humidity for 12 to 14 days [l to 2 days
longer than in (15)] or until no additional
flies emerged.

The current optimal procedures produce
overall survivals that constitute effective
and practical cryobiological preservation of
the Oregon R strain. Although it remains
to be determined whether they will also be
effective in preserving embryos from mutant
lines, the major developmental processes
are completed by stage 16, and consequent-
ly we expect that most laboratory strains
will tolerate these vitrification procedures
as well as Oregon R does. An advantage of
defining the optimum developmental time
for cryopreservation in relation to the time
at which the ratio of stages 14 to 15 is 1:1
is that it will automatically compensate for
any strain-to-strain differences in develop-
ment rate. The approach may also be ap-
plicable to the cryopreservation of embryos
from other diptera like the housefly or
mosquito, which have developmental rates
very different from that of Drosophila (20).

We believe our findings have more gen-
eral implications for cryobiology. The opti-
mal developmental stages being frozen are
probably the most complex systems that
have been cryobiologically preserved. The
embryos are highly differentiated into tis-
sues and organs including muscle and
nerve, which indicates that differentiated
multicellularity is not a barrier to cryopres-
ervation per se. The findings also represent
perhaps the first case in which vitrification
procedures are required to obtain survival.
From the mechanistic point of view there
remains the question of why Drosophila
survival is so critically dependent on devel-
opmental stage. Older embryos may vitrify
more readily than younger embryos, or pos-
sibly they tolerate the presence of ethylene
glycol or small amounts of ice better than
younger embryos, perhaps because the crit-
ical steps of dorsal closure and head invo-
lution are completed. The answers could be
important in determining the extent to
which the general strategies described prove
applicable to other non-mammalian eggs
and embryos, most of which have not been
successfully cryobiologically preserved.
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Cellular Proteins Bound to Immunodeficiency
Viruses: Implications for Pathogenesis
and Vaccines

Larry O. Arthur,* Julian W. Bess, Jr., Raymond C. Sowder II,
Raoul E. Benveniste, Dean L. Mann, Jean-Claude Chermann,
Louis E. Henderson

Cellular proteins associated with immunodeficiency viruses were identified by determina-
tion of the amino acid sequence of the proteins and peptides present in sucrose density
gradient—purified human immunodeficiency virus (HIV)—-1, HIV-2, and simian immunode-
ficiency virus (SIV). 2 microglobulin (8,m) and the o and B chains of human lymphocyte
antigen (HLA) DR were present in virus preparations at one-fifth the concentration of Gag
on a molar basis. Antisera to HLA DR, B,m, as well as HLA class | precipitated intact viral
particles, suggesting that these cellular proteins were physically associated with the sur-
face of the virus. Antisera to class |, B,m, and HLA DR also inhibited infection of cultured
cells by both HIV-1 and SIV. The specific, selective association of these cellular proteins
in a physiologically relevant manner has major implications for our understanding of the
infection process and the pathogenesis of immunodeficiency viruses and should be con-

sidered in the design of vaccines.

Studies with subunit vaccines have shown
that immunizations with viral envelope an-
tigens alone are sufficient to elicit protec-
tive immunity against SIV or HIV (1). The
recent observation (2) that macaques immu-
nized with uninfected human cells were
protected against challenge with SIV grown
in human cells raised the possibility that
immune responses to cellular antigens might
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also be involved in protection. However,
the putative cellular antigens that may be
stimulating the protective response have not
been identified, and the mechanism of pro-
tection is unclear.

