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A b s t r a c t :  Keloid t i s s u e  h a s  been implanted i n  t h e  athymic nude 
mouse i n  o r d e r  t o  deve lop  a n  exper imenta l  animal  model f o r  t h e  
s t u d y  o f  human k e l o i d s  and h y p e r t r o p h i c  s c a r s .  Unt rea ted  k e l o i d  
t i s s u e s  maintained e s s e n t i a l l y  t h e  same morphological  p a t t e r n s  
and glycosaminoglycan d i s t r i b u t i o n s  f o r  a t  l e a s t  60 days  a f t e r  
i m p l a n t a t i o n  i n  t h e  athymic mice. Normal human s k i n  implan ted  
i n  t h e  same way was maintained w i t h o u t  change i n  glycosamino- 
g l y c a n  d i s t r i b u t i o n  o r  morphologic c h a r a c t e r i s t i c s .  We s u g g e s t  
t h a t  t h i s  model may be u s e f u l  f o r  b a s i c  r e s e a r c h  of  k e l o i d s  and 
h y p e r t r o p h i c  s c a r s  i n  t h a t  it w i l l  a l l o w  s t u d i e s  o f  morphologic, 
biochemical  and t h e r a p e u t i c  i n t e r r e l a t i o n s h i p s  under  c o n t r o l l e d  
c o n d i t i o n s .  @ 1985 Society for  Experimental Biology and Nedicine. 

_Introduct ion:  Bas ic  r e s e a r c h  on 
k e l o i d s  and h y p e r t r o p h i c  s c a r s  h a s  
been g r e a t l y  hampered because of  t h e  
absence o f  s u i t a b l e  animal  models f o r  
t h e s e  c o n d i t i o n s .  Hyper t roph ic  s c a r s  
have been d e s c r i b e d  i n  a  number o f  
farm an imals ;  however, none of t h e s e  
have proven t o  be s i m i l a r  t o  human 
h y p e r t r o p h i c  s c a r s  o r  k e l o i d s  i n  
regard  t o  h i s t o l o g y ,  b iochemis t ry ,  o r  
c l i n i c a l  h i s t o r y  ( 1 ) .  At tempts  have 
been made t o  induce t h e s e  l e s i o n s  i n  
an imals ,  p a r t i c u l a r l y  i n  swine ( 2 ) .  
However, t h e s e  s c a r s  have n o t  been 
accep ted  a s  s i m i l a r  t o  human hyper- 
t r o p h i c  s c a r s  o r  k e l o i d s .  Recen t ly ,  
i t  occur red  t o  u s  t h a t  s i n c e  normal 
and d i s e a s e d  human s k i n  may be i m -  
p l a n t e d  and main ta ined  i n  t h e  athymic 
nude mouse ( 3 , 4 , 5 , 6 )  a n  animal  
model might be developed f o r  k e l o i d  
r e s e a r c h  by implan t ing  k e l o i d s  i n  
a thymic nude mice. Consequent ly ,  we 
implanted human k e l o i d  t i s s u e  i n  
a thymic nude mice and have i n v e s t i g a -  
g a t e d  whether  t h e  main ta ined  t i s s u e  
has  t h e  d i s t i n c t i v e  h i s t o l o g i c a l  
a s p e c t s  and t h e  biochemical  composi- 
t i o n  o f  t h e  o r i g i n a l  k e l o i d  t i s s u e .  

P rev ious  p u b l i c a t i o n s  have d e s c r i b e d  
t h e  c h a r a c t e r i s t i c  mic roscop ic  
appearance (7)  and c h a r a c t e r i s t i c  
a l t e r a t i o n s  o f  t h e  glycosaminoglycans 
(8 )  i n  k e l o i d s  and h y p e r t r o p h i c  s c a r s .  

