










IL-15 complex enhances the naive CD8 T cell response to
cognate peptide

Providing naive CD8 T cells their cognate peptide during acute
homeostatic proliferation enhances their proliferative response (8,
10). Therefore, we examined whether IL-15 complex treatment,
along with cognate peptide, would further enhance the naive CD8
T cell response to IL-15 complex. CFSE-labeled CD45.1 CD44lo

OT-I and F5 cells were transferred into separate CD45.2 B6 hosts
on day 21. On day 0, hosts were treated with PBS, cognate
peptide, IL-15/IL-15Ra, or cognate peptide and IL-15/IL-15Ra.
On day 5, donor cell division was measured by flow cytometry.
Peptide alone induced significant proliferation in F5 cells, whereas
IL-15 complex was a poor inducer of cell division. However, the
F5 cell response was greatly enhanced when IL-15 complex and
cognate peptide were administered (Fig. 4A). Similar results were
obtained with OT-I cells, although their response to IL-15 com-
plex alone was much greater than that of F5 cells (Fig. 4B). We
also examined the accumulation of the different cell populations
in each case. Peptide treatment alone, although inducing cell di-
vision, did not result in significant accumulation of responding
cells, likely due to deletion (Fig. 4). Treatment with the combi-
nation of cognate peptide and IL-15 complex seemed to be
synergistic, resulting in substantial accumulation of cells. In ad-
ditional studies in which OT-I cells and F5 cells were cotrans-
ferred, OT-I cells outcompeted F5 in each of the responses
(Supplemental Fig. 1). This finding further supported the concept
that TCR avidity was controlling the response to IL-15/IL-15Ra
complex. Nevertheless, these results suggested that IL-15 complex
acts selectively on Ag-activated CD8 T cells and could serve as
an adjuvant for Ag-specific responses. Furthermore, the cell-
accumulation data illustrated that naive CD8 T cells normally
unresponsive to IL-15 complex were more responsive when TCR
was engaged.
We also examined the effect of peptide and IL-15 complex

treatment on T cell migration to nonlymphoid tissues. CD45.1
CD44lo naive OT-I cells were transferred into CD45.2 B6 hosts on
day 21, and on day 0 these mice were treated with PBS, SIIN-
FEKL peptide, IL-15 complex, or SIINFEKL peptide and IL-15
complex (peptide/IL-15 complex). Five days posttreatment, mice
were sacrificed, and various tissues were examined for the pres-
ence of the OT-I donor population. IL-15 complex treatment in-
creased OT-I cell numbers in the lung, as well as in the spleen. An

FIGURE 4. TCR avidity controls the CD8

T cell response to IL-15 complex. F5 (A) or

OT-I CFSE-labeled CD45.1 CD44lo (B) CD8

T cells were injected i.v. into B6 mice. One

day later, mice were treated i.p. with PBS,

IL-15 complex, or with F5-NP peptide (100

mg) or SIINFEKL (6.25 mg), or with peptide

plus IL-15 complex. Five days after treat-

ment, donor cells were examined for proli-

feration and total cell numbers in the spleen.

Data are representative of two similar experi-

ments (n = 3).

FIGURE 3. Naive CD8 T cell response to IL-15 complex is heteroge-

neous. CD44lo polyclonal CD8 T cells (A) or OT-I, F5, or C4 CFSE-la-

beled CD45.1 CD44lo CD8 T cells (B) were injected i.v. into irradiated

(500 rad) or normal CD45.2 B6 or B10.d2 (for C4) mice. One day later, the

normal B6 mice received PBS or 2.5 mg hIL-15 + 15 mg mouse IL-15Ra–

Fc i.p. Five days after treatment, donor cell proliferation was examined in

the spleen.
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even larger OT-I donor population was present in both tissues of
mice treated with peptide/IL-15 complex compared with IL-15
complex treatment alone (Fig. 5). A similar pattern was seen in
the liver (data not shown). Comparable results were obtained
when F5 cells were transferred and the treatments administered,
although, as expected, fewer total F5 cells compared with OT-I
cells, were recovered from the organs (Supplemental Fig. 2).
When the brain, a more immunoprivileged tissue (37, 38), was
examined, very few OT-I CD8 T cells were present in control,
peptide- or IL-15 complex-treated mice. In contrast, a sizable
population of CD8 T cells was present in the brains of peptide/IL-15
complex-treated mice (Fig. 5).
The previous data suggested that IL-15 complex treatment,

along with peptide immunization, enhanced lymphocyte migration.
Therefore, we examined the expression of various adhesionmolecules
after treatment. All treatments uniformly upregulated CD11a (Fig.
5B). Treatment with IL-15 complex alone weakly upregulated CD43
and did not induce CD62L downregulation, but it modestly enhanced
CD44 expression. Peptide treatment alone strongly induced CD43
expression, modestly downregulated CD62L expression, and greatly
upregulated CD44 levels. Peptide/IL-15 complex was the most ef-
fective at CD43 induction and CD62L downregulation, and it
strongly induced CD44 expression. Thus, IL-15 complex en-
hanced the proliferative response to cognate Ag, and the combi-
nation of IL-15 complex and Ag also resulted in the modulation of
adhesion receptors involved in migration and enhanced function.
We performed serial adoptive transfers to formally test whether

