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AbstractmThe inbred strain STS/A exhibits a higher pro-
liferative response in the mixed lymphocyte culture (MLC)
to stimulator cells of all 11 tested inbred mouse strains with
10 different major histocompatibility complex (MHC)
haplotypes, as well as to stimulation with IL-2 than does
the strain BALB/cHeA. However, alloantigen-stimulated
BALB/c cells produce more IL-2 than STS/A cells. To
study the genetic basis of these differences, we used 20
recombinant congenic strains (RCS) of the CcS/Dem series.
Each of these CcS/Dem RC strains contains a different
subset of about 12.5% of genes from the STS/A strain and
the remaining approximately 87.5% of BALB/c origin
genes. As a result the multiple non-linked genes responsible
for phenotypic differences between BALB/c and STS/A
became separated into different CcS/Dem strains. The
strain distribution pattern (SDP) of high or low MLC
response of individual CcS/Dem strains to stimulator cells
of four different strains was almost identical, indicating that
differences in responsiveness, rather than the alloantigenic
difference itself, determine the magnitude of the response,
and that the responsiveness to different alloantigens is
largely controlled by the same genes. The SDP of IL-2
stimulation was different from that of MLC responsiveness.
The differences in the proliferative responses observed
among individual CcS/Dem strains were not due to differ-
ences in numbers of CD3+, CD4+ or CD8+ cells or to the
observed differences in IL-2 production, and hence they
likely reflect genetically determined intrinsic properties of
T cells. These results show that a set of non-linked genes
controls proliferative responses in MLC irrespective of the
MHC haplotype of the stimulator cells, and that stimulation
with IL-2 and production of IL-2 are controlled by different

subsets of genes. Since the genomes of all RCS are
extensively characterized by microsatellite markers, they
can be used to map the genes controlling proliferative
responsiveness to stimulation with alloantigens and IL-2.

Introduction

The mixed lymphocyte culture (MLC) reaction is consid-
ered to be an in vitro correlate of the recognition phase of
an allotransplantation reaction. The proliferative response
in MLC correlates with the survival of subsequent allo-
grafts as well as with graft versus host reactions (Ha¨yry et
al. 1972; Bach 1970). The MLC response depends on the
genetic disparity between donors of responding and stimu-
lating cells. The differences in major histocompatibility
complex (MHC) antigens induce the strongest responses.
However, even with the comparable differences in MHC
antigens, some strains of genetically defined mice respond
remarkably better than other strains (Rychlı´ková et al.
1973). It has thus appeared that other factors, inherited by
responders and so far undefined, contribute to the magni-
tude of the MLC response. As the strongest proliferative
stimulus is generated by class II MHC incompatibility, the
principal MLC responding cells are CD4+ T cells, while
other immunoregulatory cells and their products, such as
IL-1, IL-2, IL-4, IL-6, and IL-10, can quantitatively influ-
ence the response (McKenzie 1988; Leenaerts et al. 1992;
Bejarano et al. 1992; Pure´ et al. 1988). The final prolifera-
tion in the MLC may thus be influenced by a number of
genes controlling individual steps of the proliferative reac-
tion in the responding cell population.

To analyze the contribution of these multiple genes we
employed a genetic tool, the recombinant congenic strains
(RCS) of mice, which has been developed specifically for a
more efficient analysis of multigenic traits (Demant and
Hart 1986; Groot et al. 1992). The RCS was produced by
inbreeding mice of the second backcross generation of two
inbred strains. As a result, a random subset of approximate-
ly 12.5% of genes from one parental strain (the donor
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strain) were introduced onto the genetic background of the
second parental strain (the background strain). In the
BALB/c-c-STS/Dem (CcS/Dem) RC strains the BALB/c
is the background strain and STS/A the donor strain. The
CcS/Dem strains were previously used to dissect the multi-
genic control and to localize the individual genes which
influence colon tumor susceptibility (Moen et al. 1991,
1992), anti-CD3 proliferative T-lymphocyte response (Li-
poldováet al. 1995), and susceptibility to radiation-induced
apoptosis in the thymus (Mori et al. 1995a, b). As the
BALB/c strain is a low responder and the STS/A strain a
high responder in MLC and to stimulation with IL-2, in the
CcS/Dem strains the genes of the high-responder strain
STS/A are present on the genetic background of the low-
responder strain BALB/c. This enabled us to use the CcS/
Dem RC strains for the genetic analysis of MLC and IL-2
responsiveness.

