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The exis tence of a soluble fac tor  s ec r e t ed  by lymphoid cel ls  a f te r  t r e a t m e n t  with ant i lymphocyt ic  globulin, 
and with the abil i ty to  inhibit the development  of exogenous colonies in the spleen of lethal ly i r rad ia ted  mice a f te r  
t ransplanta t ion  of syngeneic bone m a r r o w  t r ea ted  with this  fac tor  (called s t e m  cell inhibition fac tor  - SCIF) in 
vi t ro ,  into them was d i scovered  p rev ious ly  [2, 3]. It has been shown that  SCIF does not affect  the d i rec t ion  of 
s t e m  cell differentiat ion,  for  the re la t ive  numbers  of e ry thro id ,  myeloid,  and megakaryocy t i c  foci r ema ined  
within no rma l  l imi t s  despi te  a genera l  reduct ion in the number  of colonies [1]. 

In this invest igat ion an a t tempt  was made to  d i scove r  some possible  mechan isms  of the action of SCIF on 
the fo rmat ion  of hematoepoie t ic  loci  in the sp leen  of lethally i r r ad ia ted  mice .  

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

Male (CBA• hybr id  mice weighing 20-22 g were  obtained f r o m  the "Stolbovaya" Nur se ry ,  
Academy of Medical Sciences of the USSR. 

SCIF was obtained and tes ted  as desc r ibed  p rev ious ly  [2]. Bone m a r r o w  cells  t r ea t ed  with superna tant  
f r o m  thymocytes  incubated with no rma l  rabbi t  globulin was injected into control  m ice .  The t ime  course  of r e -  
genera t ion  of e ry th ropo ie s i s  was studied by the method desc r ibed  in [4]. The mice  were kil led 6 h a f te r  r e c e i v -  
ing an injection of 59Fe (ci t rate ,  specif ic  act ivi ty 0.2 m C i / m l )  in a dose of 0.5 #Ci and incorpora t ion  of label into 
the spleen and bone m a r r o w  (1 femur)  was counted on a g a m m a - s p e c t r o m e t e r  (Nuclear Chicago, USA). 

The f rac t ions  of s t e m  cells  set t l ing in the spleen (CFUs) (f) was de te rmined  by the method in [16] and ca l -  
culated by the equation: 

A 
f = -~-. 1oo%, 

where  A is the number  of CFUs found in the spleen of secondary  rec ip ien t s ,  mult ipl ied by the dilution fac to r  (in 
this case by 3, fo r  the spleen cell suspension f r o m  in te rmedia te  rec ip ien ts  was divided into th ree  pa r t s  for  in-  
jec t ion  into the f inal  recipients) ;  B denotes the number  of CFUs in the p r i m a r y  t ransp lan t .  

To  de te rmine  the number  of CFUs in the S phase  of the cell cycle,  bone m a r r o w  cells 2 h a f te r  t r e a t m e n t  
with SCIF were  incubated with hydroxyurea  (from Serva ,  West Germany) in a final concentra t ion of 1 m g / m l  for  
2 h in medium 199 and 2.5% fetal  calf  s e r u m  and 1% HEPES (37~ 5% CO2). 

The colony-forming abili ty of the t r ansp lan t  was es t imated  by the usual  method [18]. Cells  were  injected 
into lethally i r rad ia ted  (8.0 Gy) mice  in the course  of 3 h a f te r  i r rad ia t ion .  Colonies were  counted on the 8th- 
9th day. 

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

The study of the t ime course  of r egenera t ion  of e ry th ropo ie s i s  in lethally i r r ad ia ted  mice showed that  
t r e a t m e n t  with SCIF leads to delay of the beginning of r e s to ra t i on  of e ry th ropo ies i s  in the spleen (i.e., the be -  
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T A B L E  1. E f f e c t  of T r e a t m e n t  of  Bone  M a r -  

r o w  C e i l s  w i t h  S C I F  in  V i t r o  on E x o g e n o u s  

C o l o n y  D e v e l o p m e n t  i n  S p l e e n  of  M i c e  I r -  

r a d i a t e d  i n  a D o s e  of 8.1 Gy 

Type of ]Number ] Number ~umber of I Inhibition 
treatment oflo fex-  h6matopoi- of colony 

/ of an]- pleen per cent bone marrow neri- [mals ~tic focx in formation. 
cells ments M i m) 

I I 

SCIF I 3 [ 27 2,89+_0,39 69,7 

L e g e n d .  N u m b e r  of  b o n e  m a r r o w  c e l l s  i n -  

j e c t e d  w a s  0.5 �9 106. I n c u b a t i o n  w i t h  S C I F  

f o r  1 h a t  37~ H e r e  and  in  T a b l e s  2 and  3: 

