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Colonies of f ibroblasts,  ar is ing from p r e c u r s o r  cells,  are  formed in monolayer  cultures of 
spleen cells of normal  mice.  The effectiveness of colony formation is 0.3 per  106 cells or  
20 colonies pe r  spleen. A l inear relationship exists between the number of growing colonies 
and the number of explanted cel ls .  On the fifth to 20th day after i r radiat ion of the mice ina  
dose of 150 R, the effectiveness of colony formation of the spleen cells is i n c r e a s e d b y t h r e e  
to six t imes.  I r radiat ion in a dose of 600 R or more  leads to a sharp  decrease  in the effec-  
tiveness of colony formation.  

The formation of colonies consist ing of fibroblasts in monolayer  culttires of the hematopoietic t issue 
of guinea pigs was descr ibed in a previous paper  [1]. The mater ia l  then presented showed that each t issue 
of the colony is a cell  clone, and that colonies are  formed f rom a limited number  of p r e c u r s o r  cells p r e -  
sent in the original populations of hematopoietic cells.  

The object of the investigation descr ibed below was to study the formation of colonies of fibroblasts 
f rom spleen cells of normal  mice  and of mice i r radia ted with x rays .  

Fig. 1. Culture of spleen cells  of a normal  
mouse.  Duration of cultivation 10 days. He- 
matoxylin, 9x. Focus of f ibroblasts  among 
hist iocytes .  

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on adult mice of both 
sexes belonging to lines CBA and A. Whole-body i r r ad ia -  
tion of the animals with Co 6~ 7 rays was given at a dose 
rate  of 30 R/rain.  Cell suspensions were made f rom the 
spleens of normal  and i r radia ted  mice by expressing the 
cells f rom the two halves of the cut organ into medium 
No. 199. The suspension was then passed through needles 
of decreasing diameter  f rom a syr inge  and fi l tered through 
four layers  of Kapron. The cell concentrat ion was ad- 
justed to 10~/ml. The prepared  cell suspension was poured 
into Leighton's  tubes with cover  slips (2 �9 107 cells per  
tube) and into f lat-bottomed flasks with a base a rea  of 60 
em 2 (1 �9 108-2 �9 108 cells per  flask). Cultivation took place 
in medium No. 199 with 20% bovine se rum.  To each 100 
ml of medium, 5000 units s t rep tomycin  and the same dose 
of penicillin were added. The medium was changed f i rs t  
48 h af ter  setting up the culture,  and half the volume was 
then changed every 2-4 days.  Fi lms of the original cell  
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Fig. 2. Culture of sp leencel l s  o f a n o r m a l  mouse.  
Per iod of cultivation 12 days. Hematoxylin, 40x. 
Mitosis in a f ibroblast  in a colony. 

Fig. 3. Culture of spleen cells f rom a mouse 
i r radia ted in a dose of 150R 10 days before ex- 
plantation. Per iod  of cultivation 12 days. He- 
matoxylin, 9x. Focus off ibroblasts  amongh i s -  
t iocytes.  

suspension were stained by the Giemsa method. The 
cover  slips were fixed on the fifth to 20th day in 96 ~ 
alcohol and stained with hematoxylin or fixed in alco-  
h o l - f o r m o l  and stained by Gomor i ' s  method for r e -  
tieulin fibers and counterstained with hematoxylin. 

The flasks were fixed and stained with hema-  
toxylin on the 10th-14th day. The cover  slips were 
used to assess  the general  morphology of the cultures.  
The number of colonies of fibroblasts growing on the 
flasks was counted. Cultures were obtained of spleen 
cells f rom normal  mice, f rom mice on the fifth, !0th, 
13th, 16th, 20th, and 30th days after i rradiat ion in a 
dose of 150 R and on the 12th day after  i rradiat ion in 
doses of 300, 600, and 825 R. 

