
Eur. J. Immunol. 2020. 50: 1537–1549 Sandra C. Côté et al.DOI: 10.1002/eji.201948453 1537
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in HIV infection
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The IL-7 receptor specific α chain, CD127, can be expressed both as a membrane-
associated (mCD127) and a soluble form (sCD127), however, the mechanisms involved in
their regulation remain to be defined. We first demonstrated in primary human CD8+ T
cells that IL-7-induced downregulation of mCD127 expression is dependent on JAK and
PI3K signaling, whereas IL-7-induced sCD127 release is also mediated by STAT5. Follow-
ing stimulation with IL-7, expression of alternatively spliced variants of the CD127 gene,
sCD127 mRNA, is reduced, but to a lesser degree than the full-length gene. Evaluation of
the role of proteases revealed that MMP-9 was involved in sCD127 release, without affect-
ing the expression of mCD127, suggesting it does not induce direct shedding from the
cell surface. Since defects in the IL-7/CD127 pathway occur in various diseases, including
HIV, we evaluated CD8+ T cells derived from HAART-treated HIV-infected individuals
and found that IL-7-induced (1) downregulation of mCD127, (2) release of sCD127, and (3)
expression of the sCD127 mRNA were all impaired. Expression of mCD127 and sCD127
is, therefore, regulated by distinct, but overlapping, mechanisms and their impairment
in HIV infection contributes to our understanding of the CD8+ T cell dysfunction that
persists despite effective antiretroviral therapy.
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Introduction

Interleukin (IL)-7, a pivotal cytokine in cell-mediated immune
responses, regulates homeostasis and development of T cells
[1–4]. This cytokine is recognized by the IL-7 receptor (IL-7R),
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composed of the cytokine-specific high-affinity α-chain (CD127)
and the common γ chain (γc; CD132). On binding to its receptor,
IL-7 activates two major pathways: the Janus kinase/signal
transducer and activator of transcription 5 (JAK/STAT5) and
the Akt/phosphatidylinositol 3-kinase (Akt-PI3K) pathways
[5,6]. Since the expression of CD132 is relatively constant, the
degree of CD127 expression determines the extent of signaling
through the IL-7R complex [7,8]. Moreover, IL-7 is known to
regulate CD127 expression and, as such, the IL-7R complex.
In the presence of exogenous IL-7, human T cells cultured in
vitro downregulate the expression of membrane-bound CD127
(mCD127) and reduce the levels of CD127 mRNA transcripts
[9–11]. In vivo administration of IL-7 also results in a reduction
of the CD127 expression on both human and murine T cells
[12,13].

Both components of the IL-7 receptor (CD127 and CD132)
also exist as soluble entities (i.e., sCD127 and sCD132) in human
plasma. When combined, the heterocomplex can bind IL-7 with an
affinity comparable to that of the membrane bound receptor [14].
It has since been shown that the presence of CD132 is not a pre-
requisite for IL-7-sCD127 binding [15], however, the importance
of IL-7-sCD127 binding is unclear and there is a lack of consensus
on whether sCD127 increases or inhibits the bioactivity of IL-7
[16–18].

Along with its effect on reducing mCD127, IL-7 can also induce
the release of sCD127 from human T cells [11]. Two potential
methods for the production of sCD127 have been proposed. First,
IL-7 can induce an alternative mRNA splicing pathway for CD127,
leading to the production of sCD127. The splicing event results in
the removal of exon 6, which encodes the transmembrane domain,
leading to a shift in the reading frame and a premature stop
codon. The resulting truncated protein lacks the transmembrane
domain and thus exists as a soluble protein [14,19]. Second,
our previous work suggested that the release of sCD127 may
occur due to the proteolytic cleavage of membrane-bound CD127
[11], similar to other soluble cytokine receptors (e.g., TNFR1
and IL-6R) [20,21]. Whether one or both of these mechanisms
are responsible for IL-7-induced expression of sCD127 remains
unknown.

A number of nonhuman primate studies have determined that
CD8+ T cells are critical in the control of HIV infection and that
CD8+ T cell depletion results in uncontrolled viral replication
and increase in disease progression [22–24]. In concordance
with these results, subsequent studies in humans have reported
the presence of a more robust CD8+ T cell response in HIV
nonprogressors [25–27]. We and others have shown that, in the
face of their importance in controlling viral replication, CD8+

T cells, as well as thymocytes and Th17 cells, retain impaired
responsivity to IL-7 in virally suppressed HIV-infected individuals
[28–32].

In this context, we aimed to study the pathways involved
in IL-7-mediated regulation of mCD127 and sCD127 expres-
sion by CD8+ T cells and to determine whether these
pathways are impaired in HAART-controlled HIV-infected
patients.

Results

IL-7-induced downregulation of mCD127 is mediated
by JAK and PI3K

To confirm the effect of IL-7 on the expression of mCD127 on CD8+

T cells, isolated CD8+ T cells were cultured with IL-7 (1 ng/mL,
10 ng/mL) for up to 72 h. In keeping with previously published
data [11,13], with IL-7 (10 ng/mL), a significant reduction in the
proportion of CD127+ CD8+ T cells was observed and maintained
over the 72 h period. The lower concentration of IL-7 (1 ng/mL)
induced a significant, but transient, reduction in this population,
that returned to baseline levels by 72 h (Fig. 1A and B).

