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Abstract
Loss of interleukin-7 (IL-2) receptor expression has been described in T lymphocytes from
persons with human immunodeficiency virus (HIV) infection, potentially contributing to
perturbations in T cell homeostasis. We investigated IL-7 receptor signaling by measuring signal
transducer and activator of transcription 5 (STAT5) phosphorylation in CD4+ T cell subsets from
HIV-infected persons. We determined that CD45RA− memory cell subsets (both CD27+ and
CD27−) displayed the most robust immediate responses to IL-7, whereas naive CD4+ T cells
sustained the signal most efficiently. Memory CD4+ T cells with a terminal phenotype
(CD45RA+CD27−) responded poorly to IL-7 stimulation. Defects in signaling were observed in
cells from viremic HIV-infected persons and were especially pronounced in CD45RA−CD27−
memory subset. Although CD127 expression was diminished for T cells from HIV-infected
persons, it was not directly related to IL-7 receptor signaling function. Instead, age was inversely
related to IL-7 signaling in cells from both HIV-infected viremic subjects and healthy control
subjects. Thus, HIV infection results in impaired IL-7 responsiveness, especially in memory CD4+

T cells, and this defect is likely compounded by aging.

Interleukin-7 (IL-7) plays an important role in T cell development and survival. Mice
engineered with IL-7 [1] or IL-7 receptor gene deletions [2,3] are lymphopenic and humans
with IL-7 receptor α deficiencies also experience immunodeficiency [4]. IL-7 enhances
thymocyte survival [5,6] and is required for survival of memory and naive T cells [7–9].
Thus, perturbations in IL-7 and/or the IL-7 receptor are likely to have important
consequences for immune homeostasis.

IL-7 receptor expression is diminished in cells from HIV-infected persons [10,11], raising
the possibility that IL-7 receptor signaling may be impaired in HIV disease. Our previous
studies explored the effects of IL-7 stimulation on naive CD4+ T cells from HIV-infected
persons during T cell receptor–driven cellular proliferation [12]. Our results suggested that
naive T cells from HIV-infected persons responded to IL-7 stimulation with an intensity
similar to that of cells from healthy control subjects. However, we did not directly measure
IL-7 responsiveness in the absence of T cell receptor stimulation, nor did we investigate the
signaling function of the receptor.

To mediate signaling, IL-7 interacts with the IL-7 receptor complex, consisting of the α
chain (CD127) and the common γ chain, which is shared by several other cytokine receptors,
including those for IL-2 and IL-15. Binding of IL-7 to the receptor results in activation of
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JAK3 and JAK1, which then leads to phosphorylation of signal transducer and activator of
transcription (STAT) molecules, including STAT5 [13]. The importance of STAT5
signaling in T cell homeostasis has been demonstrated in transgenic mice, in which
overexpression of STAT5b results in increased spontaneous proliferation of naive CD4+ and
CD8+ T cells [14,15]. Furthermore, mice with STAT5 gene deletion have reduced numbers
of peripheral T lymphocytes [16,17]. Thus, IL-7–mediated STAT5 activation is an important
component to normal T cell homeostasis.

To examine the signaling response of CD4+ T cell subsets to IL-7 stimulation, we have
defined CD3+CD4+ T cells on the basis of CD45RA/RO and CD27 coexpression. Memory
CD45RO+ T cells can be subcategorized into CD27+ and CD27− subsets. CD27− cells can
be generated from prolonged stimulation of T lymphocytes [18]. Functionally, CD27+

memory T cells possess greater proliferative potential when activated by T cell receptor
engagement than CD27− memory T cells [19,20]. Memory CD4+CD45RA+ T cells are
enriched for CD57+ terminally differentiated cells [21]. On the basis of this understanding of
T cell maturation and functionality, we have examined phosphorylated STAT5 (STAT5-P)
induction in CD4+CD3+ T cell subsets, including CD45RA+CD45RO− CD27+ (naive),
CD45RA−CD45RO+CD27+ (CD27+ memory), CD45RA−CD45RO+CD27− (CD27−
memory) and CD45RA+ CD45RO−CD27− (terminal memory) T cells. We found that these
cell subsets have distinct responses to IL-7 stimulation as measured by STAT5-P induction,
and we observed reduced responsiveness to IL-7 stimulation in cells from HIV-infected
persons, especially memory T cells. These results have important implications for CD4+ T
cell homeostasis during HIV disease.