To identify the specific cellular antigens
associated with immunodeficiency viruses,
we purified and sequenced proteins from
preparations of HIV-1, HIV-2, and SIV.
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Viruses were propagated in H9 cells, con-
centrated by sucrose density gradient ultra-
centrifugation, and centrifuged to pellet the
virus (3). Proteins from purified virus were
separated by reversed-phase high-pressure
liquid chromatography (rp-HPLC) as de-
scribed (4) (Fig. 1). The predominant cel-
lular proteins found in purified HIV-1,
HIV-2, and SIV were B2 microglobulin
(B;m), human lymphocyte antigen (HLA)
DR (a and B chains), actin, and ubiquitin
and were identified by amino acid sequence
analysis of the purified proteins. Actin and
ubiquitin were found associated with all
purified retroviruses examined, which in-
cluded murine, feline, and nonhuman pri-
mate type C viruses; murine type B virus;
primate type D virus; primate and ungulate
lentiviruses; bovine leukemia virus; and
human T cell lymphotropic virus type I
(HTLV-I). However, analysis of HIV-1,,
HIV_lIIIB’ HIV-ZISY? SIVMne? and SIVCat
(as in Fig. 1) revealed substantial amounts
of B;m and HLA DR, showing that these
cellular proteins were common to many
strains of primate immunodeficiency virus-
es. Purified proteins, including B,m and
HLA DR, were quantitated by amino acid
analysis. For each virus, the molar ratio of
B,m and HLA DR to Gag protein was
approximately 0.15 to 0.2. Assuming 2500
to 3000 Gag molecules per virion (3), we
calculated that there are between 375 and
600 molecules of B;m and HLA DR (a and
B chains) per virion in the virus prepara-
tions. These calculations suggest that these
specific cellular antigens outnumber the
molecules of the envelope glycoprotein,
gp120, on the virus [it has been previously
estimated that there are approximately 216
molecules of gp120 per virion (5)]. We
recovered more B,m and HLA DR than
gp120 during rp-HPLC purification of im-
munodeficiency viruses.

B,m is a highly conserved protein that
noncovalently associates with the HLA class I
polymorphic proteins, termed heavy or «
chain, to form the heavy () and light (8,m)
chain combination that is expressed on the
surface of most, if not all, nucleated mamma-
lian cells. Bovine B,m from fetal bovine
serum will exchange with B,m complexed
with the a chain on the surface of cells (6),
and both human and bovine 8,m were found
in virus preparations (Fig. 1). However, we

L. O. Arthur, J. W. Bess, Jr., R. C. Sowder II, L. E.
Henderson, AIDS Vaccine Program, Program Re-
sources, Inc./DynCorp, National Cancer Institute—
Frederick Cancer Research and Development Center
(NCI-FCRDC), Frederick, MD 21702.

R. E. Benveniste and D. L. Mann, Laboratory of Viral
Carcinogenesis, NCI-FCRDC, Frederick, MD 21702.
J.-C. Chermann, Unité de Recherches sur les Retro-
virus et Maladies Associees, Institut National de la
Santé et de la Recherche Medicale Unité, 13273
Marseille Cedex 9, France.

*To whom correspondence should be addressed.

1936

have detected only trace amounts of a chain
(copurifying with actin, Fig. 1B) in fractions
from the rp-HPLC—purified viruses, suggest-
ing that the amounts of B,m in the virus
preparation may be in excess of the amounts

of HLA class I o chain.

Fig. 1. Protein separa-

HLA class II antigens are primarily ex-
pressed on cells of the monocyte-macro-
phage lineage, dendritic cells, B cells, and
activated T cells and consist of hetero-
dimers encoded by distinct gene regions
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tion by rp-HPLC. Ap- A
proximately 175 mg of
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found (in minor peaks)
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Fig. 2. Precipitation of virus by antisera to cellular proteins.
Twenty microliters of each serum at the appropriate dilution was

Precipitation of intact HIV-1
100

mixed with 280 wl of phosphate-buffered saline and 100 l of
HIV-1n. The mixture was incubated for 1 hour at 37°C and then
overnight at 4°C; after the incubation, 50 ul of 10% Staphyloccus 80

aureus was added to facilitate precipitation of immune complex-
es. After a 30-min incubation at room temperature, pellets were
prepared by centrifugation for 30 min at 3000 rpm with a
Beckman J-6M centrifuge. Approximately 50 wl of supernatant
was removed, added to 950 wl of 2% Triton X-100, and incubat-
ed for 1 hour at 37°C. We measured HIV-1 p24 in this lysate by
using a DuPont HIV-1 p24 antigen capture assay, according to
manufacturer's instructions. The antisera used in the assay are
listed in Table 1. These include antisera to H9 cells (V), B.m (O),
HLA DR (@), HLA class | (m), HLA class | o chain (O), and
negative sera (actin, CD4, mouse immunoglobulin G, and bovine