IL-15 complex altered the migration potential of the responding
CD8 T cells. CD45.1-naive CD44lo OT-I cells were transferred into
CD45.2 B6 hosts on day 21 and then treated with IL-15 complex,

peptide/IL-15 complex, or VSV-OVA on day 0. VSV-OVA in-
fection causes similar changes in cell-surface phenotype as does
peptide/IL-15 complex (data not shown) and was used as a posi-
tive control for migration potential to tertiary sites. On day 4
posttreatment, splenocytes were harvested and enriched for donor
OT-I cells. A total of 1 3 106 CD45.1 OT-I cells from each group,
including naive CD44lo OT-I cells as a control, were transferred
into secondary CD45.2 B6 hosts. Two days after secondary
transfer, hosts were sacrificed, and the presence of donor OT-I
cells was determined in several tissues (Fig. 6). Naive OT-I cells
were mainly found in the spleen and pLNs. In contrast, VSV-
OVA–experienced OT-I cells were found in the spleen, as well
as in the lungs and liver, with few present in the pLNs. Cells
from IL-15 complex-treated mice behaved similarly to naive CD8
T cells, whereas the migration pattern of peptide/IL-15 complex-
treated cells resembled that of virus-activated OT-I cells. Overall,
the data support the notion that IL-15 complex treatment can
augment CD8 T cell activation and enhance migratory capabi-
lities, both of which are necessary outcomes of effective immu-
notherapy.

Discussion
Our previous work highlighted the intriguing ability of IL-15Ra-
complexed IL-15, but not IL-15 alone, to activate naive CD8
T cells (16). This response was Ag independent, but we now show
that the process required expression of MHC class I. Furthermore,
the ability of a naive CD8 T cell to respond to IL-15 complex
correlated with TCR avidity for self-peptide:MHC class I. In-
triguingly, the response was augmented, as well as altered, by
providing a stronger TCR stimulus. In particular, IL-15 complex

FIGURE 5. Cognate peptide increa-

ses and alters the naive CD8 T cell re-

sponse to IL-15 complex. A, CD45.1

CD44lo OT-I CD8 T cells were i.v.

transferred into CD45.2 B6 mice. One

day later, mice were treated i.p. with

PBS, 100mgSIINFEKLpeptide, 2.5mg

hIL-15 + 15mg IL-15Ra–Fc, or 100mg

SIINFEKL and 2.5 mg IL-15 + 15 mg

IL-15Ra–Fc. Donor cell accumulation

was examined in the spleen, lungs, and

brain. B, Donor cells from the spleen

were analyzed for expression of the in-

dicated proteins by flow cytometry.

Shaded graph= PBS, thin line = IL-15 +

IL-15Ra–Fc, thick line = peptide,

dashed line = peptide + IL-15 + IL-

15Ra–Fc. Data are representative of at

least two experiments (n = 3–4).
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induced a lymphoid-migration profile, whereas agonist peptide/IL-
15 complex induced a nonlymphoid-migration profile. These latter
results point out some important considerations for the use of
IL-15 complex as a therapeutic and may help to explain some
recent findings.
Recent work revealed similarities in the naive CD8 T cell re-

sponse to IL-15 complex and IL-2a/IL-2 complex (IL-2 complex).
Similar to the effects of IL-15 complex treatment (16), naive CD8
T cells treated with IL-2 complex in vivo proliferate, acquire an
activated/memory phenotype, produce effector cytokines, and kill
in an Ag-specific manner (39). In apparent contrast to our findings,
IL-2 complex-driven naive CD8 T cell activation is classical MHC
class I independent (39). However, this study used H-2Kb and
H-2Db double-deficient mice, which still express other MHC class
I molecules. Indeed, another report found that the CD8 T cell
response to IL-2 complex is MHC class I dependent when using
Kb2/2 Db2/2 b2m2/2 triple-knockout mice (35), ensuring that
classical and nonclassical MHC class I molecules are absent. An
additional study found that in CD1322/2 (gC2/2) mice, in which
IL-2 and IL-15 levels are abnormally high, naive CD8 T cell
proliferation is only modestly affected by the absence of MHC
class I (40), perhaps as a result of the combined effects of both
cytokines. Overall, these findings further illustrate the close re-
lationship between factors controlling lymphopenia-driven and
cytokine complex-driven naive CD8 T cell activation.
One caveat with the use of b2m2/2 mice to study the response

to an IgG-Fc region-containing molecule is the potential role of
FcRn in IgG catabolism (36). This issue could be a confounding
factor in our studies and that of Cho et al. (35). In fact, we found
that the in vivo half-life of IL-15 was modestly and similarly re-
duced in b2m2/2 and FcRn2/2 mice. However, IL-15 complex-
driven naive CD8 T cell proliferation remained robust in FcRn2/2

