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Abstract
Both naive and memory T cells undergo antigen-independent proliferation after transfer into a
T cell–depleted environment (acute homeostatic proliferation), whereas only memory T cells
slowly divide in a full T cell compartment (basal proliferation). We show, first, that naive and
memory CD8 T cells have different cytokine requirements for acute homeostatic proliferation.
Interleukin (IL)-7 receptor(R)–mediated signals were obligatory for proliferation of naive T
cells in lymphopenic hosts, whereas IL-15 did not influence their division. Memory T cells, on
the other hand, could use either IL-7R– or IL-15–mediated signals for acute homeostatic proliferation: their proliferation was delayed when either IL-7R was blocked or IL-15 removed,
but only when both signals were absent was proliferation ablated. Second, the cytokine requirements for basal and acute homeostatic proliferation of CD8 memory T cells differ, as basal division of memory T cells was blocked completely in IL-15–deficient hosts. These data suggest a
possible mechanism for the dearth of memory CD8 T cells in IL-15– and IL-15R–deficient
mice is their impaired basal proliferation. Our results show that naive and memory T lymphocytes differ in their cytokine dependence for acute homeostatic proliferation and that memory T
lymphocytes have distinct requirements for proliferation in full versus empty compartments.
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Introduction
Peripheral T lymphocyte numbers are maintained at remarkably stable levels throughout adulthood in spite of the
continuing addition of cells, due to emigration from the
thymus and proliferation in response to antigen encounter,
and loss of cells owing to the removal of antigen-specific
effectors after antigen clearance (1–3). The size of the peripheral T cell compartment is likely regulated by multiple
factors that influence both proliferation and survival. For
example, T lymphocytes are known to divide independently of cognate antigen in lymphopenic environments.
This “acute homeostatic proliferation” is thought to reflect
a distinct mechanism for maintaining homeostasis of peripheral T cell numbers.
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In the absence of overt antigen stimulation, naive T lymphocytes divide minimally in a full compartment. However, they require signals delivered by MHC molecules for
their survival, as evidenced by the abbreviated life-span of
both naive CD4 and CD8 T cells in the absence of
MHC molecules (for reviews, see references 2 and 3). Similarly, naive T cells also require specific interactions with
self-peptide/MHC complexes in order to undergo efficient
homeostatic proliferation in lymphopenic conditions (for a
review, see reference 2). In contrast to naive T lymphocytes, memory T cells are continually undergoing “basal
proliferation,” the low level of antigen-independent division observed in a full lymphocyte compartment (4, 5).
Also, in contrast to naive T cells, memory cells appear to be
largely free of requirements for TCR–MHC interactions to
survive in the lymphoid periphery (for a review, see reference 3). The proliferation of memory cells in response to
lymphopenia is also MHC independent (5, 6). Thus, for
both naive and memory T cells, the need for TCR:self-
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of memory CD8 T cells (24). Finally, both IL-15– and
IL-15R–deficient mice have reduced numbers of CD8
T cells of memory phenotype in spleen and LNs (25, 26).
While these data highlight a role for IL-15 in maintaining
homeostasis of CD8 memory T cell numbers, the mechanisms by which IL-15 exerts its effects upon the memory
compartment (i.e., on formation, survival, or proliferation)
and the necessity of IL-15 for maintenance of memory T
lymphocytes have yet to be determined. Furthermore, naive CD8 T cells upregulate the IL-2/IL-15R chain early
during homeostatic proliferation (27–29), raising the possibility that IL-15 might also mediate proliferation of naive
T cells.
Here, we report the cytokine requirements for both
acute and basal homeostatic proliferation of CD8 T lymphocytes. We find that naive and memory T cells differ in
their cytokine dependence for acute homeostatic proliferation and that memory T lymphocytes have distinct requirements for proliferation in full versus empty compartments.

Materials and Methods
Mice and Cell Transfers. Wild-type female C57BL/6 (B6) mice
were obtained from Taconic Farms or The Jackson Laboratory.
