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A Role for CD5 in TCR-Mediated Signal 
Transduction and Thymocyte Selection 
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Jeffrey A. Ledbetter, Werner Muller, Nigel Killeen, 

Klaus Rajewsky 

CD5 is a transmembrane protein that is expressed on the surface of T cells and a subset 
of B cells. The absence of CD5 rendered thymocytes hyperresponsive to stimulation 
through the T cell antigen receptor (TCR) in vitro. Selection of T cells expressing three 
distinct transgenic TCRs was also abnormal in CD5-deficient mice. These observations 
indicate that CD5 can influence the fate of developing thymocytes by acting as a negative 
regulator of TCR-mediated signal transduction. 

Signal transduction through the TCR deter- 
mines the outcome of thymic selection (1). 
The T lymphocyte transmelnbrane protein 
CD5 is part of a receptor complex that also 
comprises the TCR-CD3 I, chain and pro- 
tein tyrosine kinases (PTKs) (2). Activation 
of T cells results in a rapid phospho- 
rylation of tyrosine residues within the cyto- 
plasmic domain of CD5 (3), which is 
thought to bind Src homology 2 (SH2) do- 
main-containing proteins (2). 

Previous studies of peripheral T cell acti- 
vation in vitro revealed a costimulatory ef- 
fect of antibodies specific for CD5 on TCR- 
mediated proliferative responses, suggesting 
that in the absence of CD5, TCR-mediated 
proliferation of T cells may be reduced (4). 
In contrast, we observed that TCR-mediated 
proliferative responses of single positive (SP) 
CD4+ or CD8+ thymocytes, but not periph- 

A. Tarakhovskv, W. Muler, K. Ra~ewskv. Institute for Ge- 

era1 T cells, from CD5-deficient mice (5) 
were greater than those of the corresponding 
cells from wild-type mice (Fig. 1A) (6). 
However, both control and CD5-I- cells 
responded equally to stiinulation by phorbol 
12-myristate 13-acetate (PMA) and ionomy- 
cin, which are known to bypass TCR-depen- 
dent signal transduction (7). 

Surface expression levels of the TCR- 
CD3 complex and CD4 or CD8 coreceptors 
on thymocytes from CD5-I- and control 
mice are similar (5) .  Hence, CD5 deficien- 
cy likely influences signaling downstream of 
the TCR. The hyperresponsiveness of 
CD5-I- thymocytes in terms of prolifera- 
tion was accompanied by moderate, but 
stably reproducible, increases in Ca2+ mo- 
bilization associated with thymocyte activa- 
tion induced by antibodies to CD3, either 
alone or in combination with antibodies to 
CD4 (Fig. 1B) (8). The increase in Ca2+ 
mobilization in C D 5 - I  thvinocvtes was 
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loaded major histocoinpatibility complex 
(MHC) proteins induces the phosphoryl- 
ation of TCR subunits and activation of 
PTKs iinportant in signaling downstream of 
the TCR (1,  1 1 ). The association of the 
phosphorylated TCR-CD3 [ chain with the 
PTK ZAP-70 plays a critical role in T cell 
activation (1 2). We performed iinmunopre- 
cipitation from whole-cell lysates of resting 
and in vitro-stimulated C D 5 - I  and control 
thyinocytes with antibodies to ZAP-70 and 
subjected the iininunoprecipitates to immu- 
noblot analysis with antibodies to phospho- 
tyrosine (9). Unstiinulated and activated 
C D 5 - I  and control thymocytes contained 
equal amounts of similarly phosphorylated 
ZAP-70 protein. One or two phosphopro- 
teins with inolecular sizes of 21 kD (pp21) 
and 23 kD (pp23) coprecipitated with ZAP- 
70; these proteins are known isoforms of the 
CD3 [ chain (1 2)  (Fig. 1C). The identity of 
these phosphoproteins was confirmed with 
antibodies to the CD3 I, chain. The extent of 
pho~phor~lat ion of the pp21 I, isoform was 
lower in CD5-I- than in control cells. In 
CD5-I- cells, but not in control cells, cross- 
linking of CD3 resulted in the induction of 
the pp23 isoforin (Fig. 1C). This isoforin of 
the I, chain predominated in lysates of 
CD5-I- thymocytes activated with the com- 
bination of antibodies to CD3 and CD4, 
whereas in control thyinocytes the pp23 [ 
isoform was only slightly more phosphoryl- 
x e d  on tyrosine than the pp21 [ isoform 
(Fig. 1C). Both pp21 and pp23 [ isoforms are 
~nduced by TCR ligands that stimulate T 
cell proliferation and interleukin-2 secretion 
(that is, agonists), whereas anergy-inducing 
TCR ligands (that is, antagonists) induce 
predominantly the pp21 5 isoform (12). It is 
possible that CD5 regulates the ratio be- 
tween pp21 and pp23 [ isoforms by compet- 
ing with CD3 for common PTKs (2), there- 
by defining the amplitude of TCR-mediated 
stimulation. 

