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ABSTRACT

Here, we introduce a double-stranded RNA mimic that is chemically synthesized to exclusively stimulate
toll-like receptor 3 (TLR3). This function-defined TLR3 ligand, named ARNAX, acts as an adjuvant to induce
antitumor CTL and NK without significant cytokinemia in mice, and thus superior to polyl:C for therapeutic

vaccine immunotherapy against tumor.

Introduction

PolyL:C, a double-stranded RNA mimic, has been employed
as an adjuvant for cancer immunotherapy. Together with
tumor-associated antigen peptides (TAAs), it efficiently
induces antigen-specific cytotoxic T-lymphocytes (CTL).
Tumor shrinkage was observed in patients with various can-
cers treated with immunotherapy in clinical phase trials.
However, due to toxic manifestations which were deemed
intolerable, most of the clinical studies were stopped,
although a significant therapeutic effect against cancer was
observed in these trials." Life-threatening side-effects, repre-
sented by hypotonic shock, disseminating thrombosis and
renal failure, are signs of cytokinemia secondary to cytokine
toxicity.?

Accumulating evidence on innate immunity suggests that
without adjuvant, cellular immunity does not respond to anti-
gens, a state known as tolerance or anergy, and is exhausted
shortly after stimulation.>* The concept of anergy is that den-
dritic cells (DC), which in the presence of adjuvant mature and
promote differentiation of specific CTL against TAAs, are
barely evoked because tumors possess TAAs but no adjuvants
(such as PAMPs). Our previous studies on RNA adjuvants,™®
revealed that polyl:C induces cross-presentation of exogenous
antigens, upregulation of MHC class I molecules and co-stimu-
lators, and increases serum levels of cytokines/chemokines. In
some cases, tumor necroptosis is induced to contribute to the
back-up of immune cell-mediated tumor cytotoxicity.” Polyl:C
exerts all these aspects of the adjuvant effect in tumor-bearing
mice. Polyl:C is a ligand for MDA5 and TLR3, which signal
activation of the MAVS and TICAM-1 pathways, respec-
tively.>” The only weak point of polyl:C use is its induction of
marked cytokinemia, which is rooted in the MDA5/MAVS
pathway.?
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Development of a TLR3-defined adjuvant

Our attempt to overcome the toxic manifestations caused by
polyl:C was to make polyl:C non-toxic. We found that the
cytokine-toxicity was mainly attributable to the MAVS path-
way,® while the antitumor NK/CTL induction was based on
Batf3 transcriptional activity and the TLR3 pathway in polyl:C
treatment. Production of IL-12p70 and direct DC maturation
are indispensable to the polyl:C antitumor function, and this
effect is independent of the MAVS signal.” Hence, the problem
would be solved if we could develop a compound that specifi-
cally activates TLR3.

To design aTLR3-specific ligand that sufficiently activates
the TICAM-1 pathway but not the MAVS pathway, we
monitored several markers.® Activation of the IFN-B pro-
moter, function of splenic DC from Mavs '~ and Ticaml ™’
~ mice and NK cell IFNy production were determined with
>50 compounds consisting of DNA and dsRNA. These
compounds were in vitro-transcribed RNA 5'-capped with
phosphorothioated GpC not CpG DNA (sODN-dsRNA).
sODN capping blocks RIG-I activation and facilitates traf-
ficking of the dsRNA to endosomes.® The leader-trailer
sequence of measles virus was employed as the dsRNA,
which will never coincidentally induce RNAi in human
transcripts. The length of the RNA chain is 140, which is
too short to activate MDAS5, but induces TLR3 activation.®
The sequence of the dsRNA would be further improved by
modification, but the minimal essential is to deliver the
dsRNA to endosomes without degradation and thus to
stimulate TLR3 (Fig. 1). Ultimately, one compound, named
sODN with 140 dsRNA (sODN-140), was synthesized that
fulfilled the above criteria.®

