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Antigen-binding cel l  clones and Ig-pos i t ive  cel ls  were  found and quanti tat ively a s s e s s e d  in p r i -  
m a r y  hematopoie t ic  splenic colonies.  The resu l t s  were  analyzed on the bas i s  of the hypothesis ,  
the val idi ty of which is d i scussed ,  that  the ra t io  of clone volumes  of spec ia l ized  B-ce i l s  should 
re f lec t  the quantitative rat io  between the cor responding  V-genes  in a given lymphocyte  popula-  
tion at ce r t a in  s tages  of its development .  The colonies di f fered marked ly  f r o m  one another  in 
the i r  curves  of inhibition of rose t t e  fo rmat ion  with DNP-e ry th rocy t e s  by DNP-lys ine ,  i .e. ,  in 
the avidity of the B-ce l l s  of the given specif ici ty .  The colonies di f fered marked ly  also in the 
ra t io  between the volumes of the two clone groups studied (cells with ant i -DNP and ant i -BE Ig- 
recep tors )  with each other  and with the total  population of Ig-posi t ive  cel ls .  These  quant i ta-  
t ive re la t ionships  were  incompat ible  with the view that every  B-ce l l  contains every  conceivable  
V-gene of the set ,  i .e. ,  with the g e r m - l i n e  hypothesis  of d ive r s i ty  of antibodies and r ecep to r s .  
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Antibody synthesis  in r e sponse  to d i f ferent  antigens is known to begin at dif ferent  t imes  of individual 
development  [12]. This is due to some  extent to the asynchronous  development  of B and T cel ls  [10, 14] and 
macrophages  [2]. However,  the poss ib i l i ty  of asynchronous appearance  of spec ia l ized  B ce l l s  in individual 
development  has  also been demons t ra t ed  [7]. 

Clones of B cei ls  in mice  [11] appear  on the 15th-16th day of embryogenes i s .  Before the 60th day of 
postnatal  development  the ra t io  between clones (based on the number  of cei ls  composing  them),  thei r  ra t io  to 
the number  of Ig-pos i t ive  cel ls ,  and the dis t r ibut ion of cel ls  of a given clone by avidity r ema in  constant.  

One pape r  has been published [14] in which clone fo rmat ion  was studied in a population consis t ing of 
progenies  of a single s t e m  cell  taken f r o m  the l i ve r  of a 12-day mouse  embryo.  No specia l ized  B cel ls  were  
found in the p r i m a r y  splenic colony. They appeared  in the sp leen  of the secondary  rec ip ient  a t  different  t imes  
for  two dif ferent  antigens (sheep 's  e ry th rocy tes ,  po lymer i zed  flagellin).  

The object  of this invest igat ion was to study lymphocytopoies is  and clone fo rmat ion  in the p r i m a r y  splenic 
hematopoie t ic  colony. 

EXPERIMENTAL M E T H O D  

Mice (CBA) were  i r r ad ia ted  in doses  of 900-1000 R. A few hours  l a te r  they were  given an intravenous 
injection of 2.5-5.0 �9 105 syngeneic bone m a r r o w  cel ls .  The splenic hematopoie t ic  colonies a f t e r  7-14 days,  
the  rec ip ien ts '  spleens  until the t ime  of appearance  of v is ib le  colonies,  the intercolonial  splenic t i ssue ,  the 
spleen of i r rad ia ted  mice  not rece iv ing  injections of bone m a r r o w ,  and finally,  a suspension of donors '  bone 
m a r r o w  cel ls  were  invest igated.  In some exper imen t s  cel ls  of the p r i m a r y  colony were  injected into s e c o n d -  
a ry  rec ip ients ,  and cells  f r o m  secondary  colonies into t e r t i a ry  rec ipients .  In other  exper iments ,  be s ides  bone 
mar row,  increas ing  doses  of lymphocytes  were  injected into the rec ip ients .  Sheep, rat ,  and human e r y t h r o -  
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Fig. i. Inhibition of DNP-RFC in splenic colony by in- 
creasing concentrations of DNP-~-lysine: a) SE-RFC in 
colony are numerous(shaded column); DNP-RFC virtu- 
ally absent; b) DNP-RFC with high avidity in splenic 
colony, number of DNP-RFC much greater than number 
of SE-RFC (shaded column). Ordinate, number of RFC; 
abscissa, concentration of DNP-lysine (in M). 

cytes  and DNP23-ovalbumin, p r e p a r e d  with the use  of 2 ,4 -d in i t ro f luorobenzene  [4], we re  used as antigens.  
The r o s e t t e  fo rmat ion  t e s t  [9] was c a r r i e d  out with s h e e p ' s  e r y t h r o c y t e s  (SE) and with s he e p ' s  e ry th rocy te s  
s ens i t i z ed  with DNP23-ovalbumin (DNP-SE) [13]. Act iv i ty  of r o s e t t e - f o r m i n g  ce l l s  (DNP-RFC) was inves t i -  
gated by using i n c r e a s i n g  concen t ra t ions  (10-7-10 -4 M) of D N P - r  (Serva, West  Germany) .  

