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SUMMARY

The anti-HIV IgG subclass response was analysed in sera from different clinical stages and related to
virus specific antibody-dependent cellular cytotoxicity (ADCC). IgGI was found to be the dominant
subclass, present in all sera and with similar mean titres at different stages. The number of anti-HIV
IgG3 positive sera, measured on whole viral lysate antigen plates, decreased during disease
progression from 38% in symptom-free to 7% in AIDS patients. IgG2 and IgG4 subclasses were less
prevalent although a slight increase ofIgG4 frequency was found in AIDS patients. High IgGl titres
correlated with a positive ADCC reaction but there was no correlation between anti-HIV IgGI and
ADCC titres. Some sera which contained HIV IgGl as the only subclass were able to mediate an

ADCC reaction. In addition, when anti-HIV IgG3 was isolated, by protein A chromatography, no

ADCC killing was induced by these antibodies. It is concluded that IgGl is the major ADCC-active
IgG subclass in HIV infected individuals. The lack ofcorrelation between IgGI andADCC titres may
be explained by a relatively small fraction of IgGI antibodies mediating ADCC.
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INTRODUCTION

HIV (human immunodeficiency virus)-infection may develop
from an asymptomatic stage through persistent generalized
lymphadenopathy (PGL) to full-blown AIDS (Seligmann et al.,
1987). HIV infects both CD4 positive helper T cells and cells
within the reticuloendothelial system (Seligmann et al., 1987).
The infection causes a profound T cell defect and a polyclonal B
cell activation (Aucouturier et al., 1986; Seligmann et al., 1984;
El-Sadr et al., 1984; Zollar-Pazner, 1984; Amman et al., 1982;
Stahl et al., 1982; Lane et al., 1983; Chess et al., 1984). In some
infected individuals, the immune system successfully controls
HIV expression during long asymptomatic periods. Con-
sequently, it is important to identify immune parameters which
participate in the elimination of infected cells. Antibody-
dependent cellular cytotoxicity (ADCC) is believed to be one
such parameter (Wigzell, 1985). High-titred, HIV-specific
ADCC can be detected in sera from all clinical stages (Rook et
al., 1987; Ljunggren et al., 1987a).

Virus specific IgGI and IgG3 are the dominant IgG
subclasses formed in response to viral antigens, where an
increase of IgG3 may indicate viral disease (Linde, 1985). IgG2
appears to be predominantly reactive with carbohydrate anti-
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gens (Riesen, Skvarel & Braun, 1976). An increase of virus-
specific IgG4 may reflect repeated stimulations with viral
antigens (Linde, 1985). Both IgGI and IgG3 mediate important
protective, biological functions such as complement fixation,
opsonization and induction ofADCC byNK cells (Schumacher
et al., 1976; Anderson & Looney, 1986).

Increased total IgGl and IgG3 levels and decreased IgG2
and IgG4 levels have been reported in HIV infections (Aucou-
turier et al., 1986). Those changes have been postulated to be
caused by a combination of unspecific, polyclonal B cell
activation and impaired helperT cell activity (Aucouturier et al.,
1986). Also, a restricted HIV-specific IgG subclass response has
been reported with a decrease of all subclasses except IgG 1
during disease progression (Sundqvist et al., 1986).

In the present work we have measured HIV-specific IgG
subclasses in different clinical stages in relation to ADCC-active
antibodies which mediate killing of HIV infected target cells.

