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Days after last Cells incorporating thymidine ( % ) ~ Cells stained with o-dianisidine (%) 
phenylhydrazine injection expt. 1 expt. 2 Mean expt. 1 expt. 2 Mean 

5 2.5 0 1.25 88.7 84.3 86.5 
15 45.1 55.3 50.2 62.1 43.6 52.8 
20 5.0 8.4 6.7 87.0 73.0 80.0 
30 5.1 5.3 5.2 86.5 99.8 89.6 
Control 0 0 0 99.0 99.0 99.0 

Values were obtained by bleeding 2 animals for each time shown, i.e. 10 animals were used in all. ~ Experimental conditions as described in 
legend to Figure 1. 

Xenopus most  blood cell r ep len i shment  and e r y t h r o c y t e  
m a t u r a t i o n  occur outs ide  the  circulation.  But  the  process  
need only  be slow since the  a m p h i b i a n  e ry th rocy te  has  a 
life span  of abou t  100 days  5 in circulat ion,  o r p e r h a p s  more.  
During the  anaemia,  m a n y  cells resembl ing  l ymphocy te s  
make  the i r  appearance  in the  blood, a t  a concen t ra t ion  of 
3.7 • 107 cells/mI on day  5 of anaemia ,  and  the  con t inued  
rapid  p roduc t ion  of blood cells which accomplishes  
recovery  f rom anaemia  takes  place subs tan t i a l ly  by  
the  rapid  repl icat ion and /o r  d i f ferent ia t ion  of these cells 
and  the i r  der ived cells. I t  therefore  seems t h a t  essent ia l ly  
all the  s tages involved in ery thropoies is  and  e ry th rocy te  
d i f fe ren t ia t ion  can occur in the  blood circulat ion in the  
anaemic  amphib ian .  Granulocytes  are also a b u n d a n t  and 
15 days  af ter  the  induc t ion  of anaemia  t h e y  account  for 
be tween  5 and 10% of all blood ceils. Fu r the rmore ,  

5 M. J, CLINE and T. A. WALDMAN, Am. J. Physiol. 203, 401 (1962). 
6 We are grateful to the Medical Research Council for financial 

support of some of this work. 

haemoglob in  syn thes i s  begins  in cells which still resemble  
small  l ymphocy te s  and cer ta in ly  precedes  la ter  D N A  
replicat ion,  mitosis  and division of these  cells. Figures  1 
and 2 are au to rad iographs  of blood smears  f rom animals  
dur ing  early and la ter  response to  p h en y l h y d raz ine  
induced anaemia.  

The f indings  in th is  communica t ion  will be discussed 
more  fully in a fu ture  publ ica t ion.  

Rdsumd. On a d6t ru i t  t o u s l e s  6 ry throcy tes  de suje ts  
adul tes  de Xenopus laevis par  une double  in jec t ion  de 
ph6nylhydraz ine .  15 jours  aprbs avoir  provoqu~ l 'an6mie,  
on cons ta te  que le sang con t i en t  beancoup  de cellnles 
r e s semblan t  ~ des lymphocy tes .  L ' e x a m e n  de ces cellules 
laisse supposer  que, chez ces an imaux,  I '6rythropoi~se se 
r6tabl i t  dans  le circulation.  
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Prolonged Survival of AKR Mice Following Allogeneic Bone Marrow Transplantation 1 

Spon taneous  l eukemia - lymphoma  developing in inbred  
A K R  mice resembles  ma l ignan t  l y m p h o m a  in m a n  ~,3. 
The incidence of spon taneous  l e u k e m i a - l y m p h o m a  in 
A K R  mice is only min imal  unti l  6 m o n t h s  of age, bu t  
exceeds 90% before the  animals  reach one year  of age4; 
50% mor t a l i t y  is usual ly reached  at  abou t  9 m o n t h s  of 
age s,s. T r e a t m e n t s  a l ter ing the  na tu ra l  h i s to ry  of A K R  
spon taneous  l e u k e m i a - l y m p h o m a  m a y  fu r the r  our under-  
s t and ing  of t he  disease in mice and  may  have  re levance 
to its coun t e rpa r t  in man.  

The expe r imen t s  to  be descr ibed were des igned to 
assess the  sever i ty  of g ra f t -versus -hos t  (GVH) disease 
ill immunosuppres sed  young  A K R  mice t r a n s p l a n t e d  
wi th  bone  mar row and l y m p h  node  cells f rom allogeneic 
H-2 m a t c h e d  donors .  Almos t  all dea ths  a t t r i bu t ab l e  to  
GVH disease occurred wi th in  90 days  following t rans -  
p lan ta t ion .  Those A K R  mice surv iv ing  90 days  (at which 
t ime  t h e y  were 6 m o n t h s  of age), were observed dai ly  
t h rough  the i r  l ifespan. Immunosupp re s s ion  followed by  
bone  mar row and  l y m p h  node cell t r a n s p l a n t s  was 
of ten  associated wi th  an increase in the  m e a n  survival  
t ime  (lVIST) of those  A K R  mice no t  succumbing  to  GYH 
disease. Survival  var ied according to the  donor  strain.  

