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Abstract. Breast cancer is the most common cause of cancer 
worldwide and is the leading cause of mortality for women 
across most of the world. Immunotherapy is a burgeoning 
area of cancer treatment, including for breast cancer; these 
are therapies that harness the power of the immune system 
to clear cancerous cells. Toll‑like receptor 3 (TLR3) is an 
RNA receptor found in the endosome, and ligands that bind 
to TLR3 are currently being tested for their efficacy as breast 
cancer immunotherapeutics. The current review introduces 
TLR3 and the role of this receptor in breast cancer, and 
summarizes data on the potential use of TLR3 ligands, mainly 
polyinosinic:polycytidylic acid and its derivatives, as breast 
cancer monotherapies or, more commonly, as combination 
therapies with chemotherapies, other immunotherapies and 
cancer vaccines. The current state of TLR3 ligand breast 
cancer therapy research is summarized by reporting on past and 
current clinical trials, and notable preliminary in vitro studies 
are discussed. In conclusion, TLR3 ligands have robust poten‑
tial in anticancer applications as innate immune stimulants, and 
further studies combined with innovative technologies, such as 
nanoparticles, may contribute to their success.
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1. Introduction

Breast cancer is the most common cancer across the world and 
despite increased awareness and screening, it is still one of the 

leading causes of mortality in females (1). There is an obvious 
need for improved breast cancer therapeutics. In comparison 
to chemotherapy and radiation therapy for cancer treatment, 
immunotherapy is still in its infancy, but is a rapidly expanding 
repertoire of anticancer therapies. Immunotherapies help 
the patient's own immune system to fight tumour cells (2). 
There are several different types of cancer immunotherapies, 
including, but not limited to, checkpoint inhibitors, cytokines, 
immunomodulators, cancer vaccines, and monoclonal anti‑
bodies (3).

Recent evidence has suggested a link between certain 
immune system receptors and cancer development. Toll‑like 
receptors (TLRs) are a family of pattern recognition receptors 
(PRRs) that play important roles in innate immunity (4). TLRs 
recognize cognate ligands including pathogen‑associated 
molecular patterns (PAMPs) and damage‑associated molec‑
ular patterns (DAMPs). Recognition of PAMPs or DAMPs 
triggers signalling cascades that culminate in the expression 
of proinflammatory cytokines and/or type I interferon (IFN) 
pathways, Fig. 1 (4). TLRs can be expressed on a variety of 
immune cells, such as dendritic cells and macrophages, and 
non‑immune cells, such as fibroblasts and epithelial cells (5). 
Certain cancer cells have been found to have dysregulated 
expression of TLRs compared to normal cells, suggesting the 
potential application of TLR ligands as cancer therapies (6). 
Despite their important roles in innate immunity, and the 
established link between immunity and cancer establishment 
and progression, there are only three TLR‑agonists that have 
been approved for anti‑cancer usages (7). The role of TLRs 
in cancer has been previously reviewed for multiple types of 
cancer (8).

TLR3, the focus of this review, binds to nucleic acids, 
specifically double stranded (ds)RNA (9). Binding to long 
dsRNA in the endosome leads to dimerization and activation 
of TLR3, recruiting the adaptor protein a toll/interleukin 
(IL)‑1) receptor (TIR)‑domain‑containing adapter‑inducing 
interferon‑β (TRIF; also known as TICAM‑1) protein. TRIF 
initiates downstream pathways which lead to activation of 
transcription factors including interferon‑regulatory factors 
(IRF3/7), activator protein 1 (AP‑1), and Nuclear Factor kappa 
B (NF‑kB), culminating in type I IFN/IFN‑stimulated genes, 
and inflammatory cytokines, Fig. 1 (4). TLR3 is characterized 
by extracellular leucine‑rich repeats (LRRs), a transmem‑
brane domain, and a cytoplasmic tail with a TIR domain (9). 
TLR3 is highly expressed in endosomes of antigen‑presenting 
cells (APCs), epithelial cells, and other cells with expression 
varying depending on the tissue and cell‑type (10). TLR3 is 
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also expressed on endosomal membranes of myeloid dendritic 
cells, endothelial cells, keratinocytes, and some cancer 
cells (11,12). TLR3 activation can occur in cancerous cells 
or surrounding cells within the tumour microenvironment, 
including immune cells, and activation can have a variety 
of outcomes, Fig. 1. While there is variability in responses, 
general anticancer effects of treatment with TLR3‑activators 
include production of anticancer cytokines, such as IFN‑α, 
IL‑12, IL‑21, and the induction of apoptosis, possibly through 
intrinsic and extrinsic pathways (9,10,12‑14) The cytokines 
produced through TLR3 stimulation induce the activation of 
tumour‑suppressive macrophages and neutrophils (15).