Subjects, Materials, and Methods
Subjects

Written consent was obtained from subjects, and studies were approved by the institution
review board at University Hospital (Cleveland, OH). Cells were obtained from 9 healthy
adult volunteers, 11 HIV-infected persons who had detectable plasma HIV RNA (load, >400
copies/mL), and 6 treated HIV-infected persons who had undetectable plasma HIV RNA
(load, ≤400 copies/mL). Persons with undetectable plasma HIV RNA had been receiving
antiretroviral therapy for at least 2 years (mean duration, 7.2 years). Only 1 subject with
detectable plasma HIV RNA (load, 17,500 copies/mL) was receiving therapy at the time of
the experiments. Further characteristics of the subjects are described in table 1.

Antibodies and reagents
For STAT5-P analyses, anti–CD3-peridinin chlorophyll (BD Biosciences), anti–CD4-Pacific
Blue (BD Biosciences), anti–CD45RA-phycoerythrin (BD Pharmingen), anti–CD27-FITC
(BD Biosciences), and anti–STAT5-P Alexa Fluor 647 (BD Phosflow) were used to stain
cells. Analyses with whole blood were performed with anti-CD3, anti-CD4, anti-CD45RO,
anti-CD27, and anti-CD127 antibodies (BD Pharmingen). Recombinant IL-7 was provided
by Cytheris.

Assessment of STAT5 phosphorylation
Peripheral blood mononuclear cells (PBMCs) were isolated over a Ficoll cushion. PBMCs
(2 × 106 cells/well in 24-well plates) were incubated in medium (RPMI supplemented with
10% FBS, L-glutamine, and antibiotics) with or without IL-7 (5 ng, 0.5 ng, and 0.05 ng/mL)
for 15 min at 37°C. Cell cultures were then treated with 100 μL of 16% ultrapure methanol-
free formaldehyde (Polysciences) for 10 min at 37°C, transferred to polystyrene tubes,
washed with PBS, and resuspended in 500 μL of cold 90% methanol for 30 min. Cells were
washed and stained with antibodies for 60 min on ice before analysis with a BD LSRII flow
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cytometer. Additional cells from the original population incubated for 15 min with IL-7
were washed twice, replated in fresh culture media, and incubated at 37°C for 2 h in the
absence of further IL-7 stimulation before harvesting for STAT5-P staining.

Statistical analyses
Cross-sectional analyses between subject categories were performed with Kruskal-Wallis
multigroup comparison and Mann-Whitney U tests. Related samples were examined with
Friedman multigroup analyses and Wilcoxon signed rank tests. Relationships between
continuous variables were assessed with Spearman correlation tests.

Results
Diminished IL-7 receptor signaling in CD4+ T cell subsets from viremic HIV-infected
persons

To assess IL-7 receptor signaling in CD4+ T cell subsets, PBMCs were incubated for 15 min
in medium alone or in medium supplemented with various concentrations of IL-7. Some
cells were stained for STAT5-P expression, whereas other cells from the same cultures were
washed and replated for an additional 2-h incubation period. The latter was done to assess
the duration of STAT-5P detection after soluble IL-7 was removed. STAT5 phosphorylation
was measured as an increase in the percentage of positive cells or as an increase in mean
fluorescence intensity (MFI) above the background levels observed for unstimulated cells
(figure 1). The donors for these studies are described in table 1 and include healthy adults,
viremic HIV-infected persons, and aviremic HIV-infected persons receiving antiretroviral
therapy.

In cells from healthy control subjects and HIV-positive donors, the induction of STAT-5
phosphorylation by IL-7 as measured by the percentage of positive cells (figure 2) or by the
MFI (figure 3) varied between CD4+ T cell subsets. In cells from healthy control subjects,
the magnitude of STAT5-P induction after 15 min of incubation with IL-7 was greatest
among CD27+ memory cells and CD27− memory cells, followed by naive and terminal
memory subsets (P < .03 by the Wilcoxon signed rank test for comparisons of the
percentages of positive cells and MFIs) (figures 2A and 3A). Thus, CD4+ T cell subsets have
differential abilities to rapidly phosphorylate STAT5 after IL-7 stimulation, and terminal
memory cells are particularly poor responders, compared with the other subsets.

