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The role of macrophages in the resorpt ion  of the denatured collagen of wound detri tus was es -  
tablished by t ransmiss ion  and scanning electron microscopy of healing skin wounds. In the 
period preceding active collagen synthesis and fibri l logenesis a phenomenon of close cellular 
contact between macrophages and fibroblasts  of the granulation t issue was found. It is postu- 
lated that the role of macrophage--fibroblast  interaction consists  of the t ransmiss ion  of specific 
information with the aid of processed  collagen breakdown products on the basis of feedback be- 
tween collagen catabolism and biosynthesis.  This feedback may be part  of the homeostatic 
mechanism regulating the development of connective tissue. 
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The principal connect ive- t issue cell, responsible for both the biosynthesis and the catabolism of collagen, 
is the fibroblast [2, 8]. The molecular  and u l t ras t ruc tura l  aspects  of collagen metabolism have been adequately 
studied. The mechanisms controlling its metabolism are tess clear,  especial ly in developing connective t i s -  
sue during wound healing, inflammation, sc leros is ,  etc. At cer ta in  stages of these p rocesses  the predominant 
celt type is the macrophage,  the functions of which include cleansing of the zone of injury. However, the 
macrophage also undoubtedly has a role in the subsequent t ransformat ion when the predominant p rocess  is 
proliferat ion of f ibroblasts  and the formation of collagen fibers.  Reducing the number of macrophages in the 
wound considerably by the action of antimacrophagal  se rum caused a sharp delay in healing [ 6]. 

The object of this investigation was to study m a e r o p h a g e - f i b r o b l a s t  interaction and its role in the auto- 
regulatory mechanisms of connective tissue development. 

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

Full- thickness  wounds (4 cm 2) were inflicted on the back of August rats .  The wounds in 20 animals healed 
under a scab, but a Teflon ring, covered with a cellophane film to prevent scab formation, was sutured into the 
wound of the other 20 ra ts .  The animals were killed between 1 and 30 days later;  the granulation tissue was 
fixed in 2.5% glutaraldehyde and 1% osmium tetroxide, and embedded in Durcupan. Semithin secti.ons were 
stained with toluidine blue; ultrathin sections, stained with uranyl  acetate and lead oxide, were examined in the 
IEM-100B microscope.  Samples of t issue for scanning electron microscopy were fixed in glutaraldehyde, de-  
hydrated in acetone, and f ractured in liquid nitrogen. The cleavage surface,  and also dewaxed and frozen sec-  
tions, were sprayed with carbon and si lver  and examined in the ISM-50A microscope with a magnification of 
between 100 and 30,000x. 

Central  Scient i f ic-Research Laboratory,  I. M. Sechenov F i r s t  Moscow Medical Institute. (Presented by 
Academician of the Academy of Medical Sciences of the USSR A. I. Strukov.) Transla ted  f rom Byulleten' 
l~ksperimental 'noi Biologii i Meditsiny, Vol. 83, No. 5, pp. 627-630, May, 1977. Original art icle submitted 
April 23, 1976. 

This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part [ 
of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 

I microfilming, recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $ Z 50. j 

745 



Fig. 1 Fig. 2 

Fig. 1. Macrophages  (M), absorbing de t r i tus  consis t ing of f ibr in  (F) and collagen f ibr i l s  (CF), 
which have  lost thei r  cha r ac t e r i s t i c  s t ruc tu re  in some places  (arrows) (32,000x). 

Fig. 2. Scanning e lec t ron  mic rog raph  of macrophage  (M) and f ibroblas t  (FB) in contact  with each 
other  (18,000x). 

