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Two th i rds  of the spleen was r e s e c t e d  or the bone m a r r o w  f r o m  one t ibia was r emoved  in CBA 
mice.  On the 8th day  af ter  i r radia t ion  and injection of a suspension of intact spleen cel ls  into 
the an imals  hematopoie t ic  colonies were  obtained and examined microscop ica l ly .  In the an imals  
of the exper imen ta l  groups some  inc rease  was observed  ia the number  of colonies compared  with 
the control ,  and the number  of granulocyt ic  colonies was significantly higher although the number  
of colonies belonging to other hematopoie t ic  s e r i e s  r ema ined  unchanged. The authors suggest  
that  these  changes may be due both to the local effect  of the pro l i fe ra t ing  s t r o m a  of the spleen 
and to the act ion of a factor  s ec re t ed  by the regenera t ing  s t r oma  of  the hematopoie t ic  organs .  
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I t  was shown prev ious ly  that  the number  of hematopoiet ic  colonies in the spleen i n c r e a s e s  significantly 
in mice  with r egenera t ing  hematopoiet ic  organs  (spleen and bone marrow)  [1]. This  has led the w r i t e r s  to 
postula te  that  the r egene ra t ing  s t r o m a  of hematopoie t ic  organs  influences the surv iva l  and pro l i fe ra t ion  of 
co lony- forming  units (CFU). 

The object  of the p r e s e n t  investigation was to t e s t  the above hypothesis  by a mic roscop ic  study of the 
number  and types  of hematopoiet ic  colonies.  

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

Sexually ma tu re  male  mice  of the CBA s t r a in  weighing 18-20 g were  used. Two th i rds  of the spleen was 
r emoved  f r o m  the mice  of one group [2] and the bone m a r r o w  f r o m  the femur  or t ibia,  equivalent  to 8.5% of 
the total  m a s s  of bone m a r r o w  of the mouse  [6], was r emoved  f r o m  mice of another  group. Intact  mice  s e rv ed  
as  the control .  To obtain hematopoie t ic  colonies the method of Til l  and McCulloch was used [7]. The  expe r i -  
menta l  and control  an imals  were  i r rad ia ted  with x r a y s  in a dose of 800-900 R (dose r a t e  50 R/ ra in)  on the 
RUM-15 appara tus  2 days af ter  the operat ion.  An intravenous injection of a suspension of intact spleen cel ls  
was given 3-6 h l a te r  to the mice  in a dose of 1" 106 nucleated cel ls  pe r  mouse.  On the morning of the 8th day 
a f te r  injection of the cel ls  the an imals  were  kil led and the spleens fixed with Carnoy ' s  mixture ,  embedded in 
paraf f in  wax, and his tological  ana lys i s  of the colonies in a cent ra l  sect ion was c a r r i e d  out. The  t ime of 8 days 
was chosen so as  to avoid mutual  over lapping of the colonies [8]. 

Sections 4-5 ]z thick were  stained with h e m a t o x y l i n - e o s i n  and methyl  g r e e n - p y r o n i n e .  The total  number  
of colonies and the number  of  colonies of each type sepa ra te ly  (erythroid,  myeloid,  megakaryocyt ic ,  and un- 
differentiated) were  counted. The basic  di rect ion of differentiat ion was judged f r o m  the ra t io  between the num- 
be r s  of e ry thro id  and myeloid colonies (E /M) .  The r e su l t s  were  subjected to s ta t i s t ica l  ana lys i s .  

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

The  r e s u l t s  of  h is tological  ana lys i s  of the splenic  colonies a r e  given in Table  1. They show that  the total  
number  of hematopoie t ic  colonies was a l i t t le  higher (but not significantly) in the exper imen t  with r egene ra t ing  
bone m a r r o w  (35.1 • 2.6) than in the control  (26 + 4.9). 
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TABLE 1. Number  and Type  of Hematopoie t ic  Colonies in Mice (M �9 m) 

Group of animals 

Control (whole 
spleen) 

Control (half of 
spleen) 

Mice with regenerating 
spleen 

Mice with regenerating 
bone marrow 

Legend. 

total 

5 

15 

12 

E M 

26-----4,9 

13=2,7; 

19,1---+1,2 

35,1~ 2,6 

Number of colonies 

I 

15,4:-v-2,431 6,4z0,67 

7,7+1,211 3,2~0,34 

5,9-----0,45] 10,3-----2,8 

13,0m0,6 1t8,6~1,44 

Meg 

0,5~0,39; 

0,25• 

0,6• 

ElM 
Un 

3,7•163 

1,85m0,7~ 

1,3• 

0,4=0,2 .[ 3,1• 

2,4• 

0,73• 

0,71• 

Number of 
clusters of 
lympho- 
cytes 

15,4• 

7,7~-0,8 

I0,6• 

15,4---+1,7 

E) Erythroid ,  M) myetoid,  Meg) megakaryocy t ic ,  Un) undifferentiated colonies.  

