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Human CD4 Binds Immunoglobulins 

T cell glycoprotein CD4 binds to class I1 major histocompatibility molecules and to the 
human immunodeficiency virus (HIV) envelope protein gp120. Recombinant CD4 
(rCD4) bound to polyclonal immunoglobulin (Ig) and 39 of 50 (78%) human 
myeloma proteins. This binding depended on the Pab and not the PC portion of Ig and 
was inde+ndent of the light chain. Soluble rCD4, HlS7 gp120, and sulfated dextrans 
inhibited the CD4-Ig interaction. With the use of a panel of synthetic peptides, the 
region critical for binding to Ig was localized to amino acids 21 to 38 of the &st 
extracellular domain of CD4. CD4-bound antibody (Ab) complexed with antigen 
approximately 100 times better than Ab alone. This activity may contribute to the Ab- 
mediated enhancement of cellular HIV interaction that appears to depend on a 
trirnolecular complex of HIV, antibodies to gp120, and CD4. 

T HE GLYCOPROTEIN CD4 PARTICI- 

pates in adhesion of T lymphocytes 
to target cells ( I ) ,  thymic develop- 

ment (Z),  and transmission of intracellular 
signals during T cell activation (3). CD4 is 
also the high-ahity receptor for HIV 
gp120 ( 4 ) ,  an activity of amino acids 42 to 
55 of the NHz-terminal domain (5). This 
domain has an Ig-like fold, and residues 40 
to 55 correspond to the second complemen- 
tarity-determining region of human Ig K 

light (L) chain (5). 
In preliminary experiments, we observed 

that serum Ig from normal subjects bound 
soluble recombinant CD4 (rCD4) and CD4 
solubilized from the CD4' CEM cell line in 
enzyme-linked irnmunosorbent assay 
(ELISA) and radioimmunoassay (RIA). We 
therefore tested 50 human myeloma pro- 
teins of unknown antigen reactivity repre- 
senting each class and subclass (Table 1). 
Thirty-nine of 50 (78%) myeloma proteins 
devoid of rheumatoid factor activity bound 
CD4 regardless of their heavy (H) or L 
chain isotype. The binding values varied 
among myeloma proteins of the same class, 

P. Lenart and M. Zanetti, Division of Dermatology, 
Department of Medicine, University of California, San 
Diezo. San Dieeo. CA 92103. 

subclass, and L chain type. Although all 
classes bound, none of the six myeloma 
proteins in the IgG4 subclass tested were 
positive, even at relatively high concentra- 
tion (200 pglrnl). Myeloma proteins repre- 
sentative of each Ig class were labeled with 
lZ51, and they displayed a single band of 46 
to 50 kD in a protein imrnunoblot of soluble 
rCD4 (Fig. 1A). This was the same size as 
the band identified by Leu3a, a murine 
monoclonal andbody (MAb) to CD4. 
Whereas 125~-labeled Ig binding was unaf- 
fected by electrophoresis of CD4 under 
reducing conditions, MAb Leu3a binding 
decreased after reduction. This suggests that 
the Ig binding site, unlike the Leu3a epitope 
(6), is less affected by the intactness of the 
three-dimensional conformation of the mol- 
ecule. However, because it is generally ac- 
cepted that partial renaturation takes place 
after blotting, the extent to which the tertia- 
ry structure of CD4 still influences Ig bind- 
ing cannot be assessed with precision. Hu- 
man Ig also bound CD4' T cells. In flow 
cytometry, CEM cells were stained by poly- 
clonal Ig with a unimodal peak, yielding a 
reproducible and consistent (-5 X )  shift in 
the mean fluorescence intensity above that 
of control cells (Fig. 1B). By comparison, 
MAb Leu3a gave a mean fluorescence inten- 

D. &ion, The X.'W. Johnson Pharmaceutical Research sitv ten times as Ereat. 
Institute, karitan, NJ 08869-0602. 
H. Spiegelberg, Department of Immunology, Research   he relation eke Ig and gp120 binding 
Institute of Scripps Clinic, La Jolla, CA 92037. sites of CD4 was analyzed in three ways. 
E. S. Golub, Johnson &Johnson Laboratories, Research soluble recombinant gp120 inhibited (50% Institute of Scripps Clinic, La Jolla, CA 92037. 

