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IL-15 induces antigen-independent expansion and differentiation of human naive
CD8� T cells in vitro
Nuno L. Alves, Berend Hooibrink, Fernando A. Arosa, and René A. W. van Lier

Recent studies in mice have shown that
although interleukin 15 (IL-15) plays an
important role in regulating homeostasis
of memory CD8� T cells, it has no appar-
ent function in controlling homeostatic
proliferation of naive T cells. We here
assessed the influence of IL-15 on anti-
gen-independent expansion and differen-
tiation of human CD8� T cells. Both naive
and primed human T cells divided in
response to IL-15. In this process, naive

CD8� T cells successively down-regu-
lated CD45RA and CD28 but maintained
CD27 expression. Concomitant with these
phenotypic changes, naive cells acquired
the ability to produce interferon � (IFN-�)
and tumor necrosis factor � (TNF-�),
expressed perforin and granzyme B,
and acquired cytotoxic properties.
Primed CD8� T cells, from both noncyto-
toxic (CD45RA�CD27�) and cytotoxic
(CD45RA�CD27�) subsets, responded to

IL-15 and yielded ample numbers of cyto-
kine-secreting and cytotoxic effector cells.
In summary, all human CD8� T-cell sub-
sets had the ability to respond to IL-15,
which suggests a generic influence of
this cytokine on CD8� T-cell homeostasis
in man. (Blood. 2003;102:2541-2546)
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Introduction

The ability of the specific immune system to respond to a variety of
pathogens requires the continuous presence of a pool of T cells
expressing a diverse array of T-cell receptors. T cells are produced
in the thymus and subsequently transported to the periphery.
Studies in humans have shown that in the absence of antigenic
stimulation, so-called naive T cells have a very slow turnover rate
and may be preserved for years.1 In contrast, T cells that have been
in contact with antigen (primed or memory T cells) show a
significantly higher cell division rate.1 Homeostasis of the periph-
eral T-cell pool not only depends on the production of new T cells
by the thymus but also on the maintenance of both naive and
primed T cells through the action of cytokines that not only induce
proliferation but also promote cell survival.2

The cytokines interleukin 7 (IL-7) and IL-15, both binding to
the common �-chain–containing cytokine receptors, have been
implicated in regulating T-cell homeostasis in mice. IL-7 appears to
be the key cytokine involved in the maintenance of mouse naive
CD8� T-cell numbers.3-5 On the basis of several complementary
observations, it has been implied that IL-15, a 14- to 15-kDa
cytokine belonging to the 4 �-helix–bundle cytokine family, may
exert its prime function on memory CD8� T cells.5-11 First, mice
deficient in either IL-15 or IL-15 receptor (R) � show a marker
reduction in CD8� T-cell numbers in the lymph nodes and in the
frequency of primed (CD44bright/CD62Llow) T cells.2,11,12 On the
other hand, an increase in CD44high CD8� memory T cells is found
in IL-15 transgenic mice,13 and T cells with a memory phenotype
divide after IL-15 injection.6 Although these observations strongly
associate IL-15 with the maintenance of memory CD8� T cells, it
should be noted that IL-15R��/� mice also have a marked

reduction in numbers of single-positive CD8� T cells in the
thymus,13 suggesting effects of IL-15 on non–antigen-primed
T cells.

Recently, Geginat et al14 have shown that within the human
CD4� compartment, only effector-memory CD4� T cells were able
to divide upon IL-15 stimulation, whereas Kanegane and Tosato15

have reported that both primed (CD45R0�) and naive (CD45RA�)
CD8� T cells proliferate in response to IL-15. The latter observa-
tion, however may be complicated by the fact that CD45RA
positivity is not a reliable marker for naive CD8� T cells since it
has now been established that CD45RA�CD27� T cells are in fact
primed T cells.16-18 We here evaluated the role of IL-15 in the
homeostasis of human naive CD8� T cells. We found that naive
CD45RA�CD27� T cells, obtained from either adult or cord blood,
proliferated in response to IL-15 stimulation and during this
process changed their phenotype and acquired effector functions.

