A.  Periportal or periseptal interface hepatitis (piecemeal necrosis)
Absent 0
Mild (focal, few portal areas) 1
Mild/moderate (focal, most portal areas) 2
Moderate (continuous, around <50% of tracts or septa) 3
Severe (continuous around >50% of tracts or septa) 4

B. Confluent necrosis

Focal confluent necrosis 1
Zone 3 necrosis in some areas 2
Zone 3 necrosis in most areas 3
Zone 3 necrosis+occasional portal-central (P-C) bridging 4
Zone 3 necrosis+multiple P-C bridging 5
Panacinar or multiacinar necrosis 6

C. Focal (spotty) lytic necrosis, apoptosis and focal inflammation

Absent 0
One focus or less per 10x objective 1
Two to four foci per 10x objective 2
Five to ten foci per 10x objective 3
More than ten foci per 10x objective 4

D. Portal inflammation

Absent 0
Mild, some or all portal areas 1
Moderate, some or all portal areas 2
Moderate/marked or all portal areas 3
Marked, or all portal areas 4
Maximum possible score for grading 18

STAGING OF FIBROSIS

Non fibrosis 0
Fibrous expansion of some portal areas, with or without short fibrous septa 1
Fibrous expansion of most portal areas, with or without short fibrous septa 2
Fibrous expansion of most portal areas, with occasional portal to portal bridging 3
Fibrous expansion of most portal areas, with marked portal to portal bridging 4
Marked bridging with occasional nodules (incomplete cirrhosis) 5
Cirrhosis, probable or definite 6
Maximum posible score 6

Tab. 2. Scoring system used for grading and staging evaluation of liver biopsies.
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the Mallory-Azan method. For this evaluation, the methods ac-
cording to �tvrtina et al (29) and Babál et al (2) were used. The
Tesla Pie��any TELEMET II and a special morphometry com-
puter with CCD TV camera localized on the microscope were
used. The results � absolute values of the analysis device�s out-
put � were expressed as MEF parameter (i.e. morphometric
evaluation of fibrosis).

Serum concentrations of metalloproteinase 1 (MMP-1), tis-
sue inhibitor of MMP-1 (TIMP-1), and of N-terminal propepti-
de of the procollagen III (PIIINP) were measured by using com-
mercially available sets (MMP-1 Kit, and TIMP-1 Kit, Fuji Che-
mical Industries Ltd., Toyama, Japan; Procollagen PIIINP [125I]
RIA, Orion Diagnostica, Finland).

Statistics. The values of laboratory parameters were re-cal-
culated to be expressed as products of upper (increased values,
i.e. absolute numerical value >1) or lower (decreased values, i.e.
absolute numerical value <1) reference interval values of res-

pective parameters (Tab. 3). The values within the reference range
were recorded as value 1. The correlation analysis was perfor-
med for the parameters studied; the correlation coeficients (Pe-
arson�s) (r) and corresponding probability values (p) were cal-
culated (Tab. 4) (17). The statistical software pack Statgraf, Ver-
sion 7, Manguistics, Rockville, MA (USA) was used in calcula-
tions.

Ethical considerations. The study was performed in com-
pliance with relevant international ethical standards (Good Cli-
nical Practice, Helsinki Declaration).

Results

The values of laboratory parameters in the studied series, re-
calculated as products of upper (increased values) or lower (decre-
ased values) reference interval values of respective parameters,
and the results of scoring of the liver biopsy histomorphological

