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Summary.-Cryostat sections of 16 preneoplastic and 14 neoplastic hepatic lesions
induced in rats by 3'-methyl-4-dimethylaminoazobenzene (3'-Me-DAB) were
examined by indirect immunofluorescence with human serum containing smooth-
muscle antibody (SMA). Preneoplastic lesions showed strong cytoplasmic staining
of proliferating oval cells and of the cell outlines of hepatocytes, in areas of nodular
hyperplasia. In carcinomas, poorly differentiated hepatocytes showed staining of
cell outlines, while well differentiated tumour cells forming glandular structures
showed only staining of the luminal surfaces. The stromal cells also showed cyto-
plasmic staining. Morphologically normal areas of 3'-Me-DAB-treated livers
showed weak staining of cell outlines, similar to normal liver. Specificity of the
staining reactions was established by failure of staining in parallel control sections
treated with normal human serum, or SMA serum neutralized by absorptions with
homogenates of smooth muscle or extracts of actin. The results suggest that there
is an increased expression of actin-like contractile protein in preneoplastic and
poorly differentiated neoplastic liver cells.

SMOOTH-MUSCLE antibody (SMA),
which occurs in the serum of patients with
active chronic hepatitis (Johnson,
Holborow and Glynn 1965; Whittingham
Mackay and Irwin, 1966), has been used to
detect cytoplasmic contractile microfila-
ments in non-muscle cells, as it reacts in
sites where microfilaments have been
demonstrated ultrastructurally (Gabbiani
et al., 1973). Those authors have suggested
that SMA serum contains antibody to
actin, since its reactivity with smooth
muscle is neutralized by prior absorption
with platelet actin. The anti-actin spec-
ificity of SMA sera from patients with
active chronic hepatitis has since been
confirmed (Botazzo et al., 1976; Lidman
et al., 1976; Toh et al., 1976d).

We have previously shown that SMA
serum also reacts with leukaemic cells

(Toh, Muller and Cauchi, 1976c) and with
experimental skin (Muller et al., 1975;
Toh and Muller, 1975) glial (Toh, Muller
and Elrick 1976a) and renal mesenchymal
tumours (Toh et al., 1976b); the reaction
with the solid tumours is more intense,
than that observed with the corresponding
normal tissue. Similar observations have
been made by Gabbiani, Trenchev and
Holborow (1975) with human skin and
breast tumours. These observations
suggest that there is an increased expres-
sion and/or content of actin-like contrac-
tile protein in tumour cells, and raises the
question of the stage during carcino-
genesis at which this increase occurs. In
an attempt to answer this question, the
livers of rats fed 3'-Me-DAB were
examined with SMA serum, to study the
preneoplastic lesions which precede frank
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malignancy (Price et al., 1952; Farber,
1956; Kitagawa, Yokochi and Sugano,
1972). The livers of partially hepatec-
tomized rats were also examined with
SMA serum, to compare the staining
characteristics of these livers with those of
3'-Me-DAB-treated rats.

MATERIAL AND METHODS

Animals and induction of hepatic lesions.-
3'-Me-DAB hepatic lesions were induced in 30
male Wistar rats (150-200 g body wt).
These rats were fed with 0 06% (w/v) 3'-Me-
DAB (obtained from Tokyo Kasei Kokyo Co.,
Tokyo, Japan) in their normal diet (Allied
Feeds Pty Ltd, Rhodes, N.S.W. Australia)
for 18 weeks (Price et al., 1952; Cauchi et al.,
1974). Two to three animals were killed at
weekly intervals up to the ninth week, and
thereafter at 3-weekly intervals.

To study liver regeneration, partial hepa-
tectomies were performed in 18 DA Agouti
rats (150-200 g) by removing the median and
lateral lobes of the liver under ether anaes-
thesia (Hammersley, Cauchi and Taylor,
1975). The rats, in groups of 3, were killed
18 h, 24 h, 40 h, 3 days, 5 days and 7 days
after partial hepatectomy, and liver specimens
obtained for study.

Fresh liver specimens were snap-frozen in
isopentane-liquid N2 at- 170°C and exam-
ined for reactivity with SMA serum. As
controls, the livers of rats of comparable age,
sex and weight were similarly examined.

Histology.-Liver specimens were also
fixed in 10% phosphate-buffered formalin and
6-,um paraffin sections were stained with
haematoxylin and eosin.

Smooth-muscle antibody (SMA) 8erum.
The characteristics of the serum obtained
from a patient with active chronic hepatitis
have previously been described (Toh and
Muller, 1975). It gave a staining titre of
1/256 against rat smooth muscle and also
reacted with rat renal glomeruli and liver
parenchymal cells in a " polygonal " pattern
(Farrow, Holborow and Brighton, 1971).

