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= In vitro palyclonal activation of peripheral Blood mononuclear cells
(PBMCs) from 70% of the simian immunodeficiency virus (SIV) serum en-
zyme-linked, immunosorbent assay (ELISA}-negative sooty mangabeys leads
to synthesis and release of low but significant and reproducible levels of SIV-
reactive antibodies, as determined by ELISA and Western blot analvsis. The
predominant isctype of SIV-reactive amiibodies in the pokeweed mitogen
(FWM) supernatant fluids from serum ELISA-negative mangabeys is Ighi,
whereas the predominant isotype of SIV-reactive antibodies in seropositive
mangabeys is IgG. Depletion of CD8 ™~ cells led to a2 marked increase in the
levels of SIV-reactive antibodies detected in supernatant floids from PWM-
induced cultures from the serum ELISA-negative mangabeys. No evidence for
such SIV-reactive antibodies has been found, to date, in similar unfractionated
or CD&™ T-cell-depleted PWM-induced PEMC cultures from uninfected
macaques. Supernatant fluids from PWM culures of PBMCs from 2 select
group of serum ELISA-negative mangabeys, when concentrated five times,
were shown to give 2 Western blot profile against STV, similar to the profile
seen with plasma from seropositive infected macagues and mangabeys. Evi-
dence is presented to show that these serum ELISA-negutive mangabeys are
mosi likely larently infected with 51V, This evidence, which was obtained in
samples from such ELISA-negative mangabeys, includes the detection of re-
verse transcriptase activity and the presence of SIV p27 in supernatant fluids
of phytchemagglutinin-stimulated PBMCs in vitro. In addition, the data show
the presence of CDE ™ T cells that regulate SIV-specific Ig synthesis and show
the detection of gag sequences by the polvmerase chain reaction. Thus, the
PWM assay described herein may provide a valuable additional tool for de-
tection of lentivirus infection before or in the absence of seroconversion. Key
Words: Simian immunodeficiency virus infection—Nonhuman primates—
Polyclonal activation—Latent infection—Tolerance.
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the ability of the viral antigens to elicit an immune
response and on the ability of the host to mount a
specific immune response. In this regard, numerous
reports have been published that document the ab-
sence of virus-specific antibodies in the presence of
lentivirus infections in nonhuman primates and cats
{1-3) and a low incidence of human immunodefi-
ciency virus type 1 (HIV-1) and human T-lympho-
tropic virus type 1 (HTLV-1) infections (4-10}. The
occurrence of this phenomenon, the precise mech-
anisms that lead to such a state, and its implications
can be best studied in animal models of lentivirus
infection in which such a phenomencn has been re-
ported. Our laboratory has documented the pres-
ence of occult lentiviris infection in a colony of
spoty mangabeys (Cercocebus arys), a species from
West Africa (1) in which infection is naturally trans-
mitted by routes that have yet o be determined.
However, such infection does not appear to induce
disease in its natural host {11). The mechanisms by
which such a natural host develops protective im-
munity against lentivirus-induced discase are far
from clear, and the elucidation of these mechanisms
is clearly of paramount importance since it may pro-
vide a rationale for vaccine strategies against hu-
man HIV-1 infection. Toward this goal, our labora-
tory has been studying humoral and cellular re-
sponses to the simian immupodeficiency virus
(STV) in naturally infected but clinically asymptom-
atic sooly mangabeys and in rhesus macagques
(Macaca mularra), which (in coatrast to the mang-
abeys), when experimenially injected with an SIV
pool isolated from sooly mangabeys (SIVsmm), de-
velop infection that results in disease similar to that
seen with HIV-1 infection of humans (12).
Conventional serological studies conducted on
the colony of sooly mangabeys at the Yerkes Re-
gional Primate Research Center (YRPRC) by using
the commercially available HIV-2 kit showed that
=75% of the animals were seropositive and that se-
roconversion often coincided with the onset of sex-
ual maturity in this colony. Analysis of serum sam-
ples from these S51V-seropositive mangabeys con-
firmed reactivity to most, if not all, major proteins
of SIV, as determined by RIPA and Western blot
analysis, with results similar to those obtained with
serum samples from rhesus or pigtailed macagues
experimentally infected with SIVsmm. On the other
hand, in vitro cultore of peripheral blood mononu-
clear cells (PBMCs) with pokeweed mitogen
{(PWM), a polyclonal activation agent, provided ev-
idence of some intriguing differences between the
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two species. Data are presented that show the se-
cretion of S1V-specific antibodies in culture super-
natant fluids of PWM-stimulated PEMCs not only
from seropositive mangabeys and macaques exper-
imentally infected with SIVsmm but also from
mangabeys that were serum enzyme-linked immu-
nosorbent assay (ELISA) negative by conventional
serology. In contrast, such reactivity was never ob-
served in PWM cultures of PBMCs from uninfected
rhesus macaques, chimpanzees, and pigtailed
macagques that were seronegative by similar tests.
The synthesis of SIV-reactive antibodies, in concert
with the findings of reverse transcriptase (RT) ac-
livity, detection of p27 gag proteins, and detection
of gag sequences by the polymerase chain reaction
(PCR) in PBMCs of serum ELISA-negative man-
gabeys, provides evidence that virus transmission
must occur in this naturally infected species long
before seroconversion. These data suggest that
there is clearly a stage during natural SIV infection
when the monkeys are infected but remain serum
ELISA negative, for reasons that are not clear at
present.

