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The role  of smooth musc le  cel ls  in the fo rmat ion  of a the rosc le ro t i c  plaques was studied by 
the f luorescen t  antibody method on autopsy ma te r i a l  with the aid of an t i s e rum against  smooth-  
musc le  actomyosino The pr incipal  f o r m s  of a the rosc le ro t i c  les ion (lipid stain,  f ibrous plaque, 
a the romatous  plaque) we re  invest igated in the aor ta ,  the b ra in  v e s s e l s ,  and the co rona ry  a r -  
t e r i e s .  Smooth -musc le  cel ls  were  found in the int ima along with a the rosc le ro t i c  foci, in the 
lipid s tain and f ibrous t i ssue  of the plaque, but not in the a theromatous  m a s s e s .  P ro l i fe ra t ion  
and migra t ion  of s m o o t h - m u s c l e  cel ls  a re  r egarded  as an essen t ia l  fac tor  in the morphogen-  
es i s  of a t h e r o s c l e r o s i s .  
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Invest igat ions of a t he ro s c l e ro s i s  c a r r i e d  out mainly  on exper imenta l  ma t e r i a l  have shown the leading 
role  of s m o o t h - m u s c l e  cel ls  in the morphogenes i s  of the a the rosc l e ro t i c  plaque [6, 7, 14, 20]. However,  
only  three  pape r s  on the d i scovery  of s m oo t h -musc l e  cei ls  in the a the rosc le ro t i c  plaque by the f luorescent  
antibody method could be  found in the l i t e ra tu re  [4, 10, 11]~ Moreover ,  the data descr ibed  by Knie r i em et 
al.  [10, 11] a r e  open to question because  these w o r k e r s  did not take into account d i f fe rences  in the antigenic 
composi t ion of ac tomyos in  f rom smooth and s t r ia ted  musc l e s ,  

The object  of the p r e s e n t  invest igat ion was to study the role  of smooth musc le  cel ls  in the format ion  
of a the rosc l e ro t i c  les ions  by Coons '  method,  using specif ic  an t i s e rum against  smooth musc le  ac tomyosin .  

E X P E R I M E N T A L  M E T H O D  

Autopsy m a t e r i a l  (obtained f rom the cadave r s  of eight pe r sons  with a the rosc l e ros i s )  was  used.  Var -  
ious types of a the rosc l e ro t i c  les ions  (lipid s ta ins ,  f ibrous and a theromatous  plaques) we re  invest igated in 
the aor ta ,  the b ra in  v e s s e l s ,  and the co rona ry  a r t e r i e s .  Sections were  cut in a c r y ,  s tar  and fixed for  7 min 
in 96%ethanol. Smooth-musc le  cel ls  were  identified by Coons '  indi rec t  method using an t i s e rum against  
smoo th -musc l e  ac tomyos in  [2] and labeled antibodies against  rabbi t  T-globulin.  Ser ia l  control  sect ions for  
morphologica l  invest igat ion were  stained with hema toxy l i n - eos in  and Sudan III. 

E X P E R I M E N T A L  R E S U L T S  

Invest igat ion of the aor ta  revealed  numerous  s m o o t h - m u s c l e  cel ls  between the e las t ic  m e m b r a n e s  of 
the media  (Fig. 1). In a r e a s  of the int ima,  a few smoo th -musc l e  cel ls ,  s m a l l e r  than in the media ,  could a lso  
be seen side by side with a the rosc le ro t i c  foci.  

Examinat ion of the lipid s ta ins  in the ao r t a  always revealed  br ight  specif ic  f luorescence  of the smal l  
Smooth-musc le  cel ls  contained in them (Fig. 2a). The number  of smoo th -musc l e  cel ls  in the f ibrous plaques 
in the aor ta  var ied ,  and smal l  elongated smoo th -musc l e  cel ls  we re  dis t r ibuted pa ra l l e l  to the lumen of the 
aor ta  among the f ibrous e lements  (Fig. 2b), Specific f luorescence  of s m o o t h - m u s c l e  cel ls  was absent  in 
the in te r io r  of the plaques among the a theromatous  m a s s e s .  Smooth-musc le  cel ls  were  detected only in the 
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Fig~ 1o Smooth-muscle cells in media of the aorta: a) specific 
fluorescence of elongated smooth-muscle cells and autofluores- 
eence of elastic membranes; b) serial control section: autofluor- 
escence of elastic membrane, Here and in Figs~ 2 and 3: treat- 
ment with antiserum against smooth-muscle actomyosin by Coons' 
indirect method. In the control, antiserum absorbed beforehand 
with actomyosin (120x). 

