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It has been shown that ff lymphoid cells  of an immune donor are  t ransplanted into a nonimmune r e -  
cipient, var ious phenomena of ar t i f ic ia l  immunity may be reproduced in the recipient .  The dominant ro le  
of lymphoid t issue in the format ion  of immunity to antigens of Salmonella typhi has been demonst ra ted  by 
cytomorphologieal  investigations [5, 7]. Fur ther  evidence of its importance is given by the fact  that the 
t r ans fe r  of lymphoid cells  f rom immunized animals to intact animals t ransmi ts  to the recipients  the ability 
to produce O- and Vi-antibodies,  immunologic memory ,  and specific protection against  infection by typhoid 
mic roo rgan i sms ,  i.e., the principal  cha rac te r i s t i c s  of ar t i f ic ia l  immunity to typhoid fever  [3, 4, 6, 10]. 
However,  the mechanism by which lymphoid cells  exer t  their  immunologic proper t ies  has notbeenexplained.  
Immunizat ion of mice with typhoid O-antigen is a convenient model for  the study of the phenomenon of 
immunologic memory ,  for  the f i r s t  injection of this antigen induces pract ica l ly  no antibody format ion  in 
mice,  while the second induces intensive antibody formation.  Previous  investigations [4, 10] have shown 
that af ter  t ransplantat ion of a suspension of spleen cells (all of the f rac t ion of smal l  lymphocytes isolated 
f r o m  it) or  of blood leukocytes f r o m  donors immunized once with O-antigen into recipients ,  the lat ter  show 
the ability to respond to a f i r s t  injection of O-antigen by a react ion of secondary  type, i.e., immunologic 
m e m o r y  has been t ransmi t ted  to them. 

The object of the present  investigation was to study which c e l l s - d o n o r ' s  or  r e c i p i e n t ' s - f o r m  anti-  
bodies in the rec ip ien t ' s  o rgan i sm by a mechanism of secondary  type. This problem is of great  biological 
impor tance  because  it is bound up with the question of whether a method of t r ansmiss ion  of immunologic 

TABLE 1. Number  of Ant ibody-Producing (ABP) Cells in Spleen 
of Mice Immunized with O-antigen of S. typhi 

No. of 
,ine of mice :nice 

CBA 

Fx (CBA X C57 B L 

16 

I1 

14 

No. of 
'injections. 
of O- 
: antigen 

I 

2 

Number of AI~ cells 
per 106 spleen 
cells 

0,6 
---0,2- 1,5t" 

1,0 
--0,1-2,2 

86,0 
52-121 

per 

spleen 

193 
I04- 616 

217 
--63-497 

23200 
17 140- 29 260 

10 

12 

12 

1 

2 

0,5 
0,2-0,8 

0,7 
0,3-1,I 

181,0 
67- 295 

75 
43-13I 

116 
56-176 
49 650 

20 190-79 110 

Titer of O- 
antibodies ii 
~ernm, * 

1:28 

1:40 

1:4 036 

I:19 

1:37 

1:6 I09 

* Four  days af ter  injection of antigen. 
t Confidence interval  with probabili ty 0.95. 
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TABLE 2. N u m b e r  of ABP Cel ls  in  Spleen of Mice R e c e i v i n g  Lymphoid  
Cel ls  

Recipients CI3A donors  Number of ABP Cells 

line 

~ (CBA • 

h u m  - 
bet 

10 

6 

11 

l m -  
muni- cells 
7.ation 

+ Living 

+ Killed 

- -  Living 

per 10 6 spleen 
cells 

78,4 
48,0 - 108,8 

1,3 
--1-3,6 
0,5 
0,1-0,9 

per spleen 

26 120 
15 630-36610 

228 
156-300 

146 
46- 246 

Titer of C 
antibodi, 

.in serum 

1:8 054 

1:53 

1:28 

rz (CBA • 

CBA 

+ Living 

-l- Killed 

- -  Living 

-P Living 

57,6 
48,6- 86,6 
1,2 
0,6- 1,8 
2,8 

0-5,6 

i06,5 
19- 193 

12 354 
9 471- 15 237 

433 
191-675 

731 
0-  1 591 

30 190 
II 340--49 000 

1:3 708 

1:19 

1:31 

1:6  1 2 4  

TABLE 3. A n a l y s i s  of O r i g i n  of ABP Ce l l s  in  Spleen  of Di f fe ren t  Groups  
of M i c e  