Tumor growth retardation was determined using mouse
implant models of the syngeneic system. EG7 (OVA), B16
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Design of ARNAX
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Figure 1. TLR3 targeting by ARNAX for cancer immunotherapy.The chemical structure of ARNAX is shown to the upper left. MV: measeles virus. RNA essentially plays
functions for life support in the nucleus and cytoplasm (left), but ARNAX does not affect these fundamental RNA functions. On the other hand, ARNAX taken up into cells
induces signal response capable of activating IRF3 in myeloid cells (right). Although type | IFN and inflammatory cytokines are produced via the TICAM-1 pathway in this
context, the serum cytokine levels are not significantly increased by ARNAX, unlike polyl:C. ARNAX reserves the ability to mature DC followed by immune cells activation,
resulting in tumor repression (right). Molecular mechanism for capturing RNA in the membrane and transferring it to endosomes is not clear yet. MDA5 and RIG-I are cyto-
plasmic RNA sensors which cause robust cytokine production. TICAM-1 and MAVS are adapter molecules.

(survivin) and C1498 (WT1) were found to be good systems in
C57BL/6 mice, and we mainly used the EG7 (OVA)-implant
system, since OVA is a multi-epitope antigen and CTL activa-
tion is represented by SL8-tetramer.>® OT-1 proliferation, tet-
ramer assay and IFNy production were employed to measure
CTL production. Therapeutic response was monitored by
tumor shrinkage, and parallelism was checked by monitoring
cytokine levels in serum, NK cell and TAA-specific CTL activa-
tion.® The inflammatory cytokines, IL-6, TNF-« and IL-10, and
the instructive cytokine IL-12, were measured in sera 6 h after
sub-cutaneous injection of cM362-140.* Surprisingly, cM362-
140 did not increase inflammatory cytokines, but sufficiently
induced IL-12p70. Hence, we decided to chemically synthesize
this molecule instead of using in vitro synthesis to enable future
GMP regulation.

Five years after the plan was accepted, SODN-140 was syn-
thesized using a DNA/RNA synthesizer. The synthetic device
will be described separately. The results of SODN-140 were as
expected.® The yield of IL-12p40 was more than expected in
Mavs '~ mice compared to wild-type mice. We next wanted to
improve the method to increase the yield of this compound.
Generation of a method of more efficient recovery is currently
under consideration. We named the synthetic sODN-140
‘ARNAX.

We are currently testing whether ARNAX exhibits effec-
tive adjuvancy for TAA-dependent CTL proliferation in a
non-inflammatory environment in human blood cells.

Although ARNAX has not yet undergone phase I trials, we
are aware that the mouse results are essentially reproducible
in human blood cells. If clinical trials reproduce these
effects, immunotherapy will be improved by abolishing the
side effects of the DC-priming by using ARNAX.

Immunotherapy perspectives

Here, we emphasize the importance of a function-defined adju-
vant to enable use of vaccine immunotherapy for cancer
(Fig. 1). The adjuvant directs the DC-priming host immune
system to respond to the appropriate target: generating mature
DC for tumor eradication.” We show in this report that a
TLR3-specific adjuvant preferentially induces TAA-specific
CTL as well as NK cell activation without provoking inflamma-
tion or systemic cytokinemia.® Immunotherapy with antibodies
against PD-L1 or PD-1 has brought cancer patients hope of a
positive outcome: in patients with an inoperable solid tumor,
more than 20% diminished without severe side-effects.'” The
combination of PD-1/PD-L1 with TAA+ARNAX may be a
promising therapeutic regimen, where TAA exerts cytotoxicity
specifically on the tumor, while ARNAX induces DC to pro-
mote proliferation of CTL by breaking their tolerance and
exhaustion (Matsumoto M, Seya T, in preparation). These
functions of ARNAX increase tumor immunity in conjunction
with release of the suppressive co-stimulatory function of
PD-1. Such therapies will enable creation of a more extensive



vaccine immunotherapy to facilitate eradication of cancer as in
the vaccine therapies against infections.
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