Interferon-a differentially rescues CD4 and CD8
T cells from apoptosis in HIV infection
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Objective: To examine the effects of interferon-a (IFN-a) on T cell survival and
activation in HIV infection.

Design: The effects of IFN-a on spontaneous apoptosis and CD38 expression among
T cell subsets were determined in vitro and studied in relation to CD4 cell counts,
plasma HIV RNA levels and the age of the subjects.

Methods: Peripheral blood mononuclear cells from 48 HIV-infected persons and
17 healthy donors were incubated in vitro overnight with or without the addition of
IFN-a.. Percentages of apoptotic cells (positive for annexin V) and CD38 cells were
determined among T cell subsets.

Results: IFN-a inhibited spontaneous apoptosis of CD4 and CD8 T lymphocytes. This
protective activity was impaired in CD4 T cells from HIV-infected persons. The reduced
protection of IFN-a among CD4 cells from HIV-infected persons was not related to
the percentages of activated (CD38 or CD45RO+CD38+) cells. Surprisingly, IFN-a
induced CD38 expression among CD8 T cells from HIV-infected persons, and the
magnitude of this effect was directly related to circulating CD4 T cell count. The CD8
T cell subset that expressed CD38 in response to IFN-a was defined as CD28 negative,
CD62 ligand (CD62L) intermediate/negative.

Conclusions: Heightened expression of IFN-a in HIV infection may contribute to the
phenotypic activation state that characterizes chronic infection while a diminished
responsiveness of CD4 T cells to the protective effect of this cytokine may contribute to
differential survival of CD4 and CD8 T cells in HIV disease.

© 2006 Lippincott Williams & Wilkins

AIDS 2006, 20:1379-1389

Keywords: CD38, T cells, interferon-a, apoptosis, HIV

Introduction

Persistent HIV infection results in the increased
production of cytokines that regulate innate and adaptive
immunity. Interferon-o (IFN-at) is one such cytokine
detected at increased concentrations in serum of HIV-
infected individuals [1—4]. This cytokine mediates many
important biological activities including protection from
viral infection [5—9], maturation of antigen-presenting
cells [10—12], and regulation of proliferation and viability
of T lymphocytes [13—18]. Despite its recognized
importance in immune protection during acute infec-

tions, the role of IFN-a in chronic infections may be
more complex, potentially even leading to detrimental
effects associated with ongoing immune activation. The
potential beneficial or detrimental consequences of
continuous IFN-a production in HIV disease are unclear.

One aspect of IFN-a activity that may be especially
important in HIV infection is the ability of this cytokine
to regulate T cell survival. In experimental models, the
effects of IFN-a on T cell viability appear to be complex.
For example, IFN-o and IFN-8 protect T cells from
apoptosis in the setting of cytokine-deprivation [15,16,19].
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Moreover, IFN-a protects naive T cells from apoptosis
early after T cell receptor activation [18]. Nevertheless,
IFN-a augments the expression of molecules involved in
death receptor-mediated apoptosis in peripheral blood
mononuclear cells (PBMC) from HIV-infected persons
[20] and may actually increase apoptosis susceptibility in
naive T cells that have progressed beyond the early phases
of activation [18]. Thus, the effects of IFN-a on T cell
viability will likely depend on the microenvironment and
activation status of the cells.

It is possible that the effects of IFN-a on T cell viability
and function may be different in HIV infection and in
health because of the perturbations in T cell phenotypes
that occur in HIV infection; these would include the
increased proportions of circulating effector/memory
cells [21-23], T cells with an activated phenotype
[24—28], and T cells actively in the cell cycle [29-34].
Additionally, a finer characterization of the eftects of
IFN-a according to responder cell phenotype may help
to clarify current uncertainties regarding the roles of IFN-
a in T cell homeostasis and in HIV disease pathogenesis.