MATERIALS AND METHODS

Cell lines
Cells were propagated in RPMI-1640 medium with 10% fetal
calf serum (GIBCO, Grand Islands, NY) and antibiotics. They
were subcultured twice weekly. The U937 cell line is derived
from a histiocytic lymphoma (Sundstrom & Nilsson, 1976).
Phenotypically stable subclones have been isolated from the
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Table 1. Distribution of HIV-specific IgG subclasses within patient categories

HIV-specific subclass response
Frequency positive, median titre and range of positive sera

Clinical No. of
evaluation patients IgGI IgG2 IgG3 IgG4

Symptom-free 34 100% 18% 38% 12%
25,000 1,700 90 300

(100-100,000) (430-9,000) (50-1,000) (50-400)
PGL* 35 100% 6% 22% 17%

38,000 350 90 500
(300-100,000) (100-600) (50-3,000) (100-700)

ARCt 18 100% 11% 11% 11%
30,000 325 350 100

(700-100,000) (50-600) (300-400) (100- 100)
AIDS 15 100% 7% 7% 27%

47,000 640 780 2000
(1,000-100,000) (1,000-5,000)

* Persistent generalized lymphadenopathy.
t AIDS related complex.

parental U937 cell line (Asjo et al., 1987). For the present
experiments, clone 2 was infected with HTLV-III B and kept in
continuous passage. Eighty to ninety-five per cent of the cells
were HIV-positive as determined by indirect immunofluores-
cence on fixed cells (Ljunggren et al., 1987b).

Sera
Sera were obtained from uninfected controls and from HIV
infected individuals, either asymptomatic or with clinical
symptoms of persistent generalized lymphadenopathy (PGL),
AIDS related complex (ARC) or AIDS. All sera were tested for
HIV antibodies by an enzyme-linked immunosorbent assay
(ELISA, Organon Teknica, Oss, The Netherlands) and con-
firmed by Western blot strips (DuPont, Pharmaceuticals,
Wilmington, Del.).

Isolation of lymphocytes
Peripheral blood lymphocytes were obtained by density
gradient centrifugation on Ficoll-Isopaque (Pharmacia, Upp-
sala, Sweden) and washed three times in phosphate-buffered
saline. Cells were then resuspended in RPMI-1640 containing
10% fetal calf serum. Adherent cells were removed by the
scrubbed nylon wool column technique (Merrill, Ullberg &
Jondal, 1984). The isolated effector cells consisted of non-
adherent T cells and null cells.

51Cr-release cytotoxicity test
Cytotoxocity assays were performed in duplicate wells in v-
shaped microplates using a total volume of 150 M1. 5"Cr labelled
HTLVIII B infected U937, clone 2, cells (1 x 104) and separated
lymphocytes from non-infected individuals (2 x 105) were added
together with 50 Jl of serum dilutions. Fifty microlitres of the
supernatant from each well was harvested after 3 hours and
counted in a gamma counter. Released radioactivity was
calculated as described (Merrill, Ullberg & Jondal 1984). HIV
specific ADCC was determined as follows:

Specific 5'Cr release with HIV-positive sera-Specific 5'Cr
release with HIV-negative sera.

IOU-

9

8

7

0 6

a)

tc 4

3

2

n

S
0

so@0

0

0

0 *

0
0 *

0
0

0

0

I .0

I
Neg. 30 90 270 810 2430 7290

ADCC titre

Fig. 1. Forty-six sera were analysed for HIV-specific ADCC- and IgG1
titres. (4) Sera with reactivity to IgG I only. (0) Sera with more than one
subclass present.

No serum could induce ADCC against the uninfected target cell
and none of40 HIV-antibody negative sera could induceADCC
against the infected or uninfected target cells. No killing was
induced with sera without effector cells. The 5'Cr-spontaneous
release did not exceed 10%.

HIV-specificADCC index, SAI (Ljunggren et al., 1987b), was
calculated as a ratio:
HIV specific ADCC/fl2 microglobulin specific ADCC x 100

% of infected target cells
Sera with SAI >0-5 at 1:30 dilution were considered to be
positive for HIV specific ADCC.
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Fig. 2. ADCC and ELISA titres in IgGI and IgG3 subclass fractions.
1: 30-1:7,290 (6 consecutive steps, 1: 3 dilutions).

