
tor and other proteases in via, (24) support 
this possibility. In addition, the recent struc- 
tural identification of the hst/KS oncogene 
from a human stomach tumor (25) and 
Kaposi sarcoma (26), and the int-2 oncogene 
from a human epithelioma (27) may be 
relevant to the issue of angiogenic helper 
genes because both oncogenes have si@- 
cant sequence similarities to HBGF-I and 
HBGF-II (2). 
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Autologous Red Cell Agglutination Assay for HIV-1 
Antibodies: Simplified Test with Whole Blood 

AnantitxxiydetcccionpmccmuCb;rscdon~tinationofauto1~redotllsh 
been developed for samples of whole blood. A mmgglutinating monoclonal antitxxiy 
to human red blood fells co~ljugated to a synthetic peptide a n t i p  (in this case 
rrsiducs 579 601 ofthe HN-1 ~nwlopc prcnusor, &Ile-h-&-Vd-Glu-& 
~Laa-Lys-+GIn-Gln-Lcu-Lcu-Gly-Ile-Trp-~Cys-Sa-Gb-Lys) permitted the 
dection of antibodies to the human i m m m c y  virus type 1 (HIV-1) i n  10 
microliters ofwhole bload within 2 minutes. Agglutination was s p c d f i d y  inhibited 
by~ofsyntheticpcptidcaatigcnbutnotby~tedpeptidcs.  nKficsuarcy 
of 64s~ positive results was 0.1% with HIV-1 savmcptive blood donors (n = 874). 
The false negative results were approxhately 1% (n = 81). nK autologous red cell 
ilgghhation test is potcmiauy suitable for simple, rapid, qualitative sarening for 
autibodiatoavarictyofantigauofrncdicalandvetcrinvydiagno&~. 

M BTHODS FOR DEIXXTON OF IN- The d@lOStic tests already developed to 
dividuals infkted with HIV-1 detect HIV-1 antibodies in inf;cctcd patients 
provide a vital key in attempts to indude a variety of enzyme-linked immuno- 

curtail the spread of the virus, particularly by assays (EIA), protein immunoblot (Western 
way of blood produa contamination. In blot) procedures, and radioimmune prccipi- 
addition. the need to vrotcct health care tation assays (RIA) (1).  Such procedures are 

provide a detection system for antibodies. A 
nonagglutinating monoclonal antibody 
(mAb) to human red blood cells is chemical- 
ly cross-linked to a synthetic peptide anti- 
gen. When this conjugate (30 pJ) is added 
to 10 pl of the patient's blood, specific 
agglutination of the patient's red cells occurs 
in the presence of antibodies to this antigen. 
The conjugate reagent consisted of 0.2 
mg/ml of conjugate and 2.5 mglrnl of block- 
ing mAb in phosphate-b&red saline con- 
tlining 10 mM sodium azide. The aggluti- 
nation reaction was done on a plastic plate 
and scored visually after 2 min on a scale of 
4 to 0, where 0 represents no agglutination. 

The mAb was prepared by immunizing 
mice with washed human red blood cells (4) 
and selecting only those antibodies that 
bound to red blood cells but did not cause 
agglutination without the addition of anti- 
body to mouse immunoglobulin G (IgG). 
In the presence of the rabbit antibody to 
mouse IgG, the mAb to red blood ells 
caused agglutination of all human red blood 
cells tested, including thosc fiom patients 
with red cell disorders, and was independent 
of blood group (4). It did not recognize red 
cells fnnn other species. The synthetic pep 

personni has highligh& the demand for relatively AoG, rex&ng at liast 3 hours to 
simple, rapid, hexpensive, and spcafic tests complete. Gelatin particle and latex aggluti- 
for the presence of HIV-1 antibodies. nation tests have also been reported (2), and 

these are more rapid but cannot be used on I 
whole blood. We sought to develop a simple 

