drugs with their more selective and often
safer enantiomers as well as provide a rapid,
specific technique for pharmacological eval-
uation of racemic drugs. Computer model-
ing of x-ray crystal structures coupled with
energy minimization calculations is a power-
ful technique for evaluating and understand-
ing chiral interactions. Cyclodextrins are
particularly amenable to this approach be-
cause of their well-defined and relatively
static structure. However, we believe this
method may be equally valuable in the eval-
uation and understanding of a variety of
other chiral-separation systems (3~17).
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Neutralization of HTLV-III/LAV Replication by

Antiserum to Thymosin oy

PrEM S. SARIN, Daisy K. SUN, ARTHUR H. THORNTON,
PauL H. NAYLOR, ALLAN L. GOLDSTEIN

An antiserum prepared against thymosin a;, a hormone secreted by the thymus gland,
effectively neutralized the AIDS-associated virus [HTLV-III/LAV (clone BH-10)] and
blocked its replication in H9 cells. Reverse transcriptase activity and expression of the
HTLV-IIIVLAV antigens pl5 and p24 were inhibited by purified immunoglobulin G
preparations of antisera to thymosin «;. The antiviral activity of the antiserum was
found to be due to a region of homology between thymosin e, and p17, a product of
the gag gene of HTLV-III/LAV. Comparison of the primary sequences of thymosin o,
and the gag protein revealed a 44% to 50% homology in an 18—amino acid region,
between positions 11 and 28 on thymosin a; and 92 and 109 on the gag protein. The
effectiveness of the thymosin «; antiserum and of immunoglobulin G—enriched
preparations in blocking replication of HTLV-III(BH-10) in H9 cells suggests a novel
approach to the development of an AIDS vaccine. A vaccine directed against the gag
protein might overcome the problem of genetic drift in the envelope region of the virus
and be useful against all genetic variants of HTLV-III/LAV,

HE ACQUIRED IMMUNE DEFICIEN-

cy syndrome (AIDS) is characterized

by a decrease in the ratio of T4" to
T8* lymphocytes, an increase in the inci-
dence of opportunistic infections, and pro-
gressive paralysis of the immune system.
The etiologic agent of AIDS has been iden-
tified as the human T-lymphotropic retrovi-
rus HTLV-III/LAV (also termed ARV)(1).
In many respects, the clinical symptoms of
AIDS are indistinguishable from symptoms
often seen in children with rare primary
immunodeficiency discases (PID’s) associat-
ed with thymic aplasia or hypoplasia (2) and
an increased susceptibility to opportunistic
infections, including Pueumocystis carinii
pneumonia. That the thymus gland, which
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plays a key role in the maturation and
function of the lymphoid system, might be
involved in the development of AIDS was
first suggested by the detection of increased
concentrations of peptides similar to thymo-
sin a; in the blood of individuals with
AIDS or belonging to the AIDS risk group
3).

Thymosin o; (Ta;) was the first thymic
hormone purified to homogeneity and se-
quenced from the partially purified thymo-
sin fraction 5 (TF5) (4). It is an acidic
polypeptide (pI 4.2) with a molecular
weight of 3108, has many of the biological
activities of TF5, and is a potent immuno-
modulator in vivo and in vitro (5). It acts
primarily on helper T cells, and in humans

and other animals enhances the expression
of T-cell markers, stimulates the production
of a number of lymphokines, including in-
terleukin-2 (IL-2) and vy-interferon, and re-
stores immune function and tumor immuni-
ty. Tay has been found to restore helper T-
cell function and prolong survival in phase
II clinical trials in patients with lung cancer
treated by radiotherapy (6).

