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Modulation of CD8 and CD3 by HIV or HIV Antigens
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To investigate whether human immunodeficiency virus (HIV)-1 and HIV-1 antigens modulate surface and
cytoplasmic CD8 or CD3, as well as CD4, we used cell permeabilization reagents, surface/cytoplasmic
fluorescent staining, multiparameter flow cytometric techniques and an in vifro culture system in
which relatively few lymphocytes are actively infected with HIV. Human peripheral blood lymphocytes
were: not stimulated, not stimulated but HIV-inoculated, phytohaemagglutinin (PHA)-stimulated, PHA/HIV-
inoculated (PHA/HIV), or placed into media with soluble gp120, Rev or Nef. HIV inoculation and Nef
had striking modulatory effects on CD8. The cytoplasmic CD8 median fluorescent intensity (MFI) of
positive lymphocytes was lower for cells in unstimulated/HIV-infected cultures than unstimulated cultures
(44 versus 62% of ex vivo value, P = 0.032) and lower for cells in PHA/HIV cultures than in PHA cultures
(56 versus 100% of ex vivo, P = 0.041). The surface CD8 MFI values for Nef were significantly lower than
the ex vivo value (75% of ex vivo, P = 0.006). At days 2—7 of culture, Rev was associated with slight
reductions in surface CD4 MFI (58% of ex vivo versus 78% of ex vivo for unstimulated cultures, P = 0.047)
and greater effects on cytoplasmic CD3 MFI (131 versus 179% of ex vivo for unstimulated cultures,
P = 0.035), and surface CD8 MFI (70% of ex vivo, P = 0.006 versus ex vivo value). The globality of Rev’s
effects suggests these are related to a shared processing pathway, i.e. not due to direct interaction with CD3,
CD4 and CDS; the effects of HIV inoculation and Nef on CD8 expression appear to be more CDS8 specific.
Because CD8 is essential for cytotoxic T-cell function, its down-modulation could inhibit this activity,
including anti-HIV cytotoxicity. Given the critical roles of CD3 and CDS8 in T-lymphocyte signal
transduction and antigen responsiveness, the effects of HIV, Rev and Nef on these molecules have clinically
significant implications concerning the pathogenesis and treatment of HIV.
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INTRODUCTION

CD4 is synthesized in the endoplasmic reticulum and trans-
ported to the cell surface via the Golgi complex [1, 2]. It is a
co-receptor for the human immunodeficiency virus (HIV)
gp120/160; the direct interaction between CD4 and the HIV
envelope proteins has been examined in depth. Gpl120 and
human leukocyte antigen (HLA) class II antigens competitively
bind CD4 [3, 4]. Cell-surface expression of CD4 is masked by
both HIV infection and gp120/160 [5-7]. One report has
suggested that HIV-2, but not HIV-1, envelope glycoprotein
binds to human CD8, as well as CD4 [8]. The binding of gp120
to CD4 not only masks the CD4 molecule, but also induces
down-modulation of surface CD4 [9]. This modulation is not
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due solely to cell-surface interactions. In a transfection system,
it was shown that gpl60 complexed with CD4 in the
endoplasmic reticulum, leading to decreased transport to
the cell surface [10]. CD4 may also associate with p56ICk in
the endoplasmic reticulum, forming a ternary complex with
gpl60, possibly further decreasing transport of both CD4 and
p56'* to the cell surface [11]. Other HIV antigens appear to also
be involved in CD4 modulation. In CEM cells and human T-cell
lines, HIV Nef, localized to the cytoplasmic surfaces of cell
membranes, may interact directly with [12, 13], and/or induce
the downregulation of, cell surface CD4 [14—-17], as well as
rapid internalization and subsequent degradation of surface CD4
[18-22]; others have suggested that its action is indirect [23].
Several recent reports have shown additional effects of soluble
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Nef, including leukocyte recruitment, cytokine induction and
apoptotic cytolysis of uninfected cells [24—26]. These effects
were seen when Nef was used in soluble form, not through
expression, and given to animals or used in in vitro systems.

