
P A q " I ' E R N S  O F  V I R U S - I M M U N E  T - C E L L  R E S P O N S I V E N E S S  

Compar i son  o f  (H-2 k X H-2 b) ~ H-2  b Rad i a t i o n  Ch imeras  

and  Negat ive ly  Selected H-2 b Lymphocy te s*  

BY PETER (2. DOHERTY AND JACK R. BENNINK 

From The Wistar Institute of Anatomy and Biology, Philadelphia, Pennsylvania 19104 

The vaccinia-immune cytotoxic T lymphocyte (CTL) x response associated with the 
H-2D b allele offers one of the few examples of an immune response (Ir) gene effect in 
the virus systems (1, 2). A strong virus-specific CTL response in the context of H-2D b 
is seen in C57BL/6 (B6) or B10 mice (H-2KbI-AbDb), but the B10.A(2R) and 
B 10.A(4R) strains (H-2KkI-AkD b) are low responders in this regard. The Ir gene effect 
apparently maps to H-2K k rather than to I-A k, as the B10.BYR recombinant (H- 
2KqI-AkD b) is also a high responder (2). Furthermore, low responsiveness to H-2D b- 
vaccinia virus is apparently dominant in the (H-2K k I-AkD b × H-2KbI-AbDb)Fx 
situation. Does this mean that the virus-immune CTL response associated with H- 
2K k is in some way suppressing that occuring at H-2Db? 

One approach to the further analysis of this problem has been to first filter (3) high 
responder B6 T cells through an irradiated low responder B10.A(4R) environment, 
and to then stimulate these negatively selected (to H-2K k and I-A k alloantigen) 
thoracic duct lymphocytes (TDL) with vaccinia virus in a further set of irradiated 
B10.A(4R) recipients. The result of this procedure is that the B6 T D L  respond 
strongly to vaccinia virus presented in the context of both H-2K k and H-2D b (4). 
Apparently, the aberrant response of the B6 T D L  to H-2Kk-vaccinia virus (5), which 
has obviously not been determined by physiological differentiation (6) in the context 
of H-2K k afitigens encountered in thymus, does not suppress the generation of CTL 
that is specific for H-2Db-vaccinia virus. 

The present paper describes attempts at suppressing the stimulation of negatively 
selected (3, 5) high responder T D L  by mixing them with low responder [F1]T cells, 
before priming with H-2Db-vaccinia virus in a low responder environment. Evidence 
is also presented that the virus-specific responder phenotype of an Fx ---* parent 
radiation chimera (6) may not always be equivalent to that associated with the H-2 
type of the irradiated parent. 

Mater ia ls  an d  Me th o d s  
Mice, Viruses, Negative Selection, Immunization, Anti-H-2 Treatment, and Cytotoxic Assay. All 

materials and procedures were identical to those used previously (1, 3, 5). Recipient mice were 

* Supported by U. S. Public Health Service grants AI-14162, AI-15412, and NS-11036. 
t Abbreviations used in this paper: B6, C57BL/6J mice; C', guinea pig complement; CTL, cytotoxic thymus- 

derived lymphocyte; Ir gene, immune response gene; N, lymph node; S, spleen; SV, SV40 transformed 
target cell; TDL, thoracic duct lymphocyte. 
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TABLE I 

Response of Negatively Selected Parental and F1 T Cells to Vaccinia Virus Presented in the Context of 
H-2K k and H-2D b 

No. ofTDL (X l0 s) 

Exp. Group [B10 × 850 rad recipient 
B6 - BI0.A(4R) B10.A(4R)]F1 

Percent specific SlCr release* 

L cells (kk) MC57G COb) 

Vacc. N Vacc. N 

1 A 17 0 B10.A(4R) 57 7 40 0 
B 17 17 B 10.A(4R) 95 18 34 0 
C 0 17 B10.A(4R) 75 4 15 2 
D 0 17 a6 Cob) 5 5 5a 0 

2 E 20 20 BI0.A(4R) 87 25 28 0 
V ~: 53 - -  25 0 

Unirradiated 
1 

controls: 
G B10 COb) 10 4 48 0 
H B 10.Br (kk) 52 3 0 0 
I B6 17 29 68 0 
J B10.Br 76 12 0 0 
K B6 + B10.Br ~ 7 18 77 0 

Vacc., cells infected with vaccinia virus; N, normal cells. 
* Exp. 1 was assayed at a ratio of 20:1, Exp. 2 at 40:1. 