The number  of DNP-RFC was counted in not l e s s  than 20-80 �9 104 ce l l s  in each sample .  The e r r o r  of 
the method was 8%. The Ig -pos i t ive  ce l l s  were  de t e rmined  by the ind i r ec t  luminescen t  ant ibody method with 
the n e c e s s a r y  con t ro l s .  F o r  this purpose ,  and a lso  to inhibit  r o s e t t e  format ion ,  l abe led  and unlabeled rabb i t  
a n t i s e r a  aga ins t  mouse  immunoglobul ins  and a f l uo re scen t  donkey s e r u m  aga ins t  r abb i t  immunoglobul ins  (N. F. 
Gamaleya  Inst i tute  of Epidemiology  and Microbiology)  were  used. The s e r a  were  exhausted with l i v e r  powder 
and, in some expe r imen t s ,  with mouse thymocytes  and e r y t h r o c y t e s  and sheep e r y t h r o c y t e s .  

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

F r o m  300 to 500 S E - R F C  and 400 to 600 DNP-RFC were  counted p e r  106 ce l l s  in the sp leen  of CBA mice 
a g e d  2 months.  The bone m a r r o w  contained 250 • 58 ce l l s  fo rming  r o s e t t e s  both with SE and with DNP-SE. 

Cel ls  fo rming  r o s e t t e s  with sheep,  ra t ,  and human e r y t h r o c y t e s  were  found in the sp lenic  colonies .  
F o r  the quant i ta t ive  ana lys i s  SE and DNP-SE were  used. 

The number  of DNP-RFC in mos t  colonies  v a r i e d  f rom 300 to 6000 and the number  of SE-RFC f rom 400 
to 5000 p e r  10 ~ colony ce l l s .  The number  of RFC with DNP-SE on the ave rage  for  40 colonies  was 1900 • 220 
and the number  of SE-RFC 1220 • p e r  106 ce l l s .  T h e  number  of DNP-RFC in the s ame  colonies  inhibited 
by DNP- lys ine  (10 -4 M) was 1070 • 175. The mean number  of DNP-RFC in the colonies  evident ly  was a l i t t le  
g r e a t e r  than the number  of SE-RFC (allowing for  DI~P-RFC with low avidity) .  The number  of S E - R F C  in 8 
colonies  was unusual ly  high (5370 �9 415 p e r  106 ce l l s ) .  In five of them v i r t u a l l y  no DNP-RFC could be de -  
tec ted  (Fig. l a ) .  

Between the fourtb and eighth days 150 • 29 RFC p e r  106 ce l l s  were  de tec ted  in the sp leen  of an i r r a d i a t e d  
mouse with SE and DNP-SE. No more  than 100 RFC with SE andDNP-SE p e r  106 ce l l s  were  found in the sp leen  
of i r r a d i a t e d  mice  in jec ted  with 5.105 bone m a r r o w  ce l l s  between the th i rd  and sixth days .  The co r re spond ing  
number  in the in te rco lon ia l  t i s sue  of the sp leen  between the eight and 14th days was 150 • 30. 

The number  of DNP-RFC p e r  106. colony ce i l s  was reduced f rom 5500 to 2200 by DNP23-ovalbumin (10 -4 
M); D N P - ~ - l y s i n e  (10 -4 M) reduced it to 2000, and rabbi t  an t imouse  ant iglobul in  s e r u m  (1 : 10) to 1100. The 
number  of SE-RFC was reduced  f rom 1t00 to 300 by the ac t ion of ant iglobul in  se rum.  Ovalbumin (10 -4 M) and 
no rma l  r abb i t  s e r u m  did not reduce  the number  of D N P - R F C  and SE-RFC.  