Materials and methods

Mice

Mice of inbred strains B10.A/SgSn (H2a), C57BL/10Sn (B10) (H2b),
A/Ph (H2a), DBA/1Ph (H2q), and (A.TL × A.TH)F1 (H2t1/t2) were
from the Institute of Molecular Genetics (Prague) breeding colony, the
wild-mouse-derived strains PWD/Ph and PWK/Ph (von Deimling et al.
1988) from the colony of J. Forejt, Institute of Molecular Genetics
(Prague). Inbred strains BALB/cHeA (H2d), STS/A (H2dx), RCS strains
HcB-7 (H2k), HcB-23 (H2k), OcB-2 (H2pz), and the panel of 20 CcS/
Dem RC strains (Demant and Hart 1986; Groot et al. 1992) were from
the Netherlands Cancer Institute, Amsterdam. The strain CcS-5 isH2dx

and the strain CcS-18 has a recombinant haplotype, with the part
centromeric toG7a originating from H2d and the telomeric part
beginning with D17Mit13 fromH2dx (Snoek et al. 1994). The remain-
ing CcS/Dem strains areH2d (Groot et al. 1992). The haplotypesdx
andd share the sameH2K allele, but the rest of their MHC region is
unrelated, the haplotypepz is an unrelated haplotype. Mice of both
sexes aged 10–16 weeks were used in the experiments.

Mixed lymphocyte culture

One-hundred-and-fifty-thousand reactive spleen cells and 2× 105

irradiated (2000 R) stimulator cells were incubated in 0.2 ml of
RPMI 1640 medium (Sigma, St. Louis, MO) supplemented with
10% heat-inactivated FCS (Sigma), 100 units/ml penicillin, 50µl/ml
streptomycin, 1 mM HEPES buffer, and 5× 10–5 M 2-ME (hereafter
referred to as a complete RPMI 1640 medium) in 96-well tissue culture
plates (Nunclon, Roskilde, Denmark). Cell proliferation was deter-
mined by adding 0.5µCi/well of [3H]thymidine (Institute for Research,
Production and Utilization of Radioisotopes, Prague) for the last 8 h of
the 96 h incubation period.

In some experiments, mouse recombinant interleukins IL-1α, IL-2,
IL-3, IL-4, IL-6, and IL-7 (all cytokines were purchased from Gen-
zyme, Boston, MA) or monoclonal antibody (mAb) anti-IL-2 (Mos-
mann et al. 1986), anti-IL-4 (Ohara and Paul 1985), anti-IL-10
(Mosmann et al. 1990), anti-IL-2 receptor (IL-2R), (Ceredig et al.
1985), or anti-IFNγ (Heremans et al. 1987) were added to the cultures.
Cell lines S4B6 and 11B11 producing anti-IL-2 and anti-IL-4 mAb
were obtained from ATCC, the cell line PC61 kindly provided by M.
Nabholz served as a source of anti-IL-2Rα chain mAb. Anti-IL-10 and
anti-IFNγ mAb were kindly provided by T. G. Wegmann and H.
Heremans, respectively. The final volumes of MLC were kept in all
cases at 200µl/well.

IL-2 production and detection

For the production of IL-2, cell cultures were set up as in the case of
MLC and the supernatants were harvested after 96 h of incubation. The
supernatants from corresponding wells were pooled and tested for IL-2
activity.