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

The composit ion of the cells on the sur face  of 
the glass in cultures of spleen cells of normal  mice 
showed regular  changes in the course  of cultivation. 
Soon after  explantation, cells belonging to pract ical ly  
all categories  of nucleated cells p resen t  in the spleen 
attached themselves to the glass .  However, by the 
third to fifth day of cultivation this mixed cel lpopula-  
tion was replaced by branching hist iocytes,  oriented 
regular ly  over the surface of the glass or forming 
denser  collections,  together with macrophages.  The 
cytoplasm of the macrophages contained products of 
phagocytosis ,  consist ing of remains  of cell debris and 
granules of brown pigment. 

Starting with the seventh day groups of f ibro-  
blasts joined the hist iocytes.  These were larger ,  
elongated cells with paler  nuclei and with tonofibrils 
in their  cytoplasm. 

They differed c lear ly  from the surrounding his-  
tiocytes and mac rophages in their shape, nuclear  s t ruc -  
ture, p resence  of tonofibrils,  mutual ar rangement ,  and 
relationship to the collagen fibers.  

The fibroblasts  were ar ranged as d iscre te  colonies, in which the number of cells increased gradually.  
The d iameter  of the colonies in the 10-day cul tures  var ied  f rom 30 to 3000 #. These colonies contain several  tens 
or  hundreds of cells respect ively .  The large colonies (2000-3000 ~ in diameter)  contained severa l  types of 
f ibroblasts,  differing chiefly in size.  In the center  there was a few smal l  cel ls ;  these were surrounded by 
med ium-s ized  fibroblasts  constituting the main mass  of the focus; at the per iphery  the la rges t  cells were 
located, few in number (Figs. 1 and 2). 

By the 12th-14th day the colonies of fibroblasts were large enough to be seen with the naked eye and 
to be easily counted under a loupe. F r o m  then until the 20th day the colonies increased in size, but there 
was no increase  in their  number after  the 10th day. 

The cell composit ion of the cultures of spleen cells  of i r radia ted mice was indistinguishable f rom that 
descr ibed above (Fig. 3). However, the number of cells in the culture and the number of growing foci of 
f ibroblasts  showed substantial  changes. 

The resul ts  of counting the colonies in cul tures of spleen cells of normal  mice and also of mice i r r a -  
diated in the early periods after explantation, in doses of 150, 300, 600, and 800 R, are  given in Table 1. 

The resul ts  of experiments in which explants of the same cell suspension were made in different con- 
centrat ions  are  given in Table 2. Two features will be noted: there was a l inear relat ionship between the 
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TABLE 1. Ef fec t iveness  of Colony 
Fo rma t ion  (ECF) by Spleen Cel ls  
of Norma l  and I r r a d i a t e d  Mice 

o~ 

1;; -; 
1 5 0  1 0  

150 16 
150 20 
150 30 
300 12 
600 12 
825 12 

~ I ECF 

~ .  ,.~ , ~ to 

:~  r r 

27 0,3 19 
110 1,1 70 
200 2,0 140 
108 1,0 190 
156 1,5 160 
5O 0,4 40 
27 0,3 t3 
3 0,06 0,5 
0 - -  - -  

Note. The number  of colonies  is 
given p e r  106 explanted cel ls~ In 
each expe r imen t  a mix ture  of ce l l s  
f rom seven to ten mice  was used;  
mean numbers  of foci f rom two to 
t h r e e  f lasks  a r e  given, except  for 
10 days a f te r  i r r a d i a t i o n  with 150 
R, when one f lask was used.  

TABLE 2. Rela t ionship  between 
Number  of Colonies and Number  
of Explanted C el ls  

~ ' ~  Mean 

I j N ~  

2.10s I0[ 
108 l l 3  ,0 1,0 
108 99 1,0 

Note. Spleen ce l l s  f rom mice  16 
days a f te r  i r r a d i a t i o n  in a dose  
of 150 R were  used for exp lan ta -  
tion. 

number  of explanted ce l l s  and the number  of colonies  formed in 
individual  expe r imen t s ;  many more  colonies  appea red  in cu l tu res  
of mouse spleen ce l l s  5 days or  more  af ter  i r r a d i a t i o n  in a dose  of 

150 R than in cu l tu res  of sp leen  ce l l s  of n o r m a l  mice .  The ef fec-  
t iveness  of colony format ion  in cu l tu res  of sp leen  ce l l s  of no rma l  
an imals  is 0.3 colony p e r  106 ce l l s ,  and there  a r e  about 19 foci to 
a whole spleen.  