CD4/gp120 interaction interferes with antigen responsiveness
[27]. Whether this is due solely to the CD4/gp120 interaction or
also involves signal transduction through CD3/Ti, the T-cell
receptor (TCR), is unclear [28-34]. Similarly, it has been
reported that Nef affects CD3 signalling [15], as well as CD4
responsiveness to phorbol esters [33] and transport activities in
the Golgi pathway [19, 34]. Surface CD3 expression in normal
human peripheral blood lymphocytes is reported to be
unaffected by gpl20 [9]. In vitro HIV infection has been
reported to lead to loss of surface CD4 but not CD3 or CD8
[5, 31]. Contrary findings have been reported with HIV-infected
CEM cells [35].

We used cell permeabilization methods, surface/cytoplasmic
fluorescent staining and multiparameter flow cytometric tech-
niques to investigate how HIV and HIV antigens affect
modulation of surface and cytoplasmic CD3 and CDS, as well
as CD4. We inoculated unstimulated and phytohaemagglutin
(PHA)-stimulated human peripheral blood mononuclear cells
(PBMCs) with HIV-1, to examine the effects of cell activation
status and HIV inoculation itself on the expression and intensity
of expression of these key receptor molecules. We then
examined the effects of the HIV-1 antigens gpl120, Rev and
Nef. Our results suggest that the effects of HIV and HIV
antigens are not limited to the CD4 antigen; there are also subtle
effects on CD3 and striking effects on CD8. Given the critical
roles of these receptor molecules, these effects may be of
physiological importance.

MATERIALS AND METHODS

Cells and virus. PBMCs were obtained from normal human donors
seronegative for HIV and hepatitis viruses. These were gradient-
separated and cultured in RPMI-1640 containing antibiotics and 10%
heat-inactivated (56 °C for 45 min) donor serum (unstimulated cultures)
or 10% heat-inactivated (56 °C for 45 min) fetal calf serum (all other
cultures), at 37 °C in 5% CO, in a humidified incubator, at a
concentration of 2 x 10° cells/ml. Cells were either stimulated for
1.5 days with 5 pg/ml PHA (Difco Laboratories, Detroit, MI, USA; the
use of trade names and commercial sources is for identification only and
does not imply endorsement by the Public Health Service or the US
Department of Health and Human Services) or retained in the above
media without stimulation; cells with these culture conditions will be
referred to herein as PHA or unstimulated, respectively. One aliquot of
each donor’s unstimulated or PHA-stimulated PBMCs was then
inoculated with the T-cell tropic HIV-1 isolate LAI [5]. PHA-stimulated
cultures had 10% interleukin (IL)-2 (Advanced Biotechnologies,
Columbia, MD, USA) added to the media and the PHA removed at
the time of inoculation; these cultures will be referred to as PHA/HIV
herein. Unstimulated cultures had their media changed at the time of
inoculation, IL-2 was not added; these are referred to as unstimulated/
HIV herein. Uninoculated PHA cultures had the PHA removed after
1.5 days, and 10% IL-2 was added. The unstimulated culture conditions
used here have been shown by others to be associated with a lack of

DNA synthesis for up to 2 weeks, while >90% of PHA-stimulated
cells proceed through the S phase within 24 h [36]. Cultures of
stimulated cells were harvested at day 4 or 5 of culture, on the day
following the decrease in the per cent of CD4" cells in the PHA/HIV
culture [37]; parallel unstimulated cultures were harvested the following
day. Some cultures were maintained for an additional week and harvested a
second time; these data are consistent with the results at earlier times and,
for the sake of conciseness, are only mentioned here. In this culture system,
it has been shown that very few CD4" cells are productively infected
with HIV at any given time. Rare, if any, CD8" cells are infected
[5, 37]; therefore, effects reported herein were due to nonproductive
infection or to contact with HIV-infected cells or antigens.

HIV antigens. For some experiments, PBMCs were divided into
cultures with media and one of the following HIV-1 antigens:
baculovirus-derived recombinant gp120 (0.1 or 1 wg/ml, Microgenesis
Corp., West Haven, CT, USA and Protein Sciences Corp., Meriden, CT,
USA), vector-expressed Rev (0.1 or 1.0 pg/ml, NIH AIDS Research
and Reference Program, Rockville, MD, USA) and vector-expressed
LAV Nef (0.1 or 1.0 pg/ml, NIH AIDS Research and Reference
Program). (Lower doses used in one experiment.) These cultures were
harvested at 16-32 h ex vivo (five experiments with surface staining
alone, four for surface and cytoplasmic reactivity), 2—7 days ex vivo
(six experiments for surface gp120 and five for surface and cytoplasmic
reactivity, five experiments for surface and cytoplasmic reactivity with
Rev and Nef), and 8-14 days ex vivo (two experiments for gp120 and
one experiment for the rest).