Materials and methods

Reagents and mAbs

The monoclonal antibodies (mAbs) peridinin chlorophyll A protein (PerCP)–
conjugated CD3, allophycocyanin (APC)–conjugated CD3, PerCP-
conjugated CD8, PerCP-conjugated CD4, phycoerythrin (PE)–conjugated
CD16, PE-conjugated CD27, PE-conjugated CD28, PE-conjugated CD62L,
biotin-conjugated CD122, biotin-conjugated CD132, anti-CCR7, biotin-
conjugated rat antimouse immunoglobulin M (IgM), APC-conjugated
streptavidin, PE-conjugated anti–interferon � (IFN-�), PE-conjugated anti–
tumor necrosis factor � (TNF-�), and PE-conjugated gamma-1 were

From the Laboratory for Experimental Immunology, Academic Medical Center,
Amsterdam, the Netherlands; Laboratory of Molecular Immunology, Institute
for Molecular and Cell Biology, Porto, Portugal; and Sanquin Research,
Amsterdam, the Netherlands.

Submitted January 22, 2003; accepted May 29, 2003. Prepublished online as
Blood First Edition Paper, June 12, 2003; DOI 10.1182/blood-2003-01-0183.

Supported by Foundation for Science and Technology (FCT) Portugal grant no.
SFR/BD/2740/200 (N.L.A.).

Reprints: Nuno Alves, Laboratory for Experimental Immunology, G1-133,
Academic Medical Center, Meibergdreef 9, 1105 AZ Amsterdam, the
Netherlands; e-mail: n.m.lagesalves@amc.uva.nl.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 U.S.C. section 1734.

© 2003 by The American Society of Hematology

2541BLOOD, 1 OCTOBER 2003 � VOLUME 102, NUMBER 7



purchased from Becton Dickinson (San Jose, CA). Biotin-conjugated
polyclonal anti–IL-15R� was obtained from R&D Systems (Europe).
Isotype controls consisted of mouse IgG1, rat IgG2b, and goat IgG (kind
gifts from Dr Ramon Arens). APC-conjugated CD8, PE-conjugated
CD45RA, and APC-conjugated CD56 mAbs were obtained from Immuno-
tech Coulter (Miami, FL). PE-conjugated antiperforin mAb was obtained
from Holzel Diagnostika (Koln, Germany). PE-conjugated anti–granzyme
B mAb was purchased from Sanquin (Amsterdam, the Netherlands).
Microbeads coated with human CD8 (CD8 microbeads) were purchased
from Miltenyi Biotec (Bergisch Gladbach, Germany).

Cell preparation

Human peripheral blood mononuclear cells (PBMCs) from buffy coats of
healthy donors were isolated by Ficoll-Isopaque density gradient centrifuga-
tion (Nycomed; Pharma, Oslo, Norway). Umbilical cord blood mono-
nuclear cells (UCBMCs) were used to obtain naive T cells. The current
study was approved by the local medical ethics committee of the Academic
Medical Center.

CD8� purification and sorting

CD8� T cells were purified either from total PBMCs or UCBMCs by
positive selection using the MACS system. Briefly, PBMCs were stained
with CD8 microbeads for 15 minutes at 8°C. After washing, cells were
resuspended in incubation buffer and enrichment was performed with the
VarioMACS magnet according to manufacturer’s instructions. The sample
purity was assessed by fluorescence-activated cell sorter (FACS) with
APC-conjugated CD8 and PerCP-conjugated CD3 mAbs (purity, �95%
CD3� CD8�). For subset purification, purified peripheral blood CD8� T
cells were stained with PE-conjugated CD45RA and fluorescein isothiocya-
nate (FITC)–conjugated CD27 mAbs and sorted into CD45RA�CD27�,
CD45RA�CD27�, and CD45RA�CD27� populations on a FACS sorter
(Moflow; Dako-Cytomation, Carpinteria, CA). The purity assessed by
FACS was higher than 95%.

CFSE labeling

UCBMCs or purified CD8� T cell subsets were pelleted and resuspended in
phosphate-buffered saline (PBS) at a final concentration of 5 to 10 � 106

cells/mL. Next, cells were labeled with 2.5 �M (final concentration) of
5-(and -6)-carboxyfluorescein diacetate succinimidyl ester (CFSE; Molecu-
lar Probes Europe BV, Leiden, the Netherlands) in PBS for 10 minutes at
37°C. Cells were washed and subsequently resuspended in Iscoves
modified Dulbecco medium (IMDM) supplemented with L-glutamine, 25
mM HEPES (N-2-hydroxyethylpiperazine-N�-2-ethanesulfonic acid; Bio-
whittaker, Verviers, Belgium) containing 10% human pool serum (HPS;
Biowhittaker), streptamycin (100 ng/mL; Gibco BRL, Paisley, Scotland),
penicillin (10 U/mL; Yamanouchi, Pharma, Leiderdorp, the Netherlands),
and 3.57 � 10�4 percent (vol/vol) 	-mercapto ethanol culture medium
(Merck, West Point, PA).

