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Most specific morphologic signs of chronic hepatitis were studied at early stages of the diseases.

Aim. To elucidate the interrelation between fibrosis, angiogenesis and ductular reaction in chronic steatohepatitis and hepatitis C viral
infection at the stage of cirrhotic transformation.

Methods and results. 45 patients with alcoholic steatohepatitis (ASH), nonalcoholic steatohepatitis (NASH) and hepatitis C viral
infection (HCV) at the stage of cirrhotic transformation were enrolled in this study and underwent clinicopathologic examination. The
measures of fibrogenesis, angiogenesis and regeneration employed were a-SMA, CD34 and CK 19 immunopositive cells respectively.
The correlations of these factors with ASH, NASH and HCV were elucidated. Significant ductular reaction was observed only in HCV,
whereas low CK19 index could be observed in ASH and NASH. CK19 index in HCV positively correlated with septal fibrosis and
angiogenesis. The hepatic neovascularization is proportional to the degree of liver fibrosis in all three diseases.

Conclusion. The results indicate that ductular reaction plays an important role in HCV progression at the stage of cirrhotic transfor-
mation whereas fibrosis and angiogenesis prevail in ASH and NASH at the stage of cirrhotic transformation.

B3aemo3B’s130Kk Mizk GiOpo30M, aHTiOreHe30M i IYKTY/ISIPHOIO PeaKli€lo NPU NPorpecyBaHHi XpOHi4YHOI0
CTeaTorenaTuTy (aJKOroJbHOI0 Ta HEAJIKOr0JIbHOr0) Ta BipycHoro renatuty C

O. M. I'aspuniox

Binbiicte crierupivHIX MOPQOIOTiYHNX O3HAK XPOHIYHMX TEMaTHUTIB BHBUCHI HAa PaHHIX CTaJisfiX 3aXBOpIOBaHb. Mera poboTH
ToJIsITana B OL[iHIOBaHHI B3a€MO3B’sI3KiB MiXk (piOp0o30M, aHTiOreHe30M i TYKTYISPHOIO PEakIli€lo MPHU XPOHIYHOMY CTEaTorernaTuTi Ta
BipycHoMy rematuti C Ha craaii qupoTndHOI TpaHnchopmanii. 3iHCHIIN KIIHIKO-MOP(OJIOTiYHEe TOCHiKEeHHS 45 aBTONCIHHUX BH-
TaJIKiB aJIKOTOJIHOTO CTEaTOTeNaTUTy, HealKOroJIbHOTO CTeaTorenaTuTy i BipycHoro renaruty C Ha crajii nupoTHyHoi Tpanchopmaii.
Kopemsii ¢ibporenesy, aHrioreHesy Ta IyKTYIIpHOI peakilii oniHoBaNIM Ha 0CHOBI Bu3HaueHHS a-SMA, CD34 i CK19 nmo3utuBHIX
KJITHUH 13 HACTYITHUM MOP(QOMETPHYHUM aHAII30M y TPyTIax alKOroJIbHOTO, HEaJIKOTOJILHOTO CTeaTOTreNaTUTy i BipycHoro remaruty C.
BupakeHy IyKTyIsIpHY peakuiio criocTepirany mpu BipycHoMy remaruti C, a ekcripecist CK19 npu aakoroasHOMY Ta HEaIKOTOJTEHOMY
crearorenaruri Oyna Hu3bKor0. [Ipu BipycHOMY renaruTi C neil oKa3HUK MO3UTHBHO KOPETIOBAB 13 CENTaNbHUM (iOpo30M Ta aHTiore-
He3oM. [Toka3HuKH HeoBacKyIsipr3allil TKAaHIMHH Ie9iHKU OYITH PsIMO IIPONOPLIiHI cTyneHeBi (pidpo3y mpH YCiX TPhOX 3aXBOPIOBAHHSX.
Pesynbrartu cBiguaTh Ipo BaXKIIMBICTh AYKTYISAPHOI peakii y mporpecyBaHHi BipycHoro rematuty C y MOpiBHAHHI 3 MEXaHi3MaMH LIUPO-
THUYHOI TpaHc(opMalii IpH aJIKOTOIFHOMY Ta HEAJIKOTOJIbHOMY CTeaTOTeaTHTi, KOJIH JOMIHYIOTh poLiecH (GpiOporeHe3y Ta aHr10TeHe3y.

