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In recent years the use of antigens of restricted structural heterogeneity has
led to the discovery and study of specific immune response (I7)! genes (1-5).
Immune responsiveness to many immunogens has been found to be linked to
major histocompatibility loci (1-7). Classical examples of histocompatibility-
linked immune response genes are the poly-L-lysine (PLL) gene in guinea pigs
(2-4) and the Ir-1 gene in mice (1-3, 5-8). The PLL gene controls responsive-
ness to poly-L-lysine, poly-L-arginine, copolymers composed of L-glutamic acid
and r-lysine, and to hapten conjugates of these polypeptides, and the Ir-1
gene regulates determinant-specific responses to multichain synthetic poly-
peptides. Genetically determined high, medium, and low levels of response to
these antigens have been shown to be characteristic of various inbred strains of
these animals. Clearly a key question is the cellular nature of the expression of
this genetic control. The immunogens to which the response is controlled by
Ir-1 are thymus-dependent, requiring the cooperation of thymus-derived (T)
and bone marrow-derived (B) cells for efficient antibody response. In principle,
therefore, a gene locus such as Ir-1 could exert a controlling influence on T cells
or B cells or both. Although a certain dogma is frequently expressed to the
effect that Ir-1 control is invariably T-cell associated, the matter is often a
subject of some controversy (1). The example we have studied is one such con-
troversial case. The antigen is the multichain synthetic polypeptide poly-L-
(Tyr, Glu)-poly-D,L-Ala--poly-L-Lys, abbreviated (T, G)-A--L, which in mice
stimulates a high response in strains of histocompatibility (H-2) type b, and a
low response in strains of H-2 type k (inter alia) (6-8). Some evidence has been
interpreted as support for the existence of a T-cell defect, with normal B-cell
capability, in low responder mice. This includes the production of high anti-
(T, G)-A--L responses in low responder strains by coupling the antigen to a
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protein carrier (9); and the similarity between the response pattern in low re-
sponders and thymectomized high responders (10, 11). Other lines of investiga-
tion, on the other hand, suggest the opposite conclusion, namely that it is the
B cell and not the T cell which is the functionally defective partner. This is
inferred from experiments in which the numbers of T- and B-cell precursors
available for (T, G)-A--L have been titrated by “limiting dilution analysis”
(5,12, 13), and is supported by others in which cells of high and low responder
origin have been mixed and the response pattern of the allogeneic mixtures
determined (13).

In order to resolve this problem, two pieces of experimental data are crucial,
namely (@) a direct comparison of the ability of high and low responder T cells
to respond to (T, G)-A--L, and (b) a comparison of the ability of high and low
responder B celis to respond to (T, G)-A--L in the presence of equivalent T-cell
stimulation. It is important in obtaining this information to avoid possible
“allogeneic effects” (14, 15) which might occur if cells of different H-2 origins
are mixed, and to use congenic strains of mice so that the genetic difference
between strains can be strictly limited to the histocompatibility loci to which
Ir-1 is intimately linked (1). We have approached the problem by a new
method, namely by the use of active T-cell products termed T-cell “factors”
(16). A system has recently been developed in which it is possible to obtain
from T cells certain antigen-specific factors which are able to replace the require-
ment for T cells in thymus-dependent immune responses in vivo (16). It has
already been shown using Balb/c mice that T cells educated to (T, G)-A--L
produce such factors in vitro, and that these factors can completely replace an
otherwise absolute requirement for T cells in the primary response to (T, G)-A--
L of B cells transferred into irradiated, syngeneic recipients (16). Furthermore,
the factors have been shown to be true T-cell products, by inhibiting their
production with anti-f serum, and to be specific for the inducing antigen, in this
case (T, G)-A--L. A crucial property of the factors is that allogeneic combina-
tions of factors and B cells are as effective in cooperation as syngeneic combina-
tions, and that nonspecific allogeneic effects are avoided.