D. SmPb K. wh DcpPmnaK of qualitative procedure h r  use with small 
E&"r;-itY ofmbys -n -- samples V~OL blood that would t a ~ c  2 
d Hosie", V ' i  3081, A d .  
D.B. ~ P . G . ~ ~ E . ~ ~ ~ ~ , M . A . J ~ ~ , J .  ~ o r l ~ t o - ~ ~ - - r i ~ ~ ~ r e d ~ ~  I .  u t i n a t i 0 n o f a ~ - l x m p i t i v .  
M. Khan, D. P. hnh, S. MJes! C. J. a@utination has been a widdy used tech- phrn*Y~~b. The synthetic pcptidcmnju- 
y=.;ndyA.T- NH MRC SH nique in.-logy and immunology (J), but gated mAb m rrd bbod aAls causes agglutination 
ufit for AIDS vim* w* B- for these procedures require the use of heterolo- ( ~ d *  There no agglutination in he 

rrsaur of either unamjugated mAb (left) or 
M ~ ~ F ~ ~ H @ * ~ ~ ~ ~  ~ustnliz gousredCCUIcoatedwithavarietyofanti- ~ m n j u g a t c d m A b i n t h e P - E C o f ~  

bodies or a n t i p .  In the test we describe (100 ,,,gml) fnc synhetic Fptide antigar 
~ o ~ c o ~ ~ s h o u l d b c ~ .  h a ,  the patient's own red cells are uscd to (right). 
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tide antigen derived from gp41 of HIV-1 
(residues 579 to 601) was chosen on the 
basis of the Welling procedure (5)  and cor- 
responds with the region identified as a 
major epitope recognized by antibodies 
from approximately 98% of AIDS patients 
(6).  his epitope region has also been stud- 
ied extensively by Gnann et al.  (7). The 
synthetic peptide (8) was conjugated with 
the mAb to red blood cells by means of the 
heterobifunctional reagent N-succinimidyl 
3- (2-pyridy1dithio)propionate (SPDP) (9).  
The degree of substitution of the mAb " 
influenced the solubility of the conjugate; 
20 mol of peptide per mole of conjugate 
became insoluble. The range of 5 to 7 mol of " 
peptide per mole of antibody was optimal. 
The capacity of the conjugate to bind red - .  
blood cells was monitored bv using the 
agglutination test with rabbit 'antiboYdy to 
mouse IgG and with HIV-1-positive whole 
blood collected in heparin.  he response 
was not diminished by storage of the HIV- 
1-positive whole blood for 24 hours at 
room temperature. 

The addition of the peptide-mAb conju- 
gate to whole blood causes the red cells to 
become coated with synthetic peptide anti- 
gen. For HIV-1 seropositive patients, the 
presence of antibody to the gp41 peptide 
causes agglutination of the patients' red cells 
on addition of mAb conjugate as shown in 
Fig. 1. No agglutination occurs if unconju- 
gated mAb is used or conjugated mAb in the 
presence of an excess of free synthetic pep- 
tide antigen (Fig. 1). The results of testing 
of seropositive and seronegative patients as 
well as healthy blood donors are given in 
Table 1. In an initial survey, 39 seropositive 

Table 1. Autologous red cell agglutination test. 
The agglutination test was performed as described 
in the text. Blood samples from patients previous- 
ly shown to be HIV-1 positive were retested by 
protein immunoblot assay by the Victorian State 
Reference Laboratory. Hospitalized patients were 
negative either by EL4 (Abbott Laboratories, 
recombinant indirect ELISA) or protein immun- 
oblot and had been admitted to hospital with a 
variety of medical conditions. Blood donors were 
tested by EL4 (Genetic Systems) (12). False posi- 
tive or negative values are given in parentheses 
and were verified by protein immunoblot analysis 
except for the single blood donor (1) who was 
negative by EIA. 

