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SUMMARY

Natural infection with simian immunodeficiency virus (SIV) is known to occur in the African green
monkey (AGM). The actual onset of the disease has not been recognized in SIVagm infected AGM, and
the precise reason for such apathogenicity in the AGM remains unclear. We reported previously that
AGM peripheral CD4 lymphocytes underwent a peculiar differentiation from CD4" to CD4 ™ cells after
in vitro activation, and we inferred that the AGM does not fall into a fatal immunodeficient state because
of the generation of CD4~ helper T cells in vivo. To evaluate this possibility, we examined the
relationship between CD4 expression and helper T cell activity in the naturally infected AGM. We
identified a healthy monkey almost lacking CD4 T cells in the periphery. This AGM showed no signs
and symptoms of immunodeficiency and retained a helper T cell activity in antibody production
comparable to those of CD4" AGMs. In addition, STVagm could be isolated from CD8™ lymphocytes in
the CD4~ AGM. These observations suggest that a unique host-virus adaptation has developed in the
AGM, and may be helpful in explaining the fundamental reason for the apathogenicity occurring in this

monkey.
Keywords AIDS apathogenicity virus infection of CDS cells
INTRODUCTION

Simian immunodeficiency viruses (SIV) can be classified into five
genetically distinct groups: SIVagm (African green monkeys,
AGMs) [1], SIVmnd (mandrills) [2,3], SIVsyk (Sykes’ monkeys)
[4], SIVsm (sooty mangabeys) [5,6] and SIVcpz (chimpanzees)
[7,8]. These naturally infected primates remain healthy without the
development of AIDS-like diseases. However, onset of the disease
has been demonstrated in macaque monkeys experimentally inocu-
lated with SIVsm or SIVagm, and these monkeys die of simian
AIDS [9]. The above facts suggest that the issue of whether SIV is
pathogenic or apathogenic is considerably influenced by the
characteristics of the host-side factors.

AGMs have been classified into four subspecies: grivet mon-
keys (Cercopithecus aethiops), vervet monkeys (C. pygerythrus),
tantalus monkeys (C. tantalus) and sabaeus monkeys (C. sabaeus),
based on their phenotypic differences and geographical distributions
[10]. All of the four subspecies are frequently infected with SIV in
the wild [11-16], but none of these monkeys have been found to
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exhibit clinical signs of immunodeficiency. Immunological and
virological studies performed to explain the apathogenicity
observed in the AGM have revealed that neither humoral nor
cellular immune responses were augmented in SIV-infected AGM
[17], and although the mutation rate of SIVagm in vivo was
comparable to that of HIV-1, the viral load in the peripheral
blood remained low as noted in asymptomatic HIV-1 infected
patients [18]. Furthermore, unlike in HIV-1 infected patients, the
lymph nodes do not serve as a viral reservoir because the viral load
in the lymph nodes of long-term infected AGMs was found to be
similar to that in the peripheral blood mononuclear cells (PBMC)
[19]. SIVagm can thus replicate in the AGM without activating
immune responses of the host, but the level of infection remains
relatively low throughout the lifetime of the AGM. In addition,
neonatal AGMs have a higher percentage of circulating CD4
lymphocytes than adults; however, no differences in the in vitro
replication kinetics of SIVagm in PBMC of adult or neonatal
AGMs could be observed and none of the animals developed
AIDS-like symptoms upon infection in vivo [20]. These observa-
tions imply that there must be a specific mechanism which permits
the peaceful coexistence of SIVagm and its natural host. To
elucidate the above mechanism, it is important to investigate the
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Fig. 1. (a) CD4 and CDS8 expressions in simian immunodeficiency virus (SIV) seronegative (Agm ™) and seropositive (Agm1-3) monkey peripheral blood
lymphocytes (PBL). Two-colour flow cytometric analysis was performed with forward-and right-angle scatter gates set on the lymphocyte fraction. 10* cells
were counted. Negative control cells were stained with control phycoerythrin- (PE) and fluorescein-isothiocyanate- (FITC) immunoglobulin (Ig) G
antibodies. The sorting gates were set on the rectangles as indicated. (b) CD4 gene expression in peripheral blood mononuclear cells (PBMC). The total RNA
was isolated from PBMC and the expressions of mRNA were analysed by the reverse transcriptase-polymerase chain reaction. (c) pokeweed mitogen
(PWM)-induced antibody production in the African green monkey (AGM). PBMC were cultured in medium with (closed bars) or without (open bars) PWM
for 1 week. In Agm1-3, the inhibitory effect for PWM-induced antibody synthesis by CD4 antibody was also examined (grey bars). The IgG released into the
culture supernatant was estimated by an indirect enzyme-linked immunosorbent assay. (d) Proliferative response of Agm3 PBMC against SIV-uninfected
(open bar) and SIV-infected (closed bar) CemX174 cells. The cell proliferation was estimated by AlamarBlue assay and the response of control PBMC
incubated with SIV-negative CemX174 cells was represented as 100%.
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variations in helper T cell activity in SIV-infected AGMs and to
compare the data with those for the HIV-human system.

