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Regulat ion of  the immune  system has been shown (1) to result from complex 
interactions among  subsets of  lymphocytes  and other  cells. Some of  these interactions 
are defined as genetically restricted when the effective interaction requires a certain 
identity among  the cells involved. The  genetic restrictions reflect the specificity of  the 
T lymphocyte 's  receptors and are of  two types: (a) As originally proposed by Jerne,  
idiotype specificities determined by Igh-linked genes direct interactions among  lym- 
phocyte clones, including T lymphocytes.  (b) The  other  set of  restrictions concerns the 
antigens of  the major  histocompatibil i ty complex (MHC),  1 H-2 in the mouse. Ly-1 + 
helper and delayed-type hypersensitivity T cells (DTH) are restricted to react to 
antigen together with gene products of  the I-A or I-A-I-E subregions of  the murine H- 
2 complex, whereas cytolytic T cells are commit ted  to interact with K and D 
specificities. In this study, we analyzed the genetic restrictions controll ing the inter- 
actions of  suppressor T cell subsets. 

Suppressor cell circuits in the regulation of  T cell dependent  antigen-specific D T H  
have been well studied in several murine systems (2-7). In the sequence of  activation 
of  the three major  subsets of  suppressor T cells (Tsl,  Ts2, Ts3), the interaction 
between second-order suppressor cells (Ts2) and third-order suppressor cells (Ts3) has 
been shown to be restricted by genes that map  to the X I I t h  (Igh- 1 linked) and X V I I t h  
(H-2 MHC)  chromosomes (3, 6) of  the mouse. The  structural elements for Igh-1- 
linked restriction appear  to be clonally expressed, idiotypic determinants  present on 
the ant igen-binding cell surface receptors of  first-order suppressor cells (Tsl) and also 
identifiable on soluble suppressor factor produced by Tsl  (TsF1) (5). The  same or 
similar idiotype determinants  are present on the cell surface receptors of  the Ts3 cell 
(7). It has been shown that Ts l  or TsF1 stimulates a populat ion of  anti-idiotypic Ts2 
cells capable of  producing and secreting TsF2. TsF2 binds to and triggers Ts3 cells 
that  express the same kind of  idiotypic determinants  that  are on the TsF1 molecule. 
This idiotypy, therefore, appears to govern certain aspects of  Ts subset interactions. 
On  the other hand,  a l though many  suppressor T cells express I-J determinants,  and 
I-J restrictions have been reported, little is known about  how such a restriction occurs 
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(5-7) in suppressor T cell interactions. Although TsF1 and  TsF2 are known to express 
H-2-encoded determinants  (4-6), it is not clear whether these structures function as 

restriction elements. It is also uncer ta in  whether I-J products present on the Ts l  or 
Ts2 cells play any special role in i m m u n e  regulation. 

In this report, we present evidence that (a) the I-J-coded de terminants  on the 
immuniz ing  cells restrict the specificity of Ts3 cells induced in the course of immu-  
nization with azobenzenearsonate (ABA)-conjugated spleen cells, and  (b) there is a 
requirement  for identi ty between the I-J type of the strains where the Ts2 are 

generated and  the I-J type of cells required for act ivat ing the Ts3 cells for suppression 
to be effective. 

The  significance of these findings will be discussed in terms of the potent ial  role of 

the I-J subregion gene product  in suppressor cell generation. We suggest that I-J gene 
products may provide an analogous function to the I-A, I-A-I-E subregion gene 
product required for ant igen presentat ion in positive i m m u n e  responses (9-11). 

M a t e r i a l s  a n d  M e t h o d s  
Mice. A/J (H-2", Igh-le), A.BY (H-2 b, Igh-U), C57BL/6(H-2 b, Igh-lb), B10.A(5R) (H-2 ~5, 

Igh- lb), and (A.By × A/J)F1 (H-2 a/h, Igh-1 ~) B 10.Br (H-2 k, Igh-1 h) B 10.D2 (H-2 a, igh-1 b) mice 
were oblained from The Jackson Laboratory, Bar Harbor, ME. B10.A(3R) (H-2 ia, Igh-1 h) 
B 10.A(4R) (Igh- lb), and B 10.A(5R) were also obtained from Dr. Martin Doff, Harvard Medical 
School, Boston, MA, and were maintained in our animal facility at the Department of 
Pathology, Harvard Medical School. All strains of mice were used at 8-12 wk of age. 

Antigen Presentation and Immunization. Erythrocyte-free spleen cells were conjugated with ABA 
by incubating with actiwued ABA diazonium salt solution at a final concentration of 10 raM, 
as described previously (9). For immunization, 3 × 107 ABA-coupled spleen cells (ABA-SC) 
were injected subcutaneously into two separate sites on the dorsal flanks of the mice. 