Agglutination EIA test 

Subjects test 

+ - + - 

patients were all detected, but in the follow- up study, one seropositive patient out of 43 
failed to give detectable agglutination. In 
this latter study, agglutination was specifi- 
cally inhibited by saturating concentrations 
of free peptide- antigen, confirming that 
agglutination was specific for the peptide 
with blood from seropositive patients. A 
false negative level of ap-proximat-ely 1 to 2% 
has been reported for a similar peptide 
antigen used in an enzyme irnmunoassay 
(6). Thus the level of false negative results 
reflects the properties of the peptide antigen 
used. In the present study, a blocking mAb 
antibody was used to prevent false positive 
agglutination due to antibody to mouse 
IgG. The false positive rate was 0.1% 
(n = 874) with healthy blood donors com- 
pared to 0.2% for the same samples when 
tested with the commercial test (Genetic 
Svstems) used bv the local blood transfusion 
service. Apparent false positive reactions 
with the autologous agglutination test were 
observed more frequently in hospitalized 
patients than in healthy blood donors (Table 
1). In the hospitalized patients agglutination 
was inhibited with added free peptide. The 
cross reactivity to the synthetic peptide ob- 
served in false positive cases is not entirely 
unexpected since antibodies cross-reacting 
with an HTLV- 1-specific peptide have been 
observed in patients with- leukemia and 
rheumatoid arthritis, and in patients who 
have received multiple transfusions ( 3  0). 

To evaluate the &tigenic specificity of the 
agglutination we tested a series of synthetic 
peptides corresponding to other regions of 
the HIV-1 envelope proteins for their capac- 
ity to inhibit the agglutination reaction (Ta- 
ble 2). No unrelated peptide competed, and 
the synthetic gp41(572-591), which is 
missing the essential COOH-terminal epi- 
tope region (4, did not inhibit agglutina- 
tion. The comparison of agglutination in the 
presence and absence of added synthetic 
antigen was useful in aiding in the detection 
of the occasional weak positive samples. 
Conversely, failure of added synthetic hep- 
tide to inhibit agglutination would suggest 

0 4 8 12 16 20 
Peptide (pgiml) 

Fig. 2. Inhibition of agglutination with synthetic 
antigen. Synthetic peptide antigen gp41(579- 
601) was added to the conjugated mAb to red 
blood cells as indicated. The final concentration of 
the conjugated rnAb was 0.24 (O) ,  0.12 (A), 
0.06 (O), and 0.03 (A) mglml, respectively. The 
agglutination assay was performed as described in 
the text. Agglutination values are given on the 
ordinate and are scored visually from 4 to 0 for 
intensity of the agglutination reaction where 0 
represents no agglutination. 

the oresence of cross-reactive antibodies 
against the antibody to red blood cells. 

The lower limits of sensitivity of antibody 
detection tests can normally be estimated by 
titration. In the autologous red cell aggluti- 
nation test, the use of red cells in whole 
blood orecludes direct measurement of anti- ' 
bodv titer. A simple alternative estimate of 
the 'level of anti60dy can be obtained by 
determining dose responses for peptide anti- 
gen inhibition of agglutination (Fig. 2). The 
concentration of peptide antigen required to 
achieve 50% of the maximum inhibition of 
agglutination was approximately linear and 
dependent on the concentration of peptide- 
mAb conjugate. The dose dependence of the 
mAb conjugate concentration also affords a 
means o f  assessing the apparent titer for the 
agglutination response. 

Table 2. Specificity of peptide inhibition of agglutination. Synthetic peptide (0.125 mglrnl) was added 
to the conjugated mAb before the whole blood. The agglutination test was performed as described in 
the text. Common sequences are underlined. 

