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The indirect  (through the lymphocytes)  act ion of ant i lymphoeytic  globulin (ALG) on the abil i ty 
of bone m a r r o w  cel ls  to fo rm hematopoie t ic  colonies in lethal ly i r rad ia ted  (830 rad) mice  was 
investigated.  Lymphocytes  t r ea t ed  in v i t ro  with ALG have the i r  functional s ta te  modified 
and, if injected toge ther  with intact  bone m a r r o w  cells ,  acquire  the p rope r ty  of inhibiting the 
fo rmat ion  of hematopoiet ic  foci. The c lone- fo rming  abili ty of bone m a r r o w  cel l s  became  in- 
hibited when they were  t r ea ted  with supernatant  obtained a f t e r  incubation of syngeneic thymo-  
cytes  with ALG in vi t ro .  The m e c h a n i s m  of inhibition of hematopoie t ie  s t em cel ls  by t r e a t -  
ment  with ALG is probably  a combinat ion of the d i rec t  effect  on the lymphocytes  and of the 
act ion of humoral  " fac tor"  s ec re t ed  by them into the med ium a f t e r  t r e a t m e n t  with ALG. 

Invest igat ions  have shown that contact  with nonsyngeneic lymphocytes  inhibits the function of hema-  
topoiet ic  s t em cel ls  by abolishing or  sharp ly  reducing the i r  abil i ty to fo rm hematopoie t ic  colonies in the 
spleens  of lethally i r rad ia ted  mice  [5-7]. 

T r e a t m e n t  of t ransplanted  hematopoiet ic  ce l l s  with ant i lymphocytic  s e r u m  (ALS) in v i t ro  a lso  inhibits 
the fo rmat ion  of hematopoiet ic  foci in lethally i r r ad ia ted  mice  [1, 3, 4, 8]. The m e c h a n i s m  of this effect  
of ALS can be explained e i ther  by d i rec t  act ion on t h e ' s t e m  cel ls  (a change of differential  potential) o r  by 
indirect  action. 

The object  of this invest igat ion was to study the indirect  action (through lymphocytes)  of ALS on the 
abil i ty of hematopoiet ic  stern cel ls  to f o r m  foci of hematopoies is  in i r rad ia ted  rec ip ients .  

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

The  donor and recipient  an imals  were  (CBA x C57BL) F 1 hybrid mice  weighing 22-24 g. 

Anti lymphocytic globulin (ALG) was isolated f r o m  ALS [10] obtained by immunizing rabbi ts  with thy- 
m o c y t e s  f r o m  CBA mice  [3]. The method of cloning hematopoiet ic  cel ls  in vivo in lethal ly i r rad ia ted  mice  
[9] was used.  The rec ipients  were  i r rad ia ted  in a dose of 830 rad and 4 h l a t e r  a mix tu re  of bone m a r r o w  
and lymph gland or  thymus cel ls  was injected int ravenously  into them. Before  t ransplanta t ion  in this way 
the lymphocytes  or  thymocytes  were  t r ea t ed  in v i t ro  with ALG (5 m g / m l )  o r  phytohemagglut inin (PHA; Well-  
come,  England) for  30 rain at 37~ a f t e r  which the cel ls  were  washed three  t imes  and incubated with an 
equal number  of bone m a r r o w  cel ls  for  30 min  at 37~ After  incubation, the ce l l s  were  washed off, and a 
mix ture  consis t ing of 0.5 • 105 bone m a r r o w  cel ls  and 0.5 x 105 lymphocytes  or  thymocytes ,  suspended in 
0.5 ml medium No. 199, was injected into each recipient .  

In another  s e r i e s  of exper imen t s  the thymocytes  were  incubated with ALG, washed off, and the cell  
res idue  was t rea ted  with 1:5 ml medium No. 199. After  incubation fo r  30 rain at 37~ the cell  suspens ion 
was centr i fuged.  The supernatant  was added to intact  bone m a r r o w  cel l s  and incubated fo r  30 min  at 37~ 
The cel ls  were  washed off with med ium three  t imes  and injected in t ravenously  into i r rad ia ted  rec ip ients .  
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T A B L E  1. I n h i b i t i o n  of  S t e m  C e l l s  by L y m p h o c y t e s  o r  T h y m o c y t e s  

T r e a t e d  in  v i t r o  w i t h  A L G  o r  P H A  ( M ~ m )  

ALG }?HA CWellcomez 

Cells trans- types of cells No. of No, of loci types of cells No. of ! No. of loci 
planted treated mice per spleen treated mice perspleen 

BM ~' + lymphd- 
cytes 

BNI + thymocytes 
BM + lymphocytes 

BM + thymocvtes 
BM + lympho~ytes 
BM + thymocytes 

BM 
BM 
Lymphocytes 

Thymocytes 
Meal. No. 199 

Lymphocytes 
Med, No. 199 

I Thyrnocytes 
Irradiation con-[ 

rzol (forma- I 
tion ofendo- I 
genous loci) 

* BM) b o n e  m a r r o w  c e l l s .  