On the fifth, 10th, 16th, and 20th days aRer  i r r a d i a t i o n  the ef fec t iveness  of colony format ion  p e r  106 
ce l l s  i n c r e a s e d  by two to s ix  t imes ,  and the ef fec t iveness  p e r  spleen by two to 10 t imes .  

Although the morphology of the f ib rob las t i c  loci  in cu l tu res  of sp leen  ce l l s  f rom i r r a d i a t e d  an imals  
was unchanged, a m o r e  rapid r a t e  of deve lopment  of the colonies  was observed ,  and t h e i r  mean  d i a m e t e r  

was inc reased .  

The number  of colonies  in cu l tu res  of ce l l s  taken f rom an imals  i r r a d i a t e d  in a dose  of 300 R c o r r e -  
sponded to the number  of co lonies  fo rmed  in cu l tu res  of spleen ce l l s  of n o r m a l  an imals  (Table 1). I r r a d i a -  
t ion of the an imals  in a dose  of 600 R led to a sha rp  d e c r e a s e  in the number  of colonies  fo rmed  in the cu l -  
t u r e s .  Cul t ivat ion of sp leen  ce l l s  taken on the 12th day a f t e r  i r r a d i a t i o n  of the an imals  in a dose  of 825 R 
did not lead to colony format ion;  ne i ther  h i s t iocy tes  nor  f ib rob las t s  grew in these  cu l tu re s .  

Cult ivat ion of mouse  sp leen  ce l l s  in mono laye r s  thus y ie lds  colonies  cons i s t ing  of f i b rob la s t s .  It can 
be a s sumed  that  the colonies  formed in cu l tu res  of the hematopoie t ic  t i s sue  of mice ,  l ike those formed in 
cu l tu res  of spleen and bone m a r r o w  ce l l s  of guinea pigs ,  a r e  c lones .  This hypothesis  is  conf i rmed  by the 
s i m i l a r i t y  between the morphology  of the f ib rob las t i c  colonies  in cu l tu re s  f rom mice  and guinea pigs ,  the 
s i m i l a r  dynamics  of the i r  development ,  and the l i nea r  r e la t ionsh ip  between the number  of colonies  and the 
number  of explanted ce l l s .  The number  of colonies  formed in the cu l tu res  r e f l ec t s  the concent ra t ion  of 
f ib rob las t  p r e c u r s o r  ce l l s  in the o r ig ina l  ce l l  suspens ions .  The ef fec t iveness  of colony format ion  for  the 
sp leen  ce l l s  of n o r m a l  mice  was 0.3 �9 106 ce l l s  or  about 20 colonies  p e r  spleen.  

Regenera t ion  of hematopoie t ic  t i s sue  taking p lace  as a sequel  to i r r a d i a t i o n  of the an imals  in a dose 
of 150 R led to an i n c r e a s e  in the number  of colonies  fo rmed  in the cu l tu res  and, consequently,  to an in-  
c r e a s e  in the number  of p r e c u r s o r  ce l l s .  The concent ra t ion  of these  ce l l s  in the suspens ion  5-20 days 
a f te r  i r r a d i a t i o n  was on the a v e r a g e  four t imes  g r e a t e r ,  and in the whole sp leen  s ix  t imes  g r e a t e r ,  than 

no rma l .  

The t rue  concent ra t ion  of f i b rob l a s t  p r e c u r s o r  ce l l s  in the sp leen  is p robab ly  higher  than that  d i s -  
cove red  in this invest igat ion,  because  of the low ef fec t iveness  of cloning of these  ce l l s .  The morphology of 
the p r e c u r s o r  ce l l s  and the i r  r e l a t ionsh ip  with hemopoie t ie  s t em ce l l s  and immunoeompetent  ce l l s ,  on the 
one hand, and with the s t r o m a l  ce l l s  on the other ,  s t i l l  r ema in  unknown. 
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