Cell culture

CFSE-labeled UCBMCs, or purified CD8� T-cell subsets, were cultured for
7 days at 37°C in 5% CO2 atmosphere, in culture medium in the presence or
absence of IL-15 (R&D Systems). The precursor frequency (percentage of
cells in the initial population that undergone one or more divisions after
culture) was calculated as follows: [
n�1(Pn/2n)]/[
n�0(Pn/2n)], where n is
the division number that cells have gone through and Pn is the number of
cells in division n.19

FACS analysis

CFSE-labeled cells stained with PE-, PerCP-, or APC-labeled mAbs were
analyzed on a FACSCalibur (Becton Dickinson). The cytokine-producing
capacity was assessed after phorbol myristate acetate (PMA; 2 ng/mL) and
ionomycin (1 �M/mL) stimulation in the presence of brefeldin A (1 �M; all
from Sigma Chemical, St Louis, MO) for 4 hours. Cells were fixed in 2%
paraformaldehyde, permeabilized with PBS containing 0.5% (wt/vol)

bovine serum albumin (BSA), and 0.5% saponin followed by staining with
PE-labeled anti–IFN-�, anti–TNF-�, and a control mAb (gamma-1).
Intracellular detection of granzyme B and perforin was performed as
described previously.16

Redirected cytotoxicity assay

The cytotoxic activity of (un)stimulated CD8� T cells was determined in a
4-hour 51Cr release assay using Fc receptor (FcR)�-bearing P815 cells as
targets. Targets cells were labeled with 200 �Ci (7.4 MBq) of 51Cr
(Amersham, Arlington Heights, IL) in 100 �L of fetal calf serum (FCS) for
1 hour at 37°C. After 3 washes, target cells were plated in 96-well
round-bottom plates at 5000 cells per well. CD8� T cells were mixed with
target cells at effector-to-target ratios of 20:1, 10:1, 5:1, and 1:1, in the
presence or absence of 5 �g/mL anti-CD3 mAbs (clone CD3.4/1; Sanquin,
Amsterdam, the Netherlands). After 4 hours of incubation, supernatants
were harvested and counted in a gamma counter. Specific lysis was
calculated according to the following formula: % specific
release � [(experimental release � spontaneous release)/(maximum re-
lease � spontaneous release)] � 100.

Results

Human naive CD8� T cells can respond to IL-15

A previous study suggested that both naive and memory human
CD8� T cells are able to respond to IL-15 in a T-cell receptor
(TCR)–independent way.15 However, in that study these 2 popula-
tions were separated based on the expression of 2 different
isoforms of leukocyte common antigen (CD45) and therefore did
not take into account the notion that primed CD8� T cells with
abundant effector functions can express CD45RA.16-19

To assess whether truly naive CD8� T cells were indeed able to
respond to IL-15, we used UCBMCs as a source of human naive
lymphocytes. In parallel we measured the response of naive CD4�

T and natural killer (NK) cells. UCBMCs were labeled with CFSE
and stimulated with IL-15 for 7 days with graded concentrations of
IL-15. As shown in Figure 1, umbilical cord NK cells responded to
low doses of IL-15 and most NK cells divided at a concentration of
1 ng/mL. Naive CD8� T cells needed higher concentrations of
IL-15 to proliferate and at 40 ng/mL around 50% of the cells within
this subset responded. Still, also at lower concentrations (1-2.5
ng/mL), 20% of the cells underwent at least one or more rounds of
division. Finally, we also observed that naive CD4� T cells
proliferated, although the amount of cells entering cell cycle was

Figure 1. Naive CD8�, CD4� T cells, and NK cells require different amounts of
IL-15 to expand. UCBMCs were labeled with CFSE and cultured in the presence of
variable concentrations of IL-15 for 7 days, followed by FACS analysis. NK cells (})
were gated on CD3�CD16�CD56�, CD4� T cells (Œ) on CD3�CD4�, and CD8� T
cells (■ ) on CD3�CD8�. The percentage of cells in the initial population that had
undergone one or more rounds of division after IL-15 stimulation was calculated as
described in He et al.19 Data depicted are the mean � SD from 3 experiments
performed.
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much lower in comparison with the CD8� T-cell response. The
differences among the different lineages were the same when
PBMCs from adults were used (data not shown), which indicated
that the ability to proliferate in response to IL-15 is independent
from prior antigenic challenge.

