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ABSTRACT

IL15 is a key cytokine for the activation and survival of anti-tumor effectors CD8* T and NK cells. Recently
published preclinical studies demonstrate that the therapeutic activity of IL15 requires conventional dendritic
cells type 1 (cDC1). Radiotherapy cooperates with IL15 by enhancing cDC1 tumor infiltration via interferon type

1 activation.

Cytokines are key regulators of the immune response and among
the first biologics to be tested for the ability to elicit anti-tumor
immune responses.' Interleukin-15 (IL15) is a common gamma-
chain cytokine that promotes the proliferation, survival and activa-
tion of natural killer (NK) and CD8" T cells, and was ranked by
Martin Cheever at the top of a list of immunotherapy agents with
the potential to treat cancer.” Early phase clinical trials have shown
that recombinant human IL15 (rhIL15) administered subcuta-
neously (s.c.) has good tolerability and activity, measured as signifi-
cant NK and CD8" T-cell expansion, but limited anti-cancer effects.”

IL15 is produced as a heterodimer with the alpha chain of the
IL15 receptor (IL15Ra), and it is this heterodimer that has biolo-
gical activity,* prompting the development of similar constructs to
increase the stability and activity of IL15 administered therapeuti-
cally. One such construct, het-IL15, was recently tested by
Bergamaschi and colleagues in two different mouse models of
carcinoma, colon MCA38 and lung TCI1.” They observed an
increased tumor infiltration, proliferation and survival of CD8"
T and NK cells in mice treated with intraperitoneal het-IL15 that
was associated with a significantly slower tumor growth as com-
pared to untreated mice. Further analyses confirmed a gene sig-
nature associated with activated, proliferative, cytotoxic
lymphocytes in het-IL15-treated tumors with granzyme A and
B among the most upregulated transcripts. In addition, NK and
CD8" T cells infiltrating the tumor of het-IL15-treated mice pro-
duced XCL1, a chemokine that drives conventional dendritic cells
type 1 (cDC1) to the tumor.® Consistently, they observed an
increased accumulation of ¢DC1, which are specialized in cross-
presenting tumor antigens to CD8" T cells.” The cDCI recruited to
the tumor, in turn, secreted CXCL9 and CXCL10 in response to
het-IL15 and IEN-y released by T and NK cells, attracting more
effector T cells. Overall, this study suggests that het-IL15 boosts
anti-tumor immune responses by amplification of a cycle of
recruitment and activation of CD8" T cells that hinges upon cDCI.

Our group tested rhIL15 administered subcutaneously in three
mouse models of carcinoma, the TSA breast cancer, MCA38 colon
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cancer and LLCI lung cancer and found that it did not have any
anti-tumor effect” The discrepancy with the results of
Bergamaschi et al.,” may reflect the improved biological activity
of IL15 administered as a heterodimer with IL15Ra chain.
Additionally, it may be due to the delayed administration in our
study (day 12 versus day 5 post-tumor inoculation in experiments
performed by Bergamaschi et al), when the tumor microenviron-
ment is well-established. The lack of clinical activity of single-agent
IL15, even when given as a complex with the ILI5Ra chain to
patients with advanced cancer,® suggests that IL15 is unable by
itself to overcome the immune suppression associated with tumor
progression. However, we found that IL15 synergized with focal
tumor radiotherapy leading to improved control and often com-
plete regression of the irradiated tumor and protective memory
responses in cured mice. The combination of IL15 and radio-
therapy to one tumor also led to inhibition of a synchronous non-
irradiated tumor (abscopal effect).” These responses were abro-
gated by CD8" T cell depletion, and in the absence of cDCl, in
Batf3-deficient mice. Similar to Bergamaschi et al.,” we observed
an increase in cDC1 in the tumor of wild-type mice treated with
IL15, but only when given together with radiation. Radiation itself
increased cDC1 presence in the tumor, but the addition of IL15
significantly enhanced this effect, and increased the expression of
costimulatory molecules CD80, CD86 and CD40 on intra-tumoral
¢DCl, and the priming of tumor-antigen specific CD8" T cells in
draining lymph nodes. Further investigation showed that cancer
cell-intrinsic interferon type I (IFN-I) upregulation by radiation
was required for the synergy of radiotherapy with IL15. Mice
bearing the lung tumor LLC1, which expresses very low levels of
the cytosolic DNA sensor cGAS and is thus unable to respond to
radiation with increased IFN( production, did not show any
improvement in control of the irradiated tumor or survival when
given IL15. Additionally, in TSA tumor-bearing mice the thera-
peutic synergy between IL15 and radiation was observed when
radiation was given as 8 Gy doses on three consecutive days,
a regimen that optimally activates IFN-I, but not as a single dose

