
GEN ETIC  R E G U L A T I O N  OF THE ANTIBODY RESPONSE TO 

H - 2 D  b A L L O A N T I G E N S  IN MICE 

III. Inh ib i t ion  of the  IgG Response to Noncongenic  Cells by 

P r e i m m u n i z a t i o n  w i th  Congenic  Cells* 

BY DOROTHEE WERNET,$ HOLLY SHAFRAN, AND FRANK LILLY 

(From the Department of  Genetics, Albert Einstein College o f  Medicine, Bronx, New York 10461) 

Several genetic systems have been reported that  regulate the antibody re- 
sponse to H - 2 D  ~ alloantigens in mice (1-5). Some of the described genes are 
linked to H-2  (2, 3) whereas other genes are located outside the H-2  complex (1, 
4, 5). 

A detailed investigation of the immunological phenomena that  are regulated 
by one of the genetic systems located outside H-2  has shown that some mice of 
the C57BL/10 series respond with only IgM alloantibodies to congenic immuni- 
zations with H - 2 D  b different cells (4-6). Most experiments have been performed 
with B10.A(5R) mice (5R) 1 immunized with C57BL/10 (B10) spleen cells. Even 
repeated injections with B10 cells yield only IgM antibodies. On the other hand, 
immunization with A.BY spleen cells, which carry other foreign cell surface 
antigens in addition to H - 2 D  b, leads to antibody production of the IgG type (4). 

The experiments performed here were designed to investigate the effect of 
preimmunization with B10 cells on the response to subsequent immunization 
with A.BY cells. The results indicate that preimmunization with congenic cells 
can lead to inhibition of the normally occurring IgG response to noncongenic 
cells. 

Mater ia l s  and  Methods  
Mice and Immunizations.  All animals  used in the experiments reported here were from our 

own colonies of inbred mouse strains.  B10.A(5R) mice (2-6-mo-old) were immunized with normal 
spleen cells of s t ra ins  B10, A.BY, and A. TheH-2 haplotypes of these s t ra ins  are shown in Table I. 
5R belongs to the series of congenic s t ra ins  of C57BL/10 origin (7); i ts  H-2 haplotype (H-2 "~) (8) is 
derived from a crossover between H-2 ~ and H-2 ° occurring between I-B and I-C (9). B10 and A.BY 
mice both carry the H-2D ° haplotype, B10 on the same background as 5R, A.BY carrying the  extra  
H-2 genome of the  unre la ted  s t ra in  A. Since 5R and B10 are congenic s t ra ins  which differ a t  only 
par t  of the H-2 complex, immunizat ions of 5R mice with B10 cells are directed solely against  gene 
products governed by the I-C °, S b, or D ° regions of the H-2 complex. Immunizat ions  with A.BY 
cells are directed agains t  the same products and, in addition, against  non-H-2 cell surface 
antigens,  whereas immunizat ions with cells of s t ra in  A are directed agains t  H-2K k, I-A k, and / -B  ~" 
plus cell surface ant igens  coded for by genes outside H-2. 

* This work has  been supported by contract NO1 CB 043934 from the National  Cancer Inst i tute .  
$ Supported in par t  by grant  We 593/4 of the  Deutsche Forschungsgemeinschaft .  

Abbreviations used in this paper: B10, C57BL/10; 5R, B10.A(5R); 2-Me, 2-mercaptoethanol. 
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TABLE I 
H-2 Haplotype  o f  A l l  Mouse  S t r a i n s  Used 
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H-2 Complex Non-H-2 

Haplotype K I-A I-B I-C S D background 

Responding s t ra in  
B10.A(SR) H-2 ~ b b b I d d d C57BL/10 

Immuniz ing cells 
B10 H-2 b b b b b b b C57BL/10 
A.BY H-2 b b b b b b b A 
A H-2 ~ k k k [ d d d A 

Target  cells in cytotoxic- 
ity tests  

B10.HTG H-2 ° d d d d d I b C57BL/10 
B10.BR H-2 k k k k k k k C57BL/10 

Vertical bars  indicate site of crossover. 

5R mice received a first inoculation of 0.5 × 106 normal  spleen cells injected subcutaneously; 2 
wk la ter  5 × 10 ~ cells were injected intraperi toneally,  and the immunizat ion was continued with 
biweekly in t raper i toneal  injections of 10 × 10 ~ cells. In consecutive immunizat ions  with cells from 
different s trains,  5R mice were first  injected with B10 or A.BY cells, and then  at  various intervals  
a new immunizat ion was begun wi th  e i ther  A.BY or A, s ta r t ing  again  with 0.5 × 10 ~ cells injected 
subcutaneously. 