On the other hand, TLR3 activation can promote tumour 
recurrence, metastasis, and cell proliferation through the 
production of pro‑tumour cytokines, such as IL‑6, and 
machinery involved in other hallmarks of cancer, such as 
production of hypoxia‑include factor 1α to improve resistance 
to hypoxia, and secretion of vascular endothelia growth factor 
to support angiogenesis (16‑17). To further highlight the 
duality of this receptor, pro‑ and antitumour effects have been 
seen within the same cell line depending on the delivery mode 
of the TLR3‑ligand, in two breast cancer cell lines surface 
stimulation has resulted in protumoural effects whereas cyto‑
plasmic stimulation has been antitumoural (16). In human lung 
cancer cells, TLR3 activation leads to the production of cyto‑
kines that enhance migration, and in human melanoma cells 
TLR‑agonist mediated effects were improved when one of the 
induced cytokines was blocked, demonstrating the complexity 
of the induced proteins from TLR3 activation (18,19). In 
breast cancer, TLR3 expression can be increased or decreased 
compared to normal cells, and the function of TLR3 in various 
cancerous cells differs. TLR3 activation can induce apoptosis 
in some tumour cells, while inducing tumour cell proliferation 
in other cells (10). In a large association study, it was found 
that two single‑nucleotide polymorphisms were susceptibility 
variants within TLR3, and these variants were associated with 
larger tumour size (20).

There are currently no TLR3‑based therapies approved for 
any cancers, however the preclinical data suggest that these 
therapies may prove to be novel treatments or may enhance 
existing therapies (7). As TLR3 activation can hinder or 
promote cancer development, despite appearing paradoxical, 
there is the potential for TLR‑agonist or ‑antagonists as breast 
cancer therapies (21). In this review we will summarize the 
current TLR3‑dependent breast cancer immunotherapies, 
Table I, and associated clinical trials, Table II, to provide 
perspective on the TLR3‑dependent therapy pipeline and 
to help guide further research into breast cancer therapeu‑
tics (22‑34).

2. TLR3 agonist therapies

TLR3 has the capability, when activated, to induce apoptosis 
and recruit immune cells to attack tumour cells, therefore 
TLR3 agonists could have anticancer capabilities (21). A 
main consideration is the administration of the therapy. With 
systemic administration of TLR3 agonists, there is potential 
for chronic inflammation and concerns regarding therapeutic 
doses reaching the tumour cells (34). Multiple TLR3 agonists 
have been explored as potential cancer treatments and cancer 

vaccine adjuvants, Table I, many of which have reached 
phase 1 and 2 clinical trials, Table II (35). TLR3 agonists are 
strong immunomodulators that activate adaptive and innate 
immune responses and help promote the recruitment of cluster 
of differentiation (CD)8+ T lymphocytes, natural killer (NK) 
cells, and dendritic cell maturation, Table I (36). They also 
promote the production of anti‑tumour Th1 (type 1 T helper) 
cytokines (28). TLR3 agonists have been explored as mono‑
therapies or combination therapies with existing treatments, 
with many in vitro studies elucidating monotherapies, and 
most clinical trials focused on combination therapies with 
standard chemotherapeutics or other immunotherapies (37‑39). 
Combination therapies have the potential to increase efficacy 
of the standard dosage or maintain efficacy while reducing the 
dosage of conventional treatments, decreasing negative side 
effects (39).