No Sex Age Dg ALT AST ALP GMT  PIIINP MMP-1 TIMP-1 NAI  FI MEF

1 M  34 CHB 9,12  5,57  1,00  2,04 1,60  0,00 1,00 10,0 2,00  32321,20
2 F 34 CHB 2,81 1,56     1,00   1,00  1,45 0,46 1,00 9,0 2,00 34212,30
3 M 40 CHB 1,44 1,00 1,00   1,00 1,36 1,41 1,08 4,0 1,00  31241,20
4 F 20 CHC 5,29 3,14 1,15 2,62 1,52 1,00 1,00 5,0 2,50 34498,20
5 M 48 CHC 8,73   4,93 1,00   2,04 5,31 0,25 1,56 8,0 2,00 34112,30
6 M 45 CHC 1,55 1,40   1,21 1,83 1,48 1,00 1,09 7,5   1,50 31220,20
7 F 25 CHC 7,91   5,31 1,00 1,00 1,69 0,17 0,86 4,0 2,50  34479,10
8 M 20 CHC 2,24 1,73 1,00 1,00 2,10 0,89 1,12 7,0 1,00 33469,10
9 M 21 CHC 4,51 1,74 1,00 1,08 1,43 0,64 1,00 5,0 1,00 30220,20
10 M 25 CHC 1,74 1,00 1,00 1,19 1,72 1,00 1,00 3,0 1,00 12233,10
11 F 58 CHC 2,04 1,33 1,00 1,00 1,53 1,00 1,00 9,0   0,00 11223,10
12 M 20 CHC 10,34 6,69 1,50 3,41 2,24 0,64 1,15 5,5 0,00 11322,20
13 M 23 CHC 2,21 1,09 1,00 1,00 1,00 1,00 1,26 5,0 0,00 11211,30
14 F 49 CDIH 1,37 1,00 1,02 3,15 2,21 0,64 1,00 3,0 1,00 31123,20
15 M 20 NASH 5,29 1,86 1,00 1,00 2,69 0,58 1,00 4,0 2,00 33421,10
16 M 35 NASH 2,03 1,00 1,00 1,00 1,98 1,00 0,87 1,0 1,00 12441,20
17 M 47 NASH 1,73 1,00 1,00 1,00 1,80 1,00 1,01 1,0 1,00 11321,10
18 M 52 NASH 1,00 1,36 1,54 10,78 1,02 1,00 1,05 1,0 1,00 11201,10
19 F 55 NASH 3,30 1,00 1,01 3,29 1,00 0,42 1,00 1,0 1,00 31122,10
20 M 29 NASH 2,14 1,14 1,00 1,05 1,36 1,00 1,00 0,0 1,00 12223,10
21 M 35 NASH 2,40 2,13 1,00 1,00 1,31 0,50 1,49 1,0 0,00 11211,10
22 M 59 NASH 1,60 1,14 1,09 1,00 1,60 1,00 1,45 1,0 0,00 11123,20
23 M 40 NASH 1,30 1,00 1,75 1,18 1,43 0,86 0,86 1,0 0,00 11201,10
24 M 26 LS 2,29 1,00 1,00 1,00 1,00 0,56 1,19 0,0 0,00 11221,10
25 M 22 LS 1,64 1,37 1,00 1,00 1,36 0,00 1,00 0,0 0,00 11211,10
26 M 43 LS 2,29 2,04 1,00 1,00 1,00 1,00 1,00 0,0 0,00 11211,20
27 M 45 LS 1,86 1,00 1,00 1,00 1,00 0,95 1,00 0,0 0,00 11223,20
28 F 57 PBC 2,67 1,76 3,53 2,54 2,17 0,15  1,30 4,0 1,00 31221,20
29 F 58 PBC 1,00 1,00 1,00 1,54 1,00 1,00 1,33 3,0 2,50 40355,60
30 F 56 PBC 1,00 1,00 2,67 2,39 1,00 1,00 1,06 3,0 1,00 30221,00
31 F 51 PBC 1,00 1,00 1,29 4,00 1,00 1,00 1,00 3,0 1,00 32221,10
32 F 22 PBC 1,67 1,20 1,63 4,03 1,12 1,00 1,04 1,0 0,00 12241,10

Diagnosis: CHB � chronic hepatitis B, CHC � chronic hepatitis C, NASH � non-alcoholic steatohepatitis, LS � liver steatosis, PBC � primary biliary cirrhosis,
CDIH � chronic drug-induced hepatitis
Laboratory parameters (values given as products of upper (increased values) or lower (decreased values) reference interval values; values within the reference
interval were assigned the value 1.00): ALT � alanine aminotransferase, AST � aspartate amonitransferase, ALP � alkalic phosphatase, GMT � gamma-glutamyl-
transpeptidase, PIIINP � N-terminal propeptide of the procollagen III, MMP-1 � serum metalloproteinase 1, TIMP-1 � tissue inhibitor of MMP-1
Liver biopsy evaluation (see Tab. 2): NAI � necroinflammatory activity index, range 0 � 18; FI � fibrosis index, range 0 � 6, MEF � morphometric evaluation
of fibrosis
Sex: M � male, F � female

Tab. 3.  Clinical and laboratory data in patients with chronic liver diseases included in the study.
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examination (indexes NAI � necroinflammatory activity index,
FI � fibrosis index) and of the morphometric evaluation of fib-
rosis (MEF) are given in Table 3.