The immunized mice were bled from the  retroorbital  plexus 7 days after  the fourth and fifth 
injection of the final immunizat ion and were exsanguinated by hear t  puncture  after the  sixth 
immunizat ion.  

All ant isera  were stored at  -70°C unti l  tested. As ta rge t  cells in the  complement-mediated 
cytotoxicity test  lymph node cells from s t ra in  B10.HTG were used to tes t  for anti-H-2D b antibodies 
and lymph node cells from B10.BR mice were chosen to test  for antibodies againstH-2K A (Table I). 

Complement-Mediated Cytotoxicity Test. The complement-mediated cytotoxicity test  for anti-  
body activity was performed on ~lCr-labeled lymph node cells as previously described (4) with the 
following modification to allow for greater  sensi t ivi ty and the use of 2-mercaptoethanol (2-Me) to 
tes t  for 2-Me-sensitive and 2-Me-resistant antibodies. Instead of a one-step cytotoxicity assay with 
an incubation t ime of 1 h at  room temperature,  a two-step test  was used in which the labeled target  
cells were incubated with an t i se rum in the  cold, centrifuged, and then  incubated at  37°C wi th  
guinea  pig complement.  Disulfide bond reduction of the H-2 antibodies with  2-Me was carried out 
by incubat ing equal  volumes of serum and 0.1 M 2-Me for 30 min at  37°C as described by Klein et 
al. (10), assuming t h a t  2-Me-sensitive antibodies are of IgM type whereas 2-Me-resistant antibod- 
ies are of IgG type. 

Resu l t s  
We have previously described tha t  B10.A(5R) mice produce only a n t i - H - 2 D  b 

antibodies of IgM type (2-Me-sensitive) when immunized with congenic B10 cells 
(4, 6). On the other hand they are capable of mounting an a n t i - H - 2 D  b IgG 
response if the antigen is presented on a cell that  carries other foreign cell 
surface antigens in addition to H - 2 D  b as is the case with A.BY cells (Fig. 1). 

We have now investigated the effect of preimmunization of 5R mice with B10 
cells on the IgG response to a subsequent immunization with A.BY cells. 5R 
mice were injected once or twice with B10 cells or with A.BY cells as a control. 
Then a new immunization was started with 0.5 × 106 A.BY cells given subcuta- 
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FIG. 1. An t i body  levels  as  m e a s u r e d  by a c o m p l e m e n t - m e d i a t e d  slCr r e l ease  cytotoxici ty 
assay .  T i t r a t ion  on B10 .HTG t a r g e t  cells of  se ra  collected 7 days  a f te r  t he  s ix th  inject ion of 
5R mice  wi th  A .BY ( m - - m ,  [3- - -[:]) or  B10 ( 0 - - 0 ,  ©-  - -©)  n o r m a l  sp leen  cells. S t r a i g h t  
l ines:  s e r a  no t  t r ea t ed  wi th  2-Me. Dot ted l ines:  s e r a  aider 2-Me t r e a t m e n t .  

neously. The results are shown in Fig. 2. When the second immunization with 
A.BY cells was begun 7 days after one injection of B10 cells, the anti-A.BY 
response was of IgG type (panel A). No influence of the B10 injection on the anti- 
A.BY response could be seen. On the other hand if the subsequent immunization 
with A.BY cells was given after 5R mice had received two injections of B10 cells, 
the mice were unable to mount an IgG response t o H - 2 D  b on A.BY; even after six 
injections with A.BY cells only IgM antibodies could be detected (panel C). 
Identical results were obtained if 5R mice were first injected with B10 cells three 
times. 

Two controls were performed: Immunization with A.BY cells was begun 21 
days after one injection of B10 cells to test whether the time after the first 
injection was critical (7 days after the second injection corresponds to 21 days 
after the first injection) or if the second injection with B10 cells was responsible 
for the failure to mount an IgG response to the immunization with A.BY cells. 
As shown in panel B of Fig. 2, the critical factor is not the time after the first 
injection but the second injection with B10 cells. 

Panel D illustrates a control in which a second immunization with A.BY cells 
was started after two injections with A.BY cells. No effect on the IgG response is 
seen. 