Lodolce et al2 have shown that in vivo responses of CD8� T
cells to IL-15 depend on the expression of IL-15R� on hematopoi-
etic cells but not necessarily on IL-15R� expressed on CD8� T
cells suggesting an interplay between different cell types for the
bystander proliferation. As we found that umbilical cord NK cells
are by far the most IL-15–sensitive cell type, we questioned
whether the IL-15–induced proliferation of naive CD8� T cells
could be indirectly influenced by NK cell–derived cytokines. To
this end, CD8� T cells were purified from UCBMCs using CD8�

magnetic beads. Additionally, CD8� T cells from adult blood were
sorted in naive (CD27brightCD45RAbright) and 2 different primed
populations (ie, cytotoxic, CD27�CD45RAbright; and noncytotoxic,
CD27�CD45RAdull/neg) T cells, to assess possible differences in
IL-15 responses between these subsets. Purified naive CD8� T cells
from umbilical cord responded strongly to IL-15 (precursor
frequency � 41.5%; Figure 2A). Also in all subsets obtained from
adult blood we detected proliferation (Figure 2B-D), although the
percentage of cells responding to IL-15 was highest in the
CD27�CD45RAbright subset (precursor frequency � 55%; Figure
2C). Thus, naive human CD8� T cells expanded directly to IL-15
stimulation in an antigen-independent way.

Changes in cell surface phenotype in IL-15–stimulated
CD8� subsets

Recently Liu et al20 have concluded on the basis of gene expression
profiles that IL-15 mimics TCR stimulation in CD8� memory T

cells. Particularly, both stimuli gave similar responses with respect
to proliferation and effector functions. Therefore, having found that
all CD8� T-cell subsets were able to respond to IL-15, we
examined whether IL-15–induced activation would induce cellular
differentiation that can be characterized by changes at the
cell surface.

The sorted naive CD8� T-cell population was CD27bright

CD45RAbrightCD28�CCR7�CD62L� (data not shown). After stimu-
lation, there was a successive down-modulation of CD45RA but
CD27 remained largely unchanged (Figure 3A-B). Expression of
CD28, CCR7, and CD62L was down-regulated in cells that
underwent more than 3 to 4 rounds of divisions (Figure 3A). These
latter data suggest that after contact with IL-15 for long periods the
naive population might alter its recirculation ability.

After culturing in the presence of IL-15, the cytotoxic popula-
tion (CD27�CD45RAbrightCD28�CCR7�CD62L�/�; data not
shown) remained CD27� and CD28� indicating that the expression
of these markers once lost, is not regained during cytokine-driven
proliferation (Figure 3C). There was a down-modulation of
CD45RA as in naive population. Surprisingly, the expression of
CCR7 was regained in a fraction of the cells but was not
accompanied by CD62L re-expression (Figure 3C). Nevertheless
the re-expression of CCR7 in cells that had lost this receptor
suggest that after contact with IL-15 some cells might reacquire the
ability to respond to the CCR7 ligands, secondary lymphoid tissue
chemokine (SLC), and macrophage inflammatory protein 3	
(MIP-3	).

In the noncytotoxic fraction (CD27�CD45RA�CD28�CCR7�/�

CD62L�/�, data not shown), the expression of CD27 and CD28
was maintained. Based on the subset classification proposed by
Lanzavecchia and colleagues,21 memory cells after contact with
IL-15 shifted to an effector phenotype, as shown by the down-
regulation of CCR7 and up-regulation of CD45RA. CD62L

Figure 3. Phenotypic properties of purified subsets after IL-15 stimulation.
Purified subsets were labeled with CFSE and stimulated with IL-15 (10 ng/mL). After
7 days the cells were stained for the indicated cell surface markers, followed by FACS
analysis. (A) UCB naive CD8� T cells. (B) Peripheral naive CD8� T cells. (C)
Cytotoxic CD8� T cells (CD27�CD45RAbright). (D) Noncytotoxic CD8� T cells
(CD27�CD45RAdull/neg). Data are one representative experiment of 4 performed.

