
T R A N S F E R  OF C Y T O T O X I C  A C T I V I T Y  OF  L Y M P H O C Y T E S  

I M M U N E  TO M y c o b a c t e r i u m  t u b e r c u l o s i s  

M. M. A v e r b a k h ,  V. A. K l y u e v ,  a n d  V. I. L i t v i n o v  UDC 616-002.5-092.9-097 

Hypersensi t ivi ty of delayedtype (HDT) was t r ans fe r r ed  in syngeneic,  allogeneic, and semisyn-  
geneic sys tems  with the aid of lymphocytes taken f rom donors vaccinated with BCG. HDT was 
tested by means of the cytotoxic effect (CE) in which the effector cells were lymphocytes of 
recipients  while the ta rge t  cells were antigen-containing peri toneal  macrophages .  With syn- 
geneic t ransfer  the CE was detectable after  1 day and could be tested until the end of the ex- 
per iment  (30th day), while with allogeneic t r ans fe r  (CBA---*A) the CE fell below the level of 
rel iable detection by the 14th day. With semisyngeneic  t rans fe r  (CBA-+ F 1 hybrids) inacti-  
vation of the recipient  cells by antilymphocytic se rum (CBA anti-A) did not change the CE 
immediately af ter  t r ans fe r  but reduced it sharply  in later  periods.  It is postulated that dur-  
ing t rans fe r  sensi t izat ion is "induced" on the rec ip ient ' s  cells. 

The main problem ar is ing in the study of the t ransfer  of hypersensi t ivi ty  of delayed type (HDT) is 
whether the donor ' s  cells themselves  re jec t  the homograft ,  accumulate in tuberculin skin tes ts ,  and so on, 
or whether they somehow "induce" a state of sensi t izat ion on the recipient  's cells. Until recent ly  the main 
method used to assess  HDT was by skin tes ts ,  and this great ly  r e s t r i c t ed  the scope of such investigations. 

In work to study t r ans fe r red  HDT cont radic tory  resul ts  have been obtained. Some workers  have re -  
ported that mainly donor 's  cells accumulate in tuberculin skin tests  and infiltrate the graft  on recipient ani- 
mals [16], wl~ile others have shown [12, 15] that the number of donor 's  ceils in such react ions is negligible. 
However,  it must  be noted that a few sensit ized donor ' s  cells can mobilize the entire cell  population [7]. 

During the last  decade a se r ies  of tests  enabling HDT to be studied in vi t ro  has been developed; in 
these tests  effector  cells of HDT interact  with sensi t izing antigen [9, 17, 22]. 

The method of cytotoxic action of lymphocytes on target  cells,  widely used to study transplantation and 
anti tumor immunity and autoimmune responses  [1, 5, 18, 22], has been modified in the w r i t e r s '  laboratory.  
In this modification sensit ized lymphocytes interact  with target  cells containing mycobacter ia l  antigens on 
their  surface  [3]. 

The object of this investigation was to use the method described above in o rder  to study whether HDT 
can be t r ans fe r r ed  and the role of the donor ' s  and rec ip ient ' s  cells in t r ans fe r red  HDT. 

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

Experiments  were ca r r i ed  out on 752 CBA, A, and (CBA • A)F 1 hybrid mice. The CBA mice were im- 
munized with living BCG vaccine (1 rag), the lymph glands were taken f rom the animals one month later ,  and 
a suspension was prepared  f rom them for injection into intact recipients .  Each recipient  received 25 mil-  
lion ceils intravenously and intraperitoneally.  The t rans fe r  was ca r r i ed  out on syngeneic (CBA --, CBA), al- 
logeneic (CBA--*A), and semisyngeneic  (CBA--~F 1) sys tems (Fig. 1). At different t imes after the t ransfer  
lymph glands were taken f rom the recipients of the lymphocytes,  and the activity of the lymphocytes was in- 
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TABLE 1. Cytotoxic Action of Recipients '  Lymphoeytes on Antigen- 
Containing Target  Cells after Transfer  of Lymphocytes f rom Donors 
Vaccinated with BCG (M • m) 

