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To evaluate the distribution of ¢-smooth muscle actin (¢-SMA) positive cells
in various liver diseases, we undertook an immunohistochemical study of
liver diseases including chronic persistent hepatitis, chronic active hepatitis,
liver cirrhosis, intrahepatic cholelithiasis and hepatocellular carcinoma. As a
control, fetal livers (gestational age: 22-26 weeks) showed o-SMA positive
cells along the blood vessels of the portal area, terminal hepatic venules
and at perisinusoidal spaces. Perisinusoidal a-SMA positive cells were bipo-
lar shaped and had round nuclei. In chronic persistent hepatitis, a few o-
SMA positive cells were admixed with the inflammatory infiltrates mostly a-
long the intact limiting plate. They were also detected multifocally in a linear
pattern along the dilated sinusoid. In chronic active hepatitis, very strong o-
SMA staining was detected at the site of piecemeal necrosis and adjacent
lobules. A-SMA expression was decreased in some cases after interferon
treatment. In cases of transplanted liver biopsies, expression of intralobular
a-SMA was diffusely increased but showed no correlation with degree of a-
cute rejection. Cirrhotic livers revealed strong o-SMA positivity in fibrous
septae as well as in the perisinusoidal space of intact hepatocytes at the
leading edge of the fibrosis. Interlobular bile ducts were concentrically cir-
cumscribed by o-SMA positive cells in cases of intrahepatic cholelithiasis. In
trabecular type hepatocellular carcinomas, most sinusoidal lining cells were
positive for o-SMA. Most intralobular a-SMA positive cells represent, if not
all, perisinusoidal cells(PSCs) which are involved in intralobular fibrogenesis
in various liver diseases. It is suggested that intralobular expression of ¢-
SMA may be reversible and correlate with the activity. of necrosis and fibro-
sis in chronic liver diseases.
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INTRODUCTION

In cases of chronic liver disease, it is clinically im-
portant to predict disease activity and reversibility
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as early as possible. Among nonparenchymal
cells of the liver, PSCs (fat storing cells or Ito
cessl) are known to play a major role in liver fibro-
genesis(Minato et al., 1983; Ballardini et al., 1983;
Friedman et al., 1985; Schmitt-Graff et al., 1991).
They are positive for desmin in rats (Yokoi et al.,
1984; Burt et al., 1986), and De Leeuw et al.(1984)
showed that cultured fat storing cells contain col-
lagen, vimentin, actin and tubulin. Although elec-
tron microscopy have been a specific method for
detecting human perisinusoidal cells, a-SMA has
also been identified in fat storing cells by cDNA
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Fig. 1a. Fetal liver of 28 weeks gestational age: note o-SMA positive cells along the portal vein and
hepatic artery. Terminal hepatic venules are continuously surrounded by o-SMA positive cells. There
are many scattered intralobular o-SMA positive cells. (ABC, x 13.2).

Fig. 1b. Intralobular o-SMA positive cells are located in the perisinusoidal space adjacent to hepato-
cyte. They are stellate shaped and have a round or ovoid nucleus with slender elongated cytoplasm.

(ABC, x 60).

Fig. 2a. Chronic persistent hepatitis: note dense chron-
ic inflammatory cell infiltration and a few -SMA ex-
pressing cells within the portal space. (ABC, x 33).
Fig. 2b. Chronic active hepatitis: increased numbers of
a-SMA positive cells are seen at the site of piecemeal
necrosis and adjacent hepatic lobule. (ABC, x 33).

probe and monoclonal antibody (Ramadori et al.,
1990). In addition there are morphological studies
which have suggested the possibility that PSCs
may evolve into myofibroblasts (Cenacchi et al.,
1983; Mak et al., 1984). Hovever it has not been
established whether PSCs and myofibroblasts are
separate cellular components or the latter is trans-

formed PSCs. Therefore o-SMA may be indicative
of proliferation of the transformed PSCs or my-
oblastic participation within the hepatic lobules. In
the present study, we examined the distribution of
o-SMA positive cells in various liver diseases to e-
valuate the role of PSCs or myofibroblasts in hep-
atic fibrogenesis.