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

During the f i r s t  few hours  neutrophi ls  and monocytes  f rom the blood migra ted  into the wound. Macro-  
phages di f ferent ia te  f r o m  the monoeytes ,  and on the second to third day a f te r  wounding they became the p r e -  
dominant cel l  form.  The u l t r a s t ruc tu re  of the act ively functioning macrophages  di f fered cons iderably  f rom 
that of the less  different ia ted fo rms .  The nucleus was condensed, lost its nucleoli,  became bean-shaped  or 
lobular,  and was often si tuated eccent r ica l ly .  The l amel la r  complex and endoplasmic  re t i cu lum were  par t ly  
reduced.  Cytop lasm of the macrophages  became dense r  and contained numerous  phagocytic vacuoles,  p r i m a r y  
and secondary  ly sosomes ,  and res idua l  bodies. Multiple projec t ions  fo rmed on the cell  sur face  (Figs.  1 and 2). 

The function of the macrophages  during this period is c leansing the wound f rom dis in tegra t ing  cei ls  (in- 
cluding neutrophils) and fibrin. At the edges and in the floor of the wound the t i ssue de t r i tus  consis ted chiefly 
of collagen f ibers ,  which are  a lso  absorbed by macrophages  (Fig. 1). The collagen f ibr i l s  in the det r i tus  r e -  
tained the i r  cha r ac t e r i s t i c  s t r ia t ion  for  a long t ime,  but they gradual ly  lost it and underwent granular  degene r -  
ation and lysis .  This  denatured col lagen was phagocytosed by macrophages .  This  conf i rms  the wr i t e r s '  p r e v i -  
ous observa t ions  showing that macrophages ,  unlike f ibroblas ts ,  par t ic ipate  in the ca tabo l i sm of collagen only 
when it has lost its f ib r i l l a ry  s t ruc tu re  [2].  

F ib rob la s t s  appeared  in the wound by the end of the f i r s t  day, but apprec iable  n u m b e r s  of them were  not 
obse rved  until the fourth to fifth day with the ingrowth of granulat ion t issue cap i l l a r ies .  At that t ime definite 
equi l ibr ium exis ted between the number  of macrophages  and f ibroblas ts .  Some of the f ibroblas ts  had a pale, 
round nucleus with a large nucleolus, numerous  f ree  r i b o s o m e s  and po lysomes  in thei r  cytoplasm,  and a mod-  
e ra t e ly  developed granular  endoplasmic  re t i cu lum with nar row tubules. Other f ib roblas t s  had u l t r a s t ruc tu r a l  
signs of active collagen secre t ion :  a wel l -developed l ame l l a r  complex with saccu la r  di latat ions and an abundant 
endoplasmic  re t icu lum,  the c i s t e rn s  of which often occupied prac t ica l ly  all of the cytoplasm.  Under the scan-  
ning e lec t ron  mic roscope  the bodies of the f ibroblas ts  were  fus i form,  cyl indrical ,  or sl ightly flattened. Col-  
lagen f ibr i l s  fo rmed  around the cel ls .  No significant d i f ference in the format ion  of granulat ion t issue depending 
on the exper imen ta l  conditions was observed.  
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Fig. 3. Close contact  between cell  bodies of macrophage  (M) 
and f ibroblas t  (FB) (28,000• 

F r o m  the wr i t e r s '  point of view the phenomenon of d i rec t  contact between f ibroblas ts  and macrophages  
revea led  in these expe r imen t s  is pa r t i cu la r ly  important ;  these contacts  could be seen  on both light and scanning 
e lec t ron  mic roscopy  (Fig. 2), but they were  pa r t i cu la r ly  demons t ra t ive  on t r a n s m i s s i o n  e lec t ron  microscopy  
(Fig. 3}. The macrophage  made close contact with the cell  body of the f ib roblas t s  by its project ing p r o c e s s e s  
or  the two cel ls  were  in close contact and in some par t s  thei r  outer  m e m b r a n e s  were  not c l ea r ly  dis t inguish-  
able. Mature act ively  phagocytosing macrophages  and a lso  f ibroblas ts  usual ly with no marked  fea tures  of in- 
c r ea sed  collagen synthesis  took par t  in these contacts .  This  phenomenon appeared  at the beginning of the 
f ibroblas t ic  phase {fourth to fifth day) in the region where cel ls  were  loosely a r ranged  and was absent in the 
zones of compact  cel ls ,  evidence against  its a r t i fac tua l  nature.  No such contacts  were  observed under these 
conditions between the other  cel ls  of the granulation t issue,  other than the well-known fusion of macrophages  
during the format ion  of a giant mul t inuclear  cell. On the subsequent days (7th, 10th, 15th, and so on), despite  
the c loser  a r r angemen t  of the cells ,  no in te rce l lu la r  contacts  were  formed,  the number  of macrophages  de-  
c reased ,  and f ibroblas ts  became the predominant  cell  form. 

