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FIG. 2 Expression of transgenic CD4 in CD4-deficient mice. Dot plots
show expression of CD4 and CD8 on lymph node {LN) cells (a) and
thymocytes (b) from mice of the indicated genotypes. ¢, Filled histo-
grams show expression of CD4 on immature (CD3%") thymocytes rela-
tive to the level on cells from the control CD4+/—mouse. d, Graph of
the relationship between mean relative fluorescence of tailless CD4 on
CD3““" thymocytes and the percentage of CD4-lineage peripheral T cells
in individual CD4Acyt transgenic lines. Similar phenotypes were also
observed for CD4—/—mice bearing Ick-CD4 transgenes (not shown).
METHODS. Thymocytes and lymph node cells were stained with anti-
CD4, anti-CD8 (GK1.5-PE and 53-6.7-FITC from Becton—Dickinson) and
anti-CD3¢(145-2C11-biotin from Pharmingen) followed by streptavidin
PE-Cy5 (Caltag Tricolor). Cells were analysed using a Becton-Dickinson
FACScan and Lys Il software. Dot plots for peripheral lymphocytes and
histograms for CD3“" thymocytes were generated by gating for expres-
sion of CD3.

CD4 did not alter the ratios of CD4"CD8™ to CD4"CD8™
cells, five- to-sixfold overexpression restored the development of
the CD4 lineage to normal levels (Fig. 2, number 3949). In total,
five different transgenic founders expressing the tailless CD4
molecule were analysed in the CD4-negative background; this
pattern was notably consistent (Fig. 2d).

Previous studies have shown that a cysteine-containing motif
within the cytoplasmic domain of CD4 is required for binding
to pS6™* (refs 15, 16). To confirm that deletion of this domain
of CD4 in the reconstituted animals eliminated the CD4-p56"*
association, anti-CD4 immunoprecipitates from thymocyte lys-
ates were tested for associated p56™* by in vitro kinase assay
and by immunoblot with a rabbit antiserum specific for a p56"*
amino-terminal peptide (Fig. 3). Immunoprecipitates from cells
expressing endogenous or transgenic wild-type CD4 included
a protein of 55-60 K that was recognized by the Lck-specific
antiserum (Fig. 3a). These immunoprecipitates also contained
abundant kinase activity both for an exogenous substrate, enol-
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ase, and for a protein running at the expected size of p56™* (Fig.
3b). Immunoprecipitates from CD4-deficient thymocytes and
from those overexpressing the tailless variant of CD4 had negli-
gible kinase activity and no detectable p56* by immunoblot
(Fig. 3a and b). Tailless CD4 was abundant in these immunopre-
cipitates, as shown by parallel immunoblot with a rabbit anti-
serum specific for mouse CD4 (not shown).

To determine whether the appearance of CD4 lineage cells
resulted in the expected restoration of helper T-cell function,
transgenic mice were immunized with a T-cell dependent antigen,
TNP-KLH, and tested for their ability to generate a primary
TNP-specific antibody response. As previously reported, the
mean TNP-specific antibody titre in the sera of mice deficient in
CD4 expression was ~10-fold lower than that in mice expressing
endogenous CD4 (ref. 4). This defect was largely corrected by
expression of either the wild-type or tailless trangene-encoded
CD4 molecules (Fig. 4a). In mixed lymphocyte cultures, T cells
from CD4-deficient mice are poor responders to stimulation with
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cells from major histocompatibility complex (MHC) congenic
mice expressing the MHC class 11 alloantigen I-A®™'2, but they
respond well to cells bearing the class I alloantigen K™™' (refs 3,
4; Fig. 4b). Mice reconstituted with wild-type as well as tailless
CD4 were corrected in their response to bml12 (Fig. 4b). As
expression of transgenic CD4 in CD8 lineage cells renders them
responsive to the bm12 alloantigen®, both CD4 and CDS$ lineage
cells can proliferate in this assay. Although our results are con-
sistent with rescue of helper T lymphocytes by tailless CD4, it
remains to be determined whether the tailless molecule is as
effective as its wild-type counterpart in the rescued peripheral T
cells. '

Results from several different experimental systems have sug-
gested that CD4 and CDS8 have signal transducing properties
that are important for T-cell lineage determination* 2%,
selection®™?' and activation®®. Signalling has been proposed to
involve the associated p56'* because the interaction of CD4 and
CD8 with this protein tyrosine kinase (PTK) is required for
effective activation of antigen-specific T-cell hybridomas®®. We
show here that in T-cell development CD4 can function indepen-
dently of association with p56', albeit less efficiently than the
wild-type molecule. Therefore, the CD4-associated PTK does
not appear to have an essential signalling role in the selection of
the helper-T-cell lineage.