MATERIALS AND METHODS

Specimens were obtained by percutaneous
needle biopsy or surgical resection. Fetal liver tis-
sues were from autopsies. Specimens were fixed
in 10% buffered formalin and embedded in paraf-
fin. For immunohistochemistry, 4-6um thick sec-
tions were cut from 10% formalin fixed and paraf-
fin embedded specimens. Snap frozen tissues
were used to compare immunohistochemical s-
tainability with fixed tissues. Immunohistochemical
staining was done following the avidin-biotin com-
plex method with the ABC kit (Vector Laboratory,
CA). We used monoclonal antibody against hu-
man ¢-SMA (diluted 1:50, DAKOPATTS, CA) and
polyclonal antibody to factor VIII related antigen.
For double immunofluorescent staining, monoclon-
al anti-human o-SMA antibody was followed by
rhodamine conjugated anti-mouse IgG antibody,
and polyclonal anti-Factor VIl related antigen anti-
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Fig. 3a & b. Serial liver biopsies of chronic active hepatitis treated with interferon: note marked
decrease in a-SMA expressing cells after treatment (b).

body by FITC-conjugated anti-rabbit IgG antibody.
Diagnoses were made on the basis of light micro-
scopic findings and clinical information. Cases ex-
amined in this study included 4 normal fetal livers,
4 chronic persistent hepatitis, 21 chronic active
hepatitis, 8 cirrhosis, 3 trasplanted livers (6 biop-
sies), 1 submassive hepatic necrosis, 2 intrahep-
atic cholelithiasis, and 9 hepatocellular carcino-
mas.

RESULTS
Fetal liver

a-SMA expressing cells were seen along the
portal vein and hepatic arteries within the portal
tracts (Fig. la). Presumptive terminal hepatic
venules revealed discontinuous single layers of o-
SMA positive cells. Within the lobules; bipolar
shaped cells were irregularly scattered. They
seemed to be tightly aftached to hepatocytes.
They have round nuclei in contrast to endothelial
cells with flat nuclei (Fig. 1b). Numbers of a-SMA
positive cells were variable but consistently pre-
sent in normal human fetal livers. Hepatocytes or
bile duct epithelia were all negative for o-SMA.

Chronic persistent hepatitis

Distribution of a-SMA positive cells was variable
case by case, however they were consistently lo-
cated in the portal areas, perivenular areas and
adjacent perisinusoidal spaces. Within the portal
areas, they were mainly located along the intact
limiting plate (Fig. 2a). In addition, intralobular o-
SMA expressing cells were seen in the areas of
spotty necrosis.

Chronic active hepatitis

Very strong a-SMA expression was detected at
the site of piecemeal necroses and adjacent hep-
atic lobules (Fig. 2b). The stainability showed
good correlation with the severity of portal inflam-
mation. Serial biopsies were done in 4 cases be-
fore and after interferon treatment. In one case, o-
SMA expression was much more decreased along
with prominent improvement of portal inflammation
and fibrosis (Fig. 3a & b).

Cirrhosis

Along the complete thick fibrous septae, spindle
cells were strongly and diffusely stained for @-SMA
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Fig. 4a Liver cirrhosis: dense fibrous bands contain o-SMA reactive cells. The number of o-SMA posi-
tive cells are increased within the regenerating nodule. (ABC, x 16).
Fig. 4b. Leading edge of fibrosis: note strong a-SMA positivity in the perisinusoidal space. (ABC, x 33).

Fig. 5. Submassive hepatic necrosis: note prominent
increase in o-SMA positive cells throughout the entire
hepatic parenchyma in contrast to the necrotic area
(n). (ABC, x 10).

(Fig. 4a). Strong a-SMA positivity was revealed in
the perisinusoidal spaces at the leading edge of
the fibrosis where the hepatocytes were unremark-
able by hematoxylin-eosin staining (Fig. 4b).

Transplanted liver

A case of hepatocellular carcinoma and two
cases of macronodular cirrhosis were transplanted.
Consecutive needle biopsies of the donor livers
were doné. Expression of intralobular o-SMA were
diffusely increased and showed no correlation with
degree of acute rejection. One case with no evi-

Fig. 6. Hepatolithiasis: concentrically proliferating peri-
ductal stromal cells are immunoreactive for o-SMA (ar-
row). (ABC, x 33).

dence of rejection also showed diffuse increase of

a-SMA expressing cells.
Submassive hepatic necrosis

A-SMA ‘was not expréssed within the areas of
confluent necrosis. In contrast, the adjacent viable
hepatic parenchyma revéaled strong and diffuse
o-SMA positivity (Fig. 5).

Hepatolithiasis and obstructive hepatopathy

Interlobular bile ducts were increased and were
surrounded concentrically by spindle cells which
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Fig. 7. Hepatocellular carcinoma: tumor trabeculae are
discontinously surrounded by flat o-SMA expressing
cells. (ABC, x 66)

were strongly positive for a-SMA (Fig. 6).
Hepatocellular carcinoma

Nine cases of hepatocellular carcinoma were ei-
ther trabecular or solid type of Edmondson grade
Il or lll. In cases of the trabecular type of hepato-
cellular carcinoma, there was little or no stroma
between trabeculae. Well developed sinusoids
were lined mostly by spindle-shaped o-SMA-ex-
pressing cells (Fig. 7). Factor VIII related antigen-
positive endothelial cells were rarely detected a-
long the sinusoids. Neither ¢-SMA nor factor VIII
related antigen coexpressing cells were seen by
double immunofluorescent staining.