mice, whereas it was substantially diminished in b2m2/2 mice.
Thus, the absence of FcRn cannot account for the lack of pro-
liferation seen in b2m2/2 mice. Not surprisingly, the activity of
IL-2/a–IL-2 was also recently shown to be dependent, in part, on
FcRn (41).
Our data indicated that not all naive CD8 T cells responded with

the same intensity to IL-15 complex. A similar spectrum of pro-
liferation is seen when naive CD8 T cells are placed in a lym-
phopenic environment (9). Recent work noted that TCR avidity for

self-peptide:MHC class I regulates the CD8 T cell response to
lymphopenia. Thus, in a lymphopenic environment, T cells with
high-avidity TCRs proliferate more vigorously than do T cells
with lower-affinity TCRs (28). Our results demonstrated a direct
correlation between the relative ability of a naive CD8 T cell to
respond to IL-15 complex or to lymphopenia. Furthermore, the
response to IL-15 complex positively correlated with TCR avidity,
as measured by acute homeostatic proliferation. Greater TCR
signaling may confer heightened responsiveness to homeostatic
cytokines, such as IL-7, especially in more competitive situations
(28, 42). Thus, the cytokine-driven response to lymphopenia also
requires a level of tonic TCR signaling, although there is some
evidence of TCR-independent cytokine-mediated proliferation in
lymphopenic settings (29). There is also a link between IL-15
adjuvanticity and TCR avidity, because IL-15 administration
causes the outgrowth of higher-avidity CTLs in response to in-
fection (43). Our cotransfer studies reiterated the concept that
high-avidity clones may outpace low-avidity clones in response to
IL-15 complex in the presence or absence of Ag. Given these
findings, IL-15 complex may operate as an effective immuno-
therapy by preferentially stimulating the expansion of high-avidity
naive or effector CD8 T cells, in part through TCR- and MHC-
mediated signals.
Of particular interest was our finding that IL-15 complex and

peptide/IL-15 complex treatments caused distinct changes in the
expression of surface markers associated with migration. Although
complex and peptide/IL-15 complex caused upregulation of CD11a
and CD44, only peptide/IL-15 complex caused significant down-
regulation of CD62L and upregulation of CD43. CD43 plays a role
in the migration of effector cells from secondary lymphoid tissues
to tertiary sites of inflammation, in particular the brain (44, 45).
Furthermore, the concomitant downregulation of CD62L and up-
regulation of CD44 also promote migration to tertiary sites (46–
48). Overall, the changes in surface expression of the receptors
correlated with the migratory behavior of the cells. CD8 T cells
activated by peptide/IL-15 complex treatment migrated more
readily to nonlymphoid tissues compared with cells activated with
IL-15 complex alone. The efficacy of IL-15 complex in tumor
immunotherapy may hinge, in some cases, on the ability of IL-15
complex to alter effector cell migration. For example, partial
regression of solid tumors is induced by IL-15 complex by

FIGURE 6. Activation with cognate peptide and IL-

15 complex alters the migratory ability of CD8 T cells.

A total of 6 3 106 congenic naive OT-I cells were

transferred into B6 hosts on day 21 and then were

treated i.p. with 2.5 mg IL-15 + 15 mg IL-15Ra–Fc,

100 mg SIINFEKL and 2.5 mg IL-15 + 15 mg IL-

15Ra–Fc, or 1 3 105 PFU VSV-OVA on day 0. Four

days posttreatment, splenocytes were harvested and

enriched for donor OT-I cells. OT-I cells (1 3 106)

from each group, including fresh CD44lo naive OT-I

cells, were transferred i.v. into secondary untreated B6

hosts. Two days after secondary transfer, mice were

sacrificed, and the presence of donor OT-I cells was

determined in spleen, pLNs, liver, and lung. Data are

depicted as the percentage of cells in a tissue out of

four tissues tested and are representative of two ex-

periments (n = 3).
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activation of intratumor tumor-specific CD8 T cells (19). The
investigators noted that IL-15 complex treatment more effectively
stimulated intratumor CD8 T cells than peripheral CD8 T cells, and
IL-15 complex treatment did not enhance CD8 T cell migration
into tumors. Given our current results, the robust response of
intratumor CD8 T cells may be explained by access and interaction
of intratumor, but not peripheral, CD8 T cells with cognate Ag.
Without access to tumor Ag, IL-15 complex-activated tumor-
specific CD8 T cells may not efficiently enter pre-existing tumors
because of the lack of effective modulation of homing receptors
that promote extralymphoid migration. Thus, stronger TCR
stimulation, in conjunction with IL-15R signaling, may help to
spur migration of CTLs into tertiary tissues and, possibly, tumors.
Overall, our findings highlight the ability of IL-15 complex to

specifically induce activation and proliferation of naive CD8 T
cells expressing high-avidity TCRs. This process is dependent on
the expression of self-peptide:MHC class I. This feature of the
IL-15 complex response may mimic the action of IL-15 during
immune responses, in which higher-avidity T cells may compete
more effectively for homeostatic cytokines. IL-15 complex holds
promise as an immunotherapy, but further study of the synergy
between TCR and IL-15R signaling is required to aid in the design
of therapeutic protocols.
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