Because of the clinical similarities between
AIDS and PID’s in children, we expected
that Ta; levels would be depressed in pa-
tients with AIDS or AIDS-related complex
(ARC). When we measured Toy by radio-
immunoassay (RIA) (7), however, we were
surptised to find markedly elevated levels in
the blood of patients with AIDS and ARC
(3). For example, 44 of 72 individuals with
Kaposi’s sarcoma (61%) and 12 of 22 indi-
viduals with P. carinii pneumonia (55%)
had Ta; levels above two standard devi-
ations from the mean of normal individuals
(3). Subsequent studies confirmed the initial
findings for a nationwide sampling of pa-
tients with AIDS that included homosexuals
and bisexuals, intravenous drug abusers,
Haitians, and homosexuals with lymphade-
nopathy (3).

Three alternatives have been proposed to
account for the elevation of Ta; in AIDS
patients: (i) a defect in helper T cells result-
ing in increased levels of biologically active
peptide, that is, end-organ failure; (ii) a viral
invasion of the thymus epithelial cells with

P. S. Sarin, D. K. Sun, A. H. Thornton, Laboratory of
Tumor Cell Biology, National Cancer Institute, Bethes-
da, MD 20892.
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Fig. 1. Homology of p17 HTLV-III/LAV (clone BH-10) and ARV with thymosin a;.

subsequent loss of control over hormone
production or processing; or (iii) the pres-
ence of a biologically inactive but immuno-
logically cross-reactive protein related to the
AIDS virus. Further chemical and immuno-
chemical characterization of the Ta;-like
peptide in the blood of homosexuals at high
risk for AIDS indicated that this abnormally
elevated peptide may be a cross-reacting
molecule and that, in fact, authentic Ta; is
often significantly decreased (8).

To identify the Ta; cross-reacting sub-
stances we began a comprehensive search for
homologous peptides using computer-as-
sisted analysis. We screened over 3500 pro-
tein sequences at the sequence bank of the
National Biomedical Research Foundation
in Washington D.C., and the catalog of
available HTLV-III/LAV and other retro-

viral isolates from the laboratory of R. C.
Gallo (National Institutes of Health). Al-
though we did not find significant homolo-
gies with other thymic hormones or lym-
phokines, we did find (see Fig. 1) that To
and the gay proteins (pl7) of HTLV-III/
LAV (clone BH-10) are 44% to 50% ho-
mologous in an 18-—amino acid region (po-
sitions 11 to 28 on Ta; and 92 to 109 on
the p17 protein) of their primary sequences.

We therefore evaluated antibodies to Ta;
for their ability to inhibit HTLV-III(BH-
10) replication in the H9 permissive cell line
(9). The presence of high titers of virus
neutralizing antibodies in some patients
with AIDS and ARC in the carly stage of
disease (10) suggests that these antibodies
may provide a protective effect against virus
infection. To detect the presence of neutral-

Table 1. Neutralization of HTLV-III/LAV by whole antiserum to thymosin a;. The H9 cells were
infected with HTLV-III(BH-10) as follows. The cells were treated with golybrcnc (2 pg/ml) for 30
minutes at 37°C, washed free of polybrene, and infected with 2 x 10* HTLV-III(BH-10) virus
particles per 4 x 10° H9 cells. For the neutralizing antibody assays, the sera were heat-inactivated at
56°C for 30 minutes and filtered (0.45-pm filter). Antibodies at the appropriate dilutions were mixed
with HTLV-III/(BH-10) (500 virus particles per cell) in 24-well flat bottom plates (2 ml). The plate
was incubated at 4°C for 1 hour and at 20°C for 15 minutes. H9 cells were added to the wells to give a
final concentration of 5 x 10° cells per milliliter. The cultures were incubated at 37°C in 5% CO, for 96
hours. After this period, a viable cell count was taken in the presence of trypan blue. The cell suspension
was centrifuged at 500y for 10 minutes. The supernatant was processed for RT assays and the cells were
mounted on toxoplasmosis slides, fixed, and analyzed with antibodies to p15 and p24 as described (9).
The variation in response with each lot was addressed by repeating the experiments with partially
purified preparations as shown in Table 2.

