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Liver cancer has a poor prognosis. Our recent study demonstrates that hyper-IL-15, composed of IL-15 and the sushi
domain of IL-15 receptor a chain, provides an effective therapy against well-established metastatic and autochthonous
liver cancers in mouse models by triggering activation and expansion of hepatic CD8C T cells.

Hepatocellular carcinoma (HCC) is
one of the most deadly cancers worldwide,
which is the fifth most common cancer
worldwide and the third leading cause of
death from cancer. Most HCCs are diag-
nosed at an advanced stage for which there
is no curative option.1 The current treat-
ment efficacy is limited by low response
rates, severe toxicity, and high recurrence
rates, resulting in mean survival time of
only 6 mo. Thus, new strategies are
urgently needed to improve the therapy of
HCCs.

The liver is an immunologically unique
organ, which is constantly exposed to vari-
ous antigens such as microbial products
from intestinal bacteria. There are numer-
ous immunosuppressive mechanisms to
maintain a tolerogenic liver microenviron-
ment. Nonetheless, the liver organ still
possesses the necessary capabilities for the
development of effective immune
responses.2 Works in recent years have
demonstrated that local and systemic
immunity can be harnessed to fight
against hepatic neoplastic development,
and a variety of evidence points toward
immunotherapy as a promising strategy
against HCCs. Liver contains high fre-
quency of NK and CD8C T cells, which
are the most important effector cells of
antitumor immunity. Thus, boosting NK
and/or CD8C T cell responses may be an
effective immunotherapy for liver cancers.

Interleukin-15 (IL-15) is a cytokine for
efficiently triggering the activation and
proliferation of NK and CD8C T cells. It
shares the use of two receptor subunits
(IL-2Rb and IL-2Rgc)and similar
intracellular signaling events with IL-2.3

However, IL-15 is presented in trans to
the IL-2Rbgc complex on effector cells by
binding to IL-15 receptor a (IL-15Ra/
expressed on antigen-presenting cells.4

Unlike IL-2, IL-15 does not induce activa-
tion-induced T-cell death or expansion of
T regulatory cells. In addition, IL-15 pro-
vides anti-apoptotic signals to effector
CD8C T cells. The biological activity of
IL-15 is greatly improved by pre-associat-
ing IL-15 with a fusion protein IL-
15Ra¡Fc or by direct fusion with the
sushi domain of IL-15Ra .hyper-IL-15)
to mimic trans-presentation of IL-15 by
cell-associated IL-15Ra.5,6 IL-15, either
administrated alone or as a complex with
IL-15Ra, exhibits potent antitumor activ-
ities in animal models.7,8

Because the liver is heavily populated
by NK and CD8C T lymphocytes, we
hypothesized that activation of these
hepatic lymphocytes by complex of IL-15
and IL-15Ramight offer an effective ther-
apy against HCCs. Thus, we studied the
therapeutic effect of hyper-IL-15 in both
the well-established metastatic and
autochthonous liver cancer models9

(Fig. 1). The liver metastatic tumor

models were established by intraportally
injecting CT26 colon carcinoma cells or
B16-OVA melanoma cells into syngeneic
BALB/c or C57BL/6 mice. The hyper-IL-
15 or Fc control plasmid was transferred
to the liver by hydrodynamic injection,
which achieved a high and sustained con-
centration of the protein and a clear effect
on expansion of NK and CD8C T cells.
The tumor-bearing mice were treated by
one hydrodynamic injection of hyper-IL-
15 plasmid 10 d after tumor inoculation
when the disseminated metastatic tumors
in the liver were palpable. Our results
showed impressive therapeutic effect of
hyper-IL-15 on well-established metastatic
tumors in the liver. It is important that
hyper-IL-15 also dramatically inhibited
the growth of DEN-induced primary
HCC when the treatment was given after
HCC had been developed. To our knowl-
edge, this is the first such therapy that
shows significant therapeutic effect on
DEN-induced primary HCC.

Since hyper-IL-15 treatment increased
both CD8C T cells and NK cells in the
liver, we tried to define the contribution
of each subset to the therapeutic effect of
hyper-IL-15. Systemic depletion of CD8C

T cells but not NK cells abrogated the
therapeutic effect of hyper-IL-15 on liver
metastatic tumors. Depletion of CD8C T
cells during treatment also dramatically
diminished the therapeutic effect of
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hyper-IL-15 on well-developed DEN-
induced primary HCC. Thus hyper-IL-15
induced CD8C T cells predominantly
mediated the therapeutic effect. It is well
documented that tumor-specific T cells
are usually rendered tolerant during tumor
development. Indeed, pre-transferred

OVA-specific OT-1 T cells from the
spleen at 14 d after B16-OVA tumor was
inoculated in the liver were not responsive
to the in vitro stimulation of OVA pep-
tide. In contrast, in hyper-IL-15-treated
mice with liver metastatic B16-OVA
tumors, the tumor-specific CD8C T cells

were preferentially expanded
and their effector functions
(IFNg synthesis and cyto-
toxic activity) were signifi-
cantly enhanced. This result
is consistent with the previ-
ous study that IL-15 can res-
cue the functions of the
tolerant tumor-specific T
cells.8

These findings are clin-
ically relevant as they
show that activation and
expansion of hepatic
CD8CT cells by liver
delivery of hyper-IL-15
not only exhibit potent
antitumor activity against
well-established liver meta-
static tumors, but also
show dramatic therapeutic
effect on DEN-induced
primary HCC. They pro-
vide strong evidence to
develop hyper-IL-15 as a

therapeutic for treating metastatic and
spontaneous liver cancers in humans.
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Figure 1. The immunotherapeutic treatment of liver cancer by liver delivery of hyper-IL-15. Liver metastatic tumor
models were established by intraportally injecting mice with murine syngeneic CT26 colon carcinoma cells or B16-
OVA melanoma cells. Primary hepatocellular carcinoma (HCC) was induced by diethylnitrosamine (DEN). (A) A
hydrodynamic-based gene delivery method was used to achieve sustained hyper-IL-15 expression in the liver. (B
and C) Hyper-IL-15 protein binds to IL-15Rbgc complex expressed on CD8C T cells and NK cells (D and E), and trig-
gers proliferation of CD8C T cells and NK cells. (F) The therapeutic effect of hyper-IL-15 is predominantly mediated
by CD8C T cells, not NK cells.
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