JAK, STAT5, and PI3K represent the primary signaling path-
ways that are activated following IL-7 binding to the IL-7R complex
[5,6]. Therefore, to investigate the mechanisms by which IL-7 reg-
ulates the surface expression of CD127 on CD8+ T cells, chemical
inhibitors were used to block the JAK, STAT5, and PI3K signal-
ing pathways. Inhibition of JAK abrogated IL-7-induced mCD127
downregulation on CD8+ T cells (Fig. 1C). STAT5 inhibition, on
the other hand, did not prevent the IL-7-induced reduction of
CD127 surface expression (Fig. 1D), excluding a role for STAT5
in IL-7-mediated downregulation of mCD127. PI3K inhibition par-
tially prevented this downregulation (Fig. 1E).

These data indicate that the IL-7-induced decrease in CD127
surface expression is mediated by JAK and in part by PI3K, but not
STAT5 signaling pathways.

IL-7-induced sCD127 release from CD8+ T cells is
mediated by JAK, STAT5 and PI3K

IL-7 is known to induce sCD127 release from CD8+ T cells [11],
however, the mechanism by which this occurs has not been estab-
lished. To address this, CD8+ T cells were first stimulated with
IL-7 (1 ng/mL, 10 ng/mL) for 24, 48, and 72 h. In the presence of
a higher concentration of IL-7 (10 ng/mL), a significant increase
in sCD127 was detected at all time points, when compared to
untreated cells. When a lower concentration of IL-7 (1 ng/mL)
was used, a significant increase in sCD127 was only detected at
the later time points (48 and 72 h) (Fig. 2A). This increase in
sCD127 production in response to IL-7 (1 ng/mL) was signifi-
cantly less than when cells were treated with 10 ng/mL IL-7.
These data indicate that sCD127 is released in response to IL-7 in
a dose-dependent manner.

Further, sCD127 levels were also detected in cultures without
addition of IL-7, and increased significantly over time (Fig. 2A).
This increase in the sCD127 over time was also observed when
the sCD127 values were normalized to the control (through sub-
traction from the control values) (Fig. 2B). Together, these data
demonstrate the occurrence of spontaneous release of the soluble
receptor, consistent with previous observations [15,33].

In order to determine if the JAK, STAT5, or PI3K signaling
proteins play a role in the release of sCD127, CD8+ T cells were
incubated for 48 h in the presence of IL-7 (10 ng/mL) as well as
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Figure 1. IL-7-induced downregulation of mCD127 is dependent on JAK and PI3K but not STAT5. CD8+ T cells were magnetically isolated from
PBMCs derived from healthy individuals and cultured with or without IL-7. For some experiments, inhibitors were used as described. Flow
cytometry was performed to evaluate expression of CD127. (A) Representative flow cytometry histogram showing the CD127 median fluorescence
intensity (MFI) and the percentage of CD127+ cells among unstained cells (light gray), medium control (dark gray), and the IL-7- (10 ng/mL) treated
cells (black unfilled). The gating strategy is shown in Supporting Information Fig. S6. (B) Time course of CD127 expression on CD8+ cells with
media control (dotted line), 1 ng/mL IL-7 (gray line), and 10 ng/mL IL-7 (black line). Significance was calculated between each IL-7 concentration
in relation to the medium control (*p < 0.05, **p < 0.001, two-way ANOVA with Bonferroni posttest), n = 8. Data are shown as mean ± SEM of
eight samples from four independent experiments. (C) The effect of JAK inhibitor (10 μM) (n = 8), (D) STAT5 inhibitor (250 μM) (n = 8), and € PI3K
inhibitor (25 μM) (n = 10) in the IL-7-induced reduction in the proportion of CD8+ T cells that express CD127 was evaluated at 48 h. Significance was
calculated between IL-7 alone in relation to IL-7 plus each inhibitor (paired t test). Graphs show the distribution of samples from five independent
experiments.
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Figure 2. IL-7-induced sCD127 release from CD8+ T cells involves JAK, STAT5, and PI3K. CD8+ T cells were magnetically isolated from PBMCs
derived from healthy individuals and cultured with or without IL-7. For some experiments, inhibitors were used as described. ELISA assays were
performed to evaluate secretion of sCD127. (A) sCD127 release with media alone (dotted line), 1 ng/mL IL-7 (gray line), and 10 ng/mL IL-7 (black
line) over time. sCD127 release was compared in the different time points between media alone and 1 ng/mL IL-7 or media alone and 10 ng/mL
IL-7 (two-way ANOVA with Bonferroni posttest); between 1 ng/mL IL-7 and 10 ng/mL IL-7 on each time point (two-way ANOVA with Bonferroni
posttest); and between the time points in the media alone (one-way ANOVA with Bonferroni post-test), n = 4. Data are shown as mean ± SEM of
four samples from two independent experiments. (B) sCD127 release was normalized to the control values (values obtained in the media alone
cell cultures were subtracted) and compared between cells treated with 1 ng/mL IL-7 (grey line) or 10 ng/mL IL-7 (black line) over time (two-way
ANOVA with Bonferroni posttest), n = 4. Data are shown as mean ± SEM of four samples from two independent experiments. (C) The impact of
JAK inhibitor (10 μM), (D) STAT5 inhibitor (250 μM), and (E) PI3K (25 μM) inhibitor in the IL-7-induced sCD127 secretion in 48 h (paired t test), n =
7. Graphs show the distribution of seven samples from four independent experiments. The dotted line represents the limit of detection for this
assay (125 pg/mL) (*p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant).
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10 μM JAK inhibitor, 250 μM STAT5 inhibitor, or 25 μM PI3K
inhibitor. All three inhibitors completely abrogated the effect of
IL-7 on sCD127 release (Fig. 2C-E) identifying a role for each of
these pathways in IL-7-mediated expression of sCD127.