Peptide Added 
synthetic peptide (sequence) 

- - 

Inhibition of 
agglutination 

(%) 

HIV-1- 
positive 42 (1) 43 0 

patients 
Hospitalized (3) 63 0 66 

patients 
Healthy blood (1) 873 (2) 872 

donors 

None 
gp41(579-601) RILAVERYLKDQQLLGIWGCSGK 
gp41(572-591) GIKQLQARILAVERYLKDQQ 
gp120(193-200) ASIITTNYT 
gp120(105-117) HEDIISLWDQSLK 
gp120(101-118) VEQMHEDIISLWDQSLW 
gp120(105-129)Y'Z9 HEDIISLWDQSLWAVKLTPLCVSY 
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These results indicate that an autologous 
red cell agglutination test can be used as a 
sensitive and specific test for the presence of 
circulating antibodies. The procedure is flex- 
ible and could be tailored to detect a variety 
of antibodies for which there was an appro- 
priate antigen for conjugation to the red 
blood cell antibody. In using the autologous 
red cell agglutination test for antibodies to 
HIV-1 it will be essential to use a conjugat- 
ed antigen with a very low false negative 
rate. This may require the use of a mixture 
of peptide epitopes or soluble recombinant 
protein antigens. It is also possible that the 
test may be automated, just as automation 
has been achieved for the gelatin bead agglu- 
tination test (2) and many turbidimetric or 
nephelometric assays (1 1). Preliminary re- 
sults indicate that the conjugated antibody is 
stable to freeze-drying and can be air-dried 
onto plastic plates. For field testing, a posi- 
tive control mAb to the synthetic peptide 
antigen would be included as a means of 
quality control for the reagent. 

At present the major advantages of the 
autologous red cell agglutination test are its 
speed and simplicity. For these reasons it is 
likely to have significant applications as a 
"front line" test. In this role it will be an 
important adjunct to conventional test pro- 
cedures and may also be useful for assessing 
vaccination programs. It is hoped that the 
autologous agglutination test will conuib- 
ute to the protection of health care workers 
and aid in the control of the spread ofAIDS. 
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Selection of Variable- Joining Region Combinations 
in the a Chain of the T Cell Receptor 

Most T lymphocytes express an antigen-specific receptor composed of two subunits, a 
and f3, each of which can exhibit structural variability. A complex selection process 
operates on T cells during development in the thymus such that cells expressing only 
particular ap-receptors migrate to the periphery. The a-chain repertoire was dissected 
at different stages of the selection process by using the polymerase chain reaction 
(PCR) technique to amplify only those transcripts of a particular variable region gene 
(Vss). Sequences from these Vss cDNAs reveal the predominant expression of four 
joining (J) segments by T cells in the adult thymus, suggesting that molecular or 
cellular processes select particular V J, combinations during development. T cells 
expressing one of these VS8Ja chains appear to have been negatively selected at a later 
stage, since these transcripts were present in the spleen at approximately one-tenth the 
level in the thymus. Results also indicate that residues present at the V J, junction may 
be important in an early selection process. 

T LYMPHOCYTES RECOGNIZE A FOR- 
eign antigen only when it is present- 
ed with a cell surface product of the 

major histocompatibility complex (MHC). 
The T cell receptor (TCR) responsible for 
this dual recognition is composed of two 
subunits, a and p, each generated by somat- 
ic rearrangement of multiple gene segments 
(1, 2). However, before a T lymphocyte 
becomes a functional antigen-specific cell in 
the peripheral lymphoid system, it under- 
goes selection in the thymus. The selection 
process, which operates on the ap-hetero- 
dimer, guarantees that a T cell will react 
with a product of the MHC (a phenomenon 
resulting in MHC "restriction") and that it 

will not react with "self' antigens (a phe- 
nomenon resulting in self tolerance). T h e  
observation that >95% of cells in the thy- 
mus die (3) and never reach the periphery 
has long been suggested to be, at least in 
part, the result of this process. 

Despite the progress that has been made 
in identifying the TCR, the structural basis 
of MHC restriction remains unknown. It 
has now been established that the ap-heter- 
odimer on mature T cells (helper and cyto- 
toxic) is responsible for binding both anti- 
gen and MHC product on the presenting 
cell (4). In most cases, attempts to correlate 
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