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Natural killer (NK) cells exert potent 
antitumor effector functions as they effi-
ciently kill target cells expressing low 
levels of MHC Class I molecules. Many 
different tumor types express low levels 
of MHC Class I molecules and hence are 
attacked by NK cells. In addition, NK cells 
produce inflammatory cytokines and cross-
talk with other cells of the innate and adap-
tive immune system.1 So far, NK cell-based 
immunotherapeutic approaches have gen-
erated promising results only in hema-
tological cancer patients. Conversely, 
targeting solid tumors with NK cells has 
been unsuccessful.2,3

In most current clinical protocols 
for adoptive cell transfer, NK cells are 
expanded ex vivo with interleukin (IL)-2 
or IL-15 before reinfusion into patients. 
In this setting, to obtain high numbers 
of NK cells, cell expansion must be per-
formed under good manufacturing prac-
tice (GMP) conditions and requires large 
amounts of cytokines. In addition, cyto-
kines such as IL-2 are often administered 
to patients to allow for the expansion of 
transferred NK cells and for the acquisition 
of robust effector functions.2 The systemic 
application of IL-2, however, has often 
been associated with severe side effects. In 
mouse tumor models, elevated numbers of 
IL-2-expanded NK cells and repeated cell 
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infusions were required to achieve tumor 
regression.4 In our study, we activated NK 
cells with three cytokines, namely IL-12, 
IL-15 and IL-18, overnight before adop-
tive transfer. This cytokine cocktail has 
previously been shown to increase NK-cell 
recovery and effector function upon adop-
tive transfer into naïve Rag2−/− mice.5 
We observed that one single dose of 106 
IL-12/IL-15/IL-18-preactivated NK cells 
transferred into irradiated, tumor-bearing 
mice induced pronounced tumor regres-
sion. In contrast, IL-2- or IL-15-treated 
NK cells failed to achieve any therapeutic 
effect.6 IL-12/IL-15/IL-18-preactivated 
NK cells proliferated rapidly and accumu-
lated in the spleen, tumor and other organs, 
yielding much higher cell recovery rates 
than IL-15-treated NK cells. In addition, 
adoptively transferred IL-12/IL-15/IL-18-
preactivated NK cells, but not IL-15-treated 
NK cells, exhibited high effector functions 
upon ex vivo re-stimulation with tumor 
cells. Importantly, in our study (1) NK cells 
were not expanded for long periods before 
adoptive transfer, and (2) no additional 
cytokines were administered to animals. 
Our protocol relied indeed on the in vivo 
expansion of adoptively transferred NK 
cells exhibiting robust effector functions. 
Taken together, our findings identify a sim-
ple and efficient protocol for NK cell-based 

immunotherapeutic approaches against 
solid tumors.

Our results reveal a critical role for 
host CD4+ T cells, which produced IL-2, 
in the therapeutic effects mediated by 
IL-12/IL-15/IL-18-preactivated NK cells 
(Fig. 1). IL-12/IL-15/IL-18-pulsed NK 
cells, compared with IL-15-pretreated NK 
cells, expressed increased levels of the IL-2 
receptor α chain CD25 and host-derived 
IL-2 was important for their prolifera-
tion in vivo. In our study, both IL-12 and 
IL-18 were necessary for the induction of 
CD25. In peripheral blood mononuclear 
cell (PBMC) cultures, IL-12 has previously 
been reported to be the main inducer of 
CD25.7 In our hands, IL-2 was required 
for the proliferation of IL-12/IL-15/IL-18-
preactivated NK cells in vivo, but its role 
in the sustained effector functions of adop-
tively transferred NK cells remains a matter 
of investigation in our laboratory. We also 
found high numbers of CD4+ T cells in 
close proximity of NK cells within neoplas-
tic leasions, suggesting that the crosstalk 
between these two cell populations might 
involve cell-to-cell contacts as well.