Differences in IL-7 responsiveness were observed in cells from viremic HIV-positive donors
and healthy control subjects. CD27+ memory, CD27− memory, and naive T cells but not
terminal memory cells from HIV-infected persons displayed defects in the frequencies of
cells induced to express STAT5-P after 15 min of IL-7 stimulation (figure 2A). Deficiencies
in patient samples were less obvious when analyzing induction of STAT5-P by MFI,
although statistically significant defects in CD27− memory cells from viremic donors were
still observed with this approach (figure 3A). Cells from persons receiving antiretroviral
therapy and having plasma HIV RNA loads of <400 copies/mL responded as well as cells
from healthy control subjects to IL-7 stimulation, suggesting that defects in IL-7 receptor
signaling that occur during HIV infection are at least partially reversible. Notably, there
were insufficient numbers of terminal memory cells detected in samples from subjects
receiving antiretroviral therapy to permit reliable analyses of STAT5-P signaling. Baseline
expression of STAT5-P, measured in cells incubated for 15 min without stimulation and
compared with expression in an isotype control stain, was not significantly different between
patient and control samples (data not shown), with the exception of naive CD4+ T cells from
viremic HIV-positive donors, which expressed a modest increase in STAT5-P staining
intensity, compared with cells from healthy control subjects (change in MFI, 196 and 399
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for patients and control subjects, respectively; P < .05). Overall, these results suggest that
the frequencies of IL-7-responsive CD4+ T cells decrease during untreated HIV infection
and that CD27− memory cells from viremic HIV-infected persons have the most severe
deficiencies in IL-7 responsiveness.

The ability of cells to sustain a STAT5-P signal after removal of IL-7 was dependent on
IL-7 concentration and T cell subset (figures 2B and 3B). Interestingly, 2 peaks of STAT5-P
staining were noted in some cell populations at the 2 h time point (figure 1), suggesting
heterogeneity in the ability of T cells in the subsets to maintain the signal. Analyses of cells
from healthy control subjects indicated that, in contrast to the early induction of STAT5-P,
which was most pronounced in the CD27+ and CD27− memory cells, sustained signaling of
STAT5-P was most efficient in naive CD4+ T cells, followed by CD27+ memory cells,
CD27− memory cells, and terminal memory cells. For example, in cells from healthy control
donors, the average frequencies of STAT5-P-positive cells at 2 h were 100%, 82%, and 61%
of the average frequencies observed at 15 min for naive T cells stimulated with 5 ng/mL, 0.5
ng/mL, and 0.05 ng/mL of IL-7, respectively, whereas values were 83%, 64%, and 36% for
CD27+ memory cells; 80%, 57%, and 29% for CD27− memory cells; and 16%, 6%, and 3%
for terminal memory cells. These values were significantly different at each IL-7
concentration when comparing naive T cells to any other subset (P < .05 by the Wilcoxon
signed rank test for all comparisons) and when comparing either CD27+ or CD27− memory
cells to terminal memory T cells (P < .03 for all comparisons).

STAT5-P signaling at 2 h was markedly reduced in CD27− memory cells from viremic
HIV-infected persons, compared with cells from healthy control subjects and aviremic HIV-
positive donors (figures 2B and 3B). STAT5-P expression in CD27+ cells from viremic
HIV-infected persons was also clearly impaired at 2 h at higher concentrations of IL-7.
Terminal memory cells displayed a relative failure to maintain STAT5-P signaling at 2 h
even in cells from healthy control subjects. In contrast to the impairments in memory
subsets, naive CD4+ T cells from viremic HIV-positive donors sustained STAT5-P signaling
as efficiently as cells from healthy control subjects at all concentrations of IL-7 tested. These
results suggest that T cell subsets regulate STAT5 signaling differently and that CD27−
memory and CD27+ memory cells from viremic HIV-infected persons are deficient in their
capacity to maintain STAT5-P signals.