Figure 2. Purified naive and cytotoxic- and noncytotoxic-primed CD8� T cells
proliferate upon IL-15 stimulation. Sorted populations were labeled with CFSE and
stimulated for 7 days with IL-15 (10 ng/mL), followed by FACS analysis. (A) UCB
naive CD8� T cells. (B) Peripheral naive CD8� T cells. (C) Cytotoxic CD8� T cells
(CD27�CD45RAbright). (D) Noncytotoxic CD8� T cells (CD27�CD45RAdull/neg). Data
are one representative experiment of 4 performed.
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expression was down-modulated in the cells that underwent more
than 3 to 4 rounds of division (Figure 3D).

IL-15 enhances the expression of IL-2/15R�

in naive CD8� T cells

IL-15 binds to a specific trimeric receptor consisting of IL-15R�,
	, and �c chains. It shares with IL-2 two signaling receptor
subunits, IL-2/15R	 (CD122) and IL-2/15R� (CD132), using the
common JAK3/STAT5 (Janus kinase 3/signal transducers and
activators of transcription 5) signaling pathway.22-24 In mice,
CD122 expression is higher in memory relatively to naive CD8� T
cells,7 which favors the response of memory cells to IL-15. We
examined the expression of IL-15 receptor components by FACS
analysis on resting T cells and after IL-15 stimulation. In resting
cells the expression of CD122 was lower in the naive population in
comparison with cytotoxic and noncytotoxic cells and with NK
cells. After stimulation, we detected a pronounced up-regulation of
CD122 in the naive population to levels comparable to the ones
obtained in primed subsets (Figure 4 top row). CD132 is constitu-
tively expressed on human lymphocytes. However after contact
with IL-15 there was an increased expression of this receptor in all
subsets (Figure 4 middle row). IL-15R� was almost undetectable
on T-cell subsets (slightly higher in primed subsets in comparison
with naive cells), NK cells being the only population where it was
clearly detected. After stimulation IL-15R� was no longer detected
in any of the lymphocyte subsets (Figure 4 bottom row).

IL-15 induces IFN-� and TNF-� production in naive CD8� T cells

A prime feature of the CD8� T-cell activation pathway is the
synthesis of proinflammatory cytokines, such as IFN-� and TNF-�.
In previous studies we have shown that human-primed CD8� T
cells abundantly produce IFN-� and TNF-� after PMA/ionomycin
activation, whereas naive cells synthesize only low amounts of
these cytokines.16,18 After a 7-day culture period in the presence of
IL-15, the production of IFN-� and TNF-� was measured intracel-
lulary after PMA/ionomycin activation in stimulated CD8� T-cell
subsets. IL-15 strongly induced TNF-� (producing cells, 30%-
53%, n � 4 donors) and IFN-� production (producing cells,
12%-45%, n � 4 donors) in purified naive CD8� T cells from
umbilical cord blood. Highest production was found in the cells
with strongest CFSE dilution (Figure 5A). Furthermore, naive T
cells purified from adult blood acquired a strong ability to produce
these cytokines (Figure 5B). In contrast to the naive populations,
both primed T-cell subsets contained ample cytokine-secreting

cells in the undivided fraction that was maintained in the dividing
ones (Figures 5C-D).

IL-15 induces cytotoxic effector function in naive CD8� T cells

Upon IL-15 stimulation, naive CD8� T cells acquired a primed
phenotype, indicated by changes in their cell surface phenotype and
by the ability to produce proinflammatory cytokines. We next
assessed whether IL-15 also induced the expression of cytotoxic
effector molecules in purified naive cord blood CD8� T cells.
Indeed, strong induction of perforin and granzyme B was found in

Figure 4. Up-regulation of IL-2/15R� (CD122) on naive
CD8� T cells and of IL-2/15 R� (CD132) on all subsets
after IL-15 stimulation. The purified subsets were labeled
with CFSE and stimulated with IL-15 (10 ng/mL) for 7 days.
NK cells gated on CD3�CD16�CD56� (NK), CD8� T cells
purified from UCB (UCB CD8�), peripheral naive CD8� T
cells (CD27�CD45RAbright), cytotoxic CD8� T cells
(CD27�CD45RAbright), and noncytotoxic CD8� T cells
(CD27�CD45RAdull/neg) were stained for CD122 (IL-2/15
R	), CD132 (IL-2/15 R�), and IL-15R� followed by FACS
analysis. Dashed line indicates isotype control; thin line,
resting cells; and bold line, IL-15–stimulated cells. Data
are one representative experiment of 3 performed.