IL-15–deficient (IL-15/, B6 background) mice (26) were bred
at Immunex or at Harvard Medical School. All mice were housed
under specific pathogen-free conditions. Recipient B6 or IL-15/
mice were either irradiated with 650 rads or left untreated. 1 or 2 d
later, donor cells were labeled with the intracellular fluorescent
CFSE dye (Molecular Probes), and were transferred to hosts by
intravenous injection. Beginning at time of the transfer of donor
T cells, indicated hosts were given 1 mg of anti–IL-7R
(A7R34; reference 14) intraperitoneally every other day for the
duration of the experiment.
Polyclonal donor T cells were obtained from pooled LNs and/
or spleen from C57BL/6-Ly5.2 mice (CD45.1 congenic) (The
Jackson Laboratory or Fredrick Cancer Research Center). Antigen-specific donor cells were from OT-I mice (transgenic for a
MHC class I–restricted TCR [V2V5] recognizing chicken egg
ovalbumin 357–364 [OVAp]/Kb complexes on the B6 background; reference 30) crossed to the recombination activation gene (RAG)*-deficient (RAG/, B6 background) or
B6.PLThy1a/Cy (Thy1.1 congenic) backgrounds (The Jackson
Laboratory). Polyclonal CD8 naive (CD8CD44loCD122lo) and
memory (CD8CD44hiCD122hi) T cells were obtained by CD8
T cell enrichment by MACS® (Miltenyi Biotec) magnetic depletion using a murine CD8 enrichment cocktail (Stem Cell Technologies) and sorting according to expression of CD8, CD44,
and CD122 (IL-2R) using a FACSVantage™ (Becton Dickinson). Naive OT-I RAG CD8 T cells were enriched by magnetic depletion of CD44hi and MHC class II positive cells; the remaining cells were CD8V2CD44loCD122lo.
CD8 memory cells specific for OVAp were generated by intravenous transfer of 2  106 OT-I Thy1.1 pooled spleen and
LN cells (B6.PLThy1a/Cy background) into B6 (Thy1.2) or B6
by B6.PLThy1a/Cy F1 (Thy1.1Thy1.2) hosts followed by intravenous infection 1 d later with 5  106 PFU of Vaccinia virus
carrying OVA cDNA (27). Memory cells were isolated 70 d af*Abbreviations used in this paper: RAG, recombination activation gene;
TSLP, thymic stromal–derived lymphopoietin.
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peptide–MHC complex interactions to stimulate acute homeostatic proliferation mirrors the requirements for such
interactions for survival.
How the same signal (TCR:self-peptide–MHC) can be
interpreted by naive T cells as a cue for survival in one
context and for proliferation in another is not understood
(3, 6). Given that TCR recognition of self-peptide–MHC
complexes stimulates the proliferation of naive T cells only
in a lymphopenic environment, but supports survival in a
full compartment, additional signals that are peculiar to
lymphopenic environments must be necessary for their homeostatic proliferation. Likewise, the signal for acute homeostatic proliferation of memory T cells is unknown.
Cytokines are known to regulate T lymphocyte differentiation, survival, and proliferation at many stages of their
maturation. Cytokines could provide a signal for acute homeostatic proliferation of lymphocytes either due to increased cytokine production in response to lymphopenia or
due to increased availability in a less competitive environment. Two cytokines, IL-7 and IL-15, are good candidates
for eliciting homeostatic proliferation of CD8 T cells as
both are known to mediate antigen-independent proliferation of T cells (7–9).
IL-7 plays a key role in the survival and proliferation of
thymocytes during early stages of T cell development. Both
IL-7– and IL-7R–deficient mice show severe defects in T
cell differentiation (10–13); treatment of wild-type mice
with a neutralizing antibody to IL-7 or IL-7R leads to an
analogous defect (14). In vitro, IL-7 enhances proliferation
and survival of mature T cells, and the administration of
exogenous IL-7 in vivo results in proliferation and an increase in numbers of both CD4 and CD8 T cells without apparent activation (8, 13, 15, 16). As mice deficient in
IL-7 and its receptor are impaired in T cell differentiation,
the role of this cytokine in peripheral T cell homeostasis
has been difficult to address. However, several groups have
recently shown that IL-7 contributes to peripheral T lymphocyte survival (17–19) and that it is a crucial factor in
promoting acute homeostatic proliferation of naive T cells
(18, 19).