Line of mice 

CBA 

F, 
(CBA• 

2 

14 

Receiving 
spleen 
cells of 

7 ImmuRe 
CBA mice 

[ ~ I No. of ABP cells perrl 
I -~(~ I 10 s spleen ce lls I 
I ~o=,[  after treatment I 
I o g ~  I w.i,t.,h, set, ,u~,, I 

t normal I ,na-  I 

11 

F 12 Immune 1 l 61,9 
(CBAX~57BL) CBA m i c e  171,21~ ~6,4- 92,4 

Ft 
(CBAxA) 

76,0 2 39,4--I 2,6 75,3 49,7 -I09,9 

2 135,5 3,3 
101,5-169,5 1,7--4,9 

I ] 47 I 34,5 19,4 -72,6 15,5--53,5 

% of ABP cells 
with characteris- 
tics of 

D R 

101,6 O 
87--115 --15--13 

2,4 97,6 
1,2--3,6 96,4-98,8 

,1% 2%9 

71,6 28,4 
52, 8-- 90 4 9,6-47,2 

Absoluteuo. of 
ABP cells per 

, spleen 

D R 

23 400 0 

1 600 48 050 

16020 10 I00 

8 839 3 520 

N o t  e : D - d o n o r ,  R - r e c i p i e n t .  

i n f o r m a t i o n  f r o m  ce l l  to ce l l  ex i s t s  o the r  than by d iv i s i on  and f o r m a t i o n  of daugh te r  ce l l s  with the s a m e  
i m m u n o l o g i c a l  p r o p e r t i e s  as the m a t e r i a l  lymphoid  ce l l .  To so lve  th is  p r o b l e m ,  t r a n s p l a n t a t i o n  of s e n -  
s i t i z e d  lymphoey tes  in to  u n i r r a d i a t e d  r e c i p i e n t s  is c l e a r l y  d e s i r a b l e .  

To  d e t e r m i n e  the  genet ic  cons t i t u t i on  of a n t i b o d y - f o r m i n g  c e l l s  in  the o r g a n i s m  of a r e c i p i e n t ,  n a t u r a l  
an t i gen i c  c e l l  " m a r k e r s "  may  be used .  It  i s  c o n v e n i e n t  for  th is  pu r pose  to use  as r e c i p i e n t s  hyb r id  m i c e  
of the f i r s t  g e n e r a t i o n  (Fi),  and as donors  m i c e  of one of the p a r e n t  l i ne s .  In the c h i m e r a  thus obta ined ,  
the  ce l l s  of donor  and r e c i p i e n t  may  coex i s t  fo r  a long t i m e  and func t ion  n o r m a l l y .  At the s a m e  t i m e ,  the 
an t igen ic  d i f f e r ences  be tween  the ce l l s  of donor  and r e c i p i e n t  make  i t  pos s ib l e  to c a r r y  out d i s c r i m i n a t i v e  
a n a l y s i s  of the lymphoid  ce l l  popula t ion  of the c h i m e r a  [11, 16] in  o r d e r  to d e t e r m i n e  the genet ic  c o n -  
s t i t u t i on  of the  a n t i b o d y - f o r m i n g  c e l l s .  

