
&p.1:Abstract We examined the expression of smooth muscle
cytoskeleton in spindle-shaped cells in the capsule of he-
patocellular carcinoma (HCC) and the septa of liver cir-
rhosis (LC). Serial sections of livers resected from 11 pa-
tients were stained with monoclonal antibodies against
vimentin, desmin, smooth muscle actin (1A4, HHF35,
CGA7) and smooth muscle myosin heavy chain isoforms
(SM1, SM2). Capsular spindle-shaped cells exhibited a
cytoskeletal feature indicative of intermediately differen-
tiated smooth muscle cells. Computer-assisted morphom-
etry revealed that the proportions of 1A4-, HHF35-,
CGA7- and SM1- positive areas to vimentin-positive area
were 88.0±11.0%, 50.8±17.4%, 25.3±16.4% and
19.4±12.4% (n=11) in main tumours and 86.6±9.4%,
50.9±18.7%, 21.1±12.3% and 17.6±9.7% (n=12) in
daughter tumours, indicating that spindle-shaped cells are
heterogeneous in cytoskeletal expression. Septal spindle-
shaped cells in LC lacked the cytoskeletal proteins spe-
cific to differentiated smooth muscle cells (CGA7, SM1,
SM2 and desmin). Electron microscopically, capsular
spindle-shaped cells contained more microfilaments and
less rough endoplasmic reticulum than do septal cells. In-
termediately differentiated smooth muscle cells are in-
duced in the capsule of HCC but not in the septa of LC,

suggesting a role for stromal interaction by tumour cells
in the induction of smooth muscle cells.

&kwd:Key words Myosin heavy chain isoforms · Smooth
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Introduction

The capsule of hepatocellular carcinomas (HCC) and the
septa in cirrhosis of the liver (LC) are representative
forms of hepatic fibrous tissue seen in clinical settings
associated with remodelling of the liver. Encapsulated
HCC are more commonly encountered in Japan than in
other countries and accounted for around 78% of total
HCC surgically resected in 1992–1993. Both the capsule
and the septa include spindle-shaped cells, which are
stained positively with anti-smooth muscle actin (SMA)
monoclonal antibody 1A4 [1, 2] or HHF35 [3] and are
therefore regarded as myofibroblasts. However, because
monoclonal antibodies more specific for smooth muscle
cells have not been used in previous studies, the extent of
phenotypic modulation of spindle-shaped cells toward
smooth muscle cells in the hepatic fibrous tissue remains
unknown.

We have previously demonstrated that immunohisto-
chemical staining with a series of monoclonal antibodies
against SMA markers (1A4, HHF35 and CGA7) [4, 5]
and myosin heavy chain isoform (SM1 and SM2) mark-
ers [6–8] are very useful for defining the stages of
smooth muscle differentiation. HHF35, CGA7 double-
negative neointimal cells derived from de-differentiation
of medial smooth muscle cells after coronary arterial an-
gioplasty injury became positive first for HHF35 and
next for CGA7 in the course of re-differentiation [4, 5],
SM1-positive, SM2-negative neointimal cells became
positive for SM2 after re-differentiation [9] and SM1
was expressed in the vascular smooth muscle cells in the
late fetal period, whereas SM2 appeared only in fully
differentiated smooth muscle cells after birth [6–8].
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In this study, to reveal the stages of smooth muscle
differentiation in spindle-shaped cells present in the cap-
sule of human HCC and septa of LC, we investigated cy-
toskeletal phenotypes of these cells immunohistochemi-
cally using monoclonal antibodies against SMA and
myosin heavy chain isoforms, and analysed their ultra-
structural characteristics further by electron microscopy.

Materials and methods

Liver specimens were obtained by surgical resection from 11 pa-
tients with encapsulated HCC that had developed in the presence
of LC. Laboratory and pathological data are shown in Table 1. All
patients underwent transcatheter arterial embolization (TAE) with
intraarterial infusion of adriamycin plus mitomycin mixed with
lipiodols before operation. As controls, normal liver specimens
were obtained by autopsy from five patients who died of lung or
brain cancers. Informed consent was obtained from every patient
and family.