Knrwuosi crosa: neuinku xeopobu, sipycuuti cenamum C, (iopos, yupo3 neuinku.
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B3aumocssa3b Mexkay puOpo3oM, aHrHOTeHe30M U AYKTYJISIPHON peakiuell NpM NporpeccipoBaHnu
XPOHHMYECKOI0 CTeaTorenaTuTa (aJKoroJabHOro U HeaJIKoroJLHOro) M BUpycHoro rematura C

E. M. I'aspuniox

Bopmras gacth crienuduiecKiux MOpHOIOrnIECKUX MPU3HAKOB XPOHUIECKHX IeIIaTHTOB H3YUeHBI HA PAHHUX CTAIHAX 3a00IeBaHUH.
Lenbio paboThl ObLTa OLIEHKA B3aUMOCBSA3€i Mex Iy HUOPO30M, aHTHOTEHE30M U AYKTYIAPHON peaKue Ipyu XpOHMYECKOM CTeaTorerna-
THUTE U BUpycHOMY renarute C Ha CTaiuM UPPOTHYECKOi TpaHchopmanuy. [IpoBeeHo KIMHHKO-MOpPOIorHyecKoe ncciiejopatue 45
ayTOIICHIHBIX CITy4aeB aJIKOTOJIBHOTO CTEaTOTeIaTHTa, HeaJIKOTOJIbHOTO CTeaTorenaTuTa u BUpycHoro renarura C Ha CTauy OUPPOTH-
yeckoit Tpancopmanun. Koppemsto pudporenesa, aHrHoreHe3a 1 TyKTYSIPHOH peakiiy OLCHUBAIIN HAa OCHOBE ONpeAeieHus o-SMA,
CD34 u CK19-n010XXHUTENBHBIX KIETOK C HOCISAYIOIIM MOP(OMETPUUSCKIM aHAIU30M B IPYIINaX aJKOTOJILHOTO, HEaIKOTOILHOTO
cTearorenarura 1 BupycHoro renatuta C. BeIpakeHHYI0 TyKTYyIIpHYIO peakIuio HaOIIoaiy pyu BUpyCcHoM remarute C, a SKCIpeccHs
CK19 npu aikoroisHOM M HEATKOTOJIBHOM cTearorenarute Obuia Hu3koH. [1pu BupycHoM rematute C 3TOT MOKa3aTelb MOJIOKUTEIBHO
KOPPEIUpPOBA ¢ CeNTaNbHbIM (hUOPO30M M aHrHoreHe3oM. [Tokazareny HEOBAaCKyNIAPH3ALNH TKAHU NEUYSHH NPSIMO MPOIOPIHOHAIBHBI
cTeneHu Gpudpo3a IMpH BeexX Tpex 3a00J1eBaHMX. Pe3ylbraTsl CBHIETENBCTBYIOT O BXKHOCTH QYKTYJISIPHON peaknuy B IIPOTPECCHpPO-
BaHMH BHpycHOro renatuta C 1o cpaBHEHHIO ¢ MEXaHU3MaMH IIUPPOTHIECKOH TpaHC(HOPMALUH IIPU ATKOTOIILHOM U HEAJIKOTOJILHOM
cTeaTorenarure, Py KOTOPIX MpeodiIafatoT npoueccsl GpudporeHesa U aHrHOreHesa.

Knrwouesvie cnosa: neuenu 6onesuu, yuppos neueru, supycuviii 2cenamum C.
Ilamonozua. — 2014. — Ne2 (31). — C.66—69

hronic liver diseases and their end-stages, cirrhosis
and hepatocellular carcinoma are leading causes of

ASH, NASH and HCV remain unknown. Progression of
the diseases depends on persistent chronic injury, associated

morbidity and mortality worldwide with enormous socioeco-
nomic costs [1]. The main etiologies of liver cirrhosis are
chronic hepatitis C virus (HCV) and hepatitis B virus infec-
tions, alcohol abuse and as a result of metabolic syndrome
reaching epidemic proportions, an increasing prevalence of
non-alcoholic steatohepatitis (NASH).

