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Abstract Infection with RNA viruses presents a typical
pattern of virus products, double-stranded RNA (dsRNA),
and induces the maturation of antigen-presenting dendritic
cell (mDC). There are several dsRNA sensors that are
differentially distributed on the cell membrane and in the
cytoplasm and are variably expressed depending on the cell
type. Among these sensors, TLR3 links to the adaptor
TICAM-1 (TRIF), which is characterized by its unique
multipronged signaling cascades for cytokine/chemokine
production, apoptosis and autophagy in both immune and
tumor cells. In the context of mDC maturation, various cel-
lular events are further induced in response to dsRNA;
these include cross-priming followed by CD8+ CTL induc-
tion, NK activation and proliferation of CD4+ T cells
including Th1, Th2, Treg and Th17 cells. In this review, we
focus on the potential role of dsRNA in modulating the
inflammatory milieu around mDCs and tumor-associated
antigens to drive specific cellular effectors against the
tumor.
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Introduction

Tumor progression often occurs during inflammation
because cell growth is an event that is closely connected to
both extrinsic and intrinsic inflammatory stimulation [1].
Many biological mediators such as cytokines and chemo-
kines are involved in immune cell recruitment, which accel-
erates tumor development in an inflammatory milieu [2].
Immune-related cells are incorporated into the tumor
matrix and evoke complicated immune responses against
the tumor through cell—cell interactions. Ultimately, the
antigen (Ag)-presenting cells (APC) mature as a result of
the inflammatory stimuli and tumor-associated antigens
(TAAs) and flow out to the regional lymph nodes where
TAAs are presented to lymphocytes [3]. However, tumor
remission does not occur frequently despite TAA presenta-
tion by APC [3, 4]. In contrast, most other infections facili-
tate myeloid dendritic cell (mDC) maturation [5] and
provoke a robust immune response that contributes to path-
ogen eradication. If PRRs fail to be activated due to the
lack of appropriate microbial patterns in' APC of cancer
patients even in the presence of TAAs, no effectors are gen-
erated for tumor targeting, thereby neither immune edition
nor surveillance occurring against tumor.

Double-stranded (ds) RNA is a product of virus replica-
tion. A variety of RNA and DNA viruses generate replica-
tion-mediated dsRNA; polyU/UC or stem-loop structures
[6], which serve as ligands for pattern-recognition receptors
(PRRs). TLR3 [7], TLR22 [8], RIG-UMDAS [9], PKR
[10], NALP3 {11, 12] and Dicer in the RNAIi system [13]
along with as yet unidentified receptors are believed to
serve as PRRs for dsRNA sensing (Fig. la). These PRRs
induce intracellular signaling cascades that regulate cell
growth, differentiation, apoptosis and immune activation [6,
14]. Ultimately, dsSRNA and its synthetic analog polyl:C
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Fig. 1 dsRNA-sensing systems. a Double-stranded (ds)RNA are
primarily generated during virus replication. Major dsRNA sensors in
human cells are indicated. Dicer and RNA-recognizing helicases work
in invertebrates as antiviral receptors, but in humans no evidence of
these receptors for antiviral action has been proposed. How dsRNA selects
a variety of RNA pattern sensors remains largely unknown. PTGS,
post-transcriptional gene silencing. b TLR3 is mainly localized in the
endosome of limited cell types, while RLH (RIG-I and MDAS) are
ubiquitously distributed in the cytoplasm. Adaptor molecules, TI-
CAM-1 and MAVS, are localized in the cytoplasm. Upon stimulation,
TLR3 recruits TICAM-1 near the endosomal membrane, while MAVS
recruits RLH on the mitochondrial membrane. The known outputs of
TLR3 and RLH are indicated by red

exert a wide range of biological activities and can elicit
immune responses. Since dsRNA-sensing PRRs are distrib-
uted across a variety of host cells in different combinations
[6, 15], systemic inflammation occurs in various modes
depending on the receptors and cell types involved in viral
infection, virus vaccine inoculation or dsRNA administra-
tion for RNA therapy. An inflammatory environment pro-
motes tumor growth and priming of dendritic cells. Many
sterile and infectious RNAs induce inflammation.

