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Abstract

Decreased expression of interleukin (IL)-7 receptor a (CD127) on CD8 + T cells in progressive HIV disease
suggests a role for CD127 regulation in HIV immunopathogenesis. The direct effect of HIV on CD127 expression
has not been explored to explain these in vivo findings. Peripheral blood mononuclear cells (PBMCs) or isolated
CD8 + T cells from healthy individuals were cultured with either X4 (HIV-1IIIB), R5 (HIV-1BaL), dual tropic (HIV-
1CS204), or replication-incompetent (HIV8E5) strains of HIV. Both X4 and R5 strains transiently decreased CD127
expression on CD8 + T cells in PBMC cultures but had no effect on isolated CD8 + T cell cultures. Isolated CD8 + T
cells exposed to either (1) PBMCs incubated with HIV and cultured in a transwell or (2) supernatants from
PBMCs incubated with HIV resulted in decreased CD127 expression. Under no conditions did the replication-
incompetent HIV strain affect CD127 expression. As observed in vivo, infection of PBMCs with HIV in vitro
results in the downregulation of CD127 surface expression on CD8 + T cells. Collectively, these data indicate that
soluble factor(s) released as a result of HIV infection regulate CD127 expression. Further elucidation of the
mechanism(s) of CD127 downregulation will provide important insights into the immunopathogenesis of HIV
disease.

Altered expression and activity of CD127 have been
observed in several human diseases, including latent

Epstein–Barr virus (EBV) and cytomegalovirus (CMV), and
chronic HIV and hepatitis C virus (HCV) infection, the im-
plications of which have yet to be fully understood.1–3 In HIV
infection, we and others have demonstrated that CD127 is
expressed on a lower proportion of CD4 + and CD8 + T cells
compared to that observed in HIV-uninfected individuals.2,4

Interleukin (IL)-7 activity is important for T cell development,
homeostasis, memory development, and T cell effector func-
tions. Despite the increase in IL-7 in HIV disease,5 cytolytic T
cell activity (CTL) becomes impaired with disease progres-
sion. We and others have shown that a decrease in IL-7 re-
sponsiveness in T cells is also a feature of progressive
disease.6,7 The loss of CD127 expression has also been corre-
lated with the expansion of effector CD8 + T cells with cyto-
lytic activity during chronic HIV infection.1 Impaired CD4 +

and CD8 + T cell function and decreased CD127 expression
have recently been linked to abnormal activation of the im-
mune system in HIV + individuals and resulting immunode-
ficiency.2

Expression of CD127 on both naive and memory CD8 + and
CD4 + T cells has recently been shown to be inversely corre-

lated with CD8 + T cell exhaustion in the context of persistent
exposure to antigen2 and the expansion of effector CD8 + T
cells during chronic HIV infection.8 The cellular mechanism
linking antigen persistence to decreased CD127 expression is
not known. We and others have shown that IL-7 decreases
CD127 expression on CD8 + T cells.9,10 This indicates a bio-
logical process to explain correlations of increased plasma
IL-7 with decreased CD127 in HIV patients.11 The recent ob-
servation that HIV tat, to the exclusion of other HIV and
non-HIV proteins, decreases CD127 on CD8 + T cells12 sug-
gests a degree of pathogen specificity and that CD127
downregulation is not simply a nonspecific response to im-
mune activation. Although in vitro infection has been used to
study mechanisms of HIV-induced alterations of cytokine and
cytokine receptor expression, its effect on CD127 expression
has not been investigated. Here we begin to examine the
mechanisms by which HIV decreases CD127 expression on
CD8 + T cells and thereby understand the downregulation
that has been observed in in vivo HIV infection.

