K. Hata et al.

Risk of colorectal neoplasia in the young

uncertain. Since relatives of patients with CRC are known
to have higher risk of developing CRC, it is common
practice to recommend they receive colonoscopy from a
voung age. However, we do not necessarily recommend
that relatives of patients with gastric cancer undergo
colonoscopy.

There can be a close association between the genetic
predisposition to gastric cancer and CRC. The incidence
of gastric cancer is very high in Japan, and the stomach is
the most common cancer site in men and the second
most common site in women [7]. Furthermore, gastric
cancer and CRC can occur in the same individual.
Indeed, gastric cancer is the second most common cancer
occurring as the second primary cancer in patients with a
history of CRC [9-11]. Gastric cancer is commonly
encountered as Lynch-syndrome-related cancer, and even
among those without Lynch syndrome, a family history
of both gastric cancer and colon cancer is not uncom-
monly seen in Japan. Since it is considered that genetic
predisposition is an important factor in the development
of ncoplasias in the young generation, we hypothesized
that a family history of gastric cancer is associated with a
high incidence of colorectal neoplasia in young Japanese.

To our knowledge, family history of gastric cancer has
not been evaluated as a risk factor for the development of
colorectal neoplasia. In this study, we conducted multi-
variate analysis to identify risk factors for the development
of colorectal neoplasia in the young Japanese colonos-
copy population, especially focusing on tamily history of
gastric cancer. We also included other possible risk factors
tor colorectal neoplasia in the general population such as
sex, body mass index (BMI) [12,13], cigarette smoking
[12,14] and family history of CRC [5,6] in the multi-
variate analysis.

Methods

Patients

We conducted a retrospective multivariate analysis of
voung subjects under the age of 50 who underwent
colonoscopy. Young subjects aged 30-49 years old
(mean age 40.5) who underwent colonoscopy for the
first time at Toyoshima Clinic during the period between
August 2007 and August 2008 were included in this
study. To minimize selection bias, 300 unselected con-
secutive patients who underwent colonoscopy for the first
time were eligible, and we did not confine this to
asymptomatic subjects but rather included both asymp-
tomatic and symptomatic patients. Exclusion criteria were
previous colonoscopy, inflammatory bowel disease (IBD)
and family member with Lynch syndrome or familial
adenomatous polyposis (FAP). The indications for
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colonoscopy were positive FOBT in 87 patients, haem-
atochezia in 57 (three of whom were FOBT positive),
other abdominal symptoms in 110 and medical check-up
in 49 (Table 1).

Colonoscopy

Colonoscopy was performed using bowel preparation
with polyethylene glycol or magnesium acetate. Sedation
was usually obrained with midazolam or pethidine, or
both, unless the patient refused it or a contraindication
existed. If a neoplastic lesion was detected, polypectomy
or biopsy was performed, and the diagnosis ot adenoma or
carcinoma was confirmed histopathologically. All proce-
dures were performed without serious complications.

Data collection

The patients® charts and questionnaires were reviewed
retrospectively, and family history of gastric cancer and
CRC, age, sex, FOBT positivity, and presence of symp-
toms including haematochezia, abdominal pain, consti-
pation and/or diarrhoea were evaluated. The positive
family history was defined as having aftected first- or
second-degree relatives. Smoking history, non-steroidal
anti-inflammatory drug (NSAID) intake, past medical
history of diabetes and BMI were also evaluated.

Ethics

This study was conducted in accordance with the
Declaration of Helsinki. The study protocol was
approved by the ethics committee of the Institute of
Medical Science, the University of Tokyo.

Table | Demographic and clinical features.

GC, gastric cancer; CRC, colorectal cancer; BMI, body mass
index; FOBT, faccal occult blood test.
Three of 87 with positive FOBT also noted haematochezia.
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Statistics

Risk tactors for the development of colorectal adenoma
and/or carcinoma were assessed. Univariate and multi-
variate analyses were conducted using chi-squared and
logistic regression tests with forward and backward
stepwise selection, respectively. Factors with P < 0.05
were considered statistically significant. All analyses were
performed using starview version 5.0 (SAS Institute
Inc., Cary, North Carolina, USA).

Results

Colonoscopy and detected lesions

No patient met the Amsterdam Criteria II. The caecal
intubation rate was 100% in this series. A total of 118
colorectal neoplasias were detected in 83 (27.7%) sub-
jects. Of these, two subjects were found to have invasive
carcinoma and two mucosal carcinoma.

Univariate analysis

Univariate analysis revealed that older age, male sex,
positive FOBT and a family history of gastric cancer were
statistically significant risk factors for the development of
colorectal neoplasia (Tables 2 and 3). Subjects with a
first- or second-degree relative with gastric cancer had a
significantly higher risk of development of colorectal
neoplasia than those without a family history of gastric
cancer (23/56 vs 60/244, OR 2.14, 95% CI 1.17-3.92,
P = 0.01). Subjects above 40 years of age had a signif-
icantly higher probability of neoplasia than those younger

Table 2 Derected neoplasia and adenocarcinoma against various
risks.

GC, gastric cancer; CRC, colorectal cancer; BMI, body mass
index; FOBT, faecal occult blood test.

Table 3 Univariate analysis of risk factors for colorectal
neoplasm.

GC, gastric cancer; CRC, colorectal cancer; BMI, body mass
index; FOBT, faccal occult blood test.

than 40 (54/164 »s 29/136, OR 1.81, 95% CI 1.07-
3.06, P = 0.03). Men had a significantly higher risk than
women (49/149 ps 34/151, OR 1.69, 95% CI 1.01-
2.82, P = 0.046). In terms of the indication for colonos-
copy, FOBT status proved to be an independent risk
factor. Since this study was analysed retrospectively,
FOBT was not performed in those who underwent
colonoscopy for other indications. Those with a positive
FOBT result had a significantly higher risk than those
with an unknown FOBT result (32/87 vs 51/213, OR
1.85, 95% CI 1.08-3.16, P=0.03). BMI, smoking
history and haematochezia did not reach significance.
Since only six subjects took NSAIDs and three were
diagnosed as having diabetes in this study, we could not
assess them as risk factors.