IL-2 activity was tested in a CTLL-2 assay (Gillis et al. 1978).
Briefly, 100 µl (5 × 104 cells/ml) of CTLL-2 cells were incubated in
96-well tissue culture plates (Nunclon) with the same volumes of
serially diluted supernatants. To determine cell proliferation, 0.5µCi/
well of [3H]thymidine was added to the cultures for the last 6 h of the
24 h incubation period. The standard preparation of mrIL-2 (Genzyme)
was used in all experiments to determine the maximum [3H]thymidine
incorporation. One unit of IL-2 is defined as the activity in the sample
yielding a proliferation equal to 50% of the maximum [3H]thymidine
uptake obtained with the standard IL-2 preparation. Although the
CTLL-2 cells used also react with IL-4, this could not influence the
results, as the concentrations of IL-4 higher than those produced in
MLC were required to stimulate proliferation of CTLL-2 cells. This
was confirmed by experiments in which the CTLL-2 response to MLC
supernatants was completely inhibited by mAb anti-IL-2 or anti-IL-2R.

Concentrations of IL-2 proteins in the MLC supernatants were also
determined using a specific mouse IL-2 ELISA kit (Genzyme) with the
sensitivity of 15 pg/ml of IL-2.

Proliferative response of spleen cells to IL-2

Spleen cells at a concentration of 0.5× 106 cells/ml were incubated
with various concentrations (from 125 to 2000 units/ml) of hrIL-2
(spec. act. 1.8× 107 units/mg; EuroCetus Benelux B.V., Amsterdam,
The Netherlands) in 200µl of complete RPMI 1640 medium in 96-well
tissue culture plates (Nunclon). Cell proliferation was determined by
adding 0.5µCi/well of [3H]thymidine for the last 6 h of the 72 h
incubation period.

Separation of cell populations

B-cell-depleted T-cell populations were prepared by two cycles of
passing spleen cells through nylon wool column according to Julius
and co-workers (1973). To remove remaining B cells, nylon wool
nonadherent cells were panned (Wysocki and Sato 1978) on Petri
dishes coated with swine anti-mouse immunoglobulin and nonadherent
cells were collected. Purified B cells were prepared by two cycles of
passing spleen cells through nylon wool column, and the nylon wool
adherent cells obtained after the second cycle were treated with anti-
Thy-1.2 mAb (Lake et al. 1979) plus complement to remove remaining
T cells. A plastic-adherent population of peritoneal exudate cells
obtained by washing the peritoneal cavity of untreated mice was
used as a source of macrophages.

Flow cytometry

Spleen cells were characterized by direct [mAb anti-CD4 (Dialynas et
al. 1983) and anti-CD8 (Gottlieb et al. 1980)] or indirect [mAb anti-
CD3 (Tomonari 1988)] immunofluorescence. In the latter case, fluor-
oscein isothiocyanate-conjugated goat anti-rat immunoglobulin was
used as a secondary reagent. The percentage of labelled cells was
determined by flow cytometry (FACSTAR; Becton Dickinson, Moun-
tain View, CA).

Statistics

Analysis of variance (Advanced ANOVA, NCSS) with strain and
gender as fixed factors and individual experiments as random factors
was used to evaluate the differences between individual strains.
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V. Holáň et al.: Genetic control of MLC responsiveness 29

Fig. 1mMLC reactivity of
BALB/c and STS/A spleen cells
against a panel of allogeneic
stimulating cells. Responding
cells (0.75× 106 cells/ml)
were incubated with irradiated
(2000 R) stimulating cells
(1 × 106 cells/ml) for 96 h and
cell proliferation was determined.
The results show the average and
SD from triplicate cultures from
one typical experiment

Fig. 2A–DmMLC reactivity of spleen cells (0.75× 106 cells/ml) from
STS/A strain and 20 RCS to irradiated stimulating cells (1× 106 cells/
ml) from A B10, B B10.A, C A/Ph, andD (A.TL × A.TH)F1 strains.
The reactivity is expressed as a ratio of the proliferative response of a
particular strain to the proliferative response of BALB/c cells. Fe-
males:squares,males:triangles



Results

MLC reactivity of STS/A, BALB/c, and the CcS/Dem series
spleen cells

In an MLC, spleen cells from the STS/A strain react by a
significantly (P50.001) stronger proliferation in compar-
ison with cells from the BALB/c strain. Such a pattern of
reactivity was observed in MLC containing stimulator cells
from eight different allogeneic inbred strains and hybrids
(Fig. 1) or from strains PWD/Ph and PWK/Ph derived from
the wild mouseMus m. musculus(data not shown). This

pattern of reactivity was not dependent on cell concentra-
tion or time interval after beginning of the culture (data not
shown).

