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P r e s e n c e  of Modi f i ed  F i b r o b l a s t s  in G r a n u l a t i o n  T i s s u e  and the ir  P o s s i b l e  Role  in W o u n d  C o n t r a c t i o n  

Al though  the  mechan i sm of wound  con t rac t ion  is no t  
ye t  clarified, recent  histological,  h i s tochemica l  and meta -  
bolic s tudies suggest  t h a t  the  cel lular  c o m p o n e n t  of 
g ranula t ion  t issue (par t icular ly  fibroblasts)  p lays  a role 
in this  process 1-3. I t  has  been  shown t h a t  cu l tu red  
f ibroblas ts  m a y  con t rac t  in v i t ro  8, 4; however ,  a t  p resen t  
the re  is no ev idence  t h a t  t h e y  do  so dur ing  wound  
healing.  W e  h a v e  inves t iga ted  this  possibi l i ty,  by  means  
of  e lec t ron microscopy,  in 4 expe r imen ta l  models  of 
con t rac t ing  g ranu la t ion  tissue. 

Male Wis t a r  ra t s  weighing 100-180 g were used for 
t he  s t udy  of:  1. t h e  r epa ra t ive  process a f te r  r e m o v a l  
f rom the  ches t  of a square  of skin (with t he  cu taneous  
muscle) measur ing  4 cm*; 2. t he  con t rac t ion  of a t a i l  
t endon  (2 cm in length) homot ransp l an t ed  in one of t h e  
pelvic  fa t  bodies6; 3. t he  scarr ing of a smal l  a rea  of the  
l iver  capsule af ter  d ry ing  for 5 min  wi th  a gent le  s t ream 
of compressed a i r ;  4. SP-LYE'S 6 g ranu loma  pouch  pro-  
duced by  the  s.c. in jec t ion  of 20 ml  of air  and 1 ml  of 1% 
cro ton  oil in corn oil. The  controls  were f ibroblas ts  f rom 
ei ther  ta i l  tendon,  subcutaneous  connec t ive  t issue or  
l iver  capsule. Granula t ion  tissues were  examined  a t  the  
fol lowing t i m e  in te rva ls :  for wounds  6 and 12 days ;  
for t endon  implan t s  and l iver  surfaces 7, 16 and 21 days ;  
and for the  g ranu loma  pouch  2, 6, 10, 16 and 21 days.  
The  t issues were examined  grossly and  selected areas  
were f ixed by  immers ion  of smal l  cubes for 5 h in 3% 

g lu ta ra ldehyde  in cacodyla te  buffer.  These were left  in 
buffer  overn ight ,  pos t - f ixed in 2% OsO 4 in col l idine 
buffer, dehydra ted ,  embedded  in E p o n  815, cut ,  s ta ined 
wi th  u rany l  ace ta t e  and lead c i t ra te  and examined  wi th  
a Phil ips 300 e lec t ron  microscope.  

Dur ing  the  first  few days,  the  f ibroblas ts  mul t ip l ied  
as expec ted  ~, and showed t h e  cytologic  s t ruc tu re  regarded  
as ' t yp ica l '  (Figure 1 a) (i.e. numerous  c is ternae  of rough 
endoplasmic  re t i cu lum and  m a n y  mi tochondr ia) .  Later ,  
however ,  somet imes  be tween  8 and  21 days  depend ing  
on t h e  expe r imen ta l  mode l  (earl iest  w i t h  t he  skin wound,  
la tes t  w i th  t he  g ranu loma  pouch),  m a n y  f ibroblas ts  
exh ib i t ed  3 pecul iar  modif ica t ions :  

1. A flbrillar system deve loped  wi th in  t he  cy top l a sm 
(Figures l b and c). The  t e r m  ' sys t em '  is purpose ly  
employed  to emphas ize  t h a t  these were no longer  the  
few fibrils of ten  seen in fibroblasts2, 7, bu t  bundles  of 
packed  fibrils resembl ing those of smoo th  muscle s , 
cu l tured  ra t  embryon ic  cells 9, B H K - 2 1  cells ~o or  the  
a m o e b a  u. T h e y  measuredo mos t ly  40-80 A in d i ame te r  
(more ra re ly  120-160A)  and  were usua l ly  a r ranged  
para l le l  to  the  axis  of t he  cell. They  showed electron-  
dense areas (beneath  the  p l a s m a l e m m a  or sca t te red  
wi th in  the  f ibri l lar  bundles) such as are called ' a t t ach-  
m e n t  si tes '  in smoo th  muscleS, ~*-~* (Figures l b  and c). 
These  fea tures  were  somet imes  so wel l  deve loped  t h a t  
ind iv idua l  cells could h a v e  been labeled ' smooth  muscle 

N 

Fig. 1. Fibroblasts from control and granulation tissue, a) Fibro- 
blast from normal subcutaneous tissue: the nucleus is oval and the 
cellis surrounded by collagen fibres. × 10,500. b) Modified fibroblast 
from the wall of a 21-day-old granuloma pouch : numerous folds and 
indentations of the nucleus. In addition to a prominent endoplasmic 
reticulum, the cytoplasm contains many fibrils located mostly at 
the periphery of the cell. In the extracellular space are collagen 
fibres together with a finer fibrillar material without periodicity. 
x 14,000. c) Another modified fibroblast showing a well developed 
fibrillar system with dense bodies both within the cytoplasm and 
at the periphery of the cell, in connection with an extracellular 
layer of basement membrane-like material parallel to the cellular 
surface. × 7600. 
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The presence  of nuc lear  deformat ions ,  associa ted  wi th  
a wel l -developed cy top lasmic  f ibr i l lar  sys tem,  suggests  
t h a t  these  modif ied  f ib roblas t s  have  undergone  cont rac-  
t ion.  The surface d i f fe ren t ia t ions  give a m e a n  w h e r e b y  
t h e y  could t r a n s m i t  t h e  resu l t ing  mechan ica l  pul l  to  t h e  
su r round ing  t issue e lements .  This  m e c h a n i s m  could p l a y  
an  i m p o r t a n t  role in t h e  con t r ac t ion  of w o u n d s  and  in 
o t h e r  forms  of connec t ive  t i ssue  shr inkage.  

