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E F F E C T  OF 5 ' - D E O X Y - 5 ' - S - I S O B U T Y L A D E N O S I N E  

ON HE M A T O P O I E  TIC S T E M  C E L L S  

S. B. Stepanova and N. A. Fedorov UDC 612.419.014.46 

KE Y WORDS: hematopoietic stem cell; proliferation; cytostatic effect. 

The compound 5'-deoxy-5 '-S -isobutyladeno s ine (S IBA), a synthetic analog of S-adenosylhomocysteine, 
inhibits cell transformation induced by DNA- and RNA-containing viruses and viral replication [6, 10, 11], 
as well as methylation of tl~NA and proteins [8, 14]. 

Raies et al. [10] and Robert-Gero et al. [11] observed a marked decrease in t ransport  of labeled p re -  
cursors  when they studied the effect of SIBA on synthesis of nucleic acids and intracellular proteins. P i e r r e  
and Robert-Gero [9] showed that SIBA depresses transport  of sugars and nucleotides equally in normal and 
virus-infected fibroblasts. 

The antimitogenic action of SIBA on blast- transformed human and animal lymphocytes has been demon- 
strated by several  investigations [2, 3]. 

According to Raies et al. [10], SIBA penetrates easily into cells. Carteni et al. [4] and Lawrence et al. 
[7] demonstrated the rapid enzymic degradation of SIBA to the less active 5'-deoxy-5'-S-isobutylinosine in 
eukaryotes. 

Since SIBA has a powerful oncostatic action and possesses low toxicity toward normal cells, it shows 
prospects of being an effective antitumor preparation. Accordingly, in the investigation described below, 
the effect of SIBA was studied on normal hematopoiesis and, in particular,  on proliferative activity of hemato- 
poietic stem cells (CFUs). 

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

SIBA was generously provided by the French biochemists Lederer  and Robert-Gero (Institut de Chimie 
des Substances Naturelles,  France).  

Experiments were car r ied  out on female (CBA x C57BL)F 1 mice weighing 20-22 g. 

In experiments in vitro bone marrow cells were flushed out of the femora of intact mice with medium 
TC 199 with the addflion of 20 mM HEPES and antibiotics at 4~C, and then washed out once with medium. The 
cell suspension (4 x 106 nucleated cells in 1 ml) intended for transplantation was incubated with SIBA (3.1 • 

Laboratory of Biochemistry of Leukemia, Central Institute of Hematology and Blood Transfusion, Ministry 
of Health of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR 
N. A. Fedorov.) Translated from Byulleten' Eksperimental 'noi Biologii i Meditsiny, Vol. 91, No. 5, pp. 604- 
606, May, 1981. Original art icle submitted June 25, 1980. 

0007-4888/81/9105- 0671 $07.50 ~ 1981 Plenum Publishing Corporation 671 



TABLE 1. Ef fec t  of SIBA on Intact  CFUs and CFUs St imula ted  by Cycl ic  AMP in Vi t ro  

Incubation 
Conditions Concentration, M time, h 

Control (without ~reat- I 
ment) -- I 3 

SIBA 3 , 1 . 1 0  - 4  3 
SIBA 3,1 - 10 -4 l 
Cyclic AMP l0 -s 3 
Cyclic AMP + SIBA 10-s @ 3, I- 10 -a 3 and 3 
Cyclic AMP + SIBA 10 s q_ 3,1- 10 -~ 3 and 1 

Legend.  Here  and in Table  2, number  of spleens  

Number of CFU s on 
9th day (M • m) 

I6,5_+0,6 (9) 

16,5_4-1,4 (10) 
19,5• (I0) 
17,8-+1,3 (10) 
10,7-+I ,4 (10) 
19,5-+1,2 (10) 

Increase in Declease in 
number of CF Us, % 
c~,,% % 

_ _  I 

15,3 

-- 40,0 

shown in p a r e n t h e s e s .  

I 

I 

<0,0l 

TABLE 2. Act ion  of SIBA 

Conditions 

Control 
(without 
treatment) 

SIBA 

SIBA 

Dose of SIBA 

100 mg/kg 

0.1 mg/ml 
cell sus- 
pension 

in vivo on CFU s 

Number of .,~o o] 
�9 = Ices ou 9th ~.~ day(Mi m ) ~  

- -  t 4 , 9 - + !  ,2  (9) 

3 17,7-+1,2 
(11) 

- -  1 9 , 4 _ + 1 , 7  
(8) 

15,8 <0,05 

28,3 <0,05 

10-4M) for  1 and 3 h and with 3 ' , 5 ' - A M P  (10-BM) for 3 h at  37~ SIBA also was added to the expe r imen ta l  
s a m p l e s  with 3',  5 ' -AMP.  At  the end of incubation, 4 • 104 living nucleated c e l l s  we re  in jec ted  in t ravenous ly  
into l e tha l ly  i r r a d i a t e d  mice .  The mice  were  i r r a d i a t e d  with 137Cs y - r a y s  (dose r a t e  21 r eds / r a in )  in a dose 
of 1300 r a d s .  The number  of CFU s was de t e rmined  by the method of T i l l  and McCulloch [13]. The mi togenic  
effect  of cyc l i c  AMP was de te rmined  f rom the d e c r e a s e  in the number  of splenic  colonies  a f t e r  t r ansp lan ta t ion  
of bone m a r r o w  ce l l s  incubated with SIBA for  3 h. 