One essential difference between the human and AGM immune
systems is the mode of regulation of the CD4 and CD8« gene
expressions in helper T cells. CD4" lymphocytes also develop in
the AGM thymus; however, mature peripheral CD4 cells coexpress
the CD8«a molecule and undergo a unique differentiation after
lymphocyte activation, which results in a phenotypic conversion
from CD4 " to CD4 ™ cells [21]. Such CD4~ CDS helper T cells are
resistant to SIV infection and the AGM may thus be able to survive
with SIVagm due to host-virus adaptation, which has never been
identified in the HIV-human system.

To evaluate the above possibility, we examined the relationship
between CD4 expression and helper T cell activity in the naturally
infected AGM. We identified an individual almost lacking CD4 T
cells in the periphery, and this AGM retained a helper T cell
activity in antibody production comparable to those of CD4%
AGMs. In addition, SIVagm could be isolated from CD8™"
lymphocytes of this CD4~ AGM. The findings obtained may be
helpful in explaining the fundamental reason for the apathogenicity
occurring in the AGM.

MATERIALS AND METHODS

Flow cytometry

Blood samples were collected from full-matured AGMs (vervet
monkeys, C. pygerythrus) Kept in individual cages at the Tsukuba
Primate Center for Medical Science. The animals were wild-caught
specimens, and 14 SIVagm seronegative monkeys and 14 sero-
positive monkeys were examined. PBMC were separated by the
Ficoll (Pharmacia, Uppsala, Sweden) centrifugation method. The
cells were stained with CD4 [phycoerythrin (PE)-Leu3a] and
CD8« [fluorescein-isothiocyanate (FITC)-Leu2a] monoclonal
antibodies (both from Becton-Dickinson, CA, USA) at 4°C for
20 min. After washing, the samples were fixed and analysed using a
FACScan (Becton-Dickinson). Monkey CD3 (FITC-EN18, BIO-
source International, CA, USA) and CD20 (PE-Leul6, Becton-
Dickinson) antibodies were also employed.

To detect viral antigen, an anti-HIV gag monoclonal antibody
(VAK4) [22] was employed. The cultured PBMC were fixed
with 90% methanol overnight at —20°C. After removal of the
fixative, diluted VAK4 antibody was added to the cell pellets and
the samples were incubated at 37°C for 2h. Negative control
cells were incubated with mouse immunoglobulin (Ig) G. The
samples were washed, and then stained with FITC conjugated
goat antimouse immunoglobulins antibody at 37°C for 2h. After
further washing, the intracellular expression of gag protein was
analysed.

Reverse transcriptase-polymerase chain reaction (RT-PCR)

The expression of CD4 mRNA in PBMC was investigated by the
RT-PCR in an SIV seronegative monkey (Agm ) and three
seropositive monkeys (Agml-3). The total RNA was isolated
from the PBMC using an RNeasy kit (QIAGEN, Chatsworth,
CA, USA). Single stranded cDNA was synthesized with reverse
transcriptase from 500 ng RNA. cDNA was then combined with
sense and antisense primers in PCR buffer and the resultant
solutions were subjected to 30 cycles of incubation, with each
cycle consisting of denaturation for 1 min at 94°C, annealing for
2 min at 67°C (for 3-actin) or at 55°C (for CD4), and extension for
2 min at 72°C. 3-Actin mRNA was also amplified in each sample as

an internal control. All samples were then subjected to 2% agarose
gel electrophoresis and subsequent ethidium bromide staining. The
primers employed in this study were: CD4-F, 5-GTGGCACCTGG
ACATGCAC-3'; CD4-R, 5-GGTCAAAGGTGATCCAAGAC-3';
B-actin-F, 5-TGACGGGGTCACCCACACTGTGCCCATCTA-3';
B-actin-R, 5'-CTAGAAGCATTGCGGTGGACGATGGAGGG-3'.
The specificity and availability of above CD4 primers to detect
AGM CD4 mRNA have been confirmed in our previous study
[21].