Multivariate analysis

All of the significant risk factors shown in univariate
analysis proved to be independent risk factors by multi-
variate analysis (Table 4). A family history of gastric

Table 4 Multivariate analysis of risk factors for colorectal

neoplasm.

GC, gastric cancer; CRC, colorectal cancer; FOBT, faecal occult
blood test.
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cancer proved to be an independent risk tactor (OR 2.09,
95% CI 1.12-3.92, P =0.02), as well as male sex (OR
1.89, 95% CI 1.10-3.27, P = 0.02), older age (OR 2.05,
95% CI 1.18-3.55, P = 0.01) and positive FOBT (OR
2.00, 95% CI 1.14-3.48, P = 0.02). A family history of
CRC appeared to be an independent risk factor in
multivariate analysis, but the risk was not so strong
(OR 2.05, 95% CI 1.00-4.19, P = 0.049).

Discussion

We conducted this study to clarify which individuals
should receive colonoscopic surveillance for colorectal
neoplasia before the age of 50. The most striking finding
of the study is that tamily history of gastric cancer proved
to be an independent risk factor for the development of
colorectal neoplasias. According to the new American
Gastroenterological Association guidelines [5], individu-
als with a first-degree family history of CRC or adeno-
matous polyps before the age of 60 are categorized as
increased risk and should undergo colonoscopy at the age
of 40. Those with two or more first-degree relatives with
CRC or adenomatous polyps at any age are also catego-
rized as increased risk. However, a family history of
gastric cancer has never been considered as a risk factor
for colorectal neoplasia. Our results indicate that indi-
viduals with a family history of gastric cancer in addition
to CRC should undergo colonoscopy earlier than average
risk individuals, since colonoscopy is now the gold
standard screening tool for those with high risk for
CRC and endoscopic resection of adenomas has proved
to prevent a substantial proportion of CRC [15].
Although a family history of CRC was a less significant
predictor than that of gastric cancer in our series, this may
be partly due to the low power of the study or to the high
incidence of gastric cancer in Japan.

Male sex proved to be an independent risk factor of
the development of colorectal neoplasias in this study.
Several studies have confirmed the same findings in
older populations [16-18]. Brenner ef al. accessed the
US National Cancer Institute’s Surveillance, Epidemi-
ology and End Results programme and the World
Health Organization mortality database and assessed
national age- and sex-specific mortality data obtained
from 11 large countries including Japan. They sug-
gested gender-specific CRC  screening recommenda-
tions. Our results support these findings in the young
population.

Since rectal bleeding is one of the symproms of
colorectal neoplasia, individuals with haematochezia
should undergo colonoscopy. In our series, haem-
atochezia did not reach significance, while a positive
FOBT proved to be an independent risk factor. Spinzi
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et al. [19] reported that only two of 312 patients aged
30-40 with haematochezia had malignant polyps. They
concluded that patients younger than 40 rarely had
advanced neoplastic lesions, and sigmoidoscopy appears
to be sufficient. In contrast, Wong et al. [20] evaluated
223 patients under the age of 50 and found 12% of them
had colon adenomas or cancer. They concluded that
colonoscopy should be performed even in younger adults
with haematochezia. In our series, our target lesions
included not only carcinoma but also adenoma, so it is
likely that those ecarly lesions did not cause haem-
atochezia. However, one of two patients with invasive
carcinoma underwent colonoscopy because of haem-
atochezia. Therefore, we agree with Wong et al. that
those with haematochezia should undergo colonoscopy.

Faecal occult blood test is an established way to screen
for CRC, and decreases both CRC and CRC-related
death [21]. In our study, FOBT was performed elsewhere
in most of the subjects. Furthermore, FOBT was not
performed in subjects with other indications for colo-
noscopy. Therefore, we divided FOBT status into
positive FOBT and unknown FOBT result. Those with
positive FOBT proved to have a significantly higher risk
of development of colorectal neoplasia than those with
unknown FOBT result. Since FOBT cannot detect even
advanced lesions, especially in the proximal colon, at
times, we recommend from this study that individuals
with a family history of gastric cancer should undergo
colonoscopy earlier regardless of FOBT status.

Limitations exist in this study. Since this was a single-
clinic-based retrospective study, selection bias cannot be
excluded. To minimize selection bias, we chose 300
consecutive individuals who underwent first colonoscopy
in the clinic over a 1-year period. Some previous studies
included only asymptomatic populations to minimize bias
[22]. Since we focused on the family history of gastric
cancer and performed logistic regression analysis, we
included not only asymptomatic individuals but also
symptomatic or FOBT-positive individuals. Some of the
CRC in the young were clearly associated with germ-line
mutation, which is known in FAP and Lynch syndrome,
and some were associated with IBD. Family members of
patients with FAP or Lynch syndrome [5] and those with
IBD [23] are recommended to receive colonoscopy from
a young age, and it is not necessary to establish a
screening strategy for these people. Therefore, those with
high risk (e.g. FAP family, Lynch syndrome family, IBD)
were not included in this study.