The signaling pathways of PRRs are linked via adaptor
proteins  (Fig. 1b). The intra-cytoplasmic RNA sensors,
RIG-I and MDAS, interact with MAVS (Cardif/IPS-1/
VISA) on the outer membrane of mitochondria [16], and
TLR3 resides in the endosome and interacts with TICAM-1

_@_ Springer

(TRIF) [17]. The signal selection systems of other dsSRNA
sensors are relatively less defined. Typically, stimulation of
the TICAM-1 and MAVS pathways induces type I interfer-
ons (IFN) [18]. This is a reflection of the fact that the
signaling cascades of both pathways converge upon the
complex of the virus-activated kinase (VAK), i.e., NAP1/
SINTBAD-IKKe/TBK1 [18, 19] (Fig. 2a). Other cellular
responses, autophagy [20], proliferation [21] and apoptosis
[22], are induced in cells stimulated with dsSRNA (Fig. 2a).
Study of the molecular mechanism of these responses is
currently underway.

In mDCs; a variety of cellular effectors are driven in
response to dsRNA. CD4 Th1, CD8 CTL, NK cells, regula-
tory T cells (Treg), and Th17 cells are activated/proliferated
through dsRNA-stimulated mDCs [15]. Some inflamma-
tory cytokines and chemokines, as well as IFN-inducible
gene products are also up-regulated in mDCs. These effec-
tors appear to be independently induced in a situation-
dependent manner. However, the molecular mechanisms
whereby these variable effectors are differentially induced
by mDCs are unknown. We have determined that the
TICAM-1 pathway in mDCs is involved in inducing all
these effector cell types (Fig. 2b).

In this review, we focus on the TICAM-1 pathway in
which cellular effectors are induced by mDCs. We also dis-
cuss the involvement of the TICAM-1 pathway in cancer
progression and the therapeutic potential of TICAM-1 in
antitumor immunotherapy.

TLR3 agonists in cancer immunotherapy

PolyL:C is a representative agonist for human and mouse
TLR3 [23]. This compound is believed to be an analog
of viral double-stranded RNA (dsRNA) and is a strong
inducer of type I IEN in both humans and mice {24]. Ini-
tially, polyl:C was regarded as a PKR activator [25]. Later,
it was determined that this compound is not only a TLR3
agonist, but also a stimulator of the cytoplasmic RNA sen-
sor, MDAS [26]: Polyl:C also activates RIG-I [26], but
other viral RNA patterns, 5'-triphosphate [27, 28] and
polyU/UC [29] may be natural ligands for RIG-I. Earlier, it
was reported that polyl:C, which is capable of activating
various PRRs, causes endotoxin-like cytokine stormsl;
therefore, this compound was deemed to be too toxic for
application in clinical therapy [30].

mDCs mature into APCs that drive cellular effectors
(Fig. 3). TLR3 resides in the endosome of mDCs [17],
senses dsRNA in the endosome, and relays signals to the
TICAM-1 pathway, thereby leading to maturation of mDCs
[6]. Thus, endosomal stimulation of TLR3 by ligands links
to activation of mDCs (Fig. 1b). Certain dsSRNA derivatives
preferentially activate TLR3 rather than RLH receptors
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Fig. 2 An outline of the TICAM-1 pathway. a In human cells, TI-
CAM-1 once detached from TLR3 serves as a signaling platform to
induce apoptosis, autophagy, NK activation and cross-priming. TICAM-
1 undergoes some modification secondary to complex formation with
TLR3, forms multimer, and dissociated from TLR3 with unknown
mechanism. The pathways for NK activation, CTL induction and
autophagy are only partially identified, although the pathway for
apoptosis is getting clarified. Although epithelial cells in bronchi, bile-duct
and intestine express TLR3 on their surface membranes, it is undeter-
mined whether surface-expressed TLR3 retains the cellular responses.
b The N-terminal ‘Effector-driving site (EDS)’ recruits appropriate
signal-transmitting molecules and matures mDCs leading to induction
of effector cells, including' NK and CTL. The C-terminal RHIM
domain participates in signal transmission for apoptosis and autophagy.
TICAM-1-binding proteins, either direct or indirect, are summarized in
the inset table

when they are targeted to the endosome [6]. Synthetic or
viral replication-induced RNA products with the stem or
stem-loop structures possess mild TLR3-agonistic activity
and have no toxic effect on mice. These modified RNA
duplex signatures are potential TLR3 stimulants.

