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Different  re la t ions  between hematopoies i s  and os teogenes i s  were  obse rved  in bone m a r r o w  
gra f t s  f r o m  ra t s ,  guinea pigs ,  and s t r iped  ha i ry - foo ted  h a m s t e r s ,  t ransplanted  beneath  the 
renal  capsule  of i r r ad ia t ed  mice .  Active os teogenes is  took p lace  in g ra f t s  f rom ra t s  and 
guinea pigs whereas  hematopoies i s  was obse rved  i r r e g u l a r l y  (rats) o r  i t  ceased  to occur  
(guinea pigs) .  In g ra f t s  f r o m  the h a m s t e r s ,  on the other  hand, intensive hematopo ies i s  was 
maintained but the osteogenic  p r o p e r t i e s  of the s t r o m a  were  weak.  In some  spec ies  the 
p r e sence  of bone t i s sue  is cons idered  to be  not s t r ic t ly  essen t i a l  for  the no rma l  maintenance 
of myeloid  hematopo ies i s  whe rea s  in o thers  the initial  development  of a bony s t r o m a  i s  an 
essent ia l  condition fo r  subsequent  functioning of the hematopoie t ie  t i ssue .  

KEY WORDS: bone m ar row;  ex t r amedu l l a ry  t ransplantat ion;  xenogeneic graf t s ;  os teogenes is ;  
hematopoies i s .  

The osteogenic  p r o p e r t i e s  of bone m a r r o w  have now been sufficiently well studied [2-4, 8] but the 
re la t ions  between hematopo ies i s  and os teogenes is  a r e  s t i l l  not quite c l ea r .  F o r  ins tance ,  the p re sen t  wr i t -  
e r s  have shown co r re l a t ion  between the course  of hematopo ies i s  and os teogenes is  in mice  a f te r  syngeneic 
ex t r amedu l l a ry  t ransplanta t ion  of bone m a r r o w ,  whether  hematopo ies i s  in the rec ip ient  was no rma l  or  
defec t ive  as  the resul t  of i r rad ia t ion  [1]o In r a t s  a f te r  ex t ramedu l l a ry  t ransplanta t ion,  bone t i s sue  d i f fe ren-  
t ia tes  f i r s t ,  but the hematopoie t ic  cel ls  die .  The  la t ter  a r e  r e s to r ed ,  evidently by repopulation,  only a f t e r  
complet ion of recons t ruc t ion  of the s t r o m a  [8]. It has  also been shown that a f te r  t ransplanta t ion  of bone 
m a r r o w  in mice ,  not as  intact  f r a g m e n t s  but as  suspens ions ,  bone t i s sue  fo rmat ion  is not an essen t i a l  condi- 
tion for the maintenance  of hematopo ies i s  [5]. 

It was the re fo re  decided to study the re la t ions  between hematopo ies i s  and os teogenes i s  f r o m  the 
compara t i ve  aspec t  in ex t ramedu l l a ry  g ra f t s  f rom dif ferent  spec ies  of rodents .  

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

I r rad ia ted  (CBA x C57BL)F 1 mice  were  used as recipients ;  f r a g m e n t s  of bone m a r r o w  taken f r o m  the 
t ibia,  f emur ,  or  humerus  of Wis ta r  r a t s  or  guinea pigs  or  the whole contents of the f emur  of s t r iped  h a i ry -  
footed h a m s t e r s  were  t ransplanted beneath  the capsule  of thei r  kidney. F o r  the opera t ion the an imals  were  
anes thet ized with pentobarbi ta l ,  and a f t e r  sutur ing they each rece ived  250 units of s t rep tomycin .  I r radia t ion  
was ca r r i ed  out 24 h be fo re  the opera t ion  in a dose  of 700 or 750 R (RUM-17 appara tus ,  175 kV, ]5 mA, 
f i l t e r s  0.5 m m  Cu and 1 m m  AI, dose  ra te  53 R /min) .  The an imals  surviving 9-21 days a f te r  the opera t ion 
were  killed and the g ra f t s ,  r emoved  together  with the kidney, were  examined macroscop ica l ly  and fixed in 
Z e n k e r ' s  fluid. Paraf f in  sect ions were  stained with hematoxyl in  and eosin and with Heidenhain 's  azan. 
The  p re sence  of cel ls  of donor origin in the pe r iphe ra l  blood and f i lms of the hematopoie t ic  organs  and 
g ra f t s  was de te rmined  by Gomor i '  s reac t ion  for  alkal ine phosphatase .  
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Fig. 1. Compara t ive  s t ruc tu re  of bone m a r r o w  g ra f t s  f r o m  ra t  (a), guinea pig (b), and 
h a m s t e r  (c, d): Magnification: a, b, c) x 200, d) x 600. 

TABLE 1. His to logica l  Study of Xenogeneic 
Bone Mar row Gra f t s  
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Note.  Number  of  g r a f t s  studied shown in 
p a r e n t h e s e s .  

newly fo rmed  bony organ consis ted of cancel lous 
u l a r  cel ls  (Fig. l a ) .  Aggregat ions  of monoeytes ,  
ka ryopycnos i s  also were  found. 