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

Donor  m i c e  of l ine  CBA w e r e  i m m u n i z e d  by  a s i ng l e  i n t r a v e n o u s  i n j e c t i on  of 10 pg  O - a n t i g e n  i so l a t ed  
by  B o i v e n ' s  method  f r o m  S. typhi s t r a i n  O-901.  Af te r  30-40 days , the  s u s p e n s i o n  of s p l e e n  c e i l s  o r  the 
f r a c t i o n  of s m a l l  l ymphocy tes  i so l a t ed  f r o m  it  was t r a n s f e r r e d  into in tac t  r e c i p i e n t s - f i r s t  g e n e r a t i o n  
hybr ids  F 1 (CBA • ) or  F l (CBA • A). The method  of p r e p a r a t i o n  of the ce l l  s u s p e n s i o n s  was d e s c r i b e d  
e a r l i e r  [4, 6]. Each  r e c i p i e n t  r e c e i v e d  70 • 106 to 100 x 10 ~ s p l e e n  ce l l s  i n t r a v e n o u s l y .  In con t ro l  e x p e r i -  
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Fig. 1. Results  of analysis  of origin of cells  p ro -  
ducing O-  antibodies in spleen of mice.  R - F  1 
(CBA • C57BL) receiving spleen cel ls  of immune 
CBA mice and one injection of O-antigen.  DCB A 
and D F i - m i e e  of corresponding lines receiving 
two injections of O-antigen. The shaded par t  of 
the columns represen t s  cells of "recipient"  origin 
and the unshaded par t  of the columns represen t s  
cells  of "donor" origin.  Narrow columns r e p r e -  
sent  resul ts  for  individual animals and wide 
columns give mean values.  

HH I 
Fig. 2. Origin of cells producing O-antibodies 
in spleen of mice  receiving smal l  lymphocytes 
isolated f r o m  spleen of immune donors.  Legend 
as in Fig. 1. 

ments the recipient  rece ived  spleen cells killed by 
f reez ing  3 t imes at - 7 0  ~ or  living spleen cel ls  of 
unsensi t ized CBA donors.  A test  injection of O- 
antigen (10 pg  intravenously) was given to all r e -  
cipients 24 h af ter  the t r ans fe r .  The animals  were  
sacr i f iced  4 days af ter  immunizat ion and a d i s -  
c r iminat ive  analysis  made of a suspension of spleen 
cel ls*.  The cel l  suspension was t rea ted  in v i t ro  in 
the presence  of complement  with l ine-specif ic  s e r u m  
against  t ransplantat ion H-2 antigens of the recipient .  
To obtain such an ant i serum,  mice  of line CBA were  
injected 4 t imes at intervals  of 7 days with living 
spleen cells of C57BLor  A mice,  and blood was taken 
f r o m  them on the 6th-7th day af ter  the las t  injection. 
Two port ions,  each containing 15 x l0 G cel ls ,  were  
made f r o m  the tes t  suspension of spleen cel ls ,  and 
to one of them was added 0.05 ml of ant i-C57BL 
s e r u m  (or anti-A s e r u m  respect ively) ,  while to the 
other  was added 0.05 ml of normal  s e r u m  of CBA 
mice;  0.05 mI complement  (whole normal  rabbit  
serum) was added to both mixtures  and their  volume 
was made up to 0.5 ml with Hanks'  solution, af ter  
which they were  incubated for  45 min at 37 ~ The 
number  of cells  fo rming  O-antibodies was then 
determined in both portions using the method of 
local hemolysis  in agar  descr ibed previously  [9]. An 
essent ial  modification of the method when working 
with mouse  cel ls  was that rabbit  s e r u m  was used 
instead of guinea pig s e r u m  as complement .  

The number  of ant ibody-forming cells  found 
in the portion t reated with "ant i - rec ipient"  s e r u m  
gave the number  of cells  of "donor" type. The d i f fe r -  
ence between the number  of ant ibody-forming cells  
in the portion t reated with normal  s e r u m  and in the 
portion t reated with "ant i - rec ip ient"  s e r u m  gave 
the number  of cells  of "recipient"  type among the 
population of ant ibody-forming cells  in the studied 
spleen. O-antibodies in the mouse s e r u m w e r e d e t e r -  
mined by the passive hemagglutination method [1]. 

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

It is c l ea r  f r o m  Table 1 that a single immuniza -  
tion of CBA or F i (CBA• C57BL) micewi thO-an t igen  

caused  nei ther  an inc rease  in t i ter  of antibodies in the s e rum nor  a significant i , .crease in the number of 
ant ibody-forming cells  in the spleen. Conversely,  a second immunization induced intensive antibody p ro-  
duction, as shown by an inc rease  in antibody t i te r  in the s e r u m  (1:4000-1:6000) and also by a sharp  (by 2 
orders )  increase  in the number  of antibody-producing cells  in the spleen. 

