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Monocytes from SIVISMM infected sooty mangabeys and rhesus macaques were in-
cubated in viro with live SIV/SMM. The reverse transcriptase (RT) activity in the
supernatant fluids of the monocyte cultures of the former species was higher than the RT
activity in the latter species. No differences were found in the supernatant fluid of similar
cultures of CD4* T cells from both these species. Autologous (but not allogeneic) CDR'
T cells from S1V infected mangabeys and rhesus macaques inhibited SIV replication in
vitro, The suppression appeared more marked in monocytes from the mangabey species.
These in vitro differences may relate to the clinically asympiomatic state of the sooty
mangabeys and the disease-susceptible state of the rhesus macagues.
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INTRODUCTION

While a majority of sooty mangabeys (Cerocebus afys) at the Yerkes
Regional Primate Research Center (YRPRC) are naturally infected with a
simian immunodeficiency virus [5] and have, to date, remained clinically
asymptomatic, experimental infection of rhesus macaques (Macaca mulaita)
and pig-tailed macaques (Macaca nemestrina) with the 51V isolated from
sooty mangabeys (SIV/SMM) results in clinical symptoms and pathology
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similar to that seen with HIV-1 infection in humans [10-12]. The observa-
tion that SIV/SMM infects both sooty mangabeys and macaques, but results
in clinical disease only in the latter species, provides a unique model to
examine host virus relationships for the delineation of pathogenic mecha-
nisms. Thus, it was reasoned that studies of the target cells which are suscep-
tible to virus infection and mechanisms that control replication of the virus
may provide some insight into the differential pathogenesis of SIV/SMM in
these two species. Both HIV-1 and SIV share a tropism for CD4* T cells
[2,11] and for cells of the monocyte/macrophage lineage [14,15,22]. While
HIV and SIV induce cytopathic effects on CD4 " T cells [8], it is currently
believed that monocytes and macrophages most likely serve as a reservoir for
these retroviruses [17]. There is also evidence that the mechanism of release
of mature viruses from infected CD4 " T cells and monocytes/macrophages
may be distinct [6,15,16]. While both HIV and SIV can be readily isolated
from CD4™ T cells from infected peripheral blood and shown to replicate in a
variety of CD4 ™" T cell lines [11], it is also known that these retroviruses can
replicate efficiently in monocytes and monocytic cell lines such as the U937
[4,15]. It has been suggested that there may be variants of HIV and SIV,
some of which may have tropism for CD4 " T cells and others for cells of the
monocyte/macrophage lineage [1]. These data prompted us to examine the
relative rate of replication and the control of SIV replication in enriched
populations of CD4" T cells and monocytes from the two species. The data
demonstrate that SIV/SMM replicates at a three to ten times higher rate in
in vitro cultures of monocytes/macrophages of sooty mangabeys than in simi-
lar cultures of rhesus macaques and replicates equally well in CD4 " T cells
of the two species. Of interest was the finding that while CD8 " T cells from
sooty mangabeys inhibit SIV replication to a larger extent in autologous
cultures of monocytes/macrophages than in CD4 " T cell cultures, CD8"' T
cells from rhesus macaques inhibit SIV replication to the same extent in these
two cell types. Whether such quantitative and qualitative differences of virus
replication and control contribute to the differential pathogenic mechanisms
seen in these two species is currently not known. Results of these studies
constitute the basis of this report.

MATERIALS AND METHODS
Subjects

Adult rhesus macaques (Macacca mularta) and sooly mangabeys (Cer-
cocebus atys) from the Yerkes Regional Primate Research Center were the
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source of blood samples for this study. All animals were maintained in
accordance with the instructions of the Committee on the Care and Use of
Laboratory Animals of the Institute of Laboratory Animal Resources. Na-
tional Research Council, and the PHS guidelines, **Guide for the Care and
Use of Lahoratory Animals.”” All animals used in this study were free of
retrovirus D infection and were seronegative for STLV-I at the time of these
studies.