inhibition at <1 pg of gp120 per milliliter) 
*To whom correspondence should be addressed. the binding of a lZ51-labeled h&an myelo- 
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ma protein to rCD4 in solid-phase RIA 
(Fig. 2A). Dextran sulfate, which blocks the 
binding of HIV to CD4' cells and prevents 
infection in vitro (7) ,  inhibited the CD4-Ig 
interaction (50% inhibition at <0.5 pg of 
dextran per milliliter), an effect apparently 
on CD4 because incubation with dextran 
sulfate followed by washing was equally 

Table 1. Human myeloma proteins of different 
isotype bind rCD4. Binding of human myeloma 
proteins to soluble rCD4 in ELISA. Fifty purified 
human myeloma proteins representing all Ig class- 
es and subclasses were tested. Polyvinyl chloride 
microtiter plates (Dynatech) were coated with 
soluble rCD4 (Receptin, Biogen) (3 pglml) in 
0.9% NaCl by incubating at 4°C overnight. Hu- 
man myeloma proteins diluted (40 pglml) in 
phosphate-buffered saline (PBS) containing 1% 
bovine serium albumin (BSA) and 0.5% Tween 
20 (PBSA), were incubated for 3 hours at room 
temperature. Bound antibodies were revealed 
with a goat antibody to human Ig (H chain 
specific) conjugated to horseradish peroxidase 
(HRP) (Sigma) in PBSA containing 15% new- 
born calf serum. Detection of IgE and IgD re- 
quired an intermediate incubation with goat anti- 
bodies to IgE or IgD, respectively, followed by 
HRP-conjugated swine antibody to goat Ig 
(Tago). Values represent the mean absorbance 
(A492), which shows binding of myeloma proteins 
grouped by H chain isotype. SEM, <15%. The 
40 pglml concentration was chosen on the basis 
of pilot experiments in which the saturation 
points were determined with myeloma proteins of 
different classes. Saturation of binding was ob- 
tained at 40 pglml for IgG; IgM, IgD, and IgE, 
and at 80 pglml for IgA. By comparison, MAb 
Leu3a (Becton-Dickinson) specific for CD4 
reached plateau at -4 pglml. of the second 
antibody alone (1:1500) was less than 0.050. 
Values of A49* less than 0.2 were considered 
positive. By comparison, the binding value (A492) 
of polyclonal human Ig human y-globulins frac- 
tion 11, Pentex, Miles) (40 pglml) was 1.5 (see 
Table 2). Binding to a recombinant MAb (IgGZb, 
K)  (23) and to BSA (molecular weight 65,000) are 
specificity controls. 

Mye- No. 
loma positive 

protein 

Absorbance (A492) 
- 

rCD4 rIg BSA 

0.61 0.13 0.14 
0.48 0.09 0.1 
0.58 0.15 0.15 
0.18 0.16 0.14 
0.81 0.12 0.13 
0.36 0.11 0.12 
0.38 0.11 . 0.09 
0.85 0.11 0.19 
1.10 0.10 0.13 



inhibitory (Fig. 2B). A series of synthetic lular domain bound Ig comparably with 
peptides encompassing the first two extra- rCD4 (Fig. 2C). Peptide 39-60 gave no 
cellular domains of CD4 showed that pep- detectable signal, whereas low binding oc- 
tide p16-49 and p21-49 in the first extracel- curred on peptides comprising the region 66 

