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Summanry

We studied the extent of functional linkage between
CD3¢ and p56“* in pre-TCR-dependent thymocyte de-
velopment. Differentiation of DN to DP cells was exam-
ined by treatment of RAG2/CD3{ and RAG 1/p56'~ dou-
ble-deficient mice with anti-CD3¢ antibodies. The
results suggest that CD3{ has no specific role in this
maturation step, but may be important for amplifica-
tion of signaling through the pre-TCR. In contrast,
p56** js the main protein tyrosine kinase associated
with signaling through the pre-TCR-CD3 complex. In
DP thymocytes, the Ca® response to anti-CD3c was
totally abolished in CD3; ™ but only reduced in p56=*™~
mice, and in vivo responses to anti-CD3« differed from
one another. Thus, CD3{ and p56** are functionally not
tightly associated and their deficiencies cause distinct
developmental defects.

Introduction

T cells develop in the thymus, where they undergo multiple
steps of differential gene expression and gena rearrangs-
ments. Cells having successfully completed one step are
selected to maturs to the next. At an sarly stage, defined
by the expression of the interleukin 2-Ra (IL-2Ra) chain,
thymocytes attempt to produce a functional T cell receptor
B (TCRP) chain gene by random rearrangament of the
TCRR V, D, and J gene segments (Spits, 1594). If re-
arrangement was successful, the pre-TCR is expressed
on the cell surface, consisting of the TCRP ¢hain, dimer-
ized with the pre-TCRa chain, and members of the CD3
complex (Groettrup et al., 1993; Groettrup and von
Boehmer, 1983; Saint-Ruf et al., 1394). The surface ex-
pression of the pre-TCR, alone or by interaction with a
ligand on thymic stroma cells, selects thymocytes with a
functional TCRP chain to continue maturation, This results
in allelic exclusion by arrest of further rearrangement of

the TCRP locus, & burst of cell divisions, down-rggulatio
of the IL-2Fa chain, and the expression of the corecaptor
CD4 and CO8 (Groettrup and von Boehmer, 1983, Lave
and Eichmann, 1993}. During the CD4*CDE"|double
positive (DP) stage, rearrangements in the TCRa locu
take place. Thymocytes with a functionally rearrange
TCRua chain gene are then selected according to the spec
ficity of their mature aff TCR (Kisielow et al., 1988; Rott
enberg, 1994). Thymocytes that are potentially self-reac
tive are negatively selected and clonally deleted b
apoptosis. Nonsalected thymocytes also die. Thymocyte
that are self-restricted are positively selected and continu
maturation into CO4* single-positive (SP)or CODE" SP cells
depending on the restriction of their TCR. The differenc
between positive and negative selection is most probabl
dictated by quantitative parameters of the interactions be
tween the TCR and the selecting ligands (Hogguist et al
1994; Ashton-Rickardt et al., 1994), resulting in disting
signal intensities (Eichmann, 1995).

Mice that carry mutations leading to the failure to pre
duce a TCRE chain, such as scid mice (Schuler et al
1886), mice deficient for RAG 1 (Mombaerts et al|, 1592;
or RAGZ (Shinkai et al., 1992), and mice with a null mut:
tion in the TCRP chain genes (Mombaerts et al.| 1832k
show a nearly complete block in the maturation ¢
CD4-CDE" double-negative (DN} thymaocytes tg the D
stage. Less severe deficiencies are observed in mice det
cient for molecules that are involved in signal transductio
through the TCR. For example, mice that are deficient fc
CD3g (Liu et al., 1993; Ohno et al., 1983; Malissen et al
1993; Love et al,, 1993) have a small thymus, with 5%
1580 of the naormal number of DP thymocytes.| Furthe
mare, positive selection is impaired, with virtually no S
cells in the thymus. A phenotypically similar incomplet
developmental block is observed in mice deficient fc
pSE= (lck) (Molina et al., 1992). In contrast, mice that ove
express a dominant-negative form of lck show a comple
block of thymocyte development at the DN stage (Levi
at al,, 1993), presumably because of competition for adc
tional PTK substrates. PTKs are likely also to play a rol
in the regulation of allefic exclusion, as a TCAP transgen
deoes not lead to allelic exclusion in mice overaxprassin
dominant-negative Ick (Andersan et al., 1983),