The properties of T-cell factors have been applied to the critical problems in
genetic control posed above, using mice of the congenic strains C3H.SW
(H-2%) and C3H/He] (H-2*), high and low responders respectively to (T, G)-
A--L. The results of the present study show that (T, G)-A--L-educated T cells
of both C3H.SW and C3H/He] origins are equally capable of producing active
cooperative factors in response to (T, G)-A--L. However, only high responder
B cells could be stimulated by (T, G)-A--L and T-cell factors in vivo. The data
indicate that the genetically controlled difference between the strains is ex-
pressed solely in the B-cell population, and not in the T cells.

Materials and Methods

Antigens.—The following multichain synthetic polypeptides were used: (a) poly-L(Tyr,
Glu)-poly-p,r-Ala--poly-L-Lys, abbreviated as (T,G)-A--L, batch no. 1383; (b) poly-L-
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(Phe, Glu)-poly-D, L-Ala--poly-L-Lys, abbreviated as (Phe,G)-A--L, batch no. 929; (c) poly-
L(Tyr, Glu)-poly-L-Pro--poly-L-Lys, abbreviated as (T,G)-Pro--L, batch no. 935. The syn-
thesis and characterization of such immunogens have been described previously (17-19).

Animals.—Mice of the congenic strains C3H.SW and C3H/He], bred at the Experimental
Animal Unit, The Weizmann Institute of Science, Rehovot, were used. C3H.SW are H-2°
and are high responders to (T,G)-A--L; C3H/HeJ are low responders, H-2* (7).

Preparation and Test of T-Cell Factors.—The preparation of T-cell factors from educated T
cells in vitro and their test with B cells in vivo have been described in detail elsewhere (16).
In brief the methods used were as follows. Educated or primed T cells were prepared in both
strains by transferring 10® thymocytes into each of a group of irradiated (800 R of %°Co
gamma irradiation) syngeneic recipients, and immunizing each animal intraperitoneally 1
day later with 10 ug (T,G)-A--L in Freund’s complete adjuvant (Difco Laboratories, De-
troit, Mich.). 7 days following immunization, the spleens of these mice, containing the edu-
cated T cells, were removed and cell suspensions were prepared in minimal Eagle’s medium.
The suspensions contained two-three spleen equivalents per ml (approximately 107 viable
lymphocytes per ml). (T, G)-A--L to a concentration of 1 ug/ml was then added and the sus-
pensions cultured in small petri dishes, under an atmosphere of 59, COz at 37°C for 6-8 h.
At the end of this time, the cells were removed by centrifugation and the supernate, contain-
ing T-cell factors, was mixed with bone marrow cells and (T,G)-A--L and transferred into
irradiated (800 R) recipients, syngeneic for the bone marrow donors. Each recipient received
one spleen equivalent of the supernatant T-cell factor, 107 bone marrow cells, and 10 ug
(T, G)-A--L in solution. 12 days following transfer, the recipients were killed and their spleens
removed and assayed for direct plaque-forming cells (below). In each experiment, appropriate
controls, such as transfer of B cells and (T, G)-A--L alone, or of B cells, (T,G)-A--L and 108
normal thymocytes, were included, as indicated in the results. In general, 15 recipients were
present in each group.

Hemolytic Plaque-Forming Cells Assay.—Direct plaque forming cells (PFC) in the spleens
of recipient mice were determined using antigen-coated sheep red blood cells (SRBC). (T, G)-
Pro--L-coated SRBC were used when the immunogen was (T,G)-A--L, since the antibody
response to (T,G)-A--L is almost wholly directed to the (Tyr, Glu) determinants. In experi-
ments using (Phe,G)-A--L, SRBC coated with the homologous antigen were used for the
PFC assay. The polypeptides were attached to SRBC by incubating equal volumes of packed
SRBC, chromium chloride {10 mg/m! for coating with (T, G)-Pro--L and 2 mg/mi for coating
with (Phe,G)-A--L)] and the antigen (10 mg/ml) for 5 min at room temperature. After coat-
ing, the SRBC were washed three times in phosphate-buffered saline (PBS) and diluted to a
final concentration of 109, in PBS. The assay was performed as previously described (16),
according to Jerne et al. (20).