Most specific morphologic signs of chronic hepatitis
were studied at early stages of the diseases. Histologic
changes typical for variants of cirrhotic transformation in
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with accumulation of matrix proteins, microvasculature re-
organization and reparative regeneration. All this events are
components of the so-called cirrhotic transformation of the
liver. Excess deposition of extracellular matrix components
including collagen results in the formation of connective
tissue septas, capillarization of sinusoids and following re-
organization of hepatic lobule. The key cellular mediator of
fibrosis is the myofibroblast, which may be generated from
a variety of sources including resident mesenchymal cells,
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epithelial cells in the process termed epithelial-mesenchymal
transition, as well as from circulating fibroblast-like cells
derived from bone-marrow stem cells. After the activation
myofibroblast serves as a primary collagen-producing cell
[2]. Vascular changes are important features of cirrhotic
transformation. They include signs of neovascularization
and structural changes induced by functional abnormalities
(arterialization due to shunting of the blood). Angiogenesis
in liver has specific features [3]. Another important morpho-
logic sign, seen in cirrhotic transformation is ductular reac-
tion. Pathogenetically it may be a result of several processes:
proliferation of preexisting cholangiocytes, metaplasia of
hepatocytes and differentiation of bone-marrow derived
stem cells or partially committed intrahepatic precursors
(intermediate hepatobiliary cells). In the last variant ductular
reaction may be interpreted as indirect sign of reparative
regeneration, because immature precursor cells may dif-
ferentiate into hepatocytes and biliary epitheliocytes [4].

Multiple intercellular and cell-matrix interactions are
involved in fibrogenesis, angiogenesis and regeneration but
their integrity and consequence are not well understood.
Many previous studies conducted to determine molecular
processes associated with fibrosis and angiogenesis were
performed independently, both in human and experimental
models [2]. Although later it was shown that these processes
developed synergistically, until now in most researches fi-
brosis and angiogenesis were studied separately [5]. Recent
studies have suggested that the increased ductular reaction
has an important role in fibrosis due to transformation of
epithelial cells into collagen-producing myofibroblasts and
the secretion of specific mediators. However no study has
been conducted as yet to examine the interaction between
ductular reaction and fibrosis [6,7].

Another important problem is that fibrosis, angiogenesis
and regeneration were studied in single diseases: in NASH,
in hepatitis C virus infection [6]. Ductular reaction was
described mostly in cholangiopathies or other lesions, as-
sociated with cholestasis [7].

In the current study we elucidated the possible correla-
tion between fibrosis, angiogenesis and ductular reaction in
chronic steatohepatitis and hepatitis C viral infection at the
stage of cirrhotic transformation.

Material and methods

45 autopsies from Lviv regional pathologoanatomic bu-
reau obtained between 2007 and 2011 were included in the
study. The patients’ diagnoses were alcoholic steatohepatitis,
nonalcoholic steatohepatitis and hepatitis C virus infection
at the stage of cirrhotic transformation.

Diagnosis of ASH was based on the data of alcohol abuse
and morphologic signs of alcoholic disease — cardiomyo-
pathy, chronic pancreatitis, alcoholic encephalopathy and
typical liver changes. Viral genesis was proved by sero-
logical study (RNA HCV) and morphologic signs of HCV
(METAVIR criteria) [8]. Diagnosis of NASH was verified
by the features of metabolic syndrome and hepatic changes
(Brunt criteria) [9].

The study was performed in accordance with the principles
of the 1983 Declaration of Helsinki. All procedures were
approved by the Danilo Halitsky Lviv National Medical Uni-
versity Ethics Committee (approval number 2/25.02.2008).

Liver specimens were fixed in neutral-buffered formalin
and embedded in paraffin. Sections were stained with haema-
toxylin and eosin, for morphologic evaluation and Masson’s
trichrome method for fibrosis.