The phosphorylation of the Vav protein, 
which is critical for TCR-mediated prolif- 
eration of T cells (13), was markedly in- 
creased in both unstimulated and stimulat- 
ed C D 5 - I  thymocytes relative to control 
cells (Fig. 1C).  The alterations in phos- 
phorylation were selective: There were no 
other significant differences between 
CD5-I- and control thymocytes with re- 
spect to the general pattern of TCR-in- 
duced phosphorylation of intracellular pro- 
teins. Moreover, neither the phosphoryl- 
ation nor the catalytic activity of the TCR- 
CD4 associated protein kinase p56'C" was 
altered in nonstiinulated or stimulated 
CD5-I- thymocytes. 

The changes in TCR-mediated signal 
transduction in CD5-I- mice might have 
been expected to influence thymic selection 
and affect the fate of developing thymocytes. 
However, an initial analysis of T cell devel- 
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opment in CD5-deficient (CD5T) mice did surface marker expression (5). This analysis 
not reveal changes in the thymocyte popu- could not exclude the possibility that the 
lations of these mice as defined by CD3, CD5T mutation results in changes in thymic 
C W ,  CD8, CD69, and heat-stable antigen selection that are masked by the heteroge- 
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neity of the TCR repertoire. To explore this 
possibility, we analyzed positive and negative 
selection of T cells expressing transgenic 
TCRs in the absence of CD5. CD5T mice 
were crossed with three previously character- 
ized TCR transgenic lines: one producing a 
receptor specific for the male H-Y antigen 
(H-Y mice) (14), one with a receptor specif- 
ic for the lymphocytic choriomeningitis vi- 
rus glycoprotein (PI4 mice) (15), and the 
third with a TCR that is specific for the 
nucleoprotein of influenza virus (F5 mice) 
(16). In all three instances, the selecting 
peptide is presented by the MHC class I 
H-2Db molecule (14-16). 

Thymocytes expressing the H-Y-specific 
transgenic TCRaP receptor are deleted in 
male mice (14). This process of negative 
selection was not affected in the absence of 
CD5. In female mice, the interaction of the 
transgenic TCRaP with an unknown ligand 
results in the positive selection of SP CD8+ 
cells that express large amounts of the trans- 
genic TCR (Fig. 2, A and B) (17, 18). 
Because of the rearrangement of the endog- 
enous TCRa chain locus in double-positive 
(DP) thymocytes, a large fraction of DP cells 
and SP CD8+ cells in H-Y mice expresses 
surface heterodimers of endogenous TCRa 
chains  aired with the transgenic TCRP 
chain and therefore are transgenic 
TCRa'"Phi (1 7) (Fig. 2B). The CD5T mu- 
tation markedly affects this pattern of posi- 
tive selection. The thymuses of CD5defi- 
cient H-Y TCR transgenic (H-Y x CD5T) 
females are on average half the size of those 
of control H-Y mice and contain almost 
exclusively cells expressing both transgenic 
TCRa and P chains in large amounts (Fig. 
2B). In addition, DP cells of H-Y X CD5T 
females also showed increased expression of 
CD69, the expression of which coincides 
with the onset of positive selection (1 9), and 
were larger (as determined by forward light 
scatter) than DP cells of H-Y mice. An in- 
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crease in the percentage of SP CD8+ cells and 
a proportional decrease in the fraction of DP 
and SP CD4+ thymocytes (Fig. 2A) was mir­
rored in the periphery, where the ratio of 
CD8+ to CD4+ splenic cells was increased in 
H-Y X CD5T mice compared to control H-Y 
females (Fig. 3A). Furthermore, approximate­
ly one-half of the CD8+ splenic T cells were 
transgenic TCRa lophl in control mice, where­
as most such cells expressed large amounts of 
both transgenic TCRa and (3 chains in H-Y 
X CD5T mice (Fig. 3, B and C). 

