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F O R M A T I O N  OF H E M A T O P O I E T I C  C O L O N I E S  O F  D O N O R ' S  
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A F T E R  T R A N S P L A N T A T I O N  O F  Q U A I L  Y O L K  SAC 
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Ability to fo rm hematopoie t ic  cell  colonies f rom the  yolk sac  and l imb bud of a quail embryo  
at the 60 h incubation stage (i.e., before  es tab l i shment  of a c losed circulat ion) was studied in 
t h e  bone m a r r o w  of sublethal ly i r rad ia ted  3-week-old  chicks.  The exper imenta l  r e su l t s  a re  
based on the abil i ty to distinguish between quail and chick cel ls  by means  of a na tura l  m a r k e r  
(Feulgen-posi t ive  nucleolus).  After  t ransplanta t ion  of l imbbud cel ls  roughly 3 t imes  m o r e  
hematopoiet ie  colonies were  found to be fo rmed than a f te r  t ransplanta t ion  of yolk sac  cel ls  
of the quail embryo .  With the dose of i r rad ia t ion  used, about 75% of exogenous (quail) and 
25% of endogenous (chick)hematopoie t ic  colonies were  identified in the bone m a r r o w .  

KEY WORDS: bone m ar row;  hematopoie t ic  colonies;  quail embryonic  yolk sac  and l imb bud. 

The method of obtaining hematopoie t ic  colonies in the bone m a r r o w  of lethally i r rad ia ted  chicks a f t e r  
injection of chick embryonic  bone m a r r o w  and yo lk  sac cel ls  was f i r s t  developed by Samarut  and Nigon [3]. 
In the i r  invest igat ions the rec ip ients  were  3-week-old  chicks,  i r rad ia ted  twice in doses  of 750 and 970 R, and 
into which hematopoie t ic  cel ls  were  injected in t ravenously  4 h a f te r  the second i r rad ia t ion .  On the 6th-10th 
day a f t e r  injection of the cel ls ,  benzid ine-pos i t ive  maeroco lon ies  were  detected in the bone m a r r o w .  The 
clonal origin of these  colonies was l a t e r  es tabl ished [4]. This method has not found widespread  application, 
for  the surv iva l  r a t e  of the bi rds  a f te r  this dose of i r rad ia t ion  is very  low. 

However ,  when modified,  this method offers  cons iderable  opportuni t ies  for  the study of the number  of 
co lony-forming units in p re sumpt ive  anlagen of the hematopoiet ic  organs  in avian e m b r y o s .  
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Fig. 1. Benzidine-posi t ive  macroco lon ies  {black spots) in 
chick bone m a r r o w .  

Fig. 2. Hematopoie t ic  colonies in bone m a r r o w  section:  a) different ia ted colony; b) 
younger  colony. Benzidine reac t ion  followed by methyl  g r e e n - p y r o n i n e ;  160 x .  

Fig. 3. Hematopoie t ic  colony in chick bone m a r r o w  con- 
s is t ing of quail ce l ls .  Benzidine reac t ion  followed by 
Feulgen ' s  react ion;  180 x .  
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In the last  decade the method of natural cell marke r s ,  based on distinguishing Japanese quail cells f rom 
chicken cells by the presence  of a Feulgen-posit ive nucleolus in the quail [2], has achieved widespread popu- 
lar i ty.  

If the two methods are  combined and if cells f rom presumptive anlagen of the hematopoietic organs of 
the quail embryo are  injected into sublethally i r radiated chicks, not only the number  of macrocolonies ,  but 
also the number of exogenous and endogenous colonies can be determined.  

The ability of yolk sac and limb bud cells of quail embryos  at the 60 h incubation stage to form colonies 
was investigated. Hind limb buds were taken when it was impossible to colonize them with hematopoietic stem 
cells f rom the yolk sac through the blood s t ream.  

EXPERIMENTAL METHOD 

Hens of the "Russian White" breed and embryos of the Japanese quail Coturnix coturnix japonica L. of 
the "Pharoah n breed were used. The 3-week chicks were irradiated sublethally. A dose of 750 R with a dose 
rate of 50 R/rain on the RUT-250-15-3 (RUM-13) apparatus, with a tube voltage of 180 kV, tube current 15 mA, 
and filters: Al 1 mm and Cu 0.5 ram. One day after irradiation 4• 108 quail yolk sac cells and 1.5• 108 hind 

limb bud cells from a quail embryo at the 60 h incubation stage were injected into a wing vein. The volume 
of suspension injected was 0.6 ml. On the 6th-10th day after injection of the cells the chicks were decapitated, 
the limb bones were carefully opened, and the bone marrow was extracted and fixed in methanol. The benzidine 
reaction was carried out and the number of benzidine-positive macrocolonles counted in eight bones of each 
chick (femur, tibia, humerus, ulna). For histological treatment the bone marrow was taken through cedarwood 
oil, embedded in paraffin wax, and serial sections were cut to a thickness of 5-6 gin. The Feulgenreaotiouwas 
carried out (cold hydrolysis for 3 rain) on the sections and they were stained with methyl green and pyronlne 
by Brachet's method. The number of microcelonies was counted in every fifth section of the series and the 
numbers of exogenous (quail) and endogenous (chick) colonies distinguished. Irradiated chicks not receiving 

injections of donor's cells served as the control for survival. 

