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Abstract

Toll-like receptors (TLRs) are single membrane-spanning proteins that are present on the membranes
of immune cells involved in the innate response. Detection of pathogen-associated molecular patterns
(PAMPs) initiates the adaptive immune response (antigen presentation). To date, 10 TLR genes have been
determined in the human genome, and 13 in mice. TLRs are commonly adapted for use in neoplasia
therapy, but different aspects of TLR function may suppress or promote tumor development. Connections
between tumor development and inflammatory responses triggered by TLR activity have been elucidated,
and TLR agonists are the subject of investigation for various cancer therapies. The purpose of this review
is to focus on the relationship between TLR agonists and cancer and describe the underlying mechanisms
that have been experimentally and clinically established about this relationship.
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Introduction

Table 1: TLRs in humans along with their respective agonists [57].

Receptor Prototypical Agonist

TLR 1 Triacyl lipopeptides

TLR 2 Microbial components (lipoproteins, lipopeptides, etc.)
TLR 3 dsRNA

TLR 4 Lipopolysaccharides (LPS)

TLR 5 Flagellin

TLR 6 Diacyl lipopeptides

TLR 7 Viral ssRNA, synthetic compounds
TLR 8 Viral ssRNA

TLR9 CpG DNA (unmethylated CpG motifs)
TLR 10 Unconfirmed

Toll-like receptors derive their name sake from the Toll receptors that exist in the
genome of Drosophila melanogaster, with TLR4 being the first identified protein receptor. In
D. melanogaster, the Toll receptors play roles in embryological development and immunity,
while TLRs function exclusively in the immune response in mammals [1]. At least five TLRs
found in humans are homologous to their Drosophila counterparts, and all human TLRs result
in the expression of nuclear factor-kappa B (NF-«B) [2,3]. The family of TLRs in humans are
not all found in similar locations, as TLR genes span many chromosomes [4]. NF-kB leads to
the activation of numerous cytokine genes, which promote an inflammatory response [4].
TLR10 is unique in that it is the only member of the TLR family to elicit an anti-inflammatory
response, and TLR 11 technically exists in the human genome as a pseudogene [5,6]. Each
TLR responds to different stimuli, and each stimulus is indicative of an invading pathogen,
which can be detected both extracellularly and intracellularly [3,7-9] (Table 1 and Figure 1).
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Along with PAMPs, TLRs also detect damage-associated molecular
patterns (DAMPs) or alarmins which are released endogenously
by injured tissue cells which also result in an inflammatory
exacerbation [7]. TLR genes have been found in more primitive
life forms like the Caenorhabditis elegans, and this suggests that
TLRs are an evolutionarily conserved mechanism of immunity [8].
For this reason, TLRs are known as a type of pattern recognition
receptor (PRR) [9]. The characterization of TLRs as promoters of
innate and adaptive immunity has furthered the understanding of
TLR biology and makes way for investigation into their relationship
with carcinogenesis.

The role of TLRs in cancer lies within tumor development.
Opposing data on the effects of TLRs exist, as there are TLR pathways
that are proapoptotic, and those that are antiapoptotic. TLRs can
stimulate cancer cell proliferation through NF-kB signaling, tissue
repair mechanisms, and oxidative DNA damage [10]. While TLRs
cannot be solely attributed to tumor activity in most cases, these
pathways can be targeted in cancer therapy to control tumor
growth (Figure 1). The expression of final gene products in the
downstream pathways of TLRs contribute to their side-effect on
tumors, and those effects will be discussed in this review.
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Figure 1: Signal transduction pathways of human TLRs (1-10).

