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Abstract

Our study includes 102 cases of liver biopsy previously diagnosed with chronic alcoholic hepatitis and also B and C viral hepatitis. In these
cases, we analyzed the extension of fibrosis with two different methods. First, we evaluated fibrosis with the subjective Knodell score;
secondly, we used digital image analysis to achieve this. We also used immunohistochemical methods to mark those cells positive at
Smooth Muscle Actin (SMA) and Glial Fibrillary Acidic Protein (GFAP). We have observed that the extension of fibrosis was most
predominant in cases with B viral chronic hepatitis, while the number of cells responsible of fibrosis (stellate cells, myofibroblasts) was
highest in C viral chronic hepatitis. These differences help clinician to divide patients into those who may be treated with interferon and
those treatable with antiviral therapy. We observed ductular reaction (as shown by cytokeratin 7 immunostaining) within the lobular
structure more frequently in alcohol related chronic hepatitis, whilst in C viral chronic hepatitis this reaction was more readily seen in portal
spaces. We have concluded that patients with C viral hepatitis can benefit most from a correctly indicated hepatic biopsy since in these
cases the lesions might be observed in an early and potentially curable phase.
Keywords: liver fibrosis, liver regeneration, image analysis, ductular reaction.

 Introduction
Staging fibrosis in hepatic biopsies is mandatory, not
only for patient evaluation but also for controlling the
efficacy of applied treatment. Therefore, study of fibrosis in hepatic biopsies is the key factor in determining
the stage of alcoholic, viral or autoimmune liver disease.
It aids the examiner in appreciating severity of the
destructive processes that eventually may lead to
cirrhosis, hepatocellular carcinoma and liver failure.
Fibrosis and cirrhosis, in fact, represent different
stages of a dynamic, bidirectional disease spectrum that
can either progress or regress. Research aimed at
determining fine details of liver fibrogenesis brought
substantial proof that support this bidirectionality and
therefore opening up new anti-fibrogenetic therapeutic
ways [1–3]. The optimal moment of treatment and
follow-up requires novel diagnostic methods to assess
the initial and intermediate phases of fibrosis.
Recognition of oval cells and myofibroblasts represents
a new method in evaluating liver fibrosis. Since it is
know that they play an important role in the etiology of
fibrosis, their assessment brings new insights into
modern therapeutic approach.
 Material and Methods
In order to grade fibrosis, we determined the subjective
Knodell score for 102 liver biopsy cases [4, 5], selected

out of 108 cases processed in the Pathology Department
of Mures Emergency County Hospital in 2007. The results
were then compared with digital morphometry analysis
of fibrosis performed on the same specimens.
Digital image processing system composed of a
Nikon DN100 CCD camera connected to a researchlevel microscope, Nikon Eclipse E800 was used. Microscopic images were captured using the camera’s control
unit and saved to a compact flash drive, later transferred
to a personal computer. Microscopic slides were stained
with Masson’s Trichrome method and from each case a
number of three to 10 digital pictures were captured,
depending on sample size, at one hundred magnification. Images were saved in 24-bit color depth [6, 7].
Digital image processing was performed using
Wayne Rasban’s ImageJ programme developed at the
National Institute of Health, USA [8]. Processing of
images consisted of measuring fibrotic tissue areas
against normal liver tissue. Proportions between the two
were determined using O’Brian’s formula, determining
the average area of fibrosis (PMF):
PMF = ∑n PF/n,
where n is the number of digital images captured for
each case.
We studied fibrosis by marking two types of cells:
hepatic stellate cells and myofibroblasts. It is recognized
that hepatic stellate cells originate from Ito cells after
these are activated by various cytokines released by the
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injured hepatocytes. Myofibroblasts are derived from
activated stellate cells, initiators of fibrosis in liver.
These cells were marked by the following antibodies:
GFAP, Desmin and SMA.
Biliary ductular reaction was determined using cytokeratin 7 (CK7) expression in the mentioned chronic
hepatitis types. Cytokeratin 7 is a well-known marker of
cholangiocytes and recently has been proved to mark
their precursor cells also, located in the Herring
channels [10]. It is worth mentioning that CK7-positive
cells are absent from lobular level, their presence being
a pathological phenomenon. Therefore, even a minimal
nuber of marked cells was considered pathological.
For immunostains we used LabVision antibodies
(Table 1) and the EndVision system by LabVision. For
CK7 we have performed antigen retrieval in EDTA
solution, pH 9, at 1000C. After that, the endogenous
peroxidase blocking through hydrogen peroxide
incubation was performed and slides were incubated
with Primary Antibody for 20 minutes, Primary Antibody Enhancer for other 20 minutes and, finally, with
Large Volume HRP solution for 30 minutes. In case of
GFAP and SMA antibodies, we have followed same
steps, except heat antigen retrieval. Development was
performed with DAB (diaminobenzidine dihydrochloride) solution, which was applied for 3–5 minutes.
Nuclei were stained using Mayer’s Hematoxylin.
Table 1 – Antibodies used
No. Antibody
1.