Immunohistochemical stainings were performed on 4pum
thick paraffin embedded sections. After standard depar-
affinisation procedure primary antibodies were applied.
For revealing activated hepatic stellate cells/fibroblasts
monoclonal antibodies against o isoform of smooth muscle
cell actin (0a-SMA) Moa-Hu Alpha Smooth Muscle Actin,
Clone 1A4 («DakoCytomationy», Denmark) were used. For
the examination of endothelial cells sections were processed
with monoclonal antibodies Moa-Hu CD34 Class II, Clone
QB End 10 («DakoCytomation», Denmark). Cells with
the “biliary phenotype” were marked with monoclonal
antibodies Moa-Hu Cytokeratin 19, Clone RCK108 («Da-
koCytomation», Denmark). Control study was performed
for every marker in order to rule out false-positive or false-
negative results. The endogenous peroxidase activity of the
deparaffinized sections was blocked by incubating in 3%
hydrogen peroxide solution for 10 minutes. The sections
were boiled in citrate buffer for 35 minutes and left to cool
before studying with antibodies except CD34. For CD34 the
sections were incubated in trypsin for 15 minutes. Then they
were incubated with biotin-added anti-immunoglobulin and
streptavidin-peroxidase conjugate for 10 minutes. A kit (En-
Vision (DakoCytomation) including 3.3’-diaminobenzidine
(DAB) was used as the staining agent. Finally, the sections
were stained with Mayer’s hematoxyline for 60 seconds.
All sections were washed with pH 7.6 phosphate buffer in
every step up to the DAB application and washed with dis-
tilled water after the DAB. All procedures were performed
at room temperature.

The results were evaluated under the Leica DM 750/4
(Leica, Germany, 2008) light microscope. Cellular staining
was accepted as positive if more than 20% of cells were
positive.

The morphometric analysis has been performed at two
magnification levels by using computerized image ana-
lyzer which included a light microscope Leica DM 750/4
(Germany), digital camera Leica DFC 420 (Germany), and
Pentium 200-MHz IBM-compatible computer (RAM, 64
megabytes).The system was programmed by Leica Applica-
tion Suit (Version 3.8).

The colored microscopic images were saved serially in the
memory of a computer and then quantitative examinations
were carried out. The principle behind the computer-based
morphometry is a different staining pattern of cells following
immunohistochemistry. The cellular cytoplasm/membrane
becomes brown. For the analysis, 20 photographs of random
low-power fields (100 magnifications) and 20 high-power
fields (400 magnifications) were taken of each liver sample.
Large bile ducts and vessels were excluded. Photographs
were stored as 1280 X 1024 pixel RGB-bitmaps (bmp) with
a color-resolution of 24 bits per pixel.

Quantification was performed by assessing the ratio of
stained tissue to the total area of the liver section analyzed
using Image-ProPlus (Version 6.) imaging software. The
indexes were calculated in the three compartments: general,
septal and lobular.

Statistical evaluation: The results of the study were ana-
lyzed by “STATISTICA FOR WINDOWS 6.0” (Statsoft,
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USA) package software. The data were expressed as mean
value = standard deviation (M+SD). The differences between
groups were analyzed using ANOVA analysis (LSD test).
The correlation between two parameters was tested by Spear-
man rank correlation matrix. The results were evaluated at
the p<0.05 significance level.

Results

The clinical features of the groups are shown in table 1.
Most of the clinical features in ASH, NASH and HCV
patients were not significantly different.

Table 1

Characteristic features of patients with alcoholic
steatohepatitis, nonalcoholic steatohepatitis
and hepatitis C virus infection
(minimal, maximal, and mean value)

Alcoholic Nonalcoholic Hepatitis C
Parameter | steatohepatitis | steatohepatitis | virus infection
(n=15) (n=15) (n=15)
Gender (M/F) 11/4 5/10 11/4
41-65 52-71 22-60
Age (55.7) (60.6) (43,6)
Total bilirubin 41,6-324,5 11,9-270,3 37,8-419,4
(umol/l) (138,7) (125,9) (141,7)
Alanine
aminotransferase O,(?;—%%Z 0’?5'0282)’5 0(21;280)3
(mckat/L) ’ ’ ’
Prothrombin 32-71 47-93 42-77
index (%) (51,2) (72,4) (59,3)
Fibrosis stage
F2-5 F2-12 F2 -4
(METAVIR) _ _ _
(F2,3—n) F3-10 F3-3 F3-11

NB: M —male, F — female.

