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CD8+ T cells are considered prototypical cells of adaptive immunity.
Here, we uncovered a distinct CD8+ T cell population expressing the
activating natural killer (NK) receptor NKp30 in the peripheral blood
of healthy individuals. We revealed that IL-15 could de novo induce
NKp30 expression in a population of CD8+ T cells and drive their
differentiation toward a broad innate transcriptional landscape.
The adaptor FceRIγ was concomitantly induced and was shown to
be crucial to enable NKp30 cell-surface expression and function in
CD8+ T cells. FceRIγ de novo expression required promoter deme-
thylation and was accompanied by acquisition of the signaling mol-
ecule Syk and the “innate” transcription factor PLZF. IL-15–induced
NKp30+CD8+ T cells exhibited high NK-like antitumor activity in
vitro and were able to synergize with T cell receptor signaling.
Importantly, this population potently controlled tumor growth in
a preclinical xenograft mouse model. Our study, while blurring
the borders between innate and adaptive immunity, reveals a
unique NKp30+FceRIγ+CD8+ T cell population with high antitumor
therapeutic potential.
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Immune cells are classically distinguished between adaptive and
innate. While adaptive immune cells rely on high specificity,

clonal expansion, and memory formation, innate cells are in the first
line of defense, displaying rapid immune responses. CD8+ T cells
express specific T cell receptors (TCRs), and their effector
functions classically are strictly based on the recognition of
MHC class I presenting specific antigens. In contrast, natural
killer (NK) cell function is regulated by a balance of activating
and inhibitory signals delivered by their receptors (1). In-
hibitory NK receptors, including killer cell immunoglobulin-
like receptors (KIRs) and NKG2A, generally recognize MHC
class I or MHC-related ligands, while activating receptors, such
as NKG2D and natural cytotoxicity receptors (NCRs), have
cognate ligands that are mainly absent on healthy cells and are
induced on tumor or virus-infected cells (1). NCRs, including
NKp46, NKp44, and NKp30, were originally identified as ac-
tivating NK receptors that can immediately trigger killing of
transformed cells (2–5). NCRs need to couple via charged
residues in their transmembrane domain to immunoreceptor
tyrosine-based activation motif (ITAM)-bearing adaptors for
signal transduction. In NK cells, CD3ζ and FceRIγ can form
homodimers or heterodimers and couple to NKp46 and
NKp30, while DAP12 associates with NKp44 (1, 6). NCR li-
gands expressed on tumor cells are still poorly characterized.
However, B7-H6, a B7-family member, was recently described
as a cognate tumor-associated ligand of NKp30 in humans (7).
B7-H6 expression was shown to be up-regulated on the cell
surface of several tumor cell lines and in tumor tissues (8),

underscoring an important role of the NKp30/B7-H6 axis in
antitumor immune responses.
IL-15 is a pleiotropic cytokine, crucial for NK and invariant

NKT cell (iNKT cell) development and maintenance, and for the
survival and proliferation of γδ T cells, tissue-resident T cells,
and memory CD8+ T cells (9–11). IL-15 signals through a het-
erotrimeric receptor including the common gamma chain (γc), the
IL-2/15 β chain, and the private high-affinity IL-15Rα subunit (10,
11). IL-15–expressing cells can transpresent IL-15 bound to
IL-15Rα at the cell surface. IL-15/IL-15Rα complexes can be in-
ternalized and recycled back to the cell surface, allowing a con-
stitutive local expression (10–12). This particular feature allows
immune cells to be constantly exposed to IL-15 both during ho-
meostasis and in pathological conditions (11–14). Moreover, it is
well established that IL-15 has the capacity to enhance antitu-
moral immunity both by administration of soluble IL-15 and as a
complex with IL-15Rα (15–20). Tumor cells frequently express
low levels of MHC class I and escape from the classical TCR-
mediated recognition by CD8+ T cells. However, tumors often
express ligands for activating NK receptors, rendering them sus-
ceptible to killing by cells carrying tumor-reactive activating NK
receptors. NKG2D is expressed by all human CD8+ T cells and
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can function as a costimulatory receptor (21). Moreover, it has
been known for a long time that minor fractions of human
αβCD8+ T lymphocytes can express KIRs and NKG2A (22, 23).
However, so far, the expression of NCRs, potent activating NK
receptors, is still widely accepted as being restricted to innate cell
populations, and their expression and function on peripheral
blood CD8+ T cells, along with their antitumor potential, are
mainly unknown. Here, we uncover a population of innate-like
CD8+ T cells circulating in the peripheral blood of healthy do-
nors, expressing NKp30, and displaying a diverse TCR reper-
toire. This CD8+ T cell population could be induced by IL-15,
requiring acquisition of the FceRIγ adaptor after promoter
demethylation. IL-15–induced NKp30+CD8+ T cells coexpress
other activating NK receptors and a functional TCR, exhibiting
potent NK-like antitumor activity both in vitro and in vivo in a
preclinical xenograft melanoma mouse model. Our data reveal
that IL-15 can initiate and drive a broad reprogramming process
of CD8+ T cells toward the generation of a NKp30+CD8+ T cell
population with potent NK-like function that is highly relevant
for the design of novel antitumor immunotherapeutic strategies.

Results
Identification and Characterization of a Distinct NKp30+CD8+ T Cell
Population in Human Peripheral Blood. NCR expression is thought
to be mainly specific for innate lymphocytes. In this study, by
analyzing peripheral blood CD8+ T cells, we could observe low
NKp30 expression on a significant percentage of CD8+ T cells of
healthy donors (Fig. 1 A and B). Those NKp30+CD8+ T cells,
although present at a small percentage, could be distinguished as a
clearly defined CD8+ T cell subpopulation distinct from iNKT or
γδ T cells (Fig. 1 C and D). Unlike NKp30, NKp46 and NKp44
expression was virtually absent on circulating CD8+ T cells (Fig.
1B). NKp30+CD8+ T cells coexpressed neither the prototypical NK
receptor CD56 nor the most commonly expressed KIRs,
KIR2DL2/3 (Fig. 1E), reinforcing them as a population distinct
from other NK-like CD8+ T cells. Moreover, previously described
NK receptor-expressing CD8+ T cells are often characterized by
an effector memory phenotype, being enriched within virus-
specific T cells (24). In contrast, the NKp30+CD8+ T cell pop-
ulation in peripheral blood displayed a CCR7+CD45RA+CD28+