Assay of helper activity

5% 10° PBMC from Agm™~ and Agm1-3 were cultured in a 96-well
U-bottom plate in a 200 ul volume of medium [RPMI 1640
(Gibco BRL, NY, USA)-10% foetal bovine serum] with or
without 2pul of pokeweed mitogen (PWM, Gibco BRL) for
Iweek at 37°C in a humidified 5% CO, atmosphere. CD4
antibodies have been shown to inhibit in vitro several T lympho-
cyte functions, including helper activity for immunoglobulin
production [23]. To confirm CD4-independent helper activity in
Agm3, PBMC from Agm1-3 were also cultured with PWM in the
presence of Nu-Th/i (Nichirei, Tokyo, Japan) antibody at final
concentration of 1 ug/ml. The antibody was previously freed of
sodium azide by dialysis against phosphate-buffered saline. The IgG
released into the culture supernatant was estimated by an indirect
enzyme-linked immunosorbent assay. The values represent the
mean of three wells.

Proliferation assay to SIVagm antigens

10° PBMC from Agm3 were mixed together with 10° SIV-infected
or uninfected CemX174 cells and cultured in a 96-well U-bottom
plate in a 200 ul volume of medium for 1week at 37°C in a
humidified 5% CO, atmosphere. SIVagm-infected and uninfected
CemX174 cells were pretreated with mitomycin C (25 pg/ml,
Kyowa-Hakko, Tokyo, Japan) at 37°C for 30 min and washed
four times with medium before use. After the cultivation, 20 ul of
AlamarBlue solution (BIOsource International, Camarillo, CA,
USA) was added to each well and further incubated for 3h at
37°C. The absorbancy at 570 nm and 600 nm in each well was then
determined. All experiments were carried out in triplicate and
resultant data was expressed as mean percentage for PBMC
cultured with SIVagm-infected CemX174 over control PBMC
incubated with SIV-uninfected CemX174 cells.

Cell sorting and culture
PBMC from Agm?2 and Agm3 were stained with PE-CD4, FITC-
CD8 and PE-Cyanine5 (Cy5)-CD16 (3G8, Pharmingen, CA, USA)
antibodies, and peripheral CD47CD8°“CD16~ (Agm2) and
CD4~CD8""CD16~ (Agm3) cells were then sorted out aseptically
with a FACSort cell sorter (Becton-Dickinson). The purity was
>99-5% for both fractions. The sorted cells were precultured in
medium containing 5 ug/ml of concanavalin A (ConA, Pharmacia)
and 100 U/ml of human recombinant interleukin-2 (IL-2, Shionogi,
Osaka, Japan) for 1 week at 37°C in a humidified 5% CO, atmos-
phere. They were subsequently cocultured with human CD4 " cell
lines, CemX174 or Molt4 clone8 cells, to isolate SIV. In addition,
CD4" and CD4~CD8"" cells were collected from Agm3 PBMC
for PCR assay to assess the influence of contamination of CD4™
cells. DNA was extracted from sorted 10°-10* cells without
cultivation and employed for nested-PCR.

PBMC derived from Agm~ and Agml were cultured in
medium containing ConA and IL-2 to examine the possibility
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Fig. 2. (See next page for caption)
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that CD4 lymphocytes are eliminated by infection and replication
of SIVagm. Half of the culture medium was replaced with fresh
medium every 3—4 days. The CD3, CD4 and CDS expressions of
the cultured cells were analysed at 30 days of cultivation.