IL-15 is a T and NK cell stimulatory factor, similar in
structure and function to IL-2. Both cytokines induce proliferation of T cells; their shared functions are thought to
result from both receptors using the IL-2/IL-15R and
common  chains. However, IL-2 and IL-15 also have
contrasting functions on similar cell types. For example,
IL-2 has been implicated in promoting activation-induced
cell death of T cells, whereas IL-15 inhibits death (20–23).
Such differences have been attributed to the expression of
the unique receptor  chains as well as to the competition
between IL-2 and IL-15 to bind IL-2/IL-15R and 
chains. Evidence supporting a role for IL-15 in homeostasis
of memory CD8 T cells is substantial. Administration of
IL-15 to mice results in a selective and potent stimulation
of CD8 T cells of a memory phenotype (9). Additionally,
blocking the IL-2/IL-15R chain, but not IL-2, resulted
in inhibition of memory CD8 T cell proliferation, implicating IL-15 as an important regulator of basal proliferation

transferred into the IL-15/ versus the wild-type B6 hosts,
indicating that IL-15 is not required for acute proliferation
of naive CD8 T cells. This observation is in agreement
with recent reported results (19). Interestingly, however, in
experiments in which cytokines were provided exogenously, IL-15, IL-4, and IL-12, were shown to enhance
homeostatic proliferation of naive T cells (19, 31). Thus,
although naive T cells upregulate a functional IL-15 receptor during homeostatic proliferation, IL-15 is not necessary
for this division.
In contrast to the minimal effect of IL-15 deficiency,
blocking of IL-7R led to a drastic decrease in proliferation of naive CD8 T cells transferred into either irradiated
B6 or IL-15/ hosts (Fig. 1). In both untreated hosts,

Results and Discussion
The Role of IL-15 and IL-7 in Acute Homeostatic Proliferation of Naive CD8 T Cells. The necessity of IL-15– and
IL-7R–mediated signals in the acute proliferation of naive
CD8 T cells in lymphopenic hosts was addressed first. Naive OT-I TCR transgenic (OT-I RAG/, Fig. 1 A) or naive polyclonal CD8 (CD44loCD122lo, Fig. 1 B) T cells
were CFSE-labeled and transferred into irradiated B6 or
IL-15/ hosts. In some host mice, IL-7R–mediated signals were blocked by treatment with anti–IL-7R mAb
(Fig. 1 A and B, top verus bottom panels). Under this treatment protocol, IL-7R–dependent survival and maturation
of T cells are blocked (reference 17 and data not shown).
The proliferation of donor cells was assessed by monitoring
CFSE dilution by FACS® analysis 5–7 d after transfer.
We found no significant delay in the proliferation of either OT-I (Fig. 1 A) or polyclonal (Fig. 1 B) CD8 T cells
1517
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Figure 1. Acute homeostatic proliferation of naive CD8 T cells requires IL-7R–, but not IL-15–, mediated signals. (A) Cells pooled from
LN and spleen of OT-I RAG/ mice were labeled with CFSE and transferred intravenously into B6 or IL-15/ hosts irradiated the previous day.
Indicated recipients were given 1 mg anti–IL-7R mAb intraperitoneally
every other day beginning at the time of transfer. Data are from two experiments. Histogram plots of CFSE intensity in V5CD8 cells (left
panels from one transfer) or V2CD8 gated cells (right panels from a
second transfer) are shown for representative recipients 6 d after transfer.
The bottom right panel is an overlay of CFSE intensity in CD8V2
gated cells from B6 (solid line), IL-15/ (broken line), and anti–IL-7R–
treated IL-15/hosts (gray line) all from the same experiment. (B) Naive
polyclonal CD44loCD122lo CD8 T cells were sorted from LN and
spleen cells from CD45.1 congenic mice, labeled with CFSE, and transferred into recipients as above. Histogram plots of CFSE intensity in
CD8CD45.1 gated cells on day 6 after transfer are shown. Data are
representative of three or more experiments.