The direct correlation between cell-surface concentration of
tailless CD4 and the extent of lineage rescue suggests that, rather
than providing a direct signalling function, the primary role of
CD4 is in adhesion, stabilizing the interaction of the T-cell anti-
gen receptor (TCR) with antigen-MHC class II complexes. At
limiting concentrations of CD4, its interaction with p56"* may
be critical for recruitment into the TCR complex, where simulta-
neous engagement of MHC class II would add stability to an
otherwise weak interaction®”*®. This requirement for association
with the PTK can be circumvented when tailless CD4 is overex-
pressed, presumably because this improves the probability that
CD4 will encounter the same MHC class II molecule that is
engaged by the TCR. This model of co-receptor function is sup-

FIG. 3 Absence of p56"* associa- a %
tion with transgene-encoded CD4 & _}o"‘
lacking the cytoplasmic domain. Al Gt o
Immunobilot (a) and in vitro kinase

assay (b) of anti-CD4 immunoprec- 68 — - =
ipitates from lysates of thymocytes.
M, calibration is indicated on the 43 —
left (x 10~9).

METHODS. 5x107 thymocytes
from mice of the indicated geno-
types (—/—wt and —/—Acyt 3949,
as in Fig. 2) were incubated on ice
for 30 min with anti-CD4 (GK1.5),
pelleted and then lysed in 1 ml LB - -
(15mM Tris-HCIl, pH7.4, 1 mM

EDTA, 1 mM PMSF, 1 mM vanad- 43 — . .
ate, 1ugml~' aprotinin, 1% :
Brij96). Lysates were clarifed by
centrifugation and then incubated
with goat anti-rat 1gG-agarose
(Sigma) for 30 min. Beads were
pelleted and washed sequentially with LB/0.5 M LiCl, LB and finally
kinase assay buffer (20 mM Tris-HCI, pH 7.4, 10 mM MnCl,, 0.1%
Brij96). Half of each immunoprecipitate was taken for immunoblot with
a rabbit antiserum specific for an amino-terminal peptide of p56'* (a).
The other half of each immunoprecipitate was tested for kinase activity
(b) as follows>®. Agarose beads were resuspended in 20 pl kinase assay
buffer containing 1.5 uCi  y-[*?PJATP (>5,000 Cimmol ') and
4 ug enolase and incubated at room temperature for 10 min. Reactions
were stopped by adding 20 pl of 2 x non-reducing sample buffer before
heat denaturation and SDS—PAGE. After electrophoresis, gels were fixed,
treated with 1 M KOH for 1 h at 55 °C and then refixed before drying
and autoradiography. Similar results were also obtained for immunop-
recipitates of NP-40 lysates of thymocytes and also for cells from the
equivalent Ick-CD4 transgenic lines (not shown).
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ported by several findings. For example, the CD4 cytoplasmic
domain is required for its colocalization with the TCR complex
following TCR stimulation”**°, Furthermore, TCR stimulation
affects the avidity of CD8 for immobilized MHC class I (ref.
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FIG. 4 Helper cell function in transgene-reconstituted CD4-deficignt
mice, a, Restoration of antibody response. Mice were immunized intra-
peritoneally with 10 pg trinitrophenyl-keyhole limpet, haemocyanin
(TNP-KLH) in alum -and sera were drawn on days O, 10 and 14. Plots
show serum TNP-specific antibody titres on day 10 measured by indirect
ELISA as previously described®. The mice used for this experiment were
transgenic for CD4 minigenes under the control of either the Ick proxi-
mal or CD36 promoters. Mice bearing the wild-type form of the Ick-CD4
transgene had roughly normal proportions of CD4 and CD8 lineage
peripheral T cells, whereas the Ick-promoter-CD4Acyt transgenic mice
had slightly less than half of the normal proportion of CD8™ T cells (not
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shown). CD3 promoter lines are the same as those shown in Fig. 2
(—/—wt and —/—Acyt 3949). b, Restoration of allo-class Il reactivity in
mixed lymphocyte cultures. Lymph node cells from H-2° mice of the
indicated genotypes were challenged in vitro with irradiated anti-Thy-1-
depleted spleen cells from C57BL/6 mice or from mice of the two MHC
congenic strains B6.C-H-2°™/ByJ (MHC class 1 mutation) and B6.C-H-
2°™12/KhEg (MHC class Il mutation). *H-thymidine was added after 3 d
and the assay was collected 18 h later. CD4 —/—wt and CD4 —/—Acyt
lings are the same as those shown in Fig. 2 (—/—wt and —/—Acyt
3949). Similar results were also obtained when the equivalent ick-CD4
transgenic lines were tested for bm12 reactivity (not shown).
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31), which would presumably improve the ability of CDS8 to
stabilize TCR-MHC class I interactions. A similar effect for
CD4-MHC class II adhesion may also occur. Finally, the
hypothesis that p56'* promotes CD4-TCR colocalization is sup-
ported by results indicating that the CDd4-associated p56™
molecule need not have kinase activity to potentiate the function
of CD4 (ref. 36).