Assay jbr DTH and C)'totoxic T Lympho(ytes (CTL). 5 d after inmmnization, mice were 
challenged by injecting 30 ~1 of 10 mM ABA-diazonium salt solution into the left hind footpad. 
The footpad swelling was measured 24 h later (9). For CTL assay, spleens were aseptically 
removed from mice 6-7 d after immunization. Spleen cells were restimulated in vitro for 5 d 
with irradiated ABA-SC. Culture condition was 7 × 106 responder lymphocytes and 6 X 10 ~ 
stimulator cells in 1 ml RPMI 1640 plus 5% fetal calf serum (FCS), 5 × 10 s M 2-mercapto- 
ethanol in each well of Costar 24-well tissue culture trays. The cells were kept in a humidified, 
5% CO~ atmosphere. Cytolytic activity against ABA-coupled YAC-1 (H-2 a) or EL-4(H-2 b) target 
cells was measured by 4 h '51Cr release assay (10). 

Suppressor Factors. Either TsFI extracted from spleen cells of A/J mice that had been injected 
with 5 × 10 7 ABA-SC 7 d earlier (4) or monoclonal suppressor factor produced by Tsl 
hybridoma of A/J origin, F12 (9), was used to induce TsF2. A total of 108 cell equivalents of 
conventional first-order T cell suppressor factor (TsF 0 or 1 ml of F12 culture supernatant was 
injected intravenously into various strains of mice dailv for 5 d. 2 d after final injection, a 
spleen cell suspension at 5 x l0 s cells/ml in Hanks' balanced salt solution was prepared and 
underwent five cycles of freezing and thawing. Supernatant was collected after spinning at 
12,000 rpm for 90 rain and stored at -20°C up to 2 too. TsF2, thus prepared, are designated by 
the strain of mice that were injected with TsF1 of A/J origin and when the Ts2 were generated. 
For example, TsFz-A.By indicates that the Ts2 cells used to prepare TsF2 were induced in A.By 
mice. A total of 6 × 107 cell equivalents of TsF~ was injected intravenously on days 4 and 5 
after immunization. Because TsF~ requires its administration at the time of immunization to 
express suppressive activity, this protocol enables us to exclude the carry-over effect of 
transferred TsFI. 

Resu l t s  

I Region-disparate ABA-coupled Cells Cannot Prime Mice to Be Suppressed by TsFz We 
have previously shown that TsF2, obta ined from mice given TsF1, mediates suppression 
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by  t r igger ing an id io type-bear ing  an t igen -p r imed  T cell present  in the  i m m u n e  
popula t ion .  This  cell is the Ts3 cell. To  de te rmine  whether  the ac t iva t ion  of  Ts3 cells, 
af ter  immun iza t i on  with ABA-coup led  cells is restr icted,  B10.A, B10.Br, and  
B 10.A(4R) cells were coupled  with  A B A  and  used to p r ime  A / J  mice. Previous studies 
(9) had  ind ica ted  the effectiveness of  H-2-congenic  hap ten -coup led  cells in ABA 
pr iming;  in those studies, I -A region iden t i ty  was found to be necessary for ABA- 
specific T cell sensit ization.  As shown in T a b l e  I, i m m u n i z a t i o n  with ABA-coup led  
B 10.A or B 10.Br causes the ac t iva t ion  of  TDH cells and  Ts3 suppressor  cells tha t  could,  
upon in terac t ion  with  A / J  TsF2, result in signif icant  suppression of  ABA-specif ic  TDH 
activity.  B10.A(4R)-coupled  cells, a l though  capab le  of  s t imula t ing  TDn cells, could  
not induce Ts3 cells capab le  of  suppressing ABA D T H  when A / J  TsF2 was s imul ta-  
neously adminis te red .  Because B 10.A(4R) differ in the IB-D regions and  B 10.Br differ 
in IC-D from A / J ,  we conclude from this exper iment  tha t  I region gene products  in 
the I-B, I-J, or IE regions must  ma tch  be tween the immun iz ing  inoculum for Ts3 
sensi t izat ion and  the TsF2 for effective suppression.  

Selective Suppression by Parental TsFz in F1 Mice Primed with either Parental Cells Coupled 
with ABA. W e  then eva lua ted  the ac t iva t ion  and  t r igger ing signals in two ways, 
namely ,  using ma tch ing  of  the p r iming  cells and  the recipient ,  and  second, by  
eva lua t ing  the H-2-res t r ic ted in terac t ion  of  TsFz with the  p r iming  cells in greater  

detail .  
Because Ts3 is ac t iva ted  du r ing  the course of  immuniza t ion ,  a t t empt s  were made  

to fur ther  documen t  the requ i rement  for restr ic ted ant igen  presenta t ion  in the effective 
generat ion of  Ts3 and  to eva lua te  any special  re la t ionship  between TsF2 and  the 
immuniz ing  cells. (A.By × A/J)F1 mice were i m m u n i z e d  with  e i ther  ABA-coupled  
A / J  cells or ABA-coup led  A.By cells and  injected with  e i ther  TsF2-A/J  or TsF2-A.By, 
and  the subsequent  ABA-specific D T H  and  C T L  responses were assayed. 