IL-7 may induce an alternative splicing of CD127
mRNA

It has been shown that sCD127 can be generated from the CD127
gene via alternative splicing [14]. A PCR probe was designed
to overlap the exon 5–7 junction to detect the sCD127 alterna-
tively spliced variant. Production of the CD127 mRNA variants
(full-length and the alternatively spliced sCD127 mRNA variant)
in response to IL-7 treatment was then quantified. A significant
decrease in levels of total CD127 mRNA (i.e., including RNA
encoding both mCD127 and sCD127) was detected at the 4, 8, and
24 h time points following exposure to IL-7 (1 ng/mL, 10 ng/mL)
(Fig. 3A), whereas the sCD127 mRNA variant levels decreased at
the 8 and 24 h time points (Fig. 3B). Incubation with the higher
concentration of IL-7 (10 ng/mL) resulted in a continued reduction
in total CD127 mRNA to 24 h (Fig. 3B). When the ratio of sCD127
mRNA to total CD127 mRNA was determined, both concentrations
of IL-7 induced an increase in the ratio of sCD127:total CD127
mRNA (Fig. 3C). These data indicate that IL-7 induces a pathway
resulting in the reduction of both total and sCD127 mRNA. While
the effect on the sCD127 mRNA variant is somewhat spared, these
effects of IL-7 do not account for the increased levels of sCD127
protein.

Direct shedding from the surface of CD8+ T cells is not
the main source of sCD127

Since IL-7 induced reduction of both total (i.e., including RNA
encoding both mCD127 and sCD127) and alternatively spliced
sCD127 mRNA levels (Fig. 3a and B), increased gene transcrip-
tion could not account for the IL-7-mediated increase in sCD127
protein (Fig. 2A). We, therefore, decided to investigate whether
IL-7 induces direct shedding of CD127 from the CD8+ T cell mem-
brane, a process that might explain how IL-7 enhances sCD127
expression.

Cleavage of membrane-bound cytokine receptors by metallo-
proteinases, producing their soluble forms, has been demonstrated
(e.g., IL-6R and TNFR1) [20,21], however, dependence on pro-
tease cleavage for the release of sCD127 has yet to be evaluated.
Various metalloproteinase inhibitors were added to CD8+ T cell
cultures prior to IL-7 stimulation. While inhibition of MMP-2 or
other metalloproteinases did not impact the release of sCD127
(Fig. 4A and data not shown), inhibition of MMP-9 activity pre-
vented IL-7-induced release of sCD127 (Fig. 4B). The effect of
blocking MMP-9 on mCD127 expression was then assessed to
address whether mCD127 was being cleaved by MMP-9 to pro-
duce sCD127. Interestingly, MMP-9 inhibition did not prevent the
IL-7-induced reduction in mCD127 expression on CD8+ T cells
(Fig. 4C). Together, these results suggest that neither gene tran-

scription nor direct shedding from the cell surface is the main
sources of the IL-7-induced sCD127 production.

One other possible source of sCD127 is preformed protein. If
the source of sCD127 is preformed protein, it would need to be
transported intracellularly and then secreted. Thus, in order to
determine if mobilization of intracellular vesicles was involved
with the release of sCD127, the effect of the transport inhibitor,
brefeldin A (BFA), was evaluated. BFA acts to inhibit secretion
by disassembling the Golgi complex and thus stopping the ER-to-
Golgi transport. Interestingly, inhibition of ER-to-Golgi transport
with BFA resulted in the suppression of the IL-7-induced sCD127
release by CD8+ T cells (Fig. 4D), indicating that the transport of
intracellular vesicles, through the Golgi complex, is required for
IL-7-induced sCD127 release.