NK cells have been described as cells of 
the innate immune system that are capable 
of rapidly acquiring effector functions. 
However, relatively persistent memory 
NK-cell populations that mount a robust 

The adoptive transfer of interleukin (IL)-2-expanded natural killer (NK) cells has provided unsatisfactory clinical benefits 
to patients affected by solid tumors. Our study demonstrates that the activation of NK cells with IL-12/IL-15/IL-18 prior 
to transfer into tumor-bearing mice is critical for obtaining high recovery rates, effector functions in vivo and tumor 
regression.
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to obtain pronounced therapeutic effect 
from adoptively transferred murine IL-12/
IL-15/IL-18-preactivated NK cells. Thus, 
before the initiation of clinical trials, 
optimal patient pre-conditioning condi-
tions (involving radiation therapy and/
or chemotherapeutic regimens) that allow 
for the efficient engraftment of adoptively 
transferred IL-12/IL-15/IL-18-preactivated 
NK cells and their homing to tumor tissues 
will have to be established. Therapeutic 
strategies based on the adoptive transfer of 
IL-12/IL-15/IL-18-preactivated NK cells 
might set the stage for a paradigm shift in 
cancer immunotherapy.
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underlying this type of immunological 
memory are still elusive.

Most importantly, we demonstrated that 
human IL-12/IL-15/IL-18-preactivated 
NK cells also proliferate more rapidly than 
their IL-15-pretreated counterparts, yield-
ing higher cell recovery rates in low-dose 
IL-2 culture conditions. Notably, IL-12/
IL-15/IL-18-pulsed NK cells responded 
with higher levels of IFNγ to tumor cells 
or cytokines in vitro. Our data are in line 
with a recent report from Romee et al., 
demonstrating that IL-12/IL-15/IL-18-
preactivated NK cells maintain high IFNγ 
production in the presence of IL-15.10

A major challenge remains the trans-
lation of our findings to a clinical setting 
of cancer immunotherapy. In our study, 
radiation therapy (RT) was indispensable 

recall response have recently been reported 
to arise during viral infection8 and con-
tact hypersensitivity reactions.9 We found 
that IL-12/IL-15/IL-18-preactivated NK 
cells maintain a mature phenotype (i.e., 
CD11bhighCD27lowKLRG1highCD43high) 
that resembles that of memory NK cells 
arising during mouse cytomegalovirus 
infection.8 NK cells originating from the 
adoptively transferred cells persisted for 
at least 150 days in recipients that had 
rejected tumors and produced high lev-
els of interferonγ (IFNγ) upon restimu-
lation (unpublished data). Intriguingly, 
the short (16 h) exposure of NK cells to 
IL-12/IL-15/IL-18 prior to adoptive trans-
fer resulted in long-lasting changes that 
affected the behavior of the cell progeny 
150 days later. The molecular mechanisms 

Figure 1. Adoptive transfer of interleukin (IL)-12/IL-15/IL18-preactivated natural killer cells mediates antineoplastic functions against established tumors. 
C57BL/6 mice were inoculated s.c. with 106 RMA-S tumor cells. After 7 days, tumor-bearing mice received total body radiation therapy (5 Gy) and 106 natu-
ral killer (NK) cells that were pre-activated in vitro with interleukin (IL)-15 (left panel) or IL-12/IL-15/IL-18 (right panel) for 16 h, i.v. Compared with IL-15-pre-
treated NK cells, adoptively transferred IL-12/IL-15/IL-18-preactivated NK cells proliferated more rapidly in a manner that was dependent on IL-2 produced 
by host CD4+ T cells. In addition, IL-12/IL-15/IL-18-preactivated NK cells persisted in higher cell numbers and exhibited more robust effector functions than 
their IL-15-pretreated counterparts, two phenomena that also required the presence of host CD4+ T cells. Most importantly, the adoptive transfer of IL-12/
IL-15/IL-18-preactivated NK cells, but not IL-15-pretreated NK cells, into irradiated, tumor-bearing mice substantially reduced tumor growth.
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