Treated with antiserum to H-2 k + complement, the unirradiated control cells were mixed in equal 
numbers. The treatment killed 72% of cells in group F and 65% in group K. 

injected with T D L  and  vaccinia virus on the same day, and  spleen populat ions were assayed 6 
d later. T he  assays were incuba ted  for 10 h at  37°C, and  the results were expressed as specific 
StCr release relative to the detergent  and  med ium controls. 

Chimeras. T h e  chimeras were m a d e  following the procedures of Zinkernagel  et al. (6), wi th  
the exception tha t  a single t rea tment  with  monoclonal  an t i -Thy  1.2 reagent  (provided by Dr. 
J.  Sprent  [J. Sprent  and  T. McKearn .  Manuscr ip t  in preparation.])  and  guinea  pig complement  
(C') was used to remove T cells from the transferred (CBA X C57)Ft bone  marrow populations.  
The  C 5 7 B L / 6 J  (B6) mice were given 950 rads 24 h before reconst i tut ion with 1.7 x 10 s F1 
bone mar row cells, and  held for 12 wk before use. At least 90% of  the spleen and  lymph node 
cells from these mice bore the H-2K* alloantigen. 

Results 
Vaccinia-immune T-Cell Response in the Context df H-2D b. Negatively selected B6 (KbI - 

AbD b) T cells mediate a strong virus-immune CTL response in the context of H-2D b 
(4) when sensitized in 850 rads B10.A(4R) (K~I-AkD b) recipients (group A, Table I, 
MC57G target; group L, Table II, HTGSV target). Considerably less effector function 
is seen when [BI0 x B10.A(4R)]F1 T cells are stimulated in the same way (group C, 
Table I, MC57G target). Both lymphocyte populations also generate high responses 
to H-2Kk-vaecinia virus (groups A, C, and F, Table I, L-cell target). 

Mixing the high (B6) and low (Fx) responder populations together before stimula- 
tion does not result in any significant diminution in the level of CTL generation 
associated with H-2Db-vaccinia virus (groups A and B, Table I, MC57G target; 
groups L and M, Table II, HTGSV target). In fact, removal of the low responder Fx 
population with antiserum and complement may enrich for the B6 T cells reacting to 
virus in the context of H-2D b (groups M and N, Table II, HTGSV and MC57G 
targets). This failure to show suppression could reflect that the suppressor T cells are 
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TABLE II 

Concurrent Stimulation of Negatively Selected B6 and [BIO X BIO.A ( 4R)]F1 TDL in 850 rads 
B I O.A ( 4R) Recipients 

Percent specific ntCr release (30:1) 

Group Population* st imulated 2RSV (kb) H T G S V  (db) MC57G (bb) 

Vacc. N Vacc. N Vacc. N 

L B6 - BI0.A(4R) 65 0 79 4 41 2 
M L + [B10 × B10.A(4R)]FI:~ 79 0 75 0 20 12 
N M + anti-H-2 k + C'  79 0 100 0 36 7 

Unirradiated controls: 
O BALB/c (dd) 0 0 55 17 4 2 
P B6 (bb) 53 0 39 0 63 5 
Q C3H (kk) 65 0 0 0 14 3 
R [B10 × B10.A(4R)]F~ (bb × kb) 93 0 1 0 45 8 