Although the natural ligands of TLR3 remain unknown,
TLR3 recognizes RNA duplex. To date, it has been shown
that polyL:C and the duplex signatures of RNA from many
viruses and other synthetic RNAs can be recognized by
TLR3. DOTAP and other lipofection agents can deliver

Acule responses

[ViralAumor responses |

Fig. 3 Various effectors driven by the TICAM-1 pathway in mDCs.
The effectors can be induced through the TICAM-1 pathway in mDCs
are delineated in this figure, In an early phase of infection, cytokines
and IFNs are released in response to microbial patterns. Later, the cel-
lular effectors are induced secondary to activation of the TICAM-1
pathway in mDCs

RNA to the endosome where TLR3 is localized in mDCs
[6]. TLR3 links to the adaptor TICAM-1 to induce IFN-f
signaling. Whether or not TLR3 links to MyD#88 in addition
to TICAM-1 in mDCs remains unknown. However, based
on the results from knock-out (KO) mice analyses, the con-
tribution of the MyD88 pathway to the functioning of
mDCs is minimal, if any [31].

TICAM-1 signaling

TICAM-1 is the largest of the four TLR adaptors identified
so far [32]. It serves as a platform for the assembly of the
TRAF family [33, 34] and TANK family [18, 19]. The N-
terminal region of TICAM-1 [named Effector-driving site
(EDS)] participates in the molecular recruitment (Fig. 2b).
In contrast, RIP1 [35] and FADD [36] are recruited to its
C-terminal region (Fig. 2b). A variety of cellular outputs
were then developed [34, 37]. IFN-0/f3, proinflammatory
cytokines, ROS and K+ are induced in mDCs. Autophagy
and apoptosis are evoked in cells other than mDCs.
TICAM-1 modification and translocation lead to the forma-
tion of TICAM-1 homo-multimers in mDCs, which activate
signal pathways leading to induction of cellular effectors,
CTL, NK and CD4+ T cells [15]. The IFN-o/f-inducing
pathway of TICAM-1 has been well characterized. Inter-
feron regulatory factor (IRF)-3 and -7 are activated by
virus-activated kinase (VAK) [38]. A similar pathway
induces IL-18, IL-6, TNF-o and IL-12p40 [38]. However,
the pathways by which ROS are induced remains unknown.
Recent reports suggest that LPS, a ligand that activates the
TLR4-TICAM-1 pathway [39], induces the activation of
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the inflammasome which may interfere with autophagy.
This leads to incremental production of IL-1f as well as
ROS [40]. Thus, entire pathways led by TICAM-1 remain
to be characterized but the pathways appear to coordinately
diverge to induce different effectors.

Two PRRs link the TICAM-1 adaptor in humans and
mice. TLR3 directly couples with TICAM-1 [41, 42],
whereas TLR4 recruits the TICAM-2 (TRAM)-TICAM-1
complex in human and mouse cells [39]. Once dsRNA is
provided exogenously, it is taken up into the endosome
where TLR3 is expressed [43]. When TLR3 is stimulated,
TICAM-1 is recruited to the cytoplasmic TIR domain of
TLRs and then dissociated from the receptor, leading to
multimer formation [43, 44]. Multimeric TICAM-1 is capa-
ble of assembling TRAF family proteins (particularly
TRAF2, 6 and 3) in the N-terminal region of TICAM-1
[33]. This ubiquitin E3 ligase complex binds VAK, consist-
ing of NAP1 (or other TANK family proteins), IKKe and/or
TBKI1. VAK in turn activates IRF-3 and IRF-7 in the cyto-
plasm [38]. The phosphorylated IRFs translocate to the
nucleus to activate the IFN-a/f promoters. The MAPK
pathway may be activated through the N-terminal region of
TICAM-1. On the other hand, the C-terminal portion
of TICAM-1 recruits RIP1, which leads to the activation
of IKKa/f and NK-xB [35]. These pathways sustain the
production of inflammatory cytokines and type I IFNs.
Although the TICAM-1 protein is maintained at low levels
in normal cells, the mechanism by which this protein is reg-
ulated remains unknown.

