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inocu la t ed  a n d  non - i nocu l a t ed  mice  were m a r k e d  a n d  
k e p t  toge the r .  P resence  of t u m o r s  was i n v e s t i g a t e d  b y  
macroscopica l  e x a m i n a t i o n  a n d  pa lpa t ion .  Mice w i t h  
t u m o r s  were au tops ized ,  as were all  mice 12 m o n t h s  a f t e r  
i nocu la t ion  (Table).  

Results and discussion. T u m o r s  were obse rved  a f te r  
8 m o n t h s  in  b o t h  males  a n d  females.  Tab le  1 s u m m a r i z e s  
t he  resul ts .  I t  is seen t h a t  t u m o r  bea r ing  an i m a l s  were 
obse rved  a m o n g  t he  V i s n a  v i rus  in fec ted  Swiss albinos,  
as well  as a m o n g  t h e  co r re spond ing  u n i n o c u l a t e d  or 
sa l ine  inocu la t ed  con t ro l  an.finals. A b o u t  77 % of t he  V i sna  
v i rus  in fec ted  female  an i m a l s  h a d  tumors ,  whi le  t u m o r s  
were seen in 20% (p 0.001) of t he  female  con t ro l s  of Swiss 
a lbinos .  

Incidence of tumors in Viana virus inoculated Swiss albino mice 

Exp Visna inoculated Controls 
Males Females Males Females 

1 0/13 8/14 0/12 1/12 
2 3/14 22/25 1/7 4/13 

1 + 2 3/27 30/39 1/19 5/25 

T u m o r s  of t h e  m a m m a r y  c a r c i n o m a  t y p e  were obse rved  
in 39 mice a n d  in 3 cases l eukemias  w i t h  en la rged  spleens 
or l ivers  were seen. A t t e m p t s  to  isola te  Visna  v i rus  f rom 
t issues  or b lood  of t u m o r - b e a r i n g  an ima l s  b y  inocu la t ion  
of p lexus  choro ideus  cells of sheep all  failed. 

A b o u t  10% of  v i rus  inocu la ted  male  Swiss a lb inos  
deve loped  tumors ,  while  t u m o r s  were found  in 5% of 
male  controls .  The  t u m o r s  seen in t h e  males  were cu t ane -  
ous pap i l lomas  a n d  leukemia .  

In  con t ras t ,  no  increased  incidence  of t u m o r s  was  
obse rved  a m o n g  groups  of 22 V i sna  v i rus - inocu la t ed  
inb red  B A L B / c ,  CBA a n d  D B A  mice. Two of t he  v i rus-  
inocu la ted  and  two u n i n o c u l a t e d  mice d ied  d u r i n g  t he  
o b s e r v a t i o n  per iod  a n d  in one of t he  v i rus - inocu la t ed  
animals ,  l iver  cys ts  were demons t r ab l e .  

V i sna  v i rus  i tself  m i g h t  n o t  be  d i rec t ly  respons ib le  for 
t he  oncogenic  effect  observed .  I nc r ea sed  inc idence  of 
m a m m a r y  t u m o r s  was n o t e d  for  t h e  Swiss a lb inos  b u t  n o t  
for the  mice  of i nb red  s t r a in s  w i t h  low inc idence  of spon-  
t a n e o u s l y  deve loped  t umor s .  The  above  f ind ings  are 
cons i s t en t  w i t h  p r e l i m i n a r y  e x p e r i m e n t a l  o b s e r v a t i o n s  
t h a t  i nocu la t ion  of V i sna  v i rus  in mice causes  a l t e r a t i ons  
in  t he  i m m u n e  sys tem,  i.e. f u n c t i o n a l  changes  in h u m o r a l  
a n d  ce l l -media ted  i m m u n i t y .  Th i s  will  be  r epo r t ed  in a 
fol lowing pub l i ca t ion .  
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Summary. The  su rv iva l  r a t e  of i m p l a n t e d  m a r r o w  is r educed  w h e n  t he  t i ssue  is t r an s f e r r ed  f rom one si te  to  a n o t h e r  
w i t h i n  t he  f i rs t  24 hou r s  b u t  n o t  more  t h a n  48 hou r s  a f t e r  t he  in i t ia l  i m p l a n t a t i o n .  Splenic i m p l a n t s  can  be  t r an s f e r r ed  
a t a n y  t i m e  a f t e r  i m p l a n t a t i o n  w i t h o u t  a f fec t ing  t h e  su rv iva l  ra te .  The  o b s e r v a t i o n  suggests  a di f ference in t he  sensi- 
t iv i ty ,  of t he  two t issues  to  t h e  avascu l a r  per iod  t h a t  t h e y  exper ience  pr io r  to  i n i t i a t i o n  of angiogenesis .  