Table 2. Recombinant CD4 binds the Fab and not the Fc fragment of immunoglobulins F(ab')2 
fragments of human polyclonal IgG (HGG) and two myeloma IgG1, K proteins, Mag and Gil, were 
prepared by pepsin digestion (18 hours at 37°C) in 0.12 M sodium acetate buffer, pH 4.0 (26). The 
digestion was terminatd by addition of 3 M tris-base (Trizma) buffer, pH 8.0, followed by separation 
on a Sephacryl S-300 column. Fab and Fc fragments were prepared by papain digestion at an enzyme- 
to-Ig ratio of 1:200. The digest was dialyzed against 0.02 M tris-HC1, pH 8.0, followed by 
chromatography on DEAE-cellulose and CM (carboxymethyl cellulose) solurnns. The purity and the 
molecular weight of F(ab')2, Fab, and Fc fragments were checked by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE). The assay was performed as in Table 1. Values for A492 represent means 
of triplicate wells, which differed by 4 % .  Proteins were tested at 40 pglml. Intact Ig and Fc fragments 
were detected with an HRP-conjugated goat antibody to human Ig (H chain specific) (Sigma); F(ab')2 
and Fab fragments were detected with HRP-conjugated goat antibody to human K and A L chain 
(Caltag). The working dilution of HRP-conjugated reagents was normalized on intact Ig for equivalent 
binding. The A492 binding of HRP-conjugated goat antibody to human Ig to Fc fragments coated (2 
&ml) on microtiter plates was >2.0. The binding of 1251-labeled Clq (Cytotech) to microtiter wells 
coated with with Fab and Fc fragments (2 pglml) as determined by RIA is indicated. Values refer to the 
mean counts per minute of triplicate wells which differed by 4 % ;  by comparison, binding to BSA was 
623 cpm. ND, not determined. 

Pro- rCD4 (A492) p21-49 (Am) Clq ( c~m)  
teins Ig F(ab')2 Fab Fc Ig F(ab')2 Fab Fc Fab Fc 

HGG 1.5 0.8 0.8 0.1 1.5 0.9 0.8 0.2 512 2928 
IgG1, K 0.8 ND 1.2 0.1 1.1 ND 1.5 0.1 396 2428 
1 6 1 ,  K 0.9 ND 1.8 0.1 0.8 ND 2.0 0.1 485 3636 

Flg. 1. (A) The biding of '"I- A Nonreduced Reduced 
labeled human mveloma pro- Mr 3F 7 teins to rCD4 in an immune- 
blot. Purified human myeloma 
of each class [Mag (IgGl, K); 97- 

Wid (I@, K); May (IgD, A); 68- , 
Put (IgA1, A); PS (IgE. K); and 43- 4 rr, 
Heb (I@, A)] and murine 
MAb Leu3a (Becton-Dickin- 
son), were labeled bv the chlo- 26 - , , 

ramine-T method (24). Electro- 
phoresis with 10% SDS and 
plyacrylamide gel, then pro- 
tein transfer of rCD4 (5 pg per 
lane) to 0.45-pm Nitro Screen 
West protein transfer mem- 
branes (Du Pont) were done under both reducing 
(5% p-mercaptoethanol) and nonrcducing condi- 
tions (25). Mer blotting, the membrane was 
blocked by soaking in 10% dry milk in phosphate- 
buffered saline (PBS), cut into strips, incubated 
with individual "I-labeled myeloma proteins, ,O 
and exposed to Kodak X-OMAT AR film at so -70°C for 18 hours. Two additional IgM myelo- n 
ma proteins [Vin (I@, K) and Bew (IpI.1, K)] did 
not show a more intense band under reducing 
conditions. The binding of "-'I-labeled human 
mveloma protein Mag (IgGl, K)  on a recombi- 
nant Ig (IgG1, A) (10) that was run under reduc- 
ing condtions and egg albumin (molecular 
weight 45,000) is shown as speciticity control. 

1 

1 10 100 1000 
The inset shows that rIg resolved into H and L Fluorescence intensity (log) 
chain. (B) Flow cytomctty binding to CD4+ 
CEM cells by human polvclonal Ig. Typically, -lo6 cells were incubated with deaggregted human Ig 
(100 pdml) (-) in Hanks' balanced salt solution containing 2% bovine serum albumin (BSA) for 
90 min at 37°C. After washing, the cells were incubated with a goat antibody [F(ab')2] to human IgG 
(H and L chain specific) conjugated with biotin (Caltag) at 4°C for 30 min, followed bv a second 
incubation with streptavidin conjugated to R-phycoerythrin (Caltag). The binding of MAb Leu3a (20 
mglrnl) ( )  was similarly revealed using a goat antibody to mouse Ig conjugated with biotin 
(Caltag). Goat antibody to human Ig (- + -) and to mouse Ig (-. .) followed by the streptavidm 
conjugate served as controls. At least 10,000 cells per sample were analyzed in an Onho Cytofluoroqaf 
11s. Dcad cells were excluded on the basis of low, forward, and 90" light-scattering properries. 