Poly (I:C). The largest body of dsRNA research in breast 
cancer relies on polyinosinic:polycytidylic acid (poly (I:C)) 
and poly (I:C) derivatives. Poly (I:C) is a synthetic dsRNA that 
has no sequence variation and has a high affinity for mamma‑
lian TLR3 compared to other dsRNA molecules (40). In many 
cells, including in breast cancer, poly (I:C) binds and activates 
pathways which lead to the activation of transcription factors 
(e.g., NF‑kB, IRF3/7, AP‑1) that promote the production of 
proinflammatory cytokines, type I IFNs, as well as costimula‑
tory molecules (41). Not only can poly (I:C) activate innate 
immune responses, it can additionally help in the activation 
of long‑lasting T cell immunity (41). By directly or indirectly 
recruiting leukocytes to the tumour microenvironment, the 
activation of TLR3 can aid in tumour lysis and induction of 
apoptosis by NK cells as well as cytotoxic T cells (41). Breast 
cancer cell apoptosis can be induced by poly (I:C) and can 
be achieved in a TLR3‑dependent fashion (12). Poly (I:C) can 
also activate myeloid dendritic cells using similar pathways 
that involve TRIF and type I IFNs, which promotes NK cells 
to attack major histocompatibility complex (MHC) class I 
negative tumours (12).

The activation of TLR3 with poly (I:C) leads to down‑
stream pathways that produce STAT1 (signal transducer and 
activator of transcription 1) phosphorylation, production of 
TRIF‑dependent IFN‑β, NF‑κB activation, and cytokines that 
are pro‑apoptotic, Fig. 1 (21). In mice, poly (I:C) complexed 
with polyethylenimine was delivered via intratumoural injec‑
tion into 4T1 tumours; the treatment was effective at reducing 
tumour size (42). Nanoparticles have been employed in many 
poly (I:C) studies to increase delivery and efficacy in breast 
cancer cells, some examples include, but are not limited to, 
mesoporous silica, mannosylated poly lactic‑co‑glycolic 
acid, magnetic dendrimers, liposome‑silica hybrids (43‑46). 
While poly (I:C) is common in in vitro studies, it has issues 
with stability and toxicity in clinical trials, and as such most 
therapies involve modified versions of the dsRNA, such as Poly 
IC12U (also known as Rintatolimod, Ampligen or IPH 3102) or 
the poly ICLC (also known as Hiltonol) (47,48). Poly IC12U 
is a poly (I:C) derivative whereby an unpaired uracil/guanine 
introduction results in mismatched dsRNA that shows reduced 
toxicity; poly ICLC is a poly (I:C) derivative stabilized with 
the poly‑l‑lysine and carboxymethylcellulose (47,48). Poly 
(I:C)‑based therapies are frequently tested as adjuvants or 
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combination therapies, currently there is only one clinical 
therapy with poly ICLC as a standalone treatment, Table II.

Poly (I:C) and derivatives: combination therapies. The 
combination therapy of poly (I:C) with chemotherapeutics 
has shown synergistic effects on cytotoxicity and inhibitory 
tumour growth effects (49). This increase in efficacy may help 
decrease some of the side effects that come with higher doses 
of chemotherapy treatments (49). Several studies have shown 
synergy between poly (I:C) and doxorubicin in breast cancer 
cells, a combination of poly (I:C) and doxorubicin delivered 
with iron oxide nanoparticle, mesoporous silica nanopar‑
ticle, and magnetic dendrimer nanoparticle induced higher 
levels of apoptosis; in the case of the iron oxide nanoparticle 

tumour apoptosis was caused through direct killing, dendritic 
cell‑initiate and cytotoxic T cell‑mediated responses (43‑54). 
Poly (I:C) can synergistically improve the efficacy of the 
chemotherapy gemcitabine in breast cancer mouse models (51). 
While there are a multitude of preliminary studies on these 
combinations there are fewer clinic trials into these combi‑
nations, as seen by bolded co‑interventions in Table II, and 
a greater effort into combination poly (I:C)/derivatives and 
immunotherapies.

