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Summary .  This work, performed by immunofluorescence on the mouse embryo, makes 
use of the remarkable specificity of human pathological anti-striated and anti-smooth muscle 
auto-antibodies. I t  makes it possible, on the one hand, to date the appearance of smooth 
muscle Actomyosin during embryogenesis, and, on the other hand, to witness the appearance 
of immunological distinctions between contractile proteins of smooth and striated muscle. 

Most  immunohis to log ica l  s tudies  of the  embryogenes is  of muscle and  contrac-  
t i le  p ro te in  have  been per formed  on s t r i a ted  muscle (Romanovsky ,  1964 a, 1964 b; 
Piantel l i ,  1964; Ogawa, 1962; Bergman,  1962; Biro et al.,  1963). Usual ly ,  these  
immunohis to log ica l  s tudies  were carr ied out  b y  means  of he te roan t ibodies  re- 
ac t ing  wi th  var ious  muscle components .  The m a t t e r  of smooth  muscle embryo-  
genesis ha  s r a re ly  been approached .  

This work, ut i l iz ing immunofluorescence in the  mouse embryo ,  t akes  advan-  
t age  of the  r emarkab le  specif ic i ty  of h u m a n  pa thologica l  an t i - s t r i a t ed  and  anti-  
smooth  muscle auto-ant ibodies .  I t s  purpose  is twofold :  

Es tab l i sh ing  the  deve lopmenta l  s tage a t  which the  smooth  muscle ac tomyos in  
appears .  

Observing the  appea rance  of immunologica l  d is t inct ions  exis t ing be tween con- 
t rac t i l e  pro te ins  of smooth  and s t r i a t ed  muscle. 

Mater ia l  and Methods 

H u m a n  Pathological Anti-Smooth Muscle Auto-Antibodies. Anti-smooth muscle antibodies 
(asmAb) have been mainly reported in chronic active hepatitis (Johnson et al., 1965; Iron- 
side et al., 1966; Whittingham et al., 1966a, 1966b; Doniach, 1966). There are at least two 
types of these asmAb: Type A (asmAb A) and type B (asmAb B) (Herbeuval et al., 1972); 
they are not species-specific and react only with smooth muscle (Ironside et at., 1966). The 
asmAb A reacts with smooth muscle actomyosin (SMA), a myosin and actin complex, at 
moderate or high ionic strength, but reacts neither with myosin nor with globular-actin used 
separately (Montagne et al., 1972). I~Iere, we used only the asmAb A. 

Hyperimmune Rabbit Anti-smooth Muscle Actomyosin Serum. SMA was extracted from 
bovine intestinal smooth muscle at high ionic strength (Laszt et al., 1961) and purified by 
precipitation at low ionic strength and ultracentrifugation (Sparrow et al., 1970). 

SMA purified so).ution was kept at --  25 ~ C with an equal volume of glycerol (Archer et al., 
1971) and has been used to obtain a hyperimmune rabbit serum (Montagne et al., 1972). 

Abbreviations. asm Ab (Anti-smooth muscle antibodies); asm Ab A (Anti-smooth muscle 
Type A antibodies); asm Ab B (Anti-smooth muscle Type B antibodies); ASM Ab (Anti- 
striated muscle anti.bodies); MG (Myasthenia gravis); ~NHS (l~Tormal human serum); SMA 
(Smooth muscle actomyosin). 
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Human Pathological Anti-Striated Muscle Auto-Antibodies. Some individuals with my- 
asthenia gravis (NG) have a serum globulin factor that reacts with alternate striations of 
skeletal muscle (Strauss et al., 1960). This anti-striated muscle antibody (ASMAb) is not 
species-spgcific and reacts not only with skeletal muscle but also with cardiac muscle (Beutner 
et al., 1962) and some thymic myoid cells (van der Geld et al., 1964; Strauss et al., 1966). The 
component of striated muscle reacting with ASMAb is still uncertain. The A (Myosin or 
possibly actomyosin (Strauss et al., 1961; Hale et al., 1965; Nastuk et al., 1966); I (Troponin 
or Tropomyosin) (Vetters, 1965; Strauss, 1967) and Z discs (Nastuk et al., 1966) of the sarco- 
mere have all been thought of as possible sites of antibody binding. 

Mouse Embryos. In order to obtain a series of mouse embryos of various known ages, we 
used a group o3 female mice (Mus musculu8, albinos, Swiss) whose estrous cycles were steadied 
by vaginal smears. 