Time after transfer (in days) 
D o n o r  --~ 

r e  t i p  - 1 3 7 14 l 8 3 0 
ient 

CBA-+ 
-)CBA 

CBA-,A 

CBA--*FI 
(CBA• A) 

24,4• 34,4~3,2" 
29,4-----3,2* 

47,5--+2,9 * 
49,7-----2,9* 

51,6~3,2" 58,6--2,9" 
5,2----- 1,5t" 

55 ,2~3 ,0"  
10,7m2,2"~ 

31,3~3,2" 

* P<O,02. 
t P<O,05. 

Note. N u m e r a t o r -  after  t reatment  with normal  CBA serum;  denom- 
inator - after t reatment  with CBA-anti-A immune serum.  

Lymphocytes 

(BCG) ~ - ' ~ 5  (intact) 

Treatment with ALS $/'.)~ 7 
(anti A) in vitro ~ _ ~  Lymphocytes 

C8/7 (8o/znus-~?) ~ , ~ \ ~ ,  

~ Cytotoxic 
Macrophages effect (invitro) 

Fig. 1. Schematic layout for  the 
t rans fe r  in a semisyngeneic s y s -  
tem. 

vestigated by the cytotoxic tes t  [4]. Per i toneal  macrophages  (4- 
day exudate after injection of thioglycol broth) of animals infected 
with Mycobacter ium tuberculosis  s t ra in  Bovinus-8 (0.1 mg) or  of 
control  animals were used as the target  cells. The macrophages 
were grown in f lat-bottomed tubes for 48 h in medium No. 199 
with 20% bovine se rum and 10-15% lactalbumin, (total volume 1 ml) 
in a density of 200,000 ce l l s /ml .  After 48 h, when the m a c r o -  
phages were adherent to the bottom of the tube and spread out, 
the supernatant was poured off and lymphocytes were added in the 
rat io of 100 viable lymphocytes per  macrophage in medium No. 
199 with 15% lactalbumin. After 2 days the medium was replaced 
with f resh  (with 2% serum),  and after  a further  24 h the resul ts  
were read. The cytotoxie index 

[ : :7 a - -  b 
a 

was calculated, where a is the number of viable macrophages  in 
the control  (after addition of Iymphocytes f rom recipients  of no r -  

mal lymphocytes),  and b is the corresponding number in the experiment (i.e., using lymphocytes f rom ani- 
mals receiving immune cells). Viability was as sessed  by staining with trypan blue. The method of dis- 
cr iminat ive analysis [6] was used in the experiment in the semisyngeneic  system. Before addition of lym- 
phocytes of passively sensit ized F 1 hybrids to the macrophages ,  the lymphoeytes were t rea ted  for 1 h at 
37~ with CBA anti-A antilymphocytic se rum and complement (in the proport ion of 20 million lymphocytes 
to 0.1 ml se rum and 0.1 ml complement in medium No. 199 in a total volume of 1 ml. After t rea tment  the 
lymphoeytes were washed twice and added to the macrophages  in the same proport ion as in the other exper-  
iments [counting only viable lymphocytes (Fig. 1)]. The se rum was obtained by immunization four t imes by 
the following scheme. Lymphocytes f rom the lymph glands of A mice were injected into CDA mice at the 
rate  of one A mouse---. 5 CBA mice subcutaneously, followed one week later  by 1A---*3CBA intraperi toneaily,  
one month later  by 1A - .  3CBA intraperi toneally,  and another week later  by 1A---* 3CBA intraperitoneally.  
Serum was obtained after  one week, and its effectiveness was tes ted by the method descr ibed by Govallo et 
al. [2]. The index of the anti-A and ant i-F 1 antilymphocytic se rum was 0.4. 

