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The number of clonogenic hematopoietic cells (CFUs} has been shown to be increased  in the liver r egen-  
era t ing after part ial  hepatectomy [1, 3, 4]. The exact origin of these CFUs is unknown. The possibil i ty cannot 
be ruled out that the l iver can t rap  extrahepatic,  circulating CFUs and that,  under regenera t ion conditions, this 
ability is enhanced. The investigation descr ibed below was undertaken to tes t  this hypothesis .  

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

Two-thirds  of the l iver was removed f rom male CBA, C57B//6, and F 1 hybrid mice aged 3 months, under 
e ther  anesthesia.  Control animals underwent a mock operation (laparotomy followed by suture of the wound). 
After 3 days the hepatectomized and control animals were  i r radia ted  in a dose of 750 R (7.5 Gy} to suppress  
endogenous CFUs, and 2 �9 107 and 4.5 �9 107 bone mar row cells f rom F l hybrids were t ransplated intravenously 
into them. It was f i rs t  shown that the increase  in the CFUs concentration in the l iver takes place 3-5 days after 
par t ia l  hepatectomy. The mice acting as p r imary  recipients  were killed (at least  five at each time} 2 and 24 h 
af ter  t ransplantat ion of suspensions of bone mar row cells and the concentration of CFUs in their  l iver was de-  
t e rmined  by the method in [8]. For  this purpose,  secondary  recipiens (only F 1 hybrids ,  females} received an 
intravenous injection of 50 rag of l iver  cells, washed in Eagle ' s  medium, in the form of a suspension.  Some of 
the p r imary  recipients  received an intravenous injection of 4 mg of quartz par t ic les  (DQ-12, f rom Wes t  Germany, 
par t ic le  size about 3 pin) !24hbefore  i r radiat ion and : t ransplantat ion of bone mar row cells;  quartz has a specific 
toxic action on macrophages [2, 7]. The quartz par t ic les  were injected together  with Hanks '  solution. Other 
animals received Hanks'  solution alone. 

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

Both the intact and the regenerat ing l iver is able to  trap CFUs for  a short  t ime, and this ability is en-  
hanced in the regenerat ing l iver  (Table 1). I r respec t ive  of the number of t ransplanted bone mar row cells (2-107 
or  4.5 �9 107), the CFUs-t rapping ability of the l iver  was about equal and, consequently, it was limited under these 
experimental  conditions. After 24 h the concentrat ion of CFUs was reduced, but significant differences still r e -  
mained between the intact and regenerat ing l iver  in most  experiments .  The CFUs- t rapping ability of the l iver  
also was exhibited relative to semial logeneic CFUs, i.e., in F1 -* CBA and F 1 -~ C57B//6 combinations. When 
unirradiated p r ima ry  recipients  were used this ability was the same as in the i r radia ted recipients ,  at least  
after  2 h. 

The use of quartz par t ic les ,  with a toxic action on macrophages,  inhibited this ability. 

The regenerat ing liver of i r radia ted  and unirradiated mice thus acquires enhanced ability, compared with 
the intact liver, to  take up and (or) re ta in  exogenous (transplanted) CFUs; this ability, moreover ,  is determined 
not b y t h e  number of t ransplanted CFUs, but by t issue or  organ conditions of the l iver that are sensit ive to the 
action of quartz par t ic les .  
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TABLE i. Ability of Liver to Trap Exogenous CFUs 3 Days after Partial Hepatectomy 
or Mock Operation (M 4- m) 

Expt. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Primary recipients 
underwent 

Hepatectomy 
Mock operation 
Hepateetomy 
Mock operation 
Hepatectom y 
Mock operation 
Hepateetomy 
Mock operation 

patectomy 
Mock operation 
Hepatectomy 
Meek operation 
Hepatectomy 
Mock operation 
HeoPc%te4te~ n 
Hepateetomy 
Mock operation  e&teG~ 

Line of 
mice 

F 1 

Fx 

F1 

F:t 

C57B 1./6 

C57B/] 6 

CBA 

CBA 

FL 

G. 

N umber of 
one-mar- " 

row cells 
transplanted 
x 107 

4,5 

2,0 

2,0 

2,0 

2,0 

2,0 

2,0 

2,0 

2,0 

2,0 

Number of CFUs 
after 2 h 

i0,00+-0,90 (9) 
4,20• (8) 
8,67+-0,5[ (12) 
2,40+-0,34 (10) 

12,70_4-0,70 (13) 
3,80+-0,44 (10) 

18,85+-1,02 (13) 
6,83+-0,62 (12) 

20,42+--0,69 02) 
9,08+-0,52 (12) 
6,58+-0,47 (12) 
2,80+-0,62 (10) 

3,50+-0,43 (1o) 
0,71• (7) 
2,64+-0,24 (11) 
0,70+-0,20 (I0) 

G0,001 

<O,OOI. 

G0,001 

<0,0Ol 

G0,01 

GO,OI 

GO,OI 
G0,01 
GO,O01 
G0,02 

Number of CFUs 
after 24 h 

3,10+__0,50 (11). 
1,50__+0,30 (10) 
0,60• (10) 
0,60• (10) 
2,10+-0,30 05) 
o,8o+-o,2o (15) 
1,60+-0,40 (9) 
0,30+-0,10 (9) 

1,75+-__0,31 (8) 
0,78• (9) 
1,56+-0,35 (9) 
0,78+_0,20 (9) 
1,08+-0,09 (12) 
1,88+_.0,29 (8) 

Legend. Number of secondary recipients shown in parentheses. In experiments Nos. 9 
and i0 the primary recipients received an injection of quartz particles 24 h before ir- 
radiation and transplantation of bone marrow cells; the numerical values obtained were 
compared withthe corresponding data for experiments Nos. 2 and 3. The number of 
endogenous colonies in irradiated mice injected with Eagle's medium or a suspension of 
liver ceils from irradiated animals did not exceed 0.1-0.2 per spleen (38 animals). 