In conclusion, in the young Japanese population
under 50 years of age, a family history of gastric cancer
is an independent risk factor for the development of
colorectal neoplasias. Large prospective studies are war-
ranted to verify this finding.
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Targeting TLR3 with no
RIG-I/MDAS5 activation is effective
in immunotherapy for cancer

Tsukasa Seya’, Masahiro Azuma & Misako Matsumoto
Hokkaido Univessity, Graduate Scheol of Medicine, Departinent of Microbiology and Immunology,
Sapporo, Japan

Introduction: Many forms of RNA duplexes with agonistic activity for pattern-
recognition receptors have been reported, some of which are candidates for
adjuvant immunotherapy for cancer. These RNA duplexes induce cytokines,
interferons (IFNs) and cellular effectors mainly via two distinct pathways,
TLR3/TICAM-1 and MDA5/MAVS. .
Areas covered: We determined which pathway of: mnate lmmumty predomi-
nantly participates in evoking tumor immunity i in response to RNA adjuvants.
Expert opinion: In knockout (KO) mouse studtes, robust cytokme or IFN pro-
duction |s dependent on systemic actlva on of the'MAVS | athway, whereas
' ctors (i.e; NK and
tivation Qﬁen causes
on does not. Unlike

1. Introduction

Toll-like receptor 3 (TLR3) was first identified in 2001 as a membrane-associated
dsRNA sensor in TLR3-/- mice in which polyl:C-mediated NF-kB activation was
severely hampered (1. While it was suggested that signaling via TLR3, like TLR4,
induced type I IFN (2}, no conclusive data as to how this was achieved by dsRNA
recognition were offered in that report 1]. We have established a mAb, TLR3.7,
against human TLR3, that blocks dsRNA (polyl:C)-mediated type I IFN produc-
tion in the human fibroblast line MRCS, and that demonstrates TLR3 localization
on the cell surface membrane of these fibroblasts (3. Moreover, immunoprecipita-
tion analysis demonstrated that polyl:C-stimulated TLR3 formed a molecular com-
plex with cytoplasmic proteins (31. Ultimately, TICAM-1 (TRIF) was identified as
the TLR3 adapror (4. By demonstrating that TLR3 recognizes dsRNA on the cell
membrane and delivers an intracellular signal for the induction of type I IEN, these
reports collectively link TLR3 to the type I IFN production pathways in fibroblasts
in both human and mouse (Figure 1A).

RIG-I and MDAS were soon discovered as cytoplasmic sensors for dsRNA that
induced type I [FN (5). It is reasonable that virus dsRNA replicating in cytoplasm
is recognized by RIG-I/MDAS of infected cells. What is the role of the

10.1517/14728222.2013.765407 © 2013 Informa UK, Ltd. ISSN 1472-8222, e-ISSN 1744-7631 1
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Article highlights.

» dsRNA or polyl:C induces cytokines/IFNs through
recognition by RNA sensors, TLR3 or RIG-/MDAS.

The cytoplasmic sensors RIG-/MDAS cause systemic
cytokinemia in response to in vivo administration of
polyl:C while the endosomal dsRNA sensor

TLR3 does not.

The TLR3 pathway resides in myeloid cells and mainly
involved in DC-driven effector cells induction.
TLR3-specific dsRNA stimulation with no involvement of
RIG-I/MDAS generates antitumor adjuvant activity
without robust cytokine induction.

TLR/MyD88 is a main pathway for NF-xB activation,
which harbors protumor activity: yet, the TLR3 pathway
does not involve MyD88 activation.

Although polyl:C is too toxic to culminate driving cellular
immunity against cancer, developing nontoxic antitumor
adjuvants from derivatives of dsRNA would be feasible
by redesigning dsRNA.

3

°

This hox summarizes key points contained in the article.

TLR3 pathway for IFN induction in viral infection should
have been reconsidered. Polyl:C has been historically used as
an IFN inducer, and has been shown to engage both
TLR3 and MDAS (7.8.. Gene disruption studies in mice
suggest that serum IFN levels in polyl:C-injected mice are
increased primarily by the RIG-I/MDAS pathway 7).
TLR3 is involved in local secretion of type I IFN limitedly
in nearby tissues and organs (Figure 1B). Current under-
standing of this issue is that the fundamental function of
TLR3 is not to induce robust IFNs/cytokines to alarm infec-
tion over whole body but to evoke cellular immunity, as
mentioned below.

An alternative function of the TLR3 pathway has been
clarified through studies of dsRNA (polyl:C)-stimulated or
virus-infected tumor cells (Figure 1A). Cell death or growth
is promoted in response to dsRNA, since TLR3 links to the
RIP1 pathway to induce NF-kB activation and RIP1/RIP3-
mediated cyrolysis in tumor cells (9.10]. In addition, tumor-
associated macrophages (Mf) (TAM) switches from a wmor-
suppotting to a tumoricidal phenotype in response to dsRNA f11).
Hence, the physiological role of the TLR3 pathway in wmor
cells appears to provide dead cell-derived tumor Ag to DC and
promote tumor immunity. Ultimately, these results suggest
that if Ag and TLR3 agonist are provided for DC maruration,
mor cells expressing the Ag will be targeted by effector cells
induced via the DC-derived immune response (Figure 2). Here,
we focus on the role of dsRNA in evoking cellular immunity
for cancer.

2. TLR3: distribution and localization

The gene encoding TLR3 is evolutionarily conserved across
humans, mice, chickens and teleost fish 112-14) and TLR3 in
all these species induces IFN production in response to

polyl:C 113}, implicating TLR3 as a potential viral dsRNA
sensor in vertebrates (14. However, viruses usually replicate
in cytoplasm where no TLR3 is distributed. Furthermore,
cell types expressing TLR3 are limited, at least in humans
and mice, therefore TLR3 is unlikely to systemically protect
tissues or organs from virus infection.

A human mAb against TLR3, TLR3.7, blocks dsRNA
(polyl:C)-mediated type I IFN production in the human fibro-
blast lines where TLR3 localized on the cell surface mem-
brane ). In contrast, the TLR3.7 mAb does not block the
production of IFN by TLR3 in human monocyte-derived den-
dritic cells (MoDDC) (15]. Electron or confocal microscopic anal-
ysis in these cells suggested that TLR3 is localized to endosomal
compartment (15,16}, which were later identified as early endo-
somes. Hence, human TLR3 is localized in 2 cell type-specific
fashion, such that epithelial cells and fibroblasts, including
MRCS cells, express TLR3 on the cell surface, while in myeloid
cells, TLR3 localizes to the endosome (Figure 14). The surface-
expressed type of TLR3 is positioned next to sample dsRNA in
the extracellular milieu to transmit IFN-inducing signaling,
whereas endosomal TLR3 engages phagocytosed dsRNA for
signaling. Both types of endogenous TLR3 could be derected
by TLR3.7 mAb by imaging analysis (15].