P + R + anti-H-2 k + C'§ 60 0 44 8 67 4 
P + R + C':[:§ 69 0 20 0 52 5 

Vacc., cells infected with vaccinia virus; N, normal cells. 
* 15 × l0 n negatively selected T DL  and 20 × l0 s FI TDL.  
:[: Equivalent to an effector:target ratio of  15:1 for each lymphocyte population. 
§ The  level of  lysis caused by the P + R population on L cells (kk) infected with vaccinia virus was 16% 

after t reatment with antiserum + C', and 38% after incubation with C'  alone. Normal L cells were lysed 
7% in each case. 

restricted to the H-2K k or I-A k of the CTL and cannot, therefore, modulate the 
response of the B6 TDL. We thought that we might circumvent this problem by 
using the appropriate F1 --~ parent radiation chimera. 

The Situation for (CBA × B6)F1 ---> B6 Chimeras. We know, from the studies of 
Zinkernagel and colleagues (7), that such chimeras respond to H-2Db-vaccinia virus, 
but not to H-2Kk-vaccinia virus. This presumably reflects sensitization with virus 
presented on both H-2 b and (H-2 k × H-2b)F1 stimulator cells, and latter originating 
from the transferred bone marrow. Pooled spleen and lymph node or TD L populations 
from individual chimeras were divided into equal parts and injected into one B6 (KbI - 
AbD b) or one B 10.A(4R) (KkI-AkD b) recipient. Strong virus-immune CTL responses 
were seen in the context of H-2 b after priming in the B6 recipients (Table III, MC57G 
target). However, little, if any, specific lysis was recognized for vaccinia virus associated 
with either H-2K k or H-2D b for T cells from 10 of the 11 [(CBA × B6)F1 --~ B6] 
chimeras sensitized in irradiated B10.A(4R) recipients (Tables III and IV). The 
exception (chimera 11, Table IV) probably reflects carry over of T cells from the bone 
marrow donor, as only one anti-0 treatment was used rather than the two deemed 
necessary by Zinkernagel et al. (6). 

Discussion 

We describe here one instance where an F1 ~ parent radiation chimera does not 
assume the complete responder phenotype of the irradiated parent (7-10). Negatively 
selected B6 (KbI-AbDb) T cells can respond to vaccinia virus presented in the context 
of both H-2K k and H-2D b when stimulated in an 850 rads B10.A(4R) (KkI-AkD b) 
recipient, However, lymphocytes from [(CBA × B6)F~ ~ B6] radiation chimeras 
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TABLE III  

Stimulation of T cells fiom [(CBA X B6)F1 ---* B6] Bone Marrow Chimeras in Irradiated Recipients 

