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ABSTRACT

The Toll-like receptor 4 (TLR4) signalling pathway is integral to
the innate immune response and plays a pivotal role in numerous
disease states, including infections, autoimmune disorders, met-
abolic conditions, and cancers. The activation of TLR4 initiates a
cascade of signalling events that modulate key cellular processes
and immune functions. The dysregulation of TLR4 signalling has
been implicated in several pathophysiological conditions, par-
ticularly those involving chronic inflammation and immune dys-
function. This short review examines the mechanisms by which
TLR4 signal transduction pathways influence cellular behaviour,
highlights TLR4-mediated disease processes, and surveys current
therapeutic strategies targeting TLR4. Evidence suggests that
TLR4 inhibition can improve clinical outcomes in various settings,
underscoring its therapeutic potential. We, herein, provide a suc-
cinct synthesis of recent advances in TLR4 research, emphasizing
its viability as a clinical target. Finally, we consider the future im-
plications of TLR4-focused therapies, and how such approaches
might be integrated into routine practice in order to treat a broad
spectrum of diseases.

1. Introduction

The Toll-like receptor 4 (TLR4) is a
critical component of the innate im-
mune system, playing a central role
in pathogen recognition and the
coordination of immune responses.

As a member of the Toll-like recep-
tor family, TLR4 detects molecular
patterns associated with microbial
infections; most notably, lipopol-
ysaccharides (LPS) found in the
outer membranes of Gram-nega-
tive bacteria. Upon activation, TLR4
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initiates a cascade of intracellular signalling events
that lead to the production of pro-inflammatory
cytokines, thereby amplifying immune responses
against invading pathogens®.

Aberrant or dysregulated TLR4 signalling is in-
creasingly implicated in the pathogenesis of various
diseases, including chronic inflammatory disorders,
autoimmune conditions, and certain malignancies.
For example, TLR4-mediated signalling has been
linked to heightened inflammatory responses and
exacerbated tissue damage in diseases such as rheu-
matoid arthritis (RA) and type 2 diabetes. Emerging
evidence also suggests that the modulation of TLR4
activity offers a promising avenue for therapeutic
intervention across a wide range of pathological
contexts. For example, preclinical studies indicate
that TLR4 antagonists may attenuate inflammatory
processes and improve clinical outcomes in chron-
ic disease states, thereby reinforcing the receptor’s
appeal as a therapeutic target. Furthermore, deeper
insight into the regulatory mechanisms governing
TLR4 signalling could inform the development of
novel therapeutic strategies, either to potentiate im-
mune responses during infection or to dampen them
in inflammatory disorders?.

TLR4 is a membrane-associated protein with an
estimated molecular weight of approximately 95
kDa. It features a leucine-rich extracellular domain
and a cytoplasmic Toll/interleukin-1 receptor (TIR)
domain, which enables interaction with a diverse
range of ligands®. TLR4 primarily recognizes patho-
gen-associated molecular patterns (PAMPs), such as
bacterial LPS, as well as damage-associated molecu-
lar patterns (DAMPs) released during tissue injury.
Upon engagement, the receptor triggers signalling
cascades that culminate in the production of pro-in-
flammatory cytokines; key mediators of the immune
defence against pathogenic challenges*.

TLR4-mediated signalling proceeds via two dis-
tinct pathways: the myeloid differentiation primary
response 88 (MyD88)-dependent pathway and the
TIR-domain-containing adapter-inducing interfer-
on-beta (TRIF)-dependent pathway. The MyD88-de-
pendent signalling cascade is initiated at the cell sur-
face and involves the adaptor protein MyD88, ulti-
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mately leading to the production of cytokines such as
tumour necrosis factor-alpha (TNF-a) and interleu-
kin-6 (IL-6). In contrast, the TRIF-dependent path-
way is triggered following receptor internalization
into endosomes, where TLR4 interacts with TRIF
and the TRIF-related adaptor molecule (TRAM). This
second pathway induces the production of type I in-
terferons, which enhance antiviral immunity?®.