RESULTS

Thymus-Dependence of Primary Response to (T, G)-A--L on Transfer, and
Magnitude of Differences Between Strains.—The results given in Table I show
that the primary direct PFC response to (T, G)-A--L given by cells transferred
into irradiated recipients is highly thymus-dependent, and that an approxi-
mately 20-fold difference in size of response exists between C3H.SW high
responders and C3H/HeJ low responders. 107 bone marrow cells of either
strain were transferred into lethally irradiated syngeneic recipients together
with 10 ug (T, G)-A--L in solution, and either with or without 10® normal
syngeneic thymocytes. The 12-day direct PFC responses in the spleens of the
recipients are shown in Table I. It is evident that, in the absence of T cells,
C3H.SW produce no more than a small background response to (T, G)-A--L,
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TABLE 1

Thymus-Dependence of the Primary Response to (T, G)-A--L on Transfer, and Magnitude of
the Interstrain Difference in Response

Mean PFC per spleen*

Cells transferred into irradiated recipients

Logio (Anti-log)

B cells (C3H.SW)1 2.5391 (346)

T cells (C3H.SW)§ — 0)

B cells (C3H.SW) + T cells (C3H.SW) 3.9351 (8,612)
Standard error 0.1360

B cells (C3H/He])1 2.0253 (106)

T cells (C3H/He])$§ — 0)

B cells (C3H/He]) + T cells (C3H/He]) 2.6128 (412)
Standard error 0.2100

* Geometric means.

1 107 Bone marrow cells.

§ 10® normal thymocytes.

Direct anti-(T, G)-A--L PFC responses in irradiated (800 R) C3H.SW and C3H/He]
mice 12 days after receiving transfer of syngeneic B cells, T cells, or a mixture of the two,
together with 10 ug (T, G)-A--L in solution. Results as logjo geometric means (anti-log
values shown); standard errors for each group shown. 15 mice per group.

but this is increased 20-30 times by the addition of T cells. The primary IgM
response is therefore highly thymus-dependent under these conditions. In
C3H/He], however, the background B-cell response to (T,G)-A--L is barely
significantly increased by the presence of T cells. Clearly, a very large difference
in optimal IgM response to (T, G)-A--L thus exists between the strains.

Production of Cooperative T-Cell Factors by C3H.SW and C3H/HeJ-Educated
T Cells.—Thymocytes of both C3H.SW and C3H/He] strains were educated to
(T, G)-A--L and then cultured, separately, in vitro with (T, G)-A--L for 6-8
h, as already described in the methods. The cells were then removed by centrifu-
gation and supernatant factors produced by both were mixed (separately) with
bone marrow cells of C3H.SW, high responder, origin, and (T, G)-A--L and
transferred into lethally irradiated C3H.SW recipients. Controls were included
in which T-cell produced factors were replaced by normal T cells. Table II
shows the 12-day PFC responses to (T, G)-A--L in the spleens of the recipients.
It is clear that both C3H.SW and C3H/He] (T, G)-A--L-educated T cells
produce a soluble factor in vitro which can almost totally replace the coopera-
tive activity of 10® normal thymocytes in vivo.

Various conditions for the production of T-cell factors, already described in a
previous report (16), were confirmed, namely that specifically educated T cells
are required and that the educating antigen must be present in the culture.
Moreover, the factors are antigen-specific in their action. Table ITI, for example,
shows that cooperating factors prepared to (T, G)-A--L did not affect the
response of B cells to a non-cross-reacting antigen such as sheep red cells.
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TABLE II

Ability of T-cell Factors Produced by High and Low Responder T Cells to Cooperate with High
Responder B Cells

Mean PFC per spleen*

Cells and factors transferred into irradiated recipients

Logie (Anti-log)

B cells (C3H.SW)1 2.4564 (286)

B cells (C3H.SW) 4 T cells (C3H.SW)§ 4.0174 (10,412)

B cells (C3H.SW) + factor (C3H.SW)|| 3.9159 (8,240)

B cells (C3H.SW) + factor (C3H/He])|| 3.8921 (7,800)
Standard error 0.1610

* Geometric means.