Nested PCR

The SIVagm env fragment containing the V3-V5 regions was
amplified by the nested PCR. 500 ng DNA extracted from cultured
cells was exposed to 100 ul of PCR buffer containing 1 um of sense
(env-A: 5-GAAGCTTGTGATAAAACATATTGGGAT-3") and
antisense (env-B: 5'-AGAGCTGTGACGCGGGCATTGAGG-3")
primers, 2-5U of ExTaq polymerase (Takara, Kyoto, Japan) and
200 um of each dNTP. The resultant solution was subjected to 30
cycles of incubation, with each cycle consisting of denaturation for
1 min at 94°C, annealing for 2 min at 66°C and extension for 2 min
at 72°C. The reaction mixtures were purified with a PCR purifica-
tion kit (QIAGEN), and diluted solutions (1:10 in water) were then
combined with inner sense (env-C: 5'-TGTAGGAGACCAGGAA
ACA-3') and antisense (env-D: 5-GTGGGTGCAAAGCCAAT
TGG-3') primers in PCR reaction mixture. The second step of
the PCR was performed by 30 amplification cycles consisting of
denaturation for 1 min at 94°C, annealing for 2 min at 62°C and
extension for 2 min at 72°C. The samples were then subjected to
2% agarose gel electrophoresis. DNA was transferred to a Biodyne
plus membrane (Pall BioSupport Division, NY, USA) and hybridized
with digoxigenin (DIG)-dUTP (Boehringer Mannheim, Germany)
labelled probe containing the env region of SIVagm TYO-1. The
chemiluminescent signal was detected with a DIG luminescent
detection kit (Boehringer Mannheim).

DNA sequence and phylogenetic analysis

In Agm2 and Agm3, the PCR derived SIVagm env fragments were
cloned into pCR TRAP cloning vector (GenHunter, MA, USA) and
then sequenced by the dye termination method employing a Perkin
Elmer 377 sequencer (Perkin Elmer Biosystems, CA). The nucleo-
tide sequences were determined in both strands at least twice. The
sequences obtained were aligned using CLUSTALW [24]. The
phylogenetic relationships among the SIVagm derived from velvet
monkeys were estimated by the maximum likelihood method
employing pHYLIP (Phylogeny Inference Package version 3-5c)
software, available on the Internet (URL http://evolution.genetics.
washington.edu/phylip.html).

RESULTS

CD4 expression and helper activity of AGM PBMC

Figure 1(a) shows a two-colour flow cytometric profile of peri-
pheral blood lymphocytes (PBL) stained with CD4 and CD8
antibodies. CD8 cells formed the major subset in the AGM and

CD4 cells shared a low density of the CD8 antigen as reported
previously [21]. The positive percentages of peripheral CD4
lymphocytes in the SIVagm seronegative and seropositive mon-
keys were 184 *=9.-0% (mean *s.d.,, n=14) and 12-1 = 7-6%,
respectively, and no significant difference observed (z-test).
Interestingly, the PBL were virtually CD4~ in Agm3, although
this monkey remains healthy and no signs or symptoms of AIDS-
like disease are observed. The lack of CD4 cells in Agm3 was
confirmed by employing other monoclonal antibodies which
recognize different epitopes from Leu3a, such as Nu-Th/i and
our original simian CD4 antibody (U7b) [21] (data not shown).
Figure 1(b) shows the results of the RT-PCR amplification of CD4
mRNA derived from freshly isolated PBMC. A PCR product with
the predicted size (231 bp) could be identified in Agm™, Agm1 and
Agm?2 by the use of CD4 gene specific primers. On the other hand,
CD4 gene expression could not be detected in the Agm3 PBMC.
We next determined the helper activities in PWM induced IgG
production in these monkeys (Fig. 1c). CD20™ B cells amounted to
6—8% in these specimens. Antibody production was clearly
observed in Agml and Agm?2 as well as the seronegative Agm™
and the anti-CD4 antibody inhibited the immunoglobulin production
induced by PWM. The PBMC of Agm3 also displayed significant
helper activity despite the lack of detectable CD4" cells and the
anti-CD4 antibody was not able to reduce immunoglobulin
production.

The next experiment was performed to determine whether or
not the specific immune response against SIV antigens was main-
tained in Agm3 PBMC (Fig. 1d). The proliferative response of
Agm3 PBMC to SIV-infected CemX174 cells was significantly
higher than the background response to SIV-uninfected CemX174
cells (P<0-05, r-test).