Proliferative responses of BALB/c, STS/A, and 20 RCS
of BALB/c-c/STS/Dem series were tested in MLC after
stimulation with B10.A, B10, A/Ph, or (A.TL× A.TH)F1

cells (Fig. 2). The results are expressed as a ratio of the
responsiveness of a particular strain to the response of
BALB/c cells. It is apparent that the CcS-4 responded
best (P 50.001) to cells of all four stimulator strains
used, and that the response of CcS-2, -3, -8, -11, -12, -13,
-14, -16, -18, -19, -20 was not significantly different from
that of BALB/c cells. The high responders (P50.01) were
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Fig. 4mProliferative response of
STS/A strain and 20 RCS to
stimulation with rIL-2. Spleen
cells (0.5 × 106 cells/ml)
were stimulated with rIL-2
(500 units/ml) for 72 h and the
cell proliferation was measured.
The results are expressed as
a ration of the proliferative
response of a particular strain
to the proliferative response of
BALB/c. Females:squares,
males:triangles

Fig. 3mProduction of IL-2 by
alloantigen-stimulated spleen
cells. Spleen cells (0.75× 106

cells/ml) from BALB/c, STS/A,
and 20 RCS were stimulated with
allogeneic (B10) irradiated cells
(1 × 10 cells/ml) for 96 h. The
IL-2 activity in the supernatants
was determined in a CTLL-2
assay. The results are expressed
in units/ml of IL-2



also CcS-5, -9, -15, and -17 and the strains CcS-1, -6, -7,
and -10 demonstrated weak but significant (P 50.05)
responses (Fig. 2A–D). One MLC high-responder strain
(CcS-4) and one MLC low-responder strain (CcS-12) were
tested against six other different stimulator strains (DBA/1,
PWD/Ph, PWK/Ph, HcB-7, HcB-23, OcB-2) and the phe-
notype of high or low responder, respectively, was constant
irrespective of the donor of stimulator cells (data not
shown).

Production of IL-2 by RCS

Because IL-2 is the major driving force in T-cell prolifera-
tion upon antigenic stimulation, we tested possible strain
differences in alloantigen-induced IL-2 production. After
96 h stimulation, BALB/c spleen cells produced more IL-2
than STS/A cells [(6.3 units/ml vs 2.1 units/ml) (Fig. 3)].
As is shown in Figure 3, most of the CcS strains produced
even more IL-2 than BALB/c cells. Among the best
producers of IL-2 are the strains CcS-3 (39.8 units/ml of
IL-2), CcS-11 (26.1 units/ml), CcS-12 (48.1 units/ml), and
CcS-16 (28.0 units/ml), which are low responders in MLC.
Two CcS strains, CcS-8 and CcS-14, produced very low
(51 unit/ml) amounts of IL-2. Supernatants from cultures
of unstimulated spleen cells or from cultures in which both

responder and stimulator cells were irradiated contained
only very little (50.1 units/ml) or undetectable IL-2
activity (data not shown). The production of IL-2 by
alloantigen-stimulated cells was also tested by IL-2
ELISA. The results confirmed findings obtained using a
CTLL-2 assay (i. e., the higher production of IL-2 by
BALB/c cells – 303 pg/ml than by STS/A cells – 128 pg/
ml, and a higher production of IL-2 by some CcS strains
than by parental strains). To exclude the possibility of a
different degree of IL-2 consumption by MLC reactive cells
in individual RCS, the production of IL-2 in the presence of
mAb anti-IL-2R was also measured by ELISA. The quan-
titative differences in the production of IL-2 in the presence
of anti-IL-2 mAb were comparable with those observed
among individual RCS in the cultures without the mAb
(data not shown). It is thus possible to conclude from these
data that the high response to alloantigens is not due to high
IL-2 production.
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Fig. 5mPercentages of CD3+, CD4+, and CD8+ cells in the spleens of
MLC high- and low-responder strains. Spleen cells from two MLC
high (STS/A and CcS-4)- and two MLC low (BALB/c and CcS-12)-
responder strains were stained with anti-CD3, anti-CD4, or anti-CD8
mAb and the percentages of positive cells were determined by flow
cytometery