expression indicative of a naive phenotype (Fig. 1F). Accordingly,
in all six healthy donors, the NKp30+CD8+ T cell population
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Fig. 1. Identification and characterization of a dis-
tinct CD8+ T cell population expressing NKp30. (A–H)
Peripheral blood lymphocytes were isolated from
healthy donors. (A) Representative FACS plots showing
NKp30 on gated CD8+CD3+ cells. (B) Percentage of
NCR+CD8+ T cells; n = 15, mean ± SEM. (C ) Dot plots
of gated CD8+CD3+ cells showing the absence of
NKp30 costaining with Vα24 or γδTCR. (D) t-SNE vi-
sualization showing NKp30+CD8+ T cells as a distinctive
population based on a multiparametric staining
(CD3, CD8, CD4, CD56, γδTCR, Vα24, NKp44, NKp46, and
PD-1). (E–G) Representative FACS plots showing NKp30
staining and CD56 and KIR2DL2/3 (E), CCR7, CD45RA,
and CD28 (F), and PD-1 (G) on gated CD8+CD3+ cells.
(H) Peripheral blood CD8+ T cells were FACS-sorted
into NKp30+ and NKp30− populations and were cul-
tured with IL-15 for 12 d. FACS plots show NKp30 ex-
pression before and after IL-15 culture. (I–N) Peripheral
blood lymphocytes from SLE patients. (I) Flow cytometry
plots showing NKp30 expression on CD8+ T cells from
four representative SLE patients (SLE#1–4), pregated as
7AAD−CD45+CD3+CD8+ cells. (J and K) Representative
FACS plots showing NKp30 and NKp44, NKp46, CD56,
KIR2DL2/3, CCR7, CD45RA, and CD28 (J) and PD-1 (K)
staining. (L) t-SNE visualization showing a distinctive
NKp30+CD8+ T cell population in SLE patients based on
multiparametric staining (CD3, CD8, CD4, γδTCR,
Vα24, NKp44, NKp46, and PD-1). (M) Graph showing
the percentage of NKp30+CD8+ T cells from the blood
of control donors (n = 15) and SLE patients (n = 38).
Data are shown as mean ± SEM; ***P ≤ 0.001; Mann–
Whitney test. (N) Graph showing levels of IL-15 in
plasma from control donors (n = 15) and SLE patients
(n = 38). ***P ≤ 0.001, *P ≤ 0.05; Mann–Whitney test.
(O) Highly purified human CD8+ T cells (1 × 106) were
injected into NSG mice. IL-15/IL-15Rα-Fc complexes
were supplied every 3 d. On day 12, CD8+ T cells were
reisolated from mice and analyzed by flow cytometry.
Plots show human NKp30+CD8+ T cells in spleen, blood,
and liver, pregated as CD45+CD3+CD8+ cells. Repre-
sentative data of one of two independent experiments
from different donors (each with three mice per
group) are shown.
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stained negative for tetramers detecting virus [cytomegalovirus
(CMV), Epstein–Barr virus, or influenza virus]-specific or tumor
(Mart-1)-specific CD8+ T cells (SI Appendix, Fig. S1 A and B).
Moreover, NKp30+CD8+ T cells were mainly negative for the
checkpoint inhibitor molecule PD-1 (Fig. 1G), further supporting
their naive phenotype. By analyzing the TCR usage by freshly
isolated naive NKp30+CD8+ T cells, we observed that those cells
displayed a broad, diverse TCR repertoire similar to the naive
NKp30−CD8+ T cells, without an obvious skewing in clonal size
distributions (SI Appendix, Fig. S1C). A diverse TCR repertoire
further reinforces them as bona-fide naive CD8+ T cells, dis-
tinct from γδ T cells or iNKT cells. Next, we sorted naive CD8+
T cells from freshly isolated peripheral blood mononuclear cells
and stimulated them via NKp30 with plate-bound mAbs. In
these experiments we did not observe any significant levels of
degranulation upon NKp30 triggering (SI Appendix, Fig. S1D),
in agreement with previous studies showing that, in resting NK
cells, NCR responses also depended on prior activation with
cytokines (25).
IL-15 has been shown to be able to up-regulate the expression

of NK receptors on CD8+ T cells (26, 27). To investigate if IL-
15 could have a role in inducing NKp30 expression on peripheral
blood CD8+ T cells, freshly isolated peripheral blood lympho-
cytes were stringently FACS-sorted into NKp30+CD8+ and
NKp30−CD8+ T cells and were cultured in vitro with recombi-
nant IL-15 (Fig. 1H). We observed that sorted NKp30+CD8+
T cells maintained and even increased NKp30 expression after
12 d, indicating it as a stable population (Fig. 1H). Notably, IL-15
could drive the FACS-sorted NKp30− population to de novo
express NKp30 (Fig. 1H). Next, we investigated whether we
could observe an increased frequency of NKp30+CD8+ T cells in
peripheral blood in a pathological situation reportedly accom-
panied by increased systemic IL-15 levels, such as systemic lupus
erythematosus (SLE) (28–31). Remarkably, we observed a
higher percentage of NKp30+CD8+ T cells in SLE patients than
in age-matched healthy blood donors (Fig. 1 I and M and SI
Appendix, Fig. S1E). Moreover, while IL-15 was mainly unde-
tectable in plasma from healthy donors, we confirmed its presence
in plasma from SLE patients (Fig. 1N) (28–30). The NKp30+CD8+

T cell population in SLE was distinct from iNKT cells or γδ T cells
(SI Appendix, Fig. S1E), as also illustrated by t-distributed sto-
chastic neighbor embedding (t-SNE) visualization (Fig. 1L), and
showed mainly a CD45RA+CCR7+CD28+CD56−NCR−PD1− naive
phenotype similar to NKp30+CD8+ T cells found in healthy pe-
ripheral blood (Fig. 1 J and K). To further address if IL-15 could
have a role in inducing NKp30 expression on CD8+ T cells in
vivo, we adoptively transferred freshly purified human CD8+

T cells into NSG mice and injected IL-15/IL-15Rα-Fc com-
plexes (Fig. 1O). Twelve days upon adoptive transfer, a frac-
tion of CD8+ T cells from blood, spleen, and liver acquired
NKp30 expression (Fig. 1O). Together, our findings revealed
the presence of an NKp30-expressing population within naive
circulating CD8+ T cells and uncovered IL-15 as a signal capable
of driving NKp30 induction on CD8+ T cells both in vitro and
in vivo.