DISCUSSION

Among four nonparenchymal cells, PSCs locat-
ed in the spaces of Disse are generally regarded
as the adventitial connective cells and have also
been likened to the contractile myofibroblasts of
granulation tissue. PSCs have been reported to
express desmin, a marker of smooth muscle-relat-
ed cells in rats. Because muscle actins (Carroll et
al. 1986) are more specific markers for muscle dif-
ferentiation than desmin and are expressed in my-
dfibroblasts,.a-SMA was applied as a phenotypic
marker for PSCs. Schmitt-Graff et al. (1991) dis-
played anti-o-SMA labelling of microfilament bun-
dles in fat storing PSCs.

In the fetal liver, perivenular ¢-SMA positive cells
are either PSCs or pericyteseLocation of -SMA
positive cells between hepatocytes and the sinu-
soidal spaces and their round nucleus with bipolar

371

cytoplasmic processes suggest that o-SMA ex-
pressing cells represent, if not all, PSCs rather
than endothelial cells or Kupffer cells. A-SMA ex-
pressing cells were consistently distrubuted in fe-
tal liver, whereas this phenotype is rare in normal
adult liver tissue. These findings suggest that cy-
toskeletal composition of PSCs may be modulated
during development.

Population of o-SMA expressing PSCs is vari-
able according to the pathologic conditions and
they are mainly associated with inflammatory reac-
tion, such as spotty necroses or piecemeal
necroses in cases of hepatitis. In a case of sub-
massive hepatic necrosis, the adjacent viable
hepatic parenchyma revealed strong o-SMA posi-
tivity as well as prominent increase of activated
Kupffer cells, which may suggest that they can be
activated by Kupffer cell derived factors or various
cytokines such as IL-1, TGF-b1 and TNF (Cazja et
al., 1989; Sporn et al., 1987; Weiner et al., 1990).
PSCs isolated from rat liver with alcoholic fibroge-
nesis are activated to produce more collagen by
Kupffer cell-derived factors compared to PSCs
from normal livers (Matsuoka et al., 1989)

Hepatic fibrogenesis can be associated with
many pathologic conditions with preceding
parenchymal necrosis. Nonparenchymal cells, es-
pcially PSCs are now generally considered to play
an important role of collagen synthesis in normal
and fibrotic liver (Friedman et al., 1985; Milani et
al., 1989; Milani et al., 1990). Thus increase of -
SMA in the areas of hepatocytic necroses may be
closely related with fibrogenesis. Severity as well
as irreversibility of fibrosis may have a clinical im-
pact on patient’s prognosis. The occurrence of g-
SMA expressing cells is easily seen at a stage of
disease earlier than .overt hepatic fibrosis as in the
cases of acute allograft rejection and leading
edge of precirrhotic liver. Furthermore because
expression of ¢-SMA in PSCs precedes extracellu-
lar deposit of collagen fibers, immunohistochemi-
cal staining for o-SMA is a more sensitive tool to
detect early fibrogenesis. However intensity and
number of intralobular ¢-SMA positive. cells were
not always correlated with the severity of fibrosis.
We can not exclude that among o-SMA express-
ing cells, those in capsule or fibrous septae sur-
rounding regenerating nodules originate:from pre-
existing fibroblastic cells as well as from smooth
muscle cells or pericytes because they also reveal

. desmin as well as g-SMA.

In hepatolithiasis, concentric proliferation of spin-
dle cells especially around interlobular bile ducts
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is a characteristic feature. They were strongly im-
munostained for o-SMA. Therefore @-SMA ex-
pressing periductal mesenchymal cells in cases of
hepatolithiasis may correspond to myofibroblasts
of granulation tissue rather than PSCs. ;

In cases of the trabecular type hepatocellular
carcinomas, well developed sinusoids were lined
by flat spindle cells which have been known as
endothelial cells ( Anthony, 1987). However in this
study, most sinusoidal lining cells of hepatocellular
carcinomas were strongly positive for g-SMA.
There are two possibilities that sinusoidal lining
cells of hepatocellular carcinoma are PSCs or
modified endothelial cells expressing o-SMA. En-
dothelial cells can coexpress a specific endothe-
lial cell marker (Banceiraea simplicifolia) as well as
a-SMA protein and mRNA in culture condition with
depletion of heparin and ECGF (Amberger et al.,
1991). However we could not detect coexpression
of a-SMA and Factor VIII related antigen by dou-
ble immunofluorescent staining (data not pub-
lished). These findings indicate that most sinu-
soidal lining cells may be PSCs rather than en-
dothelial cells.
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