Isolation of Mononuclear Cells

Heparinized peripheral blood was layered on a freshly prepared 60%
isotonic Percoll gradient and then centrifuged at 450 > g for 30 minutes at
20°C. The cells at the interface were collected, washed twice with meda,
and cell counts/viability determined using the trypan blue dye exclusion
technique.

Enrichment for Monocyles

Adherent and nonadherent cells were separated by incubation of PBMC
on sterile (7 % 7 em) plastic culture dishes (Costar, Cambridge, MA) in the
presence of 10% fetal bovine serum for one hour at 37°C. Nonadherent cells
were aspirated, the plates were washed twice, and the cells were collected
and pooled. Adherent cells were scraped off the plate, using a sterile cell
scraper after incubation for 15 minutes on ice. Flow m icrofluorometric
(FMF) analysis of the nonadherent and adherent cell populations showed that
the adherent cells were 85-95% monocytes and that the remaining cells were
B cells. The nonadherent cells were mostly T cells (70-80%), with some NK
cells (5%), B cells, and others (10-20%).

Preparation of Enriched CD4* and CD8 ' Cells From Nonadherent Cells

The nonadherent cells were centrifuged at 150 X g and the supernatant
fluid discarded. The cell pellet was disassociated by gentle tapping, and
based on the cell count, the appropriate volume of undiluted monoclonal anti
CD8 (anti Leu 2a) antibody was added. (A total of 0.1 ml of undiluted
monoclonal antibody was added to 1 % 107 viable cells). The cell suspension
was incubated on ice for 40 minutes, and then 2 ml of media were added and
the cell suspension centrifuged at 150 % g for ten minutes. The supernatant
fluid was discarded, and the cells were washed with media and then in-
cubated with immunobeads (magnetic beads, conjugated with goat anti
mouse Ig) at a concentration of 10-50 beads/cell or about 2 ml of the
immunobeads (10" beads/ml). The cells with the immunobeads were in-
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cubated at 4°C for 40 minutes and the test tube subjected to a magnetic field,
The cells in the supernatant fluid were collected and used as a source of
enriched CD4™ (or CD8™" depleted) cell population. The beads were in-
cubated with 2 ml of media containing 10% fetal calf serum overnight at
37°C in a 7% CO; humidified atmosphere. The cell suspension was again
exposed to a magnetic field, and the supernatant fluid containing the cells that
became detached from the immunobeads were collected and used as a source
of CD8™ enriched cell populations. The relative efficiency of depletion or .
enrichment of these cells was determined by FMF analysis to be 95% and the
viability determined to be 99% for depleted cells and about 90% for enriched
cells.

Monitoring of SIV Replication

Unfractionated and CD4 ' or monocyte/macrophage enriched popula-
tions of cells were cultured in vitro at 1 X 10%ml in a volume of 2 ml. To
triplicate cultures was added media (control) or SIV/SMM to achieve a final
concentration of 1 x. Cultures were incubated at 37°C in a 7% CO; hu-
midified atmosphere for 24 hours and then washed once with media, and
supernatant fluids were collected every 34 days and replaced by fresh
media. Reverse transcriptase (RT) activity in the supernatant fluids was used
as a method to monitor SIV infection and replication by the appropriate target
cells in culture. RT was assayed by the micromethod [19]. Briefly, virus was
pelleted from culture supernatant by ultracentrifugation at 100,000 x g for
30 minutes. It was solubilized and incubated with poly(rA)-oligo(dT) tem-
plated primer, *H-TTP, and the necessary reaction mixture conditioned for
two hours at 37°C. The reaction was then precipitated with tRNA and TCA
and harvested with a semiautomatic cell harvestor. Virus preparations from
each supernatant fluid were aliquoted and assayed in duplicate and the mean
counts per minute (cpm) of this triplicate determined. In addition, each
experimental culture was performed in triplicate. Thus, a mean cpm of the
triplicate cultures was derived from the mean epm of each RT assay that was
performed. The data, therefore, reflect the mean cpm of the triplicate sam-
ples. Finally, before the initial mean cpm values were derived, the mean cpm
of the background (negative control) was deducted; therefore, the RT values
reflect the mean of mean net cpm.