Since myeloid cells, including DC and MF, take up external
dsRNA into the endosome via phagocytosis {15-17], our current
hypothesis is that endosomal TLR3 plays a role in sampling
viral materials for augmenting antigen (Ag) presentation
(Figure 1B). This model is gaining approval as the authentic
adjuvant function of TLR3.

Human endosomal TLR3 is primarily expressed by myeloid
cells, including dendritic cells (DCs) (Table 1) 18] There are
many subsets of DCs in humans, of which human CD141
(BDCA3)" DCs express high levels of TLR3 [191. Human
epithelial and endothelial cells express detectable amounts of
TLR3 on their cell surfaces (32021]. In contrast, tumor cells
and malignantly transformed cells express TLR3 in endosomes
rather than on their cell surfaces (18. Tumor cells, therefore,
unlike normal epithelial and endothelial cells, cannot directly
sample environmental RNAs.

3. TLR3: structure and function

TLR3 is a type | membrane protein consisting of extracellular
leucine-rich repeats and a cytoplasmic Toll-IL-1 receptor
homology domain (TIR). The acidic environment in the
endosomal lumen allows TLR3 to more tightly bind dsRNA
than neutral cell-surface irrespective of the sequence. Forty
to fifty base pairs of non-mismatched dsRNA interacts with
homodimeric TLR3 almost exclusively with the sugar phos-
phate backbone rather than through the base moieties (22-241.
Intriguingly, the interaction of dsRNA with TLR3 does not
trigger conformational changes, but rather facilitates homodi-
merization, which brings the intracellular TIRs of TLR3s in
close proximity of each other (231 TLR3 homodimerization
recruits the adaptor TICAM-1 (TRIF) to the TIR domains (3},

2 Expert Opin. Ther. Targets [Farly Online]
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Figure 1. A. Cell type-specific activation of the TLR3/TICAM-1 pathway. Endothelial cells, epithelial cells and some macrophage
subsets of human and mouse express TLR3 on the surface of the membrane and extracellularly sample naked double-stranded
or stem/bulged RNA (red box). Tumor cells usually express TLR3 in the endosome and some cells activate the RIP1/3 pathway in
response to dsRNA (black box). Most myeloid cells express TLR3 in the early endosome and take up debris-encapsulated dsRNA
(blue and brown boxes). Cell death is induced in some tumor cells through the RIP1/3 pathway, which causes liberation of
RNA-containing debris. Macrophages have unique properties of RIP1/3 and release DAMP. See the text for the functional
properties of dendritic cell TLR3. B. A variety of output induced by dsRNA. Viruses produce dsRNA in the cytoplasm of infected
cells during replication, and the cytoplasmic dsRNA is sensed by RNA sensors, RIG-I/MDA5 (left top panel). The cytoplasmic
sensors contribute to production of robust type | IFN, leading to systemic cytokinemia, while they only weakly trigger
other effectors without participation of the IFNAR pathway. On the other hand, dsRNA, either naked or encapsulated,
can be incorporated into the endosomes of dendritic cells to induce cellular and soluble effectors (right top). Roles of
surface-expressed TLR3 and endogenous stemmed RNA in this context still remain poorly characterized (bottom panels).
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Figure 2. dsRNA-mediated inflammation modulates tumor
microenvironment. A dsRNA or stemmed ssRNA affects tumor
environment by acting on RNA sensors in epithelial cells,
dendritic cells, tumor-infiltrating macrophages and tumor
cells. Immune cells infiltrating the tumor mass may cause
necroptosis of tumor cells. Tumor cells undergoing necrosis
liberate DAMPs and debris containing Ag and nucleic acids
with modified structural signatures of stem and bulge. These
signatures can activate endosomal TLR3 in dendritic cells to
promote the inflammatory response. Tumors in some cases
benefit from the inflammatory response and in other cases
regress in response to inflammation, and the mechanism
determining this switch remains to be clarified.

which in wrn recruits kinases TBK1 and IKK tw the
N-terminal domain of TICAM-1 p25]. The TICAM-1 com-
plex thereafter dissociates from TLR3 and forms cytoplasmic
speckles which are distinct from endosomes 126). The kinase
substrates IRF-3 and NF-kB are activated within the speckles,
suggesting that the latter contain kinases and their substrates
along with TICAM-1 12627). After phosphorylation, IRF-3
migrates from the speckled region to the nucleus and acts as
a transcription factor to induce type I IEN (271. Withour acti-
vation of the MAVS pathway, production of type I IFN is
therefore a primary endpoint of dsRNA-mediated TLR3
acrivation in most cell types.

Notably, in some tumor cells and macrophages, ligand-
stimulated TLR3 can facilitate RIP1 activation via the
C-terminal TICAM-1 pathway, resulting in apoptosis or
necroptosis (Figure 2) [28,29]. Furthermore, the TICAM-1 path-
way triggers a chemokine/cytokine cascade via NF-KB activa-
tion that facilitates tumor progression in concert with the
tumor microenvironment (30,31). On the other hand, antigen-
presenting cells (DC and M) express high amounts of TLR3,
together with MHC and co-~stimulatory molecules, and interact
positively or negatively with lymphocytes. The primary func-
tion of myeloid cell TLR3 is to drive activation of NK cells
by up-regulating surface-expressed NK-activating ligands
(cell cell contact-mediated activation) (32 or induction of
IL-12 and IL-15 (cytokine-mediated activation) (33). Another
function of myeloid cell TLR3 is to induce cross-presentation
in DC and cross-prime antitumor CD8 T lymphocytes
(CTL) 1341 Together, these functions of TLR3 are crucial for
induction of antitumor cellular immunity (Figure 2).