Spontaneous T cell apoptosis is elevated in HIV disease
[35—37] but can be partially inhibited by the addition of
cytokines such as interleukin-2 [36] or interleukin-15
[35]. IFN-a also can protect T cells from spontaneous
apoptosis; however, these effects are diminished in HIV
disease. Curiously, IFN-a induces CD38 expression, a
marker of activation and disease progression in HIV
disease [26,27,38], especially among CD8+CD28-
CD62L—/intermediate T cells from HIV-infected
persons. The CD8 responses to IFN-a (both induction
of CD38 and rescue from spontaneous apoptosis) decline
with disease progression. It is proposed that IFN-o may
have some capacity to preserve T cell viability, but a
decreased responsiveness to this cytokine perturbs this
regulatory mechanism in HIV infection. The present
study explores the effects of IFN-a on spontaneous
apoptosis of T cells obtained from the peripheral blood of
HIV-infected patients.

Methods

Cell culture and flow cytometry

Whole blood from 48 HIV-infected persons and 17
healthy adult controls was collected in heparin-coated
tubes. Isolated PBMC were resuspended in RPMI 1640
(BioWhittaker, Walkersville, Maryland, USA) supple-
mented with 50 U/ml penicillin, 50 pg/ml streptomy-
cin, 2 mmol/] L-glutamine (BioWhittaker) and 10% fetal
bovine serum (Sigma, St. Louis, Missouri, USA). PBMC
were seeded at 1-2 x 10° cells/well in 24-well plates,
incubated overnight in culture medium with or with-
out recombinant IFN-a2a (rIFN-a; PBL, Piscacaway,
New Jersey, USA), and examined by flow cytometry
for coexpression of CD4, CDS8, CD38 and surface

phosphatidylserine (using the annexin V kit; BD
Pharmingen, San Diego, California, USA). Most analyses
included staining with anti-CD4—peridinin—chlorophyll
a complex protein, anti-CD8-allophycocyanin (APC),
anti-CD38—fluorescein  isothiocyanate (FITC) and
annexin V—phycoerythrin (PE). Some studies required
anti-CD28—FITC, anti-CD62L-APC, anti-CD45RO -
PE—cyanin 5 or anti-CD38-biotin with streptavidin-
APC-cyanin 7 as a secondary reagent. Fluorochrome-
matched mouse IgG; or mouse IgG,, isotypes were used
to establish background staining. Annexin V background
was determined with unstained cells. Antibodies were
purchased from BD Pharmingen.

The percentage apoptosis inhibition was calculated as
100 x [apoptotic cells in medium alone (%) — apoptotic
cells in IFN-oa-treated cultures (%)]/apoptosis in cells
incubated in medium alone (%).

Subjects

The HIV-positive group were aged 21—-62 years (median,
42); 30% were females and 66% were taking antiretroviral
therapy. Plasma HIV RNA levels were > 400 copies/ml
in 70% (median, 5667; range, 50—750 000). CD4 cell
count ranged from 7 to 1416 cells/pl (median, 464). The
healthy control donor group were aged 28—63 years
(median, 42) and 59% were females. These studies were
approved by institutional review committees.

Statistical methods

Differences across groups were determined by Student’s
t-tests, Mann—Whitney’s U-test or Kruskal—Wallis’ test,
according to the number of groups and distribution of
the data. The relationships between marker expression
and continuous plasma HIV RNA levels, age or CD4
cell counts were determined by Spearman’s rank order
correlation. To account for the effect of other indepen-
dent variables, partial correlation coefficients were used
as an initial exploratory step; findings were tested further
by multiple linear regression as needed.

Analyses were done with SPSS for Windows, version 11.0
(SPSS, Chicago, Illinois, USA) and Intercooled Stata,
version 6.0 (Stata Corp., College Station, Texas, USA).
Curve fitting was done with SigmaPlot, version 5.0
(Systat Software, Richmond, California, USA). All signi-
ficance tests were two-tailed.