I 
18 0.2~0.1 
16 0.2-----0.1 
20 2.3-+0,3 

15 2.4~0.4 
18 11.4-4-0.5 

l l  13,9~0.6 

20 0 

BM 
BM 
Lymphocytes 

Thymocytes 
Med. No. 199 

Lymphocytes 
Med. No. 199 

Thymocytes 

II 
7 
6 

11 
11 

14 

16 

3.0• 
2.3 .+. I, I a 
13.0~ 1,4 

19.3-+- 1.1"2 
11,9-+0,6 

19.9+---07 ~ 

0,1~0,01 

t ' F o r  t r a n s p l a n t a t i o n  in to  r e c i p i e n t s ,  1 x 105 b o n e  m a r r o w  c e l l s  and  

1 x 105 l y m p h o c y t e s  o r  t h y m o c y t e s  w e r e  u s e d .  In  a l l  o t h e r  c a s e s  

0.5 x 10 5 c e l l s  o f  e a c h  w e r e  i n j e c t e d .  

N i n e  d a y s  a f t e r  t r a n s p l a n t a t i o n  t h e  a n i m a l s  w e r e  k i l l e d ,  the  s p l e e n s  w e r e  r e m o v e d  and f i x e d  in a l c o h o l -  

f o r m o l ,  a n d  m a e r o s c o p i c a l l y  v i s i b l e  c o l o n i e s  on  the  s u r f a c e  of  the  o r g a n  w e r e  c o u n t e d .  S t a t i s t i c a l  a n a l y s i s  

of  t h e  r e s u l t s  w a s  c a r r i e d  out  w i t h  t he  u s e  of  S t u d e n t ' s  c r i t e r i o n ,  

EXPERIMENTAL RESULTS 

Nine days after irradiation the number of endocolonies in the spleens of the mice (irradiation control) 
averaged 0.I. Intravenous transplantation of a suspension consisting of 0.5 x I0 s bone marrow cells and an 
equal number of lymphocytes or thymocytes led to the formation, on the average, of 11.4 or 13.9 colonies 
respectively in the spleen. Injection of bone marrow cells mixed with lymphocytes or thymocytes previ- 
ously treated in vitro with ALG led to a marked decrease in the ability of the bone marrow cells to induce 
hematopoietic colony formation, and the mean number of the colonies was 2.3 or 2.4 respectively (Table I). 

When the bone marrow cells for transplantation were treated directly with ALG in vitro the stemcells 
lost nearly all their ability to form hematopoietic loci. The number of loci was 0.2 per spleen. These re- 
sults agree fully with those of earlier investigations showing that treatment of hematopoietic cells withALS 
in vitro inhibits the formation of hematopoietic loci [i, 3]. 

Treatment of the hematopoietic tissue for transplantation with PHA in vitro, just as with ALS, led to 
a decrease in the formation of hematopoietic loci [I], possibly because of the well-marked blast-transform- 
ing action. It was decided to study the effect of this agent under the experimental conditions used. 

After intravenous injection of a mixture of intact bone marrow cells with lymphocytes or thymocytes 
previously treated in vitro with PHA in a dilution of 1 : I0 into irradiated recipients the number of colonies 
in the spleens of the lethally irradiated mice was virtually identical with the control (Table I). 

Altliough PHA evidently induces blast-transformation of the cells, it is thus evidently unable to mod- 
ify lymphocytes so that they become "heterologous" (functionally) for the stem cells, whereas such an ac- 
tion is perfectly permissible for ALG. 

