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Radiation and anti-PD-L1 antibody
combinatorial therapy induces T cell-mediated
depletion of myeloid-derived suppressor cells

and tumor regression
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Tumor relapse after radiotherapy may be due to the upregulation of programmed cell death ligand 1 (PD-L1). We dem-
onstrated that anti-PD-L1 antibody synergizes with radiation to control local and distal tumors. CD8'T cells mediated anti-
tumor effects of the combination therapy by the reduction of myeloid-derived suppressor cells (MDSCs) via tumor-necrosis
factor (TNF)-mediated signaling. Our study provides insight into immune- and radiation-based combinational therapies.

Radiotherapy is broadly used clinically
to treat primary and metastatic malignan-
cies in approximately 50% of all cancer
patients.! Although the accurate delivery
of the irradiation dose has been greatly
improved, many patients suffer from
local tumor recurrences following radio-
therapy.? Therefore, efforts to improve
the efficacy of radiotherapy via combi-
nation treatment with other treatment
regimens could provide clinical benefit.
Recently, high-dose ionizing radiation has
been shown to induce cancer cell death
and tumor-specific adaptive immune
responses.>* Conversely, inadequate anti-
tumor responses or radiation-induced sup-
pressive immunity may also account for a
large part of treatment failures. However,
the mechanisms of how radiation modu-
and
biological activities remain to be fully
elucidated.

Immunosuppressive factors are uti-

lates immunosuppressive factors

lized by the host to constrain immune
responses and prevent immune hyper-
activation from harming normal tissues.’
Cancers take advantage of this native abil-

ity by exploiting various immune escape

mechanisms to persist despite anticancer
treatments.” Immune-checkpoint path-
ways have been shown to be major mecha-
nisms of immune resistance.® Checkpoint
blockade
antibodies targeting programmed cell
death ligand 1 (PD-L1) and its receptor
(PDCDL, better known as PD-1), have sig-
nificantly increased the objective response
rate to ~20-30% in the treatment of sev-
eral types of cancers.”® Although anti-
PD-1 and anti-PD-L1 antibodies have
provided a new benchmark for antitumor

immunotherapies, such as

activity in immunotherapy, their scope of
application could be broadened with the
combination of other conventional treat-
ments, especially radiotherapy. Therefore,
it is imperative to investigate whether
radiotherapy synergizes with PD-L1/PD-1
axis inhibitors in clinical settings.

We hypothesized the following poten-
tial principles providing rationale for the
combination of radiation and PD-L1/PD-1
axis inhibitors: 1) Irradiation increases
tumor destruction and triggers immune
infiltration into tumors, concomitantly
with a radiation-induced local inflamma-
tory responses stimulating an upregulation

of PD-L1 expression to constrain local tis-
sue damage, and 2) Irradiation-induced
immunity and enhanced PD-L1 expres-
sion together provide a window of oppor-
tunity for robust pharmacological actions
of PD-L1/PD-1 axis inhibitors, reducing
radio-resistance and increasing the anti-
PD-L1 immunotherapy response rate.

In order to test these theories, first,
we determined the expression level of
PD-L1 in different myeloid cell popula-
tions and tumor cells in response to radia-
tion therapy. The upregulation of PD-LI
was observed in the irradiated tumors in
mice,” suggesting that alteration of PD-L1
levels in the tumor microenvironments
may block the antitumor function of infil-
trating effector T cells induced by irradia-
tion. Next, we combined irradiation with
anti-PD-L1 antibody therapy to treat 2
allograft tumor models, TUBO breast
cancer and MC38 colon cancer. We found
that radiation and anti-PD-L1 antibody
synergized in both tumor models, whereas
there was only a slight impact on tumor
growth after radiation therapy alone.
Furthermore, the combination treatment
not only lead to prolonged antitumor
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Figure 1. Impact of the combination of irradiation and anti-PD-L1 antibody on the tumor microen-
vironment. Irradiation (IR) can induce programmed cell death ligand 1 (PD-L1) upregulation in the
tumor microenvironment. Blockade of PD-L1/PD-1 signaling via anti-PDL1 antibody therapy («PD-
L1) restores the function of CD8'T cells following irradiation. Subsequently, the activated CD8'T
cells infiltrate tumors and constrain the accumulation of myeloid-derived suppressor cells (MDSCs)
through the cytotoxic action of tumor necrosis factor (TNF). Lacking MDSC support, tumor cells are
effective extinguished by activated CD8* T cells responding to the combination treatment.

immunity upon tumor re-challenge, but
also induced an abscopal effect, thereby
controlling secondary tumors distant
from the irradiated primary tumor in both
tumor models. These results demonstrate
that the combination of irradiation and
anti-PD-L1 antibody can potentially con-
trol both local and distal tumors.’