Additionally, poly (I:C) improved the efficacy of other 
drugs not traditionally used for cancer treatments, such as 
retinoic acid and ferumoxytol (41,52). Poly (I:C) combination 
therapies allow for potential improvement upon existing thera‑
pies, decreasing doses to improve patient experience, and to 

Figure 1. TLR3 ligands can be sensed by cancerous cells or cells in the tumour microenvironment. (A) Activation of TLR3 can trigger multiple pathways 
(B) that lead to diverse outcomes. Created with BioRender.com. TLR, Toll‑like receptor; TRIF, TIR‑domain‑containing adapter‑inducing interferon‑β; IFN, 
interferon; IRF3/7, interferon‑regulatory factors; AP‑1, activator protein 1; NF‑κB, nuclear factor κB; IL, interleukin.

Table I. A summary of TLR3 agonist and antagonist therapies and their proposed mechanisms.

Therapy Composition Mechanism

Polyinosinic: polycytidylic acid Synthetic dsRNA, TLR3 agonist ‑ Activation of NK cells 
(Poly (I:C))  ‑ Induction of type I interferons 
  ‑ Cytotoxicity
  ‑ Dendritic cell maturation 
Poly ICLC (Hiltonol) Stabilized with poly‑lysine, TLR3 agonist ‑ Activation and infiltration of CTLs and NK cells
Poly IC12U (Rintatolimod, IPH Modified Poly (I:C) with cytidine ‑ Activation of CTLs and NK cells 
3102, Ampligen) replaced by uridine, TLR3 agonist ‑ Converts M2‑type macrophages to M1‑
  type macrophage
   ‑ Induction of type I interferons 
  ‑ Cytotoxicity 
Polyadenylic‑polyuridylic acid Synthetic dsRNA, TLR3 agonist ‑ Induction of type I interferons
(Poly(A:U)  ‑ Cytotoxicity
C10 (Phenylmethimazole) TLR3 inhibitor ‑ Blocks IL‑6

CTL, cytotoxic T cells; NK, natural killer cells; dsRNA, double‑stranded ribonucleic acid; TLR3, toll‑like receptor 3; IL‑6, interleukin‑6.
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Table II. A summary of clinical trials using TLR3 ligands.

A, Poly ICLC (Hiltonol)

Clinical trial   
number Combination treatments Phase Status

NCT00986609 ‑ MUC‑1 peptide vaccine Early phase 1 Completed
NCT02643303 ‑ Durvalumaba Phase 1 Completed
 ‑ Tremelimumaba Phase 2 
NCT02826434 ‑ PVX‑410 vaccine Phase 1 Active (not recruiting)
 ‑ Durvalumaba  
NCT03362060 ‑ Pembrolizumaba Phase 1 Active (not recruiting)
 ‑ PVX‑410 vaccine  
 ‑ Montanide (adjuvant)  
NCT05098210 ‑ Neoantigen peptide vaccine Phase 1 Recruiting
 ‑ Nivolumaba  
NCT03789097 ‑ Pembrolizumaba Phase 1 Recruiting
 ‑ Flt3 ligand vaccine Phase 2 
 ‑ Radiation  
NCT05098210 ‑ Neoantigen peptide vaccine Phase 1 Recruiting
 ‑ Nivolumaba  
NCT03606967 ‑ Carboplatinb Phase 2 Recruiting
 ‑ Durvalumaba  
 ‑ Gemcitabine hydrochlorideb  
 ‑ Nab‑paclitaxelb  
 ‑ Personalized synthetic long peptide vaccine  
 ‑ Tremelimumaba  
NCT03606967 ‑ Nab‑paclitaxelb Phase 2 Recruiting
 ‑ Durvalumab  
 ‑ Tremelimumaba  
 ‑ Neoantigen vaccine  
NCT04116320 ‑ Echopulse device Phase 1 Recruiting
 ‑ Standard of care PD‑1 therapya  
NCT01532960 ‑ 9 peptides from Her‑1/neu, CEA, CTA Phase 1 Terminated (Futility for immune
 ‑ Peptide‑TET   responses to the vaccine, component of
   study drug was in short supply)
NCT02427581 ‑ Personalized synthetic long peptide vaccine Phase 1 Withdrawn (drugs not available)
NCT04616248 ‑ CDX01140 (anti‑CD40 agonist mAb)a Phase 1 Withdrawn (implementation issues)
 ‑ Radiation therapy  
 ‑ Recombinant Flt3 liganda  
NCT02427581 ‑ Personalized synthetic long peptide vaccine Phase 1 Withdrawn (drugs not available)
NCT02661100 ‑ Pembrolizumaba Phase 1 Withdrawn (drug unavailable)
 ‑ CDX1401a Phase 2 
NCT01984892   Phase 2 Terminated (low enrollment)

