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MIGRATION AND DIFFERENTIATION OF HEMATOPOIETIC 

STEM CELLS IN AUTOIMMUNE MICE OF DIFFERENT AGES 

R. M. Khaitov, I .  N. Shatalova, 
A. M. Nazhmetdinov, T. V. Dikaya, 
S. Yu. Pchelintsev, G. N. Pleskovskaya, 
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Migration and differentiation of hematopoietie stem cells were studied in autoimmune {NZB • 
NZW)F 1 mice of different ages. Migration of stem cells was shown to be reduced in old 
(NZB x NZW)F �94 mice. Irrespective of age, inhibition of differentiation of stem cells along 
the granuloid path of development was observed in (NZB x NZW)F t mice. It is suggested that 
in (NZB x NZW)F I mice there is either a defect of development of the T-lymphocyte sub- 
population influencing differentiation of stern cells along the granuloid pathway or a genetic 
defect at the level of precursors of the granulocyte series (CFUc). 

KEY WORDS: stem cell; hematopoietic colony; differentiation. 

It was shown previously that during aging migration of hematopoietic stem cells from the bone marrow 
diminishes in normal mice of several lines [4]. In old animals inhibition of differentiation of stem cells along 
the granuloid path is observed under these circumstances [5]. 

Inhibition of migration of granuloid differentiation of stem ceils has also been observed in thymectomized 
mice [2, 8]. Since these processes are restored to normal by injection of thymocytes or peripheral T-cells 
from young donors into thymectomized (artificial T-deficiency) or old (age T-deficiency) mice, it has been 
suggested that thymus-dependent lymphocytes have a determining (inducing) effect on differentiation of the stem 
cell along the granuloid pathway. 

In the investigation described below migration and differentiation of hematopoietic stem cells were 
studied in (NZB x NZW)F l mice, which are used as a model of systemic lupus erythematosus in man. As a rule 
an autoimmune state, associated with a deficiency of the T-system of lymphocytes, develops in (NZB • NZW)F i 
mice at the age of 4-5 months. 

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

(NZB • NZW)F 1 mice  of d i f ferent  age  groups were  used in the exper iments .  The number  of hemato-  
poiet ic  colonies in the spleen was counted by the method in [10]. Migrat ion of s t e m  cel ls  was a s s e s s e d  by the 
method descr ibed  p rev ious ly  [3]. Suspensions of bone m a r r o w  cel ls  were  p r epa red  in the usual  way and 
injected in t ravenous ly  into lethally i r rad ia ted  syngeneic rec ip ien ts  aged 2-2.5 months in a dose of 1 �9 105 k a ry o -  
cy tes .  For  the h is to logica l  s tudy of the c h a r a c t e r  and number  of colonies ,  spleens fixed in Bouin's  fluid were  
embedded in paraf f in  wax and used for  cutting s e r i e s  of sect ions 5-7 p thick. The sect ions were  stained with 
hematoxyl in -eos in .  The numer i ca l  r e su l t s  we re  subjected to s ta t i s t i ca l  ana lys is  in the usual  way. 
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TABLE 1. Migra t ion  and C h a r a c t e r  of S t em Ce l l  D i f f e r en t i a t i on  in (NZB x NZW)F 1 Mice of 
D i f f e r en t  Ages  

l Number of 
Age of ]colonies in 
mice monthslSp leen onmieto, erythroid 

' /scopic anal sis _Y 

1 a/:~--2 

4 

5--6 

8 

16,73,3 
05) 

29,3-+2,7 
(13) 

4,4-'i-_1,5 
(5) 

3,8_+2,3 
(5) 

11,87-+2,1 

23,75-+4,2 

4,0-+1,1 

1,4-+0,25 

Legend.  He re  and in Tab les  2 and 3: 

Type of hematopoietic colonies 

granuloid 

1,57• 

2,5-+1,1 

0,2 

0 

megakaryocytic 

2,8-I-0,8 

1,65_0,65 

0,2 

2,4_+1,1 

undifferen- 
tiated mixed 

t 
0,23___0,51 i 0,27-+__0,2 

0,73___0,3 ~ 0,65-+0,4 

0 0 

0 0 

n u m b e r  of m i c e  g iven  in  p a r e n t h e s e s .  

Ratio of number 
of erythroid colo- 
nies to number 
I of _granulqi d 

7,5 

9,5 

20,0 

TABLE 2. 
Exogenous Clon ing  S y s t e m  

]Number of colo- 
Age of mice, ales in spleen on 
months ~flicroscopic 

analysis 

N u m b e r  and Hi s to log ica l  Type of Splenic  Colonies  in (NZB x NZW)F 1 Mice in 

erythroid 

16,0---+I ,08 

6,6_~_1,9 

5,5+0,7 

Type of hematopoietic colonies 

granuloid 

4,16-+4,-2,2 

1,8-+-1,3 

0 

megakaryocytic 

12,3-4-1,6 

2,6_0,2 

11,2_1,1 

undifferen- 
tiated 

2,3--4_0,04 

1,6"+.0,22 

0 

35,0-+-3,7 
(6) 

12,4"+:_3,3 
(5) 

16,6-+.4-2,1 
(9) 

mixed 

0,17 

.0,18-+__0, I 

Ratio of number 
of ~rvthroid 
:81offies to 
number of 
ranuloid 

3,8 

3,7 

TABLE 3. 