As shown in Figs. 1 and  2, suppression was selectively l imi ted  to the H-2 type  of  
l igand-coupled  cells used for p r iming  of  Ts3. Effective suppression was only observed 
when ABA-coup led  cells and  TsF2 had  the same genetic origin. This  suggests that  
the Ts3 cells are selected by  an t igen  and  some H-2 de t e rminan t s  expressed on the 
an t igen-coupled  cells to be p repa red  for t r igger ing by  TsF2. Fur the rmore ,  when 
(A.By × A/J)F1 animals  were immun ized  with  ABA coupled  to (A.By × A/J)F1 cells, 
the ABA-specific D T H  and  C T L  responses were equa l ly  suppressed by  ei ther  TsFz- 

TABLE I 
I Region-disparate ABA-coupled Cells Cannot Prime Mice to Be Suppressed by TSF2 

H-2 formula Footpad swelling Immunization* Treatment:~ K ABJEC SD × 10 -2 mm 

ABA-B10.BR k kkkkk kk - -  21.25 + 3.3 
ABA-B10.BR k kkkkk kk TsF2 5.7 + 1.6 (P< 0.01) 
ABA-B10.A k kkkkd dd - -  26.5 + 1.4 
ABA-B10.A k kkkkd dd TsF2 10.5 + 1.8 (P < 0.01) 
ABA-B10.A (4R) k kbbbb bb 24.25 _ 2.6 
ABA-BI0.A (4R) k kbbbb bb TsF2 19.25 _ 2.8 (NS)§ 

* Groups of A/J mice were immunized with 3 × 10 7 ABA-conjugated B10.BR or 
BI0.A or B10.A (4R) spleen cells. 

:~ 5 d later, some of these mice were injected with an A/J TsF2 prepared from Ts2 
induced by A/J TsFi. (5 × 10  7 cell equivalent) 1 d before challenge. 

§ Not significant. 
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FIG. 1. Selective suppression of ABA-specific DTH in (A.By X A/J)F] mice by parental TsF2. 
(A.By × A/J)Fa mice were immunized subcutaneously on day 0 with either ABA-SC of A.By or 
ABA-SC or A/J. A total of 6 × 107 cell equivalents of either TsFz-A/J (experiment 1) or TsF2-A.By 
(experiment 2) was injected intravenously on days 4 and 5. Challenge with 30 #1 or 10 mM ABA 
was performed on day 5, and 24 h footpad swelling was assessed. 
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FK;. 2. Selective suppression ofABA-specific CTL generation in (A.By × A/J)F1 mice by parental 
TsF~. (A.By x A/J)F, mice were immunized subcutaneously on day 0 with 3 × 10 7 of either ABA- 
SC or A/J  or ABA-SC or A.By. A total of 6 X 10 7 cell equivalents of either TsF2-A/J or TsF2-A.By 
was injected intravenously on days 4 and 5, and spleens were removed on day 7. For 5 d, 7 x 10 6 
cells were incubated with 6 × 10 6 ABA-coupled and irradiated spleen cells of (A.By x A/J)Fa in l 
ml of medium. Cytotoxicity against ~lCr labeled-ABA-coupled YAC-1 (H-2 a) cells and EL-4(H-2 b) 
cells was determined by 4-h release assay. Positive control (O), TsF2-A/J (&), and TsF2-A.By (A). 
The negative control (O) did not receive in vivo immunization but was stimulated in vitro for 5 d 
in the same way as the other groups. 

A.By and TsF2-A/J (data not shown). 
To evaluate the role of I-J in the TsF2, we obtained TsF2 from B10.A(3R) or 

B 10.A(5R) mice. Suppression with TsF2-B 10.A(5R) and TsF2-B 10(3R) was tested by 
the same protocol. TsFz-B10.A(5R) suppressed only the response of (A/J x A.By)Fa 
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TABLE II 

I-J Restriction in Selective Suppression by TsF2 in (A.By × A/J)F1 Hybrid 
Mice 

TsF2 H-2 formula 
induced in* K ABJEC SD 

Percent suppression for :~ 

ABA-A/J ABA-A.By 
primed primed 

BI0.A (3R) b bbbkd dd 3.2 50.2 
B10.A (5R) b bbkkd dd 56.7 12.1 

(A.By × A/J)F1 mice were immunized subcutaneously with 3 × 107 ABA- 
SC of either A/J or A.By on day 0. TsF2 were injected on days 4 and 5 at a 
total dose of 6 × 10  7 equivalents. Challenge with 30 #1 of 100 mM ABA was 
performed on day 5, and 24-h footpad swelling was assessed. 