The hind limb bud and yolk sac of the quail embryo were isolated at the 60 h incubation stage and placed 
in buffered Ringer's medium for avian embryos [I] at 37~ The tissue was then transferred to 3 mlbuffered 
Ringer's medium with the addition of 40 units/ml of collagenase and 50 units/ml hyaluronldase, and incubated 
for 30 rain at 37~ with constant rotation. During incubation the cells were partly dispersed by carefulpipeting 
3 times after i0 and 20 rain of incubation. The cell suspensions were then filtered through two layers of Kapron 
filter. The filtrate was centrifuged for I0 rain at 1700 rpm. The supernatant was then poured off and the cells 
suspended in medium No. 199 in Hanks's solution, pH 7.2, with the addition of i0,000 units/100 mlpenicillinand 
0.01 g/100 ml streptomycin. The number of cells in 1 ml suspension was counted. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

All the i rradiated chicks which did not receive injections of donor ' s  cells died 4 days after  irradiat ion.  
About 50% of the chicks injected with donor ' s  cells survived until the 10th day after  injection of the quail cells.  
The f i rs t  benzidine-posit ive colonies were  found on the 6th-7th day af ter  injection of the donor ' s  cel ls .  Colonies 
were  mos t  c lear ly  defined on the 8th-10th days after  injection of the cells (Fig. 1). 

On the 9th day after injection of yolk sac cells 30 .8"4 .3  colonies per  chick were formed for  every 108 
donor ' s  cells,  and after  injection of the limb bud cells 107.9 • colonies per  chick were formed for every  
108 donor 's  cells.  It thus follows that the limb bud contains about 3 t imes as many colony-forming units as the 
yolk sac at the 60 h incubation stage. 

In the bone mar row sections,  against the background of general  aplasia of the organ hematopoietic colonies 
could be seen (Fig. 2). Erythroid colonies as a rule were located at the per iphery  of the bone marrow,  and a 
few myeloid colonies could be seen neare r  the central  par t  of the organ. In the region of the epiphyses, colonies  
were  more  mtmerous than in the diaphysis.  Exogenous (quail) colonies accounted for  76.4 • 6.24% of the total 
number of colonies in the sections.  

After the benzidine react ion and fur ther  staining of the section by Brache t ' s  method the degree of differ-  
entiation of the colonies could be distinguished on the basis of the number of benzidine-posit ive cells they con- 
tained. By the 9th-10th day after t ransplantat ion of the donor ' s  cells the more  differentiated colonies were 
more  numerous.  An exogenous colony with many benzidine-posit ive cells is shown in Fig. 3. 
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The method of obtaining hematopoiet ic  colonies in chick bone m a r r o w  by the use of t ransplanta t ion  of 
quail ce l ls  enables the num ber  of the host ts  s t em cel ls  stil l  remain ing  in the blood s t r e a m  and capable  of r e -  
populating the bone m a r r o w  to be counted and the dynamics  of the pool of the donor ' s  s t em cel ls  to be studied. 
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The effect  of t hymec tomy  on the fo rmat ion  of to le rance  of de layed- type  hypersens i t iv i ty  (DTH) 
to sheepTs red blood cel ls  was invest igated,  ff to le rance  was induced by combined injection of 
a m a s s i v e  dose of antigen and cyclophosphamide,  t hymec tomy  did not p reven t  this p r o c e s s  and 
prolonged the s ta te  of to le rance ,  ff a r e a a e t i v i t y  was induced by a m a s s i v e  dose of antigen alone, 
t hymec tomy r e s t o r e d  the abil i ty to fo rm DTH and preven ted  the fo rmat ion  of s u p p r e s s o r  cel ls .  
T h y m e e t o m y  weakened DTH format ion  somewhat  in intact animals ,  but not in an imals  receiving 
cyclophosphamide.  The r e su l t s  conf i rm views regard ing  the d ive r s i ty  of the m e c h a n i s m  Of t o l e r -  
ance (clonal-deficiency and suppres so r ) .  It is a lso suggested that among DTH effec tors  and the i r  
p r e c u r s o r s  the re  a r e  two subpopulations which differ  in the i r  sens i t iv i ty  to cyclophosphamide and 
thymec tomy.  

KEY WORDS: immunologic to le rance ;  de layed- type  hypersens i t iv i ty ;  cyclophosphmzaide; thymec-  
tomy;  s u p p r e s s o r  cel ls .  

The use of t h y m e c t o m y  in adult an imals  enabled the life span of individual subpopulations of thymus-  
dependent lymphocytes  to be de termined,  and if combined with other  p rocedures ,  it can provide  informat ion 
on the p r e c i s e  m e c h a n i s m  of individual immunologic  phenomena [9], including the m e c h a n i s m  of different  
f o r m s  of immunologic  to le rance  [6, 7, 10, 13, 14]. The object  of the p r e s e n t  invest igat ion was to study the 
effect  of t hymec tomy  on the fo rmat ion  of to le rance  to sheepts  red blood cel ls  (SRBC) in ef fec tors  of delayed-  
type hypersens i t iv i ty  (DTH) in m i c e .  

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

(CBAx C57BL/6)F  1 hybrid mice  weighing 20-22 g were  used. Areae t iv i ty  of the DTH effec tors  was ob- 
tained e i ther  by injection of 6 x 109 SRBC along or by success ive  in t raper i toneal  injections of 6 x 109 SRBC, 
followed a f t e r  42-45 h by cyclophosphamide (CP) in a dose of 200 m g / k g  [3]. 

On the 14th day a f te r  this t r e a t m e n t  the mice  were  sensi t ized by intravenous injection of 105 SRBC in 
physiological  sa l ine  [11]. The DTH level  was de te rmined  by skin t e s t s  [11]. For  this purpose ,  on the 4th day 
a f te r  sensi t izat ion,  108 SRBC in 40 ttl physiological  sal ine was injected into a footpad of the mice .  The r e a c -  
tion was read  24 h a f t e r  the reac t ing  inject ion of antigen. The dif ference between the th ickness  of the footpad 
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