In order to evaluate if suppression of sCD127 transport was the
mechanism through which BFA inhibited sCD127 release, CD8+ T
cells were cultured with or without BFA (1 μg/mL). Flow cytom-
etry analysis revealed that treatment with BFA had no impact on
the surface CD127 expression (Supporting Information Fig. S1A).
Interestingly, when cells were permeabilized before being stained
with anti-CD127 antibody, identifying both surface and intracel-
lular expression, a modest increase in CD127 expression by CD8+

T cells was observed (Supporting Information Fig. S1B). Though
not quite significant, this observation may suggest that treatment
with BFA induces intracellular accumulation of CD127.

Impaired responsiveness to IL-7 in HAART-treated
HIV infection

CD8+ T cells derived from HIV+ individuals are known to possess
impaired responses, including those in the IL-7 pathway [8,28,29],
however, whether HIV infection affects the modulation of both
mCD127 and sCD127 expression, in response to IL-7, still remains
to be elucidated. We first determined that CD127 was expressed
on the surface of the CD8+ T cells isolated from the HIV+ indi-
viduals. Indeed, the percentage of CD8+ T cells expressing CD127
was slightly but significantly higher in the HAART-treated HIV+
individuals studied here, when compared to the healthy controls,
indicating that any potential lack in IL-7 response would not be
due to reduced levels of mCD127 (Fig. 5A).

Differences in IL-7 responsiveness between healthy and HIV+
HAART-treated individuals were then assessed. When CD8+ T
cells were stimulated with 1 ng/mL IL-7, the decrease in mCD127
expression was significantly reduced in CD8+ T cells from the
HIV+ cohort (Fig. 5B). However, when CD8+ T cells isolated from
healthy and HIV+ individuals were cultured with 10 ng/mL IL-7,
both groups showed a similar pattern in the reduction in mCD127
(Fig. 5C), suggesting a decrease in sensitivity to IL-7 exists in HIV
infection despite effective treatment.

IL-7-induced sCD127 release was then assessed in HIV+ and
healthy individuals. With the lower IL-7 concentration (1 ng/mL),
significantly less sCD127 was released from CD8+ T cells isolated
from HIV+ individuals than from healthy individuals (Fig. 5D).
However, with the higher IL-7 concentration (10 ng/mL), there
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Figure 3. IL-7 induces a preference for the alternatively spliced CD127 mRNA. CD8+ T cells were magnetically isolated from PBMCs derived from
healthy individuals and cultured with or without IL-7. RNA was extracted, converted to cDNA, and a quantitative probe-based PCR was performed.
(A) Time course of total CD127 mRNA (i.e., including RNA encoding both mCD127 and sCD127 variants) detected following IL-7 stimulation of
CD8+ T cells, n = 8. (B) Time course of alternatively spliced CD127 mRNA (sCD127 mRNA) expression after stimulation with IL-7, n = 8. (C) The
sCD127:total CD127 mRNA ratio over time, n = 8. *p < 0.01, **p < 0.001 by two-way ANOVA with Bonferroni posttest. Significance was calculated in
relation to the medium control. Data are shown as mean ± SEM of eight samples per group from four independent experiments.

was no significant difference in sCD127 release between HIV+
individuals and healthy controls (Fig. 5E), suggesting again
that CD8+ cells from HIV+ individuals are less sensitive to
IL-7.

The effect of HIV infection on CD127 mRNA expression was
then analyzed. Stimulation of CD8+ T cells from healthy and
HAART-treated HIV+ individuals with 1 ng/mL or 10 ng/mL IL-
7 resulted in a significant reduction in both total and sCD127
mRNA expression (Fig. 5F and G). However, while IL-7 induced
an increase in the ratio of sCD127:total CD127 mRNA in CD8+ T
cells from healthy individuals (Fig. 5G), this was not observed in
HAART-treated HIV+ individuals. Again, these data suggest that
CD8+ T cells isolated from treated HIV+ patients have an impaired
ability to respond to IL-7.

Discussion

CD127 is expressed both as a membrane-bound surface recep-
tor (mCD127) and in a soluble form (sCD127) [14,19], however,
the mechanisms involved in the regulation of the expression of the
two forms are not well understood. This work sought to determine

how IL-7 induces both a reduction in mCD127 and an increase in
the release of sCD127. We demonstrate that mCD127 and sCD127
expression in CD8+ T cells are regulated by distinct yet overlapping
pathways. Specifically, IL-7-induced downregulation of mCD127
is dependent on JAK and PI3K, whereas IL-7-induced release of
sCD127 involves JAK, PI3K, and STAT5. IL-7 also induces reduc-
tion of both total (i.e., including RNA encoding both mCD127
and sCD127) and alternatively spliced sCD127 mRNA, but with
a degree of sparing of the alternatively spliced sCD127 mRNA
variant, the gene transcript of which has been implicated in the
production of sCD127 protein [14]. The release of sCD127 is
dependent on MMP-9 activity, however, this protease does not
impact the expression of mCD127 on the cell surface, suggesting
mechanisms of release not related to proteolytic cleavage of the
membrane receptor as seen with other cytokine receptors [20,21].
Lastly, despite long-term HAART and the high levels of mCD127
expression, CD8+ T cells derived from HIV+ individuals are less
sensitive to the effects induced by IL-7.