The liver tissue was divided into two parts. One was fixed in
methanol-Carnoy’s fixative for 1 day at room temperature, dehy-
drated in ethanol series, and embedded in paraffin. Serial sections
5 µm thick were made from each sample. Every first and second
section was used for haematoxylin and eosin (H-E) stain and Wei-
gert’s elastic van Gieson stain, respectively, and remaining sec-
tions were used for immunohistochemical staining.

For immunohistochemistry, we used as primary antibodies an-
ti-α-SMA monoclonal antibody 1A4, anti-muscle actin monoclo-
nal antibody HHF35, anti-SMA monoclonal antibody CGA7, and
monoclonal antibodies against myosin heavy chain isoforms SM1
and SM2. Anti-vimentin monoclonal antibody was used for pan-
staining of mesenchymal cells. Anti-desmin monoclonal antibody,
which detects intermediate filament protein of striated and smooth
muscle cells, was also used. Anti-von Willebrand factor (vWf)

monoclonal antibody was used for identification of vascular endo-
thelial cells. The specificity, working dilutions and sources of
these monoclonal antibodies and selected references [6–8, 10–14]
are listed in Table 2. After preincubation with 0.3% hydrogen per-
oxide to block endogenous peroxidase and subsequently with nor-
mal goat serum to inhibit non-specific reactions, they were incu-
bated with primary antibody for 1 h at room temperature. Sections
were incubated with biotinylated anti-mouse goat immunoglobulin
for 30 min and then incubated with horseradish peroxidase-la-
belled streptavidin-biotin complex for 30 min. They were rinsed in
0.01 M phosphate-buffered saline, pH 7.2, after each incubation
step. Peroxidase reaction was visualized by the use of 3,3′-diami-
nobenzidine tetrahydrochloride (0.2 mg/ml) with nickel chloride
colour modification [15]. Counterstaining was with methyl green.
The specificity of staining was checked by using nonimmune
mouse serum (Dako, Glostrup, Denmark) instead of primary anti-
body.

Sections stained immunohistochemically were used for mor-
phometry. Eleven main tumours and twelve daughter tumours
were analysed. The area stained positively with each monoclonal
antibody was quantitated along the whole length of capsule by a
computerized morphometry system (MacSCOPE Ver.2.2; Mitani,
Fukui, Japan), and the proportions of positive areas for actin and
myosin heavy chain isoforms to positive area for vimentin were
calculated. Results were expressed as the mean ± standard devia-
tion (SD). Intra-observer variability was determined from tripli-
cate measurements; the mean ± standard error (SE) differences
among measurements was 3.2±0.2%. Statistical comparisons were
performed between groups by one way analysis of variance and
post hoc multiple comparison, using Scheffe’s test. A P-value low-
er than 0.05 was considered significant.

Another part of liver tissue was fixed by the perfusion with
1.5% glutaraldehyde in 0.062 M cacodylate buffer, pH 7.4, plus
1% sucrose via the blood vessels that opened to the cut surface. It
was cut into small pieces, post-fixed in 1% OsO4 in 0.1 M phos-
phate buffer, pH 7.4, dehydrated in ethanol series and embedded in
polybed (Polyscience, Warrington, Pa.). Thin sections were
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Patient Age Sex GOT GPT HBs- HCV- Size of main Histology of tumours
no. (years) (IU) (IU) Ag Ab tumour (cm)

Grade Type

1 55 M 132 162 – + 1.5×1.7 mod GL
2 71 M 87 97 – + 8.0×9.0 mod TR
3 70 M 20 24 – – 2.0×2.5×2.5 well TR
4 43 M 77 38 + – 16.0×12.0×5.0 mod to poor TR
5 55 M 43 29 – – 8.0×8.0×8.0 mod TR
6 56 M 72 69 – + 8.0×9.0×11.0 mod GL
7 58 M 49 75 + – 9.8×7.7×8.0 mod TR
8 45 F 35 48 + – 4.3×4.3×3.1 mod TR
9 69 M 32 54 – + 14.5×14.0 well TR-GL

10 71 M 71 23 – – 23.6×24.0 mod TR
11 67 M 127 99 – + 7.5×6.0 well TR

&/tbl.b:

Table 1 Laboratory and
pathological data of the pa-
tients examined (well well-dif-
ferentiated, modmoderately
differentiated, poor poorly dif-
ferentiated, GL pseudoglandu-
lar type, TR trabecular type)&/tbl.c:&tbl.b:

Antibody Specificity and reactivity relevant to References Source Working
the present study dilution

Anti-vimentin Smooth muscle cells, Dakoa 1:70
Fibroblasts, macrophages, endothelial cells

Anti-desmin Smooth muscle cells Dako 1:70
1A4 Alpha-smooth muscle actin [10] Dako 1:50
HHF35 Muscle actin [11, 12, 13] Dako 1:20
CGA7 Smooth muscle cell actin [11, 14] Enzob 1:10
Anti-SM1 Smooth muscle-specific myosin heavy [6, 7, 8] 1:1000

chain 1
Anti-SM2 Smooth muscle-specific myosin heavy [6, 7, 8] 1:200

chain 2
Anti-vWf Endothelial cells Dako 1:50

Table 2 Monoclonal anti-
bodies used&/tbl.c:&tbl.b:

a Dako A/S, Glastrup, Denmark
b Enzo Biochemicals, Inc.,
New York, USA&/tbl.b:



stained with uranyl acetate and lead citrate and observed under a
JEM-1200EX II electron microscope (JEOL, Tokyo, Japan) at
100 kV.

Results

In the normal liver, medial smooth muscle cells of inter-
lobular hepatic arteries and portal veins were stained for
vimentin, desmin, 1A4, HHF35, CGA7, SM1 and SM2
(data not shown), indicating that they were suited to pos-
itive controls for each cytoskeletal marker. In contrast, fi-
broblasts in the portal tract, perisinusoidal stellate cells
and perivenular myofibroblasts were negative for all
markers except vimentin.

On the cut surface of the liver, HCC showed large cir-
cumscribed masses (= main tumours), often with small
“satellite” masses called daughter nodules [16] or daugh-
ter tumours [17]. Each main tumour had a thick fibrous
capsule easily identified by macroscopic observation as a
whitish and tough connective tissue layer (Fig. 1). As ob-
served in H-E-stained sections, a large part of the main
tumour mass underwent necrosis after TAE, but tumour
cells situated beneath the capsule and cellular compo-
nents within the capsule were not affected by this proce-
dure and showed intact morphology. The capsule con-
tained many spindle-shaped cells embedded in the net-
work of collagen bundles, but it lacked elastic fibres, as
revealed by Weigert’s elastic van Gieson stain. Spindle-
shaped cells were positive for 1A4 (Fig. 2a), HHF35
(Fig. 2b), CGA7 (Fig. 2c) and a myosin heavy chain iso-
form marker SM1 (Fig. 2d), but negative for SM2 and
desmin. Medial smooth muscle cells of arterioles in the
capsule were positive for all of 1A4 (Fig. 2a), HHF35
(Fig. 2b), CGA7 (Fig. 2c), SM1 (Fig. 2d) and SM2.

Thin fibrous capsule of daughter tumours also con-
sisted of spindle-shaped cells and collagen bundles
(Fig. 3a). It was easily distinguished from the surround-
ing fibrous stroma of cirrhotic liver by the intense stain-
ing with Weigert’s elastic van Gieson stain (Fig. 3b).
Elastic fibres were rarely found in the capsule. As dem-
onstrated by immunohistochemistry, spindle-shaped cells
showed the same cytoskeletal phenotype as described in
main tumours; that is to say they were positive for 1A4
(Fig. 3c), HHF35 (Fig. 3d), CGA7 (Fig. 3e) and SM1
(Fig. 3f) but negative for SM2 (Fig. 3g) and desmin
(Fig. 3h). There was no staining with monoclonal anti-
body against vWf in the capsule consistent with the ob-
servation of H-E stained sections, in which blood vessels
were rarely found, indicating that the cell components
positive for smooth muscle actin and myosin isoforms in
the capsule were not identical to vascular smooth muscle
cells. Unlike main tumours, daughter tumours were not
damaged by TAE. The pericytes of tumour microvessels
were usually positive for 1A4 (Fig. 3c) and HHF35
(Fig. 3d) and were occasionally positive for CGA7
(Fig. 3e) and SM1 (Fig. 3f), but entirely negative for
SM2 (Fig. 3g). The HHF35-positive and CGA7-positive
pericytes in the periphery of tumours were continuous

with those in the capsule (Fig. 3d, e). It was also noted
that so-called “unpaired arteries”, which were not ac-
companied by obvious fibrous tissue or bile ducts, indi-
cating neoangiogenesis [18], were present in places in
the tumour masses. The medial muscle layer of “un-
paired arteries” showed a positive reaction to all of 1A4,
HHF35, CGA7, SM1 and SM2.