Structure of TLRs

TLRs are classified as intrinsic, type I, single-pass receptors
with a ligand binding site in the N-terminal domain and a signaling
region in the C-terminal domain [11]. The signaling region consists
of a Toll IL-1 receptor (TIR) that plays a crucial role in TLR signaling
[11,12]. All TLRs possess a hydrophobic leucine-rich repeat (LRR)
motif, which causes the receptor to curve into a horseshoe-like
shape in the extracellular domain [11]. LRRs occur in sequences of
20-30 amino acids, and the leucine residues generate a hydrophobic
core which is shielded from the hydrophilic side of the LRR that
is saturated with solvent [12]. TLRs also contain several N-linked
glycosylation sites, which vary in number along with the amount
of LRRs across the different TLRs [11]. X-ray crystallography has
contributed much to our current understanding of TLR structure at
the molecular level [8].

TLR Signaling Pathways

TLRs dimerize into an “m” shape upon binding with a ligand
[11]. For instance, TLR 2 is a heterodimer, associating with both
TLR 1 and TLR 6 to detect lipopeptides) (Figure 2). Dimerization
of TLRs attracts different adapter proteins depending on the

dimer, such as myeloid differentiation primary response protein
88 (MyD88), TIR domain-containing adapter inducing IFNf
(TRIF), Trif-related adapter molecule (TRAM), and TIR domain-
containing adapter protein (TIRAP),and these receptors initiate
the signal response, resulting in the transcription of interferons,
cytokines, and chemokines [13]. Upon TLR activation, MyD88,
the most common TLR adapter protein, interacts with the
interleukin-1 receptor-associated kinase (IRAK) family of protein
kinases, leading to the polyubiquitination of tumor necrosis factor
receptor-associated factor 6 (TRAF 6) [13]. Polyubiquitin chains
are required to activate transforming growth factor-beta-activated
protein kinase 1 (TAK1) [14]. TAK1 may then phosphorylate two
MAP kinase kinases (MKKs) to activate p38 (from MKK 3/6) and
c-Jun N-terminal kinase (JNK) (from MKK 4/7) [13]. p28 and JNK
activate the transcription factor for activator protein 1 (AP-1)
[14]. The other NF-kB pathway results in the activation of the IKK
complex by TAK1, which leads to the phosphorylation of NF-kB’s
inhibitor, kB, which is degraded by the 26S proteasome [13]. Both
transcription factors exist outside of the nucleus in its inactive form
and gain entry when activated [14]. The AP-1 and NF-kB pathways
are used in almost all TLRs, which emphasizes the importance of
the two genes in inflammatory signaling pathways.
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Figure 2: TLR structure and dimerization represented
by the TLR1-TLR2 heterodimer. Adapted via CC BY 4.0
from Ref. [20].

AP-1 and NF-kB transcription factors can also be promoted
through the TRIF-dependent and MyD88-independent pathway
[13]. TLRs 3 and 4 use this pathway [2]. TRIF also recruits TRAF3,
which interacts with IxB kinase (IKK) and TANK-binding kinase 1
(TBK1) to stimulate the transcription of interferon regulatory factor
3 (IRF3) [2]. TLR4 is the only receptor to use both the MyD88 and
TRIF pathway [2]. Therefore, it is crucial to control the activation
of products through crosstalk between the two pathways. When
TRAF3 is promoted in the pathway to produce IRF3, it also inhibits
the MyD88 pathway, which balances the production of interferons
and cytokines [14].

The overproduction of cytokines can be harmful to the
body and there are regulatory molecules that exist to negatively
modulate levels of cytokine production. Many studies into the
regulation of TLR signaling has been done with TLR 4 and the LPS
downstream pathways. IRAK-M has been shown to have defective
kinase functionality and seems to block the TRAF6 complex from
being formed in the MyD88 pathway, therefore lowering cytokine
production [15]. An experiment showed that mice experienced
higher levels of cytokine production when IRAK-M was removed
during LPS exposure [16]. Suppressor of cytokine signaling 1
(SOCS1) negatively regulates the NF-kB pathway due to LPS
exposure in macrophages [16]. B-arrestins, which play parts in
G-protein regulation, also interfere with TRAF6 oligomerization,
which prevents the polyubiquitination that is required to continue
the NF-kB and AP-1 pathways [17]. Other protein pathways include
negative regulation by A20, Lyp, BCAP/PI3K, Fliih, ST2, Triad3A,
TRAF1, and IRAK-1c [17,18].