M a t e r i a l s  and Methods: Athymic nude 
mice ( N ~ / c o x )  were ob ta ined  from Labo- 
r a t o r y  Supply Company, I n d i a n a p o l i s ,  
Ind iana .  They were k e p t  i n  p r e s t e r i -  
l i z e d  cages,  one mouse t o  a  cage,  and 
p laced  i n  a  l aminar  f low steri le bench 
(Labconco Corpora t ion ,  Model 36000). 
They were f e d  s t e r i l i z e d  Pur ina  Mouse 
Chow, ad  l i b i t u m ,  and g iven  s t e r i l i z e d  
w a t e r  t o  d r i n k .  Human k e l o i d  t i s s u e s  
were o b t a i n e d  from e x c e s s  s u r g i c a l  
m a t e r i a l  from t h e  removal o f  k e l o i d  
s c a r  t i s s u e  from p a t i e n t s .  I n  most 
c a s e s ,  k e l o i d s  had n o t  been t r e a t e d  
and were cons idered  c l i n i c a l l y  
a c t i v e .  Normal human f a c i a l  s k i n  was 
implanted i n  one set of  animals .  
Implan t s  of  a l l  t i s s u e s  were made 
w i t h i n  f o u r  hours  a f t e r  removal from 
t h e  p a t i e n t s .  The t i s s u e s  were 
r e f r i g e r a t e d  i n  s t e r i l e  p e t r i  d i s h e s  
between s a l i n e  moistened gauze 
bandages u n t i l  implanted.  
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A l l  p rocedures  were c a r r i e d  o u t  
under a s e p t i c  c o n d i t i o n s  u s i n g  sodium 
p e n t o b a r b i t a l  a n e s t h e s i a .  I n  g e n e r a l  
a  5-10 mm s e c t i o n  o f  k e l o i d  o r  normal 
s k i n  was d e - e p i t h e l i a l i z e d  and 
i n s e r t e d  through a  1  cm i n c i s i o n  i n t o  
a  subcutaneous pouch c r e a t e d  between 
t h e  s h o u l d e r  b l a d e s ;  t h e  i n c i s i o n  was 
c l o s e d  w i t h  a  11 mm wound c l i p .  No 
d r e s s i n g s  were a p p l i e d  t o  t h e  mice, 
and they  were r e t u r n e d  t o  i n d i v i d u a l  
cages.  No a n t i b i o t i c s  were g i v e n  t o  
t h e  animals .  A t  v a r i o u s  t imes ,  
r a n g i n g  from 7 t o  60 days ,  mice were 
a n e s t h e t i z e d  w i t h  e t h e r  and t h e  
i m p l a n t s  removed. The implan t  t i s s u e  
was d i v i d e d  i n t o  two p o r t i o n s .  One 
p o r t i o n  was p laced  i n  t h e  deep f r e e z e  
and l a t e r  u t i l i z e d  f o r  t h e  glyco-  
saminoglycan s t u d i e s  a s  p r e v i o u s l y  
d e s c r i b e d  ( 8 ) .  T h i s  procedure 
c o n s i s t s  o f  d i g e s t i o n  o f  t h e  s k i n  
samples w i t h  papain fol lowed by 
s e p a r a t i o n  o f  t h e  glycosaminoglycans 
by c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s .  
The amount of each  glycosaminoglycan 
f r a c t i o n  was e s t i m a t e d  by means of  a  
Beckman Microzone Densi tometer  and 
expressed  a s  pe rcen tages  o f  t h e  t o t a l  
glycosaminoglycan l e v e l s .  The o t h e r  
p o r t i o n  of t i s s u e  was f i x e d  i n  
Karnovskyts  s o l u t i o n  and processed  
f o r  l i g h t  microscopy. P a r a f f i n  
b locks  were s e c t i o n e d  a t  6-8 p and 
t h e  s e c t i o n  s t a i n e d  w i t h  
hemotoxylin-eosin and by t h e  Mason's 
t r i chrome method. 

R e s u l t s :  For t h i s  s t u d y ,  e i g h t  
d i f f e r e n t  human k e l o i d s  and one 
sample o f  normal f a c i a l  s k i n  were 
t r a n s p l a n t e d  t o  nude athymic mice. 
I n  a l l ,  37 k e l o i d  p i e c e s  were 
implanted and 4 normal s k i n  samples  
were t r a n s p l a n t e d  f o r  l e n g t h s  o f  t ime 
v a r y i n g  from 7 t o  60 days.  None of 
t h e  samples  were r e j e c t e d  o r  became 
n e c r o t i c .  Examination by l i g h t  
microscopy i n d i c a t e s  t h a t  a l l  o f  t h e  
implanted t i s s u e s ,  normal and k e l o i d ,  
r e t a i n e d  t h e i r  v i a b i l i t y  and o r i g i n a l  
h i s t o l o g i c a l  c h a r a c t e r .  

F i g u r e  1 shows a  s e c t i o n  of  a  
k e l o i d  w i t h  t y p i c a l  nodules  p r i o r  t o  
t r a n s p l a n t a t i o n .  F i g u r e  2 demon- 

F i ~ u r e  1. S e c t i o n  of Keloid 81 
before  implanta t ion .  Nodules a r e  c u t  
i n  c r o s s  s e c t i o n  (*). Note: Per i -  
va scu l a r  v e s s e l s  (+). 
Sca l e  bar = 100 p. ( ~ 1 2 5 )  

s t r a t e s  t h a t  t i s s u e  from t h e  same m u r e  2. Sec t i on  of Keloid #I a f t e r  
k e l o i d  a f t e r  i m p l a n t a t i o n  f o r  27 days  maintenance i n  athymic nude mouse f o r  
h a s  r e t a i n e d  t h e  t y p i c a l  k e l o i d  27 days. Note: Nodules (S r )  s i m i l a r  
s t r u c t u r e .  There is  no c e l l  degener- t o  F igure  1. 
a t i o n  and no inf lammatory c e l l  i n f i l -  Sca l e  ba r  = 100 pm. ( ~ 1 2 5 )  
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Table I 