GFAP

2.
3.

SMA
CK7

Clone
6F2

Dilution Company
1:75

1A4
1:2000
OVTL12/30 1:100

Note
stellate cells
Dako
myofibroblasts
LabVision myofibroblasts
LabVision cholangiocytes

GFAP – Glial Fibrillary Acid Protein, SMA – Smooth Muscle Actin, CK –
Cytokeratin.

 Results
Beside sex, age, liver disease type and Knodell score
(evaluated by two pathologists), to each case, another
parameter has been quantified, namely the average
fibrosis area (PMF – percentage of fibrotic tissue). This
latter value was calculated using digital morphometry
(Table 2). As shown in Table 2, necrotic and inflammatory processes, expressed by histologic activity, fibrosis,

Figure 1 – GFAP-positive perisinusoidal myofibroblast,
ob. 40×.

Knodell score and PMF value were most readily seen in
chronic B viral hepatitis. Alcohol related liver disease
was characterized by intermediate values, while C viral
hepatitis had the lowest values of histologic activity and
fibrosis with lowest scores of fibrosis. In the same table,
the concordance of fibrosis with inflammation and
necrosis as shown by histological activity average, can
be observed.
Table 2 – Average values of fibrosis
H

Average age
Urb/Rur
[years]

Al
B
C

55
39
46

8/7
20/9
35/23

Histologic
activity
7.8
8.87
4.5

1

Fibrosis
2 PMF%

2.2 2.2
1.8 2.2
2 1.7

34.00
36.74
26.26

H (hepatitis): Al – alcoholic, B – viral B, C – viral C; Urb – urban, Rur –
rural, 1 – Knodell score by first pathologist; 2 – Knodell score by second
pathologist; PMF – average fibrosis percentage.

Results of immunohistochemical studies were presented in Table 3. They further characterize the differences in pathological changes observed in the three
types of hepatitis (H).
Table 3 – Percentage of GFAP-, SMA- and CK7positivity
H
Al
B
C

GFAP
No. of
cases S% P%
I%
15
29
58

80 33.3
82.7 41.3
86.2 55.1

0
13.7
20.6

S%

SMA
P%

26.6
62
94.8

6.66
0
37.9 6.8
70.6 20.6

I%

CK7
L% P%
32
24
19

46
64
72

H – hepatitis: Al – alcoholic, B – viral B, C – viral C, S% – percentage of
cases with perisinusoidal positivity, P% – percentage of cases with portal
positivity, I% – percentage of cases with interface positivity, L% –
percentage of cases with lobular positivity.

Cells positive for GFAP and SMA, namely hepatic
stellate cells and myofibroblasts, had the following
localizations: perisinusoidal (Figure 1) and perihepatocytic (Figure 2), along the so-called interface or contact
lines and, finally, at portal levels. Number of these cells
in the three structural zones (sinusoidal, portal and
interface) increased from alcohol related hepatitis,
through B- to C-viral chronic hepatitis. Both of them
were most abundant at sinusoidal level and also in Cviral chronic hepatitis, because they show same process
of differentiation and transformation. They number was
lower in alcohol-related chronic hepatitis.