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ter infection from spleen by enrichment over MACS® columns
(Miltenyi Biotec). Briefly, cell suspensions were incubated with
biotinylated anti–I-Ab, B220, HSA, and Thy1.2 antibodies followed by streptavidin-conjugated beads and magnetic purification.
Donor cells were labeled with CFSE before transfer (30). Cells
were washed twice in PBS 0.1% BSA, resuspended to 107 cells/
ml in PBS 0.1% BSA with 10 M CFSE, and incubated for 10
min at 37C. Cells were washed twice with cold RPMI 1640/
20% FCS, and then washed twice in PBS or RPMI 1640. 1–2 
106 CFSE-labeled CD8 T cells were transferred in 200 l by intravenous injection into host mice.
Flow Cytometry. The following antibodies were used for flow
cytometry (BD PharMingen): CD8-APC (53–6.7); V2-PE
and biotin (B20.1); CD44-biotin (IM7); CD122 (IL2R)-PE
(TM1); Ly6C-FITC (AL-21); Thy1.2-biotin (30-H12); Thy1.1
PE (OX-7); CD45.1-biotin (A20) CD45.2-PE (104); and IL7R-biotin (A7R34, gift of C. Kieper and C. Surh, Scripps Research Institute, La Jolla, CA). PE-Texas Red (Caltag) or Red670-conjugated streptavidin (Invitrogen) were used to detect
biotinylated antibodies. Samples were run on a FACSCalibur™
(Becton Dickinson) or MoFlo (Cytomation) and data analyzed
with WinMDI software (a gift from Joseph Trotter, Scripps
Clinic, La Jolla, CA).
Realtime PCR Analysis. DNase-treated RNA was used as a
template to synthesize first-strand cDNA. 104 cell equivalents of
cDNA were used as template to set up PCR reactions as specified
by the manufacturer (Applied Biosystems). The primers used in
the reactions were: IL-15R forward primer 5 gct act gtt gct ccc
gct ga 3 and reverse primer 5 cat gct caa tag ata cgg gag gt 3 at
5 M each with the 6-FAM probe 5 aca cgt ggt gcc cgg cgt cac
3 at 20 M final concentration; IL-7R forward primer 5 ggg
aca cag agc cgc tgt a 3 and reverse primer 5 taa ctg ttt ctg gtg
ggc tga c 3 at 5 M each with the 6-FAM probe, 5 agt gca aac
cgc tcg cct gag act 3 20 M final concentration. Rodent
GAPDH (20 M final VIC probe, 10 M each primers final
(Applied Biosystems) was used as the reference house-keeping
gene for both IL-7R and IL-15R. Reactions were run on an
Applied Biosystems ABI Prism 7700 using the following PCR
conditions: 50C, 2 95C, 10 followed by 45 cycles of 95C,
15 60C, 1 . The data shown have been normalized to GAPDH
and CD8 gene expression, and plotted relative to expression in
naive cells.
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Figure 2. Both IL-7R– and IL-15R–mediated signals contribute to
the acute homeostatic proliferation of CD8 memory T cells in irradiated
hosts. (A) OT-I memory T cells (CD8 Thy1.1) were enriched, labeled
with CFSE, and transferred to irradiated recipients as described for Fig. 1.
Histograms of CFSE intensity for CD8V2Thy1.1 gated cells are
shown 6 d after transfer. The bottom right panel is an overlay of CFSE
intensity in CD8Thy1.1 gated cells from B6 (solid line), IL-15/ (broken line) and anti–IL-7R–treated B6 hosts (gray line). (B) Memory phenotype (CD44hiCD122hi) polyclonal CD8 T cells were sorted from LN
and spleen of CD45.1 congenic mice, CFSE labeled and transferred into
recipients as above. Histogram plots of CFSE intensity of CD8CD45.1
gated cells are shown on day 6 after transfer. Data are representative of
three experiments.

CD8 memory T cells divided in the absence of cognate
antigen in irradiated wild-type hosts. The extent of proliferation was similar for both memory populations and the
rate of proliferation was generally faster than for their naive
counterparts (compare Figs. 1 and 2).