Results

Interferon-a protects T cells from

spontaneous apoptosis

To examine the effect of IFN-a on T cell viability, PBMC
from HIV-infected persons or from healthy donors were
incubated with or without IFN-a in overnight cultures.
The percentages of T cells that had undergone apopto-
sis were determined by annexin V staining. Initially,
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Fig. 1. Interferon-a (IFN-o) protects T cells from spon-
taneous apoptosis. Peripheral blood mononuclear cells were
incubated overnight in medium alone or medium supple-
mented with 1000 U/ml IFN-a. Cells were examined the
following day for expression of CD4, CD8 and phosphatidyl-
serine. (a) Mean percentages of CD4 and CD8 T cells that

the analyses were restricted to lymphocytes with size
(forward scatter) and granularity (side scatter) consistent
with live cells. As expected, the percentages of CD4
and CD8 T cells that expressed phosphatidylserine
(annexin V positive) were increased in PBMC from
HIV-infected individuals (Fig. 1a). The addition of
rIFN-a (1000 U/ml) reduced the levels of apoptosis in
both T cell populations (Fig. 1b,c), although the degree of
protection was diminished significantly among CD4
T cells derived from the HIV-infected individuals com-
pared with that in healthy donors (Fig. 1¢). Experiments
with rIFN-a at one-tenth the dose (100 U/ml) also
provided protection from apoptosis in cells from eight
HIV-positive donors (mean percentage apoptosis inhi-
bition with 1000 and 100 U/ml rIFN-a was 35.1 and
27.3%, respectively, for CD8 cells and 30.0 and 26.5%,
respectively, for CD4 cells). Experiments with 10 U/ml
(n =2) or with 5U/ml (n = 3) rIFN-a suggested that
detectable protection from apoptosis was generally lost at
concentrations < 10 U/ml (not shown).

To confirm that these results were not a consequence of
excluding late apoptotic cells from the analyses, the
samples were re-gated to include cells with reduced
forward- and side-scatter morphology (late apoptotic
cells). The conclusions were unchanged by these
additional analyses (data not shown).

The specificity of the anti-apoptotic activity of IFN-a
was confirmed in PBMC from two donor samples by
adding anti-IFN-a/f3 receptor antibody (20 pg/ml) or
an isotype control antibody to cells treated with IFN-o.
IFN-a inhibited apoptosis by 32% and 53% for CD4 cells
and by 43% and 50% for CD8 cells. This protection from
apoptosis was reduced to 17% and 1% for CD4 cells and
28% and 0% for CDS8 cells, respectively, when anti-IFN-
o/P receptor antibody was added to the two donor
cultures. Isotype control antibody had little or no effect
(not shown).

Apoptosis of CD4 T cells is related to circulating
CD4 cell counts independently of plasma HIV
RNA levels

The relationships of apoptosis and apoptosis inhibition by
IFN-a to clinical indices of age, CD4 cell counts and
plasma HIV RNA levels was evaluated. For CD8 T cells,

Fig. 1. (continued)

were positive for annexin V (annexin V+) after overnight
culture in medium alone (from 49 HIV-infected persons
and 13 healthy donors). (b) Representative histograms show-
ing the percentage of CD4 and CD8 T cells that were annexin
V-positive in cell cultures from an HIV-infected person. (c)
Boxplots depicting the percentage apoptosis inhibition that
was mediated by IFN-a in overnight cultures. Comparison
between patient and control CD4 or CD8 T cells used a two-
tailed Student’s t-test.
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Fig. 2. Relationship between T cell apoptosis (percentages of annexin V-positive CD4 or CD8 cells) and CD4 T cell counts or
plasma HIV RNA levels. Peripheral blood mononuclear cells were analyzed after overnight incubation. Spearman’s correlation

coefficients (r) are indicated along with P values for significance.