To first determine if in vitro HIV-1 infection results in a
CD127 downregulation on CD8 + T cells, peripheral blood
mononuclear cells (PBMCs) (106 cells/ml) from HIV - indi-
viduals were incubated with various strains of HIV-1: dual
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tropic (HIV-1CS204), X4 tropic (HIV-1IIIB), R5 tropic (HIV-1Ba-L),
and replication-incompetent (HIV-18e5) (supernatant from
8e5 cells). Briefly, PBMCs were pretreated with 2 lg/ml of
polybrene (Sigma-Aldrich) for 1 h at 37�C, 5% CO2 and
washed in phosphate-buffered saline (PBS). Cells were then
incubated with HIV (MOI of 0.01), supernatants from 8e5
cells containing HIV-1 virions defective in reverse-tran-
scriptase activity (10 ng HIV-1 p24/ml), or mock infected
with equivalent volumes of PBMC culture supernatant for
3–4 hours at 37�C, 5% CO2 and washed. Cells were then
cultured (106 cells/ml) for 96 h and CD127 expression on
CD8 + T cells was measured every 24 h by flow cytometry
using a Beckman Coulter ALTRA flow cytometer and the
EXPO version 2.0 software package. The impact of a given
stimulus on the expression of CD127 on CD8 + T cells was
calculated as follows: [(% CD8 + CD127 + T cells in the pres-
ence of stimulus)/(% CD8 + CD127 + T cells in medium
alone)] · 100. One-way ANOVA analysis was used to com-
pare virus-induced changes over time (relative to uninfected
controls at each time point) followed by the Dunnett’s
posttest, with p < 0.05 considered statistically significant
(SigmaStat 3.0, Ashburn, VA).

We found that infection of PBMCs with all HIV strains
resulted in a decrease in CD127 expression on CD8 + T cells.
As illustrated with HIV-1CS204 (Fig. 1A), CD127 expression
was significantly lower after 24 h of culture ( p = 0.003 by
ANOVA and p < 0.05 by Dunnett’s pairwise test versus
baseline). This decrease was transient, as CD127 levels re-
turned to baseline after 48 h. Receptor expression returned to
levels observed in mock-infected cells by 96 h. Infection of
PBMCs with the replication-incompetent HIV-18e5 did not
alter CD127 expression on CD8 + T cells suggesting that active
viral replication is required for the downregulation of CD127
(Fig. 1A). The regulation of CD127 expression by host cyto-

kines altered in HIV infection (e.g. IL-7 and IL-4) has been
investigated in vitro, and both IL-7 and IL-4 have been shown
to decrease CD127 expression on CD8 + T cells.8,9,13 In the
present study, the addition of anti-IL-7 or anti-IL-4 antibodies
did not reverse the downregulation of CD127 observed on
CD8 + T cells with HIV-infected PBMC cultures, nor was the
concentrations of IL-7 or IL-4 in culture supernatants found to
be elevated (data not shown).

To determine if HIV directly decreases CD127 expression
on CD8 + T cells isolated CD8 + T cells were cultured with each
HIV-1 strain in parallel to the PBMC experiments described
above. Isolation of CD8 + T cells was performed using MACS
CD8 Microbeads (Miltenyi Biotec) following the manufac-
turer’s instructions. In contrast to the results observed with
PBMCs, no significant changes in surface CD127 expression
were detected on isolated CD8 + T cells following incubation
with HIV-1CS204 (Fig. 1B), HIV-1IIIB, or HIV-1Ba-L (data not
shown). As above, replication-incompetent HIV-18e5 did not
affect CD127 expression (Fig. 1B).

To determine if a soluble factor(s) resulting from in vitro
HIV infection of PBMCs mediated the effect on CD127 ex-
pression, isolated CD8 + T cells were incubated in a transwell
with autologous PBMCs. Incubation of PBMCs previously
infected for 24 h with HIV-1CS204 in transwells with isolated
CD8 + T cells resulted in the decrease of CD127 expression in
the latter cells after 24 h (Fig. 2A, p = 0.005 by ANOVA and
p < 0.05 by Dunnett’s pairwise test versus baseline). Similar
results were observed in cultures infected with HIV-1IIIB or
HIV-1Ba-L strains (data not shown). After 96 h of transwell
culture, CD127 expression on isolated CD8 + T cells returned
to levels similar to what was observed when PBMCs were
mock infected.