Figure 5. Functional properties of purified subsets after IL-15-stimulation. The
purified subsets were labeled with CFSE and stimulated with IL-15 (10 ng/mL). After 7
days the cells were restimulated with PMA/ionomycine and brefeldin A and stained
intracellular for indicated cytokines followed by FACS analysis (gamma-1 [g-1] used
as control mAbs). (A) CD8� T cells purified from UCB. (B) Peripheral naive CD8� T
cells. (C) Cytotoxic CD8� T cells (CD27�CD45RAbright). (D) Noncytotoxic CD8� T
cells (CD27�CD45RAdull/neg). Data are one representative experiment of 4 per-
formed.
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naive CD8� T cells upon IL-15 activation (Figure 6A). Moreover,
we determined cytotoxic activity against P815 cells in an antibody-
dependent cell-mediated cytotoxicity assay. In contrast to unstimu-
lated cells, naive CD8� T cells, either from umbilical cord or
peripheral blood, stimulated with IL-15 exhibited potent cytotoxic
activity (Figure 6B). Additionally, the cytotoxic (CD27�

CD45RAbright) and noncytotoxic (CD27�CD45RAdull/neg) CD8�

T-cell–primed subsets showed an enhanced cytotoxic potential
after IL-15 stimulation (Figure 6B). Hence, IL-15 effectively
induces phenotypic and functional changes in naive CD8� T cells.

Discussion

Herein we have demonstrated that naive CD8� T cells are
responsive to IL-15 in an antigen-independent way, with concomi-
tant phenotypic changes and acquisition of functional properties
that are difficult to distinguish from antigen-primed T cells. For
most experiments we have used a dose of IL-15 (10 ng/mL) that is
comparable to or lower than the doses used in other re-
ports.6,14,15,25,26 When UCBMCs or PBMCs were used, NK cells
were by far the most IL-15–sensitive cellular subset, responding to
very low cytokine concentrations (0.5-1 ng/mL). The huge differ-
ence in IL-15 sensitivity between NK and T cells raises 2 important
issues. First, as has been elegantly described by Lodolce et al2

using a mouse model, the effect of IL-15 on naive CD8� T cells in
these in vitro cultures could be indirect, via the induction of
cytokines and possible other factors by NK cells, rather than direct.
However, our studies with purified CD8� subsets showed that the
response of these cells is similar to that of the CD8� T cells in the
unfractionated cultures (compare Figures 1 and 2). Second, an
obvious question that can be raised is whether CD8� T cells in
vivo, in competition with NK cells that are apparently much more

apt to respond to IL-15, would be in contact with such concentra-
tions that proliferation and phenotypic changes could be induced.
We would favor the possibility that the maintenance of CD8� T
cells would involve additional signals, which might regulate the
ability of CD8� T cells to use IL-15.

IL-15 is expressed by a large range of cell types, from bone
marrow stroma cells and epithelial cells to monocytes.22,27-29

Importantly, it is highly produced in the gut microenvironment
during stress or infection,28 which raises the possibility that CD8�

homeostasis is specifically regulated under conditions of immune
activation. Moreover, IL-15 is bioactively expressed at the cell
surface by human spleen–derived fibroblasts30 and it can be
presented at the cell surface of activated monocytes, thereby
activating target cells expressing either intermediate or high-
affinity IL-15R in trans.31 These observations therefore suggest that
IL-15, associated with cell surface, signals in a cell contact–
dependent manner and while recirculating through the secondary
lymphoid organs, naive CD8� T cells may be stimulated through
this mechanism.

As shown by others15,32 we observed that NK cells as well as
CD8 T cells express the intermediate-affinity IL-15R (	 and �
chains), although the expression of the 	 chain as lower in naive
population. IL-15R� was only clearly detected in NK cells, which
may explain the ability of NK cells to respond to low doses of
IL-15 (Figure 1). Upon activation IL-15R� expression was lost
from all subsets. It has been shown that IL-15 binds to IL-15R�
with high affinity and is subsequently internalized and recycled.31

The inability to detect IL-15R� after IL-15 stimulation may
therefore be due to receptor occupancy and/or redistribution of
IL-15R� to the intracellular compartment.