In the present work, we demonstrate that IL-7-induced sCD127
release by CD8+ T cells is dependent on STAT5 activity, whereas
IL-7-induced downregulation of mCD127 is found to be STAT5
independent. This finding suggests that at least two different
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Figure 4. Role of MMP-2, MMP-9, and brefeldin on IL-7-induced sCD127 release and impact of MMP-9 inhibition on IL-7-induced reduction of
mCD127 expression on CD8+ T cells. CD8+ T cells were magnetically isolated from PBMCs derived from healthy individuals and cultured with
or without IL-7. For some experiments, inhibitors were used as described. Release of sCD127 was evaluated through ELISA. Expression of CD127
was evaluated through flow cytometry. (A) Effect of the addition of MMP-2 inhibitor (20 μM) (n = 3) and (B) MMP-9 inhibitor (20 μM) (n = 9) in the
IL-7-induced production of sCD127 (paired t test). (C) Effect of the addition of MMP-9 inhibitor in the IL-7-induced reduction in the proportion of
CD8+ cells expressing CD127 (paired t test), n = 9. (D) Effect of brefeldin A (1 μg/mL) in the IL-7-induced sCD127 expression at 24 h (paired t test), n
= 6. The dotted line represents the limit of detection for this assay (125 pg/mL). Significance was calculated between IL-7 alone in relation to IL-7
plus each inhibitor. Graphs show the distribution of samples from four independent experiments.

pathways appear to be involved in the release of sCD127 and
reduction of mCD127 expression at the cell surface. Further,
while IL-7 induced a pathway favoring the expression of the
alternatively spliced version of the CD127 gene, the absolute
levels of alternatively spliced sCD127 mRNA did not increase,
indicating that IL-7 does not induce the production of sCD127
through increased gene expression. It would thus appear that IL-7
induces a pathway resulting in posttranscriptional or translational
regulation of the sCD127 gene. Posttranslational regulation of
mCD127 has been previously demonstrated, where expression
of mCD127 was shown to be more stable on the surface of T
cells as a result of interactions with Ephrinb1 and Ephrinb2,
also cell surface molecules [34]. Interestingly, it was reported
that Ephrin signaling can be modulated by proteases [35,36].
In this context, although better characterization of the interplay
between IL-7, Ephrins, and proteases is needed, it is likely that
following translation of the alternatively spliced sCD127 mRNA

variant, IL-7 induces further pathways that result in an increase in
sCD127.

Shedding of a number of cytokine receptors has been shown
to be induced by proteases [20,21]. Here, we demonstrated a
role for MMP-9 in sCD127 release. Inhibition of MMP-9 had no
effect on mCD127, suggesting that the mechanism by which MMP-
9 induces sCD127 expression is not by proteolytic cleavage of
mCD127. Therefore, distinct mechanisms appear to be involved
in the downregulation of mCD127 and the release of sCD127.
Additionally, since MMP-9 has been shown to be active and able
to degrade proteins intracellularly [37], it is possible that MMP-
9 cleaves molecules involved with the intracellular processing
of CD127. Beyond its proteolytic activity, MMP-9 could be con-
tributing to the phenomena (i.e., sCD127 release) observed here
through other mechanisms. MMP-9 has recently been shown to
inhibit the type 1 IFN signaling pathway by binding IFNAR1,
repressing JAK/STAT pathways [38]. Another study demonstrated
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that pro-MMP-9 binding to α4β7 induces STAT3 and results in an
increase in Bcl-2/Mcl-2, preventing apoptosis in some cell line
models [39]. Since we demonstrated that IL-7-induced sCD127 is
dependent on both MMP-9 and STAT5, it is possible that MMP-9
plays a role in this IL-7 activity by modulating STAT5.

The sCD127 produced in response to IL-7, as observed here,
may also originate from preformed protein. This is supported
by the observation that BFA inhibited sCD127 release, likely as
a result of interruption of the transport of sCD127 containing
vesicles through the secretory pathway from the Golgi complex,
before extracellular secretion (reviewed in [40]). Indeed, we
observed that when CD8+ T cells were permeabilized before
CD127 staining, making it possible to evaluate both intracellular
and surface expression, treatment with BFA appears to induce
a modest increase in CD127 (Supporting Information Fig. S1B).
Moreover, while previous work from our group did not demon-
strate an abundance of intracytoplasmic CD127 [11], the methods
used in that work were not developed to identify CD127 within
intracellular vesicles. Further studies are needed in order to eval-
uate the potential importance of preformed sCD127 within CD8+