To test whether the inhibition of the IgG response was specific for H - 2 D  ~ and 
did not apply to another H-2 antigen, 5R mice were injected twice with B10 cells 
and 7 days later an immunization with spleen cells of strain A was started. As 
can be seen in Fig. 3, 5R mice did produce IgG antibodies to H - 2 K  ~ when 
immunized with A cells indicating that  failure to produce IgG antibodies to H- 
2 D  b after previous injections with B10 cells is specific for the H - 2 D  b antigen 
carried on the congenic B10 cell. 
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FIG. 2. Antibody levels as measured  by  a complement -media ted  ~lCr re lease  cytotoxic i ty  
assay. Titrat ion on B10.HTG target  ce l l s  of sera  col lected 7 days  after the  fifth and s ix th  
injection of 5R mice  with A.BY normal  sp leen  cells .  Stra ight  l ines: sera  not treated with 2- 
Me. Dotted l ines: sera  after 2-Me treatment.  (A) 5R anti-B10 1-7 anti-A.BY: 7 days  after a 
first injection with B10 cells an immunization with A.BY cells was begun. (B) 5R anti-B10 
1-21 anti-A.BY: 21 days  after a first injection with B10 cells an immunization with A.BY 
cel ls  was begun. (C) 5R anti-B10 2-7 anti-A.BY: 7 days  after the  second injection with B10 
ce l l s  an i m m u n i z a t i o n  with A.BY cells was begun. (D) 5R anti-A.BY 2-7 anti-A.BY: 7 days  
after the  second injection with A.BY cel ls  another  i m m u n i z a t i o n  with A.BY cells was 
begun. 
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D i s c u s s i o n  
In previous publications we have described that B10.A(5R) mice secrete only 

IgM type antibodies to H - 2 D  b if immunized with congenic B10 cells, whereas 
they are capable of mounting an IgG response to the same antigen if this antigen 
is presented on cells that carry additional foreign cell surface antigens, e.g. EL4 
leukemia cells, or A.BY or BALB.B spleen cells (4, 6, 11). 

The experiments reported here indicate that preimmunization of 5R mice with 
congenic B10 cells leads to failure to produce IgG antibodies in a subsequent 
immunization with A.BY cells, but does so only if5R mice are injected with B10 
cells twice. One injection of B10 cells does not have any effect. The lack of IgG 
response was shown to be specific for H - 2 D  b since it did not apply to a subse- 
quent immunization against H - 2 K  k. 

It has been described by Klein et al. (10) that one injection with H - 2  different 
cells leads to a thymus-independent alloantibody response of IgM type only. 
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FIG. 3. Antibody levels as measured by a complement-mediated ~Cr release cytotoxicity 
assay. 5R anti-B10 2-7 anti-A: 5R mice were first injected with B10 cells two times, 7 days 
after the second injection with B10 cells an immunization with normal spleen cells from 
strain A was begun. Titration on B10.BR target  cells of sera collected 7 days after the fifth 
and sixth immunization. Straight lines: sera not treated with 2-Me. Dotted lines: sera aider 
2-Me treatment.  

After a second injection a thymus-dependent IgG response can be detected that  
is abolished if the mice have been thymectomized, irradiated, and reconstituted 
with bone marrow cells (T-cell deficient "B" mice). 

These results are in agreement with our findings that  upon preimmunization 
with B10 cells one injection of congenic cells does not have any effect on the IgG 
response to A.BY cells, whereas after two injections of B10 cells the subsequent 
IgG response is abolished. It would seem that the first encounter with H - 2  

different cells activates only IgM producing B cells and has no effect on thymus- 
derived lymphocytes; the second injection is necessary to involve the T cells that  
are responsible for the switch from IgM to IgG, and at this second injection, 5R 
mice display a defective response to B10 cells. 

Applying Klein's data (which have been confirmed in part  in our laboratory, 
D. Wernet, unpublished observation) to our experiments, it seems that 
B10.A(5R) mice behave like "B" mice in an H - 2 D  b congenic immunization, 
displaying a defect in T-cell function that renders them unable to mount a 
thymus-dependent IgG response under those circumstances. The fact that  they 
can produce IgG antibodies if the same antigen is presented on a cell which 
carries additional foreign cell surface antigens has led to the following hypothe- 
sis (4): For 5R mice, H - 2 D  b alloantigens presented on a congenic background 
without additional foreign cell surface antigens are analogous to a "hapten" on a 
carrier that  has no activating capacity for the helper T cells (a nonimmunogenic 
carrier). This "hapten" elicits a thymus-independent IgM response only, as has 
been demonstrated in other systems with autologous red blood cells as nonim- 
munogenic carriers (12, 13). For lack of activation of the helper T cells by the 
nonimmunogenic carrier the switch from the initial IgM antibody production to 
the secondary IgG response does not occur (14). Additional foreign cell surface 
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antigens convert the nonimmunogenic carrier into an immunogenic carrier that 
induces activation of T-cell help to elicit an IgG response. Helper activity by 
additional histocempatibility antigens in respect to another T-cell function (cell- 
mediated immunity) has been reported by DiMarco et al. (15). 

