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Abstract We examined the expression of smooth musdaggesting a role for stromal interaction by tumour cells
cytoskeleton in spindle-shaped cells in the capsule of rethe induction of smooth muscle cells.

patocellular carcinoma (HCC) and the septa of liver cir-

rhosis (LC). Serial sections of livers resected from 11 gey words Myosin heavy chain isoforms - Smooth

tients were stained with monoclonal antibodies agaimstiscle actin - Capsule - Hepatocellular carcinoma -
vimentin, desmin, smooth muscle actin (1A4, HHF3&jver cirrhosic

CGA7) and smooth muscle myosin heavy chain isoforms

(SM1, SM2). Capsular spindle-shaped cells exhibited_a

cytoskeletal feature indicative of intermediately differedntroduction

tiated smooth muscle cells. Computer-assisted morphom-

etry revealed that the proportions of 1A4-, HHF35The capsule of hepatocellular carcinomas (HCC) and the
CGAT- and SM1- positive areas to vimentin-positive areapta in cirrhosis of the liver (LC) are representative
were 88.0+11.0%, 50.8+17.4%, 25.3+16.4% aridrms of hepatic fibrous tissue seen in clinical settings
19.4+12.4% 1(=11) in main tumours and 86.6%+9.4%associated with remodelling of the liver. Encapsulated
50.9£18.7%, 21.1+12.3% and 17.6+9.7%=12) in HCC are more commonly encountered in Japan than in
daughter tumours, indicating that spindle-shaped cells ateer countries and accounted for around 78% of total
heterogeneous in cytoskeletal expression. Septal spintH&C surgically resected in 1992-1993. Both the capsule
shaped cells in LC lacked the cytoskeletal proteins sp&d the septa include spindle-shaped cells, which are
cific to differentiated smooth muscle cells (CGA7, SMktained positively with anti-smooth muscle actin (SMA)
SM2 and desmin). Electron microscopically, capsularonoclonal antibody 1A4 [1, 2] or HHF35 [3] and are
spindle-shaped cells contained more microfilaments aheérefore regarded as myofibroblasts. However, because
less rough endoplasmic reticulum than do septal cells. timenoclonal antibodies more specific for smooth muscle
termediately differentiated smooth muscle cells are icells have not been used in previous studies, the extent of
duced in the capsule of HCC but not in the septa of Lghenotypic modulation of spindle-shaped cells toward
smooth muscle cells in the hepatic fibrous tissue remains

A. Kojima - |. Matsui-Yuasa unknown.
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In this study, to reveal the stages of smooth musaienoclonal antibody was used for identification of vascular endo-
differentiation in spindle-shaped cells present in the Cﬁhal cells. The specificity, working dilutions and sources of
e

. . se monoclonal antibodies and selected references [6—-8, 10—14]
sule of human HCC and septa of LC, we investigated listed in Table 2. After preincubation with 0.3% hydrogen per-

toskeletal phenotypes of these cells immunohistochemiie to block endogenous peroxidase and subsequently with nor-
cally using monoclonal antibodies against SMA andal goat serum to inhibit non-specific reactions, they were incu-

myosin heavy chain isoforms, and analysed their ultfzted with primary antibody for 1 h at room temperature. Sections

o : ere incubated with biotinylated anti-mouse goat immunoglobulin
structural characteristics further by electron mlcroscop%r 30 min and then inca/bated with horse?adish peroxi%ase-la-