T cells.
Given its importance in T-cell homeostasis, IL-7 has been stud-

ied in the context of a number of diseases characterized by
impaired cell-mediated immunity, such as HIV. In the present
study, despite the high level of CD127 expression on CD8+ T
cells that accompanied long-term effective HAART, CD8+ T cells
derived from HIV+ individuals were less responsive to IL-7 with
respect to downregulation of mCD127 and induction of sCD127.
This decreased sensitivity of CD8+ T cells from effectively treated
HIV+ individuals is in line with previous work from our group
[32]. Since CD132 is constitutively expressed and has even been
shown to be upregulated on T cells from HIV+ patients [7], any
reduction in IL-7 response is unlikely due to lack of the IL-7R
complex. Further, following IL-7 stimulation, CD8+ T cells isolated
from HIV+ individuals did not display a preference for the alterna-
tively spliced sCD127 mRNA variant, as observed in cells derived
from healthy individuals. This may contribute to the decrease in
sCD127 release, in response to IL-7 stimulation, showing that,
even on long term treatment, CD8+ T cells lack the full func-
tions of those from healthy individuals. Other pathogen-induced
impairment of IL-7 responses has been identified in infections in

humans. For example, the immune exhaustion experienced by
patients infected with Trypanosoma cruzi has been shown to be
mediated, at least in part, by a decrease in IL-7R signal trans-
duction in CD8+ T cells [41]. In HIV infection, it is well known
that CD8+ T cells have alterations in their functionality (reviewed
in [42]), and that immune dysfunction can persist despite long
term antiretroviral treatment [43–46]. Very recently, our group
demonstrated that Th17 CD4+ T cells isolated from HIV+ patients
on long-term HAART had a reduced proliferative response to IL-7
[31]. The exact reasons why complete recovery of T-cell function
is not achieved, despite prolonged suppression of viral replication
and normalization of other aspects of host immunity, have yet to
be elucidated.

Another interesting approach for future studies is to evaluate
how the regulation of both sCD127 and mCD127 is affected in
different CD8+ T cell subsets. Colle and colleagues demonstrated
that distinct CD8+ T cell subsets present different regulation of
the expression of mCD127 when treated with IL-7. The group
showed that memory CD8+ T cells from HAART-treated HIV+
patients regained the ability to downregulate CD127 expression in
response to IL-7 [47]. These results, however, were demonstrated
only with 10 ng/mL IL-7, the higher concentration in the present
study. The present work has also some limitations that could be
addressed in future studies: small sample size and the difference
in age and sex of the groups analyzed.

In summary, we demonstrate here that mCD127 downregula-
tion and sCD127 release by CD8+ T cells, in response to IL-7, are
controlled by different, but overlapping mechanisms. MMP-9 was
shown to be involved with sCD127 release, but not by inducing
mCD127 shedding from the cell surface. Moreover, despite the
long-term effective HIV treatment, immune impairment in CD8+

T cell responses to IL-7 persists and is characterized by decreased
sCD127 release, mCD127 downregulation, and expression of the
alternatively spliced sCD127 mRNA variant.

Our findings provide further insight into the mechanisms
involved in the complex regulation of the membrane bound and
the soluble forms of CD127 and how they are impaired in HIV
infection. A better understanding of these mechanisms may be
important for the development of new therapeutic strategies for
restoring CD8+ T cells function in settings in which IL-7 plays a
critical role.

�
Figure 5. CD8+ T cells isolated from HIV+ HAART-treated individuals are less responsive to IL-7 than those from healthy individuals. CD8+ T cells
were magnetically isolated from PBMCs derived from healthy controls and HIV+ HAART-treated individuals and cultured with or without IL-7.
Expression of CD127 was evaluated through flow cytometry. Release of sCD127 was evaluated through ELISA. RNA was extracted, converted to
cDNA, and a quantitative probe-based PCR was performed to quantify mRNA as described. (A) The percentage of CD127+ cells within the CD8+ cell
population in HIV+ individuals compared to healthy individuals (unpaired t test), n = 8 for both cohorts. (B, C) Relative change in the surface CD127
expression over time with 1 ng/mL and 10 ng/mL IL-7 stimulation (two-way ANOVA), n = 8. (D, E) IL-7 induced sCD127 release in HIV+ and healthy
individuals. Upon stimulation with IL-7, sCD127 release was quantified over time in the HIV+ individuals and compared to the healthy individuals
(two-way ANOVA) (1 ng/mL IL-7 HIV+, n = 6, healthy individuals, n = 7; 10 ng/mL IL-7 HIV+, n = 9, healthy individuals, n = 7; controls: HIV+, n
= 9, healthy individuals, n = 7). (F) Total CD127 mRNA (i.e., includes mCD127 and sCD127 variants) detected following 24 h of IL-7 stimulation in
HIV+ and healthy individuals (HIV+, n = 9, healthy individuals, n = 8) (two-way ANOVA with Bonferroni posttest). (G) sCD127 mRNA expression
following 24 h of 1 ng/mL and 10 ng/mL IL-7 stimulation in HIV+ and healthy individuals (two-way ANOVA with Bonferroni posttest) (controls:
HIV+, n = 9, healthy, n = 10; IL-7, 1 ng/mL: HIV+, n = 10, healthy, n = 10; IL-7, 10 ng/mL: HIV+, n = 10, healthy, n = 4). (H) Ratio of sCD127:mCD127
mRNA induced by 24 h incubation with 1 ng/mL and 10 ng/mL IL-7 in HIV+ and healthy individuals (two-way ANOVA with Bonferroni posttests)
(controls: HIV+, n = 9, healthy, n = 8; IL-7, 1 ng/mL and 10 ng/mL: HIV+, n = 10, healthy, n = 8). Data are shown as mean ± SEM from four (A–C)
and five (D–H) independent experiments.
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Table 1. Subjects characteristics