We found a delay in homeostatic proliferation of both
OT-I and polyclonal memory T cells when either IL7R– or IL-15–mediated signals were absent (Fig. 2). Impaired proliferation of transferred memory cells in anti–IL7R-treated hosts was generally more severe in B6 than
IL-15/ hosts, but cells transferred into both hosts consistently demonstrated less proliferation than the B6 controls.
This is in contrast to naive T cells which were entirely dependent on IL-7R–mediated signals and did not show
any delay of proliferation in IL-15/ hosts (Fig. 1). Acute
homeostatic proliferation of both OT-I memory (Fig. 2 A)
and polyclonal memory CD8 T cells (Fig. 2 B) was
blocked completely when IL-15/ hosts were treated with
anti–IL-7R (Fig. 2 A and B bottom right panels). Thus,
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nearly all donor cells divided in the week after transfer, and
many underwent more than one division. When the host
mice were treated with anti–IL-7R mAb, minimal division of the transferred cells was observed indicating that IL7R–mediated signals are obligatory for the acute homeostatic proliferation of naive CD8 T cells.
Both IL-7 and thymic stromal–derived lymphopoietin
(TSLP) bind and mediate signals through the IL-7R chain
(32). Although we cannot rule out a role for TSLP, it is
likely that the inhibition of homeostatic proliferation described herein was due to blocking of IL-7/IL-7R interactions as these results are in accord with those obtained
when T cells were transferred into IL-7/ hosts (18, 19).
Furthermore, in preliminary experiments, using an antibody specific for IL-7, we have been able to confirm the
data obtained with the anti–IL-7R antibody (data not
shown). We believe this effect is due to the blocking of IL7R function and not toxicity of the antibody as: (i) the kinetics of decay are not indicative of antibody depletion; (ii)
IL-7R–dependent thymocyte development is blocked
faster than peripheral T cell survival (even though both
populations bear IL-7R at similar levels, reference 14); (iii)
naive T cells decline more rapidly than memory cells
(which have higher levels of the surface receptor, Fig. 3)
(reference 17); (iv) after transfer into irradiated mice, we
recover cells from the anti–IL-7R–treated IL-15/ hosts
which are completely within the undivided peak (Figs. 1
and 2). If antibody depletion were a factor, it would be occurring selectively within the dividing population (which
has similar levels of IL-7R expression as the input population, data not shown). This seems unlikely further indicating antibody toxicity is not a major factor. Thus, in agreement with other reports, we find that IL-7 is a critical
mediator of homeostatic proliferation of naive T cells. Importantly, these observations were true for both naive OT-I
TCR transgenic T cells (Fig. 1 A) and naive polyclonal
CD8 T cells (Fig. 1 B).
The requirement by naive T cells for IL-7 to undergo
homeostatic proliferation mirrors their survival requirements, as has also been observed for TCR–MHC interactions. However, this finding does not address the issue of
how a set of signals that mediate survival in a full T lymphocyte compartment is translated differently in an empty
compartment to promote proliferation. In the future it will
be important to differentiate the influence of a unique signal present in the lymphopenic environment from a purely
quantitative difference in availability of factors (for instance,
IL-7) that promote acute homeostatic proliferation.
Acute Homeostatic Proliferation of Memory CD8 T Cells.
We next studied the role of IL-7R– and IL-15–generated
signals in the proliferation of CD8 memory cells in a lymphopenic environment. OT-I memory T cells (Fig. 2 A) or
polyclonal (Fig. 2 B) CD8 T cells of memory phenotype
(CD8CD44hiCD122hi) were transferred into irradiated B6
or IL-15/ hosts (left verus right panels) which were untreated or injected with anti–IL-7R (Fig. 2 A and B top
versus bottom panels). Proliferation was monitored by loss
of CFSE signal 6 d after transfer. OT-I and polyclonal
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Figure 3. CD8 memory T cells express higher levels of IL-7R and
IL-15R than naive CD8 T cells. (A) Relative expression of IL-7R
and IL-15R mRNA by naive and memory OT-I and polyclonal CD8
T cells. Data shown are representative of duplicate of RNA samples for
each condition that were each analyzed three times. Data were normalized to respective housekeeping and CD8 gene expression and plotted
relative to OT-I naive cells. (B) IL-7R surface expression for OT-I and
polyclonal naive and memory cells. Histogram overlays (left panel) represent staining for IL-7R for polyclonal naive (CD8CD44lo, thin gray
line), polyclonal memory (CD8CD44hi, thick gray line), OT-I naive
(OT-I RAG/, thin black line), or OT-I memory (CD8 Thy1.1, thick
black line) cells or isotype staining (dashed line). Dot plots show CD44
versus IL-7R surface expression on gated polyclonal CD8 and CD8
Thy1.1 OT-I memory T cells from the same mouse 6 mo after transfer of OT-I cells and infection with recombinant vaccinia virus.