Glycosaminoglycan D i s t r i b u t i o n  i n  Keloid Tissue  and Normal Skin  
Before and Af t e r  Imp lan t a t i on  i n  Athymic Nude Mice 

Percent  o f  T o t a l  G l v c o s a m i n o ~ c a n  
Hvaluronic Chondroit in-  Derma t a n  

Acid 4-Sul fa te  S u l f a t e  

Or ig ina l  Keloid* 
Implant* 

Or ig ina l  Keloid"2A 
Implant  20 days  
Implant  36 days 
Implant  60 days  

Normal Skin  
Implant  40 days  

Average of seven d i f f e r e n t  a c t i v e  ke lo id  t i s s u e s  before  and a f t e r  imp lan t a t i on  
f o r  20-36 days. F igu re s  f o l l owing  + a r e  s t anda rd  e r r o r s  of  t h e  mean. The 
r e s u l t s  were analyzed s t a t i s t i c a l l y  by S tuden t ' s  Tes t .  None of t h e  d i f f e r e n c e s  
between t h e  o r i g i n a l  k e l o i d  and t h e  imp lan t s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  
** Por t i ons  of one a c t i v e  ke lo id  were implanted i n  d i f f e r e n t  an imals  and removed 
a t  t h e  t imes  i nd i ca t ed .  

t r a t i o n .  F u r t h e r ,  t h e  i m p l a n t s  
a p p a r e n t l y  r e v a s c u l a r i z e ,  a s  many 
s e c t i o n s  o f  v e s s e l s  c o n t a i n  
e r y t h r o c y t e s .  

The average  d i s t r i b u t i o n  of 
glycosaminoglycans i n  t h e  o r i g i n a l  
a c t i v e  k e l o i d  t i s s u e s  and i n  t h e  
cor responding  implanted t i s s u e s  i s  
summarized i n  Table  I. The 
chondro i t in -4-su l fa te  l e v e l s  o f  t h e  
o r i g i n a l  k e l o i d  t i s s u e s  v a r i e d  
between 10.7 and 28.0%, w h i l e  t h e  
h y a l u r o n i c  a c i d  l e v e l s  v a r i e d  between 
13.1 and 40.0% o f  t h e  t o t a l  glyco-  
saminoglycans. Based on our  p r e v i o u s  
r e s e a r c h ,  t h e s e  glycosaminoglycan 
d i s t r i b u t i o n s  a r e  t y p i c a l  o f  a c t i v e l y  
p r o l i f e r a t i n g  k e l o i d s  w i t h  i n c r e a s e d  
chondroi  t i n - 4 - s u l f a t e  and decreased  
h y a l u r o n i c  a c i d  ( 8 ) .  The h i s t o l o g i -  
c a l  appearance a g r e e s  w i t h  t h e s e  
d a t a .  The t a b l e  a l s o  i n c l u d e s  d a t a  
f o r  one normal f a c i a l  s k i n  sample 
implanted and removed a f t e r  40 days. 
The glycosaminoglycan d i s t r i b u t i o n  
was unchanged i n  t h i s  implan t .  

P i s c u s s i o n :  T h i s  p r e l i m i n a r y  s t u d y  
i n d i c a t e s  t h a t  t h e  athymic nude mouse 
may be used t o  p rov ide  a n  
exper imenta l  animal  model f o r  s t u d i e s  
of  h y p e r t r o p h i c  s c a r s  and k e l o i d s .  
O f  t h e  e i g h t  k e l o i d s  implanted,  a l l  
were maintained w i t h  p r e s e r v a t i o n  of  
t h e  o r i g i n a l  morphological  and 

glycosaminoglycan d i s t r i b u t i o n  f o r  
t h e  times s t u d i e d  a f t e r  i m p l a n t a t i o n .  
Normal s k i n  was main ta ined  i n  t h e  
athymic mice wi thou t  change i n  
morphology and glycosaminoglycan 
composi t ion.  F u r t h e r  biochemical  and 
morphologic s t u d i e s  should be o f  
i n t e r e s t  and a r e  c u r r e n t l y  under  way. 
It a p p e a r s  t h a t  i m p l a n t s  o f  k e l o i d  
t i s s u e  i n  a thymic mice w i l l  p rov ide  
a n  animal  model f o r  s t u d i e s  o f  
k e l o i d s  and h y p e r t r o p h i c  s c a r s  under  
c o n t r o l l e d  c o n d i t i o n s .  
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