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In two independent s e r i e s  of expe r imen t s ,  in each of which 16 monolayer  cu l tures  of guinea 
pig spleen ce l l s  were  se t  up (four at each t ime) ,  the dis t r ibut ion of the colonies  fo rmed  by 
their  d i a m e t e r  was studied 6, 7, 10, and 12 days  a f te r  explanation.  At all  t imes  studied the 
d is t r ibut ion  of the colonies  co r r e sponded  to the normal  law of dis t r ibut ion;  this points to 
homogenei ty  of the co lony- fo rming  cel l  population in the hematopoie t ic  o rgans  of guinea pigs 
as r e g a r d s  thei r  abi l i ty to fo rm colonies  in monolayer  cu l tures .  
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Modern methods Of invest igat ion of s t em ce l l s  in hematopoie t ic  o rgans  a re  suitable for quanti tat ive 
invest igat ions  only in mice  [10], or  a l t e rna t ive ly  the s ta te  of the pool of granulopoiet ic  p r e c u r s o r  ce l l s  can 
be a s s e s s e d  by the agar  cul ture  method [8]. Meanwhile,  expe r imen ta l  data  published r ecen t ly  [6, 7] together  
with the r e su l t s  of the w r i t e r s '  p rev ious  inves t igat ions  [1, 4, 5], indicate that the fo rmat ion  of d i s c r e t e  
colonies  in mono laye r  cu l tures  of hematopoie t ic  o rgans  is due to a r e l a t ive ly  sma l l  number  of ce l l s  in h e m a -  
topoietic t i s sue  that a re  capable  of s e l f - suppo r t  and are  s t r o m a l  ce l l s  of the s t em type. 

It is the re fo re  in te res t ing  to study the quanti tat ive,  physiological ,  and o ther  c h a r a c t e r i s t i c s  of colony-  
forming cel ls ;  in pa r t i cu la r ,  it would be useful to de t e rmine  the quanti tat ive p a r a m e t e r s  of colony growth in 
cul tures .  

The object  of this invest igat ion was to study the dynamics  of growth of colonies  by m e a s u r i n g  the i r  
d i a m e t e r  in monolayer  cu l tures  of guinea pig spleen at d i f ferent  t imes  a f te r  explanation.  

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

Two s e r i e s  of e x p e r i m e n t s  were  c a r r i e d  out, each on 16 monolayer  cu l tures  of guinea pig spleen ce l l s  
(four cu l tu res  for  each t ime).  The method of p r e p a r i n g  the cell  suspens ion  and growing the cu l tu res  was 
desc r ibed  p rev ious ly  [5, 7]. The cu l tu res  were  fixed af ter  6, 7, 10, and 12 days  with absolute  alcohol,  stained 
with a z u r e - e o s i n ,  and the mean d i a m e t e r s  (ar i thmet ic  mean of the longitudinal and t r a n s v e r s e  sect ions)  of 
the colonies  were  de te rmined  with the MBS-1 mic roscope .  Colonies m e a s u r i n g  0.3 m m  or  m o r e  in d i a m e t e r  
were  measu red .  In each s e r i e s  and at each t ime the d i a m e t e r  of 300 colonies  was de te rmined .  Altogether  
2400 colonies  were  measu red .  

R E S U L T S  

The dynamics  of the change in the mean  d i a m e t e r  of the colonies  is shown in Fig. 1 as a function of 
the dura t ion  in cul ture .  The mean  d i a m e t e r  of the colonies  on the 6th, 7th, 10th, and 12th days  in cul ture  
was 0.68, 0.76, 1.02, and 1 .34mm,  r e spec t ive ly ,  in s e r i e s  I and 0,65, 0.80, 1.00, and 1.34 ram,  r e spec t i v e ly ,  in 
s e r i e s  II. As is c l ea r  f rom Fig. 1, the i nc rea se  in s ize  of the colonies  in both s e r i e s  of e x p e r i m e n t s  is 
sa t i s fac to r i ly  desc r ibed  by l inear  r e g r e s s i o n  equations ca lcula ted  by the method of leas t  squares .  
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Fig. 1 Fig. 2 

Fig. t. Mean d i a m e t e r  of colonies  at d i f ferent  t imes  a f t e r  exp lan ta -  
tion. Squares  denote expe r imen t s  of s e r i e s  I, t r i ang les  s e r i e s  II. 
L inea r  r e g r e s s i o n  equations:  1) y = 0.123x - 0.129; 2) y = 0.125x - 
0.149. Absc i s sa ,  t ime of cul ture  (in days);  ordinate ,  d i a m e t e r  of 
colonies  (in mm).  