TIRAP and TRAM are adapter proteins that rarely exist alone
downstream of a TLR dimer. TLR2 must have TIRAP in order to
use the MyD88 pathway, which suggests that TLR2 is not fully
compatible with signaling to MyD88 and that TIRAP acts as a link
[14]. In TLR4 signaling, TRAM is required for the activation of TRIF,
and TIRAP is required for MyD88 [2]. The MyD88-dependent and
TRIF-dependent pathways make up the core of TLR signaling. The
canonical pathway of NF-«B activation through TAK1 is shared by
the two pathways, but each can promote different cellular responses

outside of NF-«kB. This marks their diversity and necessity for
maintaining balance in the inflammatory response.

The Role of TLRs in Immunity

The basic principle of immunity is the distinction of self from
non-self. To accomplish this distinction, innate and adaptive
immunity work together to target pathogens. Innate immunity
is found in both invertebrates and vertebrates and is known to
be nonspecific in targeting pathogens, unlike antigen-primed B
and T cells (adaptive immunity). TLRs are facilitators of innate
immunity by mainly detecting PAMPs that indicate non-self, but not
specifically targeting one epitope or pathogen. TLRs are generally
found in immune cells of the innate response, namely macrophages
and dendritic cells (DCs) [14]. When phagocytosis of a pathogen
occurs in a macrophage, TLRs are gathered at the phagosome and
react to certain constituents of the pathogen, which allows for a
catered inflammatory response toward the pathogen [19]. It is
important to note that TLRs simply detect foreign molecules and
direct the response, but do not participate in it [20]. The success
of phagosome maturation when engulfing pathogens has also been
shown to be linked to the MyD88 pathway’s downstream activation
of p38[15].

TLR4, the most direct homolog to D. melanogaster’s Toll, is
the most well-known and researched TLR. The discovery of LPS
recognition by TLR4 began with the observation that mice with a
mutation in the TLR4 gene were extremely unresponsive to LPS
[21]. It recognizes LPS, which is found in Gram-negative bacteria
and has been labeled as a prototypic initiator of the innate immune
response [19]. Mutations in the TLR4 gene or a nonfunctional
receptor can cause bacteria-driven septic shock due to faulty
regulation of LPS [19].

TLR Mechanisms that Promote Tumor Growth

While TLR signaling pathways show promise in the field of
cancer immunotherapy, they can also contribute to the proliferation
of tumors. This contradictory side of TLR activity demonstrates the
complexity of TLR interactions in the tumor microenvironment and
how scientists have not been able to untangle all their mechanisms.

Inflammation

One facet of cancer development has linked tumor progression
with inflammation. Inflammation is inherently an essential process
when the body is injured or infected. However, the sustained
presence of inflammatory molecules and growth factors resulting
from inflammation enables tumor proliferation [22]. Various PRRs
contribute to this inflammatory effect, including TLRs.

The activation of NF-kB, which can result from ligand binding to
any human TLR, leads to elevated levels of an array of interleukins
and cytokines [23]. Ninety percent of human tumors possess
constitutively expressed NF-«kB [23]. The accumulation of immune
cells results in the release of anti-apoptotic factors and in turn,
this promotes tumor survival [23]. Non-steroidal drugs have also
been used to counteract the TLRs’ inflammatory effect along the
NF-kB pathway in tumor therapy [23]. Immune cells also release
various cytokines like vascular endothelial growth factor (VEGF)
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and growth factors like tumor necrosis factor alpha (TNFa) which
induce tumor growth [24].

In breast cancers, TLR4 activation via LPS resulted in the
increased expression of inflammatory regulators nitric oxide
synthase2 (NOS2) and cyclooxygenase 2 (C0X2), allowing for faster
tumor growth due to the priming of the tumor microenvironment
[25]. TLR4 along with other TLRs impair immune responses by DCs
and T cells through the expression of factors like IL-12, IL-6, and
NOS2.Bo Huangetal. [26] were able to show that tumor-possessing
mice were able to survive longer when the TLR4 signaling cascade
was inhibited.