1 107 bone marrow cells.

§ 10® normal thymocytes.

| 1 spleen equivalent.

Direct anti-(T, G)-A--L PFC responses in irradiated (800 R) C3H.SW mice 12 days after
receiving transfer of syngeneic B cells, 10 ug (T, G)-A--L, and either syngeneic T cells or
T-cell factors (C3H.SW or C3H/He]) produced in vitro by (T, G)-A--L educated T cells.
Results as logyo geometric means (anti-log values shown); standard error shown. 15 mice per

group.
TABLE II1
Specificity of a T-Cell Factor Produced to (T, G)-A--L

Mean PFC per spleen*

Cells and factors transferred into irradiated recipients

Logio (Anti-log)
B cells (C3H.SW) + SRBC 2.3579 (228)
B cells (C3H.SW) + T cells (C3H.SW)
+ SRBC 4.3143 (20,618)
B cells (C3H.SW) -+ factor (C3H.SW)1
+ SRBC 2.4829 (304)
Standard error 0.1421

* Geometric means.

1 T-cell factor identical with that in Table II.

Direct anti-SRBC PFC responses in irradiated (800 R) C3H.SW mice 10 days after
receiving transfer of syngeneic B cells, 0.1 ml 109 SRBC, and either syngeneic T cells or
syngeneic T-cell factor produced in vitro by (T, G)-A--L-educated T cells and identical with
that in Table II. Results as logjo geometric means (anti-log values shown); standard error
shown. 15 mice per group.

A crucial property of the T-cell factors, utilized in this experiment, is that it is
possible to mix factors and B cells of different genetic origin, without risk of
nonspecific stimulation or inhibition due to allogeneic effects (M. J. Taussig,
manuscript in preparation; see also following sections). Moreover, allogeneic
combinations—such as H-2* factor with H-2° cells, and vice versa—are as
effective in cooperation as syngeneic combinations. This is not always true of
allogeneic T cell-B cell combinations (21) and represents an important ad-
vantage of using T-cell factors (see also Table V). The most significant point to
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emerge from these results was that no interstrain differences either in the ability
of educated T cells to produce cooperating factors, or in the activity or effi-
ciency of the factors produced, could be detected.

Ability of C3H.SW and C3H/HeJ B cells to Respond to Cooperative T-Cell
Factors and (T, G)-A--L.—Having demonstrated that both C3H.SW and
C3H/He] educated T cells release active cooperating factors on culture in
vitro, it was possible to compare the abilities of B cells of the two strains to
respond to (T, G)-A--L in the presence of the T-cell factors. Table IV shows the
results of such an experiment. Factors were prepared from educated T cells of

TABLE 1V
Abilities of B Cells of High and Low Responder Strains to Cooperate with T Cell Factors

Mean PFC per spleen®

Cells and factors transferred into irradiated recipients

Logio (Anti-log)
B cells (C3H.SW)} 1.5798 (38)
B cells (C3H.SW) + factor (C3H.SW)§ 3.8357 (6,850)
B cells (C3H.SW) + factor (C3H/He])§ 3.6125 (5,788)
Standard error 0.1024
B cells (C3H/He])1 1.3617 (23)
B cells (C3H/He]) + factor (C3H.SW)§ 1.9685 93)
B cells (C3H/He]) + factor (C3H/He])§ 2.0374 (109)
Standard error 0.1266

* Geometric means.

1 107 bone marrow cells.

§ 1 spleen equivalent.