Computer-assisted morphometry demonstrated that
the average areas of 1A4-, HHF35-, CGA7- and SM1-
positive as percentages of the vimentin-positive area
were 88.0±11.0%, 50.8±17.4%, 25.3±16.4% and
19.4±12.4% (n=11 tumours from 11 patients), respec-
tively, in main tumours (Fig. 4a) and 86.6±9.4%,
50.9±18.7%, 21.1±12.3% and 17.6±9.7% (n=12 tumours
from 5 patients), respectively, in daughter tumours
(Fig. 4b). Figure 5a and b demonstrates that in individual
main and daughter tumours the percentages declined in
the order of 1A4, HHF35, CGA7, SM1, SM2. Although
the percentages varied widely among tumours for
HHF35, CGA7 and SM1 (30%–80%, for example in the
case of HHF35), there was no correlation between the
values and the stage, type or size of HCC.

Spindle-shaped cells were also present in the fibrous
septa of LC (Fig. 6a). In contrast to the spindle-shaped
cells in the capsule of HCC, those in the septa of LC
were stained for 1A4 (Fig. 6b) and HHF35 but not for
CGA7 (Fig. 6c), SM1 (Fig. 6d), SM2 (Fig. 6e) or desmin
(Fig. 6f). Perisinusoidal stellate cells in the regenerative
nodules were positive for 1A4 (Fig. 6b) but negative for
HHF35, CGA7 (Fig. 6c), SM1 (Fig. 6d), SM2 and des-
min (Fig. 6e).

The results of immunohistochemical staining in nor-
mal livers, LC and HCC are summarized in Table 3.

Transmission electron microscopy demonstrated that
spindle-shaped cells in the capsule were elongated, with
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Fig. 1 A macroscopic view of surgically resected encapsulated
hepatocellular carcinoma (HCC). The main tumour (M) has a
thick, whitish capsule (arrowheads), and there are four daughter
tumours (arrows) on the cut surface of the liver. A large part of the
main tumour has become necrotic after transarterial embolization
(TAE). Formalin-fixed, original maginification ×2.5&/fig.c:



interposed collagen bundles (Fig. 7a). The contour of the
nucleus was highly involuted. The cytoplasm contained
large amounts of microfibrillar material composed of mi-
crotubules and microfilaments (Fig. 7a–c), which were,
however, smaller than those of vascular smooth muscle
cells. Fusiform dense bodies were frequently found in
the fibrillar region and subplasmalemmal area, but an as-
sembled form of myosin filaments was not observed
(Fig. 7b, c). The juxtanuclear areas included rough endo-
plasmic reticulum with distended cisternae, free ribo-
somes, well-developed Golgi apparatus and a cluster of
elongated mitochondria (Fig. 7c). Junctional specializa-
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Fig. 2a–d Thick fibrous capsule (C) of a main tumour of HCC.
The cancerous portion (T) has become necrotic following TAE.
The surrounding liver tissue (L) shows cirrhotic changes. Serial
sections are stained immunohistochemically with monoclonal anti-
bodies against a 1A4, b HHF35, c CGA7 and d SM1. Spindle-
shaped cells in the capsule are positive for actin markers (1A4,
HHF35 and CGA7) and a myosin heavy chain isoform (SM1)
marker. The frequency of positive cells decreases in the order 1A4,
HHF35, CGA7 and SM1. Spindle-shaped cells in the fibrous stro-
ma of surrounding cirrhotic liver are positive for 1A4 and HHF35
but negative for CGA7 and SM1. Medial smooth muscle cells of
arteries (arrows) in the capsule are positive for all cytoskeletal
markers. Original magnification ×25&/fig.c:
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Fig. 3a–h Thin fibrous capsule (C) of a daughter tumour (T) sur-
rounded by cirrhotic liver (L). Serial sections are stained with a H-
E, b elastic van Gieson stain, and immunostained with monoclonal
antibodies against c 1A4, d HHF35, e CGA7, f SM1, g SM2 and h
desmin. Spindle-shaped cells in the capsule are positive for 1A4,
HHF35, CGA7 and SM1 but negative for SM2 and desmin (c–h).
In some tumour microvessels (asterisks), pericytes (arrows) are