Media

Media at all times refers to RPMI 1640 supplemented with 100 units/ml
penicillin, 100 pg/ml streptomycin, 2 mM L-glutamine, and 10% heat inac-
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tivated fetal bovine serum (all from GIBCO, Grand Island, NY). For wash-
ing purposes, RPMI 1640 alone was used.

SIV/SMM Virus

SIV/SMM was originally isolated from sooty mangabeys |5] Trom the
colony at the YRPRC. The virus was grown in the HT cell line on contract
(Advanced Biotechnology. Inc., Silver Spring, MD), ultracentrifuged. and
purified by sucrose gradient centrifugation. The 1000x stock virus con-
tained 10" to 10" virus particles/ml and was used at a | * concentration for
infection of the target cells in this study.

RESULTS
In Vitro Replication of Exogenously Added SIV/SMM

Unfractionated PBMC from SIV seropositive and seronegative sooty
mangabeys and from uninfected and experimentally infected rhesus ma-
caques were cultured in vitfo with media (control) or 1 > of SIV/SMM
stock, as described in the Materials and Methods section. Supernatant fluid
was collected every four days up to day 21 and assayed for RT activity,
Representative data from one experiment are shown in Fig. |. The mean RT
activity in the supernatant fluid of PBMC cultures over the entire time period
from seropositive mangabeys and experimentally infected rhesus macaques
was essentially the same. Major differences were not observed in the RT
activity in supernatant fluids of cultures of PBMC from uninfected and ex-
perimentally infected rhesus macaques. However, SIV/SMM replicated to a
relatively lesser extent in PBMC from SIV/SMM seronegative sooly man-
gabeys, at least as measured by the RT assay; this difference was statistically
meaningful in repeated experiments.

Study of the Kinetics of SIV/SMM Replication in Enriched Populations of
CD4"' and Monocyte/Macrophage Cultures

The knowledge that SIV replicates in both CD4 ™ T cells and monocytes/
macrophages prompted us to examine the relative replication of SIV and the
kinetics of its replication in these enriched cell populations. CD4 ™" cells and
monocyte/macrophage populations were enriched and cultured with SIV/
SMM, as described in the Materials and Methods section. Supernatant fluid
was collected every four days and assayed for RT activity. As seen in Fig. 2,
peak RT activity was seen on day 14 in the monocyte/macrophage cultures
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Fig. 1. Kinetics of in vitro replication of exogenously added SIV/SMM in peripheral blood
mononuclear cell cultures from uninfected (O-O) and experimentally infected (@—-@) rhesus
macagues and from seronegative (A—A) and seropositive (A —A) sooty mangabeys. On days 7,
11, 14, and 21, supernatant fluids of triplicate cultures were each assayed in duplicate for the
level of reverse transcriptase activity (RT) as described in the Materials and Methods section,
and the mean cpm + SD was calculated. Each data point reflects the mean of means of each

triplicate culture. The experiment was repeated three times, and the data showed similar
profiles cach time.
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Fig. 2. Kineties of in vitro replication of exogenously added SIV/SMM in enriched popula-
tions of CD4* T cells and monocyte/macrophage cultures established from the peripheral
blood mononuclear cells of (A) rhesus macque and (B) sooty mangabey. SIV - CD4" T cells,
O-: SIV*Y CD4* T cells, ®-@; SIV ™ monocytes, H-A; SIVY monocytes, A-A. On days
7,11, 14, and 21, supernatant fluids were collected from triplicate cultures and assayed each in
triplicate for RT activity, and the mean = SD was calculated. Each data point reflecis the mean
of means of each triplicate culture.
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and the CD4" T cell cultures of both the seropositive and seronegative
mangabey and the uninfected and experimentally infected rhesus macaques.