Healthy individuals HIV+ individuals

Age 38.6 ± 11.1 51.0 ± 10.4
Gender 43% Male (20 female,

15 male)
55% Male (9 female,

11 male)
Duration of

infection
14.3 ± 7.9

CD4 count 635.6 ± 155.0

Materials and methods

Sample collection and cell isolation

All research conducted using blood from human subjects was
approved by the Ottawa Hospital Research Institute Ethics Board
(Ottawa, ON, Canada) and conforms to the provisions of the Dec-
laration of Helsinki. Informed consent was obtained from all par-
ticipating subjects. Peripheral blood was collected in 100 i.u./mL
heparin (LEO Pharma Inc., Thornhill, ON, Canada) from healthy
volunteers and HIV+ HAART-treated individuals (viral load: <40
copies/mL (undetectable) for �12 months). Subjects characteris-
tics are shown in Table 1.

Peripheral blood mononuclear cells (PBMC) were isolated by
gradient centrifugation using Lymphoprep (Stemcell Technologies
Inc., Vancouver, BC, Canada). CD8+ T cells were isolated from
fresh PBMCs using the EasySepTM human CD8 Positive Selection
Kit (Stemcell Technologies Inc, Vancouver, BC, Canada) according
to the manufacturer’s instructions and rested overnight in com-
plete medium (RPMI 1640 supplemented with 20% heat inac-
tivated fetal bovine serum [FBS], 100 units/mL penicillin, 100
μg/mL streptomycin, and 0.25 mM L-glutamine; Life Technolo-
gies, Burlington, ON, Canada) before use. Cell purity was assessed
by flow cytometry (mouse α-human α-CD8 PE, clone HIT8α; BD
Biosciences Pharmingen, San Jose, CA, USA) and was 96.5 ± 3.3%
for the cells derived from healthy individuals and 96.7 ± 3.7% for
the cells derived from HIV+ individuals.

CD8+ T cell stimulation and addition of inhibitors

CD8+ T cells (2 × 106 cells/mL) were stimulated for the indicated
time with medium alone, or media with the indicated concentra-
tion of IL-7 (Peprotech, Montreal, QC, Canada).

For the inhibition assays, CD8+ T cells were treated with either
10 μM JAK inhibitor (CAS 457081-03-7; Millipore-Sigma, USA),
250 μM STAT5 inhibitor (CAS 285986-31-4; Millipore-Sigma),
25 μM PI3K inhibitor (LY294002) (CAS 154447-36-6; Millipore-
Sigma), 5–50 μM Broad MMP inhibitor GM6001 (364205, Cal-
biochem; Millipore-Sigma), 5–50 μM Broad MMP plus ADAM17
inhibitor TAPI-O (579050, Calbiochem; Millipore-Sigma), 1–20
μM MMP-2 inhibitor (444294, Calbiochem; Millipore-Sigma), 20
μM MMP-9 inhibitor (444278, Calbiochem; Millipore-Sigma) or 1
μg/mL BFA (CAS 20350-15-6; Millipore-Sigma) for 2 h before the

addition of IL-7. In each case, the treatment of cells with signaling
and protease inhibitors did not affect cell viability as determined
by propidium iodide (PI; Biolegend, San Diego, CA, USA) staining
(data not shown). The activity of these inhibitors was confirmed
by their ability to block IL-7 activity in a dose-dependent manner
and the concentrations of the inhibitors, for subsequent experi-
ments, were chosen based on the highest concentration with no or
little impact on cell viability, as determined by annexin V staining
(A13199; Invitrogen, Life Technologies, Carlsbad, CA, USA) (Sup-
porting Information Figs. S2–S4). Inhibitors alone did not affect
the expression of mCD127 or sCD127 (Supporting Information
Fig. S5).

Expression of surface or intracellular CD127
on CD8+ T-cells

For the evaluation of surface expression of CD127, 50 μL of iso-
lated CD8+ T cells (2 × 106/mL) were labeled in PBS 1% BSA
with 5 μL monoclonal mouse anti-human CD127-PE antibody
(clone R34.34, Beckman Coulter Inc., Pasadena, CA, USA) for
30 min at room temperature.To evaluate both intracellular and
surface expression of CD127, cells were fixed and permeabilized
with 200 μL BD fixation-permeabilization solution for 10 min at
4°C and washed with 1 mL Fix-Perm wash buffer from BD Fixa-
tion/Permeabilization kit (554714; BD Biosciences), and labeled
in 100 μL Fix-Perm wash buffer with Human IL–7R alpha/CD127
Biotinylated Antibody (250 pg/μL) (BAF306; R&D Systems, Min-
neapolis, USA). After a 30 min incubation at 4°C, cells were
washed with 1 mL BD Fix-Perm wash buffer and incubated for
10 min at 4°C with 10 μL diluted streptavidin PE-Cy7 (2 ng/mL)
(557598; BD Biosciences) to detect the antibody. After washing
the cells, CD127 expression was assessed on a FC500 Beckman
Coulter Flow Cytometer. Gating strategy is shown in Supporting
Information Fig. S6. All flow cytometry experiments were per-
formed as per the “Guidelines for the use of flow cytometry and
cell sorting in immunological studies (second edition)” [48].