* TsF2 were induced in B10.A(5R) and B10.A(3R) by 5 daily intravenous 
injections of F12 supernatant at a total of 1 ml. 
Percent suppression is ([positive - TsF2 group]/[positive - negative]) × 100. 

TABLE III 

Immunization with I-J-disparate ABA-coupled Cells Prevents Suppression by TsF2 

H-2 formula TsF2 Footpad swelling 
Immunization* K ABJEC SD treatmentS: × 10 -2 mm§ 

ABA BI0.A (5R) b bbkkd dd - -  26 +-- 3 
ABA B10.A (5R) b bbkkd dd BI0.A (5R) 10.6 + 3.6 (P<  0.01) 
ABA B 10.A (5R) b bbkkd dd B10.A (3R) 20 + 2.3 (P < 0.25) 
ABA-B10.A (3R) b bbbkd dd - -  25 - 2.3 
ABA-B10.A (3R) b bbbkd dd B10.A (3R) 10 - 2.6 (P<  0.018) 
ABA-B10.A (3R) b bbbkd dd B10.A (5R) 21 + 1.3 (P< 0.36) 

Challenge only - -  7.6 + 1.3 

* (C57B1/6 × A/J)F1 (bbbbbbbb × kkkkkddd)F1 mice were immunized subcutaneously with 
3 × 10 7 ABA-SC of either BI0.A (5R) or B10.A (3R) on day 0. 

:~ TsF2 prepared in B10.A (3R) or BI0.A (SR) mice using F12 (see Table II) were injected on 
days 4 and 5 at a total dose of 6 × 107 equivalents. 

§ Challenge was performed using 30 #1 of 100 mM ABA on day 5, and 24 h footpad swelling 
was assessed. 

m i c e  p r i m e d  w i t h  A B A - c o u p l e d  A / J  cells, a n d  TsF2-B 10.A(3R) suppressed  on ly  w h e n  

F1 mice  were  i m m u n i z e d  w i t h  A B A - c o u p l e d  A . B y  cells ( T a b l e  II). T h u s ,  I - J  i den t i t y  

b e t w e e n  the  TsF2 a n d  the  i m m u n i z i n g  cells is r e q u i r e d  for suppress ion.  

T h e  results o f  t he  C T L  assay (Fig. 2) also p r o v i d e  i m p o r t a n t  i n f o r m a t i o n  w i t h  

respect  to the  effect o f  in v ivo  a n t i g e n  p r i m i n g .  T h e  p r i m i n g  w i t h  A B A - c o u p l e d  cells 

was abso lu te ly  specific.  Fo r  e x a m p l e ,  sp leen  cells o f  ( A / J  × A.By)F1 mice  p r i m e d  wi th  

A B A - c o u p l e d  A / J  cells on ly  ki l led A B A - c o u p l e d  Y A C - I ( H - 2  a) t a rge t  cells b u t  no t  

E L - 4 ( H - 2  b) t a rge t  cells. F u r t h e r m o r e ,  we also s h o w e d  tha t  ABA-spec i f i c  p ro l i f e ra t ive  

responses in the  F1 h y b r i d  cou ld  be  se lec t ive ly  a c t i v a t e d  in a hap lo type - spec i f i c  

m a n n e r  us ing  the  s a m e  p ro toco l  as desc r ibed  here  (da ta  no t  shown) .  T h e s e  d a t a  

s t rongly  suggest  t ha t  no  r ep re sen t a t i on  o f  an t igens  o c c u r r e d  for a c t i v a t i o n  o f  e i the r  

C T L  effector  cells, T p ro l i f e ra t ive  cells, a n d  Ts3  cells. Co l l ec t ive ly ,  these  resul ts  

i nd ica t e  t ha t  the re  is a necessi ty for I -J  m a t c h i n g  b e t w e e n  the  TsF2 a n d  the  A B A -  

coup l ed  cells used to i n d u c e d  Ts3 for suppress ion  to occur .  

Mapping of the Inductive and Triggering Signals for Ts3 Functions. T o  es tabl ish  the  I 

reg ion  res t r ic t ions  for the  a c t i v a t i o n  o f  Ts3  cells, t he  fo l lowing  e x p e r i m e n t s  were  done .  