to 82 (p58-82 and p66-90). Therefore, ami- 
no acid residues 21 to 38 appeared to be 
critical for the CD4-Ig interaction. To  di- 
rectly test this and to better delineate the 
minimal peptide sequence both sufficient 
and necessary to mediate binding to Ig, we 
synthesized and tested the p21-38 and a 
series of truncated peptides (Fig. 3). Pep- 
tides 22-38, 23-38, 24-38, and 21-37 
showed binding comparable to that of p21- 
38, p21-49, and rCD4. From the NH2- 
terminus a slight decrease in binding oc- 
curred with p25-38, followed by a marked 
drop with p29-43. Peptides shortened at the 
COOH-terminus showed a progressive 
drop in their ability to bind Ig. Collectively, 
these data point to a putative minimal Ig- 
binding peptidic region of CD4 within ami- 
no acid residues 25 to 37. That peptides 
considerably shorter than p21-49 bound 
Ig suggests that this property is not a 
function of the length of the peptide. 
Sulfated dextrans, unlike soluble gp120, 
also inhibited the binding of Ig to synthet- 
ic p21-49. 

We assessed the relative importance of the 
Fab versus the Fc region in binding rCD4 
using human polyclonal Ig, two IgGl my- 
eloma proteins, and their respective F(abl)z, 
Fab, and Fc fragments. Comparable binding 
by the Fab but not by the Fc fragments 
occurred both on rCD4 and p21-49 (Table 
2). Conversely, the Fc but not the Fab 
fragments bound '25~-labeled Clq,  a ligand 
of the CH2 domain (8). This shows that the 
Fc fragments still have structural integrity. 
Thus, rCD4 interacts with the Fab region 
[the variable (V) domain of the H and L 
chains plus the C H l  domain] of Ig. That the 
Fc fragment is apparently not involved was 
confirmed by the lack of reactivity of five 
human heavy chain disease (HCD) proteins 
with either rCD4 or p21-49. The HCD 
proteins are molecules of variable length 
consisting of isolated H chain that lacks the 
V region (natural deletion mutants) (9) 
(Table 3). Therefore, the Fc region does not 
mediate binding to CD4. The fact that the 
human myeloma proteins that bound rCD4 
were both of K and A chain indicated that 
the L chain isotype did not affect binding. 
To  directly test this, we used the H chain of 
a murine MAb that binds rCD4 associated 
with either a K or a A chain as a result of a 
chain recombination (10). The recombinant 
molecules bound comparably to both rCD4 
and p21-49, and the isolated H but not L 
chain bound to rCD4 and p21-49 (Table 4). 
Thus binding to CD4 is probably mediated 
by the Fd region (VH plus C H I )  of the Ig 
molecule. 

Because of the involvement of the Fab, we 
investigated the effect of antigen (Ag) on the 
CD4-Ig interaction. Murine MAbs to thyro- 
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Table 3. Human heavy chain disease (HCD) 
proteins did not bind rCD4 and p21-49. The 
following HCD proteins were tested: Cra'2-216 
(yl; hinge region + CH2 and CH3); Z U C ' ~ ~ ' ~  
(73; hinge region + CH2 and CH3); Hal1w252 
(y4; CH2 and CH3); (p; CH3 and 
CH4); and Mey (yl).  The superscript numbers 
accompanying the protein name identify the cor- 
responding amino acid residues in the HCD 
protein and in normal Ig of the same H chain 
isotype (9). Proteins were tested (40 pglml) for 
binding to rCD4 and p21-49 as in Table 2. Wells 
coated with p39-60 and goat antibody to human 
Ig (anti-Ig) served as negative and positive con- 
trols, respectively. The assay was performed as in 
Table 1. Values for represent means of 
triplicate wells, which differed by 4%. Bound 
HCD proteins were detected using an HRP- 
conjugated goat antibody to human Ig (H chain- 
specific) (Sigma). 