MATERIALS AND METHODS

Animals

All monkeys used in this study are housed at the Yerkes Re-
gional Primate Center at Emory University. They are maintained
in accondance with the instructions of the Committee on the Care
and Use of Laboratory Animals of the Institute of Laboratory
Animal Resources. Mational Research Council, and the U.S.
Public Health Service guidelines, as outlined in the Guide for the
Care and Use of Laboratory Animals,

PWM Assay

For the polyclonal PWM zssay, PEMCs were incubated for 2
h at room temperatare (1o remove cytophilic immunoglobulins),
washed with medinm, and then resuspended at 2 % 10° cells/ml.
Cultures were performed in triplicates; they contained medium
slone (spontaneous immunoglobuling or a 1:500 final dilution of
PWM (GIBCO, Grand Island, NY, U.5.A.) and were incubated
for 6 days at 37°C in a 7% CO-humidified incubator. The cul-
tures were then cemrifuged, and the undiluted supernatant fluid
was assayed for total immunoglobulin (1g) and 51V -specific Ig on
the same day. The supernatant fluid and the stored plasma from
the same blood samples were assayed in paraliel. Samples of the
supernatant fluid were also assayed for wotal protein content by
using the Biorsd protein assay kit (Biorad, Richmond, CA,
U.S.A)

Media

Medium wsed throughout this study consisted of RMP1 1640
supplemented with 100 U/ml penicillin, 100 pg/ml streptomycin,
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2 mAf L-glutamine (all from GIBCO), and s 109 heat-inactivatsd
(56°C, 30 min) preselected lot of feral bovine serem (Hyclone
Corp.. Logan. UT, U.5.A.). In some experiments, this mediam
was further supplemented with 100 Wml of r-11.2 (courtesy of
Hoffman-LaRoche Labs, Nutley, NJ, U.5.A.).

ELISA

Our laboratory has standardized an ELISA for the detection of
antibodies (total, IgM, and IgG SIV-specific) in serum samples
from macagues and mangabeys. The S{V used was an isglaic
from a sooty mangabey (SI'Vsmm) that was grown in the HS cell
line, was purified on a sucrose gradient, contained 2 x 10 tissue
culture median infectious dose (TCIDy,) of virus, end was esti-
mated to contain 10" viros particlesim] (Advanced Biotechnol-
ogy Inc., Silver Spring, MD, U8 A). A single stock of this viros
preparation was used throughowt this study. Stock suspension,
0.1 mi, was incubated with a 0.1-ml mixture of Triton X-100 for
10 min at room temperature; then this G.2-ml mixtare was added
to 49.8 ml of a standard coating buffer. This diluted virus sus-
pension was dispensed in a volume of 0.2 ml to individual wells
of a poly-L-lysine precoated 96-well Immulon IT microtiter plate,
&nd the plate was incubated overnight at 4°C. Subsequently, the
wells were washed rwice in phosphate-buffered saline (PBS) and
used for the detection of SIV-specific antibodies, acconding to
stendard ELISA technigues. The alkaline phosphatase gow anti-
human Ig and affinity-purified snti-human IgM and 1gG (South-
em Biotech, Birmingham, AL, U.5.A.) developing antibodies
were prescreened for their reactivity against macsgue and man-
gahey antibodies before use. In several of the assays, the com-
mercially available HIV-2 ELISA kit (Genetic Systems, Seattle,
WA, U.5.A) was used in parallel to compare results obtained by
the ELISA established in our laboraiory. Results obizined using
our laboratory-based ELISA and the HIV-2 kit were essentially
similar, except for the developing antibody supphied with the
HIV-2 kit, which failed to detect IgM antibodies from mangabeys
and therefore was replaced with a developing anti-human IgM
anlibody that showed similar effinity for IgM of the rwo spacies.
For purposes of conciseness, data obtained with only our labo-
ratory-established ELISA are presented. Finally, the optimal de-
tection of plasma SIV-specific amtibody required incubation for 2
b, whereas optimal detection of STV-specific antibodics in super-
ratent fluids from PWM cultures required overmight incubation
at room temperature.