CS) c o n t r o l  s u p e r n a t a n t  o b t a i n e d  a f t e r  t r e a t -  

mer i t  of  t h y m u s  c e l l s  w i t h  n o r m a l  r a b b i t  
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Fig. i. Dynamics of ~Fe uptake into spleen (a) 
and bone marrow (b) after irradiation of mice 
in a lethal dose (8.0 Gy) and injection of 10 6 
bone marrow cells. Abscissa, time after ir- 
radiation and transplantation of hematopoietic 
tissue (in days); ordinate, ~Fe incorporation 
(in percent of activity injected), i) SCIF, 2) 
control supernatant. Combined results of 3 
experiments shown; each point represents 
data for at least 4 mice. 

beginning of erythroid differentiation in proliferating CFUs), recorded as incorporation of 69Fe, by about 3 days, 
compared with the control (Fig. i). Incorporation of the isotope in bone marrow remained stable for 8 days after 
irradiation and it began to rise after the 9th day in the control and the 12th day in mice receiving bone marrow 
cells treated with SCIF (Fig. i). Data on inhibition of SCIF for postradiation restoration of erythroid hemato- 
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TABLE 2. Number  of CFUs (in percent)  in 
S Phase  of Cell  Cycle  under Normal  Condi-  
t ions  and 2 h a f t e r  T r e a t m e n t  of Bone M a r -  
row Cel ls  with SCIF 

CS 

CS + HU 

SCIF 

SC]F + HU 

Number of 
Type of treat- Number of colonies in cells in S 
ment spleen (M ~, m) phase, per 

cent 

6,6 

(2) 
10,0• 

61,5 

L e g e n d .  Incubation with SCIF l a s t ed  1 h, 
incubation with hyd roxyurea  (HU) l a s ted  2 h 
at  37~ In i r r a d i a t i o n  control  the re  were  
fewer  than 0.15 endogenous colonies p e r  
sp leen .  Number  of bone m a r r o w  ce l l s  in -  
j ec ted  was 105. H e r e  and in Table  3 num-  
e r a t o r  gives number  of expe r imen t s ,  d e -  
nomina tor  - n u m b e r  of mice .  

po i e s i s  in the sp leen  c o r r e l a t e  with the inh ib i tory  act ion of the fac tor  on exogenous colony format ion ,  d e t e r -  
mined in p a r a l l e l  t e s t s  (Table 1). 

Exogenous colonies in the sp leen  a r e  known to be fo rmed  mainly  f rom CFUs of the graf t  which, at the  
t ime  of t r ansp lan ta t ion ,  are  in tlle G O phase of the cel l  cycle [5]. Hence i t  follows that  if t r e a t m e n t  of the bone 
m a r r o w  ce l l s  with SCIF s t imu la t e s  the emergence  of CFUs into the 8 phase ,  th is  may  lead to p a r t i a l  loss  of 
colony-forming ability by the graft. To determine the number of CFUs in the S phase, treatment with hydroxy- 
urea, which inhibits ribonueleotide reductase activity [17], so that deoxyribonucleotide formation ceases and the 
cell cannot begin to synthesize DNA, was used. It was found (Table 2) that 2 h after treatment with SCIF, more 
than 60% of CFUs entered the phase of DNA synthesis. The possibility cannot be ruled out that the rapid stim- 
ulation of emergence of CFUs into the S phase may be one cause of inhibition of hematopoietic colony develop- 
ment after transplantation. 

Some procedures (injection of vinblastin and endctoxin [9], or 5-fluorouracil [8], and treatment with neur- 
aminidase [14, 19], are known to disturb the migration of transplanted CFUs into the spleen, thus reducing the 
f fraction. A study of the ability of CFUs from bone marrow treated with SCIF to migrate into the spleen showed 
(Table 3) that 2 h after transplantation the value of f, which was 15.8% in the control, fell to 4.2%. This may be 
evidence that pretreatment with SCIF somehow prevents CFUs from settling inthe spleen. Treatment of CFUs 
with neuraminidase (but not with elastase, pronase, papain, or trypsin) had a similar action, with the result that 
the value of f was reduced and proliferation of CFUs was delayed [7, 19]. Injection of 5-fluorouracil, which 
mainly damages cells in the S phase, into donor mice is known to delay proliferation of transplanted CFUs by 
3 days; subsequently, moreover, with an increase in the time elapsing after irradiation, the number of exogenous 
colonies increases: Whereason the 10th day after transplantation one or two colonies appeared in the spleen, 
on the 13th day there were more than 20 of them, whereas in the control the number of colonies in the period 
from the 9th to the 13th day did not change [i0, 15]. On this basis the authors cited [i0] postulated the existence 
of a "pre-CFUs" population, resistant to 5-fluorouracil and giving rise to CFUs after transplantation. Ac- 
cording to another point of view, CFUs require a certain length of time to repair injuries after exposure to the 