Angiogenesis  is a m a j o r  l imi t ing  fac to r  in  g rowth ,  
r epa i r  a n d  r egene ra t i on  of t issues.  W h e n  t he  r a t e  of 
t i ssue  g r o w t h  ou tpaces  t h a t  of new vessel  fo rmat ion ,  
c i r cu la to ry  insuf f ic iency  develops  a n d  resu l t s  in  necrosis  
or  l i m i t a t i o n  of growth. 3. T he  a u t o i m p l a n t a t i o n  of t i s sue  
pieces ha s  se rved  as a useful  mode l  to  s t u d y  t he  angio-  
genic  p o t e n t i a l  of va r ious  n o r m a l  t i ssues  2. "When t issues  
are so i m p l a n t e d ,  t h e i r  n o r m a l  c i rcu la t ion  is severed  a n d  
a ~uccessful t ake  depends  on  new vessel  g r o w t h  w i t h  
r evascu la r i za t ion  of t he  a u t o i m p l a n t s .  I m p l a n t s  of cer- 
t a i n  t issues,  such  as l iver  s a n d  k idney~  are  n o t  capab le  of 
e l ic i t ing r evascu l a r i za t i on ;  necrosis,  t yp ica l ly  of the  co- 
agu l a t i ve  type ,  supervenes .  I m p l a n t s  of skin  a n d  bone  
mar row,  on  t he  o t h e r  h a n d ,  show a g rea t  p o t e n t i a l  for  
angiogenesisK These  t i ssues  are revascu la r ized  w i t h i n  
24 h a f t e r  i m p l a n t a t i o n  ensur ing  a successful  t a k e  in 
a l m o s t  eve ry  expe r imen t .  

W e  h a v e  p rev ious ly  r epo r t ed  t h a t  sp leen implan t s ,  
a l t h o u g h  incapab le  of e l ic i t ing r a p i d  angiogenesis ,  su rv ive  
in ec topic  s i tes  ~, sugges t ing  t h a t  t h e  v u l n e r a b i l i t y  of 
va r ious  t i ssues  to  t he  in i t i a l  avascu l a r  pe r iod  m a y  also 
differ. In the present study an attempt was made to 
delay the revascularization of bone marrow and spleen 
implants to determine the vulnerability of these tissues to 
an initial avascular period. This was done by reimplanting 
the tissues in a new site at various intervals after initial 
implantation. 

Materials and methods. Male W i s t a r  r a t s  (200-300 g) 
were used a n d  anes thes i a  was  g iven  b y  i.p. i n j ec t ion  of 

p e n t o b a r b i t a l .  The  m e t h o d s  for ectopic  i m p l a n t a t i o n  of 
m a r r o w  a n d  spleen h a v e  p rev ious ly  been  described2,  ~. 
]Briefly, t he  knee  j o i n t  was exposed  a n d  an  open ing  m a d e  
in  t he  sha f t  of t he  femur ,  t h r o u g h  i ts  a r t i cu l a r  surface,  
us ing  a low speed d e n t a l  drill .  A po lye thy l ene  t u b e  (No 
160) was t h e n  inse r ted  in to  t he  shaf t ,  t h e  free end  c l amped  
a n d  t h e  t u b e  t h e n  w i t h d r a w n .  The  m a r r o w  tissue, now 
fil l ing t he  t u b e  was expel led a n d  i m p l a n t e d  in to  a 
pocke t  m a d e  in t h e  s u b c u t a n e o u s  t i ssue  of t he  a b d o m e n  
t h r o u g h  a mid l ine  incision.  F r a g m e n t s  of splenic t i ssue  
5 to  8 m m  in d iamete r ,  were s imi lar ly  i m p l a n t e d  a f t e r  t h e  
an ima l s  were sp lenec tomized .  

A t  va r ious  in t e rva l s  t he  i m p l a n t s  were r e m o v e d  a n d  
r e imp lan t ed ,  subcu taneous ly ,  on  t he  oppos i te  side of t h e  
mid l ine  a b d o m i n a l  incision. 5 or 6 weeks a f t e r  t he  in i t ia l  
i m p l a n t a t i o n  t he  i m p l a n t s  were s tud ied  his tological ly ,  
a n d  sequen t i a l  s tudies  of i m p l a n t s  were m a d e  w h e n  
ind ica ted .  The  c r i te r ion  of a successful  t ake  was t h e  for- 
m a t i o n  of no rma l=appea r ing  splenic  t i ssue  or bone  m a r r o w  
nodule.  
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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.  
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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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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 