Analys is  of the number  of colonies belonging to the di f ferent  types of hematopoies i s  showed a significant  
inc rease  (by 2.9 t imes)  only in the number  of myeloid  colonies  compared  with the control .  Not only their  num- 
ber ,  but a l so  the i r  s ize  and degree  of different ia t ion were  changed. Myeloid colonies of smal l  s ize  consis t ing 
ma in ly  of immatu re  cel ls  (promyelocytes  and myelocytes) ,  located mainly  in the cen t ra l  p a r t s  of the r e d  pulp, 
were  cha r ac t e r i s t i c  of the control .  In the exper imen ta l  group l a rge  and wel l -dif ferent ia ted colonies appeared,  
consis t ing mainly  of me tamye locy te s  and stab cells; these  colonies we re  usual ly located beneath the capsule,  
lifting it up; so that  they could be detected macroscop ica l ly .  

The  E / M  ra t io  in the control  spleen was 2.4•  0.18, in good a g r e e m e n t  with data in the l i t e r a tu re  [5]. In 
the expe r imen t  with r egenera t ing  bone m a r r o w  this r a t io  was changed to 0.71 �9 0.018. 

It  is difficult to com pa re  the data for the number  of hematopoie t ic  colonies obtained for  the r egenera t ing  
spleen with the control  s e r i e s  because ,  even by the t ime  of s ac r i f i ce  (the l l t h  day af ter  the operation) the spleen 
had r egene ra t ed  only to half  (by weight) of the intact organ [1]. 

Wolf and Tren t in  [9], who t ransplan ted  eight syngeneic  spleens  into mice,  showed that under these c i r c u m -  
s tances  the s a m e  number  of colonies was fo rmed  in the i r  own spleen as  in the control  and that, in addition, a 
substant ia l  number  of colonies developed on the t ransp lan ted  spleens .  These  worke r s  accordingly  cons ider  
that  the number  of colonies depends on the p r e s e n c e  of a sui table  s u b s t r a t e  on which the s t em cells can set t le .  

It  thus follows that  twice as  many  s t e m  ce l l s  could se t t le  on the whole spleen (in the control) as  on the 
ha l f - sp leen  (in the exper iment) .  F o r  that  r eason ,  an addit ional line is given in the Table  - t h e  number  of co lo-  
nies on half of the control  spleen - with which the data obtained for the r egenera t ing  spleen can be compared .  
The  total  number  of colonies in the r e g e n e r a t i n g  spleen under these  conditions was a lmos t  1.5 t imes  higher than 
in the control .  

The number  of myeloid  colonies in the expe r imen t s  (10.3) was 3 t imes  g r ea t e r  than in the control  (3.2). 
F o r  all  other types of  colonies the d i f fe rences  between the number  of colonies in the exper imenta l  and control  
s e r i e s  was not significant.  Jus t  as  in the e x p e r i m e n t s  with the r egene ra t ing  bone mar row,  among the myeloid 
colonies  some  were  found which were  very  large ,  lying under  the capsule  of the spleen, where  they could be 
counted mac roscop ica l ly .  

The  E / M  ra t io  in the r egene ra t ing  spleen (0.73 * 0.27) was cons iderably  a l t e red  compared  with the con- 
t ro l  (2.4 �9 0.18). 

Both in the exper imenta l  and in the control  s e r i e s ,  bes ides  hematopoie t ic  colonies,  c lus t e r s  of lympho-  
cytes  also were  observed;  these  were  counted s epa ra t e ly  and the r e su l t s  a re  given in the l as t  column of Table  
1. On staining with methyl  g r e e n - p y r o n i n e ,  bes ides  lymphocytes ,  ce l ls  of  b las t  type and p l a sma  cells  of dif- 
f e ren t  degrees  of ma tu r i ty  a lso  were  found in the lymphoid c lu s t e r s .  Somet imes  mi to t ica l ly  dividing cel ls  of 
b las t  type a lso  were  found in the lymphoid c lu s t e r s  (the cel ls  were  identified f r o m  the s ize  and shape of thei r  
mitot ic  plate) .  