Materials and methods. All mice were purchased  f rom 
the  Jackson  Labora tory ,  Bar  Harbor ,  Maine, and were 12 
to 14 weeks old when used for these experiments. Female 
AKR (H-2 k) mice were given 400 R total body X- 
irradiation (TBR) and cyclophosphamide (CY) 185 mg/kg, 
followed by i.v. administration of 2 • 107 bone marrow 
and l0 T lymph node cells from syngeneic, or II-2 k matched 
female donors. The H-2 k donor strains employed were 
BI0-BR, CBA, C3H/He, C57BR/ed, C58, and RF. 

x Supported by American Cancer Socitey Grant No. ET-55, a 
memorial to William Heller, Sr. and the Board of Trustees, 
Mount Sinai Medical Center. 
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Survival of AKR (H-2 k) mice following immunosuppression and transplantation of immunocompeterlt cells from allogeneic H-2 k donors 

Group No. AKR hosts ~ Cell donors No. Mice alive at 6 months of age b MST c (days) Range (days} Significance between groups 

1 58 AKR 57 273 185 523 3,6, 7 (p < 0.05); 
5 (p < 0.01) 

2 60 C3H/He 10 287 182408 
3 56 None 54 297 183-654 

4 60 c58 18 316 198 538 
5 59 RF 49 350 205-757 
6 59 CBA 36 363 209 671 
7 58 B10.BR 22 377 185-683 
8 59 C57BR/cd 9 424 194-763 

6 (p < 0.05); 
5 (p < 0.01) 

Host mice, ca. 3 months of age, received 400 R total body X-irradiation and 185 mg/kg cyclophosphamide followed by i.v. injections of 
2 • 10 ~ bone marrow cells and 107 lymph node ceils, b Mice entered into the study and 'at risk' of developing spontaneous leukemia-lymphoma. 
c Mean survival time of animals surviving 90 days post-transplant. 

Calcu la t ion  of MST was based  on  those  mice a l ive  
( surv iv ing  G V H  disease) 90 days  p o s t - t r a n s p l a n t .  The  
A K R  mice were t h e n  6 m o n t h s  of age and  ' a t  r i sk '  of 
deve lop ing  s p o n t a n e o u s  l e u k e m i a - l y m p h o m a .  Mice t h a t  
d ied  were au tops ied .  A lmos t  w i t h o u t  except ion,  those  
mice  t h a t  d ied  a f t e r  r each ing  6 m o n t h s  of age, d id  so w i t h  
a u t o p s y  f ind ings  cha rac te r i s t i c  of l e u k e m i a - l y m p h o m a .  
Signif icance be twee n  groups  was d e t e r m i n e d  b y  ana lys i s  
of va r iance .  

Results and discussion. The  overa l l  resul t s  are s u m m a r i z -  
ed in t he  Table .  The  MST  of 273 days  for A K R  con t ro l  
mice t h a t  received T B R ,  CY and  syngeneic  cells (group 1, 
Table)  di f fered s ign i f ican t ly  (_P < 0.05) f rom t he  MST 
of 297 days  for A K R  cont ro l  mice  t r e a t e d  w i t h  T B R ,  CY 
and  no  ceils (group 3, Table) .  A K R  mice  t h a t  were 
rec ip ien ts  of cells f rom al logeneic donors  h a d  MST 
r ang ing  f rom 287 to  424 days  (groups 2, 4-8, Table) .  

A K R  mice t h a t  received cells f rom C 3 H / H e  or C58 
donors  h a d  MST s imi la r  to  t h e  con t ro l  groups  (cf. g roups  
2 and  4 w i t h  1 and  3, Table) .  Those  mice (groups 5-7, 
Table) ,  t h a t  received ceils f rom 1RF, CBA, or B 1 0 . B R  
donors,  h a d  s ign i f i can t ly  g rea te r  ( P  < 0.05 to _P < 0.01) 
MS T t h a n  those  g iven  syngene ic  cells (group 1, Table) .  
F u r t h e r m o r e ,  mice  t r e a t e d  w i t h  cells f rom R F  or CBA 
donors  (groups 5 a n d  6, Table) ,  h a d  MST  wh ich  were 
s ign i f ican t ly  g rea te r  ( P  < 0.05 to P < 0.01) t h a n  mice 
t h a t  were t r e a t e d  w i t h  T B R  and  CY only  (group 3, Table) .  
E a c h  of t he  groups  t r e a t e d  w i t h  cells f rom R F  and  
C57BR/cd  donors  h a d  one mouse  t h a t  l ived to  be more  
t h a n  2 years  old. The  longes t  MST  of all exp 'e r imenta l  
groups  was found  in t he  r e l a t ive ly  smal l  n u m b e r  of AKIR 
mice t h a n  su rv ived  6 m o n t h s  of age fol lowing t r ans -  
p l a n t a t i o n  of cells f rom C57BR/cd  donors  (group 8, 
Table) .  S u b s t a n t i a l  di f ferences  in MST  be t w een  some 
groups  p r o v e d  no t  to  be  s ign i f ican t  w h e n  smal l  sample  
sizes were involved .  