G0,01 

>0, l 

G0,01 

G0,02 

GO,O1 

G0,01 

>0,05 

The increase in the relative number of CFUs in the regenerating liver cannot be explained by their mul- 
tiplication, for 2 h was clearly insufficient for that purpose. In addition, after 24 h the value of this parameter 
fell. An additional experiment showed that their number remained low even 7 days after transplantation, and was 
about the same inthe intact and regenerating organs: 3.80 • 0.39 (n = I0) and 3.91 • 0.44 (n = Ii) respectively. 
A change in the conditions of the microcirculation can be proposed as one factor trapping CFUs. However, the 
role of this factor is evidently not significant and it cannot be estimated. The results of the present experiments 
and data in the literature provide no grounds for ascribing an important role to this factor. Finally, fixation of 
exogenous CFUs in the liver can be regarded as a manifestation of their interaction with macrophages (Kupffer 
cells). In other words, the CFUs-retaining capacity of the liver is based on a concrete cellular mechanism. 
This, in our opinion, the most probable suggestion is supported by the fact that the CFUs-retaining capacity was 
considerably inhibited by quartz particles, which have a specific toxic action on macrophages. The arguments 
put forward can also be supported by data in the literature. It has been shown that processes of Kupffer cells 
which project into the lumen of sinusoidal capillaries sometimes make conta~ with hematopoietic cells [5]. The 
increase in the CFUs concentration which we observed in the regenerating liver also coincides in time with hy- 
perplasia and hypertrophy of the Kupffer cells [6]. 

The intact and, in particular, the regenerating liver can thus trap circulating CFUs, and inhibition of macro- 
phages (Kupffer cells) reduces this ability drastically. Although it is not clear whether this indicates direct in- 
teraction between macrophages and CFUs or whether inactivation of macrophages involves a change in certain 
other factors of the microenvironment directly controlling the retention of CFUs in the liver. This is a problem 
for further research. 
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Long- te rm exposure to harmful  factors  such as ionizing radiation or  cytostatic agents leads to an i r r e -  
versible decrease  in the s tem-ce l l  pool of the hematopoiet ic  sys t em [2, 9] and a l so ,  perhaps,  of other  cell r e -  
newal sys tems .  The mechanism of this residual  damage is not yet c lear .  The s ize  of the s t em-ce l l  population 
is determined p r imar i ly  by the sel f -maintenance capacity of these cells [4, 6]. It has been shown that this unique 
proper ty  of polypotent CFUs (units forming colonies in the spleen) may be damaged as a resul t  of chronic i r -  
radiat ion [5, 10]. 

The aim of this investigation was to study the ability of mouse bone mar row CFUs to maintain their  own 
population in the late stages af ter  long- te rm external i r radiat ion.  

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

CBA mice aged 9-11 weeks were i r radia ted  daily on an experimental  137Cs T - r a y  source  in a dose of 0.5 
Gy (exposure dose rate 0.34 �9 104-0.44 �9 10-4 A/kg)  up to a total dose of 10 Gy. The number  of CFUs in the bone 
mar row of the i r radia ted  mice was determined by the exocolonization method [11]; the recipients  were i r radia ted  
on an ~GO-2 apparatus in a dose of 9.2 Gy. The seE-maintenance  capacity of the CFUs was determined by the 
number of CFUs in individual colonies formed by s tem cells of the animals studied [8, 12]. For  this purpose,  a 
cell suspension was prepared  f rom the bone mar row of mice of the experimental  and control groups and in-  
jected into lethally i r radia ted recipients  in a dose of 8-9 CFUs per  mouse.  After  10 days 12 to 15 colonies were 
isolated f rom the spleens of these p r ima ry  recipients ,  and each was careful ly f reed f rom surrounding t issue.  
A cell suspension was p repared  f rom the contents of each colony in 0~6-0.8 ml of medium, and this  was injected 
in equal amounts into three  o r  four lethally i r radia ted secondary recipients .  Nine days la ter  the number  of 
colonies growing on the surface of their  spleens was counted, and the number  of CFUs in each separa te  colony 
was determined.  SeE-maintenance capacity of the CFUs was studied 3, 6, and 12 months af ter  i r radia t ion in a 
total dose of 10 Gy. Three repeti t ions of the experiments  were done at each t ime of the investigation, and three  
donors (experimental mice and intact mice of the same age) and 10 to 12 p r i m a r y  recipients  were used in each 
of them. Ability of CFUs of the bone mar row to maintain their  own population was compared in the experimental  
and control animals,  and also in mice of the different experimental  groups,  by calculating the mean number  of 
CFUs per  colony and their  distribution among the colonies studied. 

In a separate  ser ies  the prol i fera t ive  activity of bone mar row CFUs was studied during and after  long- te rm 
irradiat ion.  The number of CFUs in the period of DNA synthesis was found with the aid of [3ft]thymidine with 
high specific activity, as descr ibed previously [3]. To determine the percentage  of CFUs taking pa r t  in mitosis ,  
three  or  four experiments were car r ied  out at each t ime of the investigation. 

The resul ts  were subjected to s tat is t ical  analysis by Student 's t tes t  (P __ 0.05). 

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

Daily i r radiat ion of CBA mice in a total dose of 10 Gy led to a s ta t is t ical ly  significant decrease  in their  
mean life span (624 ~ 24 days compared with 749 �9 34 days in the control;  P < 0.05). Pools of morphologically 
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