empty compartment. In an empty compartment, high levels of available IL-7 (due to decreased competition and/or
production) would promote proliferation whereas in a full
compartment competition among T cells would limit IL-7
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in agreement with a recent report (18), our data show that
IL-7–/IL-7R–mediated signals are not absolutely required
for acute homeostatic proliferation of memory T cells. In
fact, IL-15 seems to provide a very similar signal. Both cytokines are capable of promoting acute homeostatic proliferation of CD8 memory T cells in empty lymphoid compartments and, together, they appear to account for all of
the acute homeostatic proliferative activity in our system.
To better understand how memory T cells can use both
IL-7– and IL-15–induced signals, whereas naive T cells utilize only IL-7, we compared expression of the relevant receptors by the two populations. Using real-time PCR, we
found that both OT-I and polyclonal memory CD8 T
cells had two- to fivefold more IL-7R and IL-15R
mRNA compared with their naive counterparts (Fig. 3 A).
Similar results were obtained using RNA from naive and
memory OT-I T cells to probe microarrays: memory cells
expressed about fourfold more IL-7R mRNA than did
naive cells (data not shown). Analysis of surface expression
by cytofluorimetry revealed an increase (approximately
twofold) in IL-7R on both OT-I and polyclonal memory
T cells compared with naive T cells (Fig. 3 B). Currently,
no antibody is available for cytofluorimetric analysis of IL15R expression; however, memory T cells are known to
express higher levels of CD122, the IL-2/IL-15R chain
(27–29). Thus, the ability of CD8 memory cells to respond more rapidly to both cytokines might be a reflection
of higher expression of their receptors.
Basal Proliferation of Memory CD8 T Cells in a Full Compartment. As CD8 memory T cells also divide in a full
lymphoid compartment, we asked whether this basal level
of proliferation shared similar cytokine requirements with
the acute homeostatic proliferation that occurs in lymphopenic hosts. OT-I memory T cells were CFSE labeled
and transferred to unirradiated B6 or IL-15/ recipients,
and proliferation was monitored over time (Fig. 4 A). By
day 30, about half of the transferred memory T cells had
divided in the wild-type hosts, and by 50 d, nearly all had
undergone at least one division. In sharp contrast, almost
no memory cell division was seen at any time point in the
IL-15/ recipients. Thus, IL-15 is essential for the basal
proliferation of CD8 memory T cells in a full compartment, whereas either IL-15 or IL-7 will suffice during
acute homeostatic proliferation. These data are in agreement with, and extend, previous experiments where antibody blocking of the IL-2/IL-15R chain and IL-2 served
to implicate IL-15 in the division of memory T cells (24).
The role of IL-7R–mediated signals in basal proliferation of OT-I memory T cells was also studied (Fig. 4 B).
When unirradiated B6 hosts were treated with anti–IL7R mAb, basal proliferation of OT-I memory cells was
apparent at 30 d, although it was reduced compared with
that observed in the untreated B6 host (Fig. 4 B). These results suggest that IL-7R–mediated signals are not necessary for basal proliferation of CD8 memory T cells in a
full lymphoid compartment, whereas IL-15 is obligatory.
Competition may explain the differential requirements for
IL-7 by memory cells for proliferation in a full versus

Figure 4. Basal proliferation of memory CD8 T cells requires IL-15.