Fig. 2. Dis t r ibut ion of colonies  by mean  d i ame te r  at  var ious  t imes  
a f te rexp lan ta t ion .  Ser ies  I: 1, 2, 3, 4) 6, 7, 10, and 12 days,  r e s p e c -  
t ively,  a f t e rexp lan ta t ion ;  s e r i e s  II: 5, 6, 7, 8) 6, 7, 10, and 12 days ,  
r e spec t ive ly ,  a f te r  explantat ion.  Absc i s s a  d i ame te r  of colonies (in 
ram); ordinate ,  number  of colonies  (in ~). 
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Fig: 3. In tegra l  cu rves  of d i s t r i -  
bution of colonies by d i a m e t e r  in 
cu l tu res  of guinea pig Spleen ce l l s  
at var ious  t imes  af ter  explantation. 
Ser ies  I: 1, 3, 5, 7) 6, 7, 10, and 
12 days ,  r e spec t ive ly ,  a f t e r  exp lan ta -  
tion. L inear  r e g r e s s i o n  equations:  

I - -  yY ~ 5, ,40X'-~,I ,69.  2 - -  y ~ 5.57x'-{--I,42. 
3 -  4' .45x-[- 1,75.  4 - -  y ~ 4 ,23x -~ -1 ,77 .  
5 - -  y ~ 3,54x-4-1 ~48. 6 - -  y ~ 1 3 , 3 6 x - ~  1 ,73 .  
7 - -  # ~ 2.67x--~- 1,50.  8 - -  y ~ : 2 , 1 6 / - ~ 2 , 1 8 .  

Absc i s sa ,  mean d i am e t e r  of colonies  
(in mm); ordinate ,  cumula t ive  f r e -  
quency (in probi ts) .  

The dis t r ibut ion of the colonies  by d i a m e t e r  at each t ime 
for  both s e r i e s  of expe r imen t s  is given in the h i s t o g r a m s  in Fig. 
2. C lea r ly ,  the max imal  d i a m e t e r  of the colonies  on the 6th, 7th, 
10th, and 12th days  a f t e r exp lan t a t i onwas  1.4, 1.8, 2.2, and 2.6 
m m ,  r e spec t ive ly .  The number  of smal l  colonies (under 0.6 m m  
in d iamete r )  fell  f rom 45-53 % on the 6th day to 1-2% on the 12th 
day of cul ture .  

Analys i s  of the h i s t o g r a m s  shows that 12 days  af ter  ex-  
plantat ion the dis t r ibut ion of the colonies  by d i a m e t e r  was c lose  
to normal ;  the c h a r a c t e r  of the d is t r ibut ion l a te r  was not so ev i -  
dent. However ,  by probi t  t r an s fo rma t ion  of the f requencies ,  the 
d is t r ibut ion  cu rves  s t ra ightened out, indicating that the d i s t r i -  
bution of the d i ame te r  of the colonies at all  t imes  of the inves t i -  
gation was sa t i s fac to r i ly  desc r ibed  by the normal  law of d i s t r i -  
bution (Fig. 3). With an inc rease  in the durat ion of cult ivation,  
the inc rease  in the mean d i a m e t e r  of the colonies was ac co mp a-  
nied by an inc rease  in the value of d i spers ion .  Because of the 
impor tance  of es t imat ing  p rec i s e ly  the degree  to which the ex -  
pe r imen ta l  data for the d i a m e t e r s  of the cel l  colonies c o r r e s -  
ponded to the normal  law of dis tr ibut ion,  a specia l  ma themat i ca l  
ana lys is  was made of the resu l t s .  To t e s t  the normal i ty  of the 
d is t r ibut ion of a s e r i e s  of independent r andom values (di) the 
wel l -known Kolmogorov  tes t  of goodness of fit can be used. How- 
eve r ,  ve ry  l a rge  and very  sma l l  values  of d a re  not sufficiently 

accounted for by this tes t ,  yet  thei r  behav ior  under ce r t a in  conditions may be of dec is ive  impor tance  when 
deviat ions f rom normal i ty  a re  judged [2]. 

