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Activation of TLR3 has long been studied in the field of anticancer immunotherapy. Our recent work revealed that
TLR3 also promotes the induction of breast cancer stem cells (CSCs) through co-activation of b-catenin and NF-kB
signaling. Targeting these 2 pathways simultaneously instead of individually allows for effective inhibition of CSCs that
are enhanced by TLR3 activation.

Toll-like receptors (TLRs) are key reg-
ulators in both the innate and adaptive
immune responses. They are highly
expressed in antigen-presenting cells and
are capable of inducing antitumor media-
tors such as type I interferon. Accordingly,
TLR agonists have been predominantly
studied in tumor therapy in attempts to
convert immune tolerance into antitumor
immunity.1,2

One of 10 TLRs encoded by the
human genome, TLR3 is localized in the
endosomal compartment and is capable of
detecting endogenous macromolecules
released by injured tissue and recognizing
double-stranded RNA viruses and their
synthetic analog polyinosinic-polycyti-
dylic acid [poly(I:C)].1,2 The majority of
studies have reported that TLR3 activa-
tion leads to tumor suppression.1,2 For
example, treatment with the TLR3 agonist
poly(I:C) represses tumor growth in mice
transplanted with murine prostate cancer
cells and reduces the growth of murine
melanoma and murine liver tumors. The
mechanisms underlying TLR3 activation-

induced tumor suppression may be associ-
ated with type I interferon secretion, natu-
ral killer cell and dendritic cell activation,
and/or conversion of tumor-supporting
macrophages to tumor suppressors.1

In contrast to the above findings,
TLR3 has also been reported to promote
tumor development by enhancing cancer
cell proliferation and survival.1 Increased
TLR3 expression in patients with breast
cancer was correlated with poor progno-
sis.3 Furthermore, the outcomes of clinical
trials using TLRs agonists are in general
inconsistent.4

It seems that effects of TLR3 (and
other TLR) agonists on cancer cells are
context-dependent,1 reflecting our insuffi-
cient understanding of the direct role of
TLR3 in cancer cells, in particular cancer
stem cells (CSCs). CSCs have increasingly
been considered a key component in can-
cer recurrence as they are capable of initi-
ating new tumors in vivo and are
interconvertible between CSC and non-
CSC states (termed CSC plasticity).5 One
of the driving forces behind CSC plasticity

has been linked to inflammation, although
the underlying mechanisms remain poorly
understood.

In a recent issue of Cell Death & Differ-
entiation,6 we reported that stimulation of
TLR3 promotes breast cancer cells toward
a CSC phenotype in vitro and in vivo.
Although TLR3 activation induces the
death of certain subgroups of tumor cells,
it concurrently potentiates the CSC phe-
notype and tumor-initiating capacity in
breast cancer cells. Treatment with the
TLR3 agonist poly(I:C) significantly upre-
gulated the expression of CSC markers in
both fractionated CSC (CD44high/
CD24¡/low) and non-CSC (CD44¡/low/
CD24high) subpopulations. This suggests
that an increased pool of CSCs after
TLR3 activation may be associated with
the proliferation of CSCs together with
the induction of a CSC phenotype from
non-CSCs.

Additionally, we observed for the first
time that TLR3 activation promoted the
expression of 3 key pluripotency markers,
OCT3/4, NANOG, and SOX2. Notably,

© Deyong Jia and Lisheng Wang
*Correspondence to: Lisheng Wang; Email: lwang@uottawa.ca
Submitted: 10/21/2014; Revised: 10/22/2014; Accepted: 10/23/2014
http://dx.doi.org/10.4161/23723556.2014.981443

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The
moral rights of the named author(s) have been asserted.

www.tandfonline.com e981443-1Molecular & Cellular Oncology

Molecular & Cellular Oncology 2:4, e981443; October/November/December 2015; Published with license by Taylor & Francis Group, LLC
AUTHOR'S VIEW