belled streptavidin-biotin complex for 30 min. They were rinsed in
0.01 M phosphate-buffered saline, pH 7.2, after each incubation
Materials and methods step. Peroxidase reaction was visualized by the use 'eflia/8i-
nobenzidine tetrahydrochloride (0.2 mg/ml) with nickel chloride
Liver specimens were obtained by surgical resection from 11 patour modification [15]. Counterstaining was with methyl green.
tients with encapsulated HCC that had developed in the presefice specificity of staining was checked by using nonimmune
of LC. Laboratory and pathological data are shown in Table 1. Aflouse serum (Dako, Glostrup, Denmark) instead of primary anti-
patients underwent transcatheter arterial embolization (TAE) whbdy.
intraarterial infusion of adriamycin plus mitomycin mixed with Sections stained immunohistochemically were used for mor-
lipiodols before operation. As controls, normal liver specimephometry. Eleven main tumours and twelve daughter tumours
were obtained by autopsy from five patients who died of lung were analysed. The area stained positively with each monoclonal
brain cancers. Informed consent was obtained from every pati@ntibody was quantitated along the whole length of capsule by a
and family. computerized morphometry system (MacSCOPE Ver.2.2; Mitani,
The liver tissue was divided into two parts. One was fixed Fukui, Japan), and the proportions of positive areas for actin and
methanol-Carnoy’s fixative for 1 day at room temperature, dehyyosin heavy chain isoforms to positive area for vimentin were
drated in ethanol series, and embedded in paraffin. Serial sectizaisulated. Results were expressed as the mean * standard devia-
5 pum thick were made from each sample. Every first and secaiwth (SD). Intra-observer variability was determined from ftripli-
section was used for haematoxylin and eosin (H-E) stain and Wigite measurements; the mean + standard error (SE) differences
gert's elastic van Gieson stain, respectively, and remaining semong measurements was 3.2+0.2%. Statistical comparisons were
tions were used for immunohistochemical staining. performed between groups by one way analysis of variance and
For immunohistochemistry, we used as primary antibodies gost hoc multiple comparison, using Scheffe’s tes®-value low-
ti-a-SMA monoclonal antibody 1A4, anti-muscle actin monoclcer than 0.05 was considered significant.
nal antibody HHF35, anti-SMA monoclonal antibody CGA7, and Another part of liver tissue was fixed by the perfusion with
monoclonal antibodies against myosin heavy chain isoforms SM%% glutaraldehyde in 0.062 M cacodylate buffer, pH 7.4, plus
and SM2. Anti-vimentin monoclonal antibody was used for paf% sucrose via the blood vessels that opened to the cut surface. It
staining of mesenchymal cells. Anti-desmin monoclonal antibodyas cut into small pieces, post-fixed in 1% Q$®©0.1 M phos-
which detects intermediate filament protein of striated and smoetiate buffer, pH 7.4, dehydrated in ethanol series and embedded in
muscle cells, was also used. Anti-von Willebrand factor (vWpolybed (Polyscience, Warrington, Pa.). Thin sections were

Table 1 Laboratory and ] . . .
pathological data of the pa- Patient Age Sex GOT GPT HBs- HCV- Size of main Histology of tumours

tients examinedwell well-dif- ~ NO. (years) (Uy (V) Ag  Ab  tumour (cm)
ferentiatedmodmoderately Grade Type
differentiated poor poorly dif-

ferentiatedGL pseudogiandu- 1 55 M 132 162 - + 1.5x1.7 mod GL
lar type, TRtrabecular type:} 2 71 M 87 97 - + 8.0x9.0 mod TR
3 70 M 20 24 - - 2.0x2.5x2.5 well TR
4 43 M 77 38 + - 16.0x12.0x5.0 mod to poor TR
5 55 M 43 29 - - 8.0x8.0x8.0 mod TR
6 56 M 72 69 - + 8.0x9.0x11.0 mod GL
7 58 M 49 75 + - 9.8x7.7x8.0 mod TR
8 45 F 35 48 + - 4.3x4.3%3.1 mod TR
9 69 M 32 54 - + 14.5x14.0 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
'llj'ggligszulg/leo{?oclonal ant Antibody Specificity and reactivity relevant to References  Source Working
) the present study dilution
Anti-vimentin  Smooth muscle cells, Dako 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] Ehzo 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
aDako A/S, Glastrup, Denmark chain 2
b Enzo Biochemicals, Inc., Anti-vWf Endothelial cells Dako 1:50

New York, USA
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stained with uranyl acetate and lead citrate and observed und
JEM-1200EX Il electron microscope (JEOL, Tokyo, Japan)
100 kV.

Results

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

On the cut surface of the liver, HCC showed large ¢
cumscribed masses (= main tumours), often with small
“satellite” masses called daughter nodules [16] or dau ig. 1 A macroscopic view of surgically resected encapsulated