Well Absorbance (A492) 

Cra Zuc Hal Bur Mey 

rCD4 0.1 0.1 0.2 0.2 0.2 
p21-49 0.2 0.2 0.2 0.4 0.3 
p39-60 0.1 0.1 0.1 0.1 0.1 
Anti-Ig (Fc) 1.4 1.2 1.5 1.4 1.5 

globulin that were complexed with Ag 
bound CD4 several times better than anti- 
body (Ab) alone (Fig. 4A). Considering the 
molecular weight of Ab 160,000 and that of 
the Ag 660,000, we estimated that maxi- 
mum binding on rCD4 occurred at a molar 
AbIAg ratio of less than 0.5, a value charac- 
teristic of soluble complexes. Although this 
is compatible with enhanced binding in Ag 
excess, and cross-linking to rCD4 through 
the Ag could be excluded, low level aggrega- 
tion due to the valence of the antigen cannot 
be ruled out completely. Similar results were 
obtained using F(ab')z fragments. The de- 
gree of enhanced binding varied somewhat 
with different Ab-Ag pairs. The specificity 
of the binding of Ab-Ag complexes to rCD4 
was demonstrated in a subsequent experi- 
ment in which soluble rCD4 inhibited bind- 
ing in a concentration-dependent m w e r  
(Fig. 4B). Because 50% inhibition was ob- 
tained with -5 kglml, the relative avidity of 
the interaction between Ab-Ag complexes 
and rCD4 can be estimated ( I  1)in the-order 
of lo7 M-', about two orders of magnitude 
as great as that of Ab alone. Soluble p21-49, 
unlike other CD4-derived and control pep- 
tides, also inhibited the binding of pre- 
formed- Ab-Ag complexes to rCD4 (Fig. 
4C). The partial inhibition by p58-82 raises 
the question of whether these iesidues mav 
form a separate binding site. A computer- 
generated model of CD4 based on sequence 
homology and alignment with the RE1 
Bence-Jones protein (6) indicates that resi- 
dues 34 to 38 and 74 to 82, albeit distant in 
the primary structure, could be contiguous 
in the three-dimensional folding of the na- 

c Absorbance (A,,,) 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

r E D 4  1- 

100 6.3 0.4 0.025 

Dextrans ( ~ g l m l )  

Fig. 2. (A) Inhibition of the CD4-Ig interaction by recombinant gp120. Soluble recombinant gp120 
(Chiron) inhibits the RIA binding of a lZ51-labeled IgE, K myeloma protein (PS) to rCD4. (B) 
Inhibition of the CD4-Ig interaction by dextrans. Binding to rCD4 of an IgG1, K myeloma protein (10 
pglml) is inhibited by sulfated dextran [(O) 8 kD, (0) 5 kD, and (I) 500 kD] and nonsulfated dextran 
[ (O)  10 kD and (A) 506 kD] (Sigma). (C) Soluble CD4-derived synthetic peptides (25 pglml) and 
rCD4 (25 pglml) block the binding to rCD4 immobilized on microtiter wells of preformed complexes 
of thyroglobulin (60 pglml) and MAb to thyroglobulin (5 pglml). Assay conditions were as described 
in Table 1 and Fig. 2, with the exception that thyroglobulin-thyroglobulin mAb complexes were first 
incubated with rCD4 or CD4 synthetic peptides for 1 hour at +37"C. Results are the means of 
triplicate wells, which differed by <5%. (Maximum binding value, -1.0 

Sequence 

Control peptides 

21 -49 

21 -38 
22-38 

23-38 

24-38 
25-38 

29-43 
21-37 
21-36 
21-35 
21-34 
21-33 
21-29 

Absorbance (A,,) 