HO cells (10° Percent of control

; Serum
Experiment e cells per
dilution milliliter) pl5 p24 RT
H9 cells (no virus) 1.3
H9 cells infected with 0.96 100 100 100

HTLV-III(BH-10)

Infected HY cells plus serum 1:100 14 25 33 13
from AIDS patients

Infected HY cells plus:

Normal rabbit serum 1:20 1.21 100 100 110

Antiserum to Ta;
Lot 1 1:20 0.33 100 33 43
Lot 2 1:20 1.03 50 33 42
Lot 3 1:20 0.33 50 66 60
Lot 4 1:20 0.19 25 33 45
Lot 5 1:20 0.14 25 33 59
Lot 6 1:20 0.29 100 133 62
Lot 7 1:20 0.71 125 166 72
Lot 8 1:20 0.14 125 100 58
Lot 9 1:20 0.16 50 33 50
Lot 10 1:20 0.31 50 66 42

1136

izing antibodies to HTLV-III(BH-10) in
the serum of rabbits immunized with Ta;,
we used the HTLV-III(BH-10) replication
system in H9 cells. Infection of the H9 cells
was monitored by measuring reverse tran-
scriptase (RT) activity in the culture medi-
um and by using an indirect immunofluores-
cence assay for the expression of pl5 and
p24 of HTLV-III/LAV (9).

Analyses of ten different lots of heterolo-
gous antisera to Ta; prepared in rabbits (11)
revealed neutralizing antibodies to HTLV-
III(BH-10) (Table 1). In all cases, RT was
significantly inhibited (53 = 3%), but sev-
eral of the crude antisera used at a dilution
of 1:20 showed some cytotoxicity against
the HO cells or failed to inhibit expression of
pl5 and p24. We selected four lots of Ta
antisera and prepared from each of them an
immunoglobulin (IgG)-enriched prepara-
tion to confirm that the antiviral activity was
IgG-mediated.

As summarized in Table 2, the purified
IgG preparations of antisera to Ta; were
highly effective in neutralizing HTLV-III-
(BH-10); they inhibited the expression of
the viral proteins pl5 and p24 and the
activity of RT and were not cytotoxic
against the H9 cells. The antisera from
rabbits immunized against Ta; were as
effective in their neutralizing activity as the
sera of patients with ARC or AIDS who also
exhibit neutralizing activity. Thus, the crude
and IgG-enriched antisera to Ta; were di-
rected toward a common epitope of Ta; and
the gag protein of HTLV-III(BH-10) and
compared favorably with neutralizing anti-
bodies directed against the envelope protein
that are present in the sera of some AIDS
patients (10). ,

We also found (Fig. 2) that HTLV-III-
(BH-10) proteins, but not Rauscher murine
leukemia retroviral (RLV) proteins, could

displace Tay in a competitive RIA. The

results demonstrated that large amounts of
immunoreactive Tay-like material are pres-
ent in an HTLV-III/LAYV isolate but not in
an RLV isolate. The displacement of Ta; in
this RIA by proteins of HTLV-III/LAV but
not of RLV suggests that the homologous
sequences in HTLV-III/LAV and Ta, are
not present in RLV. These observations
support the neutralization studies since the
same lot of antiserum used in the RIA was
also effective in neutralizing the HTLV-
III(BH-10) virus (Lot 1 in Table 1 and Fig.
2).
These studies strongly suggest that the
homologies between Ta; and the gag pro-
tein of HTLV-III/LAV may be useful in
developing a novel vaccine for AIDS. The
data also suggest that the homologous re-
gion of the genome is critical to HTLV-IIV/
LAYV virus replication.
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Fig. 2. Displacement of thymosin a; by retroviral
proteins. Homogenates of the retroviruses were
evaluated for proteins immunoreactive in the RIA
for Ta;. The human retrovirus HTLV-III(BH-
10), but not the Rauscher murine leukemia retro-
virus (RLV), was immunoreactive with Ta;. The
assays were performed in duplicate with standard
errors, as previously reported (7), being less than
15%.