spontaneous apoptosis exhibited a trend towards a direct
relationship with plasma HIV RNA levels while the
percentages of apoptotic CD4 T cells were inversely
correlated with circulating CD4 T cell counts and directly
related to plasma HIV RNA levels (Fig. 2). The
relationships between clinical indices and spontaneous
CD4 T cell apoptosis were scrutinized further by
multivariable analyses (partial correlations and linear
regression models). Both methods indicated that CD4 cell
counts, but not plasma HIV RNA levels, independently
predicted the magnitude of spontaneous CD4 T cell
apoptosis (P = 0.007), and the observation held whether
CD#4 cell count was considered as a continuous or as a
categorical (by strata) variable. In contrast, the magnitude
of annexin V binding on CD8 cells was only marginally
and non-significantly associated with CD4 cell count or
plasma HIV RNA in these multivariate analyses. These
results suggest that different mechanisms may underlie the
enhanced tendency for CD4 and CD8 T cells to undergo
apoptosis in HIV infection and there could potentially be
a connection between disease stage and the susceptibility
of CD4 T cells to this mechanism of cell death.

There was no relationship between age, plasma HIV
RNA levels or CD4 cell counts and the magnitude of
apoptosis inhibition mediated by IFN-a among CD4 T
cells (P = 0.58, 0.13 and 0.17, respectively). In contrast,
the ability of IFN-a to inhibit spontaneous apoptosis of
CDS8 T cells was directly related to circulating CD4 cell
counts (r=0.376; P = 0.008). Furthermore, multivari-

able analyses indicated that both CD4 cell count and
plasma HIV RNA levels were independently associated
with the ability of IFN-a to inhibit apoptosis of CD8 T
cells, although the association was marginal for HIV
RNA (P = 0.017 and 0.08, respectively). Thus, [FN-o-
mediated inhibition of CD8 T cell apoptosis may also be
impaired in HIV-infected persons with more severe
disease.

Spontaneous apoptosis is increased among
activated T cell subsets

It was possible that subsets of activated T cells might be
affected difterently by exposure to IFN-a and, therefore,
annexin V binding in T cell subsets differentiated by
expression of an activation marker, CD38, was compared.
Levels of spontaneous apoptosis were increased among
CD8+CD38+4 but not CD4+CD38+ cells compared
with their CD38-negative counterparts in samples from
HIV-infected persons and healthy donors (Fig. 3a).

While among memory CD4 T cells, CD38 may be a
marker of activation, it may be expressed constitutively
in the naive population [39,40]. Therefore, sponta-
neous apoptosis of CD4 T cells obtained from nine
additional HIV-positive donors [plasma HIV RNA
50-750 000 copies/ml (median, 3625); CD4 cell count
217-753 cells/pl (median, 406)] was examined, includ-
ing assessment of the T cell memory marker CD45RO
and measurement of CD38 expression. During overnight
incubation, apoptosis occurred predominantly within
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Fig. 3. Increased spontaneous apoptosis among T cell subsets. (a) Peripheral blood mononuclear cells (PBMC) were incubated
overnight in medium alone and stained the following day for expression of CD4, CD8, CD38 and surface phosphatidylserine.
Percentages of annexin V-positive T cells are shown for HIV-positive and HIV-negative donors. Comparisons between percentages
of annexin V-positive cells in CD38-positive and CD38-negative subsets were made using paired Student’s t-test. (b) PBMC from
three HIV-infected donors were incubated overnight and examined the next day for coexpression of CD4, CD45RO, CD38 and
surface phosphatidylserine. Dotplots indicate the coexpression of CD45RO and phosphatidylserine (annexin staining) on cells
gated for lymphocyte scatter characteristics and CD4 expression. Similar observations were made in an additional six subjects. (c)
Percentages of apoptotic cells were measured by annexin V staining in CD38-positive and CD38-negative cells that were gated for
lymphocyte scatter characteristics and coexpression of CD4 and CD45RO. P value was derived by paired t-test (n = 9).
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CD4 T cells expressing CD45RO (Fig. 3b) and CD4+
CD45RO+CD38+4 cells were more likely to die after
overnight incubation than were CD4+CD45RO+
CD38— cells (Fig. 3c). Therefore, activated memory
CD4 T cells from HIV-positive donors were especially
susceptible to spontaneous cell death in vitro.