; ; ) patocellular carcinoma (HCC). The main tumoht) (has a
ter tumours [17]. Each main tumour had a thick fibro ck, whitish capsuleafrowhead$, and there are four daughter

capsule easily identified by macroscopic observation agi@ours &rrows) on the cut surface of the liver. A large part of the
whitish and tough connective tissue layer (Fig. 1). As oldain tumour has become necrotic after transarterial embolization

served in H-E-stained sections, a large part of the méiAE). Formalin-fixed, original maginification x2.5
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 proeeth those in the capsule (Fig. 3d, e). It was also noted
dure and showed intact morphology. The capsule cdhat so-called “unpaired arteries”, which were not ac-
tained many spindle-shaped cells embedded in the m@&mpanied by obvious fibrous tissue or bile ducts, indi-
work of collagen bundles, but it lacked elastic fibres, aating neoangiogenesis [18], were present in places in
revealed by Weigert's elastic van Gieson stain. Spindthe tumour masses. The medial muscle layer of “un-
shaped cells were positive for 1A4 (Fig. 2a), HHF3maired arteries” showed a positive reaction to all of 1A4,
(Fig. 2b), CGA7 (Fig. 2c) and a myosin heavy chain isetHF35, CGA7, SM1 and SM2.
form marker SM1 (Fig. 2d), but negative for SM2 and Computer-assisted morphometry demonstrated that
desmin. Medial smooth muscle cells of arterioles in thige average areas of 1A4-, HHF35-, CGA7- and SM1-
capsule were positive for all of 1A4 (Fig. 2a), HHF3positive as percentages of the vimentin-positive area
(Fig. 2b), CGA7 (Fig. 2c), SM1 (Fig. 2d) and SM2. were 88.0£11.0%, 50.8£17.4%, 25.3t16.4% and
Thin fibrous capsule of daughter tumours also coh9.4+12.4% (=11 tumours from 11 patients), respec-
sisted of spindle-shaped cells and collagen bundtagly, in main tumours (Fig. 4a) and 86.6+9.4%,
(Fig. 3a). It was easily distinguished from the surroun80.9+18.7%, 21.1+12.3% and 17.6+9.78&12 tumours
ing fibrous stroma of cirrhotic liver by the intense stairfirom 5 patients), respectively, in daughter tumours
ing with Weigert’s elastic van Gieson stain (Fig. 3bjFig. 4b). Figure 5a and b demonstrates that in individual
Elastic fibres were rarely found in the capsule. As demain and daughter tumours the percentages declined in
onstrated by immunohistochemistry, spindle-shaped cehle order of 1A4, HHF35, CGA7, SM1, SM2. Although
showed the same cytoskeletal phenotype as describethén percentages varied widely among tumours for
main tumours; that is to say they were positive for 1A4HF35, CGA7 and SM1 (30%-80%, for example in the
(Fig. 3c), HHF35 (Fig. 3d), CGA7 (Fig. 3e) and SMtase of HHF35), there was no correlation between the
(Fig. 3f) but negative for SM2 (Fig. 3g) and desmimalues and the stage, type or size of HCC.
(Fig. 3h). There was no staining with monoclonal anti- Spindle-shaped cells were also present in the fibrous
body against vWf in the capsule consistent with the odepta of LC (Fig. 6a). In contrast to the spindle-shaped
servation of H-E stained sections, in which blood vessektdls in the capsule of HCC, those in the septa of LC
were rarely found, indicating that the cell componenigere stained for 1A4 (Fig. 6b) and HHF35 but not for
positive for smooth muscle actin and myosin isoforms @GA7 (Fig. 6¢), SM1 (Fig. 6d), SM2 (Fig. 6e) or desmin
the capsule were not identical to vascular smooth musgiey. 6f). Perisinusoidal stellate cells in the regenerative
cells. Unlike main tumours, daughter tumours were nobdules were positive for 1A4 (Fig. 6b) but negative for
damaged by TAE. The pericytes of tumour microvessélsiF35, CGA7 (Fig. 6¢), SM1 (Fig. 6d), SM2 and des-
were usually positive for 1A4 (Fig. 3c) and HHF3®in (Fig. 6e).
(Fig. 3d) and were occasionally positive for CGA7 The results of immunohistochemical staining in nor-
(Fig. 3e) and SM1 (Fig. 3f), but entirely negative famal livers, LC and HCC are summarized in Table 3.
SM2 (Fig. 3g). The HHF35-positive and CGA7-positive Transmission electron microscopy demonstrated that
pericytes in the periphery of tumours were continuogpindle-shaped cells in the capsule were elongated, with




Fig. 2a—d Thick fibrous capsule@) of a main tumour of HCC. interposed collagen bundles (Fig. 7a). The contour of the
The cancerous portioriT( has become necrotic following TAE.n,cleus was highly involuted. The cytoplasm contained