In contrast, MAVS, which is the adaptor molecule of RIG-
I/MDAS5 for signaling the presence of cytoplasmic dsRNA,
also binds TRAF (3 and 6), TRADD and RIP1 in the outer
mitochondrial membrane to activate VAK [45]. If this protein
is cleaved at the C-terminus by the NS3/4A protease of HCV,
it loses the ability to transduce signaling to VAK [46]. It also
inactivated by proteolytic cleavage by caspase 1 [47].

The TICAM-1 pathway in cancer cells

Tumor cells induce autophagy via the TICAM-1 pathway
[48]. Polyl:C is a compound that induces autophagy in
tumor cells, and this reaction augments the activation of
caspase 1 of the inflammasome that produces robust
amounts of active IL-1f, IL-18 and IL-33 [49]. TICAM-1
KO cells lose the ability to undergo polyl:C-mediated
inflammasome activation. This autophagy-augmenting
activity is TICAM-1-dependent, and has been mapped to
the N-terminal region of EDS.

Breast cancer cells undergo apoptosis upon treatment
with polyl:C [50]. Intestinal epithelial cells of mice are
injured upon intraperitoneal administration of polyl:C [51].
Previous studies have shown that TICAM-1-overexpress-
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ing cells induce apoptosis through a RIP/FADD/caspase
8-dependent pathway [52]. PKR may be additionally
involved in dsRNA-derived apoptosis [53]. TLR3 as well
as PKC-alpha plays a part in poly(I:C)-mediated tumor cell
apoptosis [54]. In other reports, cell damage and apoptosis
by polyl:C were not merely due to the TICAM-1 pathway,
but were a consequence of the output secondary to other
dsRNA-sensing pathways [22, 52-54].

Some tumor cell lines induce IL-6, IL-12p40, IL-1p8,
TNF-oc and IL-8 in response to polyl:C. Of these, IL-12p40
induction is largely dependent on TICAM-1 [55]. Other cyto-
kines partly depend on TICAM-1 and the MAVS pathway.

CTL and NK cell activation driven by mDCs
CTL is induced by TICAM-1

CTLs proliferate in response to Ags presented on MHC
class I molecules in mDCs. Endogenous Ags, including
proteins of viral origin, are presented on MHC class I mole-
cules to induce MHC-restricted CTL in virus replication.
Since dsRNA is produced along with Ag presentation in
virus-infected mDCs, viral Ags are efficiently presented in
a TAP-dependent manner under these circumstances, and
pattern molecules, which are dSRNA molecules in this case,
simultaneously stimulate mDCs. However, mDCs are not
always infected with viruses and even when they are non-
infected, they can present viral Ag in a TAP-independent
manner [56]. In other word, when Ags and dsRNA are
extrinsically taken up into mDCs, the cross-priming mecha-
nism enables mDCs to present Ags on MHC class I mole-
cules [56, 57]. Cross-priming is enhanced by the TICAM-1
pathway in mDCs (Fig. 2a), which efficiently induce Ag-
specific CTL [58]. It is expected that similar dSSRNA-medi-
ated cross-priming occurs in mDCs that phagocytose TAA
instead of viral Ags [3]. Activation of the pathway that
induces CTL against TAAs may occur in mDCs and this
may facilitate the regression of MHC-high tumors.

Based on increasing evidence obtained by deletion muta-
genesis experiments, the N-terminal region of TICAM-1 is
involved in the initiation of cross-priming in mDCs. The
region contains the site required for TRAF-binding and
VAK activation, and probably overlaps with EDS (Fig. 2b).
However, induction of cross-priming is independent of
IRF-3/7. Thus, occurrence of this event relies on the mech-
anism involving the molecules for VAK activation but is
not dependent on the transcription factors IRF-3/7 [59].