( C 5 7 B L / 6  × A / J ) F 1  m i c e  were  p r i m e d  w i t h  A B A - c o u p l e d  B10 .A(3R)  or  B10 .A(5R)  
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T A B L E  I V  

Suppression of Cytotoxicity Is l - j  Restricted 

Percent 
specific 
release 

Immunization* [t-2 formula TsF2 11 : 1 Lytic 
K ABJEC SD t reammnt~:  effector-to- units ]] 

target 
ratio§ 

ABA-B10.A (3R) b bbbkd dd 18 3.5 
ABA-BI0.A (5R) b bbkkd dd --  18 3.6 
ABA-BI0.A (3R) b bbbkd dd B10.A (3R) 0 0.0 
ABA-BI0.A(3R) b bbbkd dd BI0.A (5R) 13 2.5 
ABA-B10.A(SR) b bbkkd dd BI0.A (3R) 15 3.1 
ABA-BI0.A (5R) b bbkkd dd BI0.A (SR) 2 0.4 

- -  - -  - -  1 0.2 

* Immunization as in Table III. 
~: TsF2 was prepared and used in the same manner as Table III. 
§ 7 × 10 6 B6AFI responders were cultured for 5 d with 6 × 106 A.By irradiated 

stimulators in 2 ml RPMI with 1% FCS. Effectors were harvested and tested for 
ability to lyse 5~Cr-labeled A.By Con A blast target cells in standard 4 h SlCr release 
assay. 

II Lytic unit is defined as the number of spleen cells required to give 50% specific 
release from 104 target cells in 4 h. 

cells. This strain combina t ion  permits us to evaluate the role of I-J, while it minimizes 
any significant allogeneic effects and  permits the necessary I-A region identi ty for 
ABA priming.  Groups of these mice received TsF2 induced in either B10.A(3R) or 
B10.A(5R) mice. The  mice were evaluated for ABA-specific responses on day 5. The  
data  shown in Tables III and  IV demonstrate  the requirement  for I-J ma tch ing  of the 
hapten-coupled cells used to prime mice for Ts3 and  the TsF2 necessary to trigger 
these cells to manifest suppression. 

D i scuss ion  

The  major  f inding in this report is the genetic restriction of Ts3 act ivat ion and  
function, illustrated by the special relationship between the TsF2 molecule and  the 
ABA-conjugated cells required to activate Ts3. To  activate Ts3 cells that,  in the ABA 
system, appear  to be the final effector suppressor cells, two events are required. First, 

the Ts3 must be induced by appropriately presented l igand at the t ime of pr iming,  
and, second, TsFz or a similar signal must  trigger the pr imed cell. The  Ts3 cells 
induced appear  to require l igand presented by cells that  are I-J identical to the TsF2 
subsequently used for complete suppression to occur. Thus,  1-J gene products may be 
critical for the induct ion and  triggering of Ts3 cells, and  this might  indicate that I-J 
gene products play a critical role as a restriction element in the suppressor pathway.  

In the ABA system, two clusters of genes are impor tant  in the suppression. The  Igh- 
1-1inked set of genes encode idiotype-like structures that govern certain levels of 
interaction between members of this pathway.  Ts l  cells induced by l igand in certain 
strains, e.g., A/J ,  express idiotype-like structures and  elaborate idiotype and  I-J- 
bearing molecules, termed TsF1. This TsF1, in the absence of further ant igen,  can 
induce anti- idiotypic Ts2 cells in any recipient strain. Ts2 cells or TsF2 derived from 

these cells must, however, interact with an t igen-pr imed idiotype-bearing Ts3 cells for 
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suppression to occur. Furthermore, we have also shown that the anti-idiotypic Ts2 
and its idiotype target must be H-2 identical. Specifically, this is illustrated by our 
observation that, when A / J  TsF1 is used to induce Ts2 in A.By (H-2 b, Igh-1 e) or 
C57B1/6 (H-2 b, Igh- lb), the Ts2 can be shown to be active only in A.By (H-2 b, Igh-1 b) 
and do not function in A / J  or C57B1/6. C57B1/6, although H-2 identical to A.By, 
does not express cross-reactive idiotype. In this study, attention to the rules of 
matching between the TsF2 and Ts3 cells at the H-2 and Igh-1 region has permitted 
us to identify the role of I-J-coded determinants in these interactions. 

To account for the requirement of I-J identity between the TsF2 and the cells used 
to induce Ts3, we propose that the Ts3 cells, in addition to ligand, recognize an I-J 
determinant on certain hapten-coupled cells. This I-J structure is apparently the same 
that is recognized on the anti-idiotypic I-J-bearing TsFz molecule. Thus, the Ts3 cell 
behaves as an analogue of the murine Ly-1 + T cell subset described by Schwartz and 
Paul (11) and others, which recognize I-A, I-A-I-E gene products and antigen on the 
surface of specialized antigen-presenting cells. If  this is the case, I-J gene products are 
restriction elements for Ts3 activation. 