NKp30 Induction on a Population of Human Peripheral Blood CD8+ T
Cells. To further investigate the role of IL-15 in NKp30 induction
on peripheral blood CD8+ T cells, we cultured highly purified
CD8+ T cells with IL-15 for 12 d (SI Appendix, Fig. S2A). As
expected, a percentage of the initial CD8+ T cell population
showed a low expression of NKp30 on the cell surface (Fig. 2A,
day 0). However, after 12 d of culture with IL-15, a significant
increase in the percentage of NKp30+CD8+ T cells was observed
(Fig. 2A, day 12). NKp30 expression on CD8+ T cells increased
over time during IL-15 culture at both the protein and tran-
scriptional levels (Fig. 2 B and C), with higher NKp30 expression
associating with increased proliferation (Fig. 2B). It is notewor-
thy that IL-15 also was able to drive de novo induction of NKp46
and NKp44 (SI Appendix, Fig. S2 B–E) in a dose-dependent
manner (Fig. 2D) and to up-regulate NKG2D and DNAM-1

levels (SI Appendix, Fig. S2F). While NKp30 induction consistently
occurred at lower IL-15 doses (Fig. 2D) and at earlier time points
of IL-15 culture (SI Appendix, Fig. S2E), prolonged in vitro culture
with IL-15 could also drive induction of NKp46 and NKp44. Ac-
cordingly, IL-15–induced NKp30+CD8+ T cells expressing high
levels of NKp30 (NKp30hi) also coexpressed NKp46 and NKp44
(Fig. 2E) and higher levels of the activating receptors NKG2D
and DNAM-1 (Fig. 2E). NKp30hiCD8+ T cells also coexpressed
CD56 (Fig. 2F) and mainly exhibited a CD45RA+CCR7−CD28−
phenotype reminiscent of effector memory CD45RA+ T cells
(TEMRA), while a subset with intermediate NKp30 expression
(NKp30int) displaying a CD45RA+CCR7+CD28+ naive phe-
notype (TN) could also be observed (Fig. 2G). NKp30hiCD28−
T cells proliferated more than NKp30intCD28+ cells, sugges-
timg a further differentiation stage (SI Appendix, Fig. S2G). We
hypothesized that IL-15–driven induction of NKp30 would follow
a differentiation pattern from NKp30−CD8+ T cells→NKp30low/int

CD28+NCR−CD8+ T cells → NKp30hiCD28int/−NCR+ T cells.
Indeed, the NKp30hiCD28−CD8+ T cell population coexpressed
NKp46 and CD56, while the NKp30intCD28+ CD8+ T cell subset
appeared in a less differentiated stage (Fig. 2H). Thus, we FACS-
sorted IL-15–induced NKp30+CD8+ T cells into NKp30hiCD28−
and NKp30intCD28+ T cells and subsequently cultured them
with IL-15 for six more days. NKp30intCD28+CD8+ T cells could
further differentiate into NKp30hiCD28−CD8+ T cells, while
NKp30hiCD28−CD8+ T cells remained with a similar phenotype
(Fig. 2I). Moreover, when we FACS-sorted the NKp30+CD8+

T cell population from resting CD8+ T cells (NKp30lowCD28+CD8+
T cells) and cultured them with IL-15 for 12 d, we could observe
differentiation toward an NKp30hiCD28−NKp46+ phenotype (SI
Appendix, Fig. S2H). Thus, we were capable not only of generating
NKp30+CD8+ T cells with IL-15 in vitro but also of further driving
their differentiation toward an effector memory phenotype with
concomitant acquisition of other NCRs. In addition, compared
with the NKp30−CD8+ T cells, NKp30+CD8+ T cells showed a
higher expression of granzyme B/perforin and increased levels of
IL-15 receptor subunits (Fig. 2J) and T-bet (Fig. 2K). Interestingly,
inhibitory receptors known to be expressed in memory cell pop-
ulations and to impair CD8+ T cell function, such as PD-1, CTLA-4,
and LAG-3 (32), showed low expression in NKp30+CD8+ T cells
(Fig. 2L). Similar to NK cells (33), IL-15–induced CD8+ T cells
expressed different isoforms of NKp30, with NKp30b and NKp30a
being the isoforms predominantly expressed, while NKp30c iso-
form expression was low (SI Appendix, Fig. S2I). Moreover,
blockage of IL-4 during the culture period with IL-15 did not
affect the induction of NKp30 on the CD8+ T population (SI Ap-
pendix, Fig. S2J), indicating that our population was distinct from
the recently described IL-4–induced innate CD8+ T cells (34).
Notably, results obtained using specific inhibitors suggested that
the IL-15–induced PI3K-signaling pathway, rather than STAT5,
was involved in the acquisition of NKp30 by CD8+ T cells (SI
Appendix, Fig. S3). Taken together, our data show the existence
of a NKp30+CD8+ T cell population in human peripheral blood,
which can be induced by IL-15 and further differentiated into an
effector memory NKp30hiCD8+ T cell population displaying an
NK-like phenotype with increased effector potential and low ex-
pression of exhaustion markers.

IL-15–Induced NKp30+CD8+ T Cells Coexpress Functional NCRs and
TCRs That Interplay in Degranulation and Cytokine Expression. To
determine whether the activating NK receptors expressed on the
generated NKp30+CD8+ T cell population were functional, we
FACS-sorted the IL-15–cultured CD8+ T cells into NKp30+ and
NKp30− populations (SI Appendix, Fig. S4). NKp30 stimulation
by plate-bound antibodies led, by itself, to a pronounced increase
in degranulation and IFN-γ expression in the sorted NKp30+CD8+

T cells, contrary to sorted NKp30−CD8+ T cells (Fig. 3 A and
B). Triggering of NKp46, NKp44, or NKG2D induced a lower,
but significant, increase in degranulation and IFN-γ expression.
Triggering of NKp30 in combination with other NCRs resulted
in an additive effect, whereas NKp30 engagement together with
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NKG2D led to a synergistic increase in the responses (Fig. 3 A
and B). CD3 stimulation induced high amounts of degranulation
and IFN-γ expression in both NKp30+ and NKp30− CD8+ T cells,
indicating that TCR-related signaling was equally functional (Fig.
3C). NKG2D triggering acted synergistically with CD3 stimula-
tion, as previously described (Fig. 3D) (27, 35, 36). Most impor-
tantly, when CD3 was engaged with suboptimal concentrations of
mAb, NKp30 costimulation could synergistically increase de-
granulation and IFN-γ expression in NKp30+CD8+ T cells (Fig. 3
E and F). Together, our results reveal that stimulation of NKp30

per se can induce effector function of CD8+ T cells. Moreover,
NKp30 could synergistically enhance CD8+ T cell responses when
cotriggered with low levels of CD3 stimulation, suggesting that
NKp30 costimulation can lower the TCR activation threshold of
CD8+ T cells.