KKSlQ FHWKN SNQlK ILGNQ GSFLT KGPS 
KKSlQ FHWKN SNQlK ILG 

KSIQ FHWKN SNQIK ILG 

SIQ FHWKN SNQlK ILG 

' IQ FHWKN SNQIK ILG 

Q FHWKN SNQIK ILG 
KN SNQIK ILGNQ GSF 

KKSlQ FHWKN SNQlK I L  
KKSlQ FHWKN SNQlK I 
KKSlQ FHWKN SNQlK 
KKSlQ FHWKN SNQl 
KKSlQ FHWKN SNQ 
KKSlQ FHWK 

Fig. 3. Mapping of the Ig binding site on CD4 with synthetic peptides spanning from amino acid 
residue 21 to 38 of the first extracellular domain. The binding to rCD4 and p21-49 is shown as positive 
controls. Performance of the assay and control peptides are as in Fig. 2. Values refer to means. + SEM. 
Tests were done in triplicate. 

rCD4 

tive molecule, hence forming a complex Ig 
binding site. 

The structural homology between the 
NH2-terminal domain of CD4 and the V 
region of Ig L chain suggests that the CD4- 
Ig interaction reported here is of the do- 
main-domain type interaction between poly- 
peptides with an Ig fold. This type of inter- 
action traditionally of a noncovalent nature 
is well known for the V-V association in the 

Ig molecule. It has been suggested that it 
occurs between various members of the Ig 
gene superfamily (IZ), including between Ig 
and T cell receptor V regions (13). Since 
synthetic segments of an Ig VH have been 
shown to associate with a natural L chain to 
form an antigen binding site (14), our use of 
synthetic peptides as surrogate of CD4 (an 
L chain-homologous polypeptide) is plausi- 
ble. The relative affinity of interaction be- 
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tween VH and VL is also low (-lo6 M-') ines the residues in CD4 that bind the H 
(15). Finally, it is intriguing to speculate that chain, they are seen to be in the same region 
the Ig binding peptide may be mimicking where V K contacts the H chain (6, 16). 
the natural domain association between VH An interaction between CD4 and Ig sug- 
and VL. When one aligns the sequences of gests a mechanism for enhancement of HIV 
CD4 and human V K chains (6) and exam- infection by antibodies. CD4, HIV gp120, 

Table 4. Binding of Ig to rCD4 and p21-49 is independent of the L chain. Recombinant antibodies 
y162 (IgG1, A) and ylVkM (IgG1, K) are L chain recombinant molecules of MAb 62 (IgG1, K) 
produced by transfection of the cloned VH gene (a member of the VH7183 gene family) into J558L or 
P3~63-Ag8.653 cells to yield a A- or K-bearing Ig, respectively (10). H and L chains of the native MAb 
were isolated as described (27). Proteins were tested (20 pg/ml) for binding to rCD4 and p21-49. Goat 
antibody to mouse Ig (anti-Ig) and p39-60 served as positive and negative controls, respectively. The 
assay was performed as in Table 1. Values for represent means of triplicate wells which differed by 
<5%. Bound Ig were detected using an HRP-conjugated goat antibody to mouse Ig (H chain specific) 
(Cappel). 

Well Absorbance (A492) 
coating IgG1, K rIgG1, K rIgG1, A H chain L chain 

rCD4 0.6 0.8 0.8 0.8 
p21;49 0.9 0.8 0.8 0.9 
p39-60 0.1 0.1 0.1 0.1 
Anti-Ig >2.0 >2.0 >2.0 >2.0 

*The L chain was detected with a rat antibody to mouse K L chain. 