B, Poly IC12U (Rintatolimod, IPH 3102, Ampligen)

Clinical trial   
 number Combination treatments Phase Status

NCT01355393 ‑ HER‑2/neu peptide vaccine ‑ Sargramostima Phase 1 Completed
  Phase 2 
NCT03599453 ‑ Chemokine modulation therapy Early phase 1 Active (not recruiting)
 ‑ Celecoxib  
 ‑ Recombinant interferon alfa‑2b  
 ‑ Pembrolizumab  
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repurpose non‑traditional drugs into cancer therapies. There 
are limited published results from the clinical trials in Table II. 
The results from (NCT02643303) have been reported and the 
combination treatment of intratumoural tremelimumab and 
poly ICLC combined with systemic durvalumab demonstrated 
clinical responsiveness and induced an immune response 
mediated by increased CD8+ T cells (and increased cytotox‑
icity, activation, and proliferation), CD20+ B cells, mature 
dendritic cells, macrophages, and CD56+ NK cells (53).

Poly (I:C) and derivatives: cancer vaccine adjuvants. Poly 
(I:C), as a clear inducer of the innate immune response, is 
an adjuvant candidate. To this end there are several clinical 
trials that have explored poly (I:C) derivatives in combina‑
tion with PVX‑410 (Oncopep Inc. human leukocyte antigen 
A2‑restricted multi‑peptide cancer vaccine), MUC‑1 (mucin 
1), Her‑2 (human epidermal growth factor receptor 2), Flt3L 
(Fms‑like tyrosine kinase 3 ligand), and neoantigen peptide 
vaccines, Table II. In a phase 1 trial (NCT02826434), although 
full results have not yet been published, the combination of 
the PVX‑410 vaccine with durvalumab and poly ICLC was 
tolerated and induced antigen‑specific T cell expansion and 
activation, this response persisted for six months in some 
patients (54). A novel triple negative breast cancer (TNBC) 
vaccine has been developed to stimulate antigen‑specific 

T cell responses using a multi‑peptide anti‑cancer vaccine. 
CD4+ T cells are activated which in turn leads to dendritic 
cell generated immune responses (55). A peptide vaccine, with 
a tetanus helper, was tested as a combination therapy with Poly 
ICLC in a clinical setting on individuals with various stages of 
breast cancer (55). While an increased immune response was 
observed in response to several of the peptides in the vaccine, 
response levels were lower than expected in comparison 
to similar peptide vaccines tested on breast cancer patients. 
An increase in T cell responses was observed in some of the 
patients, however these results were lower than expected. 
Although the results of this combination therapy were not as 
significant as had been hoped, this study proved that the combi‑
nation of Poly‑ICLC with multi‑peptide cancer vaccines is safe 
for use in a clinical setting (55). In another model of TNBC 
poly (I:C) significantly enhanced the benefits of an anti‑PD‑1 
therapy, prolonging metastasis‑free survival (56). A MUC‑1 
glycopeptide including a T‑cell epitope from polio virus was 
combined with poly (I:C) and induced approximately 6 times 
as much IgG antibody compared to those without poly (I:C) in 
mice (57). This antibody response was able to respond to aber‑
rantly glycosylated MUC‑1 on MCF‑7 breast cancer cells (57).