Metabolic reprogramming

Tumor cells generally rely on glycolysis rather than oxidative
phosphorylation (OXPHOS), otherwise known as the Warburg
effect [27]. This switch is known as metabolic reprogramming
and is a marker for cancer along with inflammation and immune
response evasion [28]. The Warburg effect occurs in macrophages
and DCs upon detection of TLR agonists, and this is also considered
a marker for cancer [29].

TLR agonists can also activate the PI3K-AKT metabolic pathway
in DCs which results in the expression of many glycolysis-related
enzymes and glucose transporters, facilitating the switch from
OXPHOS to glycolysis [30]. The pathway also inhibits AMP-activated
protein kinase (AMPK), which plays a large role in controlling
OXPHOS [30]. This reprogramming is accompanied by inflammation
and the promotion of tumor survival [30].

Metastasis

TLR activity in myeloid cells has also been shown to promote
metastatic potential [23]. TLRs 2,4, 5, and 9 have been shown
to have this pro-metastatic effect due to a rise in secretion of
inflammatory molecules. [31,32] Case by case studies have been
done investigating each TLR in relation to various cancers, and
a general trend of relationships can be inferred: TLRs are classic
PRRs and their signaling cascades can result in the expression
of many pro-inflammatory genes, which can create a favorable
microenvironment for tumor proliferation and metastasis [32].

Usage of TLR Agonists as Adjuvants

Adjuvants are used to help vaccines provide a stronger, longer-
lasting immune response during treatment. Many TLR agonists
that are effective as standard treatments can also be adjuvants in
vaccinations for other diseases. TLR ligands have had a history of
vaccine involvement with rabies, typhoid fever, influenza, pertussis,
polio, and hepatitis A [33]. Along the same vein, previously
established vaccines can be enhanced with TLR-related adjuvants,
which is exciting for the further investigation into vaccine treatment
in combination with TLR agonists [34-36].

Notable TLR Agonists in Cancer Therapy
Bacillus Calmette-Guérin (BCG)

BCG is an FDA-approved standalone treatment for bladder
cancer, and it is derived from a reduced form of Mycobacterium
bovisin a live form [37,38]. BCG has been observed to stimulate

TLR 2,4, and 9 in bladder tumors, and acts as a tumor suppressive
agonist and decreases the chance for recurrence. [37] TLR
signaling initiated by BCG has been shown to increase TNFa, which
stimulates the maturation of DCs, promoting the immune response
to tumors [39]. Conversely, blocking of TLR 2 and 4 activity
reduced the activation of DCs [40]. TLR 2 and TLR 4 play different
roles in facilitating the response to BCG, where TLR2 induces the
desired anti-tumor response for the therapy while TLR 4 assists
in developing an immune response against BCG itself [41]. Natural
killer cells (NKCs) also show more features of trained immunity and
increased responsiveness upon BCG treatment [42].

The concept of bladder cancer treatment for BCG has been
around for many decades. However, problems still exist today
where BCG treatment fails or causes serious side effects. Since BCG’s
precursor must be attenuated to reduce the effects of its toxicity as
a bacterium, scientists have been looking towards optimizing the
dosage of BCG treatment in order to control dangerous side effects
[43]. A study done decreasing the full dose to a one-third dose was
not able toestablish a connection between dosage and toxicity, and
it seemed that reducing the dosage was negatively impacting the
effectiveness of immunotherapy in higher-risk patients [43,44].

Imiquimod

Imiquimod is an FDA-approved treatment for basal
cell carcinoma and genital warts and is derived from the
imidazoquinoline family [38,45]. It is also undergoing many
other clinical trials with various carcinomas and melanomas [46].
Imiquimod is a TLR7 agonist that results in anti-tumor activity by
stimulating apoptosis through the mitochondrial pathway [47].
In basal cell carcinoma, imiquimod resulted in increased reactive
oxygen species (ROS) production which induced p53-dependent
apoptosis [48]. In TRAMP-C2 cells of prostate cancers, imiquimod
was shown to arrest the cell cycle and inhibit further proliferation
of tumors [49]. Imiquimod has been shown to have mixed effects on
regulation of Tregs, by either inhibiting or promoting Treg number
or function [50]. Imiquimod sensitizes cells in melanomas to
radiotherapy and promotes autophagy-driven apoptosis in tumors
[46].