This interpretation is supported by the results from the experiments described 
herein, in which the (C57B1/6 × A/J)F1 immunized with either B10.A(3R) or 
B10.A(5R) cells coupled to antigen failed to be suppressed by the TsF2 induced in the 
I-J-disparate strain. In other words, Ts3 are activated by certain I-J gene products on 
the immunizing cells in addition to the haptenic determinant. These determinants 
must be identical with I region gene products of the host in which Ts2 is induced. 
However, we have not yet obtained structural evidence that the H-2 product on the 
immunizing cell is the I-J antigen. These experiments are currently in progress using 
monoclonal anti-I-J antibodies. 

Involvement of molecules encoded by the I-J subregion in immunological suppres- 
sion have been considered for several years. Indeed, I-J restrictions were initially 
reported in the elegant studies of Tada  and colleagues (12). In addition, most of the 
Ts and their soluble mediator molecules bear I-J-coded antigens. Certain I-J region- 
encoded antigens have also been shown to be present on some other nonsuppressor 
subsets of cells (13-17). Functional associations of I-J subregion and suppression were 
also recently reported for the phenomena in which allogeneic interactions across I-J 
subregion differences results in the suppression (18-19). These studies indicated that 
anti-I-J-I-J interactions could trigger Ts 1 or Ts2 cells (20). More recently, I-J-specific 
(i.e., anti-I-J) allogeneic effect factor has been shown to provide the activation signal 
for a certain subset of Ts (21). As presented here, the function of TsFz is also restricted 
to the I-J subregion. In this regard, similar I region restrictions have also been reported 
for suppression induced by Ts cells in the nitrophenyl system (22). In other antigen 
systems, I-C (23) and I-J (24, 25) regions have all been shown to individually 
determine restrictions. 

It is generally considered that antigens must be presented on antigen-presenting 
(APC) cells to stimulate immune reactivity effectively. APC activity seems to require 
expression of I region-associated (Ia) antigen and ligand. In some experimental 
systems, spleen cells chemically coupled with haptenic determinants are also effective 
as APC. The evidence for the requirement of Ia, or more precisely I-A subregion- 
encoded antigens in the ABA system for effective presentation has been accumulated; 
ABA-coupled spleen cells that shared I-A subregion with the responding animal were 
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effective in the immunization for ABA-specific D T H  (9), and the immunization was 
inhibited by the administration of anti-I-A antibodies into the animal (26). Treatment  
of APC with monoclonal anti-I-A antibody and complement completely prevents in 
vitro ABA-specific CTL activity (A. Tominaga  and M. I. Greene, manuscript in 
preparation). Abrogation of immunity by anti-I-A antibodies has also been recently 
shown in several other antigen systems (28, 29). Moreover, monoclonal anti-I-A 
antibodies coupled with ABA induced unresponsiveness rather than inducing D T H  
(27). Thus, activational signals associated with I-A molecules are required for the 
induction of immunity, and the lack of these signals seems to lead to unresponsiveness 
(27-29). 

Antigen presentation for activation of Ts, on the other hand, has not been previously 
considered. It has been simply assumed that the antigens that escaped trapping, 
processing, and presentation by the reticuloendothelial system (RES) directly bound 
to and activated Ts. This is based on several observations (30) that the form and 
route of administration of antigen that led to limited handling by the RES, i.e., such 
as intravenous administration of cell-bound antigens, etc., were effective inducers of 
tolerance and suppression. Such Ts were, however, always evaluated in animals or 
systems that had been primed with antigen. Because the Ts3 activation and subse- 
quent interaction with TsF2 molecules appear  to be a major site of I-J restriction, it 
is not surprising that I-J presentation was not formally identified in these aforemen- 
tioned studies. Results presented in this report suggest, however, the existence of I-J- 
related antigen presentation for the activation of at least a certain subset of Ts (Ts3). 
This presentation appears to be an analogous counterpart of I-A- or I-A-I-E-related 
antigen presentation necessary for helper or D T H  immune responses. However, in 
some unexplained manner, the contribution of I-J-positive APC may also be relevant 
for certain positive immune responses (16). Indeed I-J + APC cells may quantitatively 
and qualitatively govern many aspects of the immune response. 