Direct anti-(T, G)-A--L. PFC responses in irradiated (800 R) C3H.SW and C3H/He]
mice 12 days after receiving transfer of syngeneic B cells, T-cell factors (C3H.SW or C3H/
HeJ) produced in vitro by (T, G)-A--L-educated T cells, and 10 ug (T, G)-A--L in solution.
Results as logio geometric means (anti-log values shown); standard errors shown. 15 mice
per group.

each strain as above, and transferred, separately, with B cells of either C3H.SW
or C3H/He] origin, and (T, G)-A--L, into irradiated recipients syngeneic with
the bone marrow donors. It is seen that excellent cooperation was achieved,
as before, between C3H.SW (high responder) B cells and both C3H.SW and
C3H/He] factors. By contrast, no such cooperation was achieved when
C3H/He]J (low responder) B cells were used with the identical factors. Thus a
clear distinction between high and low responder B cells can be made on the
criterion of responsiveness to identical T-cell factors. (It may also be pointed
out that this result tends to rule out the possibility that T-cell factors can pro-
voke allogeneic effects, i.e., nonspecific stimulation, when combined with allo-
geneic B cells). The basis of low responsiveness to (T, G)-A--L in C3H/He]
can therefore be characterized as an inability to respond to stimulation by T
cells and antigen.
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Responsiveness of C3H/HeJ and C3H.SW B Cells to (Phe, G)-A--L and T-
Cell Factors.—It was an essential control for the system to show that C3H/He]
B cells could be made to respond to another thymus-dependent antigen to
which that strain is a high responder, when transferred together with the ap-
propriate T-cell factors. C3H/He] are high responders to a closely related
synthetic polypeptide, (Phe, G)-A--L. Accordingly, T-cell factors to (Phe, G)-
A--L were prepared in both C3H/He] and C3H.SW strains (also a high re-
sponder to this antigen) and transferred together with C3H/HeJ or C3H.SW
B cells and (Phe, G)-A--L into irradiated recipients as described above. Table
V shows that excellent cooperative IgM responses were obtained to (Phe, G)-
A--L with C3H/He] as well as C3H.SW B cells in this case. Thus the non-
responsiveness of C3H/He] B cells to stimulation by T-cell factors is antigen-
specific, and is limited, as far as can be judged, to the antigen to which the strain
is genetically a low responder, (T, G)-A--L. Table V also illustrates the ease
with which T-cell factors may be mixed with B cells of different strain origin
and give successful cooperation: C3H.SW T-cell factors cooperated as efficiently
with C3H/HeJ B cells as with C3H.SW B cells in the transfer response to
(Phe, G)-A--L. As already noted, allogeneic cells do not always cooperate
effectively (21), and this represents a significant advantage in using specific
T-cell factors.

TABLE V
Cooperation between B Cells and T-Cell Factors in the Response to (Phe, G)-A--L

Mean PFC per spleen*
Cells and factors transferred into irradiated recipients

Logio (Anti-log)
B cells (C3H/He])1 2.1004 (126)
B cells (C3H/He]) + T cells (C3H/He])§ 3.8334 (6,814)
B cells (C3H/He]) + factor (C3H/He])|| 3.7168 (5,210)
B cells (C3H/He]) + factor (C3H.SW)|| 3.7993 (6,300)
Standard error 0.1633
B cells (C3H.SW) 2.4150 (260)
B cells (C3H.SW) + T cells (C3H.SW) 3.8646 (7,321)
B cells (C3H.SW) + factor (C3H.SW) 3.8143 (6,522)
B cells (C3H.SW) + factor (C3H/He]) 3.7767 (5,980)
Standard error 0.1520

* Geometric means of direct anti-(Phe, G)-A--L PFC.

1 107 bone marrow cells.

§ 10® normal thymocytes.

If 1 spleen equivalent.

Direct anti-(Phe, G)-A--L PFC responses in irradiated (800 R) C3H/HeJ and C3H.SW
mice 12 days after receiving transfer of syngeneic B cells, with either T cells or T-cell factors
(C3H/HeJ or C3H.SW) produced in vitro by (Phe, G)-A--L-educated T cells, and 10 ug
(Phe, G)-A--L in solution. 15 mice per group.
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DISCUSSION