stained for 1A4, HHF35, CGA7 and SM1 (c–f), and they occa-
sionally adjoin the capsule as indicated by arrowheads(d, e). In
contrast, in the fibrotic stroma of surrounding cirrhotic liver, per-
icytes (double arrowheads) of microvessels (star) and spindle-
shaped cells (small arrows) show positive staining for 1A4 only
(c–g). Original magnification ×100&/fig.c:



tions existed between adjacent cells (Fig. 7c). Collagen
fibres were closely attached to the cell surface (Fig. 7b).
Basement membranes were obscure. Although we ob-
served a variation in the ratio of microfibrilar area to
membranous cell organelle area from high (Fig. 7b) to
low (Fig. 7c) among spindle-shaped cells, ultrastructural
distinction between different phenotypes was difficult.
(Immunoelectron microscopy was not available for
CGA7 and SM1 owing to their instability with parafor-
maldehyde fixation.) Compared with spindle-shaped
cells in the capsule, those in the septa of LC contained
more membranous cell organelles and less microfibrillar
material in the cytoplasm (Fig. 8).

Discussion

Alpha-SMA-positive spindle-shaped cells in the fibrous
tissue of diseased human livers have been collectively
called myofibroblasts [1–3]. By using a series of mono-
clonal antibodies against SMA and myosin heavy chain
isoforms we have demonstrated for the first time cells
with cytoskeletal phenotypes of intermediately differen-
tiated smooth muscle cells among the myofibroblasts:
1A4 (+), HHF35 (+), CGA7 (+), SM1 (+) and SM2 (-) in
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Table 3 Summarized data obtained from present immunohistochemical study (SMCsmooth muscle cell, ++ most cells positive, + ap-
proximately a quarter to half of cells positive, ± only some cells positive, – negative)&/tbl.c:&tbl.b:

Normal liver Liver cirrhosis Hepatocellular carcinoma

Portal tract Sinusoid Central Septum Sinusoid Capsule Microvessel
(Stellate vein (Myofibro- (Stellate (Spindle- (Pericyte)

(Fibro- (Perivascular cell) (Myofibro- blast) cell) shaped
blast) SMC) blast) cell)

1A4 – ++ – – ++ + ++ ++
HHF35 – ++ – – + – ++ +
CGA7 – ++ – – – – + ±
SM1 – ++ – – – – + ±
SM2 – ++ – – – – – –
Desmin – + – – – – – –

&/tbl.b:

Fig. 4 Actin- and myosin heavy chain isoform-positive areas as
proportions of vimentin-positive area in a main tumours and b
daughter tumours (mean ± SD; 11 main tumours, 12 daughter tu-
mours). Values without a common superscript letter are signifi-
cantly different (P<0.05)&/fig.c:

Fig. 5 Actin- or myosin heavy chain isoform-positive areas as
proportions of vimentin-positive area in individual a main tumours
and b daughter tumours. There is wide variation among tumours
in the percentages of HHF35-, CGA7- and SM1-positive areas.
The percentages decrease in the order 1A4, HHF35, CGA7, SM1
and SM2 in most cases&/fig.c:



the capsules of HCC but not in the septa of LC. In this
study, desmin was not expressed by spindle-shaped cells
in the capsules or the septa, which is consistent with ear-
lier immunohistochemical studies of hepatic fibrosis [2,