In experiments in vivo SIBA was injected intraperitoneally into an intact mouse in a dose of I00 mg/kg. 
The bone marrow was removed 3 h later and a cell suspension prepared by the method described above. Ir- 
radiated recipients received an injection of 4 • 104 nucleated cells. In another series of experiments SIBA 
(0.I mg/ml) was added to the cell suspension of intact bone marrow containing 104 nucleated cells/ml and was 
injected without incubation, in a dose of 4 x 104 nucleated cells, into the irradiated mice. The number of exog- 
enous splenic colonies was counted on the 9th day. The change in the number of CFUs after treatment with 
SIBA was expressed in per cent. 

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

The expe r imen t s  showed (Table 1) that  p re incuba t ion  of bone m a r r o w  ce l l s  with SIBA for  3 h caused  no 
change in the number  of  CFUs ,  but incubation under  s i m i l a r  condit ions for  1 h i n c r e a s e d  the number  of CFUs 

by 15.3% compared  with in tac t  bone m a r r o w .  This  sugges t s  that  SIBA acts  not only on the donor ' s  bone m a r r o w  
c e l l s ,  but a lso  on T lymphocytes  r ema in ing  in the r e c i p i e n t s '  sp leens ,  suppres s ing  mi togenic  s igna ls  in r e -  
sponse  to t r ansp lan ta t ion  of bone m a r r o w .  

To t e s t  th is  hypothes is  the ef fec t  of SIBA was s tudied on the number  of CFUs {Table 2) a f t e r  s imul taneous  
inject ion of SIBA with bone m a r r o w  ce l l s  and when the donors  ' hematopoie t ic  c e l l s  were  exposed to i ts  act ion 
for  3 h a f t e r  i n t r ape r i t onea l  in ject ion.  The i n c r e a s e  in the number  of splenic  colonies  (CFUs) in these  e x p e r i -  
men t s  was by 28.3 and 15.8% r e spec t i ve ly .  

SIBA had an inhibi tory  effect  on bone m a r r o w  ce l l s  s t imula ted  by 3',5'-AIVfP, incubated with SIBA for  
3 h and t r ansp lan ted  in t ravenous ly  into l e tha l ly  i r r a d i a t e d  mice .  No such effect  was obse rved  a f te r  incubation 
fo r  1 h with SIBA. The number  of CFUs was r educed  by 40% in the p re sence  of SIBA compared  with ce l l s  
t r e a t e d  with 3'-5'-AlVI-P alone (Table 1). The w r i t e r s  showed p rev ious ly  [1] that  3 ' , 5 ' - A M P  s t imula te s  p r o -  
l i f e r a t i ve  ac t iv i ty  of the CFUs by 60%. The i n c r e a s e  in the sens i t iv i ty  of the s t em ce l l s  to the act ion of SIBA 
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probably  took place  as a r e su l t  of e m e r g e n c e  of the CFUs f rom a s ta te  of  r e s t  (Go) under  the influence of 3 ' -  
5 ' -AMP.  Our r e su l t s  agree  with those  of T e r r i o u x  [12], who showed that  SIBA acts  on pro l i fe ra t ing  cel ls  and 
not on cel ls  blocked in the G i phase .  

E vidently as a r e s u l t  of s t imulat ion by 3 ' - 5 ' - A M P  the re  was an i nc r ea se  in act ivi ty  of  enzymes  r e s p o n s i -  
b le  fo r  degradat ion of the products  of S-adenosyl - ine th ionine  (SAM) m e t a b o l i s m ,  natura l  inhibi tors  of  DNA 
synthes is  and of Inethylat ion of RNA and pro te ins .  The cytosta t ic  effect  of SIBA, according to Zappia,  can be 
explained by compet i t ive  re la t ions  in vivo between 5 ' -methyl th ioadenos ine  (5'-MTA) and SIBA. Because  of 
the  g r e a t  affinity of SIBA for  these  enzymes ,  a l a rge  quantity of 5 ' -MTA accumula tes  in the cel l .  

SIBA m a y  perhaps  exe r t  i ts  effect  on CFUs at the cel l  m e m b r a n e  leve l .  In a g r e e m e n t  with observa t ions  
by H i r a t a  and Axelrod [5], S -adenosy lhomocys te ine  {SAH) inhibits methyla t ion  of m e m b r a n e  phospholipids,  
and for  that  r e a son  SIBA, as an analog of SAH, may  act  on this reac t ion  to reduce  the content of  phosphat idyl-  
N-monomethy le thano lamine  (a methyla t ion  product  of  phosphat idylethanolamine) .  In the investigation ci ted 
it was shown that  an i nc rea se  in the content  of this product  in the m e m b r a n e  leads to a change in m e m b r a n e  
fluidity; consequently,  it can be tenta t ively  suggested that SIBA, by changing Inembrane  fluidity reduces  
the en t ry  of  ce r t a in  molecu les  of  suga r  and nucleoside inside the cel ls  [9]. 

It  can be concluded f rom these  data that  SIBA does not inhibit the p ro l i f e ra t ive  act ivi ty  of intact  s tein 
ce l l s  but, on the con t ra ry ,  i n c r e a s e s  the number  oi CFUs by 15-28% in vi t ro  and in vivo. In the p r e sen ce  of 
SIBA the mi togenic  effect  of 3 ' - 5 ' - A M P  is inhibited, in the s a m e  way as pro l i fe ra t ion  of lymphocytes  under  
the influence of var ious  Ini togens is inhibited. 
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