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Results. The sequence of events  associated wi th  im- 
p lan ta t ion  of mar row and spleen have  previous ly  been 
described. Normally,  mar row implants  elicit an intense 
vascular  react ion in the  surrounding tissue. Vascular  
buds invade the  implan t  so tha t  wi th in  24 h a defined 
border  cannot  be identif ied be tween  the  implan t  and the  
surrounding tissue. By  day  3 to 4, the  implan t  consists of 
prol i ferat ing fibroblasts  interspersed wi th  large numbers  of 
capillaries giving the overal l  morphological  appearance  
of granula t ion  tissue. Through  a well-defined sequence of 
his togenet ic  events,  this granula t ion  tissue develops into 
a hemopoie t ic  nodule surrounded by  a shell of bone. In  
contrast ,  the  spleen implan t  elicits a slow vascular  reac- 
t ion in the  suppor t ing  t issue bed. B y  48 h the  imp lan t  is 
no t  ye t  invaded  by  vascular  buds and a sharply-def ined 
border  separates  i t  f rom the  implant .  At  this  s tage the  
implan t  can easl iy be detached f rom the  suppor t ing bed 
wi thou t  inducing hemorrhage  f rom the  surrounding tis- 
sue. The first vascular  buds can be seen in the  implan ted  
splenic tissue 3-4 days af ter  implan ta t ion  (removal  of the  
implan t  now causes some bleeding f rom the  surrounding 
tissue). These vascular  buds pene t ra te  the  implan t  in a 
centr ipeta l  direction,  apparen t ly  t r iggering the prolifera- 
t ion of s t ruc tura l  e lements  of spleen and reconst i tu t ing 
the  new s t ructure  of spleen. The  end product  is a nodule of 
spleen his tological ly indist inguishable f rom the original 
tissue. 

The  F igure  shows the  survival  of implants ,  r emoved  a t  
var ious intervals  af ter  init ial  implan ta t ion  and re implant -  
ed in a different  subcutaneous  site. I t  can be seen tha t  
re implan ta t ion  does no t  al ter  the  survival  of splenic im- 
plants  i r respect ive of the  ir~terval be tween  init ial  and 
subsequent  implanta t ion .  For  bone marrow,  however ,  
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Survival ol marrow and spleen autoimplants transferred to new 
sites at various times following the initial implantation. 
The vertical axis shows the survival of tissue as defined by the 
formation of normal appearing marrow nodules or spleen tissue 
5-6 weeks after the initial implantation. The horizontal axis shows 
the ffme elapsed between the initial implantation and the subsequent 
reimplantation of tissue to a new site. 

re implan ta t ion  dur ing the  first  24 h af ter  the  ini t ial  im-  
p lan ta t ion  s ignif icant ly  reduces the  surv iva l  rate  of the  
implants .  This reduct ion  is most  pronounced if re implan-  
ra t ion is done dur ing the  first  12 h af ter  init ial  implan ta -  
t ion when the  surv iva l  is reduced to zero. 

Discussion. The graf t ing of a large organ (liver, kidney,  
heart) involves  anas tamosis  of its blood vessels to the  
general  circulat ion ~. This  is possible when the organ 's  
nu t r i en t  vessels are large enough to make  the opera t ion  
technical ly  feasible. Fo r  smaller  organs whose nu t r i en t  
vessels are too dispersed (skin, endocrine glands) success- 
ful graf t ing mus t  rely on the  po ten t ia l  of t he  t issue to 
elicit angiogenesis. Prol i fera t ion of vascular  endothe l ium 
is in i t ia ted by  'angiogenic factors '  p resumably  derived 
f rom the implan ted  tissue, Most of the  informat ion  con- 
cerning angiogenic factors has been der ived f rom s tudy  of 
t umor  cell systems, hence the  t e rm ' t u m o r  angiogenic 
factor '  (TAF)5  T A F  is soluble and par t ia l  character iza-  
t ion has indicated t h a t  R N A  and protein as its ma jo r  
components  6. I t  is mitogenic  for endothel ia l  cells 6 and 
can be inhibi ted by  neonata l  cart i lage 7. 

I t  has previous ly  been shown t h a t  the  angiogenic 
po ten t ia l  of different  tissues differs and this var iab i l i ty  
determines  the  potent ia l  of a given tissue to survive  when 
implan ted  in ectopic sites. The  exper iments  described in 
this s tudy  indicate  t ha t  the  potent ia l  for e laborat ion of 
angiogenic factor  is no t  the  only fac tor  de te rmin ing  the  
surv iva l  or implan ted  tissue. Fo r  a var iable  t ime  af ter  
implanta t ion ,  unt i l  a new circulat ion is established, the  
t ransplanted  tissue is depr ived of blood flow, and the  
implan ted  tissue must  be able to survive  this ' avascular  
phase ' .  When  the  implan ted  tissue is re imptanted  the  
mitogenic  effect of angiogenic factor  on vascular  prolif- 
erat ion begins anew so t h a t  the  avascular  phase is pro-  
longed. The surv iva l  of re implan ted  tissue, therefore,  
depends on its wi ths tanding  this ex tended  avascular  
phase, when re implan ta t ion  is done before the  process of 
regenerat ion has begun. 24 h af ter  ini t ial  implanta t ion ,  
when the  regenerat ive  process has been ini t iated,  the bone 
mar row tissue is no longer so vulnerable,  and t ransfer  of 
the  tissue a t  this  s tage does nofi s ignif icant ly reduce the  
surv iva l  rate.  Splenic tissue, on the  o ther  hand,  is no t  
vulnerable  to prolongat ion of the  avascular  phase. Re-  
implan ta t ion  a t  any t ime  during the  process of regenera-  
t ion does no t  influence the  survival  rates.  