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

Where lymphocytes of vaccinated CBA mice were t r ans fe r r ed  to mice of the same line (Table 1), the 
lymphocytes of the recipients had a cytotoxic action on the target  cells after 24 h. This cytotoxic activity 
rose  to a maximum after 14 days and then began to fall, but even after  30 days the rec ip ien ts '  lymphocytes 
still had a cytotoxic action. 

In allogeneic t ransfer  of sensit ized ceils induction of cytotoxicity also took place three days after 
t rans fe r ,  although when the cytotoxic effect was tested after  14 days it was weak or  absent altogether. 
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With semisyngene ic  t r a n s f e r  the rec ip ient  's  lymphocytes  also had a cytotoxic action on ant igen-con-  
taining mac rophages  f r o m  CBA mice  (when tes ted  3 and 18 days af ter  t r ans fe r ) .  If, however ,  be fore  addi- 
tion to the cul ture  of mac rophages ,  the lymphocytes  were  t r ea t ed  with ant i lymphocytic  ser 'um (CBA anti-A),  
which when mixed with cel ls  of the F 1 hybr id  rec ip ien t  and the CBA donor should inactive only the cel ls  of 
the (CBA • A) hybrid,  the cytotoxic effect  was a lmos t  unchanged af ter  3 days,  but a f ter  18 days it was sh a rp -  
ly reduced.  T r e a t m e n t  with no rma l  (CBA) s e r u m  had no effect  on the cytotoxic action of the lymphocytes .  

In these  exper imen t s  mac rophages  f rom infected CBA mice  were  used as the t a rge t  cel ls  in order  to 
avoid any poss ib le  reac t ion  of the t r a n s f e r r e d  lymphocytes  of the CBA mice  against  antigens of the line A 
mice ,  if A or F 1 mac rophages  were  used as the ta rge t  cells .  It was also found that lymphocytes  obtained 
f r o m  the F 1 hybr id  rec ip ien ts  of sens i t ized  cel ls  had no cytotoxic action if intact (not containing antigen) 
CBA macrophages  were  used as the t a rge t  cel ls .  

These  invest igat ions thus showed that t r a n s f e r  of HDT, tes ted  by the cytotoxic action of the lympho-  
cytes  on ant igen-containing t a rge t  cel ls ,  can be t r a n s f e r r e d  by means  of lymphocytes  of act ively  sens i t ized  
donors  in mice.  The cytotoxic effect  can be t r a n s f e r r e d  in syngeneic ,  al logeneic and semisyngene ic  s y s -  
t ems .  Cytotoxicity of the lymphocytes  can be connected with their  in teract ion with antibodies on t a rge t  cel ls  
[18], but when intact mac rophages  of hyper immune  (against  mycobac te r i a l  antigens) rabbi t  s e r u m  or the 
s e r u m  of mice  vaccinated with BCG were  used,  it was imposs ib le  to induce cytotoxici ty of the lymphocytes  
of BCG-vacc ina ted  donors.  

In the case  of rapid  re jec t ion  of the cel ls  (as in al logeneic t r ans fe r ) ,  the cytotoxic effect  was not "in- 
duced" and disappeared.  This shows that  soon af ter  t r a n s f e r  the cytotoxic effect  is produced by the donor ' s  
cel ls  t hemse lves .  

Exper iments  in a semisyngene ic  s y s t e m  showed that  during inactivation of the r ec ip i en t ' s  ce l l s  by 
ant i lymphocyt ic  s e r u m t h e  cytotoxic effect  was unchanged soon af ter  t r a n s f e r  but fell  sha rp ly  in the la te r  
s tages .  It is cons idered  that  these expe r imen t s  demons t ra t e  the induction of cytotoxici ty on the r ec ip i en t ' s  
lymphocytes  which were  inact ivated by the ant i lymphocyt ic  s e r u m ,  although act ive immunizat ion  cannot be 
ruled out completely .  Admittedly,  the unsuccessfu l  a t tempts  to find antigen in the r ec ip i en t ' s  organs  (seed-  
ing the organs  to detect  the p r e s e n c e  of mycobac t e r i a ,  s taining by Z ieh l ' s  or  immunof luorescence  methods)  
and also the d i sappearance  of cytotoxici ty  af ter  re jec t ion  of the donor ' s  cel ls  in the case  of a l l o g e n e i c t r a n s -  
f e r  a re  to some  extent evidence against  act ive immunizat ion.  

