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Culture of canine hematopoie t ic  cel ls  in agar  by a method enabling the number  of commi t ted  
p r e c u r s o r  cel ls  of granulocytopoies is  and of humora l  f ac to r s  caus ing the i r  p ro l i fe ra t ion  to 
be de te rmined ,  is descr ibed .  Canine s e r u m  in a concentrat ion of 20% was used as the sou rce  
of co lony-s t imula t ing  act ivi ty.  A l inear  re la t ionship  was es tab l i shed  between the number  of 
e~planted cells and the number  of colonies developing within the range  of 0.25.105 and 8" 105 
c e l l s / m l .  
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ing fac to r s .  

With the crea t ion  of the method of cul ture of hematopoie t ic  cel ls  on semiso l id  nutrient  media  [1, 7] it 
b ecame  poss ib le  to study commi t t ed  p r e c u r s o r  cells of granulocytes  and macrophages  and the number  of 
units fo rming  colonies in cul ture (CFUc, which a re  cons idered  to belong to the c lass  of s e m i s t e m  cel ls ,  r e -  
sponsible  for  the quantitat ive regula t ion of hematophoies is .  

Cloning in vi t ro  p e r m i t s  not only a quanti tat ive es t imat ion  of this c lass  of cel ls ,  but also a de te rmina t ion  of 
the influence of var ious  fac to r s  on them, in par t i cu la r ,  of p r e sumed  humora l  r egu la to r s  of granulocytopoies is .  

This pape r  descr ibes  a modified method sui table for  de termining CFUc in canine bone mar row.  This 
model  is p a r t i c u l a r l y  in teres t ing  for  the investigation of humora l  mechan i sms  of regulat ion of granuloey-  
topoies is ,  for  the k inet ics  of human and canine granulocytes  in v i t ro  is s i m i l a r  [2]; m o r e o v e r ,  human s e r u m  
is  a fac tor  which can faci l i ta te  the format ion  of colonies by canine bone m a r r o w  cells .  This s y s t e m  can 
the re fo re  be used to invest igate  s e r i a l  samples  of human blood for  its content of colony-s t imula t ing  act ivi ty 
(leukopoietin ?). 

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

Adult mongre l  dogs of both sexes  weighing 8-12 kg were  used. Bone m a r r o w  was a sp i r a t ed  asep t i -  
ca l ly  f r o m  the head of the humerus  or  the i l iac c r e s t ,  mixed half and half with p l a s m a  of the s ame  dog, and 
allowed to stand (to sed iment  the r e d  cells) for  45-60 min at r o o m  t e m p e r a t u r e .  The supernatant  containing 
nucleated cells was r e m o v e d  and mixed with the bas ic  med ium in the r equ i red  dilution. 

The nutr ient  medium for  cul ture was p r e p a r e d  by mixing the double-s t rength  medium with a 0.75% 
aqueous solution of Bactoagar .  The composi t ion of the double-s t rength  medium was:  medium No. 199 in 
E a r l e ' s  sa l t  base  (10 x) 20%, 5% solution of sodium bicarbonate  8.8%, 100 mM solution of sodium pyruvate  
1%, 200 mM solution of L-glu tamine  2%, L -aspa rag ine  in a concentrat ion of 20 m g / m l  0.2%, t r ip le -d i s tUled  
wa te r  68%. Penici l l in  and s t rep tomycin  were  added to the med ium in a dose of 50 units/m1 of each. The 
Bactoagar  was made up in t r ip l e -d i s t i l l ed  water .  Immed ia t e ly  before  use it was s t e r i l i zed  by boiling for  
10-15 min and kept at 40~ on a wa te r  bath. To the mix ture  of double-strength_ medium and agar  20% of 
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TABLE 1. Comparison of Different Sources of CSA 

No. CFUc pe r  
Expt. Source of CSA 105 cells 

1 Canine s e r u m  22.8 
Conditioning medium f r o m  canine lung cultures 19.5 
Calf embryonic  s e rum 25.8 

2 Human s e r u m  48.0 
Calf embryonic  s e rum 53.0 
Canine s e r u m  73.3 

3 Calf embryonic  s e r u m  21.0 
Conditioning medium f rom cultures of PHA-trea ted  lymphocytes 17.0 

4 Canine s e r u m  79.2 
Horse s e r u m  13.8 

5 Calf embryonic  s e rum 28.0 
Calf s e r u m  3.0 
Chicken se rum 0 

6 83.0 
84.5 

Feeder  f r o m  per ipheral  blood leukocytes 
Calf embryonic  s e r u m  

TABLE 2. Comparison of Action of Sera  
in Two-Layer  System 

Source of CSA 

No. of CFUc to 
. J _ _ _ ~ e l ~ L _ -  

[serum in [serum in 
FoP I bott~ 
~ayer Ilayer 

Canine serum 
Calf embryonic serum 
Horse serum 
Without serum 

79,2 
15,3 
13,8 

TABLE 3. Effect of Serum Concentration 
in Medium on Number of Committed P r e -  
cursor  Cells of Granulocytes and Macro-  
phages 

Source of CSA 

39,0 Human serum 
6,4 Cal f  embryonic serum 
0 
0 

Concentration of serum in 
medium (%) 

le 2O 30 4O 

27,0 47,0 41,0 
8,3 25,8 12,8 ~,6 

50 

the factor  serving as the source  of colony-st imulat ing activity (CSA) and the hematopoietic ce l l s  were 
added. The suspension was poured  into Leighton's tubes in a volume of 1-2 ml. After 20 rain, when the 
agar  had solidified at room tempera ture ,  the tubes were blown through with a mixture of 1070 CO 2 and 90% 
ai r ,  hermet ica l ly  sealed,  and incubated at 37~ for 6-14 days. The cultures were examined under an in- 
ver ted microscope  with a magnification of 38 x. Collections of 40 or  more  cells were taken as colonies 
and groups of 3 to 40 cells as c lus ters .  Each specimen was set  up in two tubes. The scat ter  between them 
usually did not exceed 2070. 