cy tos ta t i c ,  and as a r e su l t  t h e i r  p r o l i f e r a t i o n  in the sp leen  commences  a f te r  a de lay  [15]. Recent  inves t iga t ions  
have shown that  in fact  it  is  pe rhaps  only exogenous colonies ,  de tec tab le  12-13 days  a f te r  t r ansp lan ta t ion ,  that  
develop f rom s t em ce l l s ,  whereas  hematopoie t i c  loc i  r e c o r d e d  in the e a r l i e r  s t ages  a r e  t r a n s i e n t  in c h a r a c t e r ,  
and a re  evident ly  fo rmed  f rom a m o r e  highly d i f fe ren t i a ted  progeny,  which has  p r e s e r v e d  a suff ic ient ly  high 
s t em potent ia l  [12]. A study of the effect of SCIF on colony fo rmat ion  a l so  showed [1] that  the number  of exo-  
genous hematopoie t ic  fool i n c r e a s e s  r ap id ly  on the 14th day a f te r  t r ansp lan ta t ion ,  and as  a r e s u l t  the inhibi tory  
effect  of SCIF is neu t ra l i zed .  Under these  c i r c u m s t a n c e s ,  bes ides  l a rge  r a i s e d  colonies ,  s m a l l  d i s c r e t e  loc i  
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TABLE 3. Determinat ion of Fract ion for  Bone 
Marrow CFUs 

Type of. ITvpe 1 Number of 
treatment of of re- Number of [hematopoietic 
bone marrow cipi- I ceils injected loci in spleen f, % 
ceils ents (M ~ m) 

cs 

cs 

SCIF 

R3 

RI 

R~ 

SCIF R~ 

1/3 of spleen 
R~ 

5.10 a 

i/~ of spleen 
R~ 

5.10 ~ 

2 
15,3+_I,0 ~V 

2 
7,4~0.6 -~ 

2 
2,0• 

2 
3,1• --ff]- 

Legend. Spleen cells removed f rom R 2 
cipients into which 2 �9 106 bone mar row 
had been injected 2 h previously.  

15,7 

4,8 

r e -  
cells 

a lso developed. A s imi lar  pat tern  was observed during prol i fera t ion of CFUs from mice receiving 5-f luoro-  
uraci l  [10, 1t] .  After t rea tment  with SCIF ttle durat ion of the lag-period,  which usually does not exceed 48 h 
[6], also increased,  after  which the t ransplanted CFUs began to prol i ferate  in the recipient .  The switching of a 
considerable proport ion of t ransplanted CFUs into the phase of DNA synthesis and also the decrease  in value of 
the f f ract ion may also be facilitated by inhibition of colony formation after  t rea tment  with SCIF. The two last  
effects are perhaps interconnected: The abi l i tyof  CFUs to colonize the spleen has been shown to depend on the 
phase of the cell cycle [13], and a sharp  dec rease  in the value of f for CFUs entering the cycle after synchroniza-  
t ion by a eytostatic has been demonstra ted [8]. Probably  the mechanisms descr ibed above are  not the only cause 
of the inhibitory effect of SCIF on colony formation.  A fur ther  investigation is planned to study the other pos -  
sible mechanisms.  

LITERATURE CITED 

1~ 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

i0. 

II. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

T. A. Golovanova, D. R. Kaulen, A. I. Kuralesova,  et al., Ontogenez, 1_~3, No. 3, 243 (1982). 
D. R. Kaulen and T. A. Golovanova, Zh. Mikrobiol.,  No. 7, 3 (1982). 
D. R. Kaulen, T. A. Golovanova, D. P. Pyatykhina, et al.,  Byull. t~ksp. Biol. Med., No. 2, 64 (1974). 
A. V. Saain and V. V. Khorobrykh, Byull. ]~ksp. Biol. Med., No. 3, 72 (1932). 
S. S. Boggs and D. R. Boggs, J. Lab. Clin. Med., 8-2, 740 (1973). 
S. S. Boggs, P. A. Chervenick, and D. R. Boggs, Blood, 40, 375 (1972). 
S. Bol, V. van Slingerland, and M. van Vliet, Exp. Hematol. ,  10, 393 (1982). 
R. Dixon and M. Rosendaal,  Blood Cells, 7, 575 (1981). 
S. S. Fred a~d W. W. Smith, P roe .  Soc. Exp. Biol. (N.Y.), 128_, 364 (1968). 
G. S. Hodgson and T. R. Bradley, Nature,  281, 381 (1979). 
G. S. Hodgson, T. R. Bradley,  and J .  M. Radley, Exp. Hematol . ,  1_.00, 26 (1982). 
M. C. Magli, N. N. Iscove,  and N. Odartchenko, Nature, 295, 527 (1982). 
F.  C. Monctte and J.  B. De Mello, Cell Tissue Kinet., 12, 161 (1979). 
R. E. P loemacher ,  N. H. C. Brons,  and P. L. Van Soest, Exp. Hematol. ,  9, 168 (1981). 
M. Rosendaal ,  R. Dixon, and M. Panayi,  Blood Cells, 7, 561 (1981). 
L. Siminoviteh, E. E. MeCulloch, and J .  E. Till, J .  Cell. Comp. Physiol . ,  62, 327 (1963). 
L. Skoog and B. NordenskjSld, Eur .  J .  Biochem.,  19, 81 (1971). 
J .  E.  Till and E. E. McCulloch, Radiat.  Res . ,  1_44, 213 (1961). 
Q. Tonelli and R. H. Meints, Science, 195, 897 (1977). 

1237 