S1V infection in peripheral T lymphocytes

To examine the distribution of SIVagm provirus in the peripheral
lymphocytes of Agm3, CD4 and CD8 cells were isolated and
proviral DNA was analysed by nested PCR. As illustrated in
Fig. 2(a), PCR product with the predicted size could be identified
in 10* CDS cells whereas no PCR product was detected in 10> CD4
cells. Since the purity of CDS8 cell fraction was >99-5%, it is
unlikely that the contamination of CD4 cells would have yield a
PCR positive reaction, even if the contaminated cells were all CD4
lymphocytes. To isolate SIVagm, purified CD8 T lymphocytes
from Agm3 were cocultured with CD4 cell lines, such as
CemX174 and Molt4 clone8. CD4 T lymphocytes from Agm?2
were also used for virus isolation. After cultivation for 1 month, a
cytopathic effect (CPE) became obvious in the cultured cells. By
Southern blotting analysis, the env gene fragment of SIVagm could
be detected in the CemX174 cells cocultured with CD4 lympho-
cytes (Fig. 2b). In addition, the env gene fragment was recognized

Fig. 2. (See previous page) (a) Detection of proviral DNA in CD4 and CD8 subsets in Agm3. DNA was extracted from sorted 10>~10* cells and employed for
nested-polymerase chain reaction (PCR). (b) Detection of SIVagm provirus by the PCR and Southern blotting in Cemx174 cells cocultured with peripheral
CD4 or CD8 cells from African green monkeys. A negative reaction was confirmed in the DNA sample of CemX174 cells cultured alone. (c) Multiple
alignment of deduced amino acid sequences of SIV isolated from vervet monkeys. PCR derived env nucleotide sequences from Agm2 CD4 cells (verCD4)
and Agm3 CD8 cells (verCD8) were translated and aligned with previously reported SIV env sequences. Dashes indicate sequence identity with the
consensus sequence, while dots represent gaps introduced to optimize the alignment. 2’ in the consensus sequence denotes sites in which two amino acids
were shared in viruses at the same frequency. Asterisks indicate cysteine residues. V3, V4 and V5 designate variable regions. The putative CD4 binding site
and HIV-1 V3 loop equivalent were as described previously [16,26]. The sequences of the references were obtained from the DNA data bank of Japan
(DDBIJ): ZA40 (AF015906), ZA358 (AF015905), IPR806 (AF015907), IPR859 (AF015908) and IPR1185 (AF015809) [30]; verl (U04003) and ver2
(U04004) [31]; verl55 (M29975) [32]; VER266 (U10896) and VER385 (U10898) [33]; 9063 (L40990) [34]; ver3 (M30931) [35]; and TYO1 (X07805) [1].

9063 was isolated from a pig-tailed macaque inoculated with SIVagm90.
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in the CemX174 cells cocultured with CD8 T lymphocytes. Similar
results were obtained for Molt4 clone8 cells (data not shown).
These findings indicated that SIVagm was distributed in the
peripheral CD8 T lymphocytes of Agm3. SIVagm in such CD8
lymphocytes maintained an infectious ability to CD4 cell lines.

Sequence analysis of proviral DNA

PCR products of proviral DNA from CemX174 cells cocultured with
Agm2 CD4 cells and Agm3 CD8 cells were cloned and sequenced.
The deduced amino acid sequences of the env region from the
new isolates were compared with the corresponding sequences
of previously reported SIVagm from vervet monkeys [25-30]
(Fig. 2¢).

In the external glycoprotein of SIVagm, five conserved and five
variable regions could be distinguished. The putative CD4 binding
site is located in the fourth-conserved region. The deduced amino
acid sequences of verCD4 derived from CD4 lymphocytes and
verCD8 from CD8 lymphocytes displayed strong similarities with
those of other SIVagm obtained from vervet monkeys. In verCD4
and verCDS, eight cysteine residues between the HIV-1 V3 equiva-
lent and V5 regions were conserved. The V4 region of verCD8 was
shorter than that of verCD4 by two amino acids. Only one amino
acid substitution was recognized in the putative CD4 binding site
between verCD4 and verCDS. Phylogenetic analysis indicated that
verCD4 was most closely related to verCD8 (Fig. 3).