Table 2. Relation ofADCC reactivity to clinical stages and to HIV
IgGI litres

IgGl anti-HIV median titre (n)

Clinical No. of ADCC- ADCC-
evaluation patients Sera positive Sera negative

Symptom-free 14 78,000 (7) 5,000 (7)
PGL 14 63,000 (8) 14,500 (6)
ARC 2 62,000 (1) 43,000 (1)
AIDS 9 60,000 (9) (0)
Unknown 7 43,000 (5) 1,500 (2)

Subclass ELISA
HIV-specific IgG subclasses were determined on the Organon
Teknica HIV plates. Serum samples were diluted in 10-fold
steps, 1:10-1:100,000, in Organon dilution buffer with fetal
goat serum. One-hundred microlitres of the dilutions were

added to each well, and incubated for 120 min at 370C. After
washing, 100 gl monoclonal antibodies used in the following
dilutions were added for 105 min at 370C: For IgGl, clone BAM
15 1:2000, for IgG3, clone BAM 8 1:2000, for IgG4, clone
BAM 11 1: 800 (Seward Laboratories, London), and for IgG2,
clone HP 6002 1:100 (Dr. C. Reimers, Center for Disease
Control, Atlanta). The plates were washed and 100 p1 of
peroxidase-conjugated rabbit anti-mouse IgG (DAKO Patts,
Copenhagen, Denmark) was added for 105 minutes at 370C.
The substrate ortho-phenylendiamine, activated by H202, was

added. The reaction was terminated after 30 min at room

temperature by adding 100 MI 2-5 M H2SO4. The absorbance was
measured at 490 nm. The background levels were taken as the
mean+3 s.d. absorbance values with HIV antibody negative
sera.

The effector: target cell ratio was 20: 1. The serum dilutions were

Protein A Sepharose affinity chromatography
Protein A Sepharose CL 4B (Pharmacia Fine Chemicals AB,
Uppsala, Sweden) was packed in a final bed volume of 7 ml.
Human IgGI, IgG2 and IgG4 are adsorbed to Protein A, while
IgG3 is not (Kronwall et al., 1969). The sera were added to the
column with PBS pH 7.4 as starting buffer, and a flow rate of
19ml/cm-2/h. Adsorbed molecules were eluted with 0-1 M

glycin-HC1 pH 2-8. The eluate was kept on ice and immediately
neutralized to pH 7-5 by solid tris.

Statistical analysis
When comparing differences in ADCC titres Student's t-test
combined with a Mann-Whitney U-test was used.

RESULTS

Subclass distribution in HIV-infected patients
The subclass distribution of HIV-specific IgG is shown in
Table 1. All patients had HIV IgGl, often in high titres. The
distribution of titres and the median titres were similar in the
various stages. The other subclasses occurred in varying
frequencies, in considerably lower titres than HIV IgGl. The
frequency ofHIV IgG3 positive sera appeared to decrease with
advancing stages. All IgG3 antibodies may not have been
detected by the subclass ELISA using Organon plates, since
IgG3 anti-HIV is, to a large extent, directed to HIV p1 7 (Klasse
and Blomberg, 1987; Broliden et al., submitted). This antigen
may be under-represented in the Organon plates. HIV IgG4 was
most frequent in AIDS patients.

The number of different HIV subclasses in individual
patients varied with stage of disease. A more restricted pattern
with IgGl as the single HIV IgG developed in 29/33 (88%) of
patients with ARC and AIDS as opposed to 26/89 (29%) of
symptom-free patients or patients with PGL. In 50 healthy
control persons no anti-HIV IgG subclasses were found.
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ADCC properties related to HIV IgG subclasses
Forty-six sera were selected from the samples in Table 1 to
represent various stages of disease and subclass IgG patterns.

Sera with no detectable ADCC activity had lower levels of
IgGI than sera with ADCC activity. The median IgGi ELISA
titres were 9,000 (range 100-45,000, n = 16) and 60,000 (range
9,000-100,000, n= 30), in negative and positive sera respectively
(Fig. 1). Thirteen of 16 (81%) ADCC negative sera but only
three of 30 (10%) ADCC positive sera had IgG1 titres below
1: 15,000 (P< 0-001). Within theADCC positive group, no clear
relation was seen between ADCC titres and HIV IgGi titres.
Twelve of 30 ADCC positive sera from different clinical

stages had IgG1 as the only detectable subclass (Fig. 1). IgG1
titres of these twelve sera ranged from 8,000-100,000. These sera

could still mediate ADCC to the same extent as sera with one or

more of the other subclasses present. The mean value ofADCC
titres in sera with only IgGI was 1125 (n = 12) and in sera with
additional subclasses 1473 (n = 18) (P > 0-05).