Proliferative response of RCS to exogenous IL-2

The possibility of a correlation of alloantigen-induced
proliferation and an IL-2 proliferative response was tested.
The observed data are in accordance with our previous
results (Lipoldova´ et al. 1995). Spleen cells of STS/A strain
respond by a significantly (P50.0001) stronger prolifera-
tion to stimulation with rIL-2 than do BALB/c cells (Fig. 4).
From 20 RCS tested, the best responder strains were CcS-7,
-9, -15 and a response significantly higher than in BALB/c
was also observed in strains CcS-2, -3 and -4. This pattern
of reactivity was consistent for all IL-2 concentration used
(from 125 to 2000 units/ml). From these IL-2 high-respond-
er strains only CcS-4 also exhibits a high proliferative
response to alloantigens, whereas the response of CsS-9
and -15 is intermediate and the response of CcS-2 and -3 is
low. The best responder to IL-2, CcS-7, is only an inter-
mediate responder in MLC.

Percentage of CD3+, CD4+, and CD8+ cells in spleens
of RCS

CD4-positive cells are known to be the main population
which participates in MLC and the intensity of this re-
sponse could be influenced by a different frequency of
responder cells in high and low responders. The percentage
of CD3+, CD4+, and CD8+ cells in spleens of BALB/c,
STS/A, and RCS was measured using flow cytometry. As
shown in Figure 5 for two high (STS/A, CcS-4) and two
low (BALB/c, CcS-12) MLC responders, comparable per-
centages of CD3+, CD4+, and CD8+ cells were found.
Similar data were also obtained for other RCS (Lipoldova´
et al. 1995).

Requirements for IL-2 in MLC reaction

The MLCs of cells from high (STS/A, CcS-4) and low
(BALB/c, CcS-12) responders were set up in the presence
of mAb anti-IL-2, anti-IL-2R, or anti-IL-4. Figure 6 shows
that mAb anti-IL-2 and anti-IL-2R strongly inhibited MLC
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Fig. 7mEffects of mAb anti-IL-10 and anti-IFNγ on MLC response.
Spleen cells from BALB/c, STS/A, CcS-12, and CcS-4 strains were
stimulated with irradiated B10 cells alone or in the presence of mAb
anti-IL-10 (the culture supernatant from the hybridoma SXC2 used at
final dilution 1 :4) or mAb anti-IFNγ (the ascit from the hybridoma F3
used at a final dilution 1 :50). The proliferation of responding cells was
determined after 96 h. One of three similar experiments is shown

Fig. 6mEffects of mAb anti-IL-2,
anti-IL-2R, and anti-IL-4 on
MLC reactivity of high- and low-
responder strains. Spleen cells
from BALB/c, STS/A, CcS-12,
and CcS-4 strains were stimulated
with irradiated B10 cells alone or
in the presence of ascites (diluted
1 :50) containing mAb anti-IL-2,
anti-IL-2R, or anti-IL-4. Results
show one of three similar ex-
periments



reactivity in both high- and low-responder strains. MAb
anti-IL-4 inhibited MLC response in all strains by more
than 50%.

Also, to exclude the possibility that MLC reactivity of
the RCS might be influenced by IL-2 which could be
released at the beginning of the cultures from the irradiated
stimulator spleen cells, irradiated peritoneal macrophages
were used as MLC-stimulating cells. We observed that
irradiated allogeneic macrophages, as with irradiated spleen
cells, stimulated stronger proliferations in high-responder
strains (STS/A, CcS-4) than in MLC-low-responder strains
(BALB/c, CcS-12; data not shown).