CD4 expression and SIV infection in cultured cells

In Agm3, CD4~ CDS8 lymphocytes were infected with SIVagm.
This finding demonstrated that SIVagm could also be harbored in
CD4~, CD8* lymphocytes as reported previously in other SIVs
[31,32] and HIV [33-35]. However, the reason for the loss of CD4
lymphocytes observed in Agm3 remains unclear. CD4 lympho-
cytes could be eliminated by infection and replication of SIVagm.
To examine this possibility, PBMC from Agml and Agm™ were
cultured with ConA and IL-2, and the CD4 expressions were
compared in the proliferating cells. Figure 4(a) shows the CD3,
CD4 and CDS expressions in the cultured cells after 30 days of
cultivation. Most proliferating cells shared CD3 and CDS antigens
but lacked detectable CD4 molecules in Agml. The env gene
fragment of provirus in cultured cells from Agml was confirmed
by PCR and Southern blotting (Fig. 4b) and the expression of virus
protein (gag) was detected in approximately 53% of cells at
30days of cultivation (Fig. 4c). However, since almost complete
loss of CD4™" cells was also observed in cultured cells from the
SIVagm negative monkey, the lack of CD4% cells in Agm1 was
considered not to be due to SIVagm infection.

DISCUSSION

The present investigations revealed that the AGM retained helper
T cell activity and showed no signs and symptoms of immunode-
ficiency, although CD4% lymphocytes could barely be detected in
the periphery. Great loss of peripheral CD4 lymphocytes and no
detectable expression of CD4 mRNA were recognized in only one
monkey presented here; however, both loss of CD4 cells and an
asymptomatic state had been observed at every repeated examination
performed for more than 1 year in this monkey. The disappearance
of CD4 lymphocytes was not due to destruction of the CD4 gene,
since we confirmed that 0-02% of lymphocytes were certainly
CD4" when very large numbers of lymphocytes (10%) were
counted by flow cytometric analysis. It is difficult to explain

ver1

ZA358

VER266

ver155
VER385 ver2

Fig. 3. Unrooted phylogenetic tree of SIVagm isolated from vervet
monkeys. Phylogenetic relationships were estimated by the maximum
likelihood method. The values in the figure indicate the rate of divergence.

these immunological characteristics of the AGM on the basis of
knowledge obtained for human and mouse immunology. Helper
T cells, which are usually CD47 in humans and mice, are required
for most functional immune responses as well as PWM-induced
antibody production. A dissociation between CD4 expression and
helper activity was thus recognized in the AGM lymphocytes. Such
a dissociation was suggested by us in a previous study [21], since
helper activity could be detected in not only CD4 cells but also
CD4~ CD8"™Y cells in the AGM. Thus, a low number of peripheral
CD4 lymphocytes does not directly mean an immunodeficient state
in the AGM.

The present CD4~ AGM was infected with SIVagm, and
infectious virus could be isolated from the CD4% and CCR5™
CemX174 cells [36] cocultured with peripheral CD8 -cells.
Sequence analysis indicated that the env region including the
CD4 binding site of verCD8 was highly homologous with that of
verCD4 derived from another AGM kept in the same colony. It
should be noted that such PCR-derived sequences do not represent
the entire virus population in the culture. The present data
determined only the major genotype present in the culture. In
addition, SIVagm might accumulate mutations after 1 month of
cultivation. Further studies are required to elucidate the divergence
of these viruses.

