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Objective: Prion protein (PrP) expresion has previously
been demonstrated in activated hepatic stellate cells
(HSC), which play a key role in the development of liver
fibrosis. In this study, we aimed to investigate the cor-
relation between PrP expression and hepatic inflamma-
tion/fibrosis in patients with chronic viral hepatitis (CVH).

Material and Methods: Liver specimens of 40 patients
with CVH and 10 patients with metastatic liver disease
having a normal liver architecture as a control group
were evaluated. ThePrP staining index was calculated
by counting PrP positive cells per microscopic field after
immunostaining. Hepatic inflammatory activity and fibro-
sis scores were evaluated and compared with the num-
ber of PrP positive HSC.

Results: Varying degrees of PrP expression were
detected in histologic samples of the liver in patients
with CVH, whereas no staining was observed in control
specimens. It was also detected that the grade of inflam-
matory activity and stage of liver fibrosis were signifi-
cantly correlated with PrP staining index (p=0.0001 for
inflammation and p=0.005 for fibrosis).

Conclusions: PrP is a good marker of activated HSC
and correlates well with the inflammatory activity and
stage of fibrosis in CVH.

Key words: Prion protein; viral hepatitis; liver fibrosis; hepatic
stellate cell.

Amag: Prion protein (PrP) ekspresyonu karaciger fibro-
zisinde anahtar rol oynayan karaciger yildizsi hiicrele-
rinde gosterilmistir. Bu calismada PrP ekspresyonu ile
kronik viral hepatit hastalarindaki hepatik inflamasyon ve
fibrosis arasindaki iligki arastiriimistir.

Gereg ve Yontemler: 40 kronik viral hepatit hastasinin
karaciger biyopsileri ve kontrol grubu olarak da 10 adet
metastatik karaciger hastaligi nedeniyle opere olan ve
normal karaciger dokusu bulunan hastalarin biyopsileri
calismaya alindi. Iimmiin boyama sonrasi PrP boyanma
indeksi her mikroskopik alandaki PrP pozitif hicreler
sayilarak hesaplandi. Hepatik inflamatuvar aktivite ve
fibrozis skorlari ile PrP pozitif hiicre sayisi arasindaki
iliski karsilastirldi.

Bulgular: Kronik viral hepatit hastalarinin karacigerle-
rinde degisik oranlarda PrP ekspresyonu saptanirken,
kontrol grupta hi¢ boyanma gozlenmedi. Ayrica PrP
boyanma indeksi ile kronik hepatit inflamatuvar aktivite
derecesi ve fibrozis evresi arasinda anlamli bir kore-
lasyon bulundu (inflamasyon i¢in p=0.0001, fibrozis igin
p=0.005).

Sonugc: PrP aktivitesi karaciger yildizsi hicrelerinin bir
belirleyicisidir. Ayrica PrP boyanmasinin kronik viral
hepatit hastalarinda karaciger inflamasyonu ve fibrozisi
ile iyi bir korelasyonu mevcuttur.

Anahtar sézcikler: Prion protein; viral hepatit; karaciger fibro-
zis; karaciger yildizsi hiicre.
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INTRODUCTION

Prion protein (PrP) is a glycosylated cell-surface pro-
tein which is predominantly expressed in the neurons
and glia of the central nervous system. Although the
exact function of PrP could not been elucidated, some
studies suggest that it has a role in synaptic transmis-
sion, protection against oxidative stress and copper
binding.!! PrP is a distinctive, transmissible infectious
protein with no detectable associated nucleic acids. PrP
is the causative agent of ultimately fatal neurodegenera-
tive diseases called transmissible spongioform encepha-
lopathies of humans (such as Kuru and Creutzfeldt-
Jacob disease) and of animals (scrapie in sheep, bovine
spongioform encephalopathy in cattles). Histologically,
all of these diseases are characterized by accumulation
of insoluble aggregates of fibrillary PrP and spongio-
form vacuolation of the brain. PrP is an unconventional
infectious agent with respect to the features of extreme
resistance to inactivation, causing no humoral or inflam-
matory response during the course of the disease. A
noninfectious form of PrP is present in normal mam-
malian brains on the surface of neurons and glial cells.
It is also expressed in other tissues such as the stomach,
kidney, spleen, leucocytes, macrophages and platelets.
The function of noninfectious PrP is unknown, but it
is suggested to be related to cellular response to oxida-
tive stress, copper binding and synaptic transmission.
The conversion of PrP into a transmissible infectious
protein form, which is also known as scrapie PrP, has
been thought to be involved in a number of human and
animal neurodegenerative diseases such as spongioform
encephalopathies.?®!