NKp30+CD8+ T Cells Exhibit a Distinct and Unique Innate-Like Gene-
Expression Profile. Next, we analyzed the gene-expression profile
of IL-15–induced NKp30+(hi)CD8+ T cells, compared with
NKp30−CD8+ T cells, by genome-wide microarray. As shown in
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Fig. 2. IL-15 can induce the generation of a NKp30+CD8+ T cell population coexpressing other NCRs and low levels of exhaustion markers. Highly purified
human peripheral blood CD8+ T cells were cultured for 12 d with IL-15. (A) Percentage of NKp30 receptor-expressing CD8+ T cells after isolation (day 0) and on
day 12, analyzed by flow cytometry. n = 64–67; data are shown as mean ± SEM; ***P ≤ 0.001; paired Student’s t test. (B, Left) Representative plots showing
NKp30 receptor expression on day 0 and kinetics with carboxyfluorescein succinimidyl ester (CFSE) dilution on days 3, 6, and 12. (Right) Graph showing the
increase in NKp30 MFI expression with the division number (according with CFSE dilution) on gated NKp30+CD8+ T cells. n = 3; data are shown as mean ±
SEM. (C ) Representative qPCR analysis of NCR3 expression (relative to B2M ) on days 0, 3, 6, and 12. Data are shown as mean ± SEM. (D) FACS plots showing
NKp30, NKp46, and NKp44 expression after culture with the indicated amounts of IL-15. (E and F ) Flow cytometry plots showing the coexpression of
other NK receptors with NKp30 on day 12. (G) Plots showing NKp30, CD28, CCR7, and CD45RA expression on day 12. (H) FACS plots showing NKp30, CD28,
NKp46, and CD56 expression on day 12 FACS-sorted NKp30−, NKp30intCD28+, or NKp30hiCD28− CD8+ T cell populations. (I) Day 12 FACS-sorted
NKp30hiCD28− or NKp30intCD28+ CD8+ T cell populations were cultured with IL-15 for six additional days, and NKp30, CD28, NKp46, and CD56 expression was
analyzed by FACS. (J, Upper) Representative histograms showing expression of IL-2/15 receptor molecules, granzyme B, and perforin on day 12, gated on NKp30+ or
NKp30− CD8+ T cells. (Lower) Graphs show mean ± SEM of n = 3–7 independent donors. (K ) Representative FACS plot (Left) and corresponding histograms
(Center) gated on NKp30+ or NKp30− CD8+ T cells, showing T-bet and NKp30 expression on day 12. (Right) Graph showing mean ± SEM; n = 3 independent
donors. (J and K) ***P ≤ 0.001, **P ≤ 0.01, *P ≤ 0.05; paired Student’s t test. (L) Expression of NKp30 and PD-1, CTLA-4, and LAG-3 on day 12. Data representative
of three or more independent experiments from different donors are shown.
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the heatmap and volcano plot (Fig. 4 A and B), we could observe
a distinct transcription profile of the NKp30+ compared with the
NKp30− CD8+ T cell population. Importantly, beyond the ex-
pression of NK receptors, a wide range of genes was differentially
expressed in these populations (Fig. 4 A and B), highlighting the
existence of broader transcriptional changes in the NKp30+CD8+
T cells. Those results prompted us to perform a wider comparative
analysis of the NKp30+CD8+ T cell population with other pop-
ulations of lymphocytes. For that, a cross-platform principal
component analysis (PCA) (37) was performed comparing our
sorted IL-15–induced NKp30+ and NKp30− CD8+ T cells with
CD8+CD56− T cells, iNKT cells, and NK cells from a published
database (38). Interestingly, NKp30+CD8+ T cells clustered as an
independent population, distant from both NKp30−CD8+ T cells
and resting CD8+ T cells, which grouped closely together (Fig.
4C). Moreover, NKp30+CD8+ T cells clustered distantly from
conventional iNKT cells, reinforcing their identity as a distinct
population. Remarkably, the NKp30+CD8+ T cell population
clustered close to the NK cell population, emphasizing similarities
in their transcription profiles (Fig. 4C). Subsequently, hierarchical
clustering from a variance analysis within the five different pop-
ulations indicated that the gene clusters up-regulated in the
NKp30+CD8+ T cell population, compared with NKp30−CD8+

T cells, were also shared with the innate immune cell populations,
NK and iNKT cells (Fig. 4D), further underscoring a skew toward
an enriched innate-like profile. Additionally, pathway analysis
further revealed NK cell signaling as the top up-regulated ca-
nonical pathway in the NKp30+CD8+ T cell population, com-
pared with NKp30−CD8+ T cells (Fig. 4 E and F). In addition
to the NK receptor genes mentioned (Fig. 4 B, F, and G), several
KIRs and NK-related genes indicative of increased effector function
emerged as up-regulated, such as TNFRSF4, TNFSF14, and TNFSF10
encoding for OX40, LIGHT, and TRAIL, respectively (Fig. 4G).
HCST and TYROBP, encoding for DAP10 and DAP12 adaptor
molecules, respectively, were also up-regulated in NKp30+CD8+

T cells (Fig. 4F and SI Appendix, Fig. S5). Remarkably, Sprouty
RTK signaling antagonist 2 (SPRY2), described recently as ex-
pressed exclusively by innate immune cells (39), was up-regulated
(Fig. 4B), while the transcription factor Bcl11b, reported to protect
T cell identity (40), was down-regulated in NKp30+CD8+ T cells
(Fig. 4B). Together, these data indicate that IL-15 can induce
reprogramming in a population of peripheral blood CD8+ T cells,
leading to the acquisition of a unique transcriptional expression
profile, distinct from other immune cell populations, and toward
the acquisition of innate NK-like properties.

FceRIγ Is Exclusively Induced in NKp30+CD8+ T Cells and Interacts
Directly with NKp30, Enabling Its Surface Expression and Function.
Our microarray data analysis revealed the ITAM domain-
containing molecule FceRIγ as the clear topmost up-regulated
gene in the NKp30+CD8+ T cell population (Fig. 4B). FceRIγ, as
well as CD3ζ, is described as an adaptor molecule able to couple to
NKp30 in NK cells. Accordingly, we found that FceRIγ was ex-
clusively expressed in NKp30+CD8+ T cells after IL-15 culture, both
at the transcriptional and protein levels, while CD3ζ expression did
not differ between the NKp30+ and NKp30− CD8+ T cell pop-
ulation (Fig. 5 A and B). Noteworthy, on freshly isolated CD8+
T cells (day 0), although FceRIγ expression was mainly unnotice-
able, we could observe FceRIγ and NKp30 coexpression in the
small existing NKp30+CD8+ T cell population (Fig. 5C). Indeed, we
could detect expression of the FCER1G transcript exclusively in
NKp30+CD8+ T cells sorted from circulating resting CD8+ T cells
(Fig. 5D). Upon IL-15 culture, FceRIγ expression on CD8+ T cells
increased in a time-dependent manner at both mRNA and protein
levels (Fig. 5 E and F). Importantly, the kinetics of FceRIγ up-
regulation correlated with NKp30 surface expression (Fig. 5F),
with NKp30hiCD8+ T cells displaying the highest levels of FceRIγ
(Fig. 5 A and F). Indeed, we observed that FceRIγ expression
is higher in the NKp30hiCD28−CD8+ T cell population than in the
NKp30intCD28+CD8+ T cell population (SI Appendix, Fig. S6A).
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Fig. 3. IL-15–induced NKp30+CD8+ T cells express
functional NCRs that can synergize with TCR activa-
tion in degranulation and IFNγ production. Purified
CD8+ T cells were cultured with IL-15 and were FACS-
sorted on day 12 into NKp30+ and NKp30− CD8+