The finding of a homology between Ta
and the HTLV-III/LAV gayg proteins may
explain the lack of effective neutralizing anti-
bodies in patients infected with HTLV-III/
LAV. It is difficult to raise high titers of
antibodies to an antigen or hormone that
the body recognizes as self. Furthermore, if
the host does not eliminate the virus by
making neutralizing antibodies, the viremia
may persist and the antibodies that do devel-
op (because of the homologies to Ta;) may
initiate an autoimmune process that leads to
damage or destruction of the epithelial hor-
mone-producing cells of the thymus. That
this indeed may occur is indicated by several
recent reports revealing significant patholo-
gy of the thymus in children and adults that
have died of AIDS (12). Thymus glands
significantly smaller than normal and ac-
companied by severe epithelial destruction
have been found. The pathological evidence

documents that the thymus at autopsy has
the appearance of a gland undergoing an
autoimmune assault, characterized by archi-
tectural effacement, destruction of its epithe-
lial microenvironment, infiltration of plasma
cells, and reduction or calcification of Has-
sall’s corpuscles.

A possible drawback to the use of Ta; or a
synthetic gag protein as the immunogen in a
vaccine would be the possibility of the vac-
cine damaging the thymus gland and its
physiologic functions. However, we used
rabbits for the preparation of the antisera
used in our RIA and, although rabbit T
has not been sequenced and may not be
identical to human Ta;, we saw no signs of
gross pathology, even when the antibody
titers were high and when the rabbits were
kept for up to 2 years.

Although the mechanism by which the
antiserum to Ta; acts is not clear, a number
of possibilities can be suggested: (i) the core
proteins may be exposed as the virus enters
the cell, (ii) gag proteins may be present on
the envelope of the virus itself, or (iii) the
antiserum may interfere with membrane as-
sembly of the viral particles.

Most current strategies for the develop-
ment of an AIDS vaccine are focusing on the
envelope (env) gene and its products. How-
ever, considerable heterogeneity and anti-
genic variations have been observed among
various HTLV-III/LAV isolates in the env
gene, whereas the gag proteins are believed
to be more conserved. Our data suggest that
antigenic determinants common to the gag
proteins of HTLV-III/LAV are accessible to
the neutralizing effects of specific antibod-
ies.

The effectiveness of antisera to Ta; and of
IgG-enriched preparations in blocking the

Table 2. Neutralization of HTLV-III/LAV and inhibition of viral replication with partially purified IgG
antiserum to thymosin a;. The H9 cells were treated with polybrene (2 pg/ml) for 30 minutes at 37°C,
washed free of polybrene and infected with 2 x 10® HTLV-III(BH-10) virus particles per 4 x 10° H9
cells. The cultures were analyzed on day 4 after infection. Neutralizing antibody assays were carried
out as described in Table 1. The IgG-enriched antisera were prepared by ammonium sulfate

precipitation.
) Serum H9 cells (10° Percent of control
Experiment dilution cells per
milliliter) RT pl5 p24
HO cells (no virus) 1.56
HO9 cells infected with 0.26 100 100 100
HTLV-III(BH-10)
Infected H9 cells plus:
Normal rabbit IgG 1:20 0.32 100 100 100
Enriched antiserum to Ta;
Lot 2 1:20 1.00 31 18 21
Lot 2 1:50 0.98 38 26 36
Lot 5 1:20 1.48 46 21 15
Lot 5 1:50 1.34 77 58 43
Lot 7 1:20 1.26 36 15 18
Lot 7 1:50 1.32 62 33 25
Lot 9 1:20 1.18 42 18 18
Lot 9 1:50 1.02 57 33 28
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replication of HTLV-III/LAV suggests the
possibility of developing novel vaccines
based on immunization with thymosin pep-
tides or analogs or with peptides derived
from the gay region of the AIDS virus it-
self.
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