Chimera* 

No. T cells 

Percent specific 5~Cr release 

850 rads~ Cells§ L ceils (kk) MC57G (bb) 
yield 

recipient (X 106) Vaccinia Normal Vaccinia Normal 

20:1 40:1 20:1 40:1 20:1 40:1 20:1 40:1 

1 S + N B10.A(4R) 48 13 25 2 10 6 13 2 4 
B6 6 5 - -  0 - -  54 - -  8 - -  

2 S + N B10.A(4R) 74 7 16 5 6 5 8 3 4 
B6 51 2 1 1 5 49 62 3 4 

3 S + N B10.A(4R) 31 9 10 4 1 1 4 2 7 
B6 20 - -  2 - -  0 - -  66 - -  4 

4 S + N B10.A(4R) 63 8 16 6 7 4 13 5 7 
B6 22 - -  0 - -  0 - -  62 - -  0 

5 S + N B10.A(4R) 65 5 9 6 2 7 17 4 10 
B6 23 0 1 5 5 43 53 1 2 

6 TDL B 10.A(4R) 10 - -  15 - -  3 - -  17 - -  5 
B6 23 - -  4 - -  0 - -  49 - -  3 

7 TDL B10.A(4R) 20 - -  10 - -  3 - -  10 - -  5 
B6 15 - -  8 - -  0 - -  58 - -  4 

8 TDL BI0.A(4R) 3 10 - -  1 - -  12 - -  2 - -  

Unirradiated Controls: 
Chimeras tC3H (kk) 35 44 10 13 3 10 1 2 

1-5 [B6 (lab) 8 9 6 7 38 53 9 0 
fC3H - -  50 - -  6 - -  15 - -  9 

Chimeras ]B6 8 14 3 7 29 43 7 7 

6-8 BALB/c (dd) 10 13 1 4 7 13 4 6 

* Greater than 90% of lymphocytes from each chimera were shown to bear the H-2 k alloantigen using 
antibody + complement treatment. 
Spleen and lymph nodes were pooled for individual chimeras, and equal numbers of spleen and lymph 
node cells (S + N, at least 4.0 × 107) or TDL (2.0 × l0 T) were given to one B6 and one B10.A(4R) (kb) 
recipient. Insufficient TDL were obtained from chimera 8 to allow stimulation in a B6 recipient. 

§ Numbers of cells recovered from spleen at 6 d after i.v. inoculation of lymphocytes and vaccinia virus. 

g e n e r a l l y  s e e m  n o t  t o  r e c o g n i z e  v a c c i n i a  v i r u s  w h e n  p r i m e d  in  t h e  s a m e  w a y .  I n  fac t ,  

t h e  o n l y  c o r r e s p o n d e n c e  b e t w e e n  t h e  t w o  T - c e l l  p o p u l a t i o n s  is t h a t  b o t h  a r e  t o l e r a n t  

to  t h e  H - 2 K  k a n d  I - A  k a l l o a n t i g e n s :  t h e  n e g a t i v e l y  s e l e c t e d  B6  l y m p h o c y t e s  b y  v i r t u e  

o f  a c u t e  d e l e t i o n  in  t h e  f i l t e r  e n v i r o n m e n t ,  t h e  c h i m e r a  ce l l s  as  a r e s u l t  o f  p h y s i o l o g i c a l  

m e c h a n i s m s  o p e r a t i n g  d u r i n g  o n t o g e n y .  T h e  c h i m e r a s  a r e ,  h o w e v e r ,  a l so  t o l e r a n t  to  

H - 2 K k - v a c c i n i a  v i rus .  

T h e  f a i l u r e  o f  t h e  c h i m e r a  T ce l l s  t o  r e s p o n d  to  H - 2 D b - v a c c i n i a  v i r u s  w h e n  p r i m e d  

in  a n  H - 2 K k I - A k D  u e n v i r o n m e n t  m i g h t  b e  t h o u g h t  to  r e f l e c t  a n  a b s e n c e  o f T - c e l l  h e l p  

o r i g i n a t i n g  a t  t h e  H - 2 K  e n d  (8, 9, 11). I t  is p o s s i b l e  t h a t  t h e  r e s p o n s e  o f  t h e  n e g a t i v e l y  

s e l e c t e d  B6  T ce l l s  t o  H - 2 K k - v a c c i n i a  v i r u s  in  s o m e  w a y  h e l p s  t h e  g e n e r a t i o n  o f  v i rus -  

i m m u n e  C T L  in t h e  c o n t e x t  o f  H - 2 D  u. H o w e v e r ,  w e  h a v e  s h o w n  p r e v i o u s l y  (4, 5) 

t h a t  f i l t e r e d  B 1 0 . A ( 2 R )  [ K k I - A k D  b] T ce l l s  c a n  r e s p o n d  to  H - 2 D U - v a c c i n i a  v i r u s  w h e n  

p r i m e d  in  B 6  r e c i p i e n t s ,  a n d  t h a t  B 1 0 . D 2  [ K a I - A a D  d] l y m p h o c y t e s  r e c o g n i z e  H - 2 D  d- 

v a e e i n i a  v i r u s  w h e n  s t i m u l a t e d  in  B 1 0 . A ( 5 R )  [ K b I - A b D  a] m i c e :  in  n e i t h e r  c a s e  is a n y  

