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E F F E C T  O F  S T E M  C E L L  I N H I B I T I O N  F A C T O R  

A N D  M A C R O P H A G E  M I C R A T I O N  I N H I B I T I O N  F A C T O R  

ON E X O C O L O N I Z A T I O N  A N D  M I G R A T I O N  OF M O U S E  S P L E E N  C E L L S  

E .  B.  M y s y a k i n ,  A. P.  S u s l o v ,  UDC 612.411.014. 2:612.6]-064 
T .  A.  G o l o v a n o v a ,  a n d  D.  R.  K a u l e n  

Hematopoie t ic  s t e m  cell  inhibition fac tor  (SCIF), l ibera ted  by lymphocytes  t r ea ted  with ant i -  
lymphocyt ic  globulin, causes  inhibition of migra t ion  of the spleen cells  of in tac t  mice.  The de-  
g ree  of inhibition of migra t ion  co r r e sponds  to the colony-inhibi t ing activity of the SCIF. Macro-  
phage migra t ion  inhibition fac tor  (MMIF) obtained in the H-2 s y s t e m  has  a s t imulat ing effect  
on exocolonizat ion in mice  on t r e a t m e n t  of a b o n e - m a r r o w  graf t  in vi t ro .  The co lony - s t imu la -  
ting act ivi ty  of MMIF co r re sponds  to i ts  inhibi tory effect  on migra t ion  of spleen cel ls .  I n c u b a -  
tion of bone m a r r o w  cel ls  with MMIF for  30 rain is  m o r e  effect ive than incubation for 2 h. I t  
is  suggested that  SCIF and MMIF are  not ident ical  with one another.  
KEY WORDS: Stem cel l  inhibition factor ;  migra t ion  inhibition factor ;  exocolonization; m i g r a -  
tion. 

Invest igat ion of the biological  p rope r t i e s  of  hematopoie t ic  s t e m  cel l  inhibition fac tor  (SCIF), which is 
s ec r e t ed  by lymphocytes  t r ea t ed  with ant i lymphocyt ie  globulin (ALG) [1], has  shown that  it has the ability to 
inhibit migra t ion  of the spleen cel ls  of intact  mice  [3]. 

To study the poss ib le  identi ty of SCIF with m a r c r o p h a g e m i g r a t i o n  inhibition f ac to r  (MMIF), in the inves -  
t igat ion desc r ibedbe low the action of these  fac tors  on hematopoie t ic  s t e m  cel ls  and migra t ion  of spleen cel ls  
was studied. 

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

SCIF was obtained by the method desc r ibed  e a r l i e r  [2]. MMIFwas  obtained in an H-2 s y s t e m  by the 
method suggested by F r i edman  [6], in the modificat ion of Suslov et al. [4]. 

The method of cloning hematopoie t ie  s t e m  cel ls  in vivo in lethal ly i r r ad ia t ed  rec ip ien ts  [10] was used. 
The bone m a r r o w  cel ls  intended for t ransplan ta t ion  were  t r ea t ed  in v i t ro  with SCIF or  MMIF for  120 or  30 rain, 
a f te r  which they were  washed th ree  t imes  with medium. An ir~travenous injection of 0.5 • 105 cel ls  of  intact  o r  
t r e a t ed  bone m a r r o w  was given to the rec ip ien ts  4 h a f te r  i r r ad ia t ion  (830 rad). The animals  were  killed nine 
days l a te r  and the number  of m ac ros cop i ca l l y  v is ib le  colonies on the su r face  of the spleen was counted. 

To t e s t  the act ivi ty of the resu l t ing  MMIF and to study the biological  p rope r t i e s  of the SCIF, the cap i l l a ry  
method of mac rophage  migra t ion  was used [5]. Cells  f r o m  the intact  spleen of (GBA x C57BL/6) F 1 mice  were  
used as migra t ing  cel ls .  The degree  of migra t ion  was a s se s sed  by weighing the zone of migra t ion ,  t r a ced  on 
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T A B L E  1. E f f e c t  o f  D i f f e r e n t  S a m p l e s  o f  

S C I F  and M M I F  on H e m a t o p o i e t i c  S t e m  
C e l l s  

Reagent -= .E 

8CIF 
NRG 
SCIF 
NRG 
SCIF 
NRG 

13 
13 
12 
15 
11 

No. of Clone 
formation, colonies % 

3,2+0,6 
29,1+1,0 
4,8+0,6 

28,34-0,2 
8,24-0,7 

29,74-0,7 

MMF 
LMIF 
Medium No. 199 
MMIF 
LMIF 
Medium No. 199 
MMIF 
LMIF 
Medium No. i99 

Exocolonization 

13 I1,0!-2,0 
7 5 ,O__+2,0 

5,3+0,7 
_ 

13,7-t-1,0 
6 8,6-~-1,6 

8,24-0,8 
10 12,7+-1,8 
8 10,6-+-1,4 
8 11,8__+0,9 

I0 0 

11 
100 
16 

100 
21 

100 

212 
100 

159 
100 

120 
100 

T A B L E  2. A c t i o n  o f  D i f f e r e n t  S a m p l e s  
o f  S C I F  and M1VIIF on  M i g r a t i o n  o f  S p l e e n  

C e l l s  

No. of 
experi. 
merit 

Materials 
studied 

SCIF 
NRG 
SCIF 
NRG 
SCIF 
NRG 

MMIF 
LMIF 
MMIF 
LMIF 
MMIF 
LMIF 

Degree of 
migration 
(M ± m) 

26,7-1-1,3 
76,3-I-1,7 
28,2+0,4 
80,5 0,7 
32,5_-!-1,2 
79,24-0,8 

21,8__2.2 
70.4--I-1,3 
37,9+0,7 
65,3 1,7 
48,0+0,5 
67,74-0,9 

Percent 
inhibi- 
tion 

74 

65 

69 

0,01 

0,01 

0,01 

O,O1 

0,01 

0,01 

s t a n d a r d  p a p e r .  By  t h e  f o r m u l a  ~ . 1 0 0 %  t h e  p e r c e n t a g e  i n h i b i t i o n  o f  m i g r a t i o n  was  d e t e r m i n e d  (P d e n o t e s  

t h e  w e i g h t  o f  t h e  r e g i o n  o f  m i g r a t i o n ,  E t h e  e x p e r i m e n t ,  .and C t h e  c o n t r o l ) .  