serum albumin) (V).
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major histocompatibility complex. Only
HLA DR was present in virus preparations,
which is in agreement with the report that
HLA DR but not HLA DP or HLA DQ is
found on virus by fluorescence-activated
cell sorter analysis (7). Infection of CEM
cells with HIV-1 is known to up-regulate
expression of HLA DR (8). To see if up-
regulation of HLA class II on H9 cells after
HIV-1 infection accounted for the prefer-
ential incorporation of HLA DR into the
virus, we determined the relative concen-
trations of HLA DR, HLA DQ, and HLA
DP on HIV-1l-infected and uninfected H9
cells by means of flow cytometry as de-

Table 1. Analysis of relative concentrations of
HLA antigens in HIV-1-infected and uninfected
cells. Fluorescein-labeled monoclonal antibodies
against determinants common to products of al-
leles at class | loci (HLA A, B, and C) and class Il
loci (HLA DR, DQ, and DP) were added at satu-
rating concentrations to the infected and unin-
fected cells. The mean fluorescence was deter-
mined by flow cytometry. Isotypically matched
monoclonal antibodies served as controls.

Mean fluorescence

HLA

on-
class ¢

Cells ; trol

HLA class Il

DR DP DQ ABC
HIV-1—infected 165 94 50 68 5
H9

Uninfected H9 164 76 43 72 5

Table 2. Neutralization of SIV and HIV-1. Neu-
tralization assays were performed on the AA-2
CL 1 cell line as described (7). HIV-1,,5 and
SIVune Were grown in Hut 78 cells. Antiserum to
H9 cells was prepared by immunization of a
rabbit with “mock virus” prepared from unin-
fected H9 cells (4); anti-human B,m was ob-
tained from Polysciences; anti-HLA class | was
monoclonal antibody (W6/32) from DAKO; and
anti-HLA DR (R.DRAB1) was provided by P.
Cresswell (19). Neutralization titer is expressed
as the serum dilution that resulted in 50% or
greater reduction in giant cell formation on the
AA-2 CL 1 cells infected with SIV or HIV-1. NT,
not tested.

Neutralization titer

Serum
SIVMne HIV-1 ns
Anti-H9 320 80
Anti-B,m 704 1408
Anti-HLA DR 640 1280
Anti—HLA class | 1280 1280
SIVune-infected 5632 <22
macaque
HIV-1-infected NT 1408
human
Normal rabbit 22 <22
Normal macaque <22 NT
Normal human 22 22

scribed (9) (Table 1). Both the HIV-1-
infected and uninfected H9 cells expressed
HLA DR, HLA DQ, and HLA DP in the
same relative concentrations, indicating
that infection had not selectively altered
the concentrations of the antigens on the
cell surface. The presence of HLA DQ and
HLA DP on the surface of HIV-1-infected
H9 cells, but not in purified viruses, indi-
cates a selective incorporation of HLA DR
over HLA DP and HLA DQ.

To determine if these viral-associated
cellular antigens were physically attached to
HIV-1, we tested antisera specific for 3,m
and HLA DR for their ability to precipitate
intact virus. Antisera to uninfected H9 cells,
B,m, HLA DR, HLA class I, and HLA class
[ « chain efficiently precipitated intact virus
(Fig. 2), indicating that cellular proteins
were physically attached to the virus surface.
Precipitation of intact virus with monoclo-
nal antibodies to class I a chain (HC-10)
and to conformationally dependent epitopes
on HLA class I (W6/32) indicates that some
of the viral-associated B,m is complexed
with « chain, forming complete HLA class I
molecules on the surface of most of the virus
particles. Antisera to actin, CD4, mouse
immunoglobulin G, and bovine serum albu-
min did not precipitate the virus. Further-
more, monoclonal antibodies to HLA DR
(but not to HLA DP or HLA D(QQ) precipi-
tated intact HIV-1 (10).