Effects of mAb anti-IL-10 and anti-IFNg on MLC response

To exclude the possibility that weak proliferation in MLC
in low responders is due to a higher production of the
inhibitory cytokines IL-10 or IFNγ, we set up MLC in the
presence of neutralization mAb anti-IL-10 and anti-IFNγ.
Figure 7 shows that the MLC proliferation in the presence
of mAb anti-IL-10 and anti-IFNγ was increased in both
low- and high-responder strains, but again the differences
among strains were maintained.

Effects of exogenous cytokines on MLC response

Since the differences in MLC responses observed among
individual strains could be due to differences in the produc-
tion of cytokines influencing the MLC response, we next
tested the proliferation in MLC in the presence of an excess
of exogenous IL-1, IL-2, IL-3, IL-4, IL-6, and IL-7. Figure
8 shows that IL-2, IL-4, and IL-7 augmented the MLC
proliferation of both low (BALB/c, CcS-12)- and high
(STS/A, CcS-4)-responder strains, but the differences in
proliferation among high- and low-responder strains re-
mained preserved.

MLC reactivity of purified T cells

Spleen T and B cells from individual strains were highly
enriched and MLC reactivity of these cell populations was
tested. While no MLC response was observed among the
B cells, T-cell-enriched cell populations had strong MLC
reactivity (Fig. 9). Once again, purified T cells from high-
responder strains (STS/A, CcS-4) responded by a signifi-
cantly (P 50.001) stronger proliferation than purified
T cells from low-responder strains (BALB/c, CcS-12).
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Fig. 9mMLC reactivity of purified splenic T and B cells from high- and
low-responder strains. Non-separated spleen cells or highly enriched T-
or B-cell populations from BALB/c, STS/A, CcS-12, and CcS-4 strains
were stimulated with irradiated B10 cells and cell proliferation was
determined after 96 h. Results are from one experiment which is
representative of three similar experiments

Fig. 8mEffects of exogenous
cytokines on MLC response of
high- and low-responder strains.
Spleen cells from BALB/c,
STS/A, CcS-12, and CcS-4
strains were stimulated with
irradiated B10 cells in the pres-
ence of rmIL-1α (50 units/ml),
IL-2 (100 units/ml), IL-3
(300 units, ml), IL-4 (300 units/
ml), IL-6 (300 units/ml), or IL-7
(300 units/ml) and cell prolifera-
tion was measured after 96 h. The
Figure shows one of three similar
experiments



Discussion

The MLC reactivity of 20 RCS prepared by inbreeding
mice of the second backcross generation between the MLC
high-responder strain STS/A and the MLC low-responder
strain BALB/c was evaluated. We found that high respon-
siveness in MLC is apparently determined by only a limited
number of genes. Eleven of 20 RCS, each of which carries
approximately 12.5% of genes from the high-responder
strain, had an MLC low-responder phenotype not signifi-
cantly different from that of the low-responder parental
strain BALB/c. To evaluate the influence of stimulating
cells on the patterns of MLC reactivity, the stimulator cells
were selected to have either the same MHC and different
non-MHC antigens (strains B10.A and A/Ph) or different
MHC and the same non-MHC antigens (strains B10 and
B10.A). The results showed that the pattern of distribution
of MLC reactivity in individual RCS was not influenced by
MHC or non-MHC alloantigens on the stimulating cells.
Similarly, different responses in MLC observed among
individual RCS were not due to differences inMls loci,
because the MLC high- and MLC low-responder strains
(e.g., CsS-4 and CcS-13) can haveMls loci of the same
(i.e., BALB/c) origin (Groot et al. 1992).

The parental MLC high-responder strain STS/A also
responded in the form of a stronger proliferation to stim-
ulation with IL-2 in comparison with the MLC low-
responder BALB/c strain. From 20 RCS tested which
carry limited sets of STS/A genes on a BALB/c genetic
background, only three strains (CcS-7, -9, and -15) had the
phenotype of high responder to IL-2. However, there was
no complete correlation between high responsiveness in
MLC and strong proliferative response after stimulation
with IL-2 (e.g., the strain CcS-4 is a high responder in
MLC but only a moderate responder to IL-2).