In previous work, we have shown that cross-fnking |
CC3: on DN thymocytes accelerated their matyration |
DP thymocytes, whereas cross-linking of CO3 op OF th
mocytes induced their deletion {Levelt et al., 1993a). Maor
over, cross-linking of CO3z on DM thymocytes of TCF
chain-deficient mice restored their maturation to the D
stage (Levelt et al., 19933k). These studiss suggested th.
signaling events through the CD3 complex controlle
these early as well as the late selection events, Hare, w
analyzed mice deficient for CO3C and for ek, asking 1T
question as to what extent these components of CD
mediated signaling are functionally connecled with or
another during the early pases of thymic developmen
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Mice were bred to become double deficient for RAGT (or
RAG2) and sither lck or CD3C, and double-deficient new-
born mice were treated with anti-CD3e, thus addressing
the role of CD3L and Ick in the differentiation of DN to
DP thymocytes, Furthermare, by studying CD3( and ek
single-deficient mice, we analyzed the responses of imma-
ture DP thymocytes upon CD3 cross-linking. The results
suggest that CD3{ and ick are involved in partially indepen-
dent signal transduction pathways with divergent func-
tions in pre-TCR-dependent thymic selection.

Results

Signaling through CD3¢ Is Not Essential for Early
Thymocyte Maturation

Newborn F2 generation offspring from intercrosses be-
tween CD3C-deficient and AAG2-deficient parental mice
were injected with 10 pg/g bodyweight anti-CD3e mone-
clonal antibody (MAD), 1 day after birth. Thymocytas wars
isclated at day 8 after birth and the mice were typad by
intracellular staining for CD3L (Levelt et al., 1993c) and
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by reverse transcription polymerase chain reaction (RT-
PCH) for AAG2. Remaining thymocytes were stained for
CD4, CD8, and IL-2Ra. In Figure 1, the effects of anti-CD3c
MAD treatment on thymic development in RAG2-deficient
(E=H) and RAG2/CD3, double-deficient mice (A-D) are
shown. As expected from our previgus results on RAGT-
deficient mice (Levelt et al, 1993b), anti-CD3s MAb
caused full induction of CD4/CD8, down-regulation of IL-
2Ra, and a substantial increase in cell numbers in RAG2-
deficient thymi. No significant differences in any of these
parameters were detected between RAG2-deficient mice

and CD3L""/RAG2-" double mutants. Absolute cell num- |

bers of thymocytes in the anti-CD3e MAb-treated double-
mutant mice were similar to those found in untreated wild-
type newborn mice, and four to six times greater than
those found in untreatad CD3{ single-deficient mice (see
Tabile 1). CD3 single-deficient mice also showed full in-
duction of DP cells (see below). These results suggest
that the defect in thymocyte development observed in
CD3C-deficient mice can be overcome by potent signaling
through CD3yée alone. The signaling function of CD3L

Figure 1. Down-Regulation of IL-2Ra and In-
cuction of CD4 and CO8 on RAGZ/CDILN ™
Double-Mutant Thymocytes

RAGZ2" newborn mice (E-H) and RAG2"/
CD3CMm™ newborn mice (A=D) were injected
with anti-CD3e MADb at day 1 after birth, and
thymocytes were analyzed at day 8 after birth
for expression of CD4, COB, and IL-2Ra. Con-
towr plots at the left (A, C, E, and G) represent
fluorescence inténsities of CD4 and COB. His-
tagrams at the right (B, D. F, and H) represent
the fluorescence intensity of IL-2Ra. Absalute
cell numbers (x 10°% are indicated above the
contour piots. Control RAG2™ (E and F) and
RAGZCD3Lm™ (A and B) thymi show that
déwvelopment 5 blocked at the CD4"CD&™ DM
IL-2Ra” stage. Treatment with anti-CO3e MAD
reconstitules thymocyte maturation to the
CC4"CDa" DP stage completely in bath RAG2
(G) and RAGZ-CD3m~ (C) mice. Down-
reguiation of IL-2R g is complete in both mouse
straing (D and H), and absciute cell numbers
increass to =50 = 10
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Table 1. Towal Thymocyles in Wild-Type and Mutant Mice after
Injection of Anti-CO3e MAB* (x 109