Figure 2 – Reaction to SMA highlights fine cytoplasmic processes of myofibroblasts, ob. 100×.
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We have determined biliary ductal reaction,
using CK7-antibody, in two distinct zones: the portal
and lobular areas. Ductular reaction was most
readily observable at portal level in alcohol related
chronic hepatitis, since it has the greatest number
of CK-positive cells in this area (Figure 3), as opposed

Figure 3 – Trabecula of CK7-positive cells, ob. 10×.

 Discussion
Liver tissue regeneration is based on two mechanisms: one lead by hepatocytes and the other by hepatic
progenitor cells (stem cells or oval cells). These mechanisms are mutually exclusive, the former mechanism
being responsible for regeneration processes seen in
acute lesions, while the latter in chronic hepatocyte
lesions [11]. Fibrosis, an omnipresent process of the
human body, is a generic tissue response to injury,
shock or tissue destruction and its main purpose is
restitution of tissue and organ integrity. If the factors
that initiate fibrosis appear suddenly and are of short
time, healing occurs via per primam intentionem.
In cases where healing is delayed or the initiating factor
persists over a longer period of time, fibrosis will
eventually develop leading to the accumulation of extracellular matrix components, scar tissue foci and
functional impairment [12].
Interferon and anti-viral treatment, not until recently
introduced in the therapy of viral hepatic disease, also
facilitated the development of various follow-up
methods of chronic hepatic disease, which includes
grading of fibrosis. From these methods we used a
subjective one (Knodell score) and an objective one
(digital morphometry). We had to use the Knodell score
since many of the hepatology clinics demand the use of
this scoring system. It is worth mentioning however that
Ishak score, which is based on the evaluation of six
parameters, seems to be more precise in describing the
grade of fibrosis [13].
The number of articles that take advantage of digital
morphometry is increasing [13–15]. Next to proving
that our laboratories are equipped with basic equipment
to perform these quantifications, it is nevertheless
important to mention that preparation of images is of
utmost importance. In this regard, so-called “parasitic
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to B- and C-viral chronic hepatitis (Table 3) where
ductular reaction is mostly present in lobules. It seems
obvious that in various inflammatory processes cells
at the periphery of the lobule alter their immunophenotype, proved by their positivity for CK7
(Figure 4).

Figure 4 – Hyperplasia of CK7-positive cells disintegrates the structure of the pseudo-lobule, ob. 4×.