4, Therapeutic TLR3 agonists

Three syntheric dsRNAs which harbor therapeutic potential
as TLR3 agonists have been developed from polyriboinosinic
polyribocytidylic acid (polyl:C), originally synthesized in the
late 1960s to mimic viral responses (35). IPH-3102, a dsRNA
of unknown structure, appears to have a similar function to
poly:C 36}. In addition to these classical dsRNAs, single-
stranded RNAs with nuclease-resistant stems are potential
TLR3 agonists (Table 2) (37,381

Ampligen (also known as rintatolimod) is a synthetic
dsRNA consisting of polyl:C with one mismatch every
12 C, designating poly(I:C12U). It acts on DCs to induce
tumoricidal effects, resulting in tumor growth retardation
in vivo (39]. Ampligen, though has not been immunobiologi-
cally well-characterized as a specific agonist for TLR3, appears
to operate in a multimodal fashion, encompassing the activa-
tion of natural killer (NK) cells, the proliferation of CTL,
as well as direct cytostatic/cytotoxic effects on cancer cells,
Hence, Ampligen targets a putative dsRNA sensor, most
likely TLR3 across various cell types. Ampligen may not be
a ligand for RIG-I/MDAS5 (39].

Hilronol (polyl:CLC) is a particular formulation of polyl:
C that contains carboxymethylcellulose and poly-L-lysine as
stabilizing agents 40]. Hiltonol is less vulnerable w degra-
dation by serum nucleases or high temperature than Ampli-
gen [41]. Hiltonol significantly elevates the levels of
circulating IFNs in monkeys under conditions where an
equivalent dose of Ampligen did not o). This has been ateri-
buted to the ability of Hiltonol to act as a ligand for both
TLR3 and MDAS 7.3 to exert potent immunostimulatory
effects. Robust increases of serum type I IFN have been
observed in multiple preclinical models, including mice and
monkeys, although these are accompanied by an increased
risk of side-effects (40-44). Phase I/II clinical trials have been
designed with patients having multifarious malignancies
to assess the safety and efficacy of Hiltonol [4s]. In general,
these trials have concluded that low doses of Hiltonol are
not particularly toxic in terms of cyrokine induction and
are moderately efficient in boosting antitumor immune
responses. To date, ~ 20 Phase I/II clinical trials have
suggested that Hiltonol is adaptable to immunotherapy for
cancer in most cases, including brain tumor, malignant
melanoma, breast cancer, and colorectal cancer 145).

Polyadenylic polyuridylic acid (polyA:U) is a synthetic
dsRNA with immune-enhancing function in wive on
1967 (46). polyA:U was later found to stimulate TLR3 in
Flt3-derived conventional DCs to generate 1L-12 1471. RIG-
I/MDAS recognizes only high amounts of polyA:U (46.4s].
When combined with anticancer vaccines, poly(A:U) pro-
motes Thl responses that control tumor growth and are asso-
ciated with the establishment of immunological memory (491.
On the other hand, poly(A:U) has protumor functions (50,
because it stimulates TLR3 expressed on tumor cells to induce
tumor cell proliferation [285153). There are currenty no
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Table 1. TLR repertoire in human dendritic cells.

RNA adjuvant in cancer therapy

Human Freshly isolated In vitro-differentiated cells

TLRs Monocyte mDC pDC (BDCA4+) Monocyte-derived DCs
(BDCA1+) (BDCA3+)

mAb

TLR1 (1.136) ++ + ++ - +

TLR2 (2.45) ++ + + - -

TLR3 (3.7) - ++ 4 - S+

TLR4 ++ + - - +

TLR6 (6.127) ++ + ++ - +

TLR7 - - + .

TLR8 + + +/- - +

TLR9 - - - * .

+: Protein or mRNA expression; Nucleotide-recognizing TLRs, TLR3, 7, 8 and 9 reside in intracellular compartments. MAVS pathway is ubiquitous while

TICAM-1 pathway limitedly works in myeloid, epithelial and endothelial cells.

Table 2. Host response to RNAs and other DAMPs.

PAMP/DAMP receptors

Microbial nucleic acids (PAMP)

Cytosolic long dsRNA MDAS
Cytosolic 5'-PPP-RNA RIG-I
Endosomal > 140 bp dsRNA TLR3
Fluid-phase dsRNA TLR3
Encapsulated virus RNA TLR3

Bulged or stemmed RNA TLR3

Self nucleic acids (DAMP?)

Modified self mRNA TLR3

Some miRNA TLR3
Denatured ssRNA TLR3

Self molecular patterns (DAMP)

HMGB1 RAGE, TLR2/4
Uric acid CD14,TLR2/4
HSPs CD14,TLR2/4
$100 proteins RAGE

clinical trials evaluating its efficacy for either oncological or
cancer-unrelated indications.

More exact information about clinical trials and oncologi-
cal indications of these TLR3 agonists has been published
by Galluzzi ez al. 143).

5. Specific ligands for TLR3 without
activation of the MAVS pathway

dsRNA and its synthetic analog, polyl:C, have long been
known to be potent type I inducers 154 and modulators for
cellular immunity [55. Indeed, mouse and human versions
of TLR3 recognize dsRNA and transduce TICAM-1 signals
for NF-xB and IRF-3 activation. Type I IFN/cytokine and
cellular immunity induced by the cytoplasmic dsRNA recep-
tors RIG-I/MDAS and NLRP3 have been identified more
recently (45.4856]. The type I IFN production induced by
dsRNA is largely artributable to the MAVS pathway rather

than the TICAM-1 pathway (7). Furthermote, KO mice
studies with in vivo administration of polyl:C have suggested
that dsRNA contributes to NK cell activation and CTL proli-
feration even in MAVS-/- and IFNAR-/- mice, the initial
response to which is independent of MAVS- or IFNAR-
mediated type I IFN production [34.57): i.e., tumor-specific
NK cell and CTL can be induced without increasing serum
type [ IFN level in mice. Hence, the activation of cellular
immunity occurs irrespective of the serum level of IFN in
tumort-bearing host, although IRF-3 is essential for cellular
immune activation [57].