The quest ion a r i s e s :  What is r e spons ib l e  for  the increase  in number  of hematopoie t ic  colonies,  detectable  
both mac roscop i ca l l y  and microscop ica l ly ,  during r egene ra t i on  of the hematopoie t ic  organs  (spleen and bone 
mar row)  ? 

The  total  number  of colonies p e r  spleen,  counted mic roscop ica l ly ,  was 4 to 5 t imes  g r e a t e r  than their  
number  counted macroscop ica l ly ,  for  megakaryocy t ic ,  undifferentiated,  and mos t  of the myeloid  colonies can 
be detected only mic roscop ica l ly .  On the other  hand, m a c r o s c o p i c  counting of the colonies [1] gave a g r e a t e r  
i nc rea se  in the number  of colonies in the exper imenta l  s e r i e s  than mic roscop ic  counting compared  with the 
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control .  The number  of colonies on the r egenera t ing  spleen was 2.6 t imes  g r e a t e r  (macroscopical ly)  than 
their  number  on the intact spleen, but only 1.5 t imes  g rea t e r  microscopica l ly ;  during r egenera t ion  of the bone 
m a r r o w  the cor responding  inc reases  we re  3.25 and 1.35 t imes .  This  d i s ag reemen t  between the r e su l t s  of 
mac roscop i c  and mic roscop i c  counting was poss ib ly  due to the appea rance  of l a rge  myeloid colonies.  The in- 
c r e a s e  in the number  of colonies  on the r egene ra t ing  s t r o m a  of the spleen can be explained by the d i rec t  act ion 
of exci ted pro l i fe ra t ing  r e t i c u l a r  cel ls ,  s t imulat ing the surv iva l  and p ro l i f e ra t ion  of  CFU. 

The  number  of myeloid colonies in the expe r imen t s  with the regenera t ing  spleen inc reased  by 3.2 t imes  
and in the expe r imen t s  with bone m a r r o w  by 2.9 t imes .  

During r egenera t ion  of the spleen and bone m a r r o w  st imulat ion of granulocyt ic  hematopoies i s  thus takes  
p lace ,  but evidently as a r e s u l t  of the act ivat ion of r e s e r v e  CFU and not on account  of o ther  types of di f ferent i -  
ation. 

Because  of the marked  intensif icat ion of myeloid hematopoies is ,  with no accompanying change in the e r y -  
throid  s e r i e s ,  the E / M  ra t io  fell  f r o m  2.4 in the control  to 0.73 and 0.71 in the exper imenta l  groups,  to r e a c h  
values  c h a r a c t e r i s t i c  of hematopo ies i s  in normal  bone m a r r o w  (0.5-0.7) [9]. 

In the opinion of many worke r s  [3, 7, 9], the d i rec t ion  of different ia t ion of hematopoie t ic  s t e m  cells  is 
de te rmined  by the mic roenv i ronment ,  of which the p r inc ipa l  component  is evidently the s t r oma .  It  is pe rhaps  
on account  of the appearance  of p ro l i f e ra t ing  s t r o m a l  e l emen t s  in the r egene ra t ing  spleen that  the i nc rea se  in 
the number  of zones of the m i c roenv i ronm en t  s t imulat ing myeloid  hematopoies i s  t akes  place.  On the o ther  hand, 
r egene ra t ion  of the bone m a r r o w  t i s s ue  has a s im i l a r  act ion on the number  and type of colonies,  although in 
this case  the CFU in te rac t  with the normal  s t r o m a  of the spleen. These  observa t ions  sugges t  the p r e s e n c e  of 
a factor  sec re ted  by the r egene ra t ing  s t r o m a  of the hematopoie t ic  organs  and p o s s e s s i n g  a distant  act ion on 
the CFU. 

It  is difficult to say whether the d i rec t  act ion of the r egene ra t ing  s t r o m a  and the dis tant  effect  of the 
' fac tor  a r e  two different  a spec t s  of the s a m e  p r o c e s s  or  whether they a r e  not interconnected,  for  as yet the mech 
a n i s m  of act ion of the mic roenv i ronmen t  is unknown. It  has  been suggested that s t r o m a l  cei ls  act  on the s t e m  
cel ls  not by d i r ec t  contact,  but through a chemical  fac tor  with a ve ry  smal l  rad ius  of action s ec r e t ed  by them 
[6]. 
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