C T L  a c t i v i t y  d e t e c t e d  for  H - 2 K b - v a c c i n i a  v i rus .  T h e  i d e a  t h a t  a n  a l l o g e n e i c  e f f ec t  
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TABLE IV 
Respon&rPatternsofChimera TCel~toH-2Kk-Vaccin~Virusin 850rads BIO.A(4R) 

Rec~n~ 

1191 

Chimera* 
Chimera 

Percent specific 5~Cr release from 
L cells 

Vaccinia Normal 

No. T celis~ 20:1 40:1 20:1 40:1 

[(CBA × B6)Fa ---* B6] 

[(CBA × B6)FI-* BI0.Br] 

(CBA X B6)Fa (kk X bb) 
Unirradiated B10 (bb) 

9 TDL 13 - -  5 - -  
S + N  4 5 1 1 

10 TDL 16 23 6 14 
S + N  - -  3 - -  0 

11 TDL - -  32 - -  0 
S + N  - -  16 - -  6 

12 TDL - -  54 - -  1 
S + N 36 45 0 0 

13 TDL 25 37 2 3 
S + N 47 61 5 8 
S 75 8O 6 13 

13 22 10 16 

* None of the chimera populations caused > 12% specific lysis of the vaccinia-infected MC57G (lab) target. 
However, we are uncertain of the status of the MC57G target in this assay, as the one positive (B10) 
control caused (40:1) only 21% specific lysis on the vaccinia-infected and 16% lysis on the normal target. 

~: 2.0 × 107 TDL, or 4.0 × 107 mixed spleen (S) and lymph node (N) cells. 

(12, 13) m e d i a t e d  by  rad ia t ion- res i s tan t  recipient  T cells replaces he lp  in these 
exper iments  has also been considered (4, 5, 14), bu t  an  ident ica l  s i tua t ion  should 
a p p l y  for the [(CBA × B6)F1 ---* B6] T cells s t imula ted  in the  B10.A(4R) recipients.  
T h e  same is t rue for a rgumen t s  tha t  help  funct ions d i rec t ly  between T-cell  subsets 
(14), and  is thus i ndependen t  o f  the  H-2 pheno type  of  the  i r r ad ia t ed  mouse, or  that  
help  associated wi th  I -A k and L A  b is cross-reactive. 

T h e  concept  tha t  suppression operates  in the  case where  (H-2 k × H-2b)Fz T cells 
can respond to vacc in ia  virus associated wi th  H-2D b when p r i m e d  in a B6, bu t  not  in 
a B10.A(4R) recipient ,  m a y  have some va l id i ty  (2). However ,  we have not  been able  
to formal ly  demons t r a t e  such suppression by  mix ing  negat ive ly  selected h igh  re- 
sponder  (B6) T cells wi th  excess low responder  [B I0 × B 10.A(4R)]FI T D L .  A possible 
exp lana t ion  for this fai lure to show suppression is tha t  the  suppressor  T cells are  
restr ic ted by  the H - 2 K  k or I -A k ant igens  on the Fx CTL,  and  thus do not  in teract  with 
the  B6 responder  lymphocytes .  Are  we to consider,  despi te  exper iments  to the  con t ra ry  
for a var ie ty  o f  systems (10, 15, 16), tha t  such suppressors a re  also genera ted  in the 
[(CBA × B6) F1 ~ B6] chimeras? Perhaps  we are  dea l ing  wi th  complex  heirarchies  
of  help  and  suppression,  tha t  vary d e p e n d i n g  on the exper ience o f  T cells dur ing  
physiological  different iat ion.  