Regarding the question as to through which target recepror,
MDAS5 or TLR3, polyl:C induces antitumor cellular immu-
nity, evidence suggests that it is TLR3 (32,34). Previous studies
demonstrated that both MDAS5 and TLR3 were equally asso-
ciated with initiation of cellular immunity in response to i.p.
injection of polyl:C + Alum in mice (58. However, initial
IRF-3 activation in myeloid cells is closely linked to NK cell
activation but not robust IFN induction {57-59]. In syngenic
mouse tumor-implant models, TLR3-TICAM-1 is more
important than MDAS5-MAVS for CD80" DC to evoke
antitumor cellular immunity below the protumorigenic
polyl:C dose 132.34].

The optimal iz vivo doses for induction by polyl:C of type
IIEN, NK activation or CTL induction (cross-priming) are as
yet unknown. It is likely that the optimal dose for inducing
type I IFN, largely attributable to the RIG-I/MDAS pathway,
differs from those for facilitating NK activation and/or cross-
priming induced by human DC (19}, particularly a subset of a
human counterpart of mouse CD8a* DC, namely CD141*
DC. In both human and mouse DCs, 10 pg of polyl:C acti-
vates NK cells to kill tumor cells iz vitro (60). However, the
dose discrepancy appears to cause different immune responses
between human and mouse with respect to in vive polyl:C
administration. In the C57BL/6 mouse, 1 pg of i.p. injection
of polyl:C per mouse is sufficient to induce type I IFN and
IFN-inducible genes in spleen cells, but is insufficient
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for causative NK/CTL activation to effect regression of
implant tumors (32.3461). Likewise, in human volunteers,
1.6 mg of s.c. polyl:C has been shown to induce type I IFN
in whole blood (621. It is currently unknown whether this
dose is sufficient for activation of NK/CTL in humans. The
reported doses were restricted by the toxicity of polyl:CLC,
and may have been sufficient for RIG-I/MDA5 activation
followed by the feedback activation of the amplifiable IFNAR
pathway in mice and humans, however, the dose has not
been determined to optimize IRF-3-dependent NK/CTL
activation by Ag-presenting DC.

NK cell activation requires > 10 pg of polyl:C per mouse,
although the quality of polyl:C, including the average length
of the duplex region, varies and critically affects the optimal
dose for induction of cellular immunity (62.63). For induction
of cross-priming in mice, > 50 pg/20 g is actually required by
i.v. or i.p injection. With regard to s.c. injection of dsRNA,
several shots in different areas would be ideal for administration
of the dsRNA reagent. If high-dose administration of dsRINA is
also mandatory for induction of cellular immunity in humans,
the dose 1.2 1.6 mg/volunteer would be a short dose in
humans. If the dose limitation of polyl:C in human trials is
mostly due to side-effects such as cytokinemia and protumor
activity, the development of less toxic RNA reagents is
indispensable for facilitating human immunotherapy.

There are several points of concern in the context
of high-dose polyl:C therapy. Firstly, the likelihood of
a cytokine storm is increased in healthy volunteers
receiving > 1.6 mg polyl:C due to systemic activation
of the MAVS pathway. Erythema, arthralgia and general
malaise have been reported and may be secondary to elevated
type I IEN (641. The other point concerns the protumor
activity of the TICAM-1-RIP1 pathway. Appropriate
doses that neither activate the RIP1 pathway in tumor cells
nor induce tumor growth should be chosen for antitumor
therapy. Moreover, the duration of the effects is currently
also unknown, although a single-shot dsRNA has only a
short duration over EDsy. IFN-a/f levels may be kept
high, being sustained by the IFNAR pathway (65). TLR3 is
endosomally expressed in myeloid DCs as well as in tumor
cells. The types of cell involved in the immune response
against high-dose polyl:C remain undetermined in humans,
and the role of RNA-sensing receptors in other cell types
therefore warrants further exploration.

6. Other RNA derivatives in tumor
environment

Recent reports have suggested that single-stranded (ss)RNAs
with incomplete stems serve as ligands for TLR3 ([37.38).
ssRNA with a ~ 200 bp duplex may act as a TLR3 agonist
without activation of MDAS5 [2463]. As mentioned above,
the capacity of ssRNA to activate TICAM-1, but not
MAYVS, makes it suitable for antitumor immunotherapy,
since it has only marginal cell-proliferative activity but fully

activates NK cells and CTL in relevant tissues with induction
of only low levels of IFN. The results are promising in the
context of the synthesis of TLR3-specific ligands which do
not participate in the MAVS pathway, and which can be
applicable to humans without marked roxicity.

It has been believed that viral dsRNA is liberated from
virus-infected cells through cell death events, apoptosis or
necrosis. Oncogenic viruses may trigger death signals by acti-
vating cytoplasmic RNA sensors in transformed cells. An
EB virus RNA with an incomplete stem, named EBER, also
activates TLR3 (66] and, together with RIG-I, induces live
signals and sometimes accelerates tumorigenesis in infected
hosts 67). Alternatively, transformed cells release live signals
in the form of type I IFN and proinflammatory cytokines
(IL-6, IL-12, TNF-@, etc.), which are liberated through
IRF-3/7 and NF-xB activation as the output from living
virus-infected cells. TLR, NLR and other cytosolic nucleic
acids sensors are closely associated with RNA recognition
(Table 2), and inflammation states are therefore fundamen-
tally variable and individually modified by these factors (56.68).
It is notable that type [IT IFN (IFN-A) is also generated via the
TICAM-1 pathway in CD80® DC in mice and human
CD141" DC in response to polyl:C (69). Yet, in other cell
types such as hepatocytes, the MAVS pathway participates
in IFN-A production [70].