The data reported here indicate that the failure to produce IgG antibodies may 
not be the result of simple lack of T-cell helper function but may involve 
tolerance or suppression at the T- or B-cell level. Lack of T-cell help for instance 
may lead to B-cell tolerance to the specific antigen so that the B-cells are unable 
to respond to the specific T-cell signal that is later provided by immunization 
with A.BY cells. B-cell tolerance has been described by Hamilton et al. (16) in a 
hapten carrier system with syngeneic erythrocytes. 

At this moment we favor another possible model: Immunization of 5R mice 
with B10 cells elicits only on IgM response because of lack of carrier-dependent 
T-cell help. Instead ofT-cell help, suppressor T cells are activated that act either 
directly on B cells (17), rendering them tolerant to subsequent helper T-cell 
signals, or suppressor T cells act on helper T cells (18) suppressing the IgG 
response that would otherwise be initiated. Suppression of the IgG response by 
suppressor T cells has been described in different systems (19, 20). This model 
implies different sets of T cells for helper function and suppressor function, a 
likely notion since Feldmann et al. have shown different Ly antigen phenotypes 
of helper and suppressor T cells induced in vitro (21). 

With slight variation this model would also be consistent with the possibility 
that in normal immunized mice there are helper T cells and suppressor T cells 
present at the same time interacting with each other. The assumption would be 
that once the controlling factor of the helper T cell is lacking, the suppressor T 
cells become dominant over any T-cell help that might normally be induced by a 
second immunization with different cells. 

At this moment there is no experimental evidence as to which model may be 
correct in the B10.A(5R) anti-B10 immunization. The lack of helper T-cell 
activation in H-2-cengenic immunizations may be a fairly common phenomenon 
in inbred strains of mice (3) and may also apply to the antibody response to other 
cell surface antigens (22) and to tumor specific antigens on syngeneic tumor cells 
in which case activation of B-cell tolerance or T-cell-mediated suppression may 
strongly influence the outcome of tumor growth. 

S u m m a r y  

When B10.A(5R) mice (H-2 i5) are immunized with spleen cells from congenic 
B10 mice (H-2b), they respond to alloantigens of the H-2D b region by producing 
antibodies of only IgM type. In contrast, they produce both IgM and IgG 
antibodies when immunized with A.BY cells (H-2 ~) that carry other foreign cell 
surface antigens (non-H-2) in addition to H-2D ~. Preimmunization of 5R mice 
with two injections of congenic cells leads to an H-2D ~ specific inhibition of the 
IgG response to a subsequent immunization with A.BY cells. It is concluded that 
congenic B10 cells fail to activate helper T cells which are necessary to induce 
the switch from IgM to IgG production. Instead T- or B-cell tolerance may be 
induced with prohibits the subsequent IgG response to A.BY cells, possibly by 
way of suppressor T cells which may act either on B cells directly or via helper T 
cells. 



660 INHIBITION OF THE IgG RESPONSE TO H - 2 D  b 

Received for publication 28 April 1976. 

R e f e r e n c e s  
1. Lilly, F., J. S. Jacoby, and R. C. Coley. 1971. Immunologic unresponsiveness to the 

H-2.2 antigen. Proceedings of a Symposium on Immunogenetics of the H-2 System, 
Liblice-Prague 1970. A. Lengerova and M. Vojtiskova, editors. S. Karger, AG, Basel. 
197 PP. 

2. Stimpfling, J. H., and T. Durham. 1972. Genetic control by the H-2 gene complex of 
the alloantibedy response to an H-2 antigen. J. Immunol. 108:947. 

3. Lilly, F., H. Graham, and R. Coley. 1973. Genetic control of the antibody response to 
the H-2.2 alloantigen in mice. Transplant. Proc. 5:193. 

4. Wernet, D., and F. Lilly. 1975. Genetic regulation of the antibody response to H-2D b 
alloantigens in mice. I. Differences in activation of helper T cells in C57BL/10 and 
BALB/c congenic strains. J. Exp. Med. 141:573. 