To analyze the data,  the method of moment s  was the re fo re  used, for it makes  r a t h e r  be t te r  al lowance 
for  changes in the values  of d i spe r s ion  [3]. The values of AS = M3/(M 2" 3/2) and EX = (MjMI)  - 3, i .e. ,  the 
a s y m m e t r y  and exces s ,  a re  both zero in the case  of the normal  distr ibution.  The random values  gt = 

I Z(d__~)/~ " (k = I, mJ(m 2. 3/2) and g2 = m4:/(m22) -3 can be used as estimates of AS and EX, where m k = -~ ~ 

2... ) are the central sampling moments. 
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The values of gl and g2, calculated f rom the data on the distr ibution of d iamete r s  of the cell  colonies 
on the 6th day (at the moment  of least  conformity ,  according to the h i s tograms ,  to the normal  law of d i s t r i -  
bution), are  0.07 and 0.39, respect ively .  

It can thus be concluded that the distr ibution of the cell  colonies by d iameter  cor responds  to the normal  
law of distribution, except for defective f la t- toppedness.  The explanation of this feature is that in each se r i e s  
at each time of investigation, colonies were measured  in four culture flasks; cul tures  even if growing f rom 
the same cell  suspension differ very  slightly f rom each other  both in the efficiency of colony formation and 
in colony diameter .  

The cha rac t e r  of distr ibution of the colonies by mean d iameter  is r egarded  as important  in principle,  
for it allows the heterogenei ty  of the population of co lony- forming  cells to be judged. Although in the presen t  
exper iments  the d ispers ion  of the colonies by d iameter  reached a high value (from 0.5 to 2.6 mm),  onthe 
12th day of cultivation this phenomenon can be explained both by di f ferences  in the time when individual 
colony-forming cells start the first mitosis (from 28 to 60 h after the moment of explantation[6]) and on 
deviations of the mean duration of the mitotic cycle of individual cells. According to some workers this 
second factor may be of decisive importance to the explanation of the increasing dispersion of colony diam- 
eter. 

Merr  and Ross [9], for instance,  observed  considerable  var ia t ions  in the size of cell  clones in human 
diploid cell cul tures  of s t ra in  Wi-38, which increased  with an increase  in the time after  explantation; they 
explained this finding by the marked var iat ion in the duration of the mitotic cycle  of individual cel ls  within 
the clone. 

Previous  investigations showed that the dis t r ibut ion of the d iamete r s  of the cell  colonies c h a r a c t e r i s -  
t ically cor responds  to the normal  law of dis tr ibut ion for co lony- forming  s tem cel ls ,  not only of healthy 
guinea pigs but also of those exposed to pathogenic or  ex t remal  fac tors ,  with a significant effect  on the col -  
Ony-forming cell population (x-ray i r radiat ion,  adminis t ra t ion of polyanions). Although these factors  in- 
duced considerable  changes in the number of co lony- forming  cel ls  in the hematopoiet ic  organs ,  the d iameter  
of the colonies,  and the degree  of their  d ispers ion  by size, the c h a r a c t e r  of the dis t r ibut ion remained  normal .  
At the same time it can be expected that the appearance of ce l l s  d i f fe r ingf rom n o r m a l i n t h e i r p h y s i o l o g i c a l  
p roper t i es  (for example,  the duration of the mitotic cycle) in the hematopoietic t issue will be accompanied,  
if grown in monolayer  cul tures ,  by the format ion of colonies of unusual s izes.  The distr ibution of the co l -  
onies by their size in this case  will not co r respond  to the normal  law of distribution. 
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