areas” are of great interest, since having the same color
as the fibrotic areas (especially when using Masson’s
trichrome stain) they can potentially alter morphometry
findings. Using Syrius red might resolve this issue [15].
Average fibrosis grades obtained with the two methods
are very close to each other; therefore, automated
quantification of liver fibrosis is a reliable method [7].
Low average values of fibrosis (as determined by the
Knodell score and PMF) in C viral hepatitis is
surprising; however, others have come to the same
findings [16]. Changes in patient selection criteria for
interferon treatment partially explain this. On the other
hand, most authors also included in their studies cases
with previous interferon treatment.
Recent studies have been showed that many of the
hepatocytes are capable of transforming into myofibroblasts and to produce fibrosis. This includes biliary
epithelial cells. Moreover, not until recently, it has been
proved that even some hepatocytes may have these
properties [17, 18]. The presence of an epithelialmesenchymal transformation (EMT) factor explains this
phenomenon. This process is initiated by members of
the transforming growth factor beta family, which
suppress epithelial protein expression (e.g. E-cadherin)
and activate mesenchymal markers, such as matrixmetalloprotease-2 (MMP-2) and smooth muscle actin
(alpha-SMA) [19]. Hepatic progenitor cells have been
isolated, that are capable of repopulating the injured
liver. These cells express both mesenchymal and
epithelial markers [20] and are activating upon the
depletion of accommodation reserves of normal hepatocytes [21, 22]. During this phenomenon a great number
of small and oval shaped cells are accumulate in liver.
They are characteristically are located near of stellate
cells and extracellular matrix, which is producing
mesenchymal cells. Oval cells are capable of differenttiating into either hepatocytes or cholangiocytes, while
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stellate cells differentiate into collagen producing myofibroblasts [17, 23]. GFAP affinity for hepatic stellate
cells is well-documented [24]. It is accepted that these
cells gain myofibroblastic traits proven by the expression of smooth muscle actin [25, 26]. Our results,
presented in Table 3, showed an increased number of
these cells in B and C viral chronic hepatitis as opposed
to chronic alcohol related liver disease. These findings
indicate an increased fibrogenic potential of B and C
viruses, and their primary sinusoidal localization highlights the transforming effect of beta-TGF, produced by
cholangiocytes and Kupffer cells [27].
The presence of GFAP and SMA expressing cells
indicate various phases of fibrosis. Lower number of
SMA-positive cells and presence of CK7-positive cells
in portal spaces indicate and advanced fibrosis with
fibrotic tissue maturation, this pattern being observed
predominantly in alcohol-related chronic hepatitis.
An increased number of these cell types is found in B
and C viral chronic hepatitis and indicates an initial
stage of, or ongoing fibrosis. These observations are in
harmony with the findings of Japanese researchers who
observed that decrease of epimorphine levels, which is a
mesenchymal protein expressed in hepatic stellate cells,
is associated with increase of SMA-positive cells in the
initial phases of fibrosis. In recrudescent phases of acute
and chronic liver lesions and in the regenerative phases,
increase of epimorphine levels leads to decrease of
SMA-positive cells [28].
Ductular reaction is responsible for the proliferation
of small biliary channels and of marginal cells of the
hepatic lobule, this phenomenon being extensively
studied by a research team of our department from 1973
[29, 30]. It has been confirmed that these cells are in
fact small cholangiocytes with secretory properties that
are able to produce inflammatory cytokines, chemoattractive proteins and inhibitors of apoptosis [31].
Cytokeratin 7 is expressed in progenitor cells and
cholangiocytes, but hepatocytes lack its expression [32].
CK7 and CK9 are alternatively termed biliary cytokeratins [10].
Difference between the percentages of portal CK7
positive cells reflects the severity of fibrosis. In alcoholrelated chronic liver disease, the fibrosis is more
advanced, with the presence of mature fibrotic tissue,
whilst in B and C viral chronic hepatitis the fibrotic
process is in an earlier stage or is in its ongoing phase in
the Kiernan spaces.
 Conclusions
Our results point out the utility of immunohistochemical methods in emphasis of those cells which play
an important role in hepatic fibrogenesis (marked
with SMA, GFAP and CK7), in B- and C-viral chronic
hepatitis. These methods seem to have a lower
significance in alcohol related chronic hepatic disease.
Acknowledgements
This work was partially supported by the Romanian
National University Research Council (CNCSIS),
Ministry of Education and Research, projects frame:
“Ideas”, No. 1173/2009.