Neutralization of HIV-1 and SIV infec-
tion by specific antisera has proven useful for
identification of viral and cellular proteins
involved in infection and for localization of
regions of the protein that interact during
the infection process. To determine if the
viral-associated B,m and HLA DR proteins
were involved in virus infection, we tested
antisera to B,m and HLA DR in vitro for
their ability to neutralize HIV-1 and SIV
infection. Antisera to B;m and HLA DR
efficiently inhibited HIV-1 and SIV infec-
tion, as shown in Table 2. Monoclonal
antibody to B,m, B2g2-2 (11), also neutral-
ized infection of human peripheral blood
lymphocytes by HIV-1ypx and HIV-1; 4y
propagated in CEM cells (12). Because B,m
and HLA DR are expressed on the surface of
cells, it was necessary to determine whether
the neutralization was due to the binding of
antisera to antigens on the cells or on the
virus. We preincubated cells with antisera to
B,m or with a monoclonal antibody
(OKT4a) that inhibits gp120-CD4 interac-
tions by binding to a reactive site on the
CD4 (13); the cells were then washed to
remove antisera, and HIV-1 was added to
the cells. Whereas no inhibition of HIV-1
infection was seen with anti-g,m, and only
high concentrations of anti-DR sera inhibit-
ed HIV-1 infection, preincubation with
OKT4a completely prevented virus infec-
tion (14), suggesting that the B,m and HLA
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DR on the virus, and not on the cell, were
the primary targets for neutralization by the
respective antisera. Neutralization of HIV-1
and SIV infection by antibodies to 8,m and
HLA DR is further evidence that these
cellular proteins are physically associated
with HIV-1 and SIV and suggests that these
viral-associated cellular proteins are in-
volved in the infection process.

We previously identified HLA DR mol-
ecules-in sucrose density gradient—purified
HIV-1 (15). Also, it has been shown that
antisera to selected cellular antigens react
with HIV-1 and SIV (16). However, we
now implicate specific viral-associated cel-
lular proteins in the infection process. The
importance of understanding the infection
process of immunodeficiency viruses is em-
phasized by differences in the pathogenic
potential of HIV-1 isolates that appear to
be attributable to efficiency of virus entry
(17). We propose that B,m, HLA DR,
HLA class [, and gp120 on the immunode-
ficiency viruses interact with specific li-
gands on the cell (similar to binary interac-
tions between T cells and antigen-present-
ing cells), allowing the formation of an
“adhesion patch” of clustering molecules on
the cell surface. This adhesion patch may
then serve to fuse the virus and cell mem-
branes and allow the viral core-associated
genome to penetrate the cell. The presence
of HLA DR on immunodeficiency viruses
also has significant implications for our
understanding of the pathogenesis of HIV-1
infection. The function of HLA class II
molecules is to present antigens, in the
form of peptides, to T cell receptors (TCR)
in the initiation of cellular and humoral
immune responses of the host. Inappropri-
ate signaling after class II binding to TCR
can cause apoptosis (or programmed cell
death) of the TCR-bearing cell, which has
been proposed as the pathological mecha-
nism for induction of immunosuppression
in AIDS (18). We propose that binding of
viral-associated HLA DR to the TCR on
CD4 cells may eliminate the CD4 cells by
apoptotic mechanisms.

Qur evidence suggests that consider-
ation of immunodeficiency viruses should
now be expanded to include cellular pro-
teins as an integral and functioning part of
the viral envelope. Whether the cellular
proteins are components of the viral enve-
lope acquired during budding or are ac-
quired after budding by specific associations
is an important mechanistic consideration
that can now be addressed. In any case, it is
likely that immune responses to HLA DR,
HLA class I, or B,m (or to all three cellular
proteins) were involved in protection
against SIV infection after immunization
with uninfected human cells (2). We pro-
pose that the cellular proteins associated
with immunodeficiency viruses play a cen-
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tral role in infection and pathogenesis.
These proteins should be considered in
elucidation of the steps involved in infec-
tion, design of vaccines, preparation of
experimental virus-challenge stocks, and
determination of the pathological mecha-
nisms of immunodeficiency viruses.
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Protective Effects of a Live Attenuated SIV
Vaccine with a Deletion in the nef Gene
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Vaccine protection against the human immunodeficiency virus (HIV) and the related simian
immunodeficiency virus (SIV) in animal models is proving to be a difficult task. The difficulty
is due in large part to the persistent, unrelenting nature of HIV and SIV infection once
infection is initiated. SIV with a constructed deletion in the auxiliary gene nef replicates
poorly in rhesus monkeys and appears to be nonpathogenic in this normally susceptible
host. Rhesus monkeys vaccinated with live SIV deleted in nef were completely protected
against challenge by intravenous inoculation of live, pathogenic SIV. Deletion of nef or of
multiple genetic elements from HIV may provide the means for creating a safe, effective,
live attenuated vaccine to protect against acquired immunodeficiency syndrome (AIDS).