S u m m a r y  

The genetic restrictions of the activation of third-order suppressor cells (Ts3) were 
studied in mice, using two different types of anti-azobenzenearsonate (ABA)-immune 
responses, namely delayed-type hypersensitivity (DTH) and cytotoxic T lymphocyte 
(CTL) generation. Ts2 cells were induced in several different strains of mice by 
injecting monoclonal T hybridoma molecules or first-order suppressor factors (TsF1) 
originating in A / J  (H-2 a, Igh-1 ~) mice and then testing the TsF2 molecules derived 
from these Ts2 in A / J  and A.By (H-2 b, Igh-1 e) or (A/J X A.By)F1 (H-2 a/b, Igh-1 e) and 
(C57B1/6 X A/J)F1 (H-2 b/a, Igh-1 b/e) mice. It was shown that the activity of TsF2 was 
restricted to the I-J of the strain in which Ts2 was induced. By genetic analysis, 
restriction was shown to be due to the requirement of H-2 identity between ABA- 
coupled cells used for Ts3 activation and the strain of the TsFz origin. Moreover, by 
using H-2-congenic ABA-coupled cells, we were also able to precisely map and 
demonstrate that ABA-coupled cells I-J identical to TsF2 induced in various strains 
were necessary for effective suppression to occur. This selective activation of Ts3 
suggested the existence of I-J-related antigen presentation for suppression as the 
counterpart of I-A or I-A-I-E-restricted antigen presentation for positive immune 
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responses. 

Received for publication 24 May 1982. 

R e f e r e n c e s  

1. Katz, D. H., and B. Benacerraf 1975. The function and interrelationship o fT  cell receptors, 
Ir genes and other histocompatibility gene products. Transplant. Rev. 22:175. 

2. Sy, M.-S., S. D. Miller, J. W. Moorhead, and H. N. Claman. 1979. Active suppression of 
1-fluoro-2-4-dinitro-benzene-immune T cells. Requirement of an auxiliary T cell induced 
by antigen.,]. Exp. Med. 149:1197. 

3. Sunday, M. E., B. Benacerraf, and M. E. Doff. 1981. Hapten-specific T cell responses to 
4-hydroxy-3-nitrophenyl acetyl. VIII. Suppressor cell pathways in cutaneous sensitivity 
responses.J. Exp. Med. 153:811. 

4. Sy, M.-S., M. H. Dietz, R. N. Germain, B. Benacerraf, and M. I. Greene. 1980. Antigen- 
and receptor-driven regulatory mechanisms. IV. Idiotype-bearing I-J + suppressor T cell 
factors induce second-order suppressor cells which express anti-idiotype receptors. J. Exp. 
Med. 151:1183. 

5. Dietz, M. H., M.-S. Sy, B. Benacerraf, A. Nisonoff, M. I. Greene, and R. N. Germain. 
1981. Antigen- and receptor-driven regulatory mechanisms. VII. H-2-restricted anti-idi- 
otypic suppressor factor from efferent suppressor T cells.J. Exp. Med. 153:450. 

6. Sy, M.-S., A. Nisonoff, R. N. Germain, B. Benacerraf, and M. I. Greene. 1981. Antigen- 
and receptor-driven regulatory mechanisms. VIII. Suppression of idiotype-negative 
p-azobenzenearsonate-specific T cells results from the interaction of anti-idiotypic second- 
order T suppressor cell with a cross-reactive-idiotype-positive, p-azobenzenearsonate-primed 
T cell target.J. Exp. Med. 153:1415. 

7. Whitaker, R. B., J. T. Nepom, M.-S. Sy, M. Takaoki, C. F. Gramm, I. Fox, R. N. Germain, 
M. J. Nelles, M. I. Greene, and B. Benacerraf. 1981. Suppressor factor from a T cell hybrid 
inhibits delayed-type hypersensitivity response to azobenzenearsonate. Proc. NatL Acad. Sci. 
U. S. A. 78:6441. 

8. Takaoki, M., M.-S. Sy, B. Whitaker, J. Nepom, R. Finberg, R. N. Germain, A. Nisonoff, 
B. Benacerraf, and M. I. Greene. 1982. Biological activity of an idiotype-bearing suppressor 
T cell factor produced by a long-term T cell hybridoma.J.  Immunol. 128:49. 

9. Bach, B. A., L. Sherman, B. Benacerraf, and M. I. Greene. 1978. Mechanisms of regulation 
of cell-mediated immunity. II. Induction and suppression of delayed-type hypersensitivity 
to azobenzenearsonate coupled syngeneic cells. J. Immunol. 121:1460. 

10. Greene, M. I., S. Ratnofsky, M. Takaoki, M.-S. Sy, S. Burakoff, and R. W. Finberg. 1982. 
Antigen-specific suppression of cytotoxic T cell responses: an idiotype-bearing factor 
regulates the cytotoxic T cell response to azobenzenearsonate-coupled cells. J. Immunol. 
128:1188. 

11. Yano, A., R. H. Schwartz, and W. E. Paul. 1977. Antigen presentation in the murine T 
lymphocyte proliferative response. I. Requirement for genetic identity at the major histo- 
compatibility complex.J. Exp. Med. 146:828. 

12. Tada, T., M. Taniguchi, and C. S. David. 1976. Properties of the antigen-specific 
suppressive T-cell factor in the regulation of antibody response of the mouse. IV. Special 
subregion assignment of the gene(s) that codes for the suppressive T-cell factor in the H-2 
histocompatibility complex.J. Exp. Med. 144:713. 