Presence of CD38 or CD45RO does not predict
the ability of IFN-a to rescue CD4 memory

T cells from apoptosis

IFN-a was more effective in inhibiting apoptosis of
CD4+CD38— cells than of CD4+CD38+ cells (mean
percentage inhibition, 31.1 and 18.6%, respectively;
P < 0.001) in overnight incubations. The increased
potential for IFN-a to rescue CD44CD38— T cells
compared with CD4+CD384- T cells was also observed
in samples obtained from healthy donors (not shown).
These observations raised the possibility that diminished
inhibition of apoptosis by IFN-a in HIV disease could be
fully explained by a proportional increase in the
percentage of CD44-CD38+- cells in HIV infection. If
so, the percentage of CD4+CD38+ T cells should be
inversely correlated with the ability of IFN-o to inhibit
spontaneous apoptosis among CD4 T cells. No such
relationship was observed (r= —0.041; P =0.75),
suggesting that the differential susceptibility of CD38-
positive and CD38-negative cells to IFN-mediated
protection from apoptosis does not entirely explain the
diminished effectiveness of IFN-a to block apoptosis in
HIV infection.

These relationships were further tested in cells from the
nine HIV-infected persons where CD38 expression was
measured among the CD44-CD45RO+ cells in freshly
isolated preparations. The percentages of CD38 cells
among the freshly isolated CD4+CD45RO+ T cell
subset were inversely related to CD4 cell counts and
directly related to apoptosis in the cultured CD4+
CD45RO+ subset (Table 1). Nevertheless, the expres-
sion of CD38 among the CD44-CD45RO+ T cell subset
was not significantly related to the ability of IFN-a to

inhibit T cell death in these cultures, suggesting that
enrichment of activated memory CD4 T cells alone is not
likely to account for the diminished responsiveness of
CD4 T cells in HIV-positive patients to I[FN-a.

It was also possible that diminished IFN-a/3 receptor
expression might account for poor responsiveness of T
cells from HIV-positive patients to the anti-apoptotic
activity of IFN-a. Analyses of IFN-a/f receptor
expression among freshly isolated CD44+CD45RO+ T
cells from the nine HIV-infected persons and the four
healthy control donors suggested that there was no
deficiency in receptor expression in HIV disease (95% and
84% INF-a/ receptor-positive cells in HIV-infected
and healthy control donors, respectively). Furthermore,
there was no relationship between the percentages of
IFN-o/3 receptor-positive cells and the degree of
apoptosis inhibition mediated by IFN-a in cells from
these subjects (Table 1).

In general, higher plasma HIV RNA levels and lower
CD4 cell counts were associated with increased
spontaneous apoptosis of CD4+CD45RO+ cells, but
neither index predicted the ability of IFN-a to protect
memory CD4 T cells from apoptosis (Table 1). These
observations demonstrate that simple models of immune
activation, disease stage or levels of IFN-a/3 receptor
expression cannot readily account for the complexity of
IFN-a responsiveness in T cells from HIV-infected
persons.

IFN-a mediates induction of CD38 expression,
particularly among CD8 T cells

Interpreting the effects of IFN-a on apoptosis of
CD8+4-CD38+ and CD8+CD38~ subsets after IFN-o
treatment was compromised by a surprising ability of
IFN-a to induce CD38 expression, especially among
CDS8 T cells from HIV-infected persons (Fig. 4a). A 10-
fold lower concentration of IFN-a (100 U/ml) also
mediated detectable induction of CD38 (mean induction
of CD38 was14.6% for 1000 U/ml and 10.1% for

Table 1. Spearman’s correlations restricted to CD4+CD45RO+ T cells from nine HIV-positive donors.