Immunohistology.-Standard " sandwich"
immunofluorescence tests were performed as

described by Nairn (1976). 6-,tm cryostat
sections were stained with SMA serum diluted
1/8 in phosphate-buffered saline. The con-

jugate for immunofluorescent tracing of bound
immunoglobulin was a fluorescein-isothio-

cyanate-labelled goat anti-human-gamma-
globulin, with a fluorescein-to-protein molar
ratio of 4 0 and a protein content of 0-8 g/100
ml. Before use, it was absorbed with homo-
genates of rat liver, kidney and gastro-
intestinal tract, and smooth muscle of pig
stomach, so that by itself it gave no staining
reaction on test sections of liver.

After immunofluorescent staining, the
microscopic preparations were examined by
dark-ground UV fluorescent microscopy
using a condenser fitted with a toric lens and
a colourless barrier filter.

Immunological specificity tests.-Immuno-
logical specificity tests were carried out by
reacting parallel control sections with normal
human serum or SMA neutralized by absorp-
tion with smooth-muscle homogenates from
pig stomach (Toh and Muller, 1975) or with
actin prepared from the same source by the
method of Yang and Perdue (1972). The
final concentration of the extracted actin in
buffer solution (0.2 mM ATP, 0-5 mM mer-
captoethanol, 0-2 mm CaCl2 and 2 mm Tris-
HCL, pH 8) was 2-2 mg/ml. The extracted
actin appeared homogeneous on polyacryla-
mide-gel electrophoresis (Margolis and Ken-
rick, 1968) where only one band was observed.
On double diffusion in agar, the actin solu-
tion gave a single precipitation line with
SMA serum.

Immunoabsorption was carried out by
adding 0-2 ml buffer solution containing
0 44 mg actin to 0.1 ml of a 1/10 dilution of
SMA serum. The mixture was incubated
for 2 h at room temperature with continuous
agitation, and the precipitate removed by
centrifugation at 10,000 g for 30 min. As a
control for the specificity of the absorption,
human serum containing gastric parietal-cell
autoantibody was similarly incubated with
the actin solution.

RESULTS

"Oval cell " lesions
The histological changes in the livers

of 12 rats fed 0.06% 3'-Me-DAB for 3 to 6
weeks were similar to those described by
previous workers (Price et al., 1952;
Farber, 1956; Kitagawa et al., 1972).
Characteristically, small oval cells pro-
liferate around bile ducts and blood
vessels in the portal triad and infiltrate
between sinusoids and hepatocytes in
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adjacent liver lobules. The oval cells
have a sharply defined nuclear membrane,
scant cytoplasm and an indistinct plasma
membrane. These changes were first
observed at 3 weeks and were most pro-
nounced at 6 weeks.

When such livers were reacted with
SMA serum, prominent cytoplasmic stain-
ing of oval cells was observed (Fig. 1).
The adjacent hepatocytes also showed
strong granular cell-outline staining, in
contrast to the weaker hepatocyte
staining in areas remote from the oval
cells. In the latter case, the intensity of
staining was comparable to that in control
sections of normal liver.

Nodular hyperplastic " lesions
Foci of hyperplastic hepatocytes

arranged in nodules were seen in the
livers of 4 rats fed 3'-Me-DAB for 6 to 9
weeks. These nodules were composed of
large cells with prominent nuclei and
nucleoli and abundant eosinophilic
cytoplasm. Oval cells were scant during
this period, and were confined to the
periphery of the nodular lesions, where
they were present as narrow cords.

When liver sections were reacted with
SMA serum, hyperplastic hepatocytes
showed intense, thickened, granular, cell-
outline staining (Fig. 2), while oval cells
at the periphery of the nodular lesions
showed cytoplasmic fluorescence.

Veoplastic lesions
Fourteen animals killed after 19 weeks

of 3'-Me-DAB treatment had 1-2-cm-
diameter liver tumours (Cauchi et al.,
1974). Histologically, the tumours were
classified, according to the criteria of
Squire and Levitt (1975), as hepatocel-
lular carcinomas. Hepatic lesions con-
forming to the histological criteria for
cholangiofibrosis (Squire and Levitt, 1975)
were also present in other parts of the
liver.

Hepatocellular carcinomas examined
with SMA serum showed staining of the
cell outline and cytoplasm of neoplastic

hepatocytes (Fig. 3). Liver cells forming
glandular structures in both the hepato-
cellular carcinomas and in areas of
cholangiofibrosis showed staining res-
tricted to the cell apices (Fig. 4). In
addition, the cytoplasm of stromal cells
also showed bright flourescence (Figs. 3,4).
The strong staining of these neoplastic
lesions stands in sharp contrast to the
much weaker staining observed in the
adjacent hepatic parenchyma.

Livers from partially hepatectomized rats
Eighteen hours after partial hepatec-

tomy, the SMA staining reaction of
hepatocytes was brighter than for normal
hepatocytes. This staining reaction re-
mained enhanced at Davs 3 and 5 post-
hepatectomy. At Day 7, the staining had
become weaker.