19–21], although a few studies have led to reports of oc-
casional positive staining of hepatic myofibroblast-like
cells with desmin [22]. Electron microscopy demonstrat-
ed that capsular spindle-shaped cells resembled smooth
muscle cells more closely than septal cells: in the former
cells, the densely packed microfilaments with fusiform
dense bodies characteristic of smooth muscle cells [23],
overwhelmed dilated rough endoplasmic reticulum in
amount, although they were less prominent than those of
fully differentiated vascular smooth muscle cells. It is re-
ported that smooth muscle cells have two functional
states (contractile and synthetic), which shift in disease
and culture conditions, and cells in the contractile state
contain more microfilaments and less rough endoplasmic
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Fig. 6a–f Fibrous septa (arrows) interposed between regenerative
nodules in the cirrhotic liver. Serial sections are a stained with H-
E, and b–f immunostained with monoclonal antibodies against b
1A4, c CGA7, d SM1, e SM2 and f desmin. Spindle-shaped cells
in the septa are stained positive for 1A4 but not for CGA7, SM1 or
desmin. Hepatic stellate cells (arrowheads) in the regenerative
nodules are positive for 1A4 but not for CGA7, SM1 or desmin.
Medial smooth muscle cells of hepatic artery (A) in the portal tract
are positive for all cytoskeletal markers. Original magnification
×75&/fig.c:
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reticulum, Golgi apparatuses and free ribosomes than
those in the synthetic state [24–29]. Smooth muscle cells
in the capsule are assumed from their ultrastructural fea-
tures to be intermediate between the contractile and syn-
thetic states.

The origin of smooth muscle cells in the capsule re-
mains unclear. It is reported that stellate cell activation
takes place in the peritumour region as the result of an
inflammatory response [30] or interaction with tumour
cells that secrete transforming growth factor-β1, a major
profibrogenic cytokine [31]. This suggests that activated
stellate cells or transformed myofibroblasts induced in
the peritumour hepatic parenchyma may be implicated in
the formation of fibrous tissue of the capsule. Spindle-
shaped cells with the phenotype of smooth muscle cells
were found only in the capsule and not in the surround-
ing liver tissue. This excludes the possibility of an influx
of smooth muscle cells from outside the capsule. Fur-
thermore, spindle-shaped cells in the capsule showed
heterogeneous cytoskeletal phenotypes indicative of vari-
ous stages of smooth muscle cell differentiation. The
quantitative data of decreased proportions of positive ar-
eas in the order of 1A4, HHF35, CGA7, SM1 and SM2
indicate the presence of at least four phenotypes: 1A4
(+), HHF35 (-), CGA7 (-), SM1 (-), SM2 (-) cells; 1A4
(+), HHF35 (+), CGA7 (-), SM1 (-), SM2 (-) cells; 1A4
(+), HHF35 (+), CGA7 (+), SM1 (-), SM2 (-) cells; and
1A4 (+), HHF35 (+), CGA7 (+), SM1 (+), SM2 (-) cells.
These data suggest that, even if myofibroblasts in the
capsule derive from activated stellate cells in the sur-
rounding liver parenchyma [32], they will acquire the
phenotype of smooth muscle cells characterized by
CGA7 and SM1 expression inside the capsule. Myofi-
broblasts in the fibrous stroma of LC, in contrast, did not
exhibit smooth muscle phenotype. It has been demon-
strated that myofibroblasts in breast cancer come to ex-
press smooth muscle myosin heavy chain isoforms, pre-
sumably as the result of stromal reaction to epithelial tu-

mours [33, 34]. Taken together, the present results sug-
gest that the reaction of spindle-shaped cells to tumour
cells may be responsible for their differentiation into
smooth muscle cells in the capsule.

In this study, HHF35-positive and SM1-positive per-
icytes located at the periphery of a tumour occasionally
adjoined the capsule, which is consistent with the obser-
vation of 1A4-positive cells by Enzan et al. [2]. Al-
though this may raise the possibility that the pericytes of
tumour microvessels are another source of smooth mus-
cle cells in the capsule, their contribution is considered
to be a small one, because the frequencies of HHF35-
positive and CGA7-positive pericytes were low in the tu-
mours.

It is reported that the fibrous capsule influences the
invasive capacity of HCC into local liver tissue [30, 31]
since actin-positive cells play a part in limiting metasta-
sis by their anti-collagenolytic activities [35]. The pres-
ence of smooth muscle cells in the capsule indicates the
contractile capacity of capsule, suggesting that they may
function in the maintenance or regulation of tumour
pressure, which is usually higher than that of surround-
ing non-cancerous liver parenchyma [36].
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