NK cells are induced by TICAM-1

NK cell activation is reciprocally induced by dsRNA-
stimulated mDCs (Fig. 4). The mDC-activated NK cells
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Fig. 4 Possible NK-inducing pathways against cancer. NK activation
is an example of mDC output. For full activation, NK cells have to be
supported by dendritic cells (myeloid DCs in this figure) that recognize
pathogen-associated molecular patterns (PAMPs). In general, NK cells
and dendritic cells are reciprocally activated by soluble signals and
cell/cell contact. Since the tropism of the pathogen varies, the main NK
activating players are determined by which sensor cells are attacked by
the pathogens and induce innate signals for NK activation

effectively damage MHC-low tumor cells. The events
involved in mDC-mediated NK activation upon stimulation
with dsRNA remains unknown. TICAM-1 KO mDCs fail
to activate NK cells and TICAM-1 KO NK cells fully
restore JFN-y induction and cytotoxic activity against NK
target cells [60], suggesting that mDC TICAM-1 is essen-
tial for NK driving. Transwell experiments have revealed
that cell—cell contact between mDCs and NK cells rather
than with mDC-liberated mediators is crucial for mDC-NK
activation [60]. The molecule responsible for NK activation
must be expressed on the surface of mDCs in response to
dsRNA stimuli and foster mDC-NK interaction (Fig. 4).
Genechip analyses using TICAM-1 KO versus wild-type
mDCs stimulated with polyl:C, have permitted the identifi-
cation' of several molecules as TICAM-1-dependent NK
activation enhancers. NK activation followed by mDC mat-
uration has a strong antitumor effect against' MHC-low
tumors. The TICAM-1 region required for NK driving in
mDCs is the N-terminal region that includes the EDS of
TICAM-1 (Fig. 2b). Induction of IRF-3, not IRF-7, is
essential for this mDC-NK reciprocal activation [59].

Induction of Th, Treg and Th17 cells by mDCs

CD4+ Th cells

CD4+ Th cells play a pivotal role in skewing the immune
responses against cancer. Thl effector cells are critical for

the maintenance of memory CD8+ T cells [61-63], while
Th2 cells help B cells to produce various classes of immu-

noglobulins (Ig) [64, 65]. It is not completely clear as to
how memory T cells are regulated by CD4+ T cells, but the
importance of CD4+ T cells in the generation and expan-
sion of CD8+ memory T cells has been reported [66}. Ear-
lier data on CD44 T cell functions should be interpreted
cautiously since in those studies, the CD4+ Th populations
frequently contained CD4+ regulatory T (Treg) and Th17
cells, and these contaminating cells acted in concert with
CD4+ Th cells to modulate the development of CD8+
memory T cells. The possible roles of Treg and Th17 cells
in tumor progression will be discussed later. In general,
Treg cells suppress immune responses to induce immuno
tolerance at tumor sites [67], while Th17 cells are evoked in
conjunction with acute inflammation and are linked to
smoldering inflammation around the tumor lesion to pro-
mote tumor incidence and growth [68]. The functions of
CD4+ Th cells should be defined by discounting these
Treg/Th17 effector functions.

The CD4+ Th cells consist of the Thl and Th2 T cell
subsets, based on their distinct cytokine secretion profiles.
CD4+ Thl cells produce cytokines IL-2 and IFN-y. The lat-
ter is produced by ThO (naive T) cells after IL-12 from
mDCs stimulate the expression of Statl and subsequently
that of T-bet, a master transcription factor in Th1 cells [69].
The TICAM-1 pathway in mDCs may contribute to Thl
polarization by preferentially inducing IL-12p40 [S5, 60,
70]. CD4+ Thi cells then provide cytokines for CD8+ T
cells and synergistic activation of mDCs, which are essen-
tial for CD8+ T cell proliferation and function [71].
11.12p40 is a cytokine that is induced by VAK, which con-
nects with the N- and C-terminal regions ‘of TICAM-1
(Fig. 2b).

In contrast, some TLR ligands may promote the differenti-
ation of CD4+ Th2 cells. IL-4 produced by basophils, eosin-
ophils and NKT cells initiates Stat6 signaling, leading to the
expression of GATA-3, which is a master transcription factor
in Th2 cells [71]. Participation of TICAM-1 in Th2 polariza-
tion has been reported [72] but not confirmed by another
group [73]. Several attempts have been made to establish
CD4+ T cell clones from tumor-infiltrating T cells. The
results indicated that most CD4+ T cell clones are Th1 effec-
tors that secrete IFN-y and IL.-12, but not IL-4 [74].