Since IgGI was shown to mediate HIV specific ADCC, the
ability of IgG3 was also examined. Three sera which mediated
high-titred (> 1: 7,000) HIV specific ADCC and contained both
HIV specific IgGI and IgG3 were selected for IgG3 separation.
IgGl, IgG2 and IgG4 subclasses were adsorbed with Protein A
Sepharose affinity chromotography while IgG3 passed. The
adsorbed subclasses were then eluted. Both fractions were tested
for subclass reactivity with ELISA. In Fig. 2, the ability to
mediate ADCC is shown for whole sera, for the eluted material
and for the IgG3 fraction. IgG I was the only detectable subclass
in the eluted material and showed similar ADCC activity as

whole sera. The IgG3 fraction, with no other subclasses present,
lacked ability to mediate ADCC.

Only two sera had IgG2, one ADCC negative and one

positive. The median IgG3 ELISA titres for the ADCC negative
and positive sera were 50 (n = 8) and 30 (n = 8) respectively.
Eight of 10 sera which contained HIV IgG4 reactivity were

ADCC positive (data not shown).
Clinical stages of patients were related to ADCC reactivity

and HIV IgGI titres (Table 2). ADCC reactivity occurred in all
stages. Here too, ADCC reactivity appeared related to HIV
IgGI titres. There are however some sera (four of 17 sera with
HIV IgG > 20,000), (Fig. 2) with high HIV IgGI titre and poor
ADCC reactivity.

DISCUSSION

IgGI appears to be the predominant virus-specific IgG subclass
in HIV infected individuals. This has also been found in other
viral systems (Linde, 1986). HIV IgG1 was present in all sera

tested (n = 102), with similar median titres at different clinical
stages. A restricted pattern with IgG1 as the single HIV-IgG
subclass developed in later disease stages. HIV IgG2-4 showed
lower median titres and were less prevalent than IgG 1. About
20% of asymptomatic patients had IgG2 and there was a

tendency for them to decrease (18%-7%) during disease
progression as reported earlier (Sundqvist et al., 1986). IgG3
frequency decreased from 38% in symptom-free subjects to 7%
in AIDS patients. Increases of total IgGl and IgG3 antibodies
are considered to be caused by an unspecific polyclonal B cell
activation (Aucouturier et al., 1986). Our results demonstrate
that in many patients there is an increase in titres of specific
IgGl antibodies, but not in the frequency of other subclasses.

HIV IgG4, on the other hand, was most frequent in AIDS sera.

This is in accordance with previous findings of Herpes Simplex
virus (HSV)-specific IgG4 which increases after repeated recur-

rences of HSV-infection (Sundqvist, Linde & Wahren 1984).
The alterations in IgG24 subclass levels may be useful markers
for disease progression.

High HIV IgGl titres were found to correlate with presence

of HIV-specific ADCC, although there was no correlation with
ADCC titres. Some sera, with IgGl as the only detectable
subclass, could mediate ADCC. It is concluded that IgGl is the
major ADCC active IgG subclass in HIV infected individuals.
IgGl anti-HSV has been demonstrated to mediate ADCC
(Mathiesen et al., 1988). IgGl and IgG3 are known to interact
with Fc receptors expressed on ADCC effector cells, and to
trigger killing (Anderson & Looney, 1986; Sunada, Suzuki and
Ota, 1985; Urbaniak & Greiss, 1980; Goff et al., 1984).