Fig. 4. (A) Binding of preformed complexes of 
thyroglobulin and thyroglobulin MAb to rCD4 
in ELISA. A standard concentration (5 pg/ml) of 
MAb 62 (10) was incubated overnight with in- 
creasing amounts of Ag (thyroglobulin). The 
mixture was then transferred to a microtiter plate 
coated with rCD4 (3 pglml). After incubation (3 
hours at room temperature), bound Ab-Ag com- 
plexes (m) were revealed by a horseradish peroxi- 
dase (HRP)-conjugated goat antibody to mouse 
Ig (1 hour at room temperature) as described in 
Table 1. In experiments in which the molar ratio 
between Ab and Ag was kept constant, saturable 
binding was observed at an Ab concentration 
1110th that for monomeric or heat-aggregated Ig. 
We could exclude the possibility that enhanced 
binding was due to cross-linking to rCD4 
through Ag because '251-labeled thyroglobulin 
did not bind to rCD4 (rCD4,812 cpm; BSA, 700 
cpm; and thyroglobulin MAb, 5236 cpm). Thy- 
roglobulin-thyroglobulin MAb complexes (0) 
and thyroglobulin mixed with a MAb to dinitro- 
phenol (@) did not bind to BSA- or rCD4-coated 
microtiter wells, respectively. (B) Competitive 
inhibition by soluble rCD4 of the binding of a 
preformed complex of thyroglobulin (60 pglml) 
and thyroglobulin MAb (5 pglml) to rCD4 (3 
pg/ml). Assay conditions were as described 
above, with the exception that Ab-Ag complexes 
were first incubated with rCD4 for 1 hour at 
37°C. Results are the means of triplicate wells 
which differed by <5%. (C) Mapping of the Ig 
binding site on CD4 with the use of synthetic 
peptides. Eight human IgG myeloma proteins - 
(three 1gGl;three 1 ~ ~ 2 , - a n d  tko I ~ G ? ~ )  were 
used as serological  robes for bindine to rCD4.9 

and antibodies to gp120 form a trimolecular 
complex that modulates the CD4 molecule 
and, by means of cross-linking, delivers a 
down-regulatory signal to T cells (17) simi- 
lar to 'the effect of some antibodies to CD4 
(18). Enhancement of HIV infection by 
antibodies (19) may be dependent on CD4 
(20). Therefore, CD4 may also participate in 
a phenomenon commonly believed t o  de- 
pend on Fc receptors at the surface of 
monocytes and macrophages (21). Our data 
suggest that the Ig and gp120 binding sites 
on CD4 are proximal but probably not 
identical, a view supported by the fact that 
Ig, unlike gp120 (22), bound reduced CD4. 
Although the ability of CD4 to bind Ab-Ag 
complexes may be sufficient for internaliza- 
tion by receptor-mediated endocytosis with 
consequent khancement of infection (4) ,  
the contribution of Abs to particular sites of 
the virus cannot be ruled out. Our finding 
that CD4 and synthetic p21-49 bind Ab-Ag 

alone, or as Ab-Ag complexes, may cause 
enhancement of infection by means of a 
CD4-mediated mechanism. This and similar 
considerations are relevant to strategies of 
immunotherapy with soluble CD4 and im- 
munization with gp120 subunit vaccines. 

Soluble rCD4 (mlml) 

C 
r C D 4  

CD4-derived lpeptdes, and 20 ~64-unrelated 
control peptides, respectively. All peptides were 
made on an automated peptide synthesizer with a 
p-methylbenzhydrylamine resin (US Biochemi- 1 , , , ! ! , , , , J peptides cals), and purified by either ion-exchange chroma- 
tography or high-performance liquid chromatog- o 25 50 75 loo 

raphy (HPLC). Polyvinyl microtiter plates were Percent lnhibitlon 
coated with individual peptide (5 pg/ml) by 
overnight incubation at 4°C. Myeloma proteins (40 pg/ml) were incubated for 3 hours at room 
temperature. Bound Igs were revealed as in Table 1. Values refer to means + SEM. Tests were done in 
triplicate. 

complexes tightly and specifically offers a 
mechanism that might account for Ab-medi- 
ated enhancement of HIV infection. 

In conclusion, this report describes a new 
type of interaction between two members of 
the Ig gene superfarnily, Ig and CD4. This is 
mediated directly by the NH2-domain of 
CD4 between amino acids 21 to 38 and the 
Fd region of Ig. Thus, the CD4-Ig interac- 
tion is independent of an Fc receptor or 
receptors. Although the relevance of this 
finding in immune physiology remains to be 
established, its importance is best under- 
stood in light of the reports indicating that 
in HIV-infected individuals antibodies 
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Induction of Neonatal Tolerance to 
Mlsa Antigens by CD8+ T Cells 

known to exist. T cell reactivity to Mls 
antigens (anti-Mls response) correlates with 
expression of particular T cell receptor 
( ~ C R )  molecul& (5, 6). Thus, anti-Mlsa 

