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Activin A backs-up TGF-B to promote regulatory T cells
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ABSTRACT

The mechanisms accountable for the infiltration of regulatory T cells into an irradiated tumor remain
elusive. In our recent study, we demonstrate that activin A promotes regulatory T cells in tumors, and
impairs anti-tumor immune responses induced by radiotherapy and TGF-B blockade. Dual blockade of
activin A and TGF-f may be necessary to reduce regulatory T cells mediated immunosuppression driven

by radiation therapy.

Radiation therapy (RT) is recognized as an ideal partner for
modern immunotherapy (IT) based on its capability to mod-
ulate the immune system. However, aside its antigenic and
adjuvant properties, RT is eliciting immunosuppressive signals
that can jeopardize its synergism with IT. Notably, one of the
major inhibitory mechanism elicited by RT is the increase
infiltration of regulatory T cells (Treg) into the tumor.'

Transforming Growth Factor-beta (TGEp) is a potent immu-
nosuppressive cytokine of the tumor microenvironment (TME)
that promote the conversion of naive CD4 + T cells into
CD4 + FoxP3 + T cells (Treg). TGF is secreted as an inactivated
form in the extracellular matrix awaiting for external stimuli to
unleash itself from the latency-associated peptide (LAP). Reactive
oxygen species (ROS) generated by radiation therapy (RT) modify
the backbone of the LAP-TGFp complex to release the active
cytokine. Consequently, the increase bioavailability of TGF(
within the TME of an irradiated tumor could be responsible for
the increase representation of Treg. However, evidence challenge
the role of TGFp in Treg expansion post RT with two publications
reporting no effect on Treg representation despite TGF( inhibi-
tion in an irradiated melanoma tumor model® and in peripheral
blood of some metastatic breast cancer patients receiving focal RT
with fresolimumab, a human TGEp blocking antibody.’

Activin A belongs to the TGF-f superfamily and activates
the canonical SMAD2/3 pathway through its own set receptors
with, namely, activin A type II (ActRIIA, ActRIIB) and type
I receptors (mainly ActRIB but also ActRIA and ActRIC; aka
ALK4, ALK2 and ALK7, respectively).4 Therefore, activin
A and TGFp are sharing biological processes including (but
not limited to) the induction of FoxP3 expression and the
generation of Treg.*” Interestingly, activin A is also overex-
pressed in several tumors and is increased upon RT.*’

In that context, we investigated the role of activin A in the
RT-induced increase in Treg in breast cancer.® In vitro, most
irradiated mouse and human breast cancer cells oversecreted
activin A in response to RT. Of note, we observed that irradiated
breast cancer cells incubated with a pan-isoform TGEFf
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neutralizing monoclonal antibody further secrete activin A,
therefore underscoring a potential crosstalk between these two
cytokines.

Next, we focused on the consequences of activin A overexpres-
sion in cancer cells on the Treg compartment. Using two mouse
breast cancer cells with different baseline of activin A, TSA (low
activin A secreting cells) and 4T1 (high activin A secreting cells),
we found that TGFp blockade abrogated the conversion of naive
CD4 T cells into Treg when co-cultured with low activin
A secreting TSA cells. However, this effect was not observed
when high activin A secreting 4T1 co-cultures were incubated
with TGFf blockade alone. Only the dual inhibition of TGFp
and activin A (using follistatin-288, a mnatural activin
A inhibitor), effectively prevented Treg conversion in high activin
A secreting cancer cells. These findings suggest a compensatory
mechanism between activin A and TGFf to maintain the genera-
tion of Treg in vitro.

Further confirming this concept, in vivo studies con-
ducted in syngeneic BALB/c mice bearing 4T1 or TSA
tumors revealed that both activin A and TGFp were
responsible for the Treg infiltration in irradiated tumors.
Most importantly, our data indicated that Inhba (gene
encoding for activin A)-deficient 4T1 xenografts signifi-
cantly improved CD8 T cell priming, reduced 4T1 tumor
relapses and enhanced survival of the mice. The addition of
immune checkpoint blockers (ICB; anti-PD-1 or anti-CTLA
-4) led to long-lasting immunological memory in some of
the irradiated mice receiving the dual blockade of activin
A and TGF-. Further underscoring the role of activin A in
Treg-mediated immunosuppression in irradiated breast
cancer, enforced expression of activin A in TSA cells
increased Treg representation in irradiated tumors and
impeded systemic anti-tumor immunity elicited by RT.

These data demonstrate that tumor-derived activin A plays
a major role in the signals emitted by irradiated cancer cells,
and participate in immune evasion by enhancing Treg infiltra-
tion into an irradiated tumor (Figure 1).
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Figure 1. Activin A and TGFf cooperate to promote Treg-mediated immunosuppression.

Tumor irradiation induces the release and activation of transforming growth factor-f (TGFp), and can also promote the secretion of activin A. The activation of TGFf3 and
activin A receptors initiate intracellular signal through SMAD2 and SMAD3 to induce forkhead box P3 (Foxp3) gene transcription and the generation of regulatory T cells
(Tregs). Tregs can attenuate radiotherapy-induced systemic anti-tumor immunity by inhibiting dendritic cell function and preventing T cell priming. Our findings reveal
that the combination of radiotherapy with dual blockade of TGFP and activin A reestablishes radiation-induced anti-tumor immunity and restores sensitivity to immune
checkpoint blockade (ICB). In that context, ongoing clinical trials (shown in the red box) are evaluating the combination of TGF$ and ICB in irradiated tumors, while only
one clinical trial is assessing the efficacy of activin A inhibition.
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