
AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 24, Number 9, 2008
© Mary Ann Liebert, Inc.
DOI: 10.1089/aid.2008.0054

Short Communication

HIV Type 1 Viremia on ART Is Positively Associated
with Polyclonal T Cell Proliferation in Subjects

with T Cell IFN-� Secretion Levels
Comparable to Those of Uninfected Subjects
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Abstract

We investigated the association between plasma HIV-1 RNA, immune activation, and polyclonal T cell func-
tion in viremic subjects whether on or off antiretroviral therapy (ART). The surface expression of
activation/functional molecules on T cells and monocytes as well as cytokine secretion and T cell proliferation
were assessed in 23 HIV-1� and 79 HIV-1�-infected subjects with different levels of viral suppression and CD4�

T cell count �250 cells/mm3 for �6 months. Viral replication was associated with increased T cell and mono-
cyte activation irrespective of ART. In subjects with a detectable viral load on ART, we found a positive asso-
ciation with anti-CD3/CD28-induced T cell proliferation compared to patients with undetectable viral load
(�400 copies/ml). No difference among groups was observed for anti-CD3/CD28-mediated IFN-� responses.
The presence of an unexpected positive association between polyclonal T cell proliferation and viral load in
subjects with levels of T cell IFN-� responses comparable to those of uninfected subjects is of potential rele-
vance to an increase in T cell activation response before the loss of polyclonal cytokine secretion and prolifer-
ation observed with disease progression. This finding suggests that T cell hyperresponsiveness may play a role
in the pathogenesis of immune comorbidities on ART.

1203

HIV-1 INFECTION is associated with generalized immune
dysfunction. Among other effects, increased T cell acti-

vation,1–6 impaired costimulatory molecule expression
(CD80/CD86),7 loss of CD4� T cell lymphoproliferative re-
sponses,8 and decreased cytokine production9–11 have been
associated with progressive loss of CD4 count and rising vi-
ral load. Furthermore, peripheral blood mononuclear cells
(PBMCs) from patients with a low CD4� T cell count and
high viral load express lower levels of interleukin (IL)-13 and
interferon (IFN)-� following ex vivo stimulation by anti-
CD3/anti-CD28 antibodies.12

Effective treatment of HIV-1-infected subjects with anti-
retroviral therapy (ART) results in viral suppression and im-
mune reconstitution, characterized by an increase of CD4�

T cells, decrease in immune activation,13 and recovery of
CD4� T cell recall responses.14 Detectable HIV antigen-spe-
cific responses15,16 have also been demonstrated in subjects
with low-level viremia, as well as in ART-treated subjects
who exhibit a sustained CD4� T cell count despite virologic
failure. Although progressive loss of T cell function has been
correlated with disease progression,17 the relationship of on-
going viral replication with T cell and monocyte activation
and function in the absence of advanced HIV infection
(CD4� T cell count �250 cells/mm3), irrespective of the pres-
ence of ART, remains largely unknown.

HIV-1� subjects with different levels of viral suppression
and CD4� T cell count �250 cells/mm3 for �6 months be-
fore collection were recruited. Venous peripheral blood (80
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ml) was collected from 23 HIV-1� subjects and 79 HIV-1�

subjects with plasma HIV-1 RNA �400 copies/ml (n � 34,
29 on ART), 400–5000 copies/ml (n � 28, 18 on ART), and
�5000 copies/ml (n � 17, 9 on ART). Plasma HIV-1 RNA
was determined at the time of blood draw by Quest Diag-
nostic (Horsham). Informed consent was obtained according
to the Human Experimentation Guidelines of the U.S. De-
partment of Health and Human Services and of the authors’
institutions. The study protocol was approved by the Insti-
tutional Review Boards (IRBs) of the Wistar Institute and
Philadelphia FIGHT.