EXPERIMENTAL RESULTS 

Several supernatants containing MMIF, which differed in their ability to inhibit migration of spleen cells, 
and several samples of SCIF, with different colony-inhibiting activity, were used. The results of experiments 
to study the action of SCIF and MMIF on clone formation are given in Table I, and the effect of the correspond- 
ing samples of the factors on migration is shown in Table 2. It will be clear from these results that SCIF with 
maximal inhibitory activity against hematopoietic stem cells showed the greatest ability to inhibit migration, of 
spleen cells (clone formation II%), whereas the factor inhibiting migration by a lesser degree (59%) possessed 
weaker colony-inhibiting activity (21%). 

A study of the properties of MMIF showed that, unlike SCIF, this factor stimulates colony formation in the 
spleen of lethally irradiated recipient mice. This property of MMIF corresponded to its ability to inhibit migra- 
tion of spleen cells. The factor inhibiting migration by 69% was found to have the Strongest activating action on 
transplantable stem cells (clone formation 212%). In the case of inhibition of migration by 42%, clone formation 
amounted to 159%. Finally, during inhibition of migration by 29%, clone formation was reduced to 119%. The 
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Fig. 1. Dependence of intensity of clone fo rma-  
tion on duration of incubation of t ransplanted 
bone mar row cells with MMIF. Shaded columns 
denote incubation of bone mar row cells with 
MMIFfor  30 min; unshaded columns incubation 
of bone mar row cells with MMIF for 2 h. Each 
pair  of columns represen t s  one sample of the 
factor.  Abscissa ,  inhibition of migrat ion of 
spleen cells by different samples of MMIF (in 
%); ordinate,  clone formation (in %). 

data given above ref lect  the resul ts  of experiments  in which the duration of incubation of the t ransplantable 
bone mar row was 30 min. This t ime was long enough for manifestation of the inhibitory action of  SCIF on the 
s tem ceils. However, the s t ronges t  inhibition was reached after incubation of the bone mar row ceils with SCIF 
for 2 h, and for that reason when the effect of MMIFon the s tem cells was studied it was decided to continue 
the incubation in some of the experiments  for 2 h. The resul ts  showed (Fig. 1) that during longer incubation of 
the bone mar row cells with MMIFst imulat ion of clone formation was preserved ,  although it became weaker. 
In this case,  therefore ,  activity of MMIFtoward s tem cells corre la ted  with the degree of inhibition of migration. 

Supernatants used as the control,  i r r espec t ive  of the incubation time, did not affect clone formation. 

The conditions of obtaining the humora l  factors  o.f cel lular  immunity were largely  s imilar .  Accordingly,  
to detect new proper t ies  of the lymphokines, it was n e c e s s a r y  to d iscover  whether this proper ty  is cha rac t e r i s -  
tic of a given mediator  of cel lular  immunity.  The inhibitory ac t ionofSCIFon  migrat ion of spleen cells could be 
explained by the identity of SCIF and MMIF, o r  by the presence  of both factors .  It was all the more  important  
to shed light on this mat te r  because of recent ly  published investigations in which MMIFwas obtained withthe aid 
of mitogens and ALG, in part icular ,  in [8, 9]. The conditions of obtaining SCIF and MMIF, when secre ted  by in- 
tact  cells under the influence of mitogens, are thus identical. In the present  investigation the MMIF which was 
used was obtained in the H-2 sys tem,  i.e. ,  it was an antigen-dependent factor.  However,  data indicating the 
identity of MMIF secre ted  by sensit ized and intact  lymphocytes have recent ly  been published [7]. 

It was shown in that investigation that a supernatant  containing MMIF, by contras t  with SCIF, possesses  
st imulating and not inhibitory activity. The degree of stimulation of clone formation corresponded to the in- 
tensi ty of inhibition of migration. On that basis it might be supposed that t he  st imulating action was the prop-  
er ty  of the MMIF itself. The stimulation effect could be connected with intensification of recrui t ing  of s tem 
cells and an increase  in cloning efficiency. The s t ronger  stimulation observed during incubation of the bone 
mar row cells with MMIFfor  30 rain than for 2 h may be due to the fact that, s imultaneously with the increase  in 
recrui t ing,  maturation of the s tem cells also takes place under the influence of MMIF. As a result ,  the cells 
cease to be detected during cloning in lethally i r radia ted  recipients.  It can tentatively be suggested that during 
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incubation for 30 rain the recruiting process predominates, and as a result  marked stimulation of clone forma- 
tion takes place. After t reatment of the bone marrow cells with MMIF for 2 h, maturation of the stem cells 
takes place more intensively and the observed stimulation of clone formation decreases.  It may also be that 
as a result  of longer incubation redifferentiation of the stem cells takes place with predominance of myelopoie- 
sis and a decrease in the number of foci which can be counted on the surface of the spleen. Ability to inhibit 
migration of spleen cells is thus one of the propert ies of SCIF. MMIFand SCIF have different biological prop- 
er t ies  and they are evidently not identical with one another. The mechanism of the colony-stimulating action 
of MMIFhas not yet been finally explained and requires further study. 
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