Poly (A:U). Polyadenylic:polyuridylic acid (poly (A:U)) is 
another synthetic, non‑variable sequence dsRNA. Poly (A:U) 

Table II. Continued.

B, Poly IC12U (Rintatolimod, IPH 3102, Ampligen)

Clinical trial number Combination treatments Phase Status

NCT04081389 ‑ Celecoxib Phase 1 Suspended (analyzing data)
 ‑ Cyclophosphamideb  
 ‑ Doxorubicin hydrochlorideb  
 ‑ Paclitaxelb  
 ‑ Recombinant Interferon Alfa‑2b  

C, Poly (A:U)

Clinical trial number Combination treatments Phase Status

NCT01355393 ‑ HER‑2/neu peptide vaccine Phase 1 Completed
 ‑ Sargramostima Phase 2 
NCT03599453 ‑ Chemokine modulation therapy Early phase 1 Active (not recruiting)
 ‑ Celecoxib  
 ‑ Recombinant interferon alfa‑2b  
 ‑ Pembrolizumab  
NCT04081389 ‑ Celecoxib Phase 1 Suspended (analyzing data)
 ‑ Cyclophosphamideb  
 ‑ Doxorubicin hydrochlorideb  
 ‑ Paclitaxelb  
 ‑ Recombinant Interferon alpha‑2b  

MUC‑1, Mucin 1; Flt3L, Fms‑related tyrosine kinase 3 ligand; PD‑1 programmed cell death protein 1; Her‑1/neu, human epidermal growth 
factor receptor 1; CEA, carcinoembryonic antigen; CTA, cancer testis antigens; anti‑CD40 agonist mAb, anti‑cluster of differentiation 40 
agonist monoclonal antibody. aImmunotherapies; bchemotherapies.
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has been tested for adjuvant activity in breast cancer (58). A 
randomized clinical trial of 194 breast cancer patients showed 
that adjuvant treatment with dsRNA was found to be associ‑
ated with a reduced risk of breast cancer metastatic relapse 
in patients with TLR3‑positive cancers (58) Data on this 
therapeutic efficacy shows that dsRNA can mediate its thera‑
peutic effects on tumour cells that express TLR3 (58). Since 
certain breast cancer cells express TLR3, this dsRNA adjuvant 
treatment can lead to the recruitment of immune cells to the 
tumours, ultimately leading to apoptosis of tumour cells.

Poly (A:U) is recognized by only TLR3 whereas the poly 
(I:C) agonist is recognized by TLR3 in the endosome, and 
cytosolic receptors such as RIG‑I and MDA‑5 (melanoma 
differentiation‑associated protein 5) (19). Poly (I:C) has been 
found to enhance antigen‑specific CD8+ T cell responses and 
helps in antigen presentation and antigen cross‑presentation 
by dendritic cells (57). Effector CD8+ T cells and NK cells 
also help increase the IFN‑γ release (19). In mice, it was 
shown that poly (A:U) treatment promoted Th1‑immune 
responses as well as enhanced antibody production (19). Poly 
(A:U), was not able to trigger a potent immunostimulatory 
effect on its own, but if it was combined with a vaccine or 
chemotherapy, the treatment was able to trigger a T‑cell 
dependent and TRIF‑dependent response (19). A randomized 
trial completed in 1980 administered Poly (A:U) as a combi‑
nation therapy with conventional treatment (surgery alone or 
surgery plus cobalt therapy) on patients with operable breast 
cancer. Survival time was found to be significantly higher 
in the combination therapy group compared to those who 
received conventional therapy alone, and incidence of relapse, 
particularly in patients with lymph node disease, was lower in 
the combination group (59).