Specificity tests
IIn all tests, Ino staining was observed

in parallel control sections treated with
normal human serum, SMA serum
neutralized by absorption with homo-
genates of smooth muscle, or extracts of
actin derived from smooth muscle of pig
stomach. Control experiments, with
human serum containing anti-gastric
parietal-cell antibody incubated with
actin, failed to neutralize the staining of
gastric parietal cells. In double diffusion
in agar, immunoabsorption of SMA serum
with actin also prevented the development
of a precipitation line between actin and
SMA serum.

Serunm titrations
Serial titrations of SMA serum against

the various lesions gave a titre of 1/256
for oval cells, hyperplastic hepatocytes
and frankly neoplastic lesions. Hepato-
cytes in the livers of partially hepatecto-
mized rats gave a maximum titre of 1/64
at Day 3 post-hepatectomy: morpho-
logically normal hepatocytes both in
3'-Me-DAB-treated rats and in control
normal livers, had an SMA titre of 1/16.
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FIG. 1.-Rat liver after 3'-Me-DAB treatment for 4 weeks, showing strong cytoplasmic staining of
oval cells by SMA. Adjacent hepatocytes show coarse, granular cell-outline staining. Indirect
immunofluorescence. x 320.

FIG. 2.-Rat liver after 3'-Me-DAB treatment for 8 weeks, showing coarse, granular cell-outline staining
of hyperplastic hepatocytes by SMA. Indirect immunofluorescence. x 320.
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FIG. 3.-Rat liver after 3'-Me-DAB treatment for 15 weeks, showing cell-outline and cytoplasmic
staining of neoplastic hepatocytes by SMA. The connective tissue stroma is also stained. Indirect
immunofluorescence. x 200.

FIG. 4.-Rat liver after 3'-Me-DAB treatment for 15 weeks, showing staining of the luminal surfaces
of liver cells in areas of cholangiofibrosis by SMA. Stromal cells show cytoplasmic fluorescence.
Indirect immunofluorescence. x 320.
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DISCUSSION

The histological changes observed in
the livers of rats fed 3'-Me-IDAB are
similar to those reported previously
(Price et al., 1952; Farber, 1956; Kitagawa
et al., 1972; Cauchi et al., 1974). Sequen-
tially, thev consist of oval-cell prolifera-
tion, nodular parenchymal hyperplasia
and frank carcinoma. The first two
lesions are regarded as preneoplastic, but
their origin and fate is disputed.

Our studies with immunofluorescent
staining by SMA serum of frozen sections
of livers obtained from 3'-Me-DAB-treated
rats show that there is an increased
expression of actin-like contractile protein
in preneoplastic as well as in neoplastic
lesions. In the former, the cytoplasm of
oval cells and the cell outline of hyper-
plastic hepatocytes reacted stronglv with
SMA serum. In malignancy, undifferen-
tiated neoplastic hepatocvtes showed
strong cell-outline and cytoplasmic
staining, whereas differentiated tumour
cells forming gland-like structures showed
staining restricted to the luminal surface.
In addition, the cytoplasm of stromal cells
showed marked reactivity with SMA serum.
These observations contrast with the
much weaker staining of hepatocytes seen
in morphologically normal areas of 3'-Me-
DAB-treated livers and livers from control
animals.

While undifferentiated neoplastic
hepatocytes gave cell-outline and cyto-
plasm staining, tumour cells forming
gland-like structures gave staining
restricted to the luminal surfaces. This
apical fluorescence of tumour cells is
similar to that seen in differentiated
epithelial cells of the intestine and
proximal renal tubules, where the staining
corresponds to the brush-border region
(Gabbiani et al., 1973; Toh et al., 1976b).
The present observation suggests that
there is a reorganization of actin-like
protein during tumour-cell differentiation
into gland-like structures.

The demonstration of strong cyto-
plasmic fluorescence of stromal fibro-

blasts indicates t,hat the expressioni of
actin-like contractile microfilaments is
also enhanced in these cells. The patterni
of stromal-cell staining is similar t,o that of
of " mvofibroblast,s " seen in granulation
tissue (Gabbiani et Wl., 1972).

The present results show that anl
increased expression of actin-like contrac-
tile protein occurs at an early stage of
3'-Me-DAB-induced liver carcinogeniesis.
Enhanced SMA staining is alreadv presenit
in preneoplastic oval cells 3 weeks after
treatment, began. In addition, titrationis
of SMA serum gave identical results foi
preneoplastic and neoplastic lesions.
suggesting that the expression of the
contractile protein antigen is increased to
the same extent in both. Furthermore.
t,he SMA staining titres for lreneoplastic
and neoplastic lesions (1/256) are higher
than those for hepatocytes in the livers of
partially hepatectomized rats (1/64).

It is niot known whether all preneo-
plastic lesions developing in other tisstues
would, in general, give a different pattern
and intensity of immunofluorescence
staining with SMA when compared with
the corresponding normal and re-
generating tissue. Should this prove to
be true, it suggests a possible diagnostic
approach for the detection of such lesions,
through screening of tissues for SMA
reactivitv.
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