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Antigen-induced activation of T lymphocytes plays a cen-
tral role in specific immune reactions. This response is
influenced by antigen presenting cells and depends on
T-cell signalling pathways (Wegener et al. 1992; Jenkins
and Johnson 1993; Howe and Weiss 1995). T cells can be
stimulated to produce cytokines and cytokine receptors
which drive proliferation and differentiation, and to express
cell surface and intracellular molecules involved in effector
functions (Miyajima et al. 1992). As intracellular events
initiated by the ligation of theα/β heterodimer of the T-cell
receptor (TCR) are mediated by signal transduction through
the CD3 complex, the CD3 monoclonal antibody (mAb) is
widely used as a trigger for the analysis of T-cell activation.
Mouse strains BALB/cHeA (BALB/c) and STS/A (STS)
differ in their response to CD3 antibody; lymphocytes of
the strain BALB/c are high responders, whereas STS
lymphocytes do not respond to this stimulus. This deficient
response is due to the STS allele at theFcgr2 locus which
produces a non-functional CD32 (Fcγ receptor 2) molecule
(Hibbs et al. 1985; Lipoldova´ et al. 1995). To analyze
whether other gene(s) influence the response to mAb CD3
as well, we used the recombinant congenic strains (RCS) of
the BALB/c-c-STS/Dem (CcS/Dem) series, which have
been developed for genetic analysis of multigenically-con-
trolled complex biological processes (Demant and Hart
1986; Demant 1992). A series of RCS comprises 20
homozygous strains, all produced by backcrossing and
inbreeding from two parental inbred strains, a background
strain, and a donor strain. Each CcS/Dem strain of the series
contains a different, random set of approximately 12.5%
genes from the donor strain STS and approximately 87.5%
genes from the background strain BALB/c. RCS have been
succesfully used in studies of genetics of tumor suscepti-

bility (Moen et al. 1991; Fijneman et al. 1994), apoptosis
(Mori et al. 1995), and the immune response (Lipoldova´ et
al. 1995; Holáň et al. 1996). In our previous work (Lipol-
dová et al. 1995) we observed large differences in the
ability of CcS/Dem strains to respond by proliferation to
mAb CD3. The donor strain STS is a non-responder
because of its non-functionalFcgr2 allele, as are the strains
CcS-11 and -12 which carry this allele. However, additional
genes are involved, because some RCS strains are even
higher responders than the strain BALB/c, indicating that
they received high-response alleles at some unknown loci
from the non-responder strain STS, in which the effect of
these high-response genes is not visible because of the non-
functional allele atFcgr2 and the presence of low-response
alleles at additional loci (Lipoldova´ et al. 1995). In order to
map some of these genes, we prepared F2 hybrids between
one of the high responder RC strains, CcS-4, and the
parental strain BALB/c. Three-hundred-and-forty mice, 6
to 14 weeks old, both male and female, were analyzed. The
mice were shipped from Amsterdam to Prague in two
separate groups (sets) with a three-month interval. Each
day in a separate experiment 20 F2 mice and appropriate
controls were tested. The mAb KT3 recognizing the CD3ε
chain was kindly provided by K. Tomonari (Tomonari et al.
1988). The proliferative response of spleen cells to soluble
mAb CD3 was tested as described previously (Lipoldova´ et
al. 1995). Counts indicating3H-incorporation in anti-CD3-
stimulated splenocytes were divided by the counts obtained
when the same cells were maintained in medium only.
These ratios were logarithmically transformed to obtain a
normal distribution. The difference between the stimulated
and control cultures was also used and gave essentially the
same results (data not shown). The strain CcS-4 carries
genetic material of STS origin on eight chromosomes
(Stassen et al. 1996). These segments were typed in the
F2 hybrids by 23 microsatellite markers using the polymer-
ase chain reaction (Dietrich et al. 1992). Evaluation of
linkage was performed by analysis of variance (ANOVA,
NCSS), using the marker, gender, and age as fixed factors
and the day of experiment as a random factor. The results
were confirmed by using a mixed model analysis of
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variance with marker, gender, and set (individual shipment
of mice) as fixed effects and experiment, nested within set,
as random effect; interactions including experiment (within
set) were also considered to be random. F-tests were based
on expected mean squares as detailed in the SAS/STAT
User’s Guide (1989). Both tests revealed linkage of anti-
CD3-induced response to markerD11Nds9 on
chromosome 11 (P 50.000023) and to markerD15Mit17
on chromosome 15 (P 50.000099) (Table 1). The STS
alleles determine higher proliferative response to mAb CD3
(Table 2). No strong evidence of a genotype, gender, and
age interaction was found (P = 0.14 and 0.34 for gender and
age, respectively).