Reagents. These included fluorescein isothiocyanate (FITC)-
conjugated monoclonal antibodies (MoAbs) and phycoerythrin (PE)-
conjugated MoAb reagents to: CD4 (clone SK3, reactive with the V1
region of the extracellular portion of CD4, Becton-Dickinson Immuno-
chemistry Systems, San Jose, CA, USA), CDS8 (clone SKI, reactive
with the a chain, Becton-Dickinson) and CD3 (clone SK7, reactive with
the echain, Becton-Dickinson). PE-indodicarbocyanine 5 (PE-CyS5)
tandem conjugated reagents included MoAbs to CD4 (clone RPA-T4,
Pharmingen, San Diego, CA, USA), CD8 (clone RPA-T8, Pharmingen)
and CD3 (clone UCHTI, Pharmingen). Peridinin chlorophyll protein
(PerCP)-conjugated MoAb to CD8 was used (clone SK1, Becton-
Dickinson). Allophycocyanin (APC)-conjugated MoAbs were to CD4
(clone SK3, Becton-Dickinson). Isotype controls included mouse
immunoglobulin (Ig)G2a FITC (clone X39, Becton-Dickinson), mouse
IgG2b PE (clone 27-35, Pharmingen), mouse IgGl PerCP (clone
X40, Becton-Dickinson), mouse IgGl PE-Cy5 (clone MOPC-21,
Pharmingen) and mouse IgGl APC (clone X40, Becton-Dickinson).
Unconjugated MoAbs to CD4 (clone SK3, Becton-Dickinson), CD8§
(clone SKI1, Becton-Dickinson or clone RPA-T8, Pharmingen) and
CD3 (clone SK7, Becton-Dickinson) were used to block surface
staining. Permeabilization was done with ORTHO PermeaFix™ (Ortho
Diagnostics, Inc., Raritan, NJ, USA). Other reagents included 50 ng/ml
phorbol 12-myristate 13-acetate (PMA, Sigma Chemical Co., St. Louis,
MO, USA) and 10 pg/ml brefeldin-A (BFA, Sigma) (both for 4-5.5 h
at 37 °C).

Blocking of surface antigens. For experiments in which cytoplasmic
antigen expression and intensity were assessed in parallel with surface
assessments, blocking of surface staining was performed as follows.
Cells were incubated with unconjugated MoAbs for 15 min at room
temperature in the dark, centrifuged and washed with a buffered saline
solution. They were then permeabilized/fixed with Ortho Permeafix and
stained with identical, conjugated MoAbs. With this protocol, < 1% of
cells were positive when incubated with the corresponding MoAbs post-
blocking but pre-permeabilization [38].
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PMA = BFA. To examine potential intracellular and transduction
mechanisms for CD8 and CD3 modulation by HIV inoculation and
HIV antigens, we examined the effects of adding PMA, BFA or
both for the final 4-5.5 h of culture (at days 4-7 of culture for
unstimulated, unstimulated HIV/PHA and PHA/HIV cultures, n = 3
experiments and at days 2—7 of culture for HIV antigens, n = 1
experiment).

Flow cytofluorometry. Multiparameter cytofluorometry was per-
formed using a FACSort (Becton-Dickinson) and LYSIS I or CELLQUEST
software. As negative controls, cell aliquots were stained with the
isotype controls above. Staining for surface antigens was carried out
prior to permeabilization, for 15 min at room temperature in the dark.
Staining for cytoplasmic antigens was performed post blocking (above),
post permeabilization for 30 min at room temperature in the dark. At
least 25 000 ungated events were collected for each tube; lymphocytes
were defined by their forward- and side-scatter properties. Duplicate or
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triplicate tubes were run for each sample. Cell collection was performed
on a single FACSort (Becton-Dickinson), by a single operator. The flow
cytometer was standardized daily, using chicken erythrocytes. Voltage
was adjusted to maintain the standard in the same target channel
throughout any given experiment. The same MoAbs were used
throughout any given experiment; saturating amounts of antibodies
were used. The fluorochrome to which a MoAb was conjugated was not
changed within an experiment but did differ between experiments, as
described above. All analyses for a given experiment were performed
by a single individual; gates and margins were consistent throughout
any given experiment.