These preliminary data allowed us to use day 14 to examine the differ-
ences in SIV replication in enriched populations of CID4 " cells and mono-
cytes/macrophages in a larger number of monkeys. As seen in Fig. 3A, no
significant differences in the replication (RT activity) of SIV were seen in
enriched populations of CD4 " cells from both rhesus macaques and sooty
mangabeys. There was, in addition, no difference in SIV replication regard-
less of whether the CD4 " cells were from SIV seropositive or seronegative
mangabeys or from SIV infected or uninfected rhesus macaques. However,
as seen in Fig. 3B, marked differences were noted in the relative replication
(RT activity) of SIV/SMM in monocyte/macrophage cultures from sooty
mangabeys and rhesus macaques. First, SIV replicated much more efficiently
in monocyte/macrophage cultures of sooly mangabeys than in either SIV
infected or uninfected rhesus macaques. Second, of great interest was the
finding that SIV replicated with the highest efficiency (RT activity) in mono-
cyle/macrophage cultures ol seronegative sooty mangabeys (see Fig. 3B).
These differences were not secondary to differences in kinetics of SIV repli-
cation in the various cell populations in vitro. This was true not only from our
preliminary kinetic studies (see Fig. 2) but also in some cases in which we
monitored RT activity in the supernatant fluid of cultures; as described in
Fig. 3, the peak activity still occurred on day 14. Further, the differences
were still marked at each time interval tested.

It was reasoned that such differences in the relative replication of exoge-
nously added S1V to these cultures could be due to the presence of replication
defective endogenous SIV or an as yet unknown molecular mechanism pres-
ent in monocytes/macrophages of SIV seropositive sooty mangabeys. To
address this issue, supernatant fluid from monocyte/macrophage cultures
derived from SIV seropositive sooty mangabeys and rhesus macaques were
monitored for RT activity every four days for a total of 21 days. Highest RT
activity was seen on days 10 and 15, as depicted in Fig. 4. As seen, there was
no striking difference in the level of RT activity in these culture supernatant
fluids. Similarly, CD4 " T cell cultures from SIV * mangabeys and macaques
showed no difference in endogenous levels of SIV replication (RT activity),
data not shown. These data suggest that the only significant difference in the
replication of SIV in vitro is that monocytes/macrophages of sooty man-
gabeys, as compared to rhesus macaques, are more efficient for SIV repli-
cation in vitro. In addition, monocytes/macrophages from seronegative sooty
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Fig. 3. Day 14 RT activity in in vitro cultures of enriched populations of (A} CDA" T cells
and (B) monocytes and macrophages (adherent cells) from uninfected (SIV - Rh, C) and
experimentally infected (SIV * Rh, @) rhesus macaques and from SIV seronegative (S1V - Mn,
) and seropositive (S1V * Mn, W) sooty mangabeys pulsed with | concentration of SIV/
SMM. Enriched populations were prepared as described in the Materials and Methods section.
Data represent peak RT activity in CD4 " T cells from five SIV™ and SIV" rhesus macagues
each. seven SIV™ and S1V ' sooty mangabeys each, and monocyle/macrophage cultures from
six SIV ™ and SIV* rhesus macaques, nine SIV* and seven SIV ™ snoty mangabeys. The mean
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Fig. 4. Endogenous replication of SIV/SMM in peripheral blocd mononuclear cells from
three seropositive sooty mangabeys (88) and one experimentally infected rhesus macaque (),
Supemnatant fluids were collected from triplicate cultures on days 10 and 15 and assayed each in
triplicate for RT activity as described in the Matenals and Methods section. The mean *+ SD of

the triplicate culture supernatant fluid assayed each in triplicate was calculated. Similar results
were obtained in three separate experiments
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mangabeys are hetter than seropositive mangabeys as targets for SIV repli-
cation in vitro.