The results of correlation analysis, performed for the para-
meters listed in Table 3, are given in Table 4 as Pearson�s corre-
lation coeficients (r) and corresponding probability values (p).
The analysis showed statistically significant correlations betwe-
en the following parameters studied:

� �classical� serum markers of necroinflammatory activity
and prospective serum markers of fibrogenesis: ALT � PIIINP
(r 0.55; p<0.001), ALT MMP-1 (r -0.56; p<0.001), AST �
MMP-1 (r -0.52; p<0.002), AST � PIIINP (r 0.48; p<0.006);

� prospective serum markers of fibrogenesis used in the
study: MMP-1 � PIIINP (r -0.35; p<0.05), TIMP-1 � PIIINP
(r 0.37; p<0.04);

� histomorphologic necroinflammatory activity evaluation
and some serum �activity� markers studied: NAI � ALT (r 0.49;
p<0.004), NAI � AST (r 0.48; p<0.006), NAI � PIIINP (r 0.40;
p<0.02);

� histomorphologic evaluation of fibrosis and that of the
necroinflammatory activity: FI � NAI (r 0.47; p<0.007), MEF

� NAI (r 0.54; p<0.001), and also FI � ALT (r 0.37;
p<0.04).

A  good correlation was obtained between the semiquantita-
tive scoring of liver fibrosis and its morphometric evaluation:
MEF � FI (r 0.82; p<0.0001).

Discussion

In CLDs, the effects of various etiologic factors (toxic, viral,
metabolic, etc.) lead to the injury of liver parenchyma and other
liver structures (especially the blood and lymphatic vessels, as
well as bile ducts). The latter factors together with the reparato-
ry and regenerative processes contribute to the variability of cli-
nical and laboratory pictures, clinical course and progression of
CLD towards its more advanced stages. The relatively uniform
patterns of liver response to parenchymal injury contribute either
to the healing of the parenchyma or the whole organ, or � on
the other hand � to the progression of CLD, accompanied by
the loss of the functional liver parenchyma, its replacement by
scar connective tissue deposits, and derrangements of the mac-
ro- and micro-architecture of the diseased or injured organ (1).
These progressive changes may afflict considerably the hepatic
functional capacity and influence the prognosis in particular pa-
tients. That is why a more detailed knowledge on these proces-
ses, their regulation and possible manipulation at the molecular
level is sought to enable the development of novel therapeutic
strategies (8, 11, 12, 23).

In addition to the evaluation of clinical symptoms, physical
examination, liver imaging (ultrasonography, computed tomo-
graphy, etc.) and the �standard liver workup� laboratory tests
results, the liver biopsy examination is still considered to repre-
sent the �golden standard� procedure in the evaluation of the
progression and prognosis in CLD.

ALT AST ALP GMT  PIIINP MMP-1 TIMP-1 NAI  FI MEF

ALT -

AST r 0,95 -
p< 0,001

ALP r -0,11 -0,04 -
p< 0,55 0,82

GMT r -0,04 0,05 0,28 -
p< 0,82 0,81 0,12

PILINP r 0,55 0,48 -0,02 -0,09 -
p< 0,001 0,01 0,92 0,61

MMP-1 r -0,56 -0,52 -0,11 0,07 -0,35 -
p< 0,001 0,002 0,57 0,69 0,05

TIMP-1 r 0,09 0,12 0,10 -0,04 0,37 -0,12 -
p< 0,64 0,51 0,58 0,84 0,04 0,53

NAI r 0,49 0,48 -0,04 -0,10 0,40 -0,23 0,08 -
p< 0,01 0,01 0,81 0,60 0,02 0,21 0,66

FI r 0,37 0,32 -0,08 0,04 0,32 -0,21 -0,08 0,47 -
p< 0,04 0,08 0,65 0,82 0,08 0,24 0,65 0,01

MEF r 0,27 0,21 0,10 -0,02 0,27 -0,25 0,03 0,54 0,82 -
p< 0,14 0,24 0,63 0,92 0,14 0,17 0,86 0,001 0,0001

Laboratory parameters: ALT � alanine aminotransferase, AST � aspartate aminotransferase, ALP � alkalic phosphatase, GMT � gamma-glutamyl-transpepti-
dase, MMP-1 � serum metalloproteinase 1, PIIINP � N-terminal propeptide of the procollagen III, TIMP-1 � tissue inhibitor of MMP-1
Liver biopsy evaluation: NAI � necroinflammatory activity index, FI � fibrosis index, MEF � morphometric evaluation of fibrosis
Statistics: r � correlation coefficient, p � probability.

Tab. 4. Correlation analysis of the serum and liver histomorphologic parameters studied in the series of patients with chronic liver diseases.
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In general, the development of CLD may be assessed, ha-
ving in view the interplay of its two intertwining aspects:

a) the actual �activity� of necroinflammatory and fibrogenic
processes � the actual grade of the particular CLD, assessed
histomorphologically by the procedure of grading;

b) the placement of the particular patient on the virtual scale
from initial to the very advanced impairment of the liver structu-
re � the actual stage of CLD, assessed by the procedure of liver
biopsy staging.