In addition, tumor cells may liberate self mRNA, miRNA
and other endogenous noncoding RNAs (Table 2), which
become TLR3 ligands through conformational alterations
which result in the formation of incomplete stems (71,72].
These self RNAs allow TLR3-positive host cells to induce
IFNs and chemokines (Figure 1B). Once type I IFN
and IFN-y are robustly produced, the synergistic function of
these IFNs results in the induction of IFN-stimulated genes
(ISG) in the tumor and surrounding cells, including
CXCL10 (IP-10) and CCL5 (RANTES) (7273). CXCR3
ligands (CXCL9, 10 and 11) are also expressed by these
cells (73). Since CXCR3 is mainly expressed on activated
T and NK cells, these cytotoxic effectors converge upon the
inflammatory nest, which includes the tumor microenviron-
ment as well as secondary-affected organs. The tumor micro-
environment is likely to be modified by these mediators in
conjunction with cellular immune response.

These immunological aberrations may coincide with eco-
logical environmental factors besides viral infection. Indeed,
in mouse models, UV-B irradiation effects conformational
changes in dermal mRNA to convert nonstimulatory
mRNA to active TLR3 ligands by forming with incomplete
stems (37], which then activate the TLR3 pathway, similar to
virus-derived RNA 38, resulting in inflammatory sunburn.
In any case, RNAs with bulged stems are functional as
TLR3 agonists to induce IFN-a/ff and possibly cellular
immunity (37,38.66).

Whether endogenous TLR3 ligands are tumorigenic or
tumoricidal remains to be determined. Necrosis-like cell
death occurs in a cell type-specific manner as a result of death
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signaling and liberates damage-associated molecular patterns
(DAMP) of autologous TLR3 ligand (Table 2). Levels of
RNA-derived TNF-a. and its receptor, TNFRI, have been
implicated in this process (74l The RIP1/RIP3 complex,
termed the necrosome, is responsible for switching between
apoptosis and necroptosis (75.76]. TICAM-1 and RIP1 may
be involved in the virus-derived as well as tumor cytolysis (771,
although the possible involvement of RIG-I/MDAS5 in cell
death cannot be ruled out in some cases of viral infection (78].
DAMP and stemmed RNA can be liberated from tumor-
infilerating Mf as well as necroptotic tumor cells [77).
TNF-0. and IL-6 are the pro-inflammatory cytokines released
from ME. A reported feature of exogenous dsRNA in the
context of the tumor environment is to damage tumor cells
by activation of Mf or the TLR3 pathway in these cells (10].
However, in tumor microenvironment conuining tumor-
infiltrating Mf, the role of the endogenous stemmed RNA
in tumor progression and immune cell activation is the next
issue to be elucidated (Figure 2).

7. Cellular immunity induced in tumor
microenvironment

Once DC or Mf responds to an unusual innate dsRNA signa-
ture, cellular immunity is provoked against tumor cells with
irregular modification of RNA-sensing pathways by these
immune enhancers (Figure 2). NK cells and CTL are known
to be associated with maturation of myeloid DCs after stimu-
lation with dsRNA (79-81). DCs express NK-activating ligands
after recognizing dsRNA (52, and cell damage has been
reported to play a role in the regulation of NK-activating
ligands (83). In this manner, dsRNAs are involved in tumor
damage secondary to activation of cellular effectors. Subse-
quently, TLR3-stimulated DCs modulate cross-priming
of CD8 CTLs through incorporation of dsRNA and
Ag-mounted cell debris (s4. FasL and TRAIL are major
effectors for the ligands of death receptors (DRs) [8s).
Soluble mediators also function as effectors in response to
dsRNA. The tumor microenvironment contains many cell
types and dssues, on which dsRNA and DAMP act to effect
the immune response (Figure 2). Systemic administration of
polyl:C induces type I [EN and enhances local T-cell immune
responses in the lung and liver (48.86). It has been postulated
that polyl:C-induced type I IFN mediates the production of
IL-7 (s8], which promotes T-cell-derived IFN-Y to enhance
macrophage recruitment and CXCR3 ligand expression (86).
NK cells are involved in early onset of IFN-y in response to
polyl:C 321 after which IFN-y is then robustly released
through IL-7 production. IL-7 is produced in the lung and
liver in a type-I IFN- and IFN-y-dependent fashion (36,87).
In addition, polyl:C-induced IL-7 promotes expression of
MCP-1, contributing to recruitment of macrophages and
production of CXCR3 ligands by these cells [73.88.89]. This
role of polyl:C in the tumor environment defines a new
mechanism by which tumor-infilrating T/NK cells boost

RNA adjuvant in cancer therapy

local T-cell immunity and by which IL-7 bridges TLR3 signal
to adaptive immunity.

Our laboratory has reported that a dsRNA analog strongly
activates NK cells 7z vivo (32). Two main routes for NK cell
activation have been reported. Firstly, DCs secrete several
cytokines, such as IL-12, IL-18, IL-15, and IFN-o/f§ in
response to dsRNA, and these mediators act on NK cells (33.90).
Secondly, DCs express NK-activating ligands on their
cell surface which activate NK cells through cell cell con-
tact (57). In mouse studies, transacting IL-15 and cell-surface
NK-activating ligands are crucial in polyl:C-mediated NK
cell activation (33,57). The primary NK-activating ligand
induced by polyl:C is IRF-3-inducing NK-activating mole-
cule (INAM), which contributes to NK-sensitive tumor
regression |57). In 2 human system with BMDC and HCV-
infected debris (a source of dsRNA), NK cells are activated
by BMDC via the TLR3-TICAM-1 pathway in BMDC {s2].
Based on these observations, INAM may therefore participate
in dsRNA-derived NK activation. It is notable that the
minimal dose of dsRNA for NK activation is higher than
that required for induction of type I IFN in in vivo systemic
administration studies.