Apoptosis Apoptosis CD38 Apoptosis Apoptosis Apoptosis inhibition
Apoptosis (%) CD38 (%) negative (%) inhibition (%) inhibition CD38 (%) CD38 negative (%)
CD38 (%)
r 0.800 0.700 0.817 —0.100 —0.483 —0.083
P 0.010" 0.036" 0.007* 0.798 0.187 0.831
Interferon-a/B receptor (%)
r —-0.477 0.653 —0.544 —0.100 0.326 —0.444
P 0.194 0.057 0.130 0.797 0.391 0.232
Plasma HIV RNA
r 0.635 0.731 0.731 —0.228 —0.563 —0.048
P 0.091 0.040" 0.040" 0.558 0.146 0.910
CD4 cell count
r —0.900 —0.583 —0.883 0.083 0.517 0.133
P 0.001* 0.099 0.002" 0.831 0.154 0.732

*Significant at P < 0.05.
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Cumulative data from 48 patients and 13 controls showing the change in CD38 expression (percentage CD38 cells in cultures
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100 U/ml; n = 8) in cells from HIV-infected donors. The
specificity of this activity was confirmed in experiments
with cells from two HIV-infected individuals wherein the
induction of CD38 expression was diminished by addi-
tion of anti-IFN-a/3 receptor antibody (20 pg/ml) from
5% to 1.3% and from 5.9% to 1.2%, but was not changed
by addition of isotype control antibody at the same
concentration. In addition, depletion of CD38 T cells prior
to treatment with IFN-a verified that IFN-a induced
CD38 expression on CD8 T cells (data not shown).

The induction of CD38 expression among CD8 T cell
subsets differentiated by expression of CD28 and/or
CDO62L was also examined. These markers are absent on
difterentiated CD8 eftector/memory T cells. The induc-
tion of CD38 by IFN-a occurred almost exclusively
among CD28-negative and CD8+CD62L—/low T cells
(Fig. 4b). In contrast, protection from apoptosis occurred
in all CD8 T cell subsets examined (Fig. 4c). Incubation
of PBMC with IFN-a did not change the expression of
CD28 or CD62L on CDS8 cells from that seen in
incubation of PBMC in medium alone. In addition,
comparison of freshly isolated cells with cells cultured
overnight (n = 3) indicated that cultured CDS8 cells did
not spontaneously lose expression of either CD28 or
CD62L (not shown). Therefore, the induction of CD38
on CD8+4CD28-CD62L+— cells is not the result of
CD38 cells losing expression of CD28 or CD62L during
incubation with IFN-a.

Since previous studies indicate that CD84+CD62L— and
CD8+CD28— cells increase proportionally as HIV
infection progressed [21,22,41], it was hypothesized that
IFN-a induction of CD38 on CD8 T cells would
increase as CD4 T cell numbers decline with disease
progression. Surprisingly, instead of an inverse relation-
ship, induction of CD38 on CD8 T cells was directly
related to CD4 cell counts (r=0.383; P = 0.007) and
marginally related to age (r = 0.239; P = 0.059).

Discussion

The expression of IFN-a in HIV infection may have
important consequences for T cell function and survival.
IFN-o mediates anti-apoptotic effects in both CD4 and
CD8 T cells cultured in vitro without additional stimuli.
Importantly, the ability of IFN-a to inhibit CD4 T cell
death is impaired in HIV disease whereas the ability of
IFN-a to inhibit CD8 T cell death is only diminished
among patients with more severe disease (lower CD4 cell
counts and higher plasma HIV RNA levels). None-
theless, there is heterogeneity in both susceptibility to
spontaneous apoptosis in vitro and the ability of IFN-a to
protect cells from apoptosis among T cell subsets. Spon-
taneous apoptosis is increased among CD8+4-CD38+ cells
in both HIV infection and in health, suggesting that
activated CD8 cells are more susceptible to apoptosis than

quiescent CD8 cells. In contrast, CD38 did not
distinguish cells that were more readily induced to
undergo apoptosis among CD4 T cells; however, this was
probably a consequence of the constitutive expression of
CD38 among naive CD44+CD45RO— cells. When the
analyses were restricted to CD4+CD45RO+ cells,
which were the predominant cell type undergoing
spontaneous apoptosis within the CD4 T cell subsets,
the expression of CD38 strongly predicted spontaneous
apoptosis. Moreover, the CD4+CD45RO+CD38+
cells were more prone to spontaneous apoptosis than
the CD4+CD45RO+CD38— subset. Therefore, acti-
vated CD4 memory cells were more likely to undergo
apoptosis in vitro. The percentage of CD38-expressing
cells within either the whole CD4 T cell subset or the
CD4+4CD45RO+ T cell subset, however, did not
predict the ability of IFN-a to rescue CD4 T cells (or
CD4+CD45RO+) from apoptosis. This suggests that
simple enrichment of activated T cells, as occurs in HIV
infection, is not likely to explain the diminished ability of
IFN-a to rescue CD4 T cells from spontaneous apoptosis.