T cells. Sorted cells were then stimulated with the
indicated plate-bound mAbs for 4 h. (A) Represen-
tative flow cytometry plots showing degranulation
(CD107a) and intracellular IFNγ expression by sorted
NKp30+ or NKp30− CD8+ T cells after triggering with
plate-bound mAb (5 μg/mL). (B) Graphs showing the
percentage of CD107a+ (Upper) and IFNγ+ (Lower)
cells from six or seven independent donors. Data are
shown as mean ± SEM; ***P ≤ 0.001, **P ≤ 0.01, *P ≤
0.05; paired Student’s t test. Each independent donor
is represented by a different symbol. (C, Left) FACS
plots representing CD107a and intracellular IFNγ ex-
pression by sorted populations after anti-CD3 (0.4 μg/mL)
plate-bound stimulation. (Center and Right) Corre-
sponding graphs showing the percentage of CD107a+

and IFNγ+ cells from 9 or 10 independent donors. Data
are shown as mean ± SEM. (D) Graph showing the
percentage of CD107a+ cells after triggering of sorted
NKp30+CD8+ T cells with sequential dilutions of plate-
bound anti-CD3 mAb (starting with 2 μg/mL) alone or
with anti-NKG2D mAb (5 μg/mL). Data are shown as
the mean ± SEM for six independent donors. (E) FACS
plots showing sorted NKp30+CD8+ T cell responses
(percent CD107a+ and percent IFNγ+) to triggering
with low dose of anti-CD3mAb (0.016 μg/mL) alone or
with anti-NKp30 mAb (5 μg/mL). (F) Corresponding
graphs showing the percentages of CD107a+ (Left)
and IFNγ+ (Right) cells from three independent do-
nors. Data are shown as the mean ± SEM; *P ≤ 0.05;
paired Student’s t test.
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It is noteworthy that FceRIγ expression could also be observed
on NKp30+CD8+ T cells generated in vivo in NSG mice (SI
Appendix, Fig. S6B) and increased in peripheral blood NKp30+

CD8+ T cells from SLE patients (SI Appendix, Fig. S6C).
Furthermore, by both coimmunoprecipitation experiments (Fig.
5G) and microscopy proximity ligation assay (Fig. 5H), we
demonstrated that FceRIγ interacts directly with NKp30 at the
protein level but does not interact with CD56 (SI Appendix, Fig.
S6D). Intriguingly, we observed that a fraction of IL-15–treated
NKp30−CD8+ T cells expressed NKp30 protein intracellularly,

along with mRNA, while being negative for FceRIγ expression
(Fig. 5 I and J). Thus, to ascertain if FceRIγ could have a role in
enabling NKp30 cell-surface expression, sorted NKp30−CD8+
T cells were transduced with FceRIγ-expressing retroviral plas-
mids. Remarkably, the NKp30−CD8+ T cell fraction ectopically
expressing FceRIγ became highly NKp30 cell surface-positive (Fig.
5K), suggesting a nonredundant role for FceRIγ in supporting
high NKp30 cell-surface expression despite the expression of CD3ζ.
In addition, our microarray analysis revealed that NKp30+CD8+
T cells exhibited up-regulated expression of genes encoding for
signaling molecules downstream of FceRIγ, such as spleen tyro-
sine kinase (SYK) and 1-phosphatidylinositol-4,5-bisphosphate
phosphodiesterase gamma-2 (PLCG2) (Fig. 5L). We confirmed
that Syk was up-regulated in CD8+ T cells after culture with IL-15,
being expressed mainly in the NKp30+ fraction (Fig. 5M). More-
over, pretreatment of sorted NKp30+CD8+ T cells with a Syk
inhibitor resulted in a remarkable dose-dependent decrease in
degranulation and IFN-γ expression upon NKp30 triggering (Fig.
5N). Similarly, treatment with PLCγ or PI3K inhibitors, known to
be downstream of Syk signaling (41), led to a substantial impair-
ment in degranulation and IFN-γ expression (SI Appendix, Fig. S7).
Moreover, we observed that only the NKp30hiCD28−CD8+ T cell
population, expressing high levels of FceRIγ, displayed high effector
potential when cross-linked with anti-NKp30 (SI Appendix, Fig.
S6E). Together, our results demonstrate that FceRIγ can be in-
duced in the NKp30+CD8+ T cell population by IL-15, being crucial
for supporting the expression and the function of the NKp30 cell-
surface receptor on CD8+ T cells.