The re implan ta t ion  of ectopic tissue implants  provides  
a useful exper imenta l  means to eva lua te  the  vu lnerab i l i ty  
t ransp lan ted  tissues to periods of ischemia prior  to estab- 
l i shment  by  angiogenesis of an effect ive circulation.  

5 j .  FOLKMAN, Cancer Res. 34, 2109 (1974). 
6 j. FOLKMAN, E. MERLER, C. ABERNATHY and G. WILLIAMS, J. 

exp. Med. 733, 275 (1971). 
H. t3REM and J. FoLKman, J. exp. Med. 141, 427 (1975). 

I n d u c t i o n  of F i b r o s a r c o m a  by A d m i n i s t r a t i o n  of D M B A  into  M a n d i b u l a r  S o c k e t s  of  Rats  
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Department o/Pathology, Hebrew Univers i ty-  Hadassah Medical School, P.O. Box 1172, Jerusalem (Israel), 
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Summary. D M B A  in a slow releasing vehicle was implanted  into mandibu la r  sockets af ter  ex t rac t ion  of ra t  molars.  
Fibrosarcomas developed wi th in  9 months.  

Ample  evidence has accumula ted  on the subject  of t in capsules, or i t  was dissolved in acetone or olive oil and 
exper imenta l  carcinogenesis in oral tissues of l abora to ry  injected or instil led into the  sa l ivary  glands. DMBA- 
animals.  DMBA (9 ,10-dimethyl- l ,2-benzanthracene)  induced neoplasms, developed in connect ive  tissue, 
has  been commonly  used for this purpose.  I t  was intro-  squamous  and glandular  epi the l ium of rats,  mice, guinea- 
duced in the  pure form, in cholesterol pellets  and in gels- pigs and hamsters ,  compriz ing sarcomas, ep idemoid  and 
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a d e n o c a r c i n o m a s  TM. The  purpose  of the  p re sen t  s t u d y  
was to  i n v e s t i g a t e  t he  effect  of DMBA,  in a slow re leas ing 
vehicle ,  on  t he  t i ssues  i nvo lved  in socket  heal ing,  follow- 
i n g  e x t r a c t i o n  of m a n d i b u l a r  mola r s  in rats .  

30 a lb ino  r a t s  of e i t he r  sex of t he  H e b r e w  U n i v e r s i t y  
(Sabra)  s t ra in ,  we igh ing  100 g each,  were used. The  ani-  
mals  were a n e s t h e t i z e d  and  t he  m a n d i b u l a r  f i rs t  r i g h t  
mola r s  were ex t r ac t ed .  Pel le ts  of 0.2 mt  Vi tepsol  H-15 
( D y n a m i t  Nobel  AG, 5000 K61n-Mii lheim 1, W. Ge rmany)  
c o n t a i n i n g  10% D M B A  were i n t r o d u c e d  in to  t he  socket  of 
10 rats ,  su tu res  were p laced  in order  to  p r e v e n t  t he  r e m o v a l  
of t h e  carcinogen.  A n o t h e r  2 emuls i f ied pel le ts  (at  35 ~ 
were in jec ted  in to  t he  ope ra t ion  site, t h e  f i rs t  a f te r  10 
days  a n d  t h e  second 20 days  fol lowing ex t rac t ion .  20 
ra t s  se rved  as controls ,  t h e y  were sub jec t ed  to a s imi lar  
t r e a t m e n t  schedule.  In  10 rats ,  t h e  sockets  were r insed  
w i t h  sal ine wh ich  was also in jec ted  twice  in to  t he  hea l ing  

Fig. 1. Fibrosarcoma, note anaplasia of cells, variation in size and 
shape of nuclei. Hematoxylin and Eosin. • 320. 

area.  A n o t h e r  10 an ima l s  rece ived  pel le ts  of 0.2 ml  Vi tep-  
sol t1-15 in to  t h e  sockets ;  in jec t ions  of t h e  emuls i f ied 
vehic le  comple t ed  t h e  t r e a t m e n t .  T h e  an i ma l s  were k e p t  
u n d e r  surve i l lance  a n d  r o e n t g e n o g r a p h e d  periodical ly .  
T h e y  were kil led a f t e r  9 m o n t h s ,  t h e  jaws were f ixed in 
formal in .  Pa ra f f in  e m b e d d e d  sect ions  were cu t  a t  6 ~xm 
a n d  s t a ined  w i t h  h e m a t o x y l i n - e o s i n  a n d  Masson ' s  Tri -  
c h r o m e  m e t h o d  for connec t ive  t issue.  