The rescue of CD4-lineage helper cells by the tailless molecule
is most consistent with a stochastic mechanism for the develop-
ment of CD4"CD8” cells from CD4"CD8* precursor
thymocytes®>**. If the decision to silence CD8 gene expression
and embark on the CD4-helper developmental pathway is made
in a random fashion, then a signal mediated through the CD4
cytoplasmic tail would not be required and the stabilization func-
tion outlined above would suffice to drive positive selection of
class Il-restricted cells. It remains possible, however, that the
mutant CD4 protein can still transmit an instructive signal, per-
haps through association of its transmembrane domain with
other signalling components™.

Unselected thymocytes that will eventually commit to the CLy4
lineage may have variable dependency on the function of CD4,
possibly determined by the relative affinity of their TCRs for
antigen/MHC class TI. We have recently shown that, in the
absence of CD4, some class I-restricted helper T cells do com-
plete development and have a CD8 TCRafB " phenotype (ref.
37). The developmental rescue by tailless CD4 described here
may perhaps be confined to such CD4-independent cells or to
cells that have a weak requirement for the co-receptor function.
Preliminary analysis of TCR variable domain usage by
CD8 TCRap™ T cells in CD4—/~—mice shows normal diversity
with no particular bias, and there are no obvious phenotypic
characteristics that distinguish these cells. Uncovering the extent
to which individual CD4" T cells depend on the function of
CD4 will probably necessitate a better understanding of the role
of receptor-ligand affinity in shaping the T-cell repertoire. [
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Coated vesicle assembly in the
Golgi requires only coatomer
and ARF proteins from
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TRANSPORT vesicles derived from the Golgi apparatus are thought
to mediate biosynthetic transport across the Golgi stack'™. These
vesicles are surrounded by a protein coat* whose principal constit-
uents are coatomer (a complex of seven distinct subunits or COPs)®
and ADP-ribosylation factor (ARF, an N-myristylated small
GTP-binding protein). The coat proteins of the COP-coated ves-
icles were originally defined by ultrastructural criteria*”, however,
and it is possible that important but minor coat proteins or cyto-
plasmic proteins needed for coat assembly may have been over-
looked. Here we show that coatomer and ARF are the only
cytoplasmic proteins needed for the assembly and budding of COP-
coated vesicles. COP-coated buds may therefore form essentially
by self-assembly from Golgi cisternae after an initial step in which
GTP is used to allow ARF binding.

Figure la is an electron micrograph of a membrane pellet
from incubations in which coatomer was bound to Golgi mem-
branes in an ARF- and GTP-yS-dependent reaction (in the pres-
ence of ATP). Numerous coated buds and vesicles are present,
and analysis of serial sections (an example is shown in Fig. 1)
reveals that 60-70% of the coated profiles are fully formed
coated vesicles, the remainder being coated buds. Coated profiles
are missing when either coatomer (Fig. 15) or ARF proteins, or
both (not shown) are omitted from the binding reaction.

Immunoelectron microscopy (Fig. 2) shows that coatomer
localized with antibody against the §-COP subunit (Fig. 24) and
ARF (Fig. 2b) are present in the coated buds and vesicles. In
the reaction shown in Fig. 1a, 85+ 2% of the f-COP associated
with Golgi membranes is present on coated buds and vesicles,
the remainder being found on cisternal membranes outside mor-
phologically recognizable coats. The coated buds and vesicles
also contain 47+3% of the membrane-bound ARF, the
remainder being found on bulk cisternal membranes. The bulk of
the material produced by this simple and well defined coatomer
binding reaction is thus made up of coated buds and coated
vesicles. Coatomer and ARF are therefore not only necessary
but also sufficient to form coated vesicles from Golgi mem-
branes, and no major coat proteins required to form vesicles can
have escaped notice in earlier compositional studies™”.

Although not necessary, do cytoplasmic components other
than ARF and coatomer affect the coat assembly and budding
reaction? To test this, we used a cytosol fraction that was
depleted of ~85% of its endogenous coatomer by means of a
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