Western Blot Assays

Each plasma sample and PWM supernatant fluid were also
tested by Western blol assays. The antigen used was the same
pool of SIVsmm. Standard techniques were applied, and inco-
hation times &nd dilutions were optimized for plasma and for
PWM culture supernatant fluids. [ndividual sirips were blocked
in PBS with 20 horse servm plus 208 calf serum overnight at
£°C, ringed with PBE, and incubated for 2 h at room temperature
with a 1:50 dilution of the plasma sample or overnight in a 37C-
humidified incubator with pndiluted (unless ciherwise indi-
caled), freshly obtained (same day of harvest) supernatant fluid
from the PWM cultures 1o be tested. The strips were rinsed with
PRE, incubated with 2% powdered milk, rinsed sgain with PES,
and then incubated with HRPO-conjugated goat anti-human Ig

reagent (diloted 1:250) for 1 b at room temperature, followed by
rinsing and the addition of the carbazol substrate.

Depletion of CDB™ T Cells

Ficoll-hypague density gradient purified and washed PBMCs
were unfractionated or depleted of CDE ™ T celis belive culture
in select assays. For depletion of CDE ™ T cells, the FEMCs were
incubated for 30 min on ice with 2-5 ug of monoclonal anti-CD8
antibody (Leu-2A; Becton-Dickinson, Mountain View, CA,
U.S.A.) per WV cells in 1 mi of medium. The cell suspension was
washed rwice in medivm and then incubated for 40 min on ice
with anti-mouse Ig-coated magnetic beads (Dynabead Corp.,
Long Isiand, XY, U.5.A.) at 2 concentrstion of 10-50 beads/cell,
The bead-conjugated celis were removed by placing them in 2
magnetic field for 2 min. The nonconjugated cells (CDE depleted)
in the supermnatant find were removed by aspiration, centrifuged
at 150 g, resuspended in fresh medium, and counted. The beads
that were conjugated with cells were allowed to incobate over-
night at 37°C, and the dissocizted celis were gently removed and
used as a source of enriched CD8 ™ T cells in select experiments.
Samples of the cell suspension were subjected to flow apalysis to
determine the degree of purity. These sxperiments found <1%
CID2™ celis in the depleted population and >90% CD8* cells in
the enriched population. For studics of RT activity, the cell cul-
tures were adjusted o contain equal oumbers of CD4™ cells in
the unfractionated and CD8-depleted cultures to allow for mean-
ingful comparizon of RT activity.

Reverse Transcriptase Activity

Unfractionated and CDE* T-cell-depleted PEMCs were cul-
tured at 2 x 10%ml and contained an equal number of total CDd *
T cslls {6 x 1¥fculiure) in 2 total volume of 2 mi of medium
containing 100 Uifml of recombinent interleukin-2 (riL-2) and
0.1% phyrobemagglutinin-F (PHA-F) (Difco, Defroit, M,
U.S.A.) in 24-well plazes. The cultures were incubated in a 17°C
incubator in an atmosphere of 7% CO, humidified air, and su-
pernatant fluid was removed a1 days 7, 10, 14, J&, 21, 28, and 35,
Samples were assayed undiloted for RT activity as previously
described (13) and for levels of p27 by the p27 SIV capture assay
(Coulter, Hialeah, FL, U.5.A.}. Peak RT activity was observed
in the supernatant fluids from the PBMCs of seropositive man-
gabeys and macaques berween days 10 and 14 and between days
18 and 2B in cullures from the serum ELISA-negative man-
gabeys. Peak p27 levels correspond to peak RT levels in 30 of the
32 samples. The two exceptions were in cultures from one sero-
positive macagque and one serum ELISA-negative mangabey,
with the peak RT activity occurring on day 14 and the peak p27
level on day 18 for the mecaque, and peak RT 2nd p27 levels
occurring on day 21 and day 28, respectively, for the serum
EL15A-negstive mangabey. Only the highest RT and p27 levels
&re reported here, and for brevity the means of mean values have
been derived from these results. For purposes of comparison,
mean optical density vaives of 0,84 and 1.67 were obtained using
0.392 and 0.784 ng'ml of the recombinant p2Z7 supplied with the
kit (Coulter, Hizieah, FL, U.5.A.}

Polymerase Chain Reaction Analysis

PHMC's were washed three times with PES and restspended in
PCR buffer (50 mM KCl, 10 mM Tris, 2.5 mM MgCl,. | mg/mi
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