Th17 cells

IL-17-producing T (Th17) cells are a distinct lineage within
the general category of CD4+ Th cells, and secrete a unique
set of cytokines, i.e., IL-17 [75, 76]. TGF-§ and IL-6 pro-
duced by tumor cells, Treg cells and APCs activate the
TGF-p and Stat3 signaling pathways, leading to the expres-
sion of RORyt, a critical transcription factor for Th17 cells
[77]. Th17 cells were first identified as a new CD4+ T cell
subset consisting of self-reactive CD4+ Thl cells. These
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cells were later associated with the pathogenesis of many
autoimmune diseases [75, 76]. The role of Th17 cells in
cancer is less defined than that of Thl cells. Nonetheless,
both IL-17 and IL-23 have been identified in cancer tissues
[78], suggesting that Th17 cells together with proinflamma-
tory cytokines may provide an environment favorable for
cancer development or invasion. We recently showed that
elevated lactic acid in cancer tissues and macrophages in
response to TLR stimuli play a key role in IL-23 induction
in mDCs or tumor-associated macrophages and help induc-
ing Th17 celis in cancerous environments [79]. Thus, the
induction of both IL-23 and IL12p40 by TICAM-1 may be
crucial for Th17 stimulation in mDCs. Thl7-mediated
development of autoimmune disease is constrained by
TICAM-1-dependent type I IFN production and its down-
stream signaling pathway [80]. However, the TICAM-1
region in mDCs that participates in Th17 development is
unknown. Th17 cells might play certain roles in tumor
progression.

Treg cells

CD4+ Treg cells have been identified as a small subset of
the T cell population. Several subpopulations of Treg cells
have been reported. Naturally occurring CD4+/CD25+
Treg cells together with other CD4+ Treg cells, including
CD4+/CD25— Treg, Ty-1 and/or Th3 cells, are involved in
T cells regulation [81]. Ty-1 cells secrete IFN-y and IL-10,
while Th3 cells secrete high levels of TGF-f, IL-4 and IL-
10. Foxp3 has been shown to be a specific marker of CD4+
Treg cells in both mice and humans [82, 83]. Its expression
is highly restricted to the subset of Treg cells and is corre-
lated with immunosuppressor activity, irrespective of CD25
expression.

CD4+ Treg cells can suppress host immune responses to
a great extent and induce self-tolerance. Thus, despite their
protective role in autoimmune diseases, these cells have
inhibitory effects on cancer immunotherapy and anti-infec-
tious responses [84]. That is, malignant tumors tend to pro-
gress more rapidly in a Treg-dominant environment. Recent
studies have shown that the proportion of CD4+/CD25+
Treg cells was elevated in the total CD4+ T cell population
in several different human cancers, including lung, breast
and ovarian tumors [85, 86]. Ag-specific CD4+ Treg cells
are situated at tumor sites, and these cells suppress the pro-
liferation of naive CD4+ Th cells upon activation by tumor-
specific Ags [87]. TLR8 regulates CD4+ Treg function by
sensing RNA in Treg cells: adoptive transfer of TLRS8
ligand-stimulated Treg cells into tumor-bearing mice
enhanced antitumor immunity [88]. Other TLR signaling
may be associated with T and mDC functions that are sup-
pressed by tumor-infiltrating y0 T cells [89]. Naturally
occurring Treg cells require the TICAM-1 pathway in Treg
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and mDCs for migration to inflamed nests (Fig. 2b), where
the MyD88 pathway would restrain their suppressive func-
tions [90]. CD8&(+) DEC-205/CD205(+) DCs, but not the
CD8(—) DCs, induce functional Foxp3(+) Treg from
Foxp3(—) precursors in the presence of low doses of Ag
[91]. Subsequent inflammatory Thl-type immunity is mod-
ulated by induced Treg cells, which also require the
TICAM-1 pathway in mDCs [92]. Treg cells infiltrate the
tumor mass and exert immunosuppressive effects that pro-
mote tumor progression.