There are good reasons for believing that
development of an effective vaccine for
AIDS will be a difficult task. Infection of
humans with human immunodeficiency vi-
rus type—1 (HIV-1) and of rhesus monkeys
with SIVmac is fatal most or all of the time
despite an apparently strong host immune
response to the infecting virus. Infected
individuals maintain vigorous humoral and
cellular immune responses for months or
years only to succumb eventually to the
virus. The ineffective nature of the natural
immune response suggests that a vaccine
will have to provide highly stringent pro-
tective immunity, perhaps even sterilizing
immunity, in order to achieve protection.
These difficulties are compounded by the
large number of HIV-1 strains that are non—
or minimally cross-neutralizing.

The predicted difficulty in achieving
protection against HIV and SIV has been
borne out to varying degrees by vaccine
trials in animal models. Inactivated whole
virus has protected rhesus monkeys against
challenge by live, pathogenic SIV (1-4)
but primarily under highly specific condi-
tions that use human cells for the produc-
tion of both vaccine antigen and challenge
virus. Even formalin-fixed, uninfected hu-
man cells can provide protection under
these conditions (5). Apparently, an im-
mune response to some cellular antigen or
antigens is critical for this protection. The
inactivated whole virus vaccine approach
has been largely unsuccessful against SIV
grown in rhesus monkey lymphocytes (6,
7). Priming with vaccinia recombinants
followed by boosting has protected rhesus
monkeys against challenge by homologous
cloned SIV (8), but little or no protection

has been observed against homologous un-
cloned SIV (9-11). Tests of several prod-
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ucts have shown only limited success in
chimpanzee trials (12). What is most dis-
appointing about these studies is that the
numerous failures have occurred despite
extensive efforts to maximize, in an unreal-
istic fashion, the likelihood of vaccine pro-
tection. The vast majority of studies have
used a minimal dose of challenge virus,
matched to the strain used for vaccination,
at or near the peak of vaccine-induced
immune response.

We investigated an approach that uses
live attenuated SIV as a vaccine. Six rhesus
monkeys that were infected with cloned
SIVmac239 that contained a constructed
deletion in the auxiliary gene nef have
maintained extremely low virus burdens
and normal CD4™" lymphocyte concentra-
tions and have remained healthy for more
than 3 years after experimental inoculation
with the mutated virus (13, 14). Eleven of
twelve rhesus monkeys infected with wild-
type SIV in parallel have died over this
same period. The rhesus monkeys infected
with SIVmac239/nef-deletion have shown
no clinical signs whatsoever over the entire
period of observation.

Four of the rhesus monkeys infected
with nef-deleted SIV were challenged with

Table 1. Challenge of rhesus monkeys immu-
nized with SIV deleted in nef. All four rhesus
monkeys received a single inoculation of SIV-
mac239/nef-deletion 2.25 years before chal-
lenge. Attempts to recover SIV from 108 PBMCs
on the day of challenge yielded negative results
(dashes). The titers of neutralizing antibodies
were measured on the day of challenge (7).

Rhesus SIvV Antibody Challenge
monkey  recovery titer virus
353-88 - 1:1280  SIVmac239/
nef-open
397-88 - 1:1280  SIVmac239/
nef-open
71-88 - 1:320 SIVmac251
255-88 - 1:2560  SIVmac251