Alternatively, PBMCs were cultured with HIV for 24 h
and then their culture supernatants were collected and

FIG. 1. In vitro HIV infection decreases CD127 expression in human peripheral blood mononuclear cells (PBMCs) but not in
isolated CD8 + T cell cultures. PBMCs or isolated CD8 + T cells were exposed to HIV in vitro for 3–4 h, washed, and cultured
for a further 72 h. The expression of CD127 on CD8 + T cells was measured by flow cytometry every 24 h. The expression of
CD127 on CD8 + T cells over time was decreased in (A) PBMC cultures after 24 h ( p = 0.003 by one-way ANOVA and *p < 0.05
by Dunnett’s test versus mock-infected cells) but not in (B) isolated CD8 + T cells cultured with HIV-1CS204 (dual-tropic)
strain. Data are shown as % expression compared to mock-infected cells (i.e., parallel, uninfected PBMC cultures) and depict
the results of four (PBMC) or six (isolated CD8 + T cells) experiments. Cells infected with the replication-incompetent strain
HIV-18e5 were also analyzed as a negative control. Statistical significance was determined by the one-way ANOVA and
Dunnett’s posttests (*p < 0.05), comparing CD127 expression to mock-infected cells.
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added to parallel cultures of isolated CD8 + T cells. Expression
of CD127 was assessed every 24 h. Similar to the transwell
experiments, CD8 + T cells cultured with supernatants from
in vitro PBMCs infected by these same strains also showed a
decrease in CD127 expression. There appeared to be a de-
crease by 24 h of incubation, but this did not reach statistical
significance until the 48 h time point ( p = 0.021 by ANOVA
and p < 0.05 by Dunnett’s pairwise test versus baseline) before
returning to baseline levels after 72 h (Fig. 2B).

The downregulation of CD127 on CD8 + T cells by in vitro
HIV infection appears to be due to the activity of soluble
factor(s) present in HIV-infected PBMC cultures. Although
these changes are modest, they are in the range of what has
been reported with HIV-tat or low concentrations of IL-7, as
shown in several reports.12,14 Similarly, the transient nature of
CD127 downregulation has also been observed when CD8 + T
cells are incubated with IL-7 or IL-4.8,9,13 The observation that
HIV-tat, to the exclusion of other HIV proteins, decreases
CD127 on CD8 + T cells suggests a degree of pathogen spec-
ificity.12 In the present experiments, the concentration of tat in
virus-containing supernatants added to isolated CD8 + T cells
may have been too low to have a pronounced effect on CD127
expression, but this may increase with viral replication in
PBMCs. Analysis of supernatants collected from HIV-1CS204-
infected PBMCs suggests that the decrease in CD127 expres-
sion was not due to increased IL-7 or IL-4 production. Host
cytokines such as IL-7 or IL-4 may work in concert with one
another, therefore inhibiting each individually may not re-
verse the effect of other mediators of CD127. Furthermore, the
concentrations of IL-7 and IL-4 required to decrease CD127

expression in vitro exceed levels found in plasma.9,13 Simi-
larly, the concentration of other cytokines in the IL-2R c-chain
sharing family (IL-2, - 9, - 15, - 21), some of which have been
shown to decrease CD127 expression,15 may be too low
in vitro to alter CD127 expression.

As seen in vivo, in vitro HIV infection of PBMCs results in
the downregulation of CD127 expression on CD8 + T cells.
This effect was transient and appeared to require infection of
cells in culture, as culturing of isolated CD8 + T cells with virus
did not alter CD127 expression. The requirement for active
viral replication is supported by the observation that when
PBMCs were cultured with the replication-incompetent viral
strain HIV8e5, CD127 expression was unaltered. In addition,
this affect is mediated by soluble factor(s) present in the cul-
ture supernatants of PBMCs infected with HIV in vitro,
though this does not appear to be due to known mediators of
CD127 expression (i.e., low concentrations of IL-4, IL-7, or
HIV-1 tat). Studies investigating other potential host or viral
factors influencing this observed effect are ongoing. Lastly,
this study suggests that the mechanisms involved in the
downregulation of CD127 in HIV infection may include fac-
tors other than, or in addition to, IL-7 or IL-4. Further eluci-
dation of these mechanisms will provide important insights
into the immunopathogenesis of HIV disease.
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