The surrounding liver tissueL) shows cirrhotic changes. SeriaA ; . ; i
sections are stained immunohistochemically with monoclonal ai froe amounts of microfibrillar material composed of mi

bodies againsa 1A4, b HHF35, c CGA7 andd SM1. Spindle- Ccrotubules and microfilaments (Fig. 7a—c), which were,
shaped cells in the capsule are positive for actin markers (LR@wever, smaller than those of vascular smooth muscle
HH'T(35 _él}ﬂd fCGA7) anc; a n,;yosm Ilhec?vy chain _IS?;]Ofm d(S'Vllla)ells.. Fusiform dense bodies were frequently found in
marketr. € frequency of positive cells aecreases In the oraer o et H _
HHF35, CGA7 and SM1. Spindle-shaped cells in the fibrous stro- fi)tlmga; reglor} and Slf'bp]!."i‘smalemmal area, bgt an a;
ma of surrounding cirrhotic liver are positive for 1A4 and HHF38€Mbled form of myosin filaments was not observe
but negative for CGA7 and SM1. Medial smooth muscle cells ¢fig. 7b, c). The juxtanuclear areas included rough endo-
arteries grrows) in the capsule are positive for all cytoskeletghlasmic reticulum with distended cisternae, free ribo-
markers. Original magnification x5 somes, well-developed Golgi apparatus and a cluster of

elongated mitochondria (Fig. 7c¢). Junctional specializa-




Fig. 3a—h Thin fibrous capsuleQ) of a daughter tumoufT} sur- stained for 1A4, HHF35, CGA7 and SMt—), and they occa-
rounded by cirrhotic liverl(). Serial sections are stained wéfid-  sionally adjoin the capsule as indicated dayowheads(d, €). In

E, b elastic van Gieson stain, and immunostained with monoclomaintrast, in the fibrotic stroma of surrounding cirrhotic liver, per-
antibodies against1A4, d HHF35,e CGA7,f SM1,g SM2 andh icytes @ouble arrowheadsof microvessels star) and spindle-
desmin. Spindle-shaped cells in the capsule are positive for 18daped cellssfnall arrow§ show positive staining for 1A4 only
HHF35, CGA7 and SM1 but negative for SM2 and desmifh)(  (c—g). Original magnification x1C:3

In some tumour microvesselasterisk}, pericytes &rrows) are
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Fig. 4 Actin- and myosin heavy chain isoform-positive areas as b 0
proportions of vimentin-positive area B main tumours and

daughter tumours (mean = SD; 11 main tumours, 12 daughterjg
mours). Values without a common superscript letter are signgi
cantly different P<0.05}

1A4 HHF35 CGA7 SM1 SM2

{. 5 Actin- or myosin heavy chain isoform-positive areas as
roportions of vimentin-positive area in individwammain tumours
andb 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

tions existed between adjacent cells (Fig. 7c). Collag&# SM2 in most cas:s

fibres were closely attached to the cell surface (Fig. 7b).

Basement membranes were obscure. Although we ab-

served a variation in the ratio of microfibrilar area tDiscussion

membranous cell organelle area from high (Fig. 7b) to

low (Fig. 7c) among spindle-shaped cells, ultrastructurslpha-SMA-positive spindle-shaped cells in the fibrous

distinction between different phenotypes was difficultissue of diseased human livers have been collectively
(Immunoelectron microscopy was not available faalled myofibroblasts [1-3]. By using a series of mono-

CGA7 and SM1 owing to their instability with paraforelonal antibodies against SMA and myosin heavy chain
maldehyde fixation.) Compared with spindle-shapésbforms we have demonstrated for the first time cells
cells in the capsule, those in the septa of LC containeith cytoskeletal phenotypes of intermediately differen-

more membranous cell organelles and less microfibriliéaited smooth muscle cells among the myofibroblasts:
material in the cytoplasm (Fig. 8). 1A4 (+), HHF35 (+), CGAY (+), SM1 (+) and SM2 (-) in

Table 3 Summarized data obtained from present immunohistochemical ssli$ §mooth muscle cell, ++ most cells positive, + ap-
proximately a quarter to half of cells positive, + only some cells positive, — ne¢;ative)