Vaginal smears were performed according to the techniques of Papanicolaou (1948) for 
taking and fixation of vaginal secretions, Papamiltiades (1953) for nuclear staining with 
ZnSOa-hematoxylin, Pundel (1966) for cytoplasmic staining with Short's3 stain and Isaac 
and Wurch (1951, 1952) for smear setting. A female mouse was placed with the male when the 
smear was characteristic of estrns or heat. The first day of gestation was fixed as the day 
following estrus. Embryos 5 to 20 days old were thus obtained. The error in age determination 
did not exceed a few hours. Generally, embryos were taken in an intact uterus and imme- 
diately deep-frozen in liquid nitrogen at -- 196 ~ C; then, the embryos were kept at -- 70 ~ C 
until used as immunofluorescence substrates. 

Immuno]luorescence Staining. Fluorescent staining was carried out according to Coon's 
indirect method (Coons et al., 1950). Fluorescein-labelled anti-human globulin reagent was 
obtained from the Institut Pasteur. 4 ~-cryostat sections were examined under a Leitz fluores- 
cence microscope, t~esults were labelled ~-@ + ~- to--according to the intensity of the ob- 
served fluorescence. Negative tests (normal human serum (NHS) with smooth, cardiac and 
skeletal embryonic muscles as substrates) were performed for each stage of embryogenesis. 
AS~L~_b and asmAb A were used with adult mouse muscles as substrates for positive tests. 
All sera were tested at 1/8 dilution in pH 7.2 buffer containing 0.85% sodium chloride. 

Results and Discussion 

Negat ive  Tests.  No fluorescent s taining was observed when NI-IS was reacted 
with adul t  mouse muscles. The same negative results were obta ined with smooth 
cardiac and  skeletal embryonic  muscles, whatever  the age of the embryo. I n  the 

youngest  embryos (7, 6 and  5 days old), it  was not  always possible to ident i fy  
all pr imit ive  muscles, but ,  in  these stages, no s t ructure  reacted positively. 

Posi t ive  Tests.  ASMAb of MG serum reacted with a l ternate  str iat ions of adul t  
mouse cardiac and  skeletal muscles, bu t  did no t  react with smooth muscle (Table 1). 
On the contrary,  asmAb A reacted with smooth muscle, of course, bu t  also, 
a l though less strongly, with a l ternate  str iat ions of adul t  mouse cardiac and  skeletal 
muscles. 

So, I ronside 's  organ specificity (Ironside, 1966), t rue  for ma n  and  m a n y  
animals  (I-Ierbeuval et al., 1972) is no t  so for mice; there is a component  of adul t  
mouse cardiac and skeletal muscles, which is d is t r ibuted in  a l ternate  str iat ions 
and  possesses a cross-antigenieity with the SMA. 

E m b r y o n i c  Smooth Musc le  (Table 2). In tes t ina l  smooth muscles iu embryos 
at  least 14 days old, reacted with asmAb A and  the observed s taining was the same 
as with adul t  mouse in tes t inal  smooth muscle. The smooth muscles of an  embryo 
l J[ days old reacted also, bu t  faintly.  I n  younger  embryos, no fluorescence was 
observed at  all, a l though it  was possible to ident ify the primit ive gut  as early 
as the 9th day. 
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Table 1. Observed fluorescent staining with positive tests 

Substrates ASMAb asmAb A 

13 381 9 637 15 507 

Adult mouse 
Smooth muscle -- + + + + + + 
Striated muscle + + + + + + + 
Cardiac muscle + + + + + + + 

28i 

Table 2. Auto-antigenicity of mouse embryonic smooth muscle 

Substrates ASMAb asmAb A 

13381 9637 15507 

Adult mouse -- + + + + + + 

Embryos 
19 days --  + + +  + + +  
14 days -- + + +  -}-++ 
11 days -- + f .  + f .  
10 days -- -- --  
9 days -- --  --  
8 days ? ? ? 
7 days ? ? ? 
6 days ? ? ? 
5 days ? ? ? 

A comparab le  s tudy ,  pe r formed  wi th  a h y p e r i m m u u e  r abb i t  serum ant i -SMA, 
showed t h a t  i t  was no t  only  the  appea rance  of the  au to -an t igen ic i ty  A t h a t  
could be d a t e d  bu t  t r u l y  the  appea rance  of the  SMA. 