Imiquimod was developed initially as a 5% topical cream for
the treatment of mild skin disorders. When the antitumor effects
of the treatment were discovered, many randomized studies have
been undertaken in order to fully elucidate the therapeutic power
of imiquimod with diseases involving the skin [51]. Imiquimod
poses as a good candidate for synergistic treatment with other
drugs. Its minimal side effects allow its antitumor potential to be
complemented with immunostimulatory effects of other drugs, as
treatment depends on TLR agonists also being able to stimulate the
T cell response [51]. Other imidazoquinoline-derived treatments
such as resiquimod and gardiquimodhave been investigated,
andthey demonstrated the ability to target a wider breadth of
cancers than imiquimod [47].

Monophosphoryl Lipid A (MPLA)

MPLA is an FDA-approved treatment for cervical carcinomas
as an adjuvant of Cervarix [52]. MPLA is derived from Salmonella
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Minnesotalipo polysaccharides and acts as an agonist of TLR 2 and
4, although adjuvant treatment focuses on MPLA activation of TLR4
[37]. MPLA activates primarily the TRIF pathway and stimulates
differentiation of memory CD8+ T cells as well as eliciting Th1 and
Th2 responses [53,54].

The low toxicity of MPLA makes it a good choice as a vaccine
adjuvant for humans. In a study on alpha-synuclein aggregation
in Parkinson’s disease, MPLA provided a better alternative to LPS
due to its less severe inflammatory side effects [55]. MPLA’s ability
to retain immunological benefits of TLR signaling while reining
in inflammatory responses makes it a prime option for further
research and treatment. It is speculated that secretion of anti-
inflammatory IL-10 hampers the effects of pro-inflammatory IFN y
and other molecules [54].

Polyinosinic: Polycytidylic Acid (Poly I:C)

Poly I: C is a synthetic analog to dsRNA, which makes it
an effective agonist for TLR3 [56]. Poly I: C induces tumor cell
apoptosis and T cell priming in colorectal and prostate cancers
[57]. Poly I: C results in increased levels of antiapoptotic molecule
Bcl-xL in activated CD4+ T cells, which promotes the cells’ survival
[58]. The stimulation of TLR3 also leads to CD8+ T memory
cell proliferation without the need for costimulation, which is
significant when looking to inhibit tumorigenesis [38]. Poly I:C
proves to be effective at inducing apoptosis in tumor cells in
conjunction with 5-fluorouracil through a p53-based pathway and
IFN- o, where a combination of all three treatments resulted in the
highest apoptotic effect [59].

Current clinical trials

Ampligen (polylC12U) and hiltonol (polyICLC) are other
synthetic dsRNAs developed from poly I:C for use as adjuvants or
in combination with other therapies [56,60]. Hiltonol is currently
undergoing many clinical trials in order to evaluate its safety and
efficacy in cancer vaccine treatments [61]. Poly I:C is also commonly
used with CpG ODNs in order to treat tumors in mouse models [61].

CpG Oligodeoxynucleotide (CpG ODN)

CpG ODNSs are short sequences of synthetic DNA that contain
“CpG” motifs and are TLR 9 agonists [62]. Like poly I: C, CpG ODN
can costimulate CD8+ T cells in vitro [63]. The TLRY signaling
pathway results in T Helper-1 response upregulation starting with
a chemokine-releasing inflammatory stage followed by the adaptive
response [64]. CpG ODNs by themselves do not pose an efficient
antitumor treatment, but combinations with other treatments hold
promise for cancer immunotherapies where immune stimulatory
strategies can work alongside immune checkpoint regulation [65].