W i t h  r ega rd  to  possible  e x p l a n a t i o n s  for t he  obse rved  
increase  in longev i ty  w i t h i n  ce r t a in  groups  of A K R  mice, 
i t  is ev iden t  t h a t  t he  i m m u n o s u p p r e s s i v e  t r e a t m e n t  
per  se did  no t  h a v e  a s ign i f ican t  effect  on MST  or the  

7 D. E. UPKOFF, J. natn. Cancer Inst. d2, 243 (1969). 
s L. GRoss, Aeta haematologia 23, 259 (1960). 
9 F. LILLY and T. PINCUS, in Advances in Cancer Research (Academic 

Press, Inc., New York 1973}, vol. 17. 
10 The authors thank A. A. LAPP, A. M. RaoDEs, J. J. MILLER, III, 

and E. R. REYNOLDS for expert technical assistance. We also 
express our thanks to Dr. M. TELLER for his comments on the data. 

d e v e l o p m e n t  of l e u k e m i a - l y m p h o m a  because  t he  mor t a l -  
i ty  p a t t e r n  was s imi la r  to  t h a t  k n o w n  to  occur  in u n t r e a t e d  
AKIR mice s, G. Similar ly ,  t he  exper ience  of rece iv ing  
t r a n s p l a n t e d  cells h a d  no ame l io r a t i ve  effect  of itself, as 
d e m o n s t r a t e d  b y  t he  fa i lure  of syngene ic  cells to  a l t e r  t he  
d e v e l o p m e n t  of t h e  neoplasia .  

There  was no  cor re la t ion  be tween  seve r i t y  of ear ly  
G V H  disease and  l ong - t e rm  surv iva l .  W h e n  one compares  
t he  effect  of cells f rom C 3 H / H e  and  C57BR/cd  donors  
(groups 2 and  8, Table) ,  t he  s eve r i t y  of G V H  disease was 
e q u i v a l e n t  (about  16 % of t he  mice  in b o t h  groups  su rv ived  
to 6 m o n t h s  of age), b u t  a g rea t  (a lbei t  no t  s igni f icant )  
d i f ference ill MST was found.  Moreover ,  A K R  mice  t h a t  
received cells f rom R F  donors  (group 5, Table)  suffered 
on ly  mi ld  G V H  disease (83% al ive a t  6 m o n t h s  of age), 
b u t  t he  su rv iv ing  mice  fared b e t t e r  t h a n  mice  t r a n s p l a n t e d  
w i t h  C 3 H / H e  donor  cells. Thus,  i m m u n o g e n e t i c  des t ruc-  
t i on  of t i le t h y m u s  g land  ~ due to G V H  disease, does no t  
a p p e a r  to be  a l ikely e x p l a n a t i o n  for t he  p ro longed  
su rv iva l  obse rved  in some groups  of A K R  mice. 

The  et iological  a g e n t  associa ted  w i t h  t h e  d e v e l o p m e n t  
of AKIR l e u k e m i a - l y m p h o m a  is t h e  GRoss  virusS, 9; 
however ,  su rv iva l  of e x p e r i m e n t a l  A K R  mice  did  no t  
a p p e a r  to  be  r e l a t ed  to t he  donor  s t r a i n ' s  r es i s t ance  or 
suscep t ib i l i ty  to  Gross v i rus  leukemogenesis .  Fo r  example ,  
C 3 H / H e  mice  are r e l a t ive ly  r e s i s t an t  to  t h e  Gross v i rus  s, 
ye t  A K R  mice g iven  cells f rom C 3 H / H e  donors  (group 2, 
Table)  d ied  of s p o n t a n e o u s  l e u k e m i a - l y m p h o m a  w i t h  no 
s ign i f ican t  p r o l o n g a t i o n  of MST. Conversely,  C57BR/cd  
a n d  B 1 0 . B R  mice are h igh ly  suscep t ib le  to  t he  Gross 
v i rus  s,9, b u t  AKIR mice  t h a t  received cells f rom these  
two donor  s t r a in s  h a d  t h e  longes t  MST 1~ 

Zusammen/assung. Die Mehrzah l  der  A K R  M~use, die 
n a c h  Immunosuppress ioI~ u n d  T r a n s p l a n t a t i o n  yon  
K n o c h e n m a r k  n n d  l y m p h o i d e n  Zellen Mlogener  H2- 
i den t i s che r  Spende r  die , Gra f t -ve r sus -Hos t  ~> 1Reaktion 
i iber leb ten ,  ze igten s ign i f ikan t  verl~tngerte mi t t l e r e  
LIber lebenszei ten  gegeni iber  Kon t ro l l t i e ren ,  welche m i t  
I m m u n o s u p p r e s s i o n  al le in  oder  I m m u n o s u p p r e s s i o n  plus  
syngenen  Zellen b e h a n d e l t  wurden .  
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