TLR4 is predominantly expressed in immune cells,
including macrophages and dendritic cells, but it is
also detectable in various non-immune cell types,
such as epithelial and endothelial cells. Its expres-
sion is modulated by numerous environmental cues
and inflammatory mediators, ultimately influencing
the breadth and magnitude of immune responses®.
This short review aims at examining the role of TLR4
in disease progression and to explore strategies for
targeting this receptor in the context of diverse clin-
ical conditions.

2. Role of TLR4 in disease progression
2.1. Cardiovascular diseases

TLR4 plays a significant role in inflammatory signal-
ling pathways that aggravate heart failure. Experi-
mental models deficient in TLR4 demonstrate im-
proved cardiac function and reduced inflammatory
marker expression, thereby suggesting that TLR4
inhibition holds promise as a therapeutic strategy
for heart failure®.

TLR4 is also centrally involved in mediating
post-ischaemic inflammation following stroke. Its
activation contributes to neurological deterioration
via the upregulation of pro-inflammatory cytokines,
including TNF-a and IL-6; key drivers in cardiovas-
cular and cerebrovascular pathology. Accordingly,
TLR4 is considered a viable therapeutic target in
stroke management. Recent studies are increasingly
focused on the development of targeted TLR4 inhibi-
tors in order to attenuate inflammation and improve
clinical outcomes in cardiovascular and cerebrovas-
cular diseases. In fact, by blocking TLR4, one may
yield protective effects by modulating the inflamma-
tory cascade’.
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2.2. Metabolic disorders; obesity

TLR4 activation has been linked to chroniclow-grade
inflammation in obesity. This inflammatory milieu
promotes the release of cytokines that exacerbate
insulin resistance and accelerate the progression of
metabolic syndrome®.

2.3. Autoimmune diseases; RA

RA is a chronic autoimmune condition characterized
by persistent joint inflammation, progressive joint
destruction, and functional impairment. TLR4 is
increasingly recognized as a key factor in RA patho-
physiology. As a pattern recognition receptor, TLR4
detects both PAMPs and DAMPs, with its activation
being implicated in the initiation and perpetuation
of inflammation in RA”.

2.4. Infectious diseases and sepsis

TLR4 plays an essential role in initiating immune
responses to bacterial infections. However, exces-
sive stimulation can lead to a hyper-inflammatory
state, thereby increasing the risk of sepsis and septic
shock?.

2.5. Neurological disorders and Alzheimer’s disease

TLR4 is involved in neuroinflammatory mechanisms
relevant to Alzheimer’s disease. Its activation is as-
sociated with the deposition of amyloid- plaques
and subsequent neuronal degeneration®.

2.6. Cancer / tumour progression

TLR4 contributes to tumour progression by ampli-
fying inflammation within the tumour microenvi-
ronment. Its activation is correlated with enhanced
tumour growth and metastasis across multiple can-
cer types. Chronic inflammation induced by TLR4
plays a documented role in oncogenesis. Cytokines
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released following TLR4 activation promote cell
survival, proliferation, and angiogenesis. Moreover,
neoplastic tissues may exploit TLR4 signalling in or-
der to evade immune surveillance. The activation of
this receptor can drive the production of immuno-
suppressive factors that hinder anti-tumour immu-
nity and support unchecked tumour expansion'’.
Recent research has explored combination thera-
pies involving TLR4 inhibitors alongside immuno-
therapeutic or chemotherapeutic agents; these syn-
ergistic approaches may increase treatment effica-
cy by re-sensitizing tumours to immune-mediated
eradication.

3. Conclusion

The TLR4 signalling pathway presents a compelling
target for therapeutic development across a wide
range of diseases. Its involvement in the pathogen-
esis of infectious, autoimmune, metabolic, oncologic,
and neurodegenerative conditions underscores its
relevance to translational medicine. Continued in-
vestigation is required in order to unravel the com-
plexity of TLR4-mediated pathways and to design
precise interventions capable of modulating immune
activity and improving clinical outcomes.