CpG ODNs inhibit tumor growth and arrested the cell cycle in
the G1 phase in human glioma cells [66]. CpG ODNs interfere with
tumorigenesis in renal cell carcinoma and induce caspase-driven
apoptosis in neuroblastoma cells [57]. CpG ODNs show promise in
conjunction with chemotherapy, driving tumor regression more
strongly than chemotherapy alone in mouse models with colon
carcinomas and non-small cell lung cancers [64]. 3M-052,aTLR 7/8
agonist, was administered in conjunction with CpG ODNs through
intrapulmonary delivery, and the combined treatment alongside
chemotherapy resulted in reduced tumor growth in metastatic lung
cancer [67,68].

Table 2: TLRs and Their Specific Connections to Tumor Development in Cancers [68].

Agonist Clinical Trial Title Condition(s) Status Reference*
Adding Mitomycin C to Bacillus of Calmette-
Guerin (BCG) as Adjuvant Intravesical o
Therapy for High-Risk, Non-Muscle Invasive Bladder Cancer Recruiting NCT02948543
Bladder Cancer
Avelumab Plus Bacille Calmette-Guerin (BCG)
in Patients with Non-Muscle Invasive Bladder Bladder Cancer Recruiting NCT03892642
Cancer
A Study of Intravesical BCG in Combination
with ALT-803 in Patients with Non-Muscle Bladder Cancer Active, not recruiting NCT02138734
Invasive Bladder Cancer
BCG
Atezolizumab in Treating Patients with Recurrent Bladder Urothelial
Recurrent BCG-Unresponsive Non-Muscle Carcinoma, Stage 0a/0is/I Bladder Recruiting NCT02844816
Invasive Bladder Cancer Urothelial Carcinoma AJCC v6 and v7
Pembrolizumab and BCG Solution in Treating Recurrent Bladder Carcinoma. Stage
Patients with Recurrent Non-Muscle Invasive . ) Ota8 Recruiting NCT02808143
0a/0is/I Bladder Cancer
Bladder Cancer
Bacillus Calmette-Guerin Followed by
Sunitinib for the Treatment Of.ngh_RISk Urinary Tract Urothelial Carcinoma Active, not recruiting NCT00794950
Non-Muscle Invasive Lower Urinary Tract
Urothelial Carcinoma
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Imiquimod for Preventing Keloid Recurrence Keloid Recruiting NCT03760250
Topical or Ablative Treatment in Preventing .
Anal Cancer in Patients with HIV and Anal | 0l Cancer, High-Grade Squamous Recruiting NCT02135419
. . . . Intraepithelial Lesion, HIV, HPV
High-Grade Squamous Intraepithelial Lesions
Patient-Individualized Peptide Vaccination
Based on Tumor-Specific Mutations in Primary/Relapsed Acute -
Children and Young Adults with Primary/ Lymphoblastic Leukemia (ALL) Recruiting NCT03559413
Imiquimod Relapsed ALL
[M Versus 5-FU Versus IMI _Versus MAL-PDT m Actinic Keratosis Active, not recruiting NCT02281682
Treatment of Actinic Keratosis
Treatment of High-Grade Pre-Neoplastic Cervical Intraepithelial Neoplasia, o
Cervical Lesions (CIN 2/3) Cervical Displasia Recruiting NCT02864147
Imiquimod and Tumor Lysate Vaccine High-Risk WHO Grade II Glioma,
Immunotherapy in Adults with High-Risk or Recurrent/Post-Chemotherapy WHO Active, not recruiting NCT01678352
Recurrent Grade II Gliomas Grade II Glioma
Clinical Trial of HIV Vaccine Combinations in . -
Healthy Men and Women HIV Active, not recruiting NCT03408262
Long-Term Immunogenicity of the Norovirus
MPLA GI.1/GIL.4 Bivalent Virus-like Particle (VLP) Norovirus Active, not recruiting NCT03039790
Vaccine (NoV Vaccine) in Adults
Effectiveness of Single Dose or Two Doses of . . o
Bivalent HPV Vaccine in Thailand Unvaccinated participants Recruiting NCT03747770
Study of PolyIC and PD-1 mAb in Subjects . -
with Unresectable Hepatocellular Carcinoma Hepatocellular Carcinoma Recruiting NCT03732547
Pembrolizumab in Association with the Gllob.lastoma Multlforme, Adult -,
IMA950/Poly-ICLC for Relapsing Glioblastoma Glioblastoma, Glioma and Recruiting NCT03665545
y psing Glioblastoma Multiforme of Brain
Poly A Pilot Study of Glioma Associated Antigen Neﬁliy}?_ Ef;;ji}?igﬁld;aézsuiigf:? e/
I:C and Vaccines in Conjunction with Poly-ICLC in §h-Hrac § Recruiting NCT01130077
A Pediatric High-Grade/Low-Grade
PolyICLC Pediatric Gliomas -
Glioma
- . . Non-Hodgkin’s Lymphoma,
Vaccination with Fit3L, Radiation, and Poly Metastatic Breast Cancer, Head and Recruiting NCT03789097
ICLC .
Neck Squamous Cell Carcinoma
Poly-ICLC (H‘Itonofl,);_‘ff Anti-PD1 or Anti- Solid Cancer Recruiting NCT03721679
Na-GST-1/Alhydrogel with or without Hookworm Infection, Hookworm . -
CpG10104 in Gabonese Adults Disease Active, not recruiting NCT03373214
B-Cell Non-Hodgkin’s Lymphoma,
TLR9 Agonist SD-101, Anti-OX40 Antibody Grade 1/2/3a Follicular Lymphoma,
CpG ODN BMS 986178, and Radiation Therapy in Lymphoplasmacytic Lymphoma, o
and SD- Treating Patients with Low-Grade B-Cell Non- Mantle Cell Lymphoma, Marginal Recruiting NCT03410901
101 Hodgkin Lymphomas Zone Lymphoma, Small Lymphocytic
Lymphoma
SD-101 and BMS-986178 in Treating Advanced Malignant Solid Neoplasm,
Patients with Advanced or Metastatic Solid Extracranial Solid Neoplasm, Recruiting NCT03831295
Malignancies Metastatic Malignant Solid Neoplasm