References
[1] ARIF A, LEVINE RA, SANDERSON SO, BANK L, VELU RP,
SHAH A, MAHL TC, GREGORY DH, Regression of fibrosis in
chronic hepatitis C after therapy with interferon and
ribavirin, Dig Dis Sci, 2003, 48(7):1425–1430.
[2] ARTHUR MJP, Reversibility of liver fibrosis and cirrhosis
following treatment for hepatitis C, Gastroenterology, 2002,
122(5):1525–1528.
[3] RACHFAL AW, BRIGSTOCK DR, Connective tissue growth
factor (CTGF/CCN2) in hepatic fibrosis, Hepatol Res, 2003,
26(1):1–9.
[4] KNODELL RG, ISHAK KG, BLACK WC, CHEN TS, CRAIG R,
KAPLOWITZ N, KIERNAN T, WOLLMAN J, Formulation and
application of a numerical scoring system for assessing
histological activity in asymptomatic chronic active hepatitis,
Hepatology, 1981, 1(5):431–435.
[5] EGYED-ZS I, EGYED-ZS I, Classical histopathological diagnosis of chronic hepatitis, Orv Tud Ert, 2000, 74:246–252.
[6] EGYED-ZS I, EGYED-ZS I, Knodell and Kendall in hepatology,
Orv Tud Ert, 2008, 81(1):42–45.
[7] EGYED-ZS I, SIN A, EGYED-ZSIGMOND I, MEZEI T, KONCSAG E,
Semiquantitative and digital methods for quantification
of fibrosis in liver biopsies, Rev Med Farm, 2008,
54(3):195–197.
[8] ***, ImageJ: image processing and analysis in Java,
http://rsb.info.nih.gov/ij, 2010.
[9] O’BRIEN MJ, KEATING NM, ELDERINY S, CERDA S,
KEAVENY AP, AFDHAL NH, NUNES DP, An assessment of
digital image analysis to measure fibrosis in liver biopsy
specimens of patients with chronic hepatitis C, Am J Clin
Pathol, 2000, 114(5):712–718.
[10] SAXENA R, THEISE N, Canals of Hering: recent insights and
current knowledge, Semin Liver Dis, 2004, 24(1):43–48.
[11] VIEBAHN CS, YEOH GCT, What fires Prometheus? The link
between inflammation and regeneration following chronic
liver injury, Int J Biochem Cell Biol, 2008, 40(5):855–873.
[12] KISSELEVA T, BRENNER DA, Mechanisms of fibrogenesis,
Exp Biol Med (Maywood), 2008, 233(2):109–122.
[13] LAZZARINI AL, LEVINE RA, PLOUTZ-SNYDER RTJ,
SANDERSON SO, Advances in digital quantification
technique enhance discrimination between mild and
advanced liver fibrosis in chronic hepatitis C, Liver Int,
2005, 25(6):1142–1149.
[14] CHEVALLIER M, GUERRET S, CHOSSEGROS E, GERARD F,
GRIMAUD JA, A histological semiquantitative scoring
system for evaluation of hepatic fibrosis in needle liver
biopsy specimens: comparison with morphometric studies,
Hepatology, 1994, 20(2):349–355.
[15] MASSEROLI M, CABALLERO T, O’VALLE F, DEL MORAL R,
PÉREZ-MILENA A, DEL MORAL RG, Automatic quantification
of liver fibrosis: design and validation of a new image
analysis method: comparison with semiquantitative indexes
of fibrosis, J Hepatol, 2000, 32(3):453–464.
[16] JÁRMAY K, KARÁCSONY G, OZSVÁR Z, NAGY I, SCHAFF Z,
LONOVICS J, Histological characteristics of chronic hepatitis
C in biopsy material, Orv Hetil, 1998, 139(33):1955–1960.
[17] RYGIEL KA, ROBERTSON H, MARSHALL HL, PEKALSKI M,
ZHAO L, BOOTH TA, JONES DE, BURT AD, KIRBY JA,
Epithelial–mesenchymal transition contributes to portal
tract fibrogenesis during human chronic liver disease,
Lab Invest, 2008, 88(2):112–123.
[18] ZEISBERG M, YANG C, MARTINO M, DUNCAN MB, RIEDER F,
TANJORE H, KALLURI R, Fibroblasts derive from hepatocytes
in liver fibrosis via epithelial to mesenchymal transition,
J Biol Chem, 2007, 282(32):23337–23347.
[19] SICKLICK JK, CHOI SS, BUSTAMANTE M, MCCALL SJ,
PÉREZ EH, HUANG J, LI YX, ROJKIND M, DIEHL AM,
Evidence for epithelial–mesenchymal transitions in adult
liver cells, Am J Physiol Gastrointest Liver Physiol, 2006,
291(4):G572–G583.
[20] YOVCHEV MI, GROZDANOV PN, ZHOU H, RACHERLA H,
GUHA C, DABEVA MD, Identification of adult hepatic
progenitor cells capable of repopulating injured rat liver,
Hepatology, 2008, 47(2):636–647.
[21] FAUSTO N, Liver regeneration and repair: hepatocytes,
progenitor cells, and stem cells, Hepatology, 2004,
39(6):1477–1487.