Previous studies have suggested that there are reduced
levels of IFN-a/B receptor expression in PBMC from
HIV-infected persons [42], perhaps underlying reported
impairments of IFN-a responsiveness among certain cell
types in HIV infection [43]. Nevertheless, our initial
analyses of type I IFN-a/ receptor expression among
CD4+CD45RO+ cells from HIV-infected persons
demonstrated that the majority of these cells did express
type 1 IFN-a/f receptor and that there was no
discernable relationship between the expression of this
receptor and responsiveness to the anti-apoptotic activity
of type I IFN. These observations suggest that any defects
in type I IFN-responsiveness is probably not a con-
sequence of diminished receptor expression in HIV
infection.

We also attempted to explore the relationship between
IFN-a levels in cryopreserved plasma samples from our
study subjects and T cell responses to IFN-a in wvitro.
Though we were unable to find a correlation between
IFN-a levels in cryopreserved plasma and T cell
responsiveness to this cytokine, only 17 of 44 plasma
samples had detectable IFN-a. To reduce the possibility
of a type II error, a second analysis was restricted to only
those samples with a positive IFN-a result in an enzyme-
linked immunosorbent assay (ELISA). Even with this
approach, we failed to find a correlation between IFN-a
detected in plasma and IFN-a responses (measured by
apoptosis inhibition or CD38 induction). The percentage
of CD8 cells that expressed CD38 in untreated PBMC
cultures was related to plasma IFN-levels (r= 0.557;
P =0.031), suggesting that in vivo levels of IFN-a may
contribute at least in part to the increased frequencies of
CD38+CD8+ T cells observed in HIV disease. We are
not, however, fully confident that cryopreserved plasma
samples are ideal for IFN-a measurement or that these
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levels reflect reliably the in vivo exposure. Therefore, these
data suggest but do not assure that in vivo exposure to
IFN-a may contribute to a heightened ‘activation’state in
HIV infection.

The concentration of IFN-a levels in plasma of late-stage
HIV-infected persons is reported to average 15—-84 U/
ml, with levels as high as 500—600 U/ml in some patients
[1,44]. These concentrations are within the range of
biological activity that we report here. Obviously, our
analyses of IFN-a in plasma could not confirm these high
levels of cytokine in HIV disease but this may stem from
our sample source (cryopreserved plasma) or our method
of detection (ELISA rather than biological assays).
Alternatively, lower levels of type I IFN production
might be anticipated in HIV infection since the primary
cell type responsible for production of this cytokine is
depleted (at least from peripheral blood) and functionally
impaired in HIV infection [45—51]. Further assessment of
type I IFN expression in vivo may help to clarify these
issues in HIV disease.

In addition to questions surrounding the production of
type I IFN in HIV infection, the role of this cytokine in
HIV pathogenesis remains uncertain. While some
investigators propose administration of IFN-a to inhibit
HIV replication [52—55], others propose that interferon
activity should be blocked to attenuate its immuno-
pathological eftects [56—58]. Our results suggest that the
increased expression of IFN-a in HIV infection is likely
to have complex consequences for T cell viability and
activation. Moreover, the effects of IFN-o in HIV infec-
tion may not be predictable, since we have demonstrated
here and elsewhere [43] that cellular responsiveness to
IFN-a is altered in HIV infection. Our work under-
scores the complex activities of this cytokine in HIV
infection and in health and suggests that strategies
utilizing or inhibiting this cytokine may have profound
and heterogeneous effects on lymphocyte activation and
survival.
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