The results described here show that (T, G)-A--L-educated T cells of both
the C3H.SW and C3H/He] strains can be stimulated by antigen in vitro to
produce cooperating factors which can replace the requirement for T cells in a
primary response to (T, G)-A--L in vivo. Similar factors have already been
described in Balb/c mice (16). While the nature and properties of these factors
are the subjects of continuing investigation, it is known that they are non-
dialyzable and are sensitive to destruction by proteolytic enzymes (M. J.
Taussig, manuscript in preparation). That the factors are indeed produced by
T cells has been proven by the use of anti-@ serum to inhibit their production
in vitro (16). Moreover, they cannot be removed on anti-light chain immuno-
adsorbents, and would therefore appear not to be conventional immunoglobu-
lins (M. J. Taussig, manuscript in preparation). Their most important func-
tional characteristic is that they are specific for the inducing antigen, a property
which distinguishes them from various nonspecific T-cell products released as a
result of allogeneic stimulation or other means (14, 15, 22, 23). In the light of
these properties and the efficiency with which the factors cooperate with B cells
in the presence of antigen, it seems reasonable to assume that the release of
specific T-cell factors and their collaboration with B cells is a normal means
whereby T cell-B cell cooperation is effected in vivo. The ability of the T cells
of different strains to produce cooperating factors in response to antigen in
vitro is therefore likely to be a meaningful measure of their capacity to recog-
nize and respond to antigen under more physiological conditions in vivo. These
assumptions are the rationale for the experiments described here. Educated T
cells of high and low responder strains were compared for their ability to pro-
duce factors capable of cooperating with B cells in the response to (T, G)-A--L;
no interstrain differences were found. On the other hand, when B cells of the
two strains were compared for their antibody responses to (T, G)-A--L in the
presence of active specific T-cell factors of either strain, only high responder B
cells responded satisfactorily, while low responder B cells gave consistently
negative results. Therefore the conclusion must be drawn that the genetically
controlled difference between C3H.SW and C3H/He] mice in respect of their
responsiveness to (T, G)-A--L lies in the ability of their respective B cells to
recognize or respond to antigen in the presence of T-cell factors. In short, the
genetic defect is expressed at the level of the B cells, not the T cells.

This conclusion is in basic agreement with results obtained by two other
techniques. Limiting dilution analysis has been used to compare the numbers of
T and B-cell precursors in high and low responders to (T, G)-A--L (5, 12, 13).
High and low responder thymocytes were indistinguishable by this technique,
whereas high responder bone marrow cell precursor frequencies were signifi-
cantly higher than those for the low responder. Confirmatory results have also
been obtained using allogeneic mixtures of T and B cells from the congenic
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strains C3H.SW and C3H/He] (13). Whereas allogeneic cell transfers can be
criticized on the grounds of likely interference by allogeneic effects, it has been
repeatedly demonstrated and is confirmed here that T-cell factors of one strain
and B cells of another can be mixed together with impunity. There is no evi-
dence of nonspecific activation or inhibition as a result of the allogeneic com-
bination of factors and cells of different strains, and B cells are always trans-
ferred into syngeneic irradiated recipients. Furthermore there is no difficulty
in cooperation across an H-2 barrier as there is for T-cell and B-cell combina-
tions (21); H-2* factors and H-2% cells cooperated as effectively as syngeneic
combinations. Another possibility that has been ruled out is nonspecific stimu-
lation by “bystander” cells, i.e., a small percentage of T cells which may be
present in bone marrow cell preparations (15). If the T-cell factors turn out to
be associated with H-2 antigens, they could conceivably be recognized by allo-
geneic bystander T cells and thus trigger an allogeneic effect (and it is indeed
difficult to see how allogeneic stimulation could occur by any other means in
this case). However, recent experiments showing the strict antigen-specificity of
cooperation by T-cell factors even in allogeneic combination with B cells, have
excluded this possibility (M. J. Taussig, manuscript in preparation).