CD8* Cells Inhibit Viral Replication in Both CD4" and
Monocyte/Macrophage cultures

The data above demonstrate that in both species, monocyles/macro-
phages support the growth of SIV much better than do the unfractionated
PBMC from the same blood donor. While it is quite possible that the reason
for increased virus replication is the increased number of the target cells
being utilized, the previous data from Walker et al. [20] and Kannagi et al.
[7]. indicating that CD8" cells from both experimentally infected rhesus
macaques and HIV-1 infected humans markedly suppress the replication of
SIV and HIV-1 in autologous cells in vitro, prompted us to examine the
regulation of SIV replication in the enriched populations of CD4 * T cells and
monocyte/macrophage cultures, both in the presencé and absence of amolo-
gous CDB* cells. As described above, exogenous SIV/SMM was added, and
the cultures were incubated overnight, washed once with medium, and then
resuspended in fresh medium. The supernatant fluid was monitored for RT
activity over a 28 day period. As seen in Table I, while addition of CD8 :
cells from uninfected rhesus macaques to autologous CD4 " cells or mono-
cyte/macrophage cultures had no effect on the rate of SIV replication, con-
sistent with the findings of Walker et al. [21] and Kannagi et al. [7], addition
of CD8" cells to autologous CD4* or monocyte/macrophage enriched cul-
tures from SIV infected rhesus macaques and SIV seropositive sooty man-
gabeys showed marked suppression of RT activity. The inhibition of SIV
replication was more marked in the monocyte/macrophage cultures than in
the CD4* cultures of the sooty mangabeys.

In an effort to determine if the ability of CD8" cells to suppress SIV
replication in vitro is MHC restricted, CD8 " cells were added to autologous
and allogeneic cultures of monocytes/macrophages. As seen in Table II, the
inhibition of SIV production by CD8" cells occurs only when autologous
cells are used. The addition of allogeneic CD8* cells, however, results in
enhancement of SIV replication. This enhancement is not surprising as al-
logeneic effects, most likely induced by the stimulation of the CD4* T cells
and the monocytes/macrophages, increased the susceptibility of these cells to
SIV infection. The fact that cell activation leads to higher viral replication
has been previously reported [3,9,13]. These preliminary data suggest that
the CD8* cell mediated suppression of SIV replication in vitro is MHC
restricted.
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TABLE 1. CD8" cells inhibit the replication of exogenously added SIV/SMM virus io
cultures of autologous CD4 " T cells and monocytes/macrophages in vitro'

Source of Virus RT activity (mean cpm = SD) _ ynhibition
cells? _culwred with  Media control CD8* cells (%)
SIV' Rhesus CD4*' Cells 09628 «+ 6877 61.654 = 5020 42
Monocytes 19.494 = 1,285 14,266 * 982 27
SV Rhesus CD4* Cells 102,565 =+ 3.073 103,102 = 3 569 - 1.5
Monocytes 18,992 =+ 1,243 12,953 + 3.350 1.3
SIV* Mangabey CD4* Cells 90,002 =+ 8413 44.450 = 6,007 51
Monocytes 795,000 = 130,000 165,000 = 14,260 B0

' Enriched populations of CD4* cells and monocyte!/macrophage cells were obtained as de-
scribed in the Materials and Methods Section. The cullures were incubated at 1| x 10%'ml
overnight at 37°C in a 7% CO, humidified atmosphere. Subsequently, enriched population of
astologous CDE ™ cells (positively selected) were added to triplicate cultures, Control consisted
of the addition of media instead of CDE* cells. SIV/SMM virus (1 * concentration) was
added, and 20 hr later, the cells were rinsed and incubated with media only. Supematant fluid
was collected from each culture st days 4, 7, 11, 14, 21, and 28, Peak RT activity occurred on
day 14 thus, data from day 14 only is described above. This experiment has been repeated five
times, with essentially similar findings.