Six of t h e  10 D M B A - t r e a t e d  ra t s  deve loped  t u m o r  
masses,  t h e  d i a m e t e r s  of these  swellings r anged  f rom 4 to  
6 cm. The  neop lasms  der ived  f rom t h e  sockets  a n d  in- 
v a d e d  t h e  a d j a c e n t  t issues.  His to logica l  e v a l u a t i o n  re- 
vea led  t h a t  in all  cases t h e  t u m o r s  were f ib rosa rcomas  
(Figure 1). Th i s  was also s u p p o r t e d  b y  pos i t ive ly  s t a ined  
fibri les w i t h  Masson ' s  T r i c h r o m e  m e t h o d  for  connec t ive  
t issue (Figure 2). 1 of t h e  6 r a t s  deve loped  a pap i l l oma  in 
add i t i on  to t h e  p r i m a r y  t u m o r ,  i.e., f ib rosarcoma.  2 r a t s  
died s p o n t a n e o u s l y  4 a n d  6 m o n t h s  a f te r  t h e  ope ra t i on  
a n d  a n o t h e r  2 did  n o t  deve lop  neoplasms.  E x a m i n a t i o n  of 
t h e  20 con t ro l  r a t s  revea led  t h a t  none  of these  an i ma l s  
deve loped  a n y  neoplas t ic  growth .  

T h e  m e t h o d  descr ibed  here in  was shown  to  be  ope ra t i ve  
in i n d u c t i o n  of f i b rosa rcoma  b y  t h e  a d m i n i s t r a t i o n  of 
D M B A  in to  t h e  socket  of r a t  m a n d i b u l a r  mola rs  fol lowing 
ex t rac t ion .  The  carc inogen  was appl ied  in Vi tepso l  H-15  
pel le ts  in order  to  induce  a p ro longed  ac t ion .  I t  was 
p laced  in to  t h e  bone  i m m e d i a t e l y  a f t e r  t h e  i n j u r y  an d  
ope ra t ed  d u r i n g  t h e  remode l l ing  process  on  t h e  mesen-  
c h y m a l  t i ssues  i nvo lved  in heal ing.  The  i m p o r t a n c e  of t h e  
c o n t i n u o u s  ac t ion  of a ca rc inogen  was  ind ica t ed  in t he  
p a s t  18. Ca rc inoma  deve loped  fol lowing i n t r o d u c t i o n  of t he  
m a t e r i a l  in to  an  ar t i f ic ia l  cecal ep i the l ia l - l ined  p o u c h  in 
l ips of rats .  The  p r e s en t  me t h o d ,  however ,  was  des igned 
to  deve lop  o s t e o s a r c o m a  b y  i m p l a n t a t i o n  of D M B A  in a 
slow re leas ing vehicle  in to  t h e  bone,  fol lowing t h e  ex t rac -  
t ion  of molars .  As w i t h  o t h e r  e x p e r i m e n t s  re fer red  to 
previously ,  no  os teosa rcomas  developed.  The  c o n s t a n t  
p r o d u c t i o n  of sa rcomas  w i t h  t h e  e x p e r i m e n t a l  p rocedure  
descr ibed  herein ,  m a k e s  i t  h igh ly  r eco mmen d ab l e .  Yet ,  
furthei- e v a l u a t i o n  of th i s  m e t h o d  a iming  a t  t h e  i n d u c t i o n  
of os teosarcoma,  is required .  I m p l a n t a t i o n  of m e t h y l -  
c h o l a n t h r e n e  in ar t i f ic ia l  defects  dr i l led in t h e  incisor  
roo t  area  of mice, induced  os teosarcomal4 .  The  d ive r s i ty  
of p rev ious  resul t s  as c o m p a r e d  to  t h e  p r e s en t  s t u d y  m a y  
be  due  to t h e  dif ference of a n i m a l  species a n d  types  of 
ca rc inogens  used. I t  is of i n t e r e s t  t h a t  t h e  d u r a t i o n  of t h e  
e x p e r i m e n t  i.e., 9 m o n t h s ,  was  iden t ica l  in b o t h  s tudies .  
Pe rusa l  of the  l i t e r a tu re  ( including a sea rch  of t h e  W.H.O.  
Medline Center)  d id  n o t  revea l  r epor t s  on  an  e x p e r i m e n t a l  
model  s imi lar  to  t h a t  descr ibed here in .  

Fig. 2. The neoplasm is characterized by the formation of interlacing 
bundles of collagen fibres. Masson's Trichrome, x 320. 
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