Recipient  F i mice receiving spleen cells  f r o m  sensi t ized CBA donors acquired immunologic m e m o r y  
and responded to the f i r s t  injection of O-antigen by intensive antibody format ion (Table 2). Many antibody- 
fo rming  cells were  found in the spleen of the rec ip ien ts .  Thei r  mean number  per  whole spleen in F i (CBA 
• recipients  was 26120, and ra the r  f e w e r - 1 2 3 5 4 - i n  F i (CBA x A). Injection of O-antigen into 
recipients  of killed spleen cells  of sensi t ized CBA donors or living spleen cells  of intact CBA donors did 
not lead to a marked increase  in number  of ant ibody-forming cel ls  in the spleen. 

* Technical details are  discussed more  fully e lsewhere [11]. 
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The resul ts  of d iscr iminat ive  analysis  a re  summar ized  in Table 3. The f i r s t  two lines demonstra te  
the high activity and specif ici ty of the an t i se rum against  C57BL antigens used ("anti-recipient" serum) .  
After  t rea tment  with this se rum,  only 3.3 ant ibody-forming cells per 106 spleen cells remained in the s u s -  
pension of spleen cells  of immune F 1 (CBA • C57BL) mice (recipient line) compared  with 135.5 after  t r e a t -  
ment  with normal  se rum;  the percentage of specific depress ion was thus 97.6. Cells of CBA mice (donor 
line) were  found to be insensit ive to the action of ant i - rec ip ient  s e rum.  

It is obvious that the population of ant ibody-forming cells in the spleen of non-ch imera  mice and mice 
immunized twice with O-antigen was homogeneous in its antigenic proper t ies .  No ant ibody-forming cells 
with C57BLcharac te r i s t i c s  were found in the CBA mice and, converse ly ,  in the F l (CBA • C57BL) mice  
nea r ly  all producing cel ls  possessed  these charac te r i s t i c s  and died as a resul t  of the action of an t i se rum 
against  C 57 BL antigens. 

A completely  different picture was observed in the c h i m e r a s - t h e  F 1 (CBA • C57BL)mice receiving 
injections of spleen cells of immune CBA donors and one injection of O-antigen. The population of ant i-  
body-producing cells  in the spleen of these recipients  was heterogeneous and consis ted of cells with c h a r -  
ac te r i s t i c s  of "donor" and of "recipient" types. Trea tment  of a suspension of ch imera  spleen cells with 
"ant i - rec ip ient"  spleen caused a decrease  in the number  of antibody-producing cells (61.9 per 106 spleen 
cel ls  compared  with 100.7 in the control),  but not their  complete disappearance.  Consequently, among the 
cells  producing O-antibodies by the secondary  response  type of mechanism in the spleen of the ch imeras ,  
a mean number  of 61% of cells possessed  charac te r i s t i c s  of "donor" antigenic type (not subjected to the 
action of "ant i - recipient"  serum) and 39% possessed  charac te r i s t i c s  of "recipient" type (dying after  t r e a t -  
ment with "ant i - recipient"  serum).  Similar  resul ts  were  obtained in experiments in which the donors were  
immune CBA mice and the recipients were  intact F l (CBA • A) hybrids.  The population of cells producing 
O-antibodies in the spleen of the ch imera  recipients  was 71.6 % of cells of "donor" type and 28.4% of cells  
of "recipient" type. 

The ch imer i sm  of the ant ibody-forming cells in the spleen of the recipient  mice was a regula r  feature  
found in the grea t  major i ty  of animals .  For  instance, of the 9 recipient  mice used in the experiment,  the 
resul ts  of which a re  i l lustrated in Fig. 1, only in one animal were  all ant ibody-forming celts of the "donor" 
type; in the r e s t  the population of producer  cells was mixed and the percentage of cells of "recipient" type 
var ied  f rom 21 to 75. The same phenomenon was observed in experiments  in which F 1 (CBA ~ C57BL) r e -  
cipients were injected with a suspension of smal l  lymphocytes isolated f rom the spleen of immune CBA 
donors and then injected with O-antigen.  Many cells producing O-antibodies appeared in the spleen of the 
recipients  of the smal l  lymphoeytes (on the average 63.7 per 106 spleen ceils and 22080 per whole spleen). 
Discr iminat ive  analysis showed (Fig. 2) that in this case also the population of ant ibody-forming cells  was 
heterogeneous and consis ted of cells  ~f "donor" (mean 51.3%) and "recipient" (48.7%) origin. Ch imer i sm 
of the producer  ceils of "recipient" type var ied in individual animals f r o m  29 to 67. 