Notably, HIV-infected persons (viremic and aviremic) maintained significantly higher
frequencies of CD27− memory T cells in the CD4+ T cell population than did healthy
control subjects (figure 4A). Thus, HIV infection resulted in a skewing of CD4+ T cell
populations toward higher frequencies of CD27− memory cells, in which the IL-7 signaling
defects appeared to be most pronounced.

Deficiencies in IL-7 receptor expression in CD4+ T cell subsets from viremic HIV-positive
donors

We next asked whether STAT5-P signaling was associated with expression of IL-7 receptor
in freshly isolated cells from these subjects. Cells were gated as CD3+CD4+ and further
distributed into subsets on the basis of surface expression of CD27 and CD45RO. Because
CD45RO and CD45RA have reciprocal expression patterns in T cells [22], we designated
the subsets as CD45RO−CD27+ (naive), CD45RO+CD27+ (CD27+ memory),
CD45RO+CD27− (CD27− memory), and CD45RO−CD27− (terminal memory) cells. As
reported by others [10], we found evidence of diminished IL-7 receptor expression in T cells
from HIV-infected persons (figure 4B and 4C). The percentages of cells expressing CD127
were significantly reduced in CD27+ memory, CD27− memory, and naive CD4+ T cell
subsets from viremic HIV-positive donors, compared with percentages in T cell subsets
from control donors (figure 4B). The intensity of CD127 staining measured by MFI also
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tended to be reduced in memory CD4+ T cells from HIV-positive donors but not in the
subset of naive T cells (figure 4C).

Normal regulation of IL-7 receptor expression in CD4+ T cell subsets from HIV-infected
persons

Diminution of IL-7 receptor expression during HIV disease has been associated with
increased serum concentrations of this cytokine [23,24], suggesting that exposure to greater
concentrations of IL-7 in vivo may result in the reduction of cell surface CD127 expression.
We considered the alternative hypothesis that cells from HIV-infected persons may have
intrinsic differences in the capacity to modulate receptor expression in the presence or
absence of IL-7. To assess this possibility, we investigated CD127 regulation by cells from
HIV-infected persons and healthy control subjects after incubation for 18 h in medium alone
or with IL-7 (5 ng/mL). From previous reports involving mouse cells [25] and human cells
[24], we expected that removal of cells from the in vivo cytokine milieu would result in
increased surface expression of CD127, whereas incubation in the presence of IL-7 would
result in down-modulation of CD127 surface expression. As anticipated, CD127 expression
increased in cultured CD4+ T cells above the levels measured in freshly isolated cells.
Interestingly, although all cultured CD4+ T cell subsets displayed evidence of increased
CD127 surface expression above baseline levels, the relative increase in CD127 expression
was most prominent in terminal memory cells (figure 5A). CD27− and CD27+ memory cells
increased surface CD127 expression to a similar extent with in vitro culture, whereas naive
CD4+ T cells increased CD127 significantly less than any other subset. These trends were
observed in cells from healthy control subjects and HIV-infected persons. The relative
increase in CD127 expression was not significantly different between CD4+ T cell subsets
from HIV-infected persons and those from healthy control subjects, suggesting that cells
from HIV-infected persons retain the capacity to increase surface CD127 expression in the
absence of IL-7 stimulation.

We also assessed the relative down-modulation of CD127 in CD4+ T cell subsets after
continuous exposure to IL-7 in overnight culture. Naive T cells displayed the most robust
loss of CD127, approximating an 80% loss of staining intensity, compared with freshly
isolated cells, whereas CD27+ memory and CD27− memory cells lost 60%–70% of the
original staining intensity for CD127, and terminal memory cells lost 28% in control
subjects and 43% in HIV-positive patients (figure 5B). There were no differences in the
relative down-modulation of CD127 expression between cells from HIV-infected persons
and cells from healthy control subjects. These results suggest that IL-7 receptor
perturbations during HIV disease are probably not the result of intrinsic defects in T cells
from HIV-infected persons.