While some evidence has been gathered to build a circumstantial case that the
primary genetic defect in low responders to (T, G)-A--L is expressed in T cells
(9-11, 24, 25), it can be adequately explained by an alternative hypothesis,
namely that the primary genetic defect in low responders is an inability of B
cells to recognize and respond to an antigen-specific T-cell signal. For the pur-
poses of this model, B cells of high and low responders are considered identical
in all other respects, including precursor number and recognition of antigen by
surface immunoglobulin receptor. T cells of both strains are assumed to be
identical in the characteristics of their response. On recognizing antigen, T cells
respond by releasing a soluble, antigen-specific factor with which B cells must
interact, in addition to their own recognition of antigen, for thymus-dependent
antibody responses to be triggered. It is this specific interaction of cooperative
T-cell factor and B cell which, on the basis of the direct evidence reported here,
is believed to be at fault in the low responders. In terms of the Bretscher-Cohn
model for cooperation (26), the B cells are unable to respond to the ‘‘second
signal” provided by a specific T-cell-produced ‘‘associative antibody.”

The observations made in this report measure T-cell and B-cell responsive-
ness directly and show that the function controlled by the Ir-I locus is asso-
ciated with the B-cell response to antigen. It is extremely encouraging that an
independent technique has very recently indicated that low responder (paren-
tal) B cells are unable to cooperate with high responder (Fi)T cells in an H-2
linked response under conditions where allogeneic effects, etc., could also be
excluded (27). It is becoming clear, however, that different antigens will reveal
different possible means whereby the immune response is affected by genetic
influences. Indeed there are cases where there is little doubt that the T cell
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rather than, or as well as, the B cell is the cell type affected by genetic control.
Good examples of these are the PLL gene in guinea pigs (1-4), the response to
derivatives of multichain polyalanine in SJL mice (13, 28, 29), and the response
of SWR mice to multichain polyproline and its conjugates (30). In all these
cases, there is a clear inability to recognize the carrier aspect of the immunogen.
It has therefore been suggested that wherever such a lack of carrier recognition
is involved, a T-cell defect will be implicated, but that where a purely deter-
minant-specific low response occurs , the genetic deficiency will be reflected in
the B cells (13, 30). We are presently examining the ability of SJL educated T
cells to produce cooperative factors to (T, G)-A--L and are able to confirm,
from our preliminary data, that they are unable to produce any significant
cooperative activity. This is in clear contrast to the results described here for the
determinant-specific defect in C3H/He]J, and strongly supports the hypothesis
that it will be possible to correlate T-cell and B-cell defects with carrier and
determinant-specific recognition defects respectively. These observations can
easily be accommodated in the model described here for interaction between
T-cell factors and immunocompetent cells, since T-cell stimulation itself may
well also require recognition of a specific T-cell product (T-T cooperation);
such recognition would then also be subject to genetic control as it is in B cells
as suggested here.

SUMMARY

The genetic control of the antibody response to a synthetic polypeptide anti-
gen designated poly-L(Tyr, Glu)-poly-p,L-Ala--poly-L-Lys [(T, G)-A--L] has
been studied in congenic high responder C3H.SW (H-2%) and low responder
C3H/He] (H-2¥) strains of mice. This response is controlled by the Ir-1 gene
and is H-2 linked. The method employed was to study the ability of specifically
primed or “educated” T cells of each strain to produce cooperative factors for
(T, G)-A--L in vitro. Such factors have been shown to be capable of replacing
the requirement for T cells in the thymus-dependent antibody response to
(T, G)-A--L in vivo. The T-cell factors produced were tested for their ability
to cooperate with B cells of either high or low responder origin by transfer
together with bone marrow cells and (T, G)-A--L into heavily irradiated, syn-
geneic (for bone marrow donor) recipients. Direct anti-(T, G)-A--L plaque-
forming cells were measured later in the spleens of the recipients. The results
showed that (2) educated T cells of both high and low responder origin pro-
duced active cooperative factors to (T, G)-A--L., and no differences between the
strains 1n respect to production of T-cell factors could be demonstrated; and
(b) such factors, whether of high or low responder origin, cooperated efficiently
with B cells of high responder origin only, and hardly at all with B cells of low
responder origin. The conclusion was drawn that the cellular difference between
the two strains lies in the responsiveness of their B cells to specific signals or
stimuli received from T cells. As far as could be discerned by the methods
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used, no T-cell defect existed in low responder mice and the expression of the
controlling Ir-1 gene was solely at the level of the B cells in this case.
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