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

R a t - -  Mouse. As Tab le  1 shows,  bone was formed 
in all  the g ra f t s .  Small foci of hematopo ies i s  were  found 
only in some animals ;  in the ea r ly  s tages  (9 days) these 
foci were  si tuated next to the bone t i ssue ,  then in the ini-  
tial s tage of os t eogenes i s .  La te r ,  when bone format ion  was 
la rge ly  comple te  and os teogenes i s  had subsided,  the foci 
of hema topo i e s i s  we re  found outside the bony organ.  In 
one case  a focus of g ranu lopoies i s  was located in the fatty 
a r e o l a r  t i s sue  of the kidney capsule ,  and in another  viable  
hematopoie t ic  t i s sue  was found beneath  the capsule .  Ag- 
gregat ions  of  blood cel ls  and f ibr ins  Were found in the 
center  of the bony organ and beneath the kidney capsule .  
Judging f r o m  the pos i t ive  reac t ion  for  alkaline phospha tase  
in the neutrophi ls  this blood was of donor or igin.  The  
bone with wel l -deve loped  sinusoidal  cap i l l a r i e s  and r e t i c -  
neutrophi ls ,  and eosinophil ic  leukocytes  with evidence of 

Guinea Pig  ~ Mouse. No sign of hematopo ies i s  could be  found in any of the surviving g ra f t s .  By con- 
t r a s t ,  os teogenes i s  took p lace  in tens ive ly  and the newly formed cancel lous bone was s i m i l a r  in some  r e -  
spec t s  to that developing in the ra t  g ra f t s ,  although i t  had th icker  t r abecu lae  and a l e s s  well developed s y s -  
t e m  of cav i t ies  be tween them (Fig. lb) .  T h e  r e t i cu l a r  s t r o m a  was pa r t i cu l a r ly  c l e a r .  Another  d is t inguish-  
ing fea tu re  of these  g ra f t s  was the fo rmat ion  of bony t i s sue  around the kidney tubules which, as  a r esu l t ,  
appeared  to be  i m m u r e d  and undergoing degenera t ion .  

H a m s t e r  ~ Mouse. By con t ras t  with the graf t s  f r o m  ra t s  and guinea p igs ,  os teogenes i s  in g ra f t s  f rom 
the h a m s t e r  was weakly developed and in one case  (11 days  of  observat ion)  i t  could not be  seen  at all.  Bony 
t i s sue  developed only as  sma l l  i s l e t s ,  whereas  hematopo ies i s  took place  act ively  (Fig. l c ,  d). Granulocyto-  
po ies i s  was dominant  although foci of e ry th ropo ie s i s  and megaka ryocy t e s  were  f requent ly  seen.  When f r ag -  
ments  of bone were  graf ted  along with the m a r r o w ,  as a rule  new bone fo rmat ion  took place  around these 
f r agmen t s ,  so that they could p robab ly  be  r ega rded  as  "addit ional  inducers"  of os teogenes i s .  
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No donors '  ce l ls  could be found in the pe r iphe ra l  blood or  hematopoie t ic  organs  of the rec ip ien ts  
a f t e r  any type of t ransplanta t ion .  

Signs of g ra f t  re jec t ion a f te r  the l l t h - 1 3 t h  days  of the e:~periment a re  evidence of r ecove ry  of the 
r ec ip ien t s '  immune s y s t e m  by  this t ime,  m o r e  espec ia l ly  because  the doses  of i r rad ia t ion  used were  too 
smal l  to p roduce  comple te  des t ruc t ion  of hematopoie t ic  and immunopoie t ic  t i ssue .  

Different  re la t ions  between hema topo ie s i s  and os teogenes i s  we re  thus observed  during dif ferent ia t ion 
of ex t r amedu l l a ry  xenogeneic g ra f t s  of bone m a r r o w  f rom different  spec ies  of rodents .  The rea 'sons for  
these d i f fe rences  a r e  not fully unders tood.  Analysis  of the r e su l t s  and of data  in the l i t e ra tu re  sugges ts  
that  in some  spec ies  (mouse,  s t r iped  ha i ry- footed  hams te r )  the p r e sence  of bone t i s sue  is in fact  not 
s t r ic t ly  essen t i a l  for  the no rm a l  main tenance  of myeloid  hematopo ies i s ,  whereas  in o ther  spec ies  (guinea 
pig, rat) ini t ial  development  of the bony s t r o m a  is an essen t i a l  condition for subsequent  function of the 
hematopoie t ic  t i s sue .  Another  s t r ik ing  r e su l t  is that s i m i l a r  ru les  for  g ra f t  d i f ferent ia t ion a r e  found in 
m e m b e r s  of  di f ferent  f ami l i e s  of  rodents ,  whe rea s  in spec ies  of the same family  different ia t ion of g ra f t s  
d i f fers  essent ia l ly .  Th i s  points to the complexi ty  of re la t ions  betweeen s t r o m a l  and hematopoie t ic  e l ements  
in m a m m a l s  as  a whole. 

Some deg ree  of caution is n e c e s s a r y  in the approach to these r e su l t s  and it mus t  be  borne  in mind 
that dif ferent ia t ion of the graf t s  took p lace  in a xenogeneic o rgan i sm and that the r e su l t s  might  have been 
d i f fe ren t  in the case of syngeneic o r  al logeneic t ransplanta t ion ,  although this is unlikely judging f rom the 
r e su l t s  of invest igat ions  on r a t s  [8]. 

Special comment  is requi red  on the r e su l t s  of the expe r imen t s  with xenogeneic t ransplanta t ion of 
h a m s t e r  m a r r o w ;  It  follows f rom these  r e su l t s  that obse rva t ion  of " i ts  own s t r o m a "  is a sufficient  gua r -  
antee for  maintenance of hematopoies i s  for  a ce r ta in  per iod  in the foreign o rgan i sm.  Fa i lu re  to obtain 
xenogeneie " s t r iped  ha i ry  footed h a m s t e r - m o u s e "  radia t ion ch imera s  can thus be explained not so much 
by immunologica l  incompat ibi l i ty  as by  mismatch ing  between the r ec ip i en t ' s  s t r o m a  and the donor ' s  h e m a -  
topoiet ic  cel ls  {the so -ca l l ed  xenogeneic r e s i s t ance  of the s t r o m a  [6, 7]). 
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