The following conclusions may be drawn f r o m  the facts descr ibed above. Cells in the recipients ! 
spleen forming antibodies by the secondary  response  type a re  heterogeneous and show charac te r i s t i cs  of 
var ied  genetic origin.  Some antibody-producing cells have charac te r i s t i c s  of "donor" origin.  These cells 
evidently a r i se  by t ransformat ion  of transplanted cells of an immune donor or  are  their  d i rect  progeny. 
The direct  participation of donor cells in the immune response  of a ch imera  recipient  is par t icular ly  in- 
t e res t ing  in the case  of t ransplantat ion of immune smal l  lymphocytes.  The resul ts  of these experiments  
show direct ly  that smal l  lymphocytes a re  not only the c a r r i e r s  of immunologic memory ,  as has been shown 
previously  [4, 10, 13, 15, 20], but a re  also the direct  p r ecu r so r s  of cells producing antibodies during the 
secondary  response;  the possibil i ty that this may be so has been denied by some authors.  Besides cells of 
"donor" type, among the ant ibody-forming cells of the rec ip ient ' s  spleen cells are  constantly present  with 
cha rac te r i s t i c s  of "recipient" origin, although the lymphoid cells of the recipient  a re  in contact  with O- 
antigen for  the f i r s t  t ime and cannot respond by marked ~[ntibody formation.  

A number  of hypotheses may be submitted to explain the appearance of cells of "recipient" type 
among the population of producer  c~lls. The hypothesis of sensi t izat ion of recipient  cells  by O-antigen 
possibly present  in the suspension of spleen cells  of the immune donor is ruIed out because of the negative 
resul ts  of experiments in which a killed suspension of the same  cells was injected, and also because of 
the shor t  interval  (24 h) between transplantation of the cells and the test  injection of antigen. The possibil i ty 
that donor cells may acquire the antigenic propert ies  of recipient  cells cannot be completely ruled out, 
although there  is no experimental  evidence to support  it. Explanation of the observed phenomenon by 
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hybr id iza t ion  of ce l l s  of donors  and rec ip ien t s  is unconvincing, because  such hybr idizat ion is a r e l a t ive ly  
r a r e  phenomenon, and a long t ime  is n e c e s s a r y  be fo re  a s ignif icant  number  of hybr id  ce l l s  can accumula te  
[17, 18]. 

The  m o s t  p robable  hypothes is ,  although it  has not yet  been  ver i f i ed ,  is that  a m e c h a n i s m  of t r a n s -  
m i s s ion  of immunologic  informat ion  f r o m  cel l s  of an immune  donor to cel ls  of an unimmune rec ip ien t  
exis ts  as a r e su l t  of which the cel ls  becom e  capable  of responding to contac t  with an t igen  by a s econda ry  
reac t ion  of antibody fo rmat ion .  T r a n s m i s s i o n  of immunologic  informat ion by lymphocytes  to o ther  ce l l s  
has been postulated p rev ious ly  [8]. The poss ib i l i ty  that  modif ied immunologic  r eac t iv i ty  can  be conveyed 
by the act ion of RNA on lymphoid ce l l s  in v i t ro  has been demons t r a t ed  by other  worke r s  [2, 12, 14, 19]. 
The poss ib i l i ty  is not ru led  out that  in this pa r t i cu la r  ca se  we have an analogous p r o c e s s ,  one taking place 
in tJhysiological conditions in the o rgan i sm.  However,  this conclusion is hypothet ical  in c h a r a c t e r  and r e -  
qu i res  fu r the r  expe r imen ta l  ver i f ica t ion .  
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