The ADCC active antibodies are predominantly directed
against envelope antigens (Ljunggren et al., 1988). It cannot be
excluded that other viral antigens also expressed on the infected
host cells, may serve as target determinants. Hendry et al. (1987)
analysed the antigenic specificity of anti-HIV antibodies and
found increased levels of both IgGl and IgG2 antibodies to pol
and gag antigens in early disease. They found similar levels of
anti-envelope antibodies in all disease stages. We found that
median levels of HIV specific IgGl do not vary at differerent
disease stages. It is therefore unclear why AIDS patients have
decreased ADCC titres since such antibodies are predominantly
of the IgGI subclass. This may be explained by the fact that the
relative amount ofADCC mediating antibodies is so small that
a drop is not reflected in the whole specific IgGI fraction. Viral
IgG3 has revealed neutralizing and complement dependent
properties unique to this subclass (Mathiesen et al., 1988). IgG3
was therefore separated from IgGl but did not give an ADCC
reactivity of its own. Also, HIV specific IgG3 is mainly directed
against gag proteins (Klasse & Blomberg, 1987; Broliden et al.,
submitted). Contribution of HIV IgG3 to ADCC therefore
seems less likely.

Only populations of anti-envelope IgG1 antibodies which
react with selected determinants within the gpl20/41 glycopro-
teins might induce ADCC. The CD4 receptor site, the cleavage
region between gpl2O and gp4l and some hydrophobic regions
of gp4l are conserved (Starcich et al., 1986; Myers et al., 1987).
Antibodies against these regions are likely to be group-specific
and reactive with all HIV-l strains and thus independent ofany
genetic drift in the viral genome. Such antibodies might be
protective if they can mediate functions such as ADCC or virus
neutralization. For the detection of antibodies against defined
regions, site directed serology can be used with representative
peptides (Norrby et al., 1987). In an extension of the present
work we will investigate IgG subclass reactivity with defined
peptides, representing conserved regions, and analyse their
functional characteristics.

ACKNOWLEDGMENTS

We acknowledge the valuable discussions and help received from
A. Linde, V-A. Sundqvist, E. Solver and G. Gilljam. This work was

supported by funds from the Swedish Medical Research Council (B88-
16H-07742-03, K87-16H-08336-O1A, B88-16H-07743-03) and Astra
AB, Sodertdlje, Sweden.

346



ADCC and IgG subclass response to HIV 347

REFERENCES

AMMAN, A.J., ABRAMS, D., CONANT, M., CHUDWIN, D., VOLBERDING,
P., LEwis, B. & CASAVANT, C. (1982) Acquired immune dysfunction in
homosexual men: Immunologic profiles. Clin. Immunol. Immuno-
pathol. 27, 315.

ANDERSON, C.L. & LOONEY, R.J. (1986) Human leukocyte IgG Fc
receptors. Immunology Today, 7, 264.

As6, B., IVHED, I., GIDLUND, M., FUERSTENBERG, S., FENYO, E-M.,
NILSSON, K. & WIGZELL, H. (1987) Susceptibility to infection by
human immunodeficiency virus (HIV) correlates with T4 expression
in a parental monocytoid cell line and its subclones. Virology. 157,
359.

AUCOUTURIER, P., COUDERC, L.J., COUET, D., DANON, F., GOMBERT, J.,
MATHERTON, S., SAIMOT, A.G., CLAUVEL, J.P. & PREUD'HOMME, J.L.
(1986) Serum immunoglobulin G subclass dysbalances in the lymph-
adenopathy syndrome and acquired immune deficiency syndrome.
Clin. exp. Immunol. 63, 234.

BROLIDEN, P-A., MORFELDT-MANSON, L., ROSEN, J., JONDAL, M. &
WAHREN, B. (1988) Fine specificity of IgG subclass response in HIV
infected patients. Submitted.

CHESS, Q., DANELS, J., NORTH, E. & NACRIS, N.T. (1984) Serum
immunoglobulin elevations in the acquired immunodeficiency syn-
drome (AIDS): IgG, IgA, IgM and IgD. Diagn. Immunol. 2, 148.