The hypothet ical  p r o c e s s  of induction is poss ib ly  analogous to that taking place when sens i t ized  l ym-  
phocytes  s e c r e t e  fac tors  reproduc ing  ce r ta in  manifes ta t ions  of HDT in v i t ro  [8, 10, 11, 13, 19, 20, 23]. In 
infectious pathology it would be e x t r e m e l y  in te res t ing  to unders tand how and to what degree  sens i t iza t ion  
can be "induced" in a focus of inf lammat ion  and how this affects  the course  of the specif ic  p roce s s .  

The authors  a re  grateful  to Dr. Med. Sci. L. I. Fontal in and Candidate of Medical Science B. D. 
Brondz for  the i r  advice with this investigation. 

1. 
2. 
3. 
4. 
5. 
6. 
7, 
8. 
9. 

10, 
11. 
12. 
13. 
14. 
15, 
16. 

L I T E R A T U R E  C I T E D  
B. D. Brondz,  Fol ia  Biol. (Prague) ,  10, 164 (1964). 
V. I. Govallo,  V. F. Kosobokova,  and T. N. Konstantinova,  Lab. Delo, No. 7, 421 (1965). 
V. A. Klyuev and V. I. Litvinov, Lab. Delo, No. 11, 34 (1971). 
V. L Litvinov and V. A. Klyuev, Byull. Eksper im.  Biol. i Med., No. 10, 62 (1971). 
G. J. Svet-Moldavski i  and I. Yu. Chernyakhovskaya ,  Nature,  204, 799 (1964). 
L. L Fontalin,  I. A. Kras ina ,  and L. A. Pevni tski i ,  Byull. Eksper im.  Biol. i Med., No. 11, 108 (1967). 
A. Ya. Fr idenshte in  and I. L. Cher tkova,  The Cel lular  Basis  of Immunity [in Russian] ,  Moscow (1969). 
B. Bloom and B. Bennet, Fed. P roc . ,  2_/7, 13 (1968). 
M. George  and J. Vaughan, Proc.  Soc. Exp. Biol. (New York),  111, 514 (1962). 
E. R. Heise  and R. S. Weiser ,  J. Immunol . ,  103, 570 (1969). 
S. Kasakura ,  J. Immunol . ,  105, 1162 (1970). 
R. K. and W. O. Rieke, Science,  139,487 (1963). 
W. P. Kolb and G. A. Grange r ,  Cell. Immunol . ,  1,  122 (1970). 
K. Lands te iner  and M. W. Chase,  Proc.  Soc, Exp. Biol. (New York),  49 ,688  (1942). 
B. McCluskey and B. Benace r r a f ,  J.  Immunol . ,  9_9.0 , 466 (1963). 
J. S. Najar ian  and J. F. Fe ldman,  J. Exp. Med., 118, 341 (1963). 

687 



17. G. Pearmain ,  R. R. Lyset te ,  and P. H. Fi tzgera ld ,  Lancet,  1,  637 (1963). 
18. P. Pe r lman  and G. Holm, Advances Immunol.,  11.1,117 (1969). 
19. E. Rick, J. Krejci ,  et al.,  Immunology, 1_!7, 741 (1969). 
20. W.B.  Pincus, W. W. Woods, and R. K. Pang, J. Reticuloendoth. Soc., 7, 220 (1970). 
21. H .G.  Remold, A. B. Katz, et al.,  Cell Immunol.,_l,  113 (1970). 
22. W. Rosenau and H. D. Moon, J. Nat. Cancer  Inst., 2__~7, 471 (1961). 
23. R .A.  Wilfstencroft  and D. C. Dumonde, Immunology, 18, 599 (1970). 

688 