CONTACT Sandra Demaria @ szd3005@med.cornell.edu @ Department of Radiation Oncology, Weill Cornell Medicine, New York, NY 10065, USA

© 2020 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-0982-3260
http://orcid.org/0000-0002-7343-4163
http://orcid.org/0000-0003-4426-0499
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2020.1790716&domain=pdf&date_stamp=2020-07-07

2 K. PILONES ET AL.

1SGs (Mx1,
CXCL10, CXCL16)

CXCR3* CD8*
and NK
)l\ IL-15RB/y,
o \& » 115
oQ s IL15Ra
Tumor specific
cytotoxic CD8* )k TCR
& Tumor specific epitope
s MHCI

Figure 1. Proposed model of the interactions between radiation and IL15 in the
tumor microenvironment promoting anti-tumor immunity. (Left) In advanced
tumors optimized radiation therapy regimens elicit cancer-intrinsic activation of
the type | IFN pathway and tumor antigen exposure promoting the recruitment of
c¢DC1 that cross-present tumor antigens and transpresent the subcutaneously
administered recombinant IL15, resulting in cytotoxic CD8* T cell infiltration,
tumor control and establishment of anti-tumor effector and memory responses.
(Right) In more immunogenic/less advanced tumors systemic treatment with bio-
logically active IL15-IL15Ra dimers (het-IL15) expands and activates preexisting anti-
tumor CD8" T and NK cell, which infiltrate the tumor and secrete XCL1 to recruit
¢DCT1. ¢DCT, in turn, promote further tumor infiltration by CD8* T and NK cells.

of 20 Gy, which is a poor inducer of IFN-I pathway in this model.”
The increase in intra-tumoral cDC1 was abrogated by antibody-
mediated blockade of the IFN-I receptor, consistent with the role
of IFN-I in ¢DC1 recruitment.

Taken together, data from these studies support a model
whereby IL15 activates and expands a preexisting effector popula-
tion of CD8" and NK cells which produce chemokines to attract
¢DCI1 to the tumor. The latter, in turn, produce CXCL10 and
amplify the cancer-immunity cycle'® by attracting and activating
more effector cells. In advanced tumors, when this effector
response is largely suppressed, radiation is required to jumpstart
the cancer-immunity cycle by inducing cancer cell-intrinsic IFN-I
that attracts cDC1, and CXCL10 that attracts effector T cells
(Figure 1). Recruited ¢DC1, which express IL15Ra, can then
cross-present tumor antigens released by radiation and trans-
present IL15 resulting in activation of CD8" T cells within the
tumor as well as the draining lymph nodes. Thus, the ability of
IL15 to foster the cross-talk of CD8" T and NK cells with ¢DC1
appears to be a critical component of IL15-induced reprogram-
ming of the tumor immune contexture toward tumor rejection.

It remains to be investigated if the key role of cDCI1 identified in
the preclinical studies will also be seen in patients treated with
IL15. Several early trials are ongoing testing het-IL15 and another
construct, ALT-803, as single agent (NCT03054909,
NCT02452268, NCT02099539), whereas rh-IL15 is being tested
in combination with other agents but not with radiotherapy
(NCT03388632, NCT02689453, NCT03759184, NCT03905135,
NCT04150562). Our results suggest that radiotherapy is
a promising candidate for testing with IL15, but caution that the
intrinsic tumor expression of cytosolic DNA sensors and the
radiation dose and fractionation should be considered in the
design of such studies.
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