It has been shown by different groups that naive CD8� T cells
undergoing homeostatic-driven proliferation showed a phenotypic
and functional conversion to memory-type cells.33-35 Importantly,
these phenotypic and functional alterations may revert when
homeostatic proliferation stops.34 Goldrath et al34 showed that
naive CD8� T cells undergoing homeostatic proliferation up-
regulate CD122 (IL-2/15 R	), which could place naive T cells
under the control of IL-15. Zhang et al6 have shown that the
expression of IL-2/15R	 was higher on murine memory CD8� T
cells, the only subset able to proliferate upon stimulation via IL-15.
However our data indicate that the response to IL-15 is not limited
by the level of IL-2/15R	 expression as (1) in the naive population
the expression of this receptor is lower in comparison to the
effector and memory populations and (2) no gross differences
between UBCMCs (containing only naive T cells) and PBMCs
(containing various subsets of primed T cells) in the response to
IL-15 was evident (Figure 1; data not shown). Rather, all subsets
responded to IL-15 and in this process naive cells strongly
up-regulate CD122. These findings suggest that the relatively low
amount of CD122 on naive human T cells is sufficient to initiate
responses to IL-15.

In mice models, it has been shown that IL-7 is the key cytokine
in controlling survival and homeostatic proliferation of naive T
cells working simultaneously with low levels of TCR signaling
from contact with self–major histocompatibility complex (MHC)/
peptide ligands,3-5 whereas it has been stressed that IL-15 is
important for the generation and maintenance of memory CD8� T
cells.3-11,36 Still, IL-15R��/� mice also have a defect in generating
single-positive CD8� T cells in the thymus and a marked CD8�

T-cell lymphopenia is found in these animals, which can unlikely
be solely attributed to diminution of effector/memory CD8� T
cells.12 Additionally, the interpretation of the studies on

Figure 6. Naive CD8� T cells acquire cytotoxic properties upon IL-15 stimula-
tion. The purified subsets were stimulated with IL-15 (10 ng/mL) for 7 days. (A) Naive
CD8� T cells were stained intracellular for perforin and granzyme B, followed by
FACS analysis. Dotted line indicates control mAbs; thin line, resting; and bold line,
IL-15–stimulated cells. (B) Purified CD8� T-cell subsets were tested in a redirected
cytotoxicity assay. Targets (P815 cells) were mixed with CD8� T cells from UCB (F),
peripheral naive CD8� T cells (Œ), cytotoxic CD8� T cells (CD27�CD45RAbright) (�),
and noncytotoxic CD8� T cells (CD27�CD45RAdull/neg) (f) in the presence of
anti-CD3 mAbs, resting (left panel) or IL-15-stimulated (right panel). Resting and
IL-15–stimulated purified subsets did not lyse P815 cells in the absence of CD3 mAbs
(data not shown). Data are one representative experiment of 3 performed. E/T ratio
indicates effector-to-target ratio.
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IL-15–induced proliferation of effector-memory cells in vivo are
complicated by the fact that IL-15 induced rapid phenotypic
changes and as a result it may be difficult to distinguish expanded
antigen-primed effector-memory cells from cells that have ac-
quired such a phenotype through the effect of IL-15 or other
homeostatic proliferation signals. At very least, our findings do
suggest that in humans IL-15 may participate in the maintenance
and homeostatic control of human naive CD8� T-cell pool. In
contrast, and in agreement with Geginat et al,14 the effect of IL-15
on naive CD4� T cells appears to be low with only 10% of the cells
responding (10 ng/mL; Figure 1).

In a recent report, Kim et al25 have shown that IL-15 combined with
a low dose of IL-12 induces a CD28� phenotype in human cord blood
cells but in this report no information was provided on the response of
cord blood T cells to IL-15 alone. In agreement with our findings, their
study demonstrated that naive T cells become rapidly cytotoxic upon
IL-15 stimulation. The observation that IL-15 by it self can induce
effector T-cell function is supported by functional and DNA microarray
data of Liu et al20 that showed that IL-15 mimics TCR activation in the
cellular proliferation, gene expression profile, and induction of cytotoxic
activity in memory CD8� T cells.

The finding that cytokines like IL-15 alter function and
phenotype of responding T cells precludes attributing particular
changes related to effector or memory T-cell formation directly to
antigen-specific responses. Cell cycle progression is believed to
relieve epigenetic repression of certain genes allowing their
expression37 and was previously seen in relation to signals specifi-
cally derived from the CD3/TCR complex. In light of our data and
those of Kim et al,25 it would be interesting to investigate whether
IL-15–induced proliferation would induce changes in chromatin
organization facilitating expression of cytokines and cytotoxic
effector molecules in naive cells.
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