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 - + - - - - -
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Fig. 6a—f Fibrous septaafrows) interposed between regenerativd 9—21], although a few studies have led to reports of oc-
nodules in the cirrhotic liver. Serial sections argtained with H- ~gsional positive staining of hepatic myofibroblast-like

E, andb—f immunostained with monoclonal antibodies agammst . . .
1A4, c CGA7, d SM1, e SM2 andf desmin. Spindle-shape% cellCells with desmin [22]. Electron microscopy demonstrat-

in the septa are stained positive for 1A4 but not for CGA7, SM1@#¢ that capsular spindle-shaped cells resembled smooth
desmin. Hepatic stellate cellarowhead$ in the regenerative muscle cells more closely than septal cells: in the former
&Ogdlf‘!ieli r?]fgog]oﬂﬂ\éilgf){:ellgofbﬁé n&%fgﬂg&%?ihz'\ﬂ%rgl ?rgscrtnibells, the densely packed microfilaments with fusiform
are positive for all cytoskeletal rgarkers. Original F:nagnificatioﬂenSe bodies characterlstlc of smooth m.USCIe. cells [2.3]’
x75 overwhelmed dilated rough endoplasmic reticulum in
amount, although they were less prominent than those of
fully differentiated vascular smooth muscle cells. It is re-
the capsules of HCC but not in the septa of LC. In tlpsrted that smooth muscle cells have two functional
study, desmin was not expressed by spindle-shaped cahges (contractile and synthetic), which shift in disease
in the capsules or the septa, which is consistent with esmd culture conditions, and cells in the contractile state

lier immunohistochemical studies of hepatic fibrosis [2pntain more microfilaments and less rough endoplasmic
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reticulum, Golgi apparatuses and free ribosomes thaours [33, 34]. Taken together, the present results sug-
those in the synthetic state [24—29]. Smooth muscle cglést that the reaction of spindle-shaped cells to tumour
in the capsule are assumed from their ultrastructural feals may be responsible for their differentiation into
tures to be intermediate between the contractile and symooth muscle cells in the capsule.
thetic states. In this study, HHF35-positive and SM1-positive per-
The origin of smooth muscle cells in the capsule rieytes located at the periphery of a tumour occasionally
mains unclear. It is reported that stellate cell activatiadjoined the capsule, which is consistent with the obser-
takes place in the peritumour region as the result of wation of 1A4-positive cells by Enzan et al. [2]. Al-
inflammatory response [30] or interaction with tumouhough this may raise the possibility that the pericytes of
cells that secrete transforming growth fadd@s-a major tumour microvessels are another source of smooth mus-
profibrogenic cytokine [31]. This suggests that activatete cells in the capsule, their contribution is considered
stellate cells or transformed myofibroblasts induced tim be a small one, because the frequencies of HHF35-
the peritumour hepatic parenchyma may be implicatedpasitive and CGA7-positive pericytes were low in the tu-
the formation of fibrous tissue of the capsule. Spindletours.
shaped cells with the phenotype of smooth muscle cellslt is reported that the fibrous capsule influences the
were found only in the capsule and not in the surroundvasive capacity of HCC into local liver tissue [30, 31]
ing liver tissue. This excludes the possibility of an influgince actin-positive cells play a part in limiting metasta-
of smooth muscle cells from outside the capsule. Fgis by their anti-collagenolytic activities [35]. The pres-
thermore, spindle-shaped cells in the capsule shovesate of smooth muscle cells in the capsule indicates the
heterogeneous cytoskeletal phenotypes indicative of vaontractile capacity of capsule, suggesting that they may
ous stages of smooth muscle cell differentiation. Thenction in the maintenance or regulation of tumour
guantitative data of decreased proportions of positive pressure, which is usually higher than that of surround-
eas in the order of 1A4, HHF35, CGA7, SM1 and SMAg non-cancerous liver parenchyma [36].
indicate the presence of at least four phenotypes: 1A4
(+), HHE35 (-), CGA7 (-), SM1 (-), SM2 (-) cells; 1A4
(+), HHF35 (+), CGAY (-), SM1 (), SM2 (-) cells; 1A4References
(+), HHESS (+), CGAY (+), SM1 (-), SM2 (-) cells; and y gcpmitt-grafr A, Kruger S, Bochard F, Gabbiani G, Denk H
1A4 (+), HHF35 (+), CGA7 (+), SM1 (+), SM2 (-) cells.  (1996) Modulation of alpha smooth muscle actin and desmin
These data suggest that, even if myofibroblasts in theexpression in perisinusoidal cells of normal and diseased hu-
capsule derive from activated stellate cells in the sur- man livers. Am J Pathol 138:1233-1242