3. TLR antagonists

Most research conducted with TLR3, and breast cancer have 
found positive effects against tumour cells, however, there is 
some evidence that TLR3 expression can promote carcinogen‑
esis and resistance to antitumor drugs. Studies on breast cancer 
have found a supportive role of TLR3 in their metastasis and 
increased tumour growth (10). There are some cells in tumour 
masses that can aid in the stimulation of tumour growth and 
development (60). For example, dendritic cells, macrophages 
and myeloid‑derived suppressor cells (MDSCs) may have a 
role in tumour neoangiogenesis by inhibiting some immune 
responses against the tumour (60).

C10 Phenylmethimazole. Many of the immunotherapies 
studied have promoted TLR3 activation, some inhibit the 
signalling pathways. In breast cancer an agonist that is 
in the earlier stages of exploration is the TLR3 inhibitor 
phenylmethimazole (C10), delivered in combination with 
tamoxifen (33). In breast cancer cells, MCF‑7 (expressing 
oestrogen, progesterone, and glucocorticoid receptors), the 
combination of C10 and tamoxifen resulted in an enhanced 
anticancer response than either treatment administered 
alone (33). As TLR3 activation can enhance tumour cell 
growth and proliferation, TLR3 inhibitors can potentially 
allow mediation of the immune responses within the tumour 
microenvironment. C10 can block the production of 1L‑6, a 

cytokine that has a known role in tumour growth and helps to 
drive STAT3, an oncogene which also helps promote cancer 
development and metastasis (33). The combination of C10 
with tamoxifen enhanced tamoxifen's cytotoxic potential 
by over 50% compared to tamoxifen alone and decreased 
cellular migration (33). A more potent derivative of C10 has 
also been developed, COB‑141 and both compounds were 
able to further inhibit IL‑6 secretion in a TNBC cell line, 
MDA‑MB‑231 (61). COB‑141 furthermore reduced IL‑6 
secretion in two additional TNBC cell lines, MDA‑MB‑468 
and Hs578T, and in all three TNBC cell lines there was a 
decrease in NF‑kB DNA binding, but interestingly was not 
found to limit metabolic activity, as was seen in MCF7 with 
C10 (61). This highlights differences in cells from different 
cancer types, and the need to consider different mechanisms 
and efficacy across cancer subtypes (61).

4. Conclusion

Immunotherapies are a promising, novel method for the 
treatment of breast cancers. TLRs, specifically TLR3, are 
a type of receptor that is expressed on a variety of different 
cells, including tumour cells. The activation of TLR3 has 
been shown to have both carcinogenic and anticancer proper‑
ties and therefore should be further researched as potential 
cancer treatment options. The subtype of cancer needs to be 
considered, as many TLR3‑based therapies have not been 
broadly tested against subtypes, and likelihood of success 
is tied to the expression of TLR3 in the patient‑specific 
tumour. In most breast cancer studies, TLR3‑agonists have 
reported anticancer effects, however, as there is evidence of 
TLR‑antagonists limiting breast cancer cell metabolism, there 
is a need for more research (61). In particular, the use of 2D 
monoculture breast cancer cell lines fail to explore the role 
of the tumour microenvironment. Creation of more relevant 
models, such as co‑culture of tumour cells and immune cells, 
could provide more relevant information into the development 
of TLR‑based therapies, and could help further clarify the 
paradoxical pro‑ and anti‑cancer responses of TLR3 stimula‑
tion. Immunostimulatory nucleic acids, such as the majority of 
TLR agonists, require an effective delivery system to improve 
stability and efficacy, current research leads to nanocarriers 
to serve this purpose. Up to this point, research conducted 
on TLR3 agonist therapies in cancer treatment has made it 
evident that the use of combination therapies compared to 
monotherapies will most likely be more effective in treating 
breast cancers.
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