Similar to the situation in H-Y females, 
the interaction of the PI4 TCR with an 
unknown thymic ligand results in the pos­
itive selection of SP CD8+ cells (Fig. 2, C 
and D) (15, 20, 21). In contrast to thymus­
es of control P14 mice, in which 20 to 30% 
of thymocytes express the transgenic TCRa 
and P chains at a high level (22) (Fig. 2D), 
the thymuses of CD5-deficient PI4 TCR 
transgenic (P14 X CD5T) mice are one-
third to one-half the size of those of control 
mice and are comprised largely of trans­
genic TCRa lo0 l° cells (Fig. 2D). Conse­
quently, the proportion of SP CD8 + trans­
genic TCRah iph i thymocytes and peripher­
al CD8+ T cells in P14 X CD5T mice was 
— 10 to 20% of that in control mice, sug-
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Fig. 3. Transgenic TCRap expression in splenic T 
cells of H-Y (left panels) and H-Y x CD5T (right 
panels) female transgenic mice. (A) SP popula­
tions of splenic T cells (n = 8). Populations of SP 
CD4+ and CD8+ are framed, and numbers show 
the percentage of gated cells within the total 
splenocyte population. (B and C) Expression of 
the transgenic TCRa (B) and TCR0 (C). Subpopu-
lations of SP CD8+ cells were gated according to 
the expression levels of TCRa and p chains. Num­
bers show the percentage of gated cells within the 
total splenocyte population. 

gesting a partial negative selection of the 
transgenic TCR-expressing cells attribut­
able to the absence of CD5. 

Finally, in CD5T mice expressing the F5 
transgenic TCR (F5 X CD5T), the distri­
bution of cells among the various thymic 
subpopulations differed from that in control 
F5 transgenic mice (Fig. 2, E and F). The 
most marked feature was a large increase in 
the representation of coreceptor-skewed 
TCRhiCD4+CD8 l° or TCRhiCD4 loCD8+ 

cells (Fig. 2E). However, the thymuses of F5 
X CD5T mice did not show an obvious 
decrease in cellularity compared to F5 con­
trols. Although the lack of an F5 clonotype-
specific reagent precludes accurate determi­
nation of the retention of transgenic TCRa 
expression, the high ratio of peripheral 
CD8+ :CD4+ T cells was equivalent for F5 
and F5 X CD5T mice, reflecting the per­
sistence of positive selection in the absence 
ofCD5. 

Our results with the three transgenic lines 
are consistent with CD5 being a component 
of a system that regulates TCR-mediated 
thymocyte activation. CD5 may influence 
the fate of developing thymocytes by de­
pressing the responsiveness of DP cells to 
selection signals. In this manner, expression 
of CD5 may influence the selection of indi­
vidual TCRs in either a positive (for exam­
ple, P14) or a negative (for example, H-Y) 
manner depending on initial differences in 
TCR-ligand affinity. The increase in the 
proportion of CD4+CD8 l° coreceptor-
skewed cells in F5 X CD5T mice indicates 
that CD5 exerts its effect at the DP stage 
during lineage commitment, before the com­
pletion of coreceptor down-regulation. 
Overall, thymocytes are likely to be most 
sensitive to CD5 function at the DP stage 
during the course of positive selection. Co-
incidentally, it is at this point that thymo­
cytes usually up-regulate expression of sever­
al cell surface molecules, one of which is 
CD5 (23). 
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