The number  of s t em ce l l s  fo rming  colonies  was reduced  tenfold in the t e r t i a r y  r ec ip i en t s .  They were  
in jec ted  wi th  1 �9 107 ce l l s  f rom the s econda ry  r ec ip i en t s .  I n  ten colonies  f rom t e r t i a r y  r ec ip ien t s  the mean 
number  of DNP-RFC was 4900 p e r  106 colony ce l l s .  T h r e e  groups  of p r i m a r y  colonies  were  t e s t ed  at  the s ame  
t ime.  The mean  number  of DNP-RFC was 3725 in the f i r s t  group (11 colonies) ,  3100 in the second group (five 
colonies) ,  and 7400 in the t h i rd  group (five colonies)  p e r  106 colony ce l l s  (without inhibi t ion by DNP- lys ine) .  
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A sharp increase  in the number of colony cells t ransplanted into the t e r t i a ry  recipients thus did not cause any 
evident increase  in the number  of DNP-RFC in the colonies formed in the t e r t i a ry  r ec ip i en t s  

After injection of 1 �9 106, 2 �9 106, or  10 �9 106 lymph node cells in addition to 5 �9 10 ~one mar row cells 
into the recipients the number of DNP-RFC and of SE-RFC in the 8-day colonies was not increased.  

Starting f rom the 6th day DNP-RFC,  SE-RFC, and IN-positive cells were  found regular ly  in the smal l  
colonies. Minimal numbers  of IN-positive cells were found (0.06 +0.065%) in the spleen of the i r radia ted  
mouse. On the 8th day thei r  number in the colonies var ied f rom 0 to 2.45% (0.91 4- 0.28) and on the 12th day 
f rom 3.1 to 45.9% (23,12 4- 8.51). The number  of IN-positive cells found in the bone mar row suspension was 
1.17 4- 0.27%, in the thymus 0.61 • 0.29%, and in the intact spleen 38.6 4- 3.4%. In 40 colonies the distr ibution 
of DNP-RFC by avidity was studied. Nearly all  colonies differed significantly f rom each other in their  DNP- 
RFC inhibition curves (Fig. 1). No difference was found between the 8th-9th day colonies and the 12th-13th 
day colonies. The spect rum of avidity of DNP-RFC was wide in 7 colonies and very  wide in 2 colonies,  i.e., 
they contained cells of high avidity. The ra t io  between the number  of DNP-RFC and SE-RFC and the number  
of IN-positive cel ls  was studied in 7 colonies. No regula r  relationship could be found between them. For  in- 
stance, 200 SE-RFC and 700 DNP-RFC (per 106 cells) were found in one colony containing 2.3% IN-positive 
cells (1.6% SE-RFC and 5.5% DNP-RFC among the IN-positive cells). In another colony the rat io was dif fer-  
ent: 500 SE-RFC, 1200 DNP-RFC, and 1.1% of IN-positive cells (1% of SE-RFC and 2.4% of DNP-RFC among 
alI IN-positive cells). 

At the end of the 1960s an unambiguous answer  was obtained by the chromosomal  m a r k e r  method to the 
question of whether any other ceils t ransplanted into the recipient  with the suspension of donor ' s  bone mar row 
prol i ferate  in a splenic hematopoietic colony developing f rom a single s tem cell [5]. It was shown by the same 
method [t4] that the lymphopoietic colony ar i ses  f rom the donor ' s  s tem cell and contains virtually no .admix- 
ture of rec ip ient ' s  lymphocytes.  

The resul ts  of the present  experiments  in which 20 t imes that number  of colony ceils were  transplanted 
into t e r t i a ry  recipients  and of experiments  involving "subculture" of increasing doses of lymphocytes f rom 
lymph nodes, together  with the resul ts  of investigations cited above, suggest  that the hematopoietic splenic 
colony does not contain any significant admixture of donor ' s  and rec ipient ' s  B cells. 

However, an unambiguous answer to this question requires  fur ther  intensive investigations, including 
by the methods of chromosomal  o r  antigenic marker s .  

The principle of constancy of the ratio between the volumes of groups of clones in individual develop- 
ment [11] ref lects  the random charac te r  of clone formation. It must  be postulated f rom the general  p ropos i -  
tions of the clonal selection theory  that, beginning f rom a cer ta in  s tar t ing point, the hypothetical inducer of 
lymphocytopoiesis expresses  all V genes contained in the given population of differentiating B cells with 

equal probabili ty [8]. 

Since, as a rule, only one V gene can be expressed  in one B cell, the regular  quantitative ratios between 
groups of clones descr ibed in "averaged" populations of adequate size [11] must  ref lect  the corresponding 
quantitative ratios between the V genes in these populations of B lymphocytes.  