For each of the drugs mentioned above, a keyword search of
the agonist was done on clinicaltrials.gov with a filter for recruiting,
enrolling my invitation, and active, not recruiting statuses in
interventional studies (clinical trials). Select trials involving
specific use of these TLR agonists are cited in Table 2. Each clinical
trial either involves direct therapy with the agonist or use of the
agonist as an adjuvant.

Discussion

TLRs pose a compelling bridge between the immune system and
the development of cancer. TLRs were once thought of as middlemen
between the innate immune response and adaptive response,

but now they play a much bigger role in cancer immunotherapy.
Their ability to recognize general structures of pathogenic material
presents the perfect opportunity to use experimental substances
in immunotherapy. Currently, TLR agonist treatments are generally
not consistent and effective enough to be used as a final therapy for a
disease due to side effects of administration and immunoregulatory
functions that prevent an over clocked immune response. To
address the latter, TLR agonists can be administered in tandem
with substances that counteract immunoregulatory functions like
Treg cells. This combinatorial treatment strategy is the subject of
many ongoing clinical trials.
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A current hurdle in TLR agonist treatments is the contradictory
effects that are achieved in some clinical trials. TLRs seem to elicit
pro-tumor and anti-tumor effects, which is due to the presence of
TLRs on tumor cells and immune cells. This can likely be overcome
as more is known about TLR signaling pathways and ways to target
mediator molecules are discovered.

An appreciable amount of research still must be conducted
to fully understand the mechanisms of TLR signaling, as various
ligands result in different downstream responses, and the key to
TLR immunotherapy is correctly modulating these responses. As
clinical trials seek to increase the immunospecificity and potential
of TLR agonist activity, new treatments will arise that are feasible in
implementation for their anti-tumor effects.
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