Statistical analyses. Data were collected in terms of both per cent
positive and median fluorescence intensity (MFI) of the positive
cells; mean values of duplicate or triplicate tubes were used in all
analyses. Matched comparisons were made only between identical
MoAbs conjugated to identical fluorochromes. Per cent positivity and
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Fig. 1. Histograms of cytoplasmic CDS staining at day 5 and 7, by culture condition. Unstimulated human peripheral lymphocytes (PBL), by scatter
gating, day 7 of culture; unstimulated PBLs inoculated with HIV, day 7 of culture (unstimulated/HIV); PHA-stimulated PBLs, day 5 of culture
(PHA); and PHA-stimulated PBLs inoculated with HIV, day 5 of culture (PHA/HIV). Median fluorescent intensities (MFI) of positive cells, with

margins set at identical positions.
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Fig. 2. Mean relative surface CD8 MFI by culture condition and time.
Median fluorescence intensity of cells expressing CD8 (MFI).
Fluorochromes used varied between experiments; therefore, normalized
values were used in all analyses (see Materials and methods). (V)
Unstimulated human peripheral blood lymphocytes (PBL), by scatter
gating (n = 6 at 2—7 days ex vivo and n = 2 at 8§—14 days ex vivo),
PBLs cultured with () HIV-1 gp120 (n = 5 at 16-32 h ex vivo,n = 6
at 2—7 days, and n = 2 at 8—14 days), (™) Rev or (%) Nef (n =5, 5
and 1 for each). P-values for Rev and Nef, respectively, at 2—7 days
were 0.004 and 0.006 versus ex vivo and 0.030 and 0.015 versus their
16-32 h values.

fluorescence intensity varied from donor to donor and fluorochrome to
fluorochrome. Therefore, for statistical analyses and graphing of results,
summary results for each culture condition or antigen were standardized
in two ways. First, results were expressed as ratios of the pertinent value
to the value for that donor at the first assessment, prior to inoculation or
culture. For example, if, for a given donor, the CD4 MFI was 600
ex vivo and 300 at the time of harvest from a certain culture condition,
the harvest value was recorded as being 50% of the ex vivo value.
Second, for experiments in which PMA and/or BFA were used, the
effects of these were expressed as the per cent change from
nontreatment, i.e. (treated value — nontreated value) =+ (nontreated
value) x 100. This standardization approach has been used by others to
compare relative fluorescence intensities [39, 40]. Statistical analyses
were performed using paired Student’s #-tests, the latter providing
comparisons between culture conditions and time points that take
into account the parallel cultures/shared donor nature of the study
design. Results of significance testing will be provided if the P-value
associated with the two-sided paired #-test was < 0.05 and unstimulated/
HIV, PHA/HIV or HIV antigen results differ from the parallel
unstimulated or PHA cultures. Data on the effects of unstimu-
lated and PHA cultures per se are dealt with in a separate publication
[38].

RESULTS

CD4

CD4 findings were as expected and thus support that our
approach is valid. By days 4-7, the mean relative percentage
of lymphocytes expressing surface CD4 had decreased markedly
in PHA/HIV cultures, to 47% of the ex vivo values (i.e.
preculture), but not in cultures with PHA alone (100% of the ex
vivo value). For unstimulated, unstimulated/HIV and PHA/HIV
cultures, the mean relative surface CD4 MFIs decreased

significantly compared with the ex vivo value; the decrease
was greatest for PHA/HIV cultures (unstimulated: 74% of the ex
vivo value, P = 0.015; unstimulated/HIV: 72%, P = 0.003;
PHA/HIV: 49%, P < 0.001). Unlike the surface CD4 MFI, the
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Fig. 3. Surface staining for CD8 and CD3 at day 5 of culture, by
culture condition. (A) Unstimulated human peripheral blood lympho-
cytes (PBL), by scatter gating. (B) PBLs cultured with HIV-1 Rev. (C)
PBLs cultured with HIV-1 Nef. Cells were incubated for 15-30 min at
room temperature in the dark with saturating amounts of directly
conjugated monoclonal antibodies to CD3 (F12, PE) and CD8 (FI3,
PerCP) prior to permeabilization. Median fluorescent intensities of
positive cells (MFI).
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cytoplasmic CD4 MFI decreased only for PHA/HIV, which was
76% of the ex vivo value and 53% of the PHA value at days 4—7
(P = 0.005).