The comparison of the a-SMA+ cells areas showed sig-
nificant differences in all three groups (fig. 7). Septal a-SMA
was the highest in HCV and the lowest — in NASH. The
opposite results were revealed in the analysis of lobular
a-SMA: index was the highest in the group with NASH,
lower in ASH and the lowest in HCV. Such opposite tenden-
cies explained relative “equalizing” of the general a-SMA
indexes. However, general a-SMA was the highest in HCV,
and the lowest — in NASH with significant differences
between all groups (p< 0.001).
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Fig. 1. Analysis of a-SMA in NASH, ASH and HCV.

NB: " p<0.05 vs. NASH group; #p<0.05 vs. ASH group.

The study of the CD34+ cells area (fig. 2) showed that
general index was the highest in HCV, mostly due to the level
of the septal index which was severely higher than in other
two groups. Lobular CD34 was the highest in NASH and
the lowest in HCV. The group of ASH had the intermediate
level (significant difference with other two groups, p<0.01).

CD34 (%area)
14 .4

12

10

v
[

Lobular

L]
L
=
e —a e

0

General Septal

mNASH MASH mHCV
Fig. 2. Analysis of CD34 in NASH, ASH and HCV.
NB: " p<0.05 vs. NASH group; #p<0.05 vs. ASH group.

The evaluation of CK19-positive cells area in the liver
section (fig. 3) showed the highest degree in HCV group.
Differences of this marker from the markers revealed in
NASH and ASH were statistically significant. In addition
to quantitative parameters localization of ductular reaction
and cellular phenotype were analyzed. Diffuse spreading
of the cells with «biliary phenotype» within the thickness
of connective tissue septas was found in NASH and ASH.
Most ductules were laid by homogenous cuboidal cells and
contained distinct lumens. In HCV CK19-positive cells were
revealed mostly in the site of marginal plate between the lob-
ular parenchyma and connective tissue septa. In histologic
examination cellular population with «biliary phenotype»
was more heterogenous and some ductules had no lumens.
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CK19

mNASH mASH mHCV

Fig. 3. Analysis of CK19 in NASH, ASH and HCV.
NB:" p<0.05 vs. NASH group; *p<0.05 vs. ASH group.

The correlations between the endothelial marker and
fibrogenesis index were studied. Positive correlations were
found for the septal CD34 and septal a-SMA (r=0.507,
p<0.001). The lobular expression of CD34 correlated with
marker of lobular fibrosis (correlation of lobular CD34 and
o-SMA; r=0.79, p<0.001).

In order to evaluate the role of CK19+ cells in the mor-
phogenesis of fibrosis correlations between this marker
and indexes of fibrogenesis and angiogenesis were studied.
Direct significant correlation was revealed between the
CK19 and values of septal (a-SMAS: r=0,6899, p=0,001;
CD34S:1r=0,2878, p=0,055) and general indexes (a-SMAG:
r=0,6257, p<0,001, CD34G: r=0,6428, p<0,001). Inverse
correlation was found between the CK 19 and lobular indexes
of fibrogenesis and angiogenesis (a-SMAP: r= -0,9513,
p<0,001; CD34P: r=-0,7003, p<0,001).

Fibrogenesis depends on the cells which are able to
produce elements of the extracellular matrix — «myofibro-
blasts». The heterogeneous population of fibrogenic cells
in the liver is presented by portal/septal fibroblasts, hepatic
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stellate cells and cells with intermediate phenotype. The
activation of these cells is associated with the changes in
the phenotype (expression of a-SMA and other markers)
and functional activity (increased contractility, prolifera-
tion, secretion, migration). The quantitative analysis of the
a-SMA + cells area at the stage of cirrhotic transformation in
chronic steatohepatitis and viral hepatitis shows the highest
level of septal fibrosis in HCV and prominent intralobular
fibrogenesis in NASH. These findings coincide with results
of other researches [2].