The antitumor effect of irradiation
has been attributed largely to the adap-
tive immune response.’* Considering
that PD-1 has been considered to be a key
biomarker of T cell exhaustion,® adap-
tive immune responses are deemed criti-
cal mediators of the combination therapy.
The expression profile of PD-1 on T cells
indicates that irradiation-induced T cells
are replenished and newly infiltrating
T cells are subsequently exhausted imme-
diately during reconstitution of the tumor
microenvironment. We next investigated
whether adaptive immunity is required
for the efficacy of the combination ther-
apy and whether the therapy restores the
functionality of cytotoxic T cells (CTLs).
The depletion experiments indicated

that CD8* T cells, but not CD4* T cells,
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were required for the efficacy of the com-
bined radiation and checkpoint blockade
therapy. Combination therapy could also
induce a robust tumor antigen-specific
T cell response, confirming the pivotal
contribution of CD8* T cell effector func-
tions. Thus, these results not only reveal
that CD8* T cells are essential for the
synergy of irradiation and anti-PD-L1
antibody therapy, but also that the effec-
tor functions of replenished CTLs in the
tumor microenvironment following irra-
diation are restored by PD-L1 blockade.’
Accumulating evidence has shown
that myeloid-derived suppressor cells
(MDSCs) contribute to the attenua-
tion of immune responses during cancer
progression, including after treatment.'
This raises the possibility that the com-
binatorial therapeutic regimen used in
our tumor models might also alter the
distribution of MDSCs, unmasking
the intensity of replenished CTLs func-
tions. Our study revealed that concur-
rent therapy significantly and markedly
reduced tumor-associated MDSCs in
comparison to single therapy. It has been

Oncolmmunology

well documented that MDSCs regulate
T-cell activation and proliferation by
various routes, such as the induction of
regulatory T cells, the release of oxidiz-
ing molecules, the amino acid depriva-
tion of T cells, and interference of T-cell
migration and viability."” However, the
increase of CTLs functions coincident
with the decrease of MDSCs proportion
prompted us to reconsider their potential
interaction in this context. We hypoth-
esized that CD8* T cells induced by
irradiation and anti-PD-L1 antibody are
responsible for the elimination of tumor-
infiltrating MDSCs. In our in vivo
model, depletion of CD8* T cells follow-
ing combination therapies recovered the
population of MDSCs within tumors.
Immunofluorescence-based co-local-
ization assay revealed that the residual
Grl* cells and CD8* T cells were located
significantly closer spatially in tumors
that received combination treatment,
compared with untreated controls. An in
vitro co-culture assay showed that acti-
vated CD8* T cells induced an increase
in MDSC apoptosis in a tumor necro-
sis factor (TNF)-dependent manner.
Furthermore, blockade of TNF in vivo
abrogated the efficacy of combination
treatment. Collectively, these results indi-
cate that combination of irradiation and
anti-PD-L1 antibody therapies achieved
effective tumor control by enhancing
CTLs effector functions, which, in turn,
negatively regulates the accumulation of
MDSCs through TNF signaling.’

This study is timely and clinically rel-
evant as it not only reveals that PD-L1
blockade synergizes with
therapy, but also indicates that the com-

radiation

bination reduces radio-resistance and
increases host response to antibody treat-
ment (Fig. 1). We also demonstrate that
CD8* T cells are essential in the treatment
response, partly by inducing MDSC cell
death (Fig. 1). This study broadens the
scope of current endeavors to manipulate
the suppressive tumor environment and
provides new insights into the design of
combination cancer therapies for clinical

applications.
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