Therefore  the  SMA or an  embryonic  ae tomyosin ,  immunologiea l ly  ident ica l  
to  a d u l t  ac tomyos in ,  appears  in the  p r imi t ive  gu t  of the  mouse embryo  "in u te ro"  
be tween  the  10th and  the  l l t h  d a y  of i ts  growth.  This  appea rance  coincides wi th  
the  fo rma t ion  of the  p r i m a r y  in tes t ina l  loop (Snell etal., 1968). The  mouse 
e m b r y o ' s  gu t  is, a t  t h a t  t ime,  in the  same deve lopmenta l  s tage as a 29 d a y  old 
h u m a n  embryo  (Otis et al., i954). 

The embryon ic  smooth  muscles never  reac ted  with  ASMAb.  There  is there- 
fore no immunologica l  a f f in i ty  between the  smooth  muscle  pro te ins  and  the  
s t r i a t ed  muscle  au to -an t igen  t h a t  reacts  wi th  A S M A b  of a M G  serum, and  th is  
is t rue  for  al l  deve lopmen ta l  stages.  

Embryonic Skeletal Striated Muscle (Table 3). The  s t r i a t ed  muscles  of l imb 
rud imen t s  r eac ted  wi th  ASMAb,  l ike those  of the  adul t ,  as ear ly  as the  1 l t h  d a y  
of growth.  I n  the  embryo  10 days  old, immunof luoreseent  s ta ining was still  only  
f a in t ly  posi t ive.  There  was no reac t ion  before the  10th day .  The a smAb A reac ted  
wi th  embryonic  skeletal  muscles,  as wi th  embryon ic  smooth  muscle,  f rom the  
l l t h  d a y  onward.  There  was no f ixa t ion  before the  l l t h  day .  
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Table 3. Auto-antigenicity of mouse embryonic skeletal striated muscle 

Substrates ASMAb asmAb A 

13381 9637 15507 

Adult mouse + + + + + + -t- 

Embryos 
19 days + + + + + + + 
14: days + + +  + +  + +  
1t days + + +  +f .  +f .  
10 days + + -- -- 
9 days -- -- -- 
8 days ? ? ? 
7 days ? ? ? 
6 days ? ? ? 
5 days ? ? ? 

Table 4. Auto-antigenicity of mouse embryonic cardiac muscle 

Substrates ASMAb asmAb A 

13381 9637 15507 

Adult mouse + + + + + + + 

Embryos 

19 days + + + + + + + 
14 days + + +  + +  + +  
11 days @ + +  + +  + +  
10 days + + +  + +  + +  
9 days + + -- -- 
8 days -- -- -- 
7 days ? ? ? 
6 days ? ? ? 
5 days ? ? ? 

Thus  the ant igen of mouse skeletal str iated muscle, immunological ly related 
to SMA, appears at  the same t ime as SMA but, later t h a n  the ant igen of skeletal 

s tr iated muscle reacting with ASMAb. 
Embryonic Cardiac Muscle (Table 4). I t  was possible to observe in cardiac 

muscle, an  identical  delay between the appearance of ant igen  reacting with 
ASMAb and the later appearance of ant igen  related to SMA. Bu t  these two 
components  appear earlier in  cardiac muscle t h a n  in  skeletal str iated muscles, 

since they  can be detected by  immuaofluoreseence,  respectively as early as the 
9th and  10th days, instead of the 10th and l l t h  days. 

The acquisi t ion of adul t  s tr iated muscle ant igenie i ty  by cardiac muscle cor- 
responds with the differentiat ion of epimyoeardium into myocard inm and epi- 
cardium (Snell et al., 1968). The hear t  of the  mouse embryo is then  a t  the same 
developmenta l  stage as the 23-day h u m a n  embryo (Otis et al., 1954). 
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Conclusions 

The smooth muscle actomyosin  or an  embryonic  actomyosin appears in the 
primit ive gut, between the 10th and the 11th day of mouse growth "in utero".  

I n  the mouse, the skeletal and  cardiac str iated muscles of adul t  and  embryo 
possess an  ant igen  immunological ly  related to the smooth muscle actomyosin.  
This component  is d is t r ibuted in  a l ternate  str iat ions and always appears later 
t h a n  the ant igen with which ant i -s t r ia ted  muscle auto-ant ibodies  react. 

The myocard ium gains the ant igenic i ty  of adul t  s tr iated muscle between the 
8th and  the 9th day, i.e. earlier t han  skeletal muscles. 

We are grateful to Professor Stepha.n for many helpful suggestions. This research was 
supported in part by INSEt%M, CNRS and Comit6 Lorraine de la Fondation pour la Recherche 
~6dicMe FrangMse. 
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