When the functional purpose of this phenomenon is examined, the t r ansmis s ion  of information f rom 
macrophage  to f ibroblast ,  like the t r ansmis s ion  of immune information during macrophage- lymphocy te  in te r -  
action, cannot be ruled out. The re la t ive  r a r i t y  of the phenomenon is perhaps  evidence of the shor t  durat ion of 
these contacts .  According to data in the l i t e ra ture ,  macrophages  evidently produce a ce r ta in  fac tor  {possibly 
of lysosomal  origin) which s t imula tes  pro l i fe ra t ion  of f ibroblas ts  [6, 7]. Leibovich and Ross  [6] likewise do 
not rule out inactivation of inhibitors of f ibroblas t  p ro l i fe ra t ion  by macrophages .  Exper imen t s  have shown that 
a f ibrogenetic  factor ,  s t imulat ing collagen production in a cul ture of f ib roblas t s ,  is produced in macrophages  
phagocytosing SiO 2 [ 4]. 

Eve r  since the work of C a r r e l  and Ebel ing [ 3], var ious  hypothetical  subs tances  fo rmed  in the wound dur -  
ing cell  d is in tegra t ion and promot ing  its healing have been postulated (wound hormones ,  t rephones,  desmones ,  
cytopoietins),  but so  far  they have not been identified. T i ssue  breakdown products  pe rhaps  induce r epa ra t ive  
p r o c e s s e s  through the i n t e rmed ia ry  of macrophages  phagocytosing these products .  

On the basis  of the i r  previous  observa t ions  the wr i t e r s  postulated that besides  nonspecific f ibrogenetic 
fac tors ,  a more  specif ic  mechan i sm of feedback between collagen breakdown and synthes is  may act in wounds, 
inf lammation,  and f ib ros i s  [1] to regula te  the m e t a b o l i s m  of col lagen dur ingthe  fo rmat ion  of new connective t i s -  
sue. The f i r s t  s tage of this feedback, according to this hypothesis ,  is r e so rp t ion  of d is in tegra t ing collagen 
f ibr i l s  of the wound de t r i tus  by macrophages ,  the p roces s ing  of the molecules  in the ly sosomes  of the m a c r o -  
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phage, and the supplying of breakdown products  of a cer ta in  size (peptides) to the f ibroblasts ,  where they 
st imulate collagen biosynthesis .  

The fact that cel l  contacts are  found only at a cer ta in  stage of connective t issue development (before in- 
tensive synthesis  and f ibr i l logenesis  of the collagen} and that the f ibroblasts  part ic ipat ing in them are a l ready 
re la t ive ly  well differentiated,  and not thei r  possible p r e c u r s o r s  (m0nonuclear cel ls  or per icytes) ,  is evidence 
that macrophage--fibroblast  interact ion is aimed chieflY not at st imulating prol i fera t ion of the cel ls  themselves ,  
but at st imulating collagen format ion  in them. These  hypotheses are  also conf i rmed by exper imenta l  and clin- 
ical observat ions  of the more rapid growth of connective t issue and of wound healing af ter  implantation of col -  
lagen ma te r i a l s  or injection of collagen solutions into the wounds [1, 5, 9]. Injection of f ibr in into the wound 
in these exper iments  did not sLimulate healing, thus indicating that this phenomenon is re la t ive ly  specific.  
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