We also tested the production of IL-2 in MLC by all
strains. The BALB/c mice were higher producers than STS
mice, in contrast to their MLC response pattern. The
majority of RCS produced even more IL-2 than parental
strains STS/A and BALB/c. Although the MLC high-
responder strains were also high producers of IL-2,
among the best producers of IL-2 were also the strains
that were low responders in MLC. These results suggest
that in individual RCS the genes controlling proliferation in
MLC, IL-2 production, and the responsiveness to IL-2
became separated. Although IL-2 pathway is essential for
T-cell activation and positive MLC reactivity (Taniguchi
and Minami 1993), other factors inherited by the MLC
responding cell population control the strength of prolifera-
tion in MLC. The nature of these factors remains largely
unknown, although cytokines play some regulatory role.
Though the production of various lymphokines during
MLC is well established (Leenaerts et al. 1992; Pure´ et
al. 1988; Paul 1989; Martinez et al. 1993; Danzer et al.
1994), we show here that the differences in MLC responses
observed among individual RCS were not abolished by
adding an excess of exogenous IL-1, -2, -3, -4, -6, or IL-7 to
the cultures. This observation is also supported by the

findings of Leenaerts and co-workers (1992) who showed
that while IL-1 and IL-6 are released in the MLC they are
not a requisite for responder T-cell proliferation. On the
other hand, it has been shown that proliferation in MLC is
regulated by IFNγ and IL-10, since mAb anti-IFNγ and
anti-IL-10 enhance MLC reactions in the mouse (Bejarano
et al. 1992; Bucy et al. 1988). We therefore also tested the
possibility of whether the weaker responses of MLC low-
responder strains could be due to a higher production of
IL-10 or IFNγ. Neutralization mAb anti-IL-10 or anti-IFNγ
increased proliferation in MLC in both low- and high-
responder strains, but the differences in the response
among the strains were maintained. In addition, we showed
that the MLC high- or low-responder phenotype remained
preserved even if we used highly purified T cells as the cells
reactive in MLC. Taken together, the high (or low-)-
responder phenotype appears to be an intrinsic property
of T cells themselves and does not seem to be dependent on
a function of accessory non-T cells or on a variable
production of cytokines. We also showed that the prolifera-
tion of cells in MLC is dependent on IL-2, because anti-
IL-2 or anti-IL-2R mAb inhibited MLC responses. This was
the case in both high- and low-responder strains. Since
purified macrophages used as stimulating cells also induced
higher proliferation in the high-responder strains than in the
low responders, IL-2 production by stimulating cells does
not determine the phenotype of MLC responsiveness.
Because the genes regulating production of IL-2 in MLC
and the genes controlling responsiveness to IL-2 can be
separated from the genes controlling proliferation in MLC,
our results suggest that IL-2 is apparently not a crucial
factor responsible for the expression of a high or low MLC
response phenotype. On the other hand, although the two
parental strains BALB/c and STS/A exhibit a contrasting
pattern of activation in MLC (low and high, respectively)
and by CD3-specific antibody (high and low, respectively),
the strain distribution pattern of response to these two
stimuli is quite similar in CcS/Dem strains (with the
exception of strains CcS-6, -7, and -16); compare Figure
2 in this paper and Figure 5 and Table 2 in Lipoldova´ and
co-workers (1995). Although this apparent correlation may
be due to chance, it is possible that some genes controlling
the activation by CD3-specific antibody are also involved
in the control of MLC reactivity.

The RCS system has been used so far for the successful
analysis of the multigenic control of susceptibility to colon
tumors (Moen et al. 1991, 1992), proliferative response to
IL-2 and anti-CD3 (Lipoldova´ et al. 1995), and radiation-
induced apoptosis of thymocytes (Mori et al. 1995a, b). The
results presented here show the potential of the RCS system
for analyzing genes also controlling such a complex process
as the transplantation reactions to alloantigens. Identifica-
tion of these controlling genes will probably increase our
insight into the genetic basis of allotransplantation reactions
and might contribute to an improvement in the selection of
recipients for clinical transplantation.
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