Cell surface expression of targeted molecules was mea-
sured by same-day whole blood staining. Fluorochrome-con-
jugated antihuman monoclonal antibodies from the follow-
ing sources were used: (1) BD PharMingen (San Diego): IgG1
CD3-phycoerythrin (PE), IgG1 CD4-PE, IgG1 CD38-PE, IgG1
CD28-fluorescein isothiocyanate (FITC), IgG2a CD14-FITC,
IgG1 CD40-FITC, IgG1 CD86-FITC, isotypes mouse IgG1-PE,
mouse IgG1-FITC, mouse IgG2a-FITC, mouse IgG2a-Tri-
Color (TC), and mouse IgG2b-allophycocyanin (APC), and 
(2) Invitrogen/CalTag (Burlingame): IgG1 CD80-PE, IgG1
CD4-FITC, IgG1 CD95-FITC, MHC Class I-FITC, IgG2a 
CD4-TC, IgG2a CD8-TC, and HLA-DR-APC. The following
antibody combinations were used: (1) CD3-PE/CD95-FITC/
HLA-DR-APC, (2) CD4-TC/CD28-FITC/CD38-PE/HLA-DR-
APC, (3) CD8-TC/CD28-FITC/CD38-PE/HLA-DR-APC, (4)
CD80-PE/CD86-FITC/HLA-DR-APC, (5) CD40 FITC/HLA-
DR-APC, (6) MHC Class I-FITC/HLA-DR-APC, and (7)
CD14-FITC/HLA-DR-APC. Color compensation was per-
formed by using CD4-FITC, CD4-PE, CD4-TC, and HLA-DR-
APC. Combinations 1–3 were used for phenotypic charac-
terization of T cells, while combinations 4–7 were used for
phenotypic characterization of monocytes. Samples were an-
alyzed on a Becton Dickinson FACScalibur flow cytometer
using the CellQuest software package for acquisition and
analysis as previously described.18 Live cell gates and de-
tection thresholds were set according to isotype-matched
negative controls. A minimum of 104 events was collected
for each analysis. Nonoverlapping lymphocyte and mono-
cyte gates (separated to avoid activated lymphocyte cross-
over) were defined/reconfirmed for each subject based on
size and granularity [at forward scatter (FSC)/side scatter
(SSC)] and CD3 or CD14/HLA-DR expression, respectively.
Results were expressed as percent (%) of positive events and
as mean fluorescent intensity (MFI) for CD38, CD80, CD86,
CD40, and MHC Class I.

Lymphoproliferative assays (LPA) were initiated on the
same day as cell isolation, as previously described.18 PBMCs
(250,000 cells/well) were cultured in a six replicate format
along with medium alone (background), anti-CD3 (OKT3
IgG2a)/anti-CD28 ascites (CK-248 IgM), or phytohemagglu-
tinin (PHA, 5 �g/ml, Sigma-Aldrich), as previously de-
scribed.12 Results were expressed as stimulation index (SI �
antigen stimulated mean cpm/unstimulated mean cpm). An
SI �3 was interpreted as positive.

For cytokine assessment, PBMCs were stimulated with
anti-CD3/CD28 on the same day as isolation, and super-
natants were collected at day 3, as previously described.12

IFN-� was measured by in-house RIA, as previously de-
scribed,12 while IL-13 was measured by ELISA according to
the manufacturer’s specifications. All cytokine measure-
ments were based on the average of triplicate (RIA) or du-

plicate (ELISA) samples. Thresholds of detection were 1.6
pg/ml for IFN-� and 7.813 pg/ml for IL-13.

The data are described as medians and 25th and 75th per-
centiles for all groups. Each variable distribution was ana-
lyzed for normality using the Shapiro-Wilk W test (p � 0.05)
and between group comparisons were performed by t-test
or the Wilcoxon/Kruskal-Wallis test (rank sums) depending
on the data distribution. Correlations between variables were
assessed using Spearman or pairwise correlation tests. De-
scriptive analyses and statistical tests were performed using
JMP 4.0 (SAS Institute) and study conclusions were recon-
firmed following multiple testing correction.

The median age of the subjects was 40 years (25th–75th
percentile 23–66); 48% of HIV-1� and 59% of HIV-1� sub-
jects were male. The median CD4% of all HIV-1� subjects
was 48 and of all HIV� subjects was 28% (Fig. 1A).

Similar to what has been described by several groups,19

viral replication was positively associated with T cell acti-
vation, as characterized by assessment of the percent of
CD3�/CD95� (p � 0.04, rho � 0.29), CD3�/HLA-DR� (p �
0.002, rho � 0.43), CD3�/CD95�/HLA-DR� (p � 0.002,
rho � 0.44), CD4�/CD38� (p � 0.02, rho � 0.33), and
CD8�/CD38� (p � 0.0004, rho � 0.51). These results were
further supported by between-group comparisons for CD38
MFI changes (Fig. 1B). Viral replication also resulted in sig-
nificantly increased levels of CD80, CD86, CD40, and MHC
Class I MFI on monocytes (Fig. 1C–F), while no significant
difference was observed among groups in the percent of
CD80�/HLA-DR�, CD86�/HLA-DR�, CD40�/HLA-DR�,
and MHC Class I�/HLA-DR� cells. Interestingly, the direct
association between T cell activation, monocyte cell surface
modulation, and HIV-1 replication was present irrespective
of ART (data for percent of CD8�/CD38� T cells shown in
Fig. 2C).