*SIV" rhesus refers o a rhesus macaque experimentally infected with SIV/SMM, SIV - refers
to an uninfected rhesus macaque, and SIV' mangabey refers to a mangabey which is serologi-
cally positive for SIV/SMM,

DISCUSSION

The experiments described above were carried out in efforts to determine
differences in the in vitro virus susceptibility of PBMC from sooty man-
gabeys and rhesus macaques which may shed light on the disease susceptibil-
ity of the latter species and the chronically infected but clinically asymptom-
atic state of the former. Previous observations from other laboratories
demonstrate that lentiviruses are tropic for not only CD4" T cells but also
macrophages [2,6.8,11,15,16]; thus, it was our objective to determine if the
differences in disease susceptibility of the two species was related to in-
creased susceptibility of these two target cells for SIV replication in the
rhesus macaques. The data obtained demonstrate several interesting findings:
a) SIV/SMM appears to replicate more efficiently in adherent cells, most of
which are monocytes/macrophages of the sooty mangabey; b) the virus repli-
cates better (as measured by RT activity) in monocytes from SIV seronega-
tive mangabeys as compared with similar cells from seropositive mangabeys;
c) while CD8" cells from uninfected rhesus macaques do not inhibit virus
replication in either enriched populations of autologous CD4 * cells or mono-
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cyte/macrophage cultures, CD8* cells from SIV infected sooly mangabeys
and rhesus macaques markedly inhibit replication of the virus in autologous
CD4" cells and enriched population of monocyte/macrophage culture,
These data are compatible with the findings of Walker et al. [21] and Kan-
nagi et al. [7]: d) the CD8 " cells of the sooty mangabey, unlike those of the
rhesus macaque, markedly suppress the replication of SIV in the monocyte/
macrophage cultures; e) preliminary data indicate that this ability of CD8 *
cells to suppress SIV replication is MHC restricted.

Some of these findings (a,b) are quite contrary to our predictions. It was
originally reasoned that the increased susceptibility of rhesus macaques to the
development of disease was due to increased ability of the virus to replicate
in the target cells of rhesus macaques. In contrast, our data show that. at least
in vitro, once the CD8 "' cells are removed, the virus replicates more effi-
ciently in the adherent monocytes/macrophages of sooty mangabeys than in
similar populations from rhesus macaques. These differences were not sec-
ondary to endogenous dose of virus or to kinetics: nor were they due to major
differences in the phenotypic frequency of either the effector or the target
cells of the two species. Rather, these data imply a functional difference in
the cell population of these two species.

It should be noted that no exogenous growth factors were added to
culture media. We have found that the macrophage cultures in vitro are
sustained quite well in 109% FBS conditioned media and, presumably, the
plethora of factors which the macrophages release themselves upon activa-
tion by the plastic petri dishes. Thus, in this study, the complex effect of
growth factors on the replication of SIV in the monocytes [9,18] was not
addressed. (Further studies are underway.) It should also be emphasized that
in these studies, the relative replication rate is being measured by RT activity
only. Thus, replication incompetent viruses would not be assessed. An anti-
gen capture assay may reveal differences in the measurement of total virus.

One might speculate that monocytes from seropositive mangebeys might
contain defective or less virulent endogenous virus, which serves to attenuate
the input virus. This hypothesis does not explain, however, why monocytes
from seronegative rhesus do not replicate virus as well as do monocytes from
seronegative mangabeys. Nonetheless, we plan to pass the input virus with
monocytes from each species and then measure its ability to infect PBMC,
monocytes, and even cell lines.

Why does the rhesus macaque die from SIV infection while the infected
sooty mangabey remains clinically asymptomatic? One reason could be this
unique property of the CD8* cells; in the mangabey, they are very potent,
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having the ability (at least in vitro) to almost totally suppress the replication
of this virus in the monocytes. The possibility that CD8 " cells (or maybe a
specific subset of CD8 " cells) play an important role in protecting the sooly
mangabeys is also supported by the following facts: i) there is a relatively
high frequency of activated CD8 " cells in the PBMC of mangabeys: ii) the
frequency of CD8 " cells diminishes dramatically in most SIV infected
rhesus macaques prior to death (unpublished data).

Extrapolating from the data described here, one could speculate that the
frequency of infected macrophages in the different tissues of the sooty man-
gabey will be much lower than in the rhesus macaque. In view of the
important role attributed to the monocytes as reservoirs of HIV and STV in
the body, the importance of such findings to the understanding of the mecha-
nisms leading to AIDS can clearly be seen.
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