Quantification of sCD127

A sandwich ELISA was used to determine the concentration of
sCD127 in the culture supernatants of CD8+ T cells cultured
with IL-7 at the indicated time points. The assay was performed
as described previously [49]. Briefly, high binding ELISA plates
(Sarstedt, Nümbrecht, Germany) were coated overnight with
anti-CD127 antibody (2.5 μg/mL, clone 40131; R&D Systems).
Samples and standard (human IL-7Rα/Fc chimera extracellular
domain; R&D Systems) were tested in triplicate. After 2-h incu-
bation at room temperature, the plate was washed with washing
buffer (PBS with 0.05% Tween 20), biotin-conjugated α-human
CD127 antibody (50 μg/mL) (R&D Systems) was added, and fol-
lowed by another 2-h incubation. The reaction was revealed with
streptavidin-HRP (Millipore-Sigma), using enhanced K-blue TMB
as substrate (Cedarlane, Burlington, Canada). The plates were
assayed with a SpectraMAX 190 microplate spectrophotometer
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Table 2. Sequences of primers and probe used for the quantification
of total and alternatively spliced CD127 mRNA

Primers/probe Sequence (5′-3′)

Primers CD127ex7Rev1 TCT TGG TTT CTT ACA
AAG ATG TTC C

CD127ex5For1 CCA ACC GGC AGC AAT
GTA TG

Probe CD127 exons 5–7
probe

/56-FAM/AGA TCA ATA
/ZEN/ ATA GCT CAG GAT
TAA GCC TAT CGT ATG
GCC/3IABkFQ/

and SoftMAX Pro2.4.1 software (Molecular Devices Corp., USA)
at 450 nm, and optical density (OD) values were corrected by
subtracting OD measurements at 540 nm. The concentrations of
sCD127 in sample supernatants were extrapolated from the stan-
dard curve by linear regression analysis.

RNA extraction and RT-PCR

RNA was extracted from 1.5 to 2 × 106 cells with GE Illustra
Mini prep kit (GE Healthcare Life Sciences, MA, USA) accord-
ing to the manufacturer’s instructions. RNA was quantified with a
NanoDropTM (ThermoFisher Scientific, MA, USA) and converted
to cDNA with iScript cDNA synthesis kit (BioRad, CA, USA) accord-
ing to the manufacturer’s instructions.

Quantification of total CD127 mRNA (i.e., including RNA
encoding both mCD127 and sCD127) was performed using
primers designed with PrimerBlast in order to cover exons
5–7 (accession number NM 002185.4) (CD127ex7Rev1 and
CD127ex5For1; Table 2). With these primers, this PCR is able
to amplify full-length CD127 and RNA that skipped exon 6.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was
used as the reference gene using PrimePCRTM SYBR R© Green Assay
(Bio-Rad). The RT-PCR reaction for CD127 and GAPDH was per-
formed using SsoAdvancedTM Universal SYBR Green Supermix
(BioRad). To evaluate the presence of the alternatively spliced
sCD127 mRNA variant, which lacks exon 6 (sCD127 mRNA), a
probe-based assay was used. The probe covered nucleotides 777–
815 of the variant (Seq.ID XM 005248299.3, exon 5–7 junction)
(Table 2). Following thermal activation of polymerase (95°C for
30 s), 40 cycles of PCR amplification (with each cycle consisting
of a 95°C denaturation step for 15 s and a 60°C annealing step
for 15 s) were performed using the CFX ConnectTM Real-Time
PCR Detection System (BioRad). Analyses were completed using
the BioRad CFX Manager Software. The specificity of all primer
sets was confirmed by analysis of PCR product amplicon size on
agarose gel electrophoresis.

Statistical analysis

All statistical analyses were conducted using GraphPad Prism
5.0 software (GraphPad, CA, USA). Statistical significance of

treatment effects was determined by paired two-tailed Student’s
t-tests. The effect of different concentrations of the inhibitors was
evaluated with one-way ANOVA with Dunnett’s multiple com-
parison. Time and dose-dependent effects were detected by two-
way ANOVA, with Bonferroni posttest when multiple comparisons
were done. Evaluation of sCD127 spontaneous release over time
and analysis of CD127 expression in response to treatment with
IL-7 or IL-7 and BFA was determined by one-way ANOVA with
Bonferroni posttest. Comparison of CD127 expression between the
different groups was determined by unpaired two-tailed Student’s
t-tests. p Values � 0.05 were considered statistically significant for
all comparisons.
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