CD127 expression is related to the nadir CD4+ cell count among CD27+ memory and naive
CD4+ T cells, whereas induction of STAT-5P is related to age in viremic HIV-infected
persons

Of the clinical indices of plasma HIV RNA load, CD4+ T cell count, nadir expression of
CD4, age, and percentage of memory cells expressing CD38, we found that the percentage
of cells expressing CD127 was directly related to the nadir CD4+ cell count in CD27+

memory T cell subsets (r = 0.702; P = .016) and naive CD4+ T cell subsets (r = 0.722; P = .
005) from viremic HIV-positive donors. Although CD127 expression was diminished in
CD4+ T cells from HIV-infected persons, we did not observe a direct relationship between
receptor expression and STAT5-P signaling in any of the T cell subsets when measured as
continuous variables (data not shown). Of the other indices examined, the most consistent
relationship observed was an inverse association between age and STAT5-P signaling (table
2). For example, among CD27+ memory cells, the percentages that were STAT5-P positive
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after 15 min of incubation with IL-7 (5 ng/mL) were inversely related to age (r = −0.658; P
= .028), and the ability of cells to sustain STAT5-P signals as measured by the percentage of
cells positive for STAT5-P was inversely related to age among both CD27+memory cells (r
= − 0.716; P = .02) and naive CD4+T cells (r = −0.635; P = .049). A similar analysis
involving cells from healthy control subjects provided evidence that age influenced the
responsiveness of CD4+ T cells to IL-7 in these subjects as well (table 2). Thus, the ability to
signal via the IL-7 receptor is altered by HIV infection and likely diminishes with age.

Discussion
HIV disease is characterized by numeric and phenotypic perturbations in CD4+ T cell
subsets. For example, naive CD4+ T cells and CD8+ T cells decrease during HIV disease
progression [26]. The loss of naive T cells may be a consequence of direct viral infection,
reduced thymic output [27,28], fibrosis of lymph node tissues [29], and increased immune
activation that results in cell death or conversion into the memory pool [30,31].
Conceivably, reduced IL-7 responsiveness also could play a role in the decrease of naive
CD4+ T cells during HIV infection. However, our studies suggest that naive T cells largely
maintain responsiveness to IL-7 and also have relatively preserved expression of CD127
even in persons with uncontrolled viral replication.

Memory T cells are also altered during HIV disease. These cells have increased rates of
cellular proliferation [32–35] and also express heightened levels of activation markers that
predict disease progression [36,37]. Elevated immune activation and cellular turnover are
distinctly absent in disease-resistant, SIV-infected sooty mangabeys [38], suggesting that
perturbations in memory cell homeostasis may play an important role in pathogenesis.
Current models of HIV and SIV pathogenesis suggest that effector memory T cells are
rapidly depleted from mucosal sites [39,40]. The loss of these cells may place an increased
burden on central memory T cells to replenish tissue-associated memory cells via
homeostatic proliferation and differentiation [41]. Diminished IL-7 responsiveness in
memory T cells, therefore, could potentially contribute to reduced survival and inefficient
replacement of tissue memory cells in SIV or HIV infection.

Similar to other groups, we found evidence of IL-7 receptor loss in CD4+ T cells from HIV-
positive donors; however, the mechanism that mediates this reduction is still uncertain. IL-7
receptor expression is typically reduced on exposure to IL-7 or other cytokines that use the
common γ chain for signaling [25]. Interestingly, findings from recent studies involving
lymph node tissues suggest that IL-2 and IL-15 expression maybe increased at these sites
during HIV disease [42]. Thus, along with increased IL-7 concentrations, exposure to other
cytokines might also contribute to down-modulation of CD127 during HIV disease.
Exposure to these inflammatory or IL-7-rich microenvironments could differentially affect
CD127 expression in T cell subsets, depending on migratory and other intrinsic properties of
these cells.