Regulation of TICAM-1 as well as the MyD88 pathway
in mDCs may down-regulate Treg in cancer patients [93].
Treg induction is sustained by mDCs with lower maturation
stage [94] and what region of TICAM-1 participates in
Treg induction remains unknown.

Extrinsic versus intrinsic inflammation for danger
signal

PAMPs usually trigger initial or early inflammation around
tamors and immune cells in an extrinsic fashion. When
tumor cells are damaged through extrinsic inflammation, the
destructed cells release cytosolic and nuclear constituents.
Inflammation is also promoted by these intrinsic nuclear
products including HMGB1, uric acids, S100 proteins, cath-
elicidins, ATP/adenosine and other nucleosomal proteins
[95-98]. These molecules are derivatives of nucleic acids or
often have DNA/RNA-binding domains. RNA, DNA and
other nucleic acids of host origin also act as danger signals
[1, 99). They are released from damaged host cells or
tumors and cause long-lasting inflammation [1, 991
Recently, they have been named danger-associated molecu-
lar pattern (DAMP) or alarmin. Since tumor cells frequently
undergo cell death by either apoptosis or necrosis, many
cytosolic or nuclear factors are liberated from tumor nests.
Tumor progression and reciprocal inflammation involve
complicated episodes. We could promote tumor damage
followed by DAMP liberation by radiation and/or chemo-
therapy [100; 101]. Recent reviews infer that electrochemo-
therapy (ECT) and CpG ODN' administration to cancer
patients synergistically induce a significant increase of the
local effect and a systemic T-dependent antitumor response
[100], and that some chemotherapeutic agents with immu-
nostimulatory capacity may facilitate establishing combined
chemo-immunotherapy strategies [101]. We should like to
clarify these tumor-associated events and responses at a
molecular level in order to develop appropriate strategies for
the regulation for immune systems in cancer patients. Eluci-
dation of the nucleic acid-recognition systems is essentially
required for this purpose. Fundamental issues presented here
would hopefully be useful for the development of cancer
immunotherapy.
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Perspectives

Cancer is a condition in which many immune-related cells
form a network in concert with tumor cells. Immune aber-
rance is an alternative result of tumor growth. APCs and
tumor cells exhibit a tight response to innate immune stim-
ulation to alter the balance of tumor tolerance [102].

Cancer stem cells are believed to generate sibling cancer
cells. These stem cells are usually vulnerable to irradiation,
and their maintenance relies heavily on the gene repair sys-
tem. It is not known what kinds of RNA sensors and their
signaling pathways these stem cells are equipped with
[103]. The events that occur in tumor and immune systems
upon stem cell modulation by RNA require further study.

Vascular endothelial cells in solid tumors are cytogeneti-
cally abnormal. Unlike normal endothelial cells which
remain diploid in long-term culture, the aneuploidy of
tumor endothelial cells is exacerbated in culture. Tumor-
associated endothelial cells upregulate many genes includ-
ing the epidermal growth factor receptor (EGFR) gene.
Accordingly, these cells are highly sensitive to EGF. Endo-
thelial cells usually have a stock of surface-expressed
TLR3, which can sense a small RNA duplex structure
[104]. Targeting of tumor endothelial cells by immune
effector cells may be a possible therapeutic strategy in anti-
angiogenic therapy.

In immunological terms, our trials were aimed at eluci-
dating the mechanisms by which mDCs select the mode of
activation for various effectors. Results from studies on the
dsRNA recognition system, indicated that the properties of
PAMP and repertoires of host receptors critically affect
these processes. Another issue is how most effective effector
cells are induced in a case-dependent manner for tumor
remission in patients. This review provides guidelines for
the development of specific effector cells by selecting
dsRNA receptors. Current knowledge on the TICAM-1
pathway could be directly applied to cancer immunotherapy.