Several possible explanations can be put forward for the origin
of peripheral CD4~CD8*SIVagm™ cells. Virus-infected CD4 cells
might be eliminated by cytotoxic lymphocytes (CTL), and CD8*
CTL might become infected with virus in the process of killing
SIv* target cells [37]. Virus infection could occur in activated
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Fig. 4. (a) CD3, CD4 and CD8 expressions in cultured lymphocytes. Peripheral blood mononuclear cells from Agml and Agm™~ were cultured with
interleukin-2 and ConA for 30 days and examined by flow cytometry. Negative control cells were stained with control antibodies. (b) Detection of SIVagm
provirus by polymerase chain reaction and Southern blotting in cultured lymphocytes. (c) Intracellular expression of gag protein in cultured lymphocytes
stained with the anti-HIV gag monoclonal antibody, VAK-4. Negative control cells were incubated with mouse immunoglobulin G. The data for the control
(grey histograms) and the sample stained with VAK-4 antibody (black histograms) can be seen to overlap on the figure. The VAK-4 positive percentages at
7 days (upper row) and 30 days (lower row) of cultivation in Agm1 were about 7% and 53%, respectively.
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lymphocytes, which expressed both CD4 and CDS$ antigens
[32,38]. A CD4-independent pathway might be included in the
virus infection of CD4™ cells [39-41]. We cloned and sequenced
the AGM CCRS5 cDNA (DDBJ accession number, AB015944).
Some CD4 ™ cell lines were transfected with AGM CCRS cDNA
containing expression vector and the susceptibility to SIVagm
infection was examined in AGM CCRS transfectant cells. No
apparent infection was noted in these transfectant cells throughout
the culture and therefore, there exists no direct evidence at present
that the SIVagm obtained from Agm3 can be propagated in a CD4-
independent manner.

CD4~CD8"SIVagm™ cells were also obtained by the activation
and cultivation of SIVagm™ PBMC including CD4 lymphocytes.
Similar possibilities to those outlined above might be applied to the
in vitro induction of CD4~CD81SIVagm™ cells. However, most of
the proliferating cells derived from SIVagm™ PBMC were also
CD47~, suggesting that SIVagm infection is not necessary for loss
of CD4V cells. We previously reported that the cell surface CD4
expression decreased after stimulation and most proliferating cells
lacked detectable CD4 molecules within 2 weeks when peripheral
CD47CD8" cells were highly purified by sorting and cultured
with ConA and IL-2 [21]. The down regulation of CD4 was not
accompanied by internalization or modulation of surface CD4
molecules, whereas the expression of CD4 mRNA in the cultured
cells decreased gradually [21]. These findings demonstrated that
lymphocyte activation induced the down regulation of CD4 mRNA
expression, resulting in the loss of surface expression of CD4
molecule. Taking into account the peculiar differentiation of
AGM lymphocytes, the possibility cannot be excluded that CD4
expression was decreased in virus-infected CD4 cells after
lymphocyte activation and that these cells then developed into
CD4™ cells.

It has been reported that IL-16 derived from the AGM, which
is a soluble factor produced by CDS8 cells, has the effect of
suppressing HIV replication in activated human CD4 cells [42].
Human IL-16 also suppresses HIV replication [43,44] and acts as a
growth factor specific for CD4 cells in cooperation with IL-2
[45,46]. A new field of AIDS therapy has clearly been opened up
by IL-16. However, an effect of IL-16 on SIVagm replication in
AGM CD4 lymphocytes had not been demonstrated, and it is still
unclear whether apathogenicity in the AGM is dependent on the
effect of IL-16 or not.

The regulation of CD4 gene expression in the AGM is distinct
from that in humans. The immunological characteristics of the
AGM must not be disregarded when attempting to understand
resistance to SIV infection. Our present and previous data indicate
the existence of CD4~ helper T cells in the AGM. It can be inferred
therefore that the infection efficiency in AGM helper T cells might
be lower than that in humans, since masking of CD4 molecules
could block chain-reacting infection among helper T lymphocytes.
In view of the fact that the half-life of HIV-producing cells has
been estimated to be approximately 2 days [47], continuous and
repeated infection of noninfected CD4 cells would be required to
maintain a high viral load for the development of AIDS. Since the
lifetime of helper T cells is longer than that of virus-producing
cells, the immune system in the AGM can maintain its function
even if CD4 cells disappear in the periphery. Such a hypothetical
strategy in which an immune system equipped with CD4 ™ helper T
cells does not break down with virus growth could explain the
coexistence of SIVagm and AGM.

We have described a peculiar example of coexistence of

SIVagm and its host. This may provide a clue to interpreting the
resistance to simian AIDS observed in the AGM. Since the SIV
growth was very low in cells converted from being CD4™ to CD4~
cells following cultivation prior to SIV infection [21], we believe
that distinct regulation of CD4 expression is closely associated
with apathogenicity in the AGM. We will now proceed to a
functional analysis of the regulatory regions of the AGM for
CD4 gene expression and examine the possibilities for a new
AIDS therapy based on the induction of helper T cells with
resistance to HIV infection.
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