By days 2-7, the mean relative percentage of lymphocytes
expressing surface CD4 had decreased with gp120 (to 44% of
the unstimulated value at the same time point, P = 0.030 or
56% of the ex vivo value). The decrease with gpl120 had
become apparent but was not statistically significant at
16-32 h ex wvivo (to 54% of the unstimulated value or
76% of ex vivo value). The per cent of lymphocytes expressing

condition) x 100.

CD4 did not decrease with any other HIV antigen (data not
shown). At days 2-7, the mean relative surface CD4 MFI of
cells cultured with gp120 was significantly lower than that of
unstimulated cells (28% of ex vivo versus 78% of ex vivo,
P = 0.018). At days 2—7, the mean relative surface CD4 MFI
with Rev was slightly lower than that for unstimulated cultures
(58% of ex vivo versus 78% of ex vivo, P = 0.047) but was
never significantly lower than the ex vivo value per se. No HIV
antigen affected cytoplasmic CD4 significantly (data not
shown).

Fig. 5. Proportionate difference in surface
and cytoplasmic CD8 MFI, by culture
condition and treatment received. Median
fluorescence intensity of cells expressing

CD8 (MFI). (V) Unstimulated human
peripheral blood lymphocytes (PBL), by
scatter (n = 3), PBLs stimulated with
(®) PHA (n = 3), () PHA-stimulated

PBLs inoculated with HIV-1 (n = 3),
(A) unstimulated PBLs inoculated with
HIV-1 (n = 3), or unstimulated PBLs

cultured with HIV-1 gp120, (™) Rev or
(%) Nef (n = 1 for each). Phorbol ester
12-myristate 13-acetate (PMA), Brefeldin A
(BFA), both or neither added to cultures for
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CD3

At days 2-7, the mean relative cytoplasmic CD3 MFIs had
increased for all culture conditions; however, the value for
Rev was significantly lower than that for the unstimulated
condition (132% of ex vivo versus 179% of ex vivo, P = 0.035).
This difference was found for both CD4" and CD8*
lymphocytes (data not shown).

CD8

As expected, and in compensation for the decrease in the
proportion of lymphocytes expressing surface CD4, at days 4-7,
the percentage of lymphocytes expressing surface CD8 was
greater with PHA/HIV than with PHA (145% of ex vivo versus
100% of ex vivo, P < 0.001). At days 4-7, the mean relative
cytoplasmic CD8 MFI for unstimulated/HIV cultures was
significantly lower than that for unstimulated cultures (44% of
ex vivo versus 62% of ex vivo, P = 0.032) and the value for
PHA/HIV was lower than that for PHA (56% of ex vivo versus
100% of ex vivo, P = 0.041). For some experiments, this effect
was marked (Fig. 1).

At days 2-7, the percentage of lymphocytes expressing
surface CD8 decreased slightly for all HIV antigens (data not
shown), but only the decrease for Nef was significant (70% of
ex vivo versus 100% of ex vivo, P = 0.032). At days 2—7, the
mean relative surface CD8 MFIs for Rev and Nef were
significantly lower than the ex vivo value and than their own
values at 16—32 h (from 94 to 70% of ex vivo, P = 0.030 and
from 92 to 75% of ex vivo, P = 0.015, respectively; Figs 2 and
3A—C).

Effects of PMA = BFA

CD4. For CD4, PMA treatment was associated with large
decreases in surface and cytoplasmic CD4 MFIs of lymphocytes
in unstimulated cultures (proportionate change from nontreat-
ment cultures: —85% for surface CD4 MFI and —88% for
cytoplasmic CD4 MFI, respectively), unstimulated/HIV cultures
(—89 and —85%), and all HIV antigen cultures (—67 to —80%
and —50 to —64%, respectively). PMA caused smaller
decreases in CD4 MFIs of lymphocytes in PHA cultures (—48
and —32%, respectively) and PHA/HIV cultures (—19 and
—24%, respectively). BFA was associated with minimal
changes in surface and cytoplasmic CD4 MFIs of lymphocytes
in unstimulated cultures (—2 and +7%), unstimulated/HIV
cultures (—9 and —1%) and PHA/HIV cultures (—5 and —8%).
BFA effects were somewhat larger for PHA (+17 and
+21%), gpl20 (+15 and +17%), Nef (+10 and +16%)
and, especially, Rev (+32 and +46%). The combination of
PMA and BFA was associated with lesser relative reductions
in surface and cytoplasmic CD4 MFI than noted above for
PMA alone.