Among CD4+ T cell subsets, we found differences in IL-7 receptor signaling function as
well as in receptor regulation. The immediate response to IL-7 appeared to be most robust in
CD45RA− memory cells, whereas the sustainability of the signal was best demonstrated in
naive CD4+ T cells. These differences may stem in part from the relative levels of CD127
expression on the surface of these cells but also raise the possibility of differences in the
expression of molecules that might regulate STAT5 signaling, such as suppressor of
cytokine signaling proteins [43,44]. Our observations are consistent with those from studies
of primary T cells maintained in long-term cultures with IL-7 [45]. In these studies, naive T
cells were better able to maintain STAT5-P signaling over a period of 20 days, compared
with memory T cells; STAT5-P signaling became deficient on day 27 of culture in both T
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cell subsets; and, similar to our findings, deficiencies in STAT5-P signaling were not fully
explained by IL-7 receptor levels. Overall, it is possible that exposure of T cells to high
concentrations of IL-7 in vivo may result in hyporesponsiveness to further stimulation that is
not fully the consequence of receptor down-modulation. Therefore, further studies exploring
signaling regulation downstream of the IL-7 receptor maybe informative in these T cell
subsets.

Our results also uncover a unique characteristic of terminal memory CD4+ T cells in that
such cells, even those from healthy control subjects, have a relatively poor response to IL-7
stimulation. These cells also express relatively low levels of CD127, suggesting that
terminal memory cells may have a reduced requirement for IL-7 signaling for their survival
or, alternatively, that loss of IL-7 responsiveness could lead to their eventual death.

We found an inverse relationship between IL-7 receptor signaling function and age. This
relationship appears to exist in essentially all CD4+ T cell subsets, with the exception of
terminal memory cells (data not shown) and is observed in cells from both HIV-positive
donors and healthy control subjects. We did not find an association between age and CD127
receptor expression in CD4+ T cell subsets. However, this may in part stem from the
relatively small sample size used here. The mechanism behind the age-associated decrease
in IL-7 responsiveness is unknown, but it may play an important role in T cell homeostasis
and HIV pathogenesis in older persons with HIV infection.

Recent studies in SIV-infected monkeys [46,47] and in HIV-infected humans [48] indicate
that IL-7 may be a promising therapeutic intervention that leads to increased CD4+ T cell
counts and naive T lymphocyte counts [48]. Use of IL-7 in conjunction with antiretroviral
therapy is likely to provide the most substantial benefit to patients because this will reduce
the potential risk for IL-7 to promote viral replication [49,50]. Also, as suggested by our
observations, effective antiretroviral therapy will likely improve IL-7 responsiveness in cells
from HIV-infected persons. Nonetheless, variability in the magnitude of this improvement
and the age of the patient when treatment is initiated may factor into how well IL-7 mediates
T cell reconstitution during HIV disease.
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Figure 1.
Induction of phosphorylated signal transducer and activator of transcription 5 (STAT5-P) by
interleukin-7 (IL-7) in CD4+ T cell subsets. Peripheral blood mononuclear cells from a
healthy control subject and an HIV-positive donor (plasma HIV RNA load, 7470 copies/mL;
CD4+ cell count, 492 cells/μL) were incubated in medium alone (light gray) or in medium
plus IL-7 (5 ng/mL; dark gray). Cells were examined for STAT5-P expression after 15 min
by intracellular flow cytometry. Some cells that had been incubated with IL-7 for 15 min
were washed twice and replated. These cells were assessed for STAT5-P expression after an
additional 2 h of incubation. Cells were gated for lymphocyte forward and side scatter
characteristics and further gated for coexpression of CD3 and CD4. CD3+CD4+ cells were
then subdivided into subsets on the basis of coexpression of CD45RA and CD27, as
indicated. Frequency distribution histograms showing STAT5-P staining are shown for cells
in each of the subsets.
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Figure 2.
Diminished induction and maintenance of phosphorylated signal transducer and activator of
transcription 5 (STAT5-P) signals in CD4+ T cell subsets from HIV-infected persons.
Results are shown for cells derived from 9 healthy control subjects (diamonds), 11 viremic
HIV-positive donors (HIV RNA load, >400 copies/mL; squares), and 6 aviremic HIV-
positive donors (HIV RNA load, ≤400 copies/mL; triangles). Statistical analyses were
performed with Kruskal-Wallis and Mann-Whitney U tests. The percentage of cells that
expressed STAT5-P in medium alone was used to set the background. A, STAT5-P-positive
cells after 15 min of incubation with interleukin-7 (IL-7). B, STAT5-P-positive cells after 15
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min of incubation with IL-7 followed by 2 washes, replating, and an additional 2 h of
incubation
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Figure 3.
Diminished induction and maintenance of phosphorylated signal transducer and activator of
transcription 5 (STAT5-P) signals in CD4+ T cell subsets from HIV-infected persons. The
change in mean fluorescence intensity (ΔMFI) was determined by subtracting the MFI of
STAT5-P staining in cells incubated in medium alone from that of cells incubated with
interleukin-7 (IL-7). Results are shown for cells derived from 9 healthy control subjects
(diamonds), 11 viremic HIV-positive donors (HIV RNA load, >400 copies/mL; squares),
and 6 aviremic HIV-positive donors (HIV RNA load, ≤400 copies/mL; triangles). Statistical
analyses were performed with Kruskal-Wallis and Mann-Whitney U tests. A, ΔMFI of
STAT5-P expression in CD4+ T cell subsets after 15 min of incubation with IL-7. B, ΔMFI
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of STAT5-P expression in CD4+ T cell subsets after IL-7 stimulation for 15 min, followed
by 2 washes, replating, and an additional 2 h of incubation.
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Figure 4.
Enrichment of CD27− memory T cells and diminished expression of CD127 in CD4+ T cell
subsets from HIV-infected persons. Whole blood was analyzed by staining cells for
expression of CD3, CD4, CD45RO, CD27, and CD127. Data are shown for 9 healthy
control subjects (lined bars), 11 viremic HIV-positive donors (HIV RNA oad, >400 copies/
mL; empty bars), and 6 aviremic HIV-positive donors (HIV RNA load, ≤400 copies/mL;
crosshatched bars). Statistical analyses comparing cells from HIV-positive donors and
control subjects were performed with Kruskal-Wallis and Mann-Whitney U tests. A,
Percentages of CD27+CD45RO− naive, CD27+CD45RO+ memory, CD27−CD45RO+