In both cases various semi-quantitative scoring scales, deve-
loped and evaluated so far (5, 6, 16, 24), may be used with some
practical advantages (and drawbacks). In many instances, the
higher activity, or grade of CLD, means an increased risk or spe-
ed of its progression towards a more advanced stage of the di-
sease, prone to liver decompensation, occurence of complicati-
ons, and/or the patient�s death.

An important factor, involved in CLD progression, that also
has to be evaluated within the staging procedure, is liver fibro-
sis. Because of various limitations in liver biopsy (4, 6, 10, 19),
novel markers of fibrosis, as well as those of complex fibro-
productive/-lytic processes are sought to enable the non-invasi-
ve evaluation and monitoring in clinical practice (12, 13, 14, 15,
21, 22). Several molecules, either the elements or regulators of
metabolic pathways of the connective tissue extracellular matrix
components, are being considered as the potential candidates.

In our study, we used three serum markers of fibrogenesis,
namely the PIIINP, MMP-1, and TIMP-1, looking into their pos-
sible relationships with �classical� biochemical markers of ac-
tivity of the liver necro-inflammatory process (transaminases
ALT, AST), and with the necro-inflammatory changes and pre-
sence of liver fibrosis, as found at the histomorphological exa-
mination of the liver biopsies.

For the purpose of further comments, let us simplify the
meaning/role of the increase/decrease of serum levels of fibro-
genesis activity parameters as follows: PIIINP � its increase
may reflect an increased fibrogenic activity, or, on the other hand,
an increased fibrolysis (9, 12, 20, 31), MMP-1 � its increase
may reflect increased fibrolysis, or fibromodulation (12, 27),
TIMP-1 � being the regulatory factor of MMP-1, its increase/
decrease may reflect a decrease/increase in MMP-1 activity and
so the decreased/increased fibrolytic activity, or decreased/in-
creased fibromodulation, as well as an increased/decreased fib-
rogenesis (12, 18, 31). When viewing the results of the correla-
tion analysis (Tab. 4) performed for the serum and histomorpho-
logical parameters included in our study, the following comments
can be made:

1. We have observed a moderate correlation of the �classi-
cal� serum markers of liver necroinflammatory activity (ALT,
AST) and two of the choosen markers of the activity of fibro-
genesis (PIIINP � positive correlation, MMP-1 � negative cor-
relation). These findings are in agreement with the above men-
tioned considerations. No correlation was found between ALT/
AST and TIMP-1, as well as between that TIMP-1 and MMP-1
values. On the other hand, negative correlation was noted for
PIIINP an MMP-1, while a positive one between PIIINP and

TIMP-1. This finding also corresponds with the assumptions
concerning the role/meaning of MMP-1/TIMP-1 and PIIINP
molecules mentioned above.

2. When viewing the relationship between the results of the
histomorphologic evaluation of necroinflammatory activity in
the liver (parameter NAI) and the serum �activity� markers stu-
died, the statistically significant correlations were found between
NAI and ALT/AST/PIIINP. Interestingly, a significant correla-
tion was also noted between the results of the histomorphologic
evaluation of fibrosis (parameter FI) and that of the necroinflam-
matory activity (NAI).

3. From the methodological point of view, it should be noted
that good correlation was obtained between the semiquantitative
scoring of liver fibrosis and its morphometric evaluation (para-
meters MEF and FI; r 0.82, p<0.0001).

The interpretation of mutual parameters� correlations revea-
led in our study has to be done with caution. This is not only
because of the very complicated and complex nature of liver
fibrogenesis/fibrolysis processes themselves, but also bearing in
mind other possible interfering factors that may obscure or in-
fluence the relationships between the changes of concentrations
of various constitutive or regulatory molecules of these proces-
ses in plasma (or serum) as well as their origin, turnabout and
delivery from the liver into the bloodstream (12, 28, 31).

Despite these important methodological reservations and
precautions, we may conclude that the investigation of the cho-
osen markers of liver fibrogenesis (PIIINP, MMP-1, TIMP-1) in
patients with various CLDs has shown interesting correlations
of these parameters with those of �classical� serum markers of
liver necro-inflammation (ALT, AST), as well as with the results
of the histomorphological evaluation of liver biopsies. We belie-
ve, these findings warrant further evaluation and possible imple-
mentation in the controlled clinical trials of novel therapeutic
strategies in CLDs.

The investigation of the markers of liver fibrogenesis (namely
PIIINP, MMP-1, TIMP-1) in patients with various CLDs has
shown statistically significant correlations of these parameters
with those of �classical� serum markers of liver necro-inflam-
mation (ALT, AST) as well as the results of histomorphological
evaluation of the necro-inflammatory activity and fibrosis in liver
biopsies.
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