CD3 (Fig. 4). PMA and BFA treatments were associated with
decreases in surface CD3 MFIs and increases in cytoplasmic
CD3 MFIs of lymphocytes in all the culture conditions assessed,

i.e. unstimulated, Nef and Rev cultures. The PMA effect on
cytoplasmic CD3 MFI was higher for the Rev culture than for
unstimulated and Nef cultures, which were similar to each other.
BFA did not alter the PMA effect on lymphocytes in Rev
cultures.

CDS8 (Fig. 5). As reported in the literature, the general effects
of PMA and BFA were much less on CDS8 than on CD3 or CD4
[40-44]. PMA and BFA added individually to PHA/HIV
cultures both led to decreases in lymphocytes’ surface CDS
MFIs, without concomitant increases in their cytoplasmic
CD8 MFIs. These PMA and BFA effects on lymphocytes in
PHA/HIV cultures appeared to be additive. The effects of PMA
and BFA on the surface CD8 MFI were smaller on lymphocytes
in unstimulated/HIV cultures than on unstimulated, non-
inoculated cultures. However, BFA treatment was associated
with a relatively large increase in the cytoplasmic CD8 MFIs
of lymphocytes in unstimulated/HIV cultures. This BFA-
associated cytoplasmic retention in unstimulated/HIV-inoculated
cultures was modulated by the co-presence of PMA. With
Nef, PMA was associated with a relatively large decrease in
the cytoplasmic CD8 MFI and a minimal decrease in surface
CD8 MFI. The effect of BFA alone was similar to its effect
on unstimulated cultures but appeared to modify the BFA
effect on cells in the Nef culture. With Rev, PMA was
associated with a slight increase in both surface and cytoplasmic
CD8 MFIs and BFA was associated with increased cytoplasmic
CD8 MFI.

DISCUSSION

Because it has long been known that CD4 is a receptor for HIV,
modulation of CD4 by HIV infection and HIV antigens has
been investigated vigorously. Our findings concerning CD4
modulation by HIV inoculation and by gpl120 are consistent
with those reported by others and therefore support the
soundness and relevance of our system and analytic approach
to the assessments of effects on CD3 and CD8. The effects of
HIV on the surface and cytoplasmic expression of CD3 and CD8
have not been studied in depth, in large part because HIV
antigens are not thought to interact with these antigens and
because any effects on their surface expression would be
dwarfed by the dramatic effect of HIV on CD4. With the recent
commercial availability of higher quality reagents for cell
permeabilization and cytoplasmic staining, it has become
feasible to assess less extreme effects, using flow cytometric
techniques. We previously used an in vitro HIV-1 inoculation
culture system to compare actively infected cells with
noninfected cells and with cells without productive infection
[37]. In this culture system, as in in vivo infection, relatively few
CD4" cells are productively infected with HIV at any given
time and rare, if any, CD8™ cells are HIV-infected [5, 37]. This
system thus allows an efficient examination of the effects of
HIV and HIV antigens on noninfected or latently infected cells.
We therefore applied flow cytometric techniques and this
culture system to investigate the effects of HIV inoculation and
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three HIV antigens on the expression and modulation of two
critical T-lymphocyte receptors, CD3 and CDS.