; ; ; ; . Enzan H, Himeno H, Iwamura S, Onishi S, Saibara T, Yama-
rounding liver parenchyma [32], they will acquire the2 moto Y, Hara H (1994n-Smooth muscle actin-positive peri-

phenotype of smooth muscle cells characterized by sinusoudal stromal cells in human hepatocellular carcinoma.
CGA7 and SM1 expression inside the capsule. Myofi- Hepatology 19:895-903 _ _
broblasts in the fibrous stroma of LC, in contrast, did nct Chau KY, Lily MA, Wu PC, Yau WL (1992) Myofibroblasts in

ihi _hepatitis B related cirrhosis and hepatocellular carcinoma. J
exhibit smooth muscle phenotype. It has been demon CIn Pathol 45:446-448

strated that myofibroblasts i_n breast cancer come t0 €X-Ueda M, Becker AE, Tsukada T. Numano F, Fujimoto T
press smooth muscle myosin heavy chain isoforms, pre-(1991) Fibrocellular tissue response after percutaneous trans-
sumably as the result of stromal reaction to epithelial tu- luminal coronary angioplasty. An immunocytochemical analy-
sis of the cellular composition. Circulation 83:1327-1332
5. Ueda M, Becker AE, Naruko T, Kojima A (1995) Smooth
muscle cell de-differentiation is a fundamental change preced-
ing wound healing after percutaneous transluminal coronary
angioplasty in humans. Coron Artery Dis 6:71-81
(énNagai R, Larson DT, Periasamy M (1988) Characterization of
a mammalian smooth muscle myosin heavy chain cDNA clone

Fig. 7a—c Electron micrographs of spindle-shaped cells in the fi-
brous capsule of main tumour of HC&Spindle-shaped cell$S(
are arranged in parallel to each other, being interposed by collag
bundles C). Membranous cell organelles in the perinuclear region . S ;
(asterisk3 are few in numbeb Higher magnification of a spindle- gggétggxggfss'gnl&ya{'ggf smooth muscle types. Proc Natl
shaped cell shown ia. It has a highly indented nucleus and abun- ; | e ) -
dan? microfibrillar materials withg fuysiform dense bodiesrgw- /- Nagai R, Kuro-o M, Babij P, Periasamy M (1989) Identifica-

; , : tion of two types of smooth muscle myosin heavy chain iso-
head$ in the cytoplasm. Collagen fibre§)(are closely associated forms by cDNA cloning and immunoblot analysis. J Biol
with the cell surfacec A spindle-shaped celf containing a large Chem 264:9734-9737 '
amount of perinuclear membranous cell organelles such as dila : - . . .
oth endoplasmic reicuum)(and  small amaunt of microf © SLIC.0 M N9 S RSOOSR 1 Yz X,

rillar materials with fusiform dense bodiesrfowhead$. There ; ’ - S
are junctional specializationgrfows) between apposed spindle- pression of vascular smooth muscle myosin heavy chain iso-

D P forms. J Biol Chem 264:18272-18275
i'lei%ego(?6|ls' Original magnifications x2,000, b x10,000, 9. Aikawa M, Sakomura Y, Ueda M, Kimura K, Manabe I,

Ishikawa S, Komiyama N, Yamaguchi H, Yazaki Y, Nagai R
Fig. 8 Electron micrograph of a spindle-shaped cg)lifi the fi- (1997) Redifferentiation of smooth muscle cells after coronary
brous septa of cirrhosis of the liver. This cell is elongated and hasangioplasty determined via myosin heavy chain expression.
a highly indented nucleus. It has abundant rough endoplasmic re-Circulation 96:82—-90

ticulum () and the Golgi apparatu§&¢). A few microfilaments 10. Skalli O, Ropraz P, Trzeciak A, Benzonana G, Gillessen D,
are found in the peripheral region of the cell, as indicatedrby Gabbiani G (1986) A monoclonal antibody againstmooth
rowheads Collagen fibres@) are closely associated with the cell muscle actin; a new probe for smooth muscle differentiation. J
(H hepatocytes). Original magnification x10,(:00 Cell Biol 103:2787-2796
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