Hepatic stellate cells (HSC), together with sinusoidal
endothelial cells, constitute the wall of the liver sinu-
soids, and activation of these cells has a central role in
the development of liver fibrosis.[®! Therefore, the deter-
mination of HSC activation is important in recognizing
the liver fibrosis in an early and potentially reversible
stage. Alpha-smooth muscle actin (ASMA), neural cell
adhesion molecule (N-CAM), nestin and synapthophy-
sin have been previously reported as markers of HSC
activation.”® In addition to these markers, PrP has been
suggested as a novel marker of activated HSC in animal
and human studies.'@ In the first human study, the
number of PrP-positive cells correlated well with the
grade of hepatic inflammation but not with the stage of
fibrosis in patients with chronic hepatitis.'” However,
this result has not been confirmed by other studies. This
study aimed: (i) to confirm the role of PrP in HSC acti-
vation and (ii) to clarify the association of PrP-positive
HSC with the stage of fibrosis in patients with chronic
viral hepatitis (CVH).

MATERIAL AND METHODS

Liver specimens, collected and diagnosed at the
Pathology Department of Our University between
2004-2007 years, were evaluated retrospectively. Forty
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patients with CVH due to hepatitis B (n=33) and hepa-
titis C (n=7), and 10 patients with liver metastasis hav-
ing normal liver architecture in histologic sections and
without chronic liver disease as a control group, were
selected from the archives of the Pathology Department.
Demographic and clinical characteristics of the study
groups were noted (Table 1).

All of the materials were fixed in 10% formalin solu-
tion, embedded in paraffin blocks, and stained by hemo-
toxylin and eosin routinely. Monoclonal primary antibod-
ies against PrP, ASMA, LSAB kit and diaminobenzidin
tetrahydrochloride (DAB) chromogen were obtained from
DAKO (Glostrup, Denmark). The primary antibody to PrP
was diluted to 1:100. The ASMA was in a prediluted form.
The sections were incubated with primary antibody to PrP
overnight at 4°C and were incubated with primary anti-
body to ASMA for 20 min at room temperature. Then, they
were treated with methanol containing 0.003% hydrogen
peroxide for 20 min at room temperature to inhibit endog-
enous peroxidase activity. DAB was used for the peroxi-
dase activity. In the following reactions, a DAKO LSAB kit
was used according to to the manufacturer’s instructions.
After rinsing with phosphate-buffered saline, sections
were incubated with biotinylated secondary antibody for
30 min at room temperature, followed by treatment with
peroxidase-conjugated streptavidin for 20 min. Serum
diluted 1:100 was used as a control. Counterstaining for
nuclei was performed with hematoxylin.

Immunohistochemistry results were semiquantita-
tively evaluated. PrP positive sinusoidal lining cells
(stellate cells) were counted in the liver parenchyma
under light microscopy and expressed as the “'stain-
ing index” for the number of activated stellate cell per
microscopic field at the magnification of x200. At least
three fields were randomly selected for each specimen.
The areas with large vascular structures were excluded.
Staining index was defined based on the following cri-
teria: No expression of stellate cells was named as grade
0; 1-5 PrP positive stellate cells as grade 1; 6-10 cells as
grade 2; 11-20 cells as grade 3; 21-40 cells as grade 4.
Liver specimens were scored for hepatic inflammatory
activity (HIA) and liver fibrosis according to the Desmet
classification.™]

Table 1. Demographic and clinical characteristics of
patients and n controls

Chronic B Chronic C Control

Hepatitis Hepatitis
Number (n) 33 7 10
Age (years) 42 (20-59) 54 (27-67) 47 (22-63)
Sex (M/F) 20/13 4/3 6/4
AST (U/1) 55 (43-179) 59 (47-138) 29 (17-43)
ALT (U/1) 67 (48-208) 71 (52-196) 25 (18-39)
Albumin (g/dl) 4.0(3.3-56) 3.9(3.5-5.0) 4.1(3.4-5.2)
T. Biluribin (mg/dl) 0.8 (0.7-1.3) 1.0(0.7-1.5) 0.9 (0.6-1.1)
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The Mann-Whitney U-test and Sperman’s rank cor-
relation test were used for statistical analysis. A p value
< 0.05 was considered as significant.

RESULTS

PrP expression in varying intensities was detected
in all specimens of liver with CVH, whereas no expres-
sion was found in controls (Fig. 1a). PrP stainings were
present not only in the sinusoidal lining cells within
the lobules but also in mesenchymal cells in expanded
portal tracts. PrP expression of stellate cells along the
sinusoids was intensely stained adjacent to the piece-
meal and spotty necrosis and prominent lymphocyte
infiltration. Spindle shaped cells in the fibrosis septa and
in the expanded fibrous portal areas also exhibited posi-
tive staining for PrP.

According to semi-quantitative evaluation defined
as the staining index, 11 out of 40 cases (27.5%) had
grade 1, 10 (25%) had grade 2, 8 (20%) had grade 3, 11
(27.5%) had grade 4 staining for PrP.

According to the Desmet classification: 7 patients
(17.5%) had minimal, 14 patients (35%) had mild, 12
patients (30%) had moderate and 7 patients (17.5%)
had severe HIA. For the staging of fibrosis, there were 2
patients (5%) with no fibrosis, 8 (20%) with minimal, 12
(30%) with mild, 9 (22.5%) with moderate and 9 (22.5%)
with severe fibrosis.