5. Wernet, D., and F. Lilly. 1975. Differences in the antibody response to H-2D h 
alloantigens in B10.D2 and BALB/c mice. Fed. Proc. 34:979. 

6. Wernet, D., and F. Lilly. 1975. Separation of T-cell killer function and T-cell helper 
function in B10.A(5R) mice immunized with B10 cells. Transplant. Proc. 7(Suppl. 
1):135. 

7. Stimpfling, J. H., and A. E. Reichert. 1970. Strain C57BL/10ScSn and its congenic 
resistant sublines. Transplant. Proc. 2:39. 

8. Klein, J., F. H. Bach, H. Festenstein, H. O. McDevitt, D. C. Shreffier, G. D. Snell, 
and J. H. Stimpfling. 1974. Genetic nomenclature for the H-2 complex of the mouse. 
Immunogenetics. 1:184. 

9. Shreffier, D. C., and C. S. David. 1975. The H-2 major histocompatibility complex and 
the I immune response region: Genetic variation, function and organization. Adv. 
Immunol. 20:125. 

10. Klein, J., S. Livnat, V. Haptfeld, L. Jerabek, and I. Weissman. 1974. Production of 
anti-H-2 antibodies in thymectomized mice. Eur. J. Immunol. 4"41. 

11. Wernet, D., and F. Lilly. 1976. Genetic regulation of the antibody response to H-2D b 
alloantigens in mice. II. Tolerance to non-H-2 determinants abolishes the antibody 
response to H-2D b in B10.A(5R) mice. J. Exp. Med. 144:266. 

12. Hamilton, J. A., and J. F. A. P. Miller. 1973. Hapten-specific tolerance: unrespon- 
siveness in the T cell-depleted population. Eur. J. Immunol. 3:457. 

13. Naor, D., S. Morecki, and G. F. Mitchell. 1974. Differential inductv of anti- 
trinitrophenyl plaque-forming cell responses to lightly and heavily conjugated trini- 
trophenylated heterologous and autologous erythrocytes in mice. Eur. J. Immunol. 
4:311. 

14. Del Guercio, P., M. F. Poirier, and N. Thobie. 1975. 7S class-restricted hapten- 
specific paralysis by injection of thymus-independent hapten-carrier conjugate. J .  
Immunol. 115:1239. 

15. DiMarco, A. T., C. Franceschi, and G. Prodi. 1972. Helper activity ofhistocompatibil- 
ity antigens on cell-mediated immunity. Eur. J. Immunol. 2:240. 

16. Hamilton, J. A., J. F. A. P. Miller, and J. Kettman. 1974. Hapten-specific tolerance 
in mice. II. Adoptive transfer studies and evidence for unresponsiveness in the B 
cells. Eur. J. Immunol. 4:268. 

17. Tada, T., and T. Takemori. 1974. Selective roles of thymus-derived lymphocytes in 
the antibody response. I. Differential suppressive effect of carrier-primed T cells on 
hapten-specific IgM and IgG antibody responses. J. Exp. Med. 140:239. 

18. Basten, A. 1974. Specific suppression of the immune response by T cells. In Immuno- 
logical Tolerance: Mechanisms and Potential Therapeutic Applications. D. H. Katz 
and B. Benacerraf, editors. Academic Press, Inc., New York. 107. 



DOROTHEE WERNET~ HOLLY SHAFRAN~ AND FRANK LILLY 661 

19. Basten, A., J. F. A. P. Miller, J. Sprent, and C. Cheers. 1974. Cell-to-cell interaction 
in the immune response. X. T-cell-dependent suppression in tolerant mice. J. Exp. 
Med. 140:199. 

20. Kapp, J. A., C. W. Pierce, S. Schlossman, and B. Benacerraf. 1974. Genetic control of 
immune responses in vitro. V. Stimulation of suppressor T cells in nonresponder mice 
by the terpolymer L-glutamic acid~°-L-alanine~°-L-tyrosine~° (GAT). J. Exp. Med. 
140:648. 

21. Feldmann, M., P. C. L. Beverley, M. Dunkley, and S. Kontiainen. 1975. Different Ly 
antigen phenotypes of in vitro induced helper and suppressor cells. Nature (Lond.). 
258:614. 

22. Shen, F-W., E. A. Boyse, and H. Cantor. 1975. Preparation and use of Ly antisera 
Immunogenetics. 2:591. 