RNA-derived molecular patterns of DAMP may cause
TLR3-mediated inflammation resulting from physicoche-
mical stimuli (Figure 2). However, the functional properties
of stemmed RNA generated in tumor-related inflammation
have not been well demonstrated (38). Once antigens are
presented on MHC class II in DCs upon internalization of
tumor cell debris, CD4 T cells (91,92, including Th1, Th2,
Th9, Thl7, and Tregs, are driven in a context-dependent
manner. Stemmed RNA and DAMP (Table 2) may act
as modifiers of this event for CD4 T cells. The induction
profiling of CD4 T-cell subsets critically affects the effector-
inducing capacity of myeloid DC p91], although it remains
unclear whether systemic type I IFN (and the MAVS path-
way) is absolutely required or not for adaptive immunity. In
addition, these stimulators may serve as the second signal of
TLRs triggering DCs to induce cross-presentation, which
leads to mounting Ag on MHC class I and subsequently
induce the proliferation of CD8 T cells (CTL) (93). Cross-
presentation is enhanced by molecules such as type I IEN
and CD40, and by immune cells, including CD4 T cells,
NK cells, and NKT cells 193,94). The mechanistic role of
nucleic acids sensors in the presentation of exogenous Ag by
DCs remains to be determined (61). TLR3/TICAM-1 is the
main pathway for inducing cross-presentation in response to
dsRNA in DCs (34]. Polyl:C or virus dsRNA is an example
of a TLR3 ligand, and the cross-presentation-inducing
activity of these TLR3 agonists is noticeable if sufficient
amounts of polyl:C are used (8]. While the effective adjuvancy
of polyl:C has been reported by Steinman er al. (61.91.93], no
report has definitively determined the dose of RNA sufficient
to promote cross-presentation and latent cross-priming
(CTL-inducing) ability in humans. Further therapeutic dose
analysis will provide a basis for effective strategies of dsRNA
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therapy in patients who do not respond to conventional
cancer therapy.

8. Expert opinion

Here, we discussed the advantages of TLR3 agonists as a
therapeutic potential against cancer. TLRs generally activate
transcription factors, NF-kB, which closely associates with
protumor activity, thereby application of TLR agonists to
adjuvant immunotherapy for cancer treatment having been
controversial. TLR3 is particular in the TLR family receptors
because it is not involved in MyD88 activation but only in
TICAM-1 for IRF-3/7 activation, which results in production
of type I and III IFNs. TLR3 is localized to the endosomal
membrane in mouse CD8¢"™ DC and human CD141* DC,
suggesting that in viral infection, DCs phagocytoze noninfec-
tious dsRNAs liberated from infected dead cells together with
viral antigens. TLR3 in the DCs senses the internalized
dsRNA to signal the IFN-inducing pathway. Epithelial cells
and fibroblasts express TLR3 on the cell surface and directly
sample dsRNA outside the cells, which may teflect the role
of TLR3 in testing environment around the cells. Similar
events might happen in tumor cells and DC surrounding
microenvironment. Expression of TLR3 is up-regulated
during malignant transformation, by eIF2 and RB, suggesting
that many tumor cells can be modulated by their own
TLR3 signal. The RIP1/3 pathway downstream of TICAM-1
can induce NF-kB activation, apoptosis or necroptosis that
facilitates liberation of tumor antigen and its uptake by DC.
Necroptosis secondary to RIP1/3 signal may be a representa-
tive outcome induced by tumor cell TLR3, although the pro-
tumor activity that induces tumor progression via the TLR3/
TICAM-1 pathway is predicted to be negligible compared to
the MyD88 pathway. Besides TLR3, RIG-I and MDAS act as
cytoplasmic sensors to induce systemic cytokine/IFN produc-
tion leading to high serum cytokine levels. The most promi-
nent side-effect induced by dsRNA or polyl:C (or LC) is a
life-threatening cytokine shock. Indeed, the serum cytokine/
IEN levels in WT mice treated with polyl:C are highly
increased, but the levels are kept low in MAVS-/- mice,

suggesting that polyl:C-mediated cytokinemia is largely
attributable to the MAVS pathway. Although serum cytokines
are high in TICAM-1-/- mice, NK cell activation and
CTL proliferation are severely impaired in the absence of
TICAM-1. Ultimately, we would predict that exclusive stimu-
lation of TLR3 (i.e., TICAM-1) does not allow the serum
cytokine/IFN levels in mice, whereas cellular immune effec-
tors NK and CTL are sufficiently driven by TLR3-directed
immunotherapy even in MAVS-/- mice. The strategies for
specific targeting of TLR3 in dendritic cells without affecting
MDAS/RIG-I should be developed for more efficient antitu-
mor immunotherapy. If TLR3-targeted dsRNA therapy is
established, tumor regresses without evoking either tumor
progression or cytokinemia, two major side-effects by
dsRNA-mediated inflammation then being cleared. If these
TLR3 outputs are reproducible in human patients with
cancer, dsRNA derivatives specifically directed against
TLR3 will be an excellent therapeutic candidate for tumor
immunotherapy as an adjuvant.

Clinical studies of polyl:CLC therapy for cancer was started

on 1985. Since then, many clinical trials have been performed
* with polyl:C or LC. Most of them suggested that low doses of

polyl:C did not always bring the patients good prognosis. This
suggests that low-dose administration of dsRNA to patients,
which appears sufficient for induction of type I IFN, is insuffi-
cient for induction for DC-driven NK activation and CTL
proliferation. If administration of high doses of harmless
dsRNA is feasible for adjuvant therapy, then patients with
cancer benefit from therapeutic use of dsRNA. Development
of less-toxic compounds specific for TLR3 would help patients
with inoperable or drug-resistant tumors.
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