IL-15 Coordinately Induces FCER1G Promoter Demethylation and PLZF
Expression in the NKp30+CD8+ T Cell Population. It has been pre-
viously reported that FceRIγ expression can be regulated by
promoter methylation in other cell types (42, 43). To ascertain
whether methylation could affect FceRIγ expression in CD8+
T cells, CpG methylation analysis of the FCER1G promoter was
performed by pyrosequencing. As shown in Fig. 6 A–C, the
FCER1G promoter of both freshly isolated CD8+ T cells and IL-
15–cultured NKp30−CD8+ T cells showed a higher level of
methylation than the FCER1G promoter of NKp30+CD8+ T cells.
As expected, the FCER1G promoter of NK cells was highly
demethylated (Fig. 6A). The results are particularly clear when
focusing on the CpG sites outside the short interspersed nu-
clear elements (SINE) region of the promoter, where about a
40% decrease in the percentage of methylation was observed in
NKp30+CD8+ T cells compared with NKp30−CD8+ T cells or
freshly isolated CD8+ T cells (day 0) (Fig. 6 B and C). Accord-
ingly, our data indicate that FceRIγ expression in CD8+ T cells
can be epigenetically controlled by methylation of CpG sites in
its promoter. IL-15–induced FCER1G promoter demethylation
was found exclusively in the NKp30+CD8+ T cell population,
indicating demethylation of the FCER1G promoter as a required
event preceding FceRIγ induction in NKp30+CD8+ T cells. The
zinc finger and BTB domain-containing protein 16 (ZBTB16)
gene encodes the promyelocytic leukemia zinc finger (PLZF).
PLZF is expressed by several innate lymphocyte populations but
normally is not expressed by resting αβCD8+ T cells (44–46).
Recently, it was reported that PLZF interacts with the FCER1G
promoter (43). Here, we show that IL-15 can induce a pop-
ulation of CD8+ T cells to express ZBTB16 transcripts (Fig.
6D). Importantly, we observed that PLZF was up-regulated in
NKp30+CD8+ T cells while being mainly absent in resting CD8+
T cells (day 0) or in sorted NKp30−CD8+ T cells (Fig. 6 D and
E). Those results suggest a potential role of the PLZF tran-
scription factor in the induction of FceRIγ in CD8+ T cells that
concomitantly express cell-surface NKp30. In accordance, we
could detect the exclusive expression of ZBTB16 transcript in
freshly isolated circulating NKp30+CD8+ T cells (day 0) sorted
from the peripheral blood of healthy individuals (SI Appendix,
Fig. S8A). In addition, we could observe a significant positive
correlation between ZBTB16 and NCR3 expression in the IL-15–
induced NKp30+CD8+ T cell population (SI Appendix, Fig. S8B).
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Fig. 4. IL-15–induced NKp30+CD8+ T cells exhibit a distinctive innate-like
transcription profile. Highly purified CD8+ T cells from six donors, cultured
for 12 d with IL-15, were FACS-sorted into NKp30+ and NKp30− CD8+ T cell
populations, and whole-genome expression analysis was performed using
Illumina arrays. (A) Heatmap of genes differentially expressed in sorted
NKp30+ and NKp30− CD8+ T cells (cutoff: absolute log2 fold change ≥0.5;
adjusted P value < 0.05; Euclidian distance metric and average-linkage
clustering was used for row reordering). (B) Volcano plot showing the dif-
ferential gene expression in sorted NKp30+ and NKp30− CD8+ T cells. Genes
significantly up-regulated are shown in red; genes significantly down-
regulated are shown in blue (cutoff: absolute log2 fold change ≥0.5, ad-
justed P value < 0.05). (C) PCA of the gene-expression data from the in-
dicated cell populations. (D) Heatmap showing hierarchical clustering of the
genes differentially expressed in sorted NKp30+ and NKp30− CD8+ T cells
across the indicated cell populations (cutoff: absolute log2 fold change ≥1;
Kendall’s tau rank was used together with average-linkage clustering). (E)
Top canonical pathways affected by differential gene expression in sorted
NKp30+ and NKp30− CD8+ T cells, analyzed by Ingenuity pathway analysis.
(F) Volcano plot showing NK-signaling pathway genes from E labeled in red
(up-regulated) and blue (down-regulated), according to a cutoff absolute
log2 fold change ≥0.5; adjusted P value < 0.05. (G) Heatmap showing NK-
related genes up-regulated on NKp30+CD8+ T cells compared with
NKp30−CD8+ T cells, generated by GENE-E (Broad Institute) (cutoff: absolute
log2 fold change ≥0.5; adjusted P value < 0.05; Euclidian distance metric and
average-linkage clustering).
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Moreover, NKp30hiCD28− CD8+ T cells expressed higher ZBTB16
levels than the NKp30intCD28+ CD8+ T cell population (SI Ap-
pendix, Fig. S8C), further supporting the suggested differentia-
tion program model: NKp30−/intCD28+FceRIγ−/lowPLZF−/low →
NKp30hiCD28−FceRIγ+PLZF+. Taken together, our results indicate
that IL-15 can drive reprogramming on a fraction of CD8+ T cells,
inducing FCER1G promoter demethylation, leading to its enhanced
transcription and protein expression, and concurrent expression
of the transcription factor PLZF, resulting in the generation of
NKp30+CD8+ T cells.

IL-15–Induced NKp30+CD8+ T Cells Display High NK-Like in Vitro
Cytotoxicity and Potent Antitumor Activity After Adoptive Transfer
in a Xenograft Tumor Model. To investigate if NKp30+(hi)CD8+
T cells could directly kill tumor cells, 51Cr-release cytotoxicity
assays were performed against the melanoma cell line SK-MEL-
28.B7-H6, overexpressing B7-H6, and the endogenously B7-H6–
expressing cell line SK-MEL-37 (see NK-ligand expression levels
in SI Appendix, Fig. S9A). NKp30+CD8+ T cells were able to
effectively kill both cell lines in an NKp30-dependent manner,
even at low effector cell-to-target cell (E:T) ratios (Fig. 7 A and
B). In contrast, NKp30−CD8+ T cells did not show any cyto-

toxicity toward those cell lines at those ratios (Fig. 7A). In ad-
dition, when all NCRs were concomitantly blocked, the observed
cytotoxicity was largely abrogated (Fig. 7B). In sum, these results
show that the NCRs expressed on IL-15–induced NKp30+CD8+
T cells are functional by themselves and can interplay, resulting
in effective killing in an NK-like manner. Next, we examined if
IL-15–induced NKp30+CD8+ T cells were capable of exhibiting
in vivo killing capacity in a xenograft mouse model. NSG mice
were injected i.v. with SK-MEL-28.B7-H6 cells together with
sorted IL-15–cultured NKp30+CD8+ or NKp30−CD8+ T cells or
PBS as a control. We observed a remarkable decrease in tumor
load in the group of mice injected with sorted NKp30+CD8+

T cells, while injection with NKp30−CD8+ T cells gave results
similar to those with the PBS control (Fig. 7C and SI Appendix,
Fig. S9B), indicating that only the IL-15–induced NKp30+CD8+

T cell population could inhibit tumor growth. Next, we analyzed
if our effector cells were able to control a pre-established tumor.
To use a more clinically applicable approach, we adoptively
transferred bulk IL-15–cultured CD8+ T cells as effector cells
without previously sorting them into NKp30+ or NKp30− pop-
ulations. Interestingly, injection of IL-15–cultured bulk CD8+

T cells greatly diminished the tumor load in comparison with the
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H Fig. 5. FceRIγ is exclusively induced in NKp30+CD8+

T cells and interacts directly with NKp30, allowing its
surface expression and function. (A and B) Purified
CD8+ T cells were cultured for 12 d with IL-15. (A)
Representative FACS plots showing CD3ζ, FceRIγ, and
NKp30 expression on day 12. (B) Relative expression
of CD3Z and FCER1G mRNA in day 12 FACS-sorted
NKp30+ or NKp30− CD8+ T cells. Data are shown as
mean ± SEM. (C) FACS plots showing NKp30 and
FceRIγ staining on freshly purified CD8+ T cells (day
0). (D) Relative expression of FCER1G mRNA from
FACS-sorted NKp30+ or NKp30− CD8+ T cells on day
0. (E–N) Purified CD8+ T cells were cultured for 12 d
with IL-15. (E) Relative expression of FCER1G mRNA
on days 3, 6, 10, and 12. Data are shown as mean ±
SEM. (F) FACS plots showing expression of FceRIγ and
NKp30 at the indicated time points. (G) Immunoblot
showing NKp30 and FceRIγ coimmunoprecipitation
for the indicated cells. (H) PLA showing NKp30 pro-
tein interaction with FceRIγ (red dots) in NKp30+CD8+

T cells (blue, DAPI). (I) Expression of intracellular
NKp30 in day 12 sorted NKp30−CD8+ T cells. (J) Rel-
ative mRNA expression of NCR3 and FCER1G in day
0 CD8+ T cells and day 12 sorted NKp30+ and NKp30−