Recent studies have revealed that angiogenesis plays
an important role in many pathological events, including
liver fibrosis development [11]. Angiogenesis in the liver
is manifested by septal neovascularization and phenotypic
changes of the hepatic sinusoidal endothelial cells. Vascular
marker CD34 is expressed in the endotheliocytes of portal
vessels, central vein and some peripheral sinusoids. It has
been reported that CD34 is not expressed by healthy SECs,
but when SEC:s alter their phenotype, they can express CD34
[3]. Our results show increased level of CD34+ cells area in
ASH, NASH and HCV at the stage of cirrhotic transforma-
tion. The highest degree of angiogenesis, mostly in the septal
compartment, is seen in HCV. Intralobular CD34+ cells area
is prominent in NASH. A recent study on chronic hepatitis
C has shown that the number of CD34+ new vessels was
significantly increased and positively correlated with the
fibrosis stage [10]. The degree of CD34+ neovascularization
was almost parallel to the development of liver fibrosis in
NASH [10]. These results are consistent with our findings:
presence of positive correlation between the markers of
fibrogenesis and angiogenesis in all three diseases.

Ductular reaction previously was interpreted only as a
sign of cholestatic liver diseases. Recently it was shown
that proliferation and differentiation of cells with «biliary
phenotype» are associated with progressive fibrosis. Two
mechanisms may explain this phenomenon. The first named
epithelial-mesenchymal transition suggests transformation
of liver epithelial cells (hepatocytes and cholangiocytes)
towards myofibroblasts. EMT markers (fibroblast specific
protein-1, vimentin) were shown to localize in DR elements
in liver in primary biliary chirrosis, alcoholic liver injury,
NASH and HCV [11]. The second mechanism is based on the
secretory properties of the activated progenitor cells which
are able to produce inflammatory cytokines, chemoattractive
proteins and inhibitors of apoptosis [7] with profibrogenic

effect. Our results show the most prominent ductular reaction
in HCV. Multiple groups of CK19+ cells are revealed in the
marginal zone between the stromal and parenchymal com-
partments. While in ASH and NASH new-formed ductules
are not so prominent and have a diffuse distribution in the
connective tissue septa. These observations are in harmony
with the findings of Italian researches who observed promi-
nent ductular reaction in HCV [5].

Analysis of cellular phenotype in CK19+ cells showed
differences between the etiopathogenetic groups. In ASH
and NASH homogenous cuboidal cells and distinct ductular
lumens likely were the result of biliary epithelial cell pro-
liferation from the preexisting ductules. In HCV genesis of
heterogenous cellular population with «biliary phenotype»
and ductules with indistinct lumens may be associated with
activation and proliferation of immature precursors — inter-
mediate hepato-biliary cells. Such histologic findings may
be found in routine HE staining and used as indirect criteria
of predominant mechanism of ductular reaction.

The presence of direct correlation between the septal
a-SMA, CD34 and CK19 confirms importance of ductular
reaction in the progression of fibrosis in HCV likely due to
exertion of profibrogenic activity by CK19+ cells. In ASH
and NASH such associations are not so evident. Presence
of inverse correlation between CK19 and lobular a-SMA,
CD34 suggests evidence of the other mechanisms maintain-
ing progressive fibrogenesis and angiogenesis in the lobular
compartment (oxidative stress, repair). Direct correlation
between the CK 19 and septal markers in these diseases likely
confirms coexistence of different mechanisms of fibrosis at
the stage of cirrhotic transformation.

Conclusions

1. At the stage of cirrhotic transformation only the liver of
HCYV cases had marked ductular reaction, whereas in ASH
and NASH livers did not.

2. CK19 index in HCV positively correlated with septal
fibrosis and angiogenesis.

3. The hepatic neovascularization is proportional to the
degree of liver fibrosis in all three diseases.

Perspectives for future studies. The results indicate that
the interrelation between a-SMA, CD34 and CK 19 may play
important role in the progression of HCV. More researches
are necessary for understanding of the mechanisms of cir-
rhotic transformation in ASH and NASH.
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