Minimal staining index was seen in chronic hep-
atitis with minimal HIA and no fibrosis. The PrP-
positive sinusoidal lining cells were found increased in
parenchyma of liver with mild HIA and mild fibrosis
(Fig. 1b). Moreover, in chronic hepatitis with moderate
activity and moderate fibrosis, PrP-positive sinusoidal
lining cells increased considerably in number in the liver
parenchyma (Fig. 1c). In chronic hepatitis with early
stage of cirrhosis, a small number of PrP-positive cells
were seen in the expanding septa as well as in the sinu-
soidal lining cells in residual liver parenchyma.

The comparison of PrP expression with the ASMA,
a well-recognized marker for stellate cell activation,
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revealed that ASMA-positive cells showed similar stain-
ing patterns and intralobular location as the PrP-positive
cells in CVH, except that vascular smooth muscle cells
were also stained for ASMA.

In the correlation analysis of the intensity of the PrP
staining cells to the histologic activity and fibrosis of
liver, the grade of PrP-positive cell correlated signifi-
cantly with HIA of liver (r=0.730, p=0.0001) (Fig. 2) and
stage of liver fibrosis (r=0.434, p=0.005) (Fig. 3).

DISCUSSION

This study confirms the expression of PrP in the
activated HSC of patients with CVH. Similar to the
study of Kitada et al, a significant staining was detected
in patients with CVH, while normal livers were nega-
tive for PrP.!% Qur study clearly showed that PrP is a
marker of activated HSC in chronic liver injury. In addi-
tion, a significant correlation between PrP expression
and the HIA was also detected in our study, confirming
the previous study.'® Moreover, a significant correla-
tion was also been shown for the first time between the
staining index of PrP-positive HSC and the stage of liver
fibrosis. Since correlation coefficient r=0.434, p=0.005,
the relation is statistically significant but not a strong
one. We believe this finding indicates the importance
of PrP-positive HSC in the pathological conditions of
active inflammation and also fibrosis of liver. In spite of
an overall correlation between PrP-positive cell number
and stage of fibrosis, a slight decrease in the number of
positive HSC in severe fibrosis was observed compared
to moderate stage of fibrosis in the current study. This
might be due to advanced distortion of liver cells and
sinusoids by extensive fibrosis. A similar finding of a
decrease of labeling index of PrP-positive stellate cells
in severe fibrosis and cirrhosis was also detected in the
study of Kitada et al.*

Although we could not perform an immuno-electron
microscopy imaging in this study, the expression of PrP
was also correlated with that of ASMA, which is a well
known marker for HSC activation. This finding, together
with the previous reports, revealed that the stained cells
were activated HSC.E% The presence of PrP in activated
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Figure 1. Demostration of PrP-positive cells in normal liver specimens and liver specimens of chronic viral hepatitis, 1a. Grade 0 PrP reactivity;
no PrP positive stellate cell was seen in portal area and sinusoidal areas in normal liver (x400), 1b. Grade 2 PrP reactivity; PrP positive
stellate cells were seen in portal area and sinusoids (x400), 1c. Grade 4 PrP reactivity; PrP positive stellate cells were profusely seen in

sinusoids (x400).
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Figure 2. PrP expression in CVH was graded by HIA. The number
of PrP-positive cells correlated with the severity of inflam-
matory activity.
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Figure 3. PrP expression in CVH graded by stage of liver fibrosis.
The level of PrP expression correlated with the stage of
liver fibrosis.

HSC provided an additional marker to stain these cells
in histological sections and it shed light on the pathogen-
esis of liver fibrosis.

The questions why activated HSC express PrP, which
is normally present mainly in the central nervous sys-
tem, and the function of PrP are obscure at present. It
was thought that HSC were of mesenchymal origin.
However, in recent years, several lines of evidence have
suggested that HSC are of neuro-ectodermal origin.
The physiological function of PrP is not known exactly,
but several reports suggested a role for PrP in oxida-
tive homeostasis. PrP binds copper, and internalizes it
into the cytoplasm. Since many antioxidant enzymes
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depend on copper and the main stimulus for activation
of quiescent HSC is oxidative stress, expression of PrP
on activated HSC may function in cellular response to
oxidative stress.i1214

Chronic liver injury of any kind activates the normal-
ly quiescent HSC to undergo transdifferentiation into
activated myofibroblast-like cells. Activated HSC are
characterized by excessive collogen synthesis, decreased
release of matrix metalloproteinases that degrade col-
lagen and increased expression of physiological inhibi-
tors of metalloproteinases. Excessive accumulation of
extracellular matrix as a consequence of HSC activation
eventually leads to liver fibrosis and progressive loss of
liver function.s% |t is not clear at present whether PrP
is only a simple marker of activated HSC and severity of
HIA as well as fibrosis, or has any role in the pathophysi-
ology of hepatic fibrogenesis.

In conclusion, we established in the current study
that PrP is a good marker for activated HSC in CVH.
The number of PrP-positive cells correlated well with
the degree of hepatic inflammation and stage of fibro-
sis reflecting disease activity in chronic liver disease.
If further studies support these findings, it would be a
potential marker for early determination and follow-up
of the stage of fibrosis in liver.
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