SUSAN R. WEBB AND JONATHAN SPRENT responses are controlled mainly by T cells 
expressing Vp6 and Vp8.1 TCRs, whereas 

Antigen-specific tolerance of T cells to minor lymphocyte stimulatory (Mls) antigens anti-MlsC responses involve Vp3+ T cells. 
can be induced in mice by neonatal injection of foreign -1ymphohematopoietic cells. Conversely, Mlsa and MlsC mice show selec- 
Although immune responses to Mlsa antigens are controlled by B cells, CD8' T cells tive deletion of Vp6+ plus Vp8.1+ cells and 
were the most effective cell type for induction of Mlsa tolerance. Tolerance was evident Vp3+ cells, respectively. 
in both thymus and lymph nodes and could be induced by as few as 2 x lo4 CD8' T Because Mls molecules cannot be detected 
cells; these cells were 50 to 100 times as potent as CD4' cells or B cells in causing serologically (3, 4), information on the tis- 
'functional tolerance and deletion of Vp6' T cells. Thus, intrathymic contact with sue distribution of Mls molecules has de- 
antigens expressed on CD8' T cells may play an important role in controlling the pended on defining the cell types capable of 
normal development of tolerance. stimulating Mls-reactive T cells and T hy- 

bridomas. Mls antigens are presented effec- 

T HE SELECTIVE CAPACITY OF T LYM- Mls antigens are poorly characterized cell tively by B cells but not by T cells or typical 
phocytes to respond to foreign anti- surface molecules that are immunogenic for APCs such as macrophages and dendritic 
gens while maintaining tolerance to unprimed T cells (3, 4). These antigens cells (7-9). In the case of T cells, these data 

self is one of the hallmarks of the immune show limited polymorphism, and only two have to be viewed with caution, however, 
system. Although self tolerance has generat- stimulatory forms, Mlsa and Mlsc, are because recognition of ~ 1 s  antigens requires 
ed much investigation, the mechanisms in- 
volved are not well understood, and it is 
unclear which cell types are responsible for Fig. 1. Relative efficiency of 240 

presenting antigen in tolerogenic form. The cell types in indue- 
ing functional tolerance to prevailing view is that tolerance is induced (A) Mlsa and (8) MlsC anti- 180 I '\, : 

intrathymically and reflects T cell Contact 
with specialized antigen-presenting cells 2P. B1O.BR 
(APCs) such as macrophages and dendritic neonates were 

cells (I). This question is most easily ad- 
dressed with the model of Billingham et al. 
for neonatal tolerance induction (2). We ~ 1 s ~ ~ " )  cells within 

40 investigated the cell types controlling the birth. T cell-depleted spleen 
20 

induction of neonatal tolerance to Mls anti- cells (.) (T- CD4+ 
T cells (+), and CD8* T gens in mice. The high precursor frequency cells (.) were purified as 20 2 0.2 0.02 20 2 0.2 0.02 20 2 0.2 0.02 

of T cells reactive to MIS antigens and the described in Table 1. B cells Number of cells injected (x 10'~) 
availability of antibodies specific for Mls- (A) were purified from T- 
reactive T cells makes he ~1~ system usell spleen by subsequent passage over two sequential G10 columns followed by 2 hr of adherence to plastic 

for probing tolerance induction. tissue culture dishes to remove adherent cells. MLR were carried out 6 weeks later as described for 
Table 1 with CD4+-enrichedT cells (LN cells treated with anti-Ia, J l ld ,  anti-CD8, anti-Lyt 1.1; anti- 
Lyt 2.1, and complement) as responders (1 x lo5 cells per well). Spleen stimulators (5 x 10' cells per 

D~~~~~~ of ~ ~ ~ ~ l ~ ~ ,  ~~~~~~h  ti^^^ of well) were mitomycin Gtreated before culture. The response of normal (uninjected) B1O.BR mice is 
Scr~pps Clinic, La Jolla, CA 92037. indicated by a horizontal line on each panel. 
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