T h e  ch imera  and  negat ive  selection exper iments  bo th  a p p r o a c h  the same, b road  
quest ion:  in wha t  way  does the  ma jo r  h i s tocompa t ib i l i t y  complex  de te rmine  pa t te rns  
o f  T-cell  effector function? Concep tua l  p rob lems  arise when we t ry  to reconcile  the  
phenomena ,  and  models,  der ived  from these two approaches .  I t  m a y  be tha t  the 
negat ively  selected T D L  are  a very a typ ica l  popu la t ion .  However ,  though  as m a n y  as 
95% of  t ransferred T cells are  lost in the  fi l ter env i ronment  (whether  syngeneic  or  
al logeneic,  17), we have not  yet  found a d ivergence  ofse l f -H-2-res t r ic ted  responsiveness 
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for negatively selected and normal TDL. Predicted T-cell specificities seem neither to 
be enriched for nor depleted (4, 5, 18). 

The alternative is that the debate concerning the physiological differentiation of T 
ceils in [(A × B)F1 ~ A] radiation chimeras needs to take more account of H-2 
antigens (B) present throughout ontogeny on other than radiation-resistant cells in 
the recipient thymus (A). Specific interaction, even of low affinity, between a 
developing thymocyte and any antigen (A or B) encountered in thymus may lead 
eventually to irreversible tolerization. Contact with the same antigen (A) on a 
stimulator cell (radiation-resistant thymic epithelium) may result in the delivery of a 
signal which prevents tolerance for low, but not for high, affinity binding. Tolerance 
in the case of high affinity for A could reflect the delivery of excess signal at a 
developmental stage before the emergence of T-cell effector function, or operate via 
some form of positive suppression. 

The implication of this model is that the B6 thymocyte which has the potential to 
recognize H-2Kk-vaccinia virus does not encounter H-2K k during the process of 
physiological development in the B6 thymus, and would thus not be deleted as a 
result of low affinity binding to the alloantigen. Thymocytes in the [(CBA × B6)F1 

B6] radiation chimera could, however, interact with the H-2K k alloantigen on 
adjacent F1 thymocytes, but not on radiation-resistant B6 thymic epithelium. The 
existence of a specific hole (19) in the T-cell repertoire of the (H-2 k× bF1 ---* H-2~ 
chimera for H-2Kk-vaccinia virus (compared with the H-2 b parent) offers experimental 
evidence that this deletion model is worth considering. Instances of lack of complete 
restriction to A in [(A × B)Fx --* A] chimeras (20, 21) may reflect that the affinity of 
the particular thymocytes for B is insufficient to result in tolerization. Even so, the 
consequence of the present findings for the (H-2 kx bF1 ~ H-2 b) chimeras is that 
tolerization of the developing thymocytes in the chimera operates at a lower level of 
affinity than that seen for the recruitment of mature B6 T cells in irradiated 
BI0.A(4R) recipients, which results in removal during the filtration procedure. 

S u m m a r y  

Negatively selected H-2KbD b T D L  can be induced to respond strongly to vaccinia 
virus presented in the context of both H-2K k and H-2D b when stimulated in irradiated 
H-2KkD b recipients. Addition of excess (H-2KkD b x H-2KbDb)F1 TDL,  which are 
low responders to H-2Db-vaccinia virus, does not obviously suppress the reactivity 
pattern of the H-2KbD b T cells. However, lymphocytes from chimeras made by 
reconstituting H-2KUD b mice with (H-2KkD k × H-2KbDb)F1 bone marrow cells make 
little, if any, cytotoxic T-cell response to vaccinia virus when sensitized in H-2KkD b 
recipients. We have thus documented one instance where the responder phenotype of 
T ceils from an F1 ---* parent chimera is not equivalent to that associated with the H- 
2 type of the parental thymus. Lymphocytes from both the chimera and the H-2KbD b 
parent (after negative selection) are tolerant to the H-2K k and I-A k alloantigens 
encountered in the recipient, but the chimera T cells are also defective in their 
response to a neoantigen (vaccinia virus) presented in the context of H-2K k which the 
parental T cells invariably recognize. It is thus possible that at least part of the 
phenomenology associated with the Fi ---* parent radiation chimeras reflects deletion 
of repertoire in the context of H-2 antigens present during thymocyte ontogeny on 
other than radiation-resistant thymic epithelium. 
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