D11Nds9 is situated in a region encompassing many
genes with an immune function:Itk (IL-2-inducible T-cell
kinase),Il4 (interleukin (IL)-4), Il5 (IL-5), Csfgm(colony
stimulating factor, granulocyte/macrophage specific),Il3
(IL-3), Il13 (IL-13), Irf1 (interferon regulatory factor 1);
(The Mouse Genome Database http://www.informatics.jax.-
org/mgd.html). Any of these genes might directly or indir-
ectly influence the response to mAb CD3. Polymorphism in
mouse cytokine genes situated in this region has been
described (Jacob et al. 1993), but no correlation of this
polymorphism with T-cell growth differences has been
reported. Taking into account the pleiotropy of cytokine
effects, only more detailed mapping could establish
whether some of these genes or some unknown gene
could be responsible for the observed effects.

The markerD15Mit17 maps very nearmyc. Changes in
myc gene structure caused by proviral insertions, chromo-
somal transformation, and gene amplification are associated

with growth deregulation in different cancers (Spencer and
Groudine 1990). This gene is also activated after stimula-
tion with CD3-specific antibody (Bohjanen et al. 1990) and
hence its polymorphism could also be responsible for the
differences observed in our experiments.
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Table 1mLinkage analysis of anti-CD3-induced proliferative response
of (CcS-4 × BALB) F2 hybrids

Chromosome Locus P value

5 D5Mit179 N.S.

6 D6Mit122 N.S.
D6Mit109 N.S.

11 D11Mit19 0.003
D11Nds9 0.000023
D11Mit26 0.0082
D11Mit4 0.0021
D11Mit36 0.0050
D11Mit70 0.0171
D11Mit61 N.S.

12 D12Mit37 N.S.
D12Mit136 N.S.
D12Mit30 N.S.
D12Mit7 N.S.

13 D13Mit25 N.S.

15 D15Nds2 N.S.
D15Mit8 0.0063
D15Mit17 0.000099
D15Mit29 0.0019
D15Mit37 N.S.
D15Mit96 N.S.

16 D16Mit96 N.S.

18 D18Mit81 N.S.

Table 2mAnti-CD3-induced proliferation of (CcS-4× BALB) F2

hybrids with different genotypes at markers on chromosome 11 and
15. The numbers show logarithmic transformation of the ratio of
proliferative response of spleen cells stimulated by 1.5µg/ml soluble
anti-CD3 and the proliferation obtained with the same cell suspension
incubated without the anti-CD3. S and C indicate presence of STS and
BALB/c alleles, respectively. This value was in the strain BALB/c
1.52+0.12 and in the strain CcS-4 2.6+0.15 (P50.0001; ANOVA)

Locus SS CS CC

D11Mit19 2.09 2.01 1.77
D11Nds9 2.06 2.03 1.77
D11Mit4 2.04 2.01 1.79
D11Mit36 2.08 1.98 1.80

D15Mit8 2.03 2.00 1.80
D15Mit17 2.09 2.00 1.75
D15Mit29 2.06 1.99 1.78
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