I t  is l ikely t ha t ,  in t he  e x p e r i m e n t a l  mode l s  used  here,  
these  modif ied  f ib rob las t s  have  deve loped  f rom the  more  
conven t iona l  t i ssue  f ibroblas ts .  I n  n o rma l  animals ,  in te r -  
med i a t e  forms  b e t w een  f ib robtas t s  and  s m o o t h  muscle  
cells are p r e s en t  ~ and  s m o o t h  muscle  cells m a y  b e h a v e  
like f ib roblas t s  in t h a t  t h e y  produce  col lagen and  elas- 
tin14; moreover ,  s m o o t h  muscle  cells r e sembl ing  f ibro-  
b las t s  have  been  descr ibed  in t he  u te rus  of r a t s  t r e a t e d  
wi th  oes t rogens  x* and  in pa tho log ic  or e x p e r i m e n t a l  
ar ter iosclerot ic  lesions 21-.3. I t  seems obvious,  then ,  t h a t  
f ib roblas t s  and' s m o o t h  muscle  cells are m u c h  more  
closely re la ted  t h a n  classical h is to logy would have  a l lowed 
one to  suppose,  and  t h a t  e i ther  cell m a y  be capab le  of 
modu la t i ng  t o w ard s  an i n t e rmed ia t e  type .  

In  conclusion,  our  f indings  s u p p o r t  t he  v iew 1 t h a t  
f ib roblas t s  p lay  a role in g ranu la t ion  t issue con t r ac t i on ;  
f u r t he rmore  t h e y  ind ica te  t h a t  th is  con t r ac t ion  is due,  
a t  least  in par t ,  to  t he  modi f ica t ion  of f ibroblas ts  in to  
cells which  are capab le  of an ac t ive  spasm 2~. 

Fig. 2. Surface differentiations of modified fibroblasts (from the 
liver capsule 21 days after drying), a) Cytoplasmic dense bodies 
in relation with a layer of basement membrane-like material. 
×40,000. b) and e) Maculae ~adhaerentes between 2 fibroblasts; 
note the intraeellular fibrils. × 60,000. 

Rdsumd. Au cours  de la c o n t r a c t i o n  du  t issu de granu-  
la t ion,  de  n o m b r e u x  f ib rob las tes  acqui~rent  des caract6-  
r i s t iques  u l t r a s t ruc tu re l l e s  qui  les r e n d e n t  semblab les  
des  cellules muscula i res  lisses. I1 es t  p ro b ab l e  que  ces 
616ments modifi6s j o u en t  un  r61e dans  le processus  de  
con t r ac t ion  des  plaies. 
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cells '  if ano the r  p a r t  of the i r  cy top la sm had  no t  d i sp layed  
a s t ruc tu re  o therwise  ' typ ica l '  of a f ibroblas t .  

2. Nuclear de/ormations. Whereas  t he  nuclei  of con t ro l  
f ibroblas ts  (as well as those  of o the r  cells in the  granula-  
t ion  t issues,  e.g. h is t iocytes ,  m a s t  ceils or f ib rob las t s  poor  
in fibrils) were  mos t ly  s m o o t h  or showed  only  a few w a v y  
inden ta t ions ,  m a n y  of t he  modi f ied  f ib rob las t s  con ta ined  
very  i r regular  nuclei,  w i t h  deep  folds or m a n y  sha l low 
nicks  recal l ing the  shape  of an  accord ion  (Figure l b ) .  
This  was  par t i cu la r ly  ev iden t  in t he  g r anu loma  p o u c h  
a n d  on  t h e  l iver  surface.  Such changes  h a v e  been  cor- 
r e l a t ed  w i t h  cel lular  con t r ac t ion  in a t  least  3 sy s t ems :  
s m o o t h  muscle  Is, myoca rd i a l  f ibres  1. a n d  endothe l ia l  
cells t r e a t e d  wi th  h i s t a m i n e - t y p e  m e d i a t o r s  17. 

3. Sur/ace differentiations. M a n y  pe r iphe ra l  ' a t t a c h -  
m e n t  s i tes '  were  re la ted  to  an  ex t race l lu la r  l ayer  of 
b a s e m e n t  m e m b r a n e - l i k e  ma te r i a l  para l le l  to  t h e  cell  
wall  (Figures l c  and  2a). In  severa l  cells, such  layers  
covered  a large p a r t  of t he  surface (Figure l c ) .  This  
complex ,  wh ich  is p r e s e n t  on  t h e  surface  of s m o o t h  
muscle  cellsS, 1., is also r emin i scen t  of t he  hemidesmo-  
somes descr ibed  in pe r icy tes  or endo the l i um 18, ~s. More- 
over,  localized in tercel lu lar  connec t ions  were  found,  in 
the  na tu re  of maculae  a d h a e r e n t e s  (Figures 2b  and  c). 
These  have  been  descr ibed  b e t w e e n  foetal19 neonatal1* 
or cu l tured  2° f ib roblas t s  b u t  h a v e  no t  p rev ious ly  been  
observed  be tween  such cells in adu l t  an imals  even  dur ing  
w o u n d  heal ing l°. 
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