13. Tada, T., T. Takemori, K. Okumura, M. Nonaka, and T. Tokuhisa. 1978. Two distinct 
types of helper T cells involved in the secondary antibody response: independent and 
synergistic effects of I-A- and Ia + helper T cells.J. E~p. Med. 147:446. 

14. Swierkosz, J. E., P. Marrack, and J. W. Kappler. 1979. Functional analysis of T cell 
expressing Ia antigens. I. Demonstration of helper T cell heterogeneity. J. Exp. Med. 



1334 I-J-RELATED ANTIGEN PRESENTATION FOR SUPPRESSION 

150:1293. 
15. Meruelo, D., N. Flieger, D. Smith, and H. O. McDevitt. 1980. In vivo or in vitro treatments 

with anti-I-J alloantisera abolish immunity to AKR leukemia. Proc. Natl. Acad. Sci. L( S. A. 
77:2178. 

16. Niederhuber, J. E., and P. Allen. 1980. Role of/-region gene products in macrophage 
induction of an antibody response. II. Restriction at the level of T cell in recognition of/-  

J-subregion macrophage determinants. J. Exp. Med. 151:1103. 
17. Gershon, R. K., D. D. Eardley, S. Durum, D. R. Green, F.-W. Shen, K. Yarnauchi, H. 

Cantor, and D. B. Murphy. 1981. Contrasuppression. A novel immunoregulatory activity. 
J. Exp. Med. 153:1533. 

18. Zinkernagel, R. M. 1980. Activation of suppression of bactericidal activity of macrophages 
during a graft-versus-host reaction against I-A and I-J region difference, respectively. 
Immunogenetics. 10:383. 

19. Czitrom, A. A., G. H. Sunshine, and N. A. Mitchison. 1980. Suppression of the proliferative 
response to H-2D by I-J subregion gene products, hnmunogenetics. 11:97. 

20. Bromberg, J. S., A. Tominaga, M. Takaoki, and M. I. Greene. 1982. The I-J subregion and 
suppressor signals. Survey hnmunol. Res. 1:67. 

2 i. Bromberg, J. S., B. Benacerraf, and M. I. Greene. 1981. Mechanisms of regulation of cell- 
mediated immunity. VII. Suppressor T cells induced by suboptimal doses of antigen plus 
an I-J-specific allogeneic effect.J. Exp. Med. 153:437. 

22. Minami, M., N. Honji, and M. E. Dorf. 1982. Mechanisms responsible for the induction of 
I-J restriction in Ts3 suppressor cells.J. Exp. Med. 156:1502. 

23. Rich, S. S., and R. R. Rich. 1976. Regulatory mechanisms in cell-mediated immune 
responses. III. I-region control of suppressor cell interaction with responder cells in mixed 
lymphocyte reactions.J. Exp. Med. 143:672. 

24. Taniguchi, M., T. Tada, and T. Tokuhisa, 1976. Properties of the antigen-specific sup- 
pressive T cell factor in the regulation of antibody response of the mouse. IV. Dual-gene 
control of the T cell-mediated suppression of the antibody response. J. Exp. Med. 144:20. 

25. Green, E. F., and D. G. Colley. 1981. Modulation of schistosoma mansoni egg-induced 
granuloma formation: I-J restriction of T cell mediated suppression in a chronic parasitic 
infection. Proc. Natl. Acad. Sci. ~ S. A. 78:1152. 

26. Perry, L. L., M. E. Dorf, B. A. Bach, B. Benacerraf, and M. I. Greene. 1980. Mechanisms 
of regulation of cell mediated immunity. VIII. Anti-I-A alloantisera interferes with induc- 
tion and expression ofT cell-mediated immunity to cell bound antigen in vivo. Chn. Immunol. 
Iramunopathol. 15:279. 

27. Bromberg, J. S., j .  T. Nepom, B. Benacerraf, and M. I. Greene. 1982. Hapten-coupled 
monoclonal antibodies provide a first signal for the induction of suppression. J. Immunol. 
128:834. 

28. Sprent, J. E., E. A. Lerner, J. Browce, and F. W. Symington. 1981. Inhibition of T cell 
activation in vivo with mixtures of monoclonal antibodies for I-A and I-A/E molecules. J. 
Exp. Med. 153:188. 

29. Rosenbaum, J. T., N. E. Adelman, and H. O. McDevitt. 1981. In vivo effects of antibodies 
to immune response gene products. I. Haplotype-specific suppression of humoral immune 
responses with a monoclonal anti-I-A.J. Exp. Med. 154:1694. 

30. Battisto, J. R., and B. R. Bloom. 1966. Dual immunological unresponsiveness induced by 
cell membrane-coupled hapten or antigen. Nature (Lond.). 212:156. 


