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Abstract

Antitumor effect of Polyl:C (a viral dsRNA analog) has been attributed to
dendritic cell (DC)-maturation activity, that drives antitumor NK cells, DC
cross-presentation, cytotoxic T lymphocytes and many IFN-inducible genes. According
to a recent paper, tumor-infiltrating M2 macrophages are found to become an additional

antitumor effector through polyl:C response.

Author’s View

Interferon (IFN), now categorized as type I, was discovered by Isaacs and
Lindeman in 1957. Soon after their discovery, it was expected to be a fascinating
medicine opposing to virus infection and cancer development. Type I IFN inducing
activity was assigned to the signature of double-stranded RNA generated from viruses,
and its synthetic analog, polyl:C, was confirmed to serve as an effective inducer of type
I IFN. Talmadge et al., (1) showed that polyl:C mixed with polyL Lysine and
methylcellulose (polyl:CLC) effected dramatic regression of syngenic implant tumors in
mice. They suggested this reagent might be applied to antitumor therapy. In line with
these reports, there have been many reports indicating that spontaneous tumor
regression sometimes occurrs in cancer patients when they are exposed to viruses or
viral vectors.

Polyl:C induces type I IFN and inflammatory cytokines. In addition, it may
contribute to raising cellular immunity. According to recent progress in pattern

recognition of innate immunity, polyl:C is a ligand for multiple receptors, including



PKR, RIG-I, MDAS and TLR3 (2). Virus replication usually amplifies dsRNA
production inside the cytoplasm of affected cells and stimulates the cytoplasmic RNA
sensors. In contrast, TLR3 is activated when dsRNA generated in infected cells is
released and internalized into the endosome of bystander phagocytes (2), such as
dendritic cells (DC) and macrophages. dsRNA is delivered through a unique pathway
involving Raftlin (3), then the endosomal TLR3 passes the signal to the adaptor
TICAM-1 (2). The multiple functionality of polyl:C may reflect its divergent receptor
usage, and knockout mouse (KO) studies have therefore been indispensable for
determination of the role of each receptor in antitumor immunity.

In mouse models, growth retardation of syngenic implanted tumor has been
reportedly observed by administration of polyl:C, which is now attributable to liberated
type 1 IFN and maturation of DC, that drives NK and killer T cells (4,5). The
mechanisms whereby these effector cells are introduced by dsRNA are being elucidated
on a molecular level: the TLR3/TICAM-1 pathway for dsRNA recognition in DC is
involved in effector driving. In a recent paper, Shime et al., additionally identified the
third antitumor effector induced by ip polyl:C administration (6). Polyl:C acted on
tumor-infiltrating macrophages and induced tumor growth retardation in some tumor
species. Administration of polyl:C rapidly (<12 h) led to tumor hemorrhagic necrosis
followed by tumor regression. The results appear to resemble an earlier report by Old’s
group on the TNF-a-mediated fibrosarcoma regression (7). In fact, TNF-a participated
in hemorrhagic necrosis in this case also. Shime et al., applied KO mice models for
analyzing the signaling pathway by which the polyl:C-derived tumor regression occurs.
Ultimately, their conclusion was that tumor-infiltrating macrophages (Mf) characterized
by CD11b+/F4/80+/Gr-1"" markers with sustaining tumor-supporting phenotype, M2,
serves as a target for polyl:C and changes their properties to antitumor, M1-like,
behaving like a tumoricidal effector. In these Mf, TLR3/TICAM-1 pathway, but not the
IPS-1 pathway, is also mandatory for TNF-a production and tumor regression. Indeed,
the marker profile of the Mf was similar to those reported as M2 Mf or tumor-associated
Mf (TAM). It is notable that they have high expression levels of TLR3. Hence, the
polyl:C tumor growth retardation is mechanically multifarious and involves TNF-a
hemorrhagic necrosis.

TLR3 is highly expressed in CD8+ splenic DC and CD103+ non-lymphoid DC in

mice (8), and they are strong inducers for cross-priming of CD8 T cells (5,8), namely



cytotoxic T lymphocytes (CTL). TLR3-positive bone marrow-derived DC also
reportedly induce type I IFN and potent antitumor NK cell activity (4). Thus, polyl:C
functions through TLR3+ myeloid cells to facilitates antitumor cellular immunity
encompassing at least three distinct routes, NK cell activation, CTL proliferation and
conversion of TAM to an tumoricidal effector (Fig. 1). Hence, the Janeway/Medzhitov
concept (9) may be adaptable to tumor immunology that pattern recognition receptor
(PRR) stimulation by a specific ligand triggers innate immune response and facilitates
establishment of the cellular immune system.

A tantalizing reagent for successful peptide vaccine therapy against cancer using
tumor-associated antigens (TAA) with CD4/CDS8 epitopes is adjuvant. Nevertheless,
polyl:C therapeutic use has been very restricted in patients. This is because polyl:C has
severe side effects, enterocolitis, arthralgia, fever, erythema and sometimes
life-threatening hypotonic shock, which have prevented the clinical use of this dSRNA
analog. However, a recent study reported that polyl:CLC is applicable to humans,
although robust erythema and cytokine up-regulation in serum are usually accompanied
as side effects with expected therapeutic potential (10). Dr. Steinman, having won the
Nobel prize, proposed a polyl:C/TAA therapy for cancer patients if the TAA is
identified in each case of the patients. Shime’s data confirmed this issue and further
clarified the importance of the TICAM-1 pathway in triggering induction of antitumor
Mf in addtion to NK cells and CTL (7). These sequential studies, together with the
direct apoptotic effect of polyl:C on tumor cells, reinforce the need to establish a safer

RNA derivative for human immunotherapy in the future.
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Figure Legends

Figure 1. Polyl:C induces three antitumor effectors via different routes.

Antitumor activity of polyl:C against tumor cells are assessed in mouse tumor-implant
models. A unique point in this review is the third pathway where tumor-infiltrating
myeloid cells are involved, effectively damages Lewis Lung carcinoma cells. This
tumoricidal activity is mediated by the TICAM-1 pathway in the myeloid cells, and
attributed to TNF-a.. Although polyl:C is i.p. administered, it acts on tumor-infiltrating

MTf and converts them to antitumor effectors.
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