Posit ive select ion of B ceils  at  par t icu lar  s tages of their  development is evidently unimportant  [10, 11]. 
The question of vegetative selection [3] remains open. 

Our initial assumption (see above) was that in the hematopoietic colonies studied there are  progenies 
of a single s tem cell, f ree  f rom any significant contamination with the donor ' s  or  recipient ' s  lymphocytes.  
No regular  quantitative relationships were found between the groups of clones and Ig-posit ive cells in the col-  
onies. The colonies varied sharply in avidity of DNP-RFC, in the rat io between the numbers of DNP-RFC and 
SE-RFC and, finally, in the ratio between the numbers of SE-RFC and DNP-RFC and the number of I g : p o s i -  
tive cells.  The significant differences in avidity between the B cells ref lect  differences in the affinity of their  
receptors  [1, 6] and, evidently, differences in the s t ruc ture  of the coding V genes. The f ract ions  of DNP-RFC 
and SE-RFC were approximately not more  than 1% of the number of Ig-posit ive cells  in the colony. Assuming 
the equally probable expression of V genes during lymphocytopoiesis and that in each cell there is every  con- 
ceivable V gene of the set  (the ge rm- l ine  theory), the likelihood of appearance of colonies with highly avid DNP- 
RFC, like the probabili ty of appearance of colonies in which, for example, DNP-RFC are virtually absent or  
present  in very  smal l  numbers  (7 of 40 colonies), is ext remely  small ,  for  the clone volumes (based on the num- 
ber  of cells) ought not to deviate f rom the mean by more  than 3o- with a probabili ty of 0.997: 

o =  V - w ~  
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where  ~ is the s tandard  deviat ion of the number  of cel ls  in the clone; N the number  of Ig-pos i t ive  cel ls  in the 
colony; p = nmean/N is the probabi l i ty  of exp re s s ion  of the V gene of the p a r t i c u l a r  specif ici ty;  nmean is the 
mean number  of cel ls  of that spec i f ic i ty  among all colonies tested;  q = 1 - p. 

The following bas ic  a s sumpt ion  was made above: At a ce r t a in  stage of ontogeny the quantitat ive ra t ios  
between clones of B lymphocytes  r e f l ec t  quanti tat ive ra t ios  between the cor responding  V genes in the given 
population. If this assumpt ion  is accepted,  the sha rp ly  vary ing  quantitat ive ra t ios  d i scovered  in these  ex p e r i -  
ments  between groups of clones and Ig-pos i t ive  cel ls  in the individual colonies a re  incompatible  with the view 
that  eve ry  B cel l  contains eve ry  conceixmble V gene of the set ,  i .e. ,  they a r e  incompat ible  with the g e r m - l i n e  
theory of antibody d ivers i ty .  The model  used is e x t r e m e l y  sui table  for  fu r the r  detai led quanti tat ive analysis  
of this p rob lem.  
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ABILITY OF LYMPHOCYTES STIMULATED 

BY PHYTOHEMAGGLUTININ in vitro TO PARTICIPATE 

IN THE GRAFT VERSUS HOST REACTION 

V. G. Nesterenko and L. V. Koval'chuk UDC 612.112.94:612.6.02: 
017.1].014.46:612.111.44 

Lymph node cel ls  f r o m  CBA mice  s t imula ted  for  2 h by phytohemagglut inin were  m o r e  able, 
whereas  cel ls  cul t ivated for  44 h with phytohemagglut inin were  less  able, than intact  lymph 
node cel ls  to pa r t i c ipa te  in the g ra f t  ve r su s  host  reac t ion  when injected into sublethal ly i r -  
radia ted  (CBA x C57BL/6)F1 hybr ids .  Syngeneic lymphocytes  and kil led al logeneic lympho-  
cytes  cul t ivated in the s a m e  way, l ike phytohemagglut inin i tself ,  had no such action. 

KEY WORDS: co lony- fo rming  units; phytohemagglutinin;  lymphocyte;  al logeneic t ransplant .  

The abil i ty of lymphocytes  of the p e r i p h e r a l  blood and lymphoid organs  to p ro l i f e ra t e  in v i t ro  under  the 
influence of antigen o r  mi togen  has been widely used in expe r imen ta l  and cl inical  r e s e a r c h  [7, 8, 10]. The 
dynamics  of many b iochemica l  and morphologica l  p r o c e s s e s  in s t imula ted  lymphocytes  has been studied in 
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