CD8+ T cells. Data are shown as mean ± SEM. (K)
Plots showing FceRIγ and NKp30 expression on day 12
sorted NKp30−CD8+ T cells transduced with a FceRIγ-
expressing vector or control. (L) Heatmap generated
in GENE-E showing differential expression of
FCER1G, SYK, and PLCG2 in NKp30− and NKp30+ CD8+

T cells. (M, Left) Relative mRNA expression of SYK
in CD8+ T cells at the indicated time points (Upper)
and in day 12 sorted NKp30+ and NKp30− CD8+ T cells
(Lower). Data are shown as mean ± SEM. (Right)
FACS plots showing expression of Syk, FceRIγ, and NKp30
on day 0 and day 12. Data in A–M are representa-
tive of three or more independent experiments. (N )
NKp30+CD8+ T cells pretreated with Syk inhibitor (BAY
61-3606) or DMSO were stimulated with plate-bound
anti-NKp30 mAb for 4 h. (Upper) Representative
FACS plots showing CD107a and IFNγ expression.
(Lower) Data from four independent donors are shown
in the graphs. Data are shown as mean ± SEM; *P ≤
0.05; paired Student’s t test.
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PBS control (Fig. 7D). Together, our results show that IL-15 can
drive the generation of potent NKp30+CD8+ T cells capable of
efficiently inhibiting tumor growth in a xenograft mouse model.

Discussion
CD8+ T cells are prototypical adaptive immune cells. Here, we
uncovered a distinct population of CD8+ T cells expressing NKp30
in the peripheral blood of healthy individuals. This population
exhibited a naive phenotype, did not coexpress CD56, KIR2DL2/3,
or other NCRs, and displayed a broad, diverse TCR repertoire,
being distinct from other previously described circulating NK
receptor-expressing CD8+ T cell populations such as KIR+CD8+

T cells (24). We revealed IL-15 as a signal capable of de novo
inducing NKp30 on CD8+ T cells and driving the acquisition of a
potent antitumor activity. In previous studies, Correia et al. (26, 27)
showed that IL-15 could induce KIRs, NKG2A, and NKp46 on
peripheral blood CD8+ T cells. A parallel study reported similar
effects on NCR induction exclusively on umbilical cord blood (47),
and low NCR levels were reported in a small fraction of cytokine-
induced killer cells (48). NKp46 expression was shown on intra-
epithelial lymphocytes in patients with celiac disease (49) and
on NKT cells in patients with T cell large granular lymphocytic
leukemia (50). However, the mechanisms of NCR acquisition and
surface expression and their functional relevance on CD8+ T cells
remained rather unexplored to date. Here we not only identified a
population of human peripheral blood NKp30+CD8+ T cells but
also showed that this population could be induced by IL-15 from
NKp30−CD8+ T cells and further differentiated into a population
of NKp30+(hi)CD8+ T cells coexpressing other activating NK re-
ceptors. Importantly, we showed that this population not only
commenced to express an array of prototypical NK receptors but
also underwent a broad molecular reprogramming involving the
induction of several genes characteristic of innate immune cells.

IL-15–induced NKp30+CD8+ T cells displayed a transcriptional
landscape close to an NK cell transcription profile. It would be
interesting also to compare IL-15–cultured NK cells in this analysis,
since IL-15 might induce common responses/pathways in both cell
types. Among the genes differentially regulated in IL-15–induced
NKp30+ and NKp30−CD8+ T cell populations, FCER1G appeared
unequivocally as the top up-regulated gene. FceRIγ and CD3ζ
are ITAM-bearing adaptor molecules described to couple with
NKp30 (1, 4). We showed that IL-15 could drive FceRIγ induction
on CD8+ T cells and revealed it as crucial to enable NKp30 cell-
surface expression and functionality. It is noteworthy that, although
the CD3ζ adaptor is expressed constitutively in CD8+ T cells, it did
not seem capable of supporting surface expression of NKp30,
at least in the absence of FceRIγ. Moreover, we showed that
NKp30+CD8+ T cells up-regulated signaling molecules downstream
of FceRIγ, such as Syk and PLCγ2, that were important for NKp30-
mediated signaling. Furthermore, our data suggest the involvement
of PI3K-signaling pathways not only in the function but also in the
generation of IL-15–induced NKp30+CD8+ T cells. Similar to NK
cells (25), NKp30 receptor stimulation did not trigger response on
resting naive NKp30+CD8+ T cells in the absence of cytokines.
According to our data, IL-15 stimulation of CD8+ T cells appears
to be required to induce effector potential by up-regulating NKp30
expression, inducing FceRIγ, and enhancing the expression of ad-
ditional downstream signaling molecules. In fact, the IL-15–
induced reprogramming resulted in an effective NK-like function
in this population. NKp30+CD8+ T cells were able to mount a
rapid response to tumor targets bearing activating NK receptor
ligands without the need of recognition of a specific antigen. In-
deed, the NCRs expressed by IL-15–induced NKp30+CD8+ T cells
were functional by themselves. Additionally, NKp30 showed the
ability to synergize in inducing T cell function, suggesting a role for
NCRs in decreasing the TCR activation threshold, which is par-
ticularly relevant for detecting and killing tumor cells. Tumor es-
cape mechanisms, such as MHC class I down-regulation, frequently
compromise the efficiency of classic T cell adoptive transfer thera-
pies. Our data uncover a high therapeutic potential of the adoptive
transfer of IL-15–induced NKp30+(hi)CD8+ T cells for immuno-
therapy of cancer, not only by the demonstrated capacity to elimi-
nate tumor cells in a NK-like manner, but also by the promising
prospect of combining it with TCR specificity, e.g., by ectopically
expressing tumor-reactive TCRs. In the future, it will be important to
further confirm the antitumor activity of the NKp30+CD8+ T cell
population expanded from patients against autologous tumor tar-
gets. Additionally, by demonstrating the possibility of generating
NKp30+CD8+ T cells in vivo by IL-15/IL-15Rα complex injections,
this work opens a perspective on the already promising potential of
IL-15 injection for antitumor therapy (11, 20), namely in clinical
trials (51, 52). In these studies, NKp30 expression on CD8+ T cells
was not monitored. Our results suggest that, upon IL-15 therapy, if
high enough doses are reached in patients, NKp30+CD8+ T cells
might be generated and expanded, contributing for the control of
tumors expressing NK ligands. Although only a small percentage of
NKp30+CD8+ T cells can be found in peripheral blood of healthy
individuals, we believe that this population might play a relevant
physiological role in the presence of increased levels of IL-15 during
an immune response. Indeed, a scenario in which unstimulated
naive cells require the presence of signals provided by cytokines
to be able to respond would make sense. Moreover, according
to our results, not only high levels of IL-15 but also the con-
stitutive presence of the cytokine might be needed for the
expansion and acquisition of function of this population.
In fact, IL-15 expression has been associated with local tissue
microenvironments and, although its expression is tightly regu-
lated, IL-15 up-regulation has been reported in several autoim-
mune disorders (10, 11, 13, 14). Here, we have revealed increased
frequencies of NKp30+CD8+ T cells in the blood of SLE patients,
indicating that this population can be also generated under
pathophysiological conditions associated with increased levels of
IL-15. It is noteworthy that FceRIγ-expressing T cells were
reported in SLE, reinforcing our finding (53). Our data suggest an
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Fig. 6. Demethylated FCER1G promoter in IL-15–induced NKp30+CD8+