EL-SADR, W., STAHL, R., SIDHu, G. & ZOLLA-PAZNER, S. (1984) The
acquired immune deficiency syndrome: Laboratory findings, clinical
features and leading hypotheses. Diagn. Immunol. 2, 73.

GoFF, W.L., WAGNER, G.G., CRAIG, T.M. & LONG, R.F. (1984) The role
of specific immunoglobulins in antibody-dependent cell-mediated
cytotoxicity assays during Babesia Bovis infection. Veterinary Par-
asitol. 14, 117.

HENDRY, M., JUDKINS, K.R., WITrEK, A.E., LANE, H.C. & QUINNAN,
G.V. (1987) Subclass and isotope specific antibody responses to HIV
infection analysed by Western Blotting: Correlation with clinical
status. Abstract, III International Conference on AIDS, Washington
D.C.

KLASSE, P.J. & BLOMBERG J. (1987). Patterns of antibodies to human
immunodeficiency virus proteins in different subclasses of IgG.
J. Infec. Dis. 156, 1026.

KRONVALL, G. & WILLIAMS, JR, R.C. (1969) Differences in antiprotein A
activity among IgG subgroups. J. Immunol. 103, 828.

LANE, H.C., MASUR, H., EDGAR, L.C., WHALEN, G., ROOK, A.H. &
FAUCI, A.S. (1983) Abnormalities of B-cell activation and immuno-
regulation in patients with the acquired immunodeficiency syndrome.
N. Engl. J. Med. 309,453.

LINDE, G.A. (1985) subclass distribution of rubella virus-specific
Immunoglobulin G. J. Clin. Microbiol. 21, 117.

LINDE, G.A. (1986) Studies on human antiviral IgG subclasses. Thesis,
Karolinska Institute.

LJUNGGREN, K., B6TTIGER, B., BIBERFELD, G., KARLSON, A., FENYO,
E-M. & JONDAL, M. (1987a) Antibody-dependent cellular cytotoxi-
city-inducing antibodies against human immunodeficiency virus:
Presence at different clinical stages. J. Immunol. 139, 2263.

LJUNGGREN, K., FENY6, E-M., BIBERFELD, G. & JONDAL, M. (1987b)
Detection of antibodies which mediate human immunodeficiency
virus-specific cellular cytotoxicity (ADCC) in vitro. J. Immunol.
Methods. 104, 7.

LJUNGGREN, K., CHIODI, F., BIBERFELD, G., NoRRBY, E., JONDAL, M. &
FENYO, E-M. (1988) Lack of cross-reaction in antibody-dependent
cellular cytotoxicity between HIV and HIV-related West-African
strains. J. Immunol. 140, 62.

MATHIESEN, T., PERSSON, M.A.A., SUNDQVIST, V.-A. & WAHREN B.
(1988) Neutralization capacity and antibody dependent cell-mediated
cytotoxicity of separated IgG subclasses 1, 3 and 7 against herpes
simplex virus. Clin. exp. Immunol. 72, 21 1.

MERRILL, J.E., ULLBERG, M. & JONDAL, M. (1981) Influence of IgG and
IgM receptor triggering on human natural killer cell cytotoxicity
measured on the level of the single effector cell. Eur. J. Immunol. 11,
536.

MYERS, G., RABSON, A.B., JOSEPHS, S.F., SMITH, T.F. & WONG-STAAL,
F. (1987) Human retroviruses and AIDS 1987: A compilation and
analysis of nucleic acid and amino acid sequences. Los Alamos
National Laboratory, Los Alamos Nm.

NoRRBY E., BIBERFELD, G., CHIODI, F., VON GEGERFELDT, A., NAUCLER,
A., PARKS, E. & LERNER, R. (1987) Discrimination between anti-
bodies to HIV and to related retroviruses using site-directed serology.
Nature 329, 248.

RIESEN, W., SKVARIL, F., BRAUN, D. (1976) Natural infection of man
with group a Streptococci. Levels, restriction in class, subclass and
type; and clonal appearance of polysaccharide group-specific anti-
bodies. Scand. J. Immunol. 5, 383.