Day after injection

Mice i} 1 z 3

WT ZA1 =45 3T2 =51 284 =80 54 =33
CO3L" 107 =15 227 +38 34 =85 50 =2
Lek ' 13=16 115+ 15 18 =2 138 £ 08
AAGZ ' 28 =03 38 =089 iB =2 NT xag

*Resulls are means = SEMs of 2-§ mice for sach data painl.

during sarly thymocyte differentiation is therefore either
redundant or merely an amplification of the CD3y8¢ signal.
In addition, CO3C may increase the surface exprassion of
the immature TCH.

lek Is Important for Efficient Signal Transduction
threugh CD3 during Early Thymocyte

Ditferentiation

The results on CD3C-deficient mice suggested that CD3ybe
is sufficient for the early signal that induces maturation to
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the OP stage. If this signal was mediated by PT}AS ather
than ick, lck-deficient thymi should be fully indugible by
anti-CD3e. This was tested by injecting BAG 7 /ick™ dou-
ble-mutant mice with anti-CD3z MAD at day 1 after birth.
The newborn mice were typed by PCR of tail DNA, anc
flow cytometry of thymocytes was done on day|8 afer
birth. As for RAG2-deficient mice, expression of CD4 anc
CD8, down-regulation of IL-2Ra, and proliferation are in-
duced upon anti-CO3s MAD treatment in thymocytes o
RAG1-deficient mice (Figures 2E-2H). In cgntrast
RAG1™ick™" double-mutant mice showed only a poor re
constitution of early thymocyte development upon anti
CD3e treatment. Down-regulation of IL-2Re was incom
plete (Figures 2B and D), and the absclute number of DF
cells was less than 15% of that in thymi of anti-CD3e MAD
treated RAGT-deficient mice (Figures 24, 2C, and 2G)
These results suggest that ick is an important alj:nent ir
signal transduction through both the CD3C and the CD3y5i
modules during this stage of development.

We found that one of the earliest parameters of induction
by anti-CD3z MAD is the expression of CD&3, which coin
cides with the down-regulation of IL-2Ra in RAG2-deficien

Figura 2. Inefficient Down-Regutation of IL-28
and Induction of C0é and CD8 in RA : 17" lick™
Double-Mutant Thymocytes

RAGT™ newborn mice (E-H) and RAGT ek~
newborn mice (A=D) were injected| with ant
C:3e MAD at day 1 after birth, and thymocyte
were analyzed at day 8 after birth for expre:
sion af CD4, CDB, and IL-2Ra. Contdur plots ¢
the ledt (A, C, E, and G) represent Hu?resc:anr.
intensities of C04 and CDA. Histograms at th
right (B, O, F. and H) represent the fluore:
cence intensity of IL-2Ra. Absolute cell nun
bers (x 107 are indicated above the contol
plots. Cantrol RAGT~ (E and F) antd RAGT
lck™ (A and B) thymi show that thymocyte di
velopment is blocked at the DN IL-2Ra" stag:
Treatment with anti-C03z MAD reconstitute
thymocyte maturation to the DP stage cor
pletety in RAGT™ (G) mice, accompanied ¢
down-regulation of IL-2Ra [H) and an increa:
of the absolute cell number 1o 58 % 10°
RAGT™llck™ thymi, the recanstitulion of th
mocyls development by ant-CD3e MAD tres
mant is incomplete. A smaller praportion
thymocytes reaches the DP stage [C), cow
regulation of IL-2Fa is inefficient (). and 1
absolute cell number reaches only 11 = 1C
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