Subsequently, we evaluated functional outcomes of T cell
activation in PBMCs for the same subjects by analyzing anti-
CD3/CD28-dependent cytokine and proliferative responses.
IFN-� and IL-13, measured as cytokines, were previously de-
scribed to be affected by disease progression when evalu-
ated by anti-CD3/CD28 stimulation, as performed here.12

However, we observed no significant difference in IFN-� or
IL-13 secretion levels between HIV�-infected groups (data
for IFN-� shown in Fig. 2A) even when subjects were seg-
regated based on the presence or absence of ART (not shown)
or based on CD4 T cell frequency (above or below a median
CD4% of 28). Higher cytokine secretion was observed in
HIV-1� subjects (IFN-�: median 965.4, 25th–75th percentile
401.6–1978.1; IL-13: median 1507.2, 25th–75th percentile
227–2514.5) as compared to HIV-1� patients with plasma
HIV-1 RNA �5000 copies/ml in the absence of ART (IFN-�:
median 441.3, 25th–75th percentile 4.7–1692.7; IL-13: median
139.7, 25th–75th percentile 22.3–304.5) as previously de-
scribed.12 Significance was reached only with induced IL-13
levels (p � 0.0017). The comparable levels of anti-CD3-/
CD28-mediated IFN-� and IL-13 responses between viremic
and uninfected subjects observed in this study suggest that
our viremic subject groups with CD4 counts �250 cells/�l
were enriched for subjects in early disease.

Surprisingly, following stimulation with anti-CD3/CD28
or PHA, we observed increased T cell proliferation in viremic
subjects independent of ART (Fig. 2B). In addition, a posi-
tive association between viral load on ART and T cell pro-
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FIG. 1. Increased T cell and monocyte activation as a result of viremia. (A) Percentages of CD4� T cells are shown in 
HIV-1� subjects and in HIV-1� subjects with plasma HIV-1 RNA �400, 400–5000, and �5000 copies/ml irrespective of ART
status. (B–F) Mean fluorescent intensity (MFI) of CD38 on CD8� T cells (B) and of CD80 (C), CD86 (D), CD40 (E), and HLA
(F) on HLA-DR� monocytes is shown in similar groups as in (A). Dots represent individual patients data, while lines in-
dicate the median and 25th and 75th percentiles. Significant p values are shown on the top of each graph.



PAPASAVVAS ET AL.1206



liferation upon stimulation with anti-CD3/CD28 (p � 0.0038,
rho � 0.38) or PHA (p � 0.0046, rho � 0.37) was observed.
Unstimulated proliferation levels were similar, excluding an
experimental bias. Interestingly, the increase in proliferation
was observed only in viremic subjects with CD4 T cell fre-
quency above the median (CD4% median 28), supporting the
interpretation that this effect may be limited to subjects with
higher CD4 cell frequencies in conjunction with the presence
of T cell cytokine responses. Finally, in order to evaluate
whether the increased T cell activation and activation-in-
duced proliferation were associated with documented
changes on accessory cells, we tested for an association be-
tween monocyte expression of CD80, CD86, and CD40, and
the anti-CD3/CD28 T cell proliferation response. No direct
association was found between monocyte phenotype fre-
quencies or MFIs measured and levels of T cell proliferation.

Contrary to the negative effects of viral replication on T
cell cytokine and proliferative responses in progressive HIV
disease, we document, for the first time, a positive associa-
tion between viral replication and polyclonal T cell prolifer-
ative responses in chronically HIV-1-infected patients with
CD4 counts �250 cells/�l and sustained IFN-� secretion re-
sponses. Our data suggest that a positive association be-
tween viral load and T cell proliferation response is present
in subjects with intact polyclonal cytokine secretion re-
sponses and precedes the loss of cytokine response by acti-
vated T cells and a decline in T cell proliferative responses,
which are commonly observed in advanced disease.20 A gen-
eral upregulation of monocyte coactivation in viremic sub-
jects in conjunction with increased polyclonal T cell prolif-
eration function, as observed here, would be predicted to be
associated with higher activation of antigen-specific re-
sponses in the presence of viremia. However, it remains to
be determined whether an increased polyclonal T cell pro-
liferation response is present with increasing viremia in sub-
jects with intact IFN-� secretion responses during early non-
ART-treated disease and before the decrease of CD4 T cells,21

as predicted by our data.
Of interest, recent reports confirm an exacerbation of au-

toimmune diseases in the presence of ART.22,23 This suggests
that viral replication in the presence of recovered T cell func-
tionality on ART may exacerbate autoreactive T cells, as ob-
served here with polyclonal stimulation. It should be noted
that based on the polyclonal stimulation method used, we
cannot rule out that the increase in proliferation observed
may also include amplification of HIV-specific memory re-
sponses aided by residual HIV-1 antigen retained in vitro
from viremic subjects.

In conclusion, our findings document an unexpected pos-
itive association between polyclonal T cell proliferation re-
sponses and viral replication in subjects with T cell cytokine
response levels comparable to those of uninfected subjects.

Our data also indicate that despite the beneficial effect of
ART in achieving immune reconstitution, incomplete viral
suppression may promote T cell hyperresponsiveness as a
result of accessory and effector cell interactions. This is of
relevance to immunotherapy or autoimmune comorbidities
on ART.
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