However, this still left one other possibility of an indirect action on the stem cells through a humora] 
factor possibly secreted by the treated lymphocytes. To test this hypothesis the following experiments were 
carried out. Thymocytes treated with ALG were washed off and incubated in medium No. 199 for 30 rain at 
37~ and the supernatant was used to treat bone marrow cells intended for transplantation. Treatment with 
the supernatant led to a marked decrease in the formation of hematopoietic foci (Table 2). The degree of 
the effect depended on the number of thymocytes used for treatment. The results suggest that the super- 
natant contains a certain "factor" inhibiting stem cells. This factor could be ALG eliminated from the sur- 
face of the thymocytes or a product of their activity, like the macrophagal migration inhibiting factor (MIF). 
The presence of eliminated ALG in sufficient concentration to inhibit stem cells is unlikely, but a special 
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T A B L E  2 .  Effec t  o f  a H u m o r a l  F a c t o r  S e c r e t e d  by  T h y m o c y t e s  
T r e a t e d  with  A L G  o r  PHA on H e m a t o p o i e t i c  S t em C e l l s  

No. of trans- 
planted bone 
marrow cells- 

0,5.10 a 
0,5. lO s 
0,5- IO s 
0,5- 10 ~ 
1,0- I05 
1,0. lO s 

No. of thymo- 
cytes used for 
treatment and 
preparation of 
the "factor" 

I. 10 7 
0,5.10s 

1- 10 a 
0,5. lO s 
1.0. ]0 ~ 
1,0- lOS 

Agent 
used for 
treatment 

ALG 
ALG 
ALG 
Meal. No. 199 
PHA 
Med. No. 199 

Formation of foci in 
spleen 

No. of 
animals M +_. m 

27 2,3• 
29 3,4-+0.2 
21 6,2• 
26 15.2• 
14 19.4• 
14 19,9m0,7 

Bone marrow cells (0.5 �9 l0 s) treated with ALG 
Bone marrow cells (1" 10 s) treated with PHA 

Irradiation control (formation of endogenous foci) 

10 
7 

21 

0,5• 
2,3"+0,9 

0,99+0,01 

s tudy i s  c a l l e d  fo r .  In  tu rn ,  the  M I F  i s  a p r o d u c t  s e c r e t e d  by  s e n s i t i z e d  l y m p h o c y t e s  u n d e r  the  in f luence  
of a s p e c i f i c  an t igen .  PHA, with both  b l a s t - t r a n s f o r m i n g  and a n t i g e n i c  a c t i v i t y ,  did not,  h o w e v e r ,  induce  
the  a p p e a r a n c e  of the " f a c t o r "  (Table  2). 

Unl ike  PHA, ALG thus  m o d i f i e s  the  func t ion  of l y m p h o c y t e s  so  that  t hey  b e c o m e  c a p a b l e  of  inh ib i t ing  
s y n g e n e i c  s t e m  c e l l s ,  a s  has  a l s o  b e e n  d e m o n s t r a t e d  f o r  a l l o g e n e i c  l y m p h o c y t e s  [5-7] o r  s y n g e n e i c  l y m p h o -  
c y t e s  [2] u n d e r  the  in f luence  of f o r e i g n  a n t i g e n i c  i n f o r m a t i o n .  In the  p r e s e n t  e x p e r i m e n t s  PHA, a l though  i t  
had a n t i g e n i c  ac t i v i t y ,  did not  mod i fy  l y m p h o c y t e  funct ion .  

The r e s u l t s  of t h e s e  e x p e r i m e n t s  c o n f i r m  tha t  a h u m o r a l  " f a c t o r "  had the  g r e a t e s t  e f fec t  on the s t e m  
c e l l s .  However ,  n e i t h e r  d i r e c t  con t ac t  wi th  the  t r e a t e d  l y m p h o e y t e s  n o r  the " f a c t o r "  p r e s e n t  in the  s u p e r -  
na t an t  gave  so  Comple te  an  i n h i b i t o r y  e f fec t  on the s t e m  c e l l s  a s  the d i r e c t  a c t i o n  of  ALG.  Mos t  p r o b a b l y  
the  m e c h a n i s m  of i nh ib i t i on  of the  s t e m  c e l l s  u n d e r  the  in f luence  of ALG is  m o r e  c o m p l e x  and i s  a c o m b i n -  
a t i o n  of  d i r e c t  a c t i o n  of ALG on them,  p o s s i b l y  induc ing  a change  in  the  p a t h w a y s  of  d i f f e r e n t i a t i o n  (ev i -  
den t ly  the  only m e c h a n i s m  fo r  PHA) and i n d i r e c t  a c t i o n  th rough  the  t r e a t e d  l y m p h o e y t e s  (mos t  p r o b a b l y  on 
accoun t  of  a c e r t a i n  " f ac to r ) .  
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