Acknowledgments We are grateful to our laboratory members for
their critical discussions. This work was supported in part by CREST,
JST (Japan Science and Technology Corporation), and by Grants-in-
Aid from the Ministry of Education, Science, and Culture (Specified
Project for Advanced Research) and the Ministry of Health, Labor, and
Welfare of Japan, and by: the Takeda Science Foundation, Uehara
memorial. Foundation, Northtec Foundation, Akiyama Foundation,
Yakult foundation and Mitsubishi Foundation. Financial supports by
the Sapporo Biochister “Bio-S” the Knowledge Cluster Initiative of the
MEXT, and the Program of Founding Research Centers for Emerging
and Reemerging Infectious Diseases, MEXT are gratefully acknowl-
edged.

References

1. Kono H, Rock KL (2008) How dying cells alert the immune sys-
tem to danger. Nat Rev Immunol 8:279-289 (review)

-156—

11.

12.

13.

14.

15.

16.

17.

18.

20.

. Sheu BC, Chang WC, Cheng CY, Lin HH, Chang DY, Huang SC

(2008) Cytokine regulation networks in the cancer microenviron-
ment. Front Biosci 13:6255-6268 (review)

. Melief CIM (2008) Cancer immunotherapy by dendritic cells.

Immunity 29:372-383 (review)

. Rosenberg SA, Yang JC, Restifo NP (2004) Cancer immunother-

apy: moving beyond current vaccines. Nat Med 10:909-915
(review)

. Steinman RM, Hemmi H (2006) Dendritic cells: translating

innate to adaptive immunity. Curr Top Microbiol Immunol
311:17-58 (review)

. Matsumoto M, Seya T (2008) TLR3: interferon induction by

double-stranded RNA including poly(I:C). Adv Drug Deliv Rev
60:805-812 (review)

. Alexopoulou L, Holt AC, Medzhitov R, Flavell RA (2001) Rec-

ognition of double-stranded RNA and activation of NF-kappaB
by Toll-like receptor 3. Nature 413:732-738

. Matsuo A, Oshiumi H, Tsujita T, Mitani H, Kasai H, Yoshimizu

M, Matsumoto M, Seya T (2008) Teleost TLR22 recognizes
RNA duplex to induce IFN and protect cells from birnaviruses.
J Immunol 181:3474-3485

. Yoneyama M, Kikuchi M, Natsukawa T, Shinobu N, Imaiz-

umi T, Miyagishi M, Taira K, Akira S, Fujita T (2004) The
RNA helicase RIG-I has an essential function in double-
stranded RNA-induced innate antiviral responses. Nat Immu-
nol 5:730-737

. Tanaka H, Samuel CE (1994) Mechanism of interferon action:

structure of the mouse PKR gene encoding the interferon-induc-
ible RNA-dependent protein kinase. Proc Natl Acad Sci USA
91:7995-7999

Kanneganti TD, Body-Malapel M, Amer A, Park JH, Whitfield J,
Franchi L, Taraporewala ZF, Miller D, Patton JT, Inohara N,
Nuifiez G (2006) Critical role for Cryopyrin/Nalp3 in activation of
caspase-1 in response to viral infection and double-stranded
RNA. J Biol Chem 281:36560-36568

Kanneganti TD, Ozoren N, Body-Malapel M, Amer A, Park JH,
Franchi L, Whitfield J, Barchet W, Colonna M, Vandenabeele P,
Bertin J, Coyle A, Grant EP, Akira S, Nidfiez G (2006) Bacterial
RNA and small antiviral compounds activate caspase-1 through
cryopyrin/Nalp3. Nature 440:233-236

Malathi K, Dong B, Gale M Jr, Silverman RH (2007) Small self-
RNA generated by RNase L amplifies antiviral innate immunity.
Nature 448:816-819

Wang RF, Miyahara Y, Wang HY (2008) Toll-like receptors and
immune regulation: implications for cancer therapy. Oncogene
27:181-189 (review)

Seya T, Hazeki K, Inoue N, Matsumoto M. (2009) Pattern-recog-
nition confers driving various cellular effectors on dendritic cells.
Cancer Sci (in press) (review)

Johnson CL, Gale M Jr (2006) CARD games between virus and
host get a new player. Trends Immunol 27:1-4 (review)
Matsumoto M, Funami K, Tanabe M, Oshiumi H, Shingai M,
Seto Y, Yamamoto A, Seya T (2003) Subcellu