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

Colony formation took place only when sources  of CSA were present  in the medium. These sources  
are  spec ies -spec i f ic  and, consequently, each species requi res  its own source  of CSA [5]. The effect of 
various potential sources  of CSA was therefore  studied, notably conditioning media f rom lung cultures or 
f r o m  canine lymphocytes st imulated by phytohemagglutinin (PHA), human, canine, or  calf se rum,  horse  and 
chicken serum~ and a feeder  consisting of canine per ipheral  blood leukocytes.  

As Table 1 shows, the cloning efficiency differed in the different experiments ,  as is also cha rac te r -  
istic of other sys tems  of agar  cultivation [5]. Comparison of the resul ts  within the individual experiments 
showed that all sources  studied except chicken and calf s e r u m  possessed  CSA. Canine s e r u m  possessed the  
highest CSA, and under the conditions used it ensured maximal cloning efficiency. Feeder f rom per ipheral  
blood leukocytes had no advantages as regards  CSA over  canine se rum.  This resul t  is in agreement  with those 
obtained by other workers  [3], who found that canine CFUc do not require  feeder,  which can be rep laced  by 
CSA of the se ra .  

Consequently the sy s t em was suitable for determining substances influencing granuloeytopoiesis.  
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Fig. 1. Types of colonies developing in agar  
(200 x): a) compact  colony of type I; b) colony 
of type II  with dense center  and diffuse "halo";  
c) diffuse type HI colony. 

Some other systems have been shown to contain inhibitors which reduce cloning efficiency [4] and ap- 
preciably distort the results of determination of the number of CFUc. The inhibitors have high molecular 
weight and diffuse with difficulty through the agar  l ayer .  

To detect  potential  inhibi tors ,  t es t s  were  c a r r i e d  out in a two- l aye r  sy s t em:  The source  of CSA was 
contained in the bot tom l aye r  (0.5% complete  agar  medium} and the cells in the top layer  (0.3% complete  
agar  medium}. 

As Table 2 shows no h igh-molecu la r -we igh t  inhibitor was d i scovered  in the sys t em:  Not only was the 
cloning eff ic iency not inc reased  in the two- l aye r  sy s t em,  but it was actual ly  reduced,  evidently because  of 
the lower concentrat ion of CSA in the top layer .  

The s tudy of the effect  of CSA concentrat ion in the med ium on cloning eff ic iency showed that the opt i-  
ma l  concentrat ion for  both calf  embryonic  s e r u m  and human s e r u m  is 20% (Table 3). 

Bone m a r r o w  cells  of p rac t i ca l ly  all animals  except  mice ,  if in a high concentrat ion,  can f o r m  col-  
onies in agar  spontaneously  (without any exogenous source  of CSA} [6]. Spontaneous colony fo rmat ion  
a l so  is obse rved  in dogs with cells in a concentrat ion of 3" 105/ml or  higher.  With the minimal  cell  concen-  
t ra t ion  (3. 105/ral) about 2.4 spontaneous CFUe to 105 cells  we re  found. 
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Fig. 2. Effect of concentrat ion of explanted 
cells  on number  of colonies formed.  Empty  
circle)  expe r imen t  1, t r iangle)  exper iment  2, 
f i l led circle)  expe r imen t  3. Absc i s sa ,  num-  
ber  of explanted cells (. 105); ordinate,  num-  
be r  of colonies developing. 

When all the sources  of CSA studied were  used, p ro l i fe ra t ion  of hematopoiet[e  cells began during the 
f i r s t  days of cultivation; by the th i rd  to fourth day developing colonies consis t ing of 3 to 20 cells could be 
seen.  In the course  of cult ivation the colonies inc reased  in s ize  and they became  diffuse in cha rac te r .  
During fu r the r  cult ivation degenerat ion of the cel ls  in the colonies,  followed by death, was  observed .  When 
canine s e r u m  was used as the source  of CSA, the maximal  number  of colonies was observed  on the 9th day, 
whereas  with human s e r u m  it was on the 13th day. 

Examinat ion of the cul tures  on the 6th-12th day r evea l ed  three  types of colonies (Fig. 1). The number  
of commi t ted  p r e c u r s o r  cel ls  of the granulocyt[c  s e r i e s  could be de te rmined  only a f te r  e s tab l i shment  of the 
cel l  concentrat ions within the zone of which the number  of explanted cel ls  was a l inear  function of the num-  
be r  of clonal colonies fo rmed .  The r e su l t s  (Fig. 2) indicate that  the zone of this l inear  function in the s y s -  
t e m  used was wide - f r o m  0.25 �9 105 to 8 �9 105 c e l l s / m l .  On ave rage  1 CFUe was contained in 1800-2100 bone 
m a r r o w  cells .  

On the whole, the cultivation s y s t e m  desc r ibed  above is suitable for  determining the number  of CFUc 
in canine hematopoie t ic  t i s sues  and for  invest igat ing the poss ib le  humoral  r egu la to r s  of granuloeytopoies is  
in dogs. 
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