Mice 

Age of mice. 
months 

2 

5 

8--9 

Number  and Histologica$ Type of Endogenous  Splenic  Colonies  in  (NZB x NZW)F 1 

Number of 
;olonies in 
;pleen on 
nicroscopic 
~na~sis 

22,5__15,0 
(a) 

14,1-+___5,02 
(7) 

6,2+0,8 
{12) 

erythroid 

9,0-+6,7 

3,57+I ,0 

2,8-+0,5 

Type of hematopoietic colonies 

granuloid 

0 

0,3-+__0,14 

0 

megakaryocytic 

12,0_10,0 

10,74-3,6 

2,6_+0,7 

undifferen- 
tiated 

0 

0 

0,8-+-_0,2 

mixed 

1,5_+0,43 

0,14___0, I 

0,22-+0,1 

Ratio of number 
of cry throid 
colonies to 
number of 
granuloid 

12 

EXPEIIIME NTA L RESULTS 

To study migration of stem cells, (NZB x NZW)F I mice of different ages were irradiated with x-rays in 

a lethal dose of 850 R, with the hind limb screened up to mid-calf level, and the number and type of hemato- 

poietic colonies in the spleen were determined 7 days later. It was shown previously that each colony is 

formed from a single stem cell which has migrated from the screened part of the bone marrow. It will be 

clear from Table 1 that migration of stem cells from the bone marrow in (NZBx NZW)F I mice aged 4 months 

was more intensive than that in mice aged 1..5-2 months. However, at ages of 5-6 and 8 months migration was 

sharply reduced: the number of colonies was reduced by 4-7 times compared with mice aged 1.5, 2, and 4 

months .  D e t e r m i n a t i o n  of the r e l a t i v e  (ca lcu la ted  pe r  105 cel ls)  and abso lu te  (ca lcula ted  per  ce l l  popula t ion  of 
the bone) n u m b e r  of s t e m  ce l l s  in  the bone m a r r o w  of the s c r e e n e d  l i m b  of mice  aged 2 months  (38.1 �9 3.2 and 
3560 c o l o n y - f o r m i n g  uni ts  - C F U  - r e s p e c t i v e l y )  a n d a g e d  8 mon ths  (21.6 • 2,7 and 2000 CFU) showed that  the i r  
n u m b e r  d i m i n i s h e d  by 33-50% with age .  Conseque n t l y ,  bes ides  a d e c r e a s e  in  the n u m b e r  of s t e m  ce l l s  m i g r a t -  
ing f r o m  the bone m a r r o w  the re  was a t r ue  d e c r e a s e  in m i g r a t i o n  of s t e m  ce l l s  a s s o c i a t e d  with the deve lop-  

m e n t  of a u t o i m m u n e  pathology.  

Hi s to log ica l  a n a l y s i s  of the sp len ic  co lonies  showed that  in mice  of a l l  age groups s tudied the r a t io  
be tween e r y t h r o i d  and g ranu lo id  co lon ies  was sha rp ly  d i sp laced  in favor of e ry th ro id .  The r a t i o  of the n u m b e r  
of e ry th ro id  co lon ies  to the n u m b e r  of myelo id  i n c r e a s e d  with age f r o m  7.6 to 20.0 (Table  1). In n o r m a l  mice  

of n o n a u t o i m m u n e  l i nes  the r a t i o  of e r y t h r o i d  to g ranu lo id  co lon ies  ave raged  2 [2, 5, 6, 7]. 
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Data on the number and differentiation of bone marrow stem ceils during their transplantation into 
lethally irradiated recipients' are given in Table 2. In the experiments of this series bone marrow cells from 

the test mice were transplanted into lethally irradiated (850 R) syngeneic recipients and the number and type 
of the colonies in the recipients' spleen were determined. It will be clear from Table 2 that in mice aged 5 
months the number of CFU in the bone marrow was reduced by almost two-thirds compared with that in mice 
aged 2 months. The number of erythroid colonies exceeded the number of granuloid in the spleen of both groups 
of mice (the ratios were 3.8 and 3.7). 

Finally, in the last series of investigations the number and type of endogenous colonies inthe spleen of 
sublethally (600 R) irradiated mice were studied. Just as in the exogenous cloning system (Table 2), these 
experiments (Table 3) showed that granuloid differentiation of stem ceils in the (NZB x NZW)F I mice of the age 
groups studied was depressed or completely absent. A decrease also was observed in the number of colonies 
with age. 

Hence, irrespective of age, inhibition of stem cell differentiation along the granuloid path of development 
is observed in autoimmune (NZB x NZW)F I mice. The view has already been expressed that differentiation of 
stem cells along the granuloid path is under the influence of T-lymphocytes. The existence of a special sub- 
population of T-cells, known as T-differentiating (TD) cells, has been postulated [I]. It can be tentatively sug- 
gested that inhibition of granuloid differentiation in autoimmune (NZB x NZW)F I mice is connected with a defect 
of development of the TD-cell subpopulation. On the other hand, the possibility likewise cannot be ruled out 
that in (NZB x NZVOF I mice there is a genetic defect at the level of the precursor of the granulocyte series 
(CFUc). The changes found in the types of colonies may also find other explanations: changes in the micro- 
environment, inhibition of mitosis in the granulocyte series, increased mobility of granuloeytie ceils. These 
problems will be analyzed in subsequent investigations. 
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