Fig~ 2. Smooth-musc le  cel ls  in a the rosc le ro t i c  les ion of the hu- 
man aor ta :  a) specif ic  f luorescence  of s m o o t h - m u s c l e  cel ls  in l ip-  
id stain (120 x); b) sma l l ,  elongated s m o o t h - m u s c l e  ce l l s  in f i -  
brous  plaque (120x); c) s m o o t h - m u s c l e  ce l l s  in su r face  l aye r  of 
plaque (120x); d) cel ls  of s m o o t h - m u s c l e  or igin in sur face  l aye r  
of  a the rosc l e ro t i c  plaque (270 x)~ 

Fig, 3. Smooth-musc le  cel ls  in a the rosc l e ro t i c  foci in c e r e b r a l  
ves se l s :  a) middle c e r e b r a l  a r t e r y -  numerous  s m o o t h - m u s c l e  
cel ls  at  b o r d e r  of plaque (240x); b) s m o o t h - m u s c l e  cel ls  in thick- 
ened int ima of middle c e r e b r a l  a r t e r y  (240x)~ 

sur face  l aye r  and base  of the plaque (Fig. 2c, d). In both f ibrous and a theromatous  plaques in the aor ta  p a r -  
t i cu la r ly  la rge  col lect ions of s m o o t h - m u s c l e  cel ls  could be seen at the edges of the plaque.  

Invest igat ion of the co rona ry  and c e r e b r a l  a r t e r i e s  a lso  showed that s m o o t h - m u s c l e  cel ls  constant ly 
pa r t i c ipa te  in the format ion  of a the rosc l e ro t i c  lesions of the ve s se l  wall.  Smooth-musc le  cel ls  were  inva r -  
iable morphologica l  components  of a the rosc l e ro t i c  plaques and lipid s ta ins  in the co rona ry  a r t e r i e s  and 
large  b ranches  of the in ternal  ca ro t id  a r t e r y .  Jus t  as in the aor ta ,  no s m o o t h - m u s c l e  cel ls  could be seen 
inthe  a the romatous  plaques ,  but they were  found in lipid s ta ins ,  in the i r  f ibrous t i ssue  of plaques of var ied  
s t ruc tu re ,  and, in pa r t i cu l a r ,  they were  ve ry  :numerous  in the in t ima at the edges of the plaque (Fig. 3a), 
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Elongated smooth-muscle cells were constantly visible in the thickened intima of the coronary ar ter ies  and 
ar ter ies  at the base of the skull (Fig. 3b). 

Cells of smooth-muscle origin were thus found in all forms of atherosclerotic lesion of the blood- 
vessel walls investigated: in lipid stains and in fibrous and atheromatous plaques. The following points for 
discussion ar ise  in the analysis of the data: 1) the possible role of smooth-muscle cells in the formation of 
the atherosclerotic plaque, 2) the sources of cells of smooth-muscle origin appearing in the plaque, and 3) 
the factors causing proliferation of the smooth-muscle cells. 

Many workers have stated that in atherosclerotic foci not only macrophages of hematogenous origin, 
but also smooth-muscle cells can accumulate lipids [14, 18, 19]. Some workers consider that ina theroscle-  
rosis the synthesis of lipids by smooth-muscle cells of the vessel wall is intensified [7]. The hypothetical 
ability of smooth-muscle cells in atherosclerotic plaques to synthesize the fibrous elements of the connec- 
tive tissue was postulated originally on the basis of investigations with the light microscope [19]. Direct 
proof of the formation of elastic and collagen fibers by smooth-muscle cells has been obtained in tissue cul- 
ture [15, 16]. So-called modified smooth-muscle cells with all the features of a well-developed synthetic 
function appear in the intima in atherosclerosis .  

Some workers consider that smooth-muscle ceils in the atherosclerotic plaque develop from precur-  
sor cells brought by the blood stream [9]; endothelial cells, it is suggested, can be modified into smooth- 
muscle cells [12]. However, the most widely held view is that cells with the character is t ics  of smooth 
muscle migrate into the intima from the media in a wide range of pathological states, including atheroscle-  
rosis  [1, 3, 14, 17]. 

Some workers consider that smooth-muscle cells are the only type of functionally active cells in the 
media of blood vessels [6]. Proliferation of the smooth-musclecells  of the media and their migration into 
the intima are possibly the stereotyped response of the vessel  wall to injury, Meanwhile injury to the in- 
tima is evidently the most  important pathogenetic factor in the mechanisms of formation of atherosclerotic 
lesions [5, 8, 13, 17]. It has been suggested that the stimulus to proliferation and migration of the smooth- 
muscle cells may be the action of a hypothetical blood factor [17, 18], lipoproteins [17, 20], or components 
of the thrombus and, in part icular ,  platelets [9, 18]. 
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