ROOK, A.H., LANE, H.C., FOLKS, T., McCoy, S., ALTER, H. & FAUCI,
A.S. (1987) Sera from HTLVIII/LAV antibody-positive individuals
mediate antibody-dependent cellular cytotoxicity against HTLVIII/
LAV-infected T cells. J. Immunol. 138, 1064.

SCHUMACHER, V.N., CALCOTT, M.A., SPIEGELBERG, H.L. & MULLER-
EBERHARD, H.J. (1976) Ultra-centrifuge studies of the binding of IgG
of different subclasses to the Clq subunit of the first component of
complement. Biochemistry. 15, 5175.

SELIGMANN, M., CHESS, L., FAHEY, J.L., FAUCI, A.S., LACHMANN, P.J.,
L'AGE-STEHER, J., NGU, J., PINCHING, A.J., ROSEN, F.S., SPIRA, T.J. &
WYBRAN, J. (1984) AIDS-An immunologic re-evaluation. N. Engl. J.
Med. 311, 1286.

SELIGMANN, M., PINCHING, A.J., ROSEN, F.S., FAHEY, J.L., KHAITOv,
R.M., KLATZMANN, D., KOENIG, S., Luo, N., NGU, J., RIETHMULLER,
G. & SPIRA, T.J. (1987) Immunology of human immunodeficiency
virus infection and the acquired immunodeficiency syndrome: An
update. Ann. Intern. Med. 107, 234.

STAHL, R.E., FRIEDMAN-KIEN, A., DUBIN, R., MARNOR, M. & ZOLLA-
PAZNER, S. (1982) Immunologic abnormalities in homosexual men.
Am. J. Med. 73, 171.

STARCICH, B.R., HAHN, B.H., SHAW, G.M., McNEELY, P.D., MODROW,
S., WOLF, H., PARKS, E.S., PARKS, W-P., STEVEN, F.J., GALLO, R.C. &
WONG-STAAL, F. (1986) Identification and characterisation of con-
served and variable regions in the envelope gene of HTLVIII/LAV,
the retrovirus of AIDS. Cell, 45, 637.

SUNADA, M., SuzuKI, S. & OTA, Z. (1985) Antibody-dependent cell-
mediated cytotoxicity (ADCC) toward human O+ red cells coated
with anti-D antibody: comparison between lymphocyte and mono-
cyte ADCC activity. Acta. Med. Okayama. 39, 77.

SuNDQVIST, V.A., LINDE, A. & WAHREN, B. (1984) Virus-specific
immunoglobulin G subclasses in herpes simplex and varicella-zoster
virus infections. J. Clin. Microbiol. 20, 94.

SUNDQvIsT, V-A., LINDE, A., KURTH, R., WERNER, A., HELM, E-B,
PoPOVIc, M., GALLO, R.C. & WAHREN, B. (1986) Restricted IgG
subclass responses to HTLVII/LAV and to cytomegalovirus in
patients with AIDS and lymphadenopathy syndrome. J. Infec. Dis.
153, 970.

SuNDSTOM, C. & NILSSON, K. (1976) Establishment and characterisa-
tion of a human histiocytic lymphoma cell line (U937). Int. J. Cancer
17,565.

URBANIAK, S.J. & GRmSS, M.A. (1980) ADCC (K-cell) lysis of human
erthrocytes sensitized with rhesus alloantibodies. III. Comparison of
IgG anti-D agglutinating and lytic (ADCC) activity and the role of
IgG subclasses. Br. J. Haematol. 46,447.

WIGZELL, H. (1984) Antibody-dependent cell-mediated cytotoxicity. In
Antibodies: Protective, Destructive and Regulatory Role. (9th Int.
Convoc. Immunol, Amherst, N.Y.) p. 1. S. Karger, Basel.

ZOLLA-PAZNER, S. (1984) B cells in the pathogenesis ofAIDS. Immunol.
Today, 5, 289.