We found no effects unique to CD3 but repeatedly found
dramatic effects of HIV inoculation, Rev and Nef on CDS8
expression. For PHA/HIV cultures, the proportionate increases
in the percentages of lymphocytes expressing surface and
cytoplasmic CD8 were expected, in mathematical compensation
for the decreased proportion of cells expressing CD4. However,
reductions in cytoplasmic CD8 MFIs were also found for
lymphocytes in both unstimulated/HIV and PHA/HIV cultures,
relative to their parallel unstimulated and PHA cultures.
Obviously, this change in fluorescent intensity cannot be
attributed to the effects of HIV on CD4™ cells. In PHA/HIV
cultures, PMA and BFA treatments were associated with
decreases in surface CD8 MFI, without much alteration in
cytoplasmic CD8. In unstimulated/HIV cultures, BFA was
associated with very increased cytoplasmic CD8 MFI. This
constellation of findings suggests that: (i) the CD8 effects did
not occur by chance; (ii) CDS is likely not being internalized
and degraded but, rather, is being released; and (iii) CDS8
production/turnover is increased, at least in unstimulated/HIV
cultures.

Each of the three HIV antigens examined had very different
effects on CD4, CD3 and CDS. Soluble gp120 had marked
effects on CD4 but none on CD3 or CD8. Both Nef and Rev
were associated with decreased surface CD8 MFIs; these effects
persisted, and even increased, over the time of culture. However,
only Nef had effects limited to CD8. In addition to Nef
decreasing surface CD8 MFI, when PMA was added to a Nef
culture, there was a striking decrease in cytoplasmic CD8 MFI,
suggesting that soluble Nef has some impact on the protein
kinase C transduction system. The effects of Rev were quite
different from those of Nef. The MFIs of all three T-lymphocyte
receptor molecules were reduced in some fashion by Rev.
Rev was associated with a reduced surface CD4 MFI relative
to unstimulated cultures, a reduced cytoplasmic CD3 MFI
relative to unstimulated cultures and a reduced surface CD8
MFI relative to ex vivo values. BFA had a large, positive effect
on surface and cytoplasmic CD4 MFI of lymphocytes in Rev
cultures, little effect on CD3 expression and a moderately
positive effect on cytoplasmic CDS8 expression. PMA decreased
CD4 expression in all cultures, including Rev. The effect on
CD3 was very different: PMA added to a Rev culture was
associated with a large increase in cytoplasmic CD3 MFI. This
effect was not altered by the addition of BFA, suggesting that
this CD3 redistribution did not involve the Golgi network. The
effects of PMA and BFA on CDS8 expression in Rev-cultured
cells were slight, generally in a positive direction, and greater
for BFA.

CD8 is largely restricted to the cell surface [41]. Consistent
with this, we found cytoplasmic CD8 MFI values at all settings
and culture conditions to be markedly lower than surface CDS§
MEFTI values. However, both Nef and Rev had measurable effects
on these small amounts of cytoplasmic, transiting CD8. A
previous report suggested that Nef does not directly down-
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regulate human CD8; however, a Nef expression vector was
used in that study, not soluble Nef [44]. Nef functions at the
level of the Golgi complex, endoplasmic reticulum and plasma
membranes [19, 34, 44]. In addition, exogenous Nef, used in the
soluble form, has recently been shown to have several,
physiologically significant immunoregulatory effects [24-26].
Nef’s modulation of CD8 could be related to these or other
mechanisms and likely results in CD8 release from the cell,
rather than degradation, because CD8 metabolism differs from
that of CD4 and CD3 [45, 46].

Rev has never been shown to interact with CD4 in any direct
fashion. Furthermore, because Rev affects CD8 and CD3
expression as well as CD4, its effects are likely related to a
shared processing system. Rev serves a transport function,
although not necessarily for peptide antigens [45, 46]. Rev
appears to be primarily nuclear or nucleolar in location, not
surface or cytoplasmic, but Rev’s association with membranes
could affect activation, transduction or a cellular transport
system involving these molecules.

In summary, we found that HIV inoculation and/or HIV
antigens had effects on CD8 and CD3 expression, as well as the
expected effects on CD4. HIV inoculation of unstimulated cells,
HIV inoculation of PHA-stimulated cells, and soluble Nef all
had marked modulatory effects limited to CDS. HIV Rev had
modulatory effects on both CD3 and CDS8. CD3 is a key
molecule in signal transduction/activation following antigen
recognition, thus a modulatory effect on this molecule has
physiological implications. CD8 is essential for cytotoxic T-cell
activity; its down-modulation may inhibit this activity, including
anti-HIV cytotoxicity. Given the critical roles of these
molecules in T-lymphocyte functions, these CD8 and CD3
effects have clinically relevant implications for the pathogenesis
and treatment of HIV-related immune defects.
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