(A) OT-I memory T cells (CD8 Thy1.1) were enriched, labeled with
CFSE, and transferred to unirradiated B6 (left panels) or IL-15/ (right
panels) recipients. Proliferation of transferred memory T cells was followed
as CFSE staining intensity of CD8Thy1.1 cells at 5, 30, and 50 d after
transfer. (B) OT-I memory T cells were transferred into B6 (left panels)
or IL-15/ (right panels) hosts and untreated (top panels) or treated with
anti–IL-7R mAb for 30 d (bottom panels). Histograms of CFSE intensity in CD8Thy1.1 gated cells and dot plots of live gated pooled spleen
and LN cells are shown. The percentages indicated on each dot plot represent the relative recovery of transferred memory cells from spleen
(mean number of recovered OT-I memory cells from each condition divided by the number recovered from the B6 control hosts). Data are representative of multiple experiments.
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each time point compared with the number of cells recovered from B6 recipients indicating that IL-15 alone is not
essential for CD8 memory survival (27–70% of B6 control
at 26–30 d and 74–105% at 50 d after transfer; Fig. 5). We
did note a relative increase of recovered memory T cells in
the IL-15/ compared with B6 hosts at day 50. This is, in
fact, a reflection of a loss of absolute numbers of memory T
cells in the B6 host during this time (61% of the day 30
time point) compared with the IL-15/ hosts (99% of the
day 30 time point) (data not shown). This could be explained by a higher level of competition among memory
cells in the full memory compartment of the B6 hosts compared with the smaller IL-15/ memory compartment (25,
26). Preliminary data indicated that when IL-7R was
blocked in vivo, both B6 and IL-15/ hosts yielded 2–27%
of the number of OT-I memory cells recovered from untreated B6 controls (Fig. 4 B and data not shown). Similarly, a recent report showed that OT-I memory T cells
lacking IL-7R survived very poorly compared with OT-I
memory cells bearing the IL-7R (where 10% of IL7R–deficient compared with wild-type memory T cells
remained at day 40; reference 18). This previous report together with our data indicate that IL-7 may be the more
prominent player in supporting CD8 memory T cell survival, whereas IL-15 drives basal proliferation and contributes less to survival.
These data highlight a role for basal proliferation in
maintaining the memory compartment. In mice deficient
in either IL-15 or IL-15R, there is a selective deficiency
in the CD8 memory pool, suggesting that the formation
and/or maintenance of these cells requires IL-15 (25, 26).
Initial experiments addressing the generation of memory T
cells in IL-15/ mice suggested that the formation of antigen-specific memory CD8 T cells is not IL-15–dependent but that their long-term survival (18 mo) is impaired
in the absence of IL-15 (data not shown). Thus, the deficiency in the memory compartment of IL-15/ and IL15R/ mice may reflect the fact that IL-15–driven basal

Figure 5. Recovery of OT-I memory T cells from B6 and IL-15/
hosts. Results are expressed as the relative number of recovered Thy1.1
OT-I memory T cells recovered from the spleen of IL-15/ hosts normalized to the number of recovered memory T cells from B6 controls.
Data are from multiple experiments.
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to levels sufficient for survival but not proliferation of
memory cells. This conclusion may be problematic as longterm treatment with anti–IL-7R inhibits T cell survival
and production, rendering the hosts lymphopenic (reference 17, and data not shown). Thus, the IL-7R–independent proliferation seen in the treated B6 hosts may be due
to acute homeostatic proliferation of memory cells as the
lymphoid compartment is gradually depleted. As acute division of CD8 T cells in lymphopenic hosts can be driven
by both IL-7R– and IL-15–mediated signals (Fig. 2), it is
not possible at this time to address this issue directly. Nonetheless, the difference in acute and basal proliferation of
CD8 memory T cells is clear: IL-15 is not obligatory for
acute proliferation in an empty T cell compartment yet is
required for basal division in a full compartment.
These experiments also permitted us to address the contribution of IL-15 to the survival of CD8 memory T cells.
The recovery of OT-I memory cells from IL-15/ hosts
was generally less than that from B6 hosts (Fig. 5). However, a substantial number of memory T cells remained at
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