T cells. Highly purified CD8+ T cells were cultured for 12 d with IL-15. (A)
Heatmap showing relative methylation levels of the depicted CpG sites
(−16 to −5) of the FCER1G promoter for day 0 CD8+ T cells, day 12 sorted
NKp30+ and NKp30− CD8+ T cells, and NK cells. Three different donors are
shown. TSS, transcriptional start site. (B) Heatmap showing the relative CpG
methylation levels outside of the SINE region of the promoter (−10 to −5)
for day 12 sorted NKp30+ and NKp30− CD8+ T cells. (C) Graph showing the
mean percentage methylation of the CpG sites (−10 to −5) for day 0 CD8+

T cells, day 12 sorted NKp30+ and NKp30− CD8+ T cells, and NK cells from
three different donors. Data are shown as mean ± SD; *P ≤ 0.05; paired
Student’s t test. (D) Relative mRNA expression of ZBTB16 at the indicated
time points (Left) and in day 0 CD8+ T cells and in day 12 sorted NKp30+ and
NKp30− CD8+ T cells (Right). (E) FACS plots showing protein expression of
PLZF, FceRIγ, and NKp30 by day 0 CD8+ T cells and day 12 CD8+ T cells cul-
tured with IL-15. Data are representative of three or more independent
experiments from different donors.
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IL-15–induced CD8+ T cell differentiation program from NKp30−
CD28+CD56−NCR−FceRIg− → NKp30intCD28+CD56−NCR−/low

FceRIγlow → NKp30hiCD28−CD56+NCR+FceRIγ+, with concomi-
tant acquisition of innate-like features and function. It would be of
interest to evaluate other pathologies associated with dysregulated
IL-15 production by addressing the presence and role of NKp30-
expressing CD8+ T cells, not only systemically, but particularly in
the affected organs and tissues with high local IL-15 levels.
The presented concept that a classic adaptive immune cell can

acquire innate characteristics blurs the distinction between the
strict dichotomic classifications of adaptive and innate. Indeed,
in the last years, the notion that NK cells can also acquire
adaptive and “memory-like” features has been rising (54–57).
Schlums et al. (43) recently described that “NK-like memory
cells” found in human CMV-seropositive donors displayed re-
duced levels of FceRIγ, correlating with FCER1G promoter
hypermethylation. Also, Syk and the transcription factor PLZF
were shown to be down-regulated in those adaptive NK cells (43,
57, 58). Here we uncover IL-15 as a signal capable of inducing
FCER1G promoter demethylation in the NKp30+CD8+ T cell
population. The expression of FceRIγ was concomitantly ac-
companied by Syk and PLZF expression in our IL-15–induced
innate-like CD8+ T cells. Notably, we could also detect FCER1G
and ZBTB16 transcripts in the circulating resting NKp30+CD8+
T cell population. This remarkable parallel between adaptive
NK cells downregulating FceRIγ and innate CD8+ T cells ac-
quiring FceRIγ makes it appealing to place FceRIγ as a key
molecule bridging innate and adaptive immunity. By showing
that IL-15 can induce a wide reprogramming on CD8+ T cells
toward the acquisition of innate characteristics, we smudge the
distinction between what is idiosyncratically innate or adaptive

and reinforce the concept that CD8+ T cells are intrinsically
plastic, capable of changing even beyond the borders of innate
and adaptive immunity. Also, by uncovering this level of plas-
ticity, we were able to generate a unique population of innate-
like NKp30hiCD8+ T cells, a promising prospect for adoptive
cell transfer immunotherapy.

Materials and Methods
CD8+ T cells were isolated using the Human CD8+ T Cell Isolation Kit, fol-
lowed by CD8 MicroBeads (both from Miltenyi Biotec). Recombinant human
IL-15 was purchased from R&D Systems. Cell lines, transductions, functional
assays, qPCR, microarray analysis, PLA microscopy, pyrosequencing analysis,
and statistics are described in detail in SI Appendix, SI Materials and Methods.
NSG mice were used in animal experiments, approved by the “Regierung-
spräsidium Karlsruhe, Germany,” and all procedures are detailed in SI Ap-
pendix, SI Materials and Methods. The list of the differentially expressed genes
can be found on Dataset S1.
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Fig. 7. IL-15–induced NKp30+CD8+ T cells display
potent in vitro and in vivo activity against tumor
cells. (A and B) Highly purified CD8+ T cells were
cultured with IL-15 and on day 12 were FACS-sorted
into NKp30+ and NKp30− CD8+ T cells. (A) Percentage
of specific cytotoxicity of NKp30+ or NKp30− CD8+

T cells against SK-Mel-28.B7-H6 cells in the presence
of neutralizing anti-NKp30 mAbs or the corre-
sponding isotype control (mIgG2a), for the indicated
E:T ratios. (B) Percentage of specific cytotoxicity of
NKp30+CD8+ T cells against SK-Mel-37 cells in the
presence of neutralizing anti-NCR antibodies, or the
corresponding isotype controls. (A and B) Data are
shown as mean ± SEM; ***P ≤ 0.001, **P ≤ 0.01, *P ≤
0.05; unpaired Student’s t test, for the highest ratio.
(C, Upper) Sorted NKp30+ or NKp30− CD8+ T cells (1 ×
106) or PBS were i.v. injected into NSG mice together
with 0.25 × 106 luciferase-expressing SK-Mel-28.B7-
H6.luci cells. (Lower) Bioluminescence intensity (BLI)
values are shown in the graph for each day of mea-
surement, showing the mean ± SEM of a represen-
tative experiment. Another independent experiment
from a different donor is shown in SI Appendix, Fig.
S9B. (D, Upper) SK-Mel-28.B7-H6.luci cells (0.25 × 106)
were injected into NSG mice. BLI was measured 2 d
afterward, and mice were injected with 30 × 106 bulk
IL-15–cultured CD8+ T cells or PBS. (Lower) Graph
showing data from two independent experiments
from different donors. n = 6; data are shown as
mean ± SEM. (C and D) **P ≤ 0.01, *P ≤ 0.05; un-
paired Student’s t test, for the specific time points.
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