memory, and CD27−CD45RO− terminal memory cells in the CD4+CD3+ T cell subset. *P
< .02. B, Percentage of cells expressing CD127. *P < .05. C, Mean fluorescence intensity
(MFI) of CD127 expression in CD4+ T cell subsets. *P < .05 and **P < .005. In C and B,
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insufficient numbers of events were collected to permit analyses of CD127 expression on
terminal memory cells from the aviremic HIV-positive patient population.
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Figure 5.
Normal regulation of CD127 expression in CD4+ T cells from HIV-infected persons.
Peripheral blood mononuclear cells were stained immediately after isolation for detection of
CD127 expression or were incubated overnight with or without 5 ng/mL of interleukin-7
(IL-7). No significant differences were found between cells from patients and cells from
control subjects. However, values for terminal memory cells were significantly different
from those for CD27+ and CD27− memory cells in the control samples. Statistical analyses
were performed with Friedman and Wilcoxon signed rank tests for related samples. *P < .
02, **P < .03, and ***P < .05. A, Percentage increase of CD127 mean fluorescence intensity
(MFI) above the levels determined in freshly isolated cells among CD4+ T cell subsets that
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had been incubated for 18 h in medium alone. B, Percentage decrease in CD127 MFI below
the levels observed in freshly isolated cells after 18 h incubation in the presence of 5 ng/mL
of IL-7.
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Table 1

Demographic and clinical characteristics of healthy control subjects and HIV-infected patients with or without
viremia.

Characteristic
Control subjects

(n = 9)
Viremic patients

(n= 11)
Aviremic patients

(n = 6) P

Plasma HIV RNA load, copies/mL … 28,000 (1790–578,000) <400

CD4+ cell count, cells/mL

 Overall … 341 (161–632) 588 (280–874) NS

 Nadir … 263 (161–534) 153 (25–230) .007

Age, years 35 (30–48) 45.5 (36-54) 42.5 (40-50) NS

CD38 expression, %a 26 (16–37) 42 (26–54) 24 (13–48) .003b; .018c

NOTE. Data are median (range), unless otherwise indicated. NS, not significant.

a
Data are percentage of CD3+CD4+CD45RO− cells.

b
Between viremic patients and control subjects.

c
Between viremic and aviremic patients.
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