Immunohistochemical comparative study of fibrosis and biliary ductular reaction in alcoholic and viral chronic hepatitis
[22] ROSKAMS T, YANG SQ, KOTEISH A, DURNEZ A, DEVOS R,
HUANG X, ACHTEN R, VERSLYPE C, DIEHL AM, Oxidative
stress and oval cell accumulation in mice and humans with
alcoholic and nonalcoholic fatty liver disease, Am J Pathol,
2003, 163(4):1301–1311.
[23] FRIEDMAN SL, Stellate cells: a moving target in hepatic fibrogenesis, Hepatology, 2004, 40(5):1041–1043.
[24] BUNIATIAN G, GEBHARDT R, SCHRENK D, HAMPRECHT B,
Colocalization of three types of intermediate filament
proteins in perisinusoidal stellate cells: glial fibrillary acidic
protein as a new cellular marker, Eur J Cell Biol, 1996,
70(1):23–32.
[25] IJZER J, ROSKAMS T, MOLENBEEK RF, ULTEE T, PENNING LC,
ROTHUIZEN J, VAN DEN INGH TS, Morphological characterisation of portal myofibroblasts and hepatic stellate cells
in the normal dog liver, Comp Hepatology, 2006, 5:7–16.
[26] TOMANOVIC NR, BORICIC IV, BRASANAC DC, STOJSIC ZM,
DELIC DS, BRMBOLIC BJ, Activated liver stellate cells
in chronic viral C hepatitis: histopathological and immunohistochemical study, J Gastrointestin Liver Dis, 2009,
18(2):163–167.
[27] LEWINDON PJ, PEREIRA TN, HOSKINS AC, BRIDLE KR,
WILLIAMSON RM, SHEPHERD RW, RAMM GA, The role of
hepatic stellate cells and transforming growth factor-beta(1)
in cystic fibrosis liver disease, Am J Pathol, 2002,
160(5):1705–1715.

269

[28] YOSHINO R, MIURA K, SEGAWA D, HIRAI Y, GOTO T,
OHSHIMA S, MIKAMI K, YONEYAMA K, SHIBUYA T, WATANABE D,
KATAOKA E, TAKEUCHI S, ENDOH A, SATO W, WATANABE S,
Epimorphin expression and stellate cell status in mouse
liver injury, Hepatol Res, 2006, 34(4):238–249.
[29] SERES-STURM L, MAROS T, SERES-STURM M, Regeneration
of intrahepatic biliary ducts after subtotal hepatectomy in
rats, Morphol Embryol (Bucur), 1981, 27(1):7–9.
[30] SERES-STURM M, MAROS T, SERES-STURM L, Data concerning the interpretations of biliary neocanaliculi in
prolonged biliary stasis, Morphol Embryol (Bucur), 1978,
24(3):249–251.
[31] GREENBAUM LE, Hedgehog signaling in biliary fibrosis,
J Clin Invest, 2008, 118(10):3263–3265.
[32] DURNEZ A, VERSLYPE C, NEVENS F, FEVERY J, AERTS R,
PIRENNE J, LESAFFRE E, LIBBRECHT L, DESMET V, ROSKAMS T,
The clinicopathological and prognostic relevance of cytokeratin 7 and 19 expression in hepatocellular carcinoma.
A possible progenitor cell origin, Histopathology, 2006,
49(2):138–151.

Corresponding author
Emeric Egyed-Zsigmond, MD, PhD, Department of Pathology, University of Medicine and Pharmacy of TârguMureş, 16/1 Sălişte Street, 540520 Târgu-Mureş, Romania; Phone +40265–261 777, e-mail: iegyed@clicknet.ro

Received: January 25th, 2010
Accepted: April 10th, 2010