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/


overexpressing one of these pluripotency
factors has been shown to significantly
enhance breast cancer tumorigenesis.7,8 It
is possible that TLR3 activation plays a

potential role in CSC plasticity and tumor
progression. Although the underlying
mechanisms remain unclear, one of the
driving forces behind CSC plasticity has

been closely linked to epigenetic altera-
tions.9 A recent report on adult cell
reprogramming suggests that TLR3 stim-
ulation causes rapid and global changes in
the expression of epigenetic modifiers to
enhance chromatin remodeling and
nuclear reprogramming.10 Considering
the similarities between cancer stem cells
and pluripotent stem cells, it would be
interesting to further investigate whether
TLR3 enhances the breast CSC pheno-
type via a mechanism involved in epige-
netic alteration.

Moreover, to further confirm the func-
tion of TLR3 activation-induced breast
CSCs, we carried out secondary xeno-
transplantation assays. Despite initial
growth retardation after TLR3 activation,
the acquisition of a CSC phenotype in the
remaining tumor cells could engender a
stronger and more robust “second wave”
of tumor growth. Tumor cells isolated
from poly(I:C)-treated mice containing
higher numbers of CD44high/CD24¡/low

cells exhibited a greater than 100-fold
higher tumor-initiating capacity than con-
trol cells, suggesting a strong tumorigenic
potential after poly(I:C) treatment. It can
be concluded that TLR3 activation hin-
ders tumor growth initially but enriches
for breast CSCs. These observations sug-
gest that the therapeutic potential of a
given TLR agonist should be cautiously
evaluated with consideration of its possi-
ble role in mediating CSC phenotypes
and potentiating more robust cancer
recurrences.

Within the panoply of molecular
players involved in cancer-related
inflammation, it is well known that
NF-kB is a key orchestrator of the
response to TLR activation. Intrigu-
ingly, we found that inhibition of NF-
kB signaling with either a small mole-
cule or by small interfering RNA
knockdown only moderately repressed
the breast CSC phenotype induced by
TLR3 activation. After examining a
number of signaling pathways, we
revealed that b-catenin was a co-regula-
tor in the TLR3 activation-enhanced
CSC phenotype (Fig. 1). We confirmed
this finding using a special b-catenin/T
cell factor (TCF)-dependent reporter,
although a detailed link between TLR3
and b-catenin/TCF has yet to be

Figure 1. b-catenin signaling is required for breast cancer cells to acquire stem cell features follow-
ing toll-like receptor 3 (TLR3) activation. Inhibition of both b-catenin and NF-kB is an effective strat-
egy to control the growth of human breast cancer induced by TLR3 activation. c-MYC, NANOG,
OCT3/4, and SOX2 are transcriptional factors crucial for the maintenance of pluripotent stem cells
and possibly for the induction of CSCs. ALDH1, aldehyde dehydrogenase 1; CSC, cancer stem cell;
dsRNA, double-stranded RNA; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells;
NF-kB p65, nuclear factor NF-kB p65 subunit involved in NF-kB heterodimer formation, nuclear
translocation, and activation; Poly(I:C), polyinosinic-polycytidylic acid; TRIF, toll/interleukin-1 recep-
tor-domain-containing adapter-inducing interferon-b.
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defined. Accordingly, knockdown of
both NF-kB and b-catenin, but not
either one alone, resulted in sufficient
repression of TLR3 activation-enriched
CSCs. This emphasizes the importance
of elucidating co-signaling pathways in
CSC evolution for targeted therapy.
Given that high expression of TLR3 in
breast cancer is correlated with poor
clinical prognosis, co-activation of NF-
kB and Wnt/b-catenin pathways may

be associated with CSC induction and
disease relapse, warranting further stud-
ies using patient tissue samples. In addi-
tion, it would be very interesting to
investigate whether, and to what extent,
TLR3 activation alters the signaling
pathways of tumor stromal cells that
constitute the cancer microenvironment
and regulate tumor growth.
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