Acknowledgements

The authors gratefully acknowledge the support
provided by the College of Pharmacy of the Univer-
sity of Babylon.

Conflicts of interest

None exist.

ORCIDs

0009-0003-9506-4882 (L.FA. Alnoihi); 0000-0002-

3286-0078 (F.A. Alzubaidi); 0000-0001-6840-0607
(E.N. Oubaid)



PROCEEDINGS OF THE 2ND INTERNATIONAL BABYLON CONFERENCE
ON CLINICAL AND EXPERIMENTAL PHARMACOLOGICAL RESEARCH

References

Kawasaki T.,, Kawai T. Toll-like receptor signaling
pathways. Front. Immunol. 5, 461, 2014. DOI:
10.3389/fimmu.2014.00461

Heine H., Zamyatina A. Therapeutic targeting of
TLR4 for inflammation, infection, and cancer: a
perspective for disaccharide lipid A mimetics.
Pharmaceuticals (Basel) 16(1), 23, 2022. DOLI:
10. h1601002

Stierschneider A., Wiesner C. Shedding light on
the molecular and regulatory mechanisms of
TLR4 signaling in endothelial cells under phys-
iological and inflamed conditions. Front. Im-
munol. 14, 1264889, 2023. DOI: 10.3389/fim-
mu.2023.1264889

Squillace S., Salvemini D. Toll-like receptor-medi-
ated neuroinflammation: relevance for cognitive
dysfunctions. Trends Pharmacol. Sci. 43(9), 726-
739,2022.DOI: 10.1016/].tips.2022.05.004
Wang S., Zhang K., Huang Q., Meng F, Deng S.
TLR4 signalling in ischemia/reperfusion inju-
ry: a promising target for linking inflammation,
oxidative stress and programmed cell death to
improve organ transplantation outcomes. Front.
Immunol. 15, 1447060, 2024. DOI: 10.3389 /fim-
mu.2024.1447060

Zhang C., Teng X., Cao Q., Deng Y., Yang M,

HOW TO CITE:

10.

PHARMAKEFTIK]I, 37, 2S, 2025 | 468-471

Wang L., et al. Gut microbiota dysbiosis exac-
erbates heart failure by the LPS-TLR4/NF-kB
signalling axis: mechanistic insights and ther-
apeutic potential of TLR4 inhibition. J. Transl
Med. 23(1), 762, 2025. DOI: 10.1186/s12967-
025-06821-8

Cao J.,, Yang Z. FOXA2 inhibits the TLR4/NF-«kB
signaling pathway and alleviates inflammato-
ry activation of macrophages in rheumatoid
arthritis by repressing LY96 transcription.
Cytokine 184, 156796, 2024. DOI: 10.1016/j.
cyt0.2024.156796

Chang C.M., Cheng K.H., Wei TY,, Lu M.P, Chen
Y.C., Lu Y.T. Soluble TREM-like transcript-1
acts as a damage-associated molecular pattern
through the TLR4/MD2 pathway contributing
to immune dysregulation during sepsis. J. Immu-
nol. 210(9), 1351-1362, 2023. DOI: 10.4049/
jimmunol.2200222

Balu D., Valencia-Olvera A.C., Nguyen A., Patnam
M., York ]., Peri F, et al. A small-molecule TLR4
antagonist reduced neuroinflammation in fe-
male E4FAD mice. Alzheimers Res. Ther. 15(1),
181,2023.DOI: 10.1186/s13195-023-01330-6
Li].,, Yang F, Wei F, Ren X. The role of Toll-like re-
ceptor 4 in tumor microenvironment. Oncotar-
get 8(39), 66656-66667,2017. DOI: 10.18632/

oncotarget.19105

Alnoihi L.EA, Alzubaidi F.A., Oubaid E.N. Toll-like receptor 4 signalling pathway: a therapeutic target
for multiple diseases. Pharmakeftiki 37(2s), 468-471, 2025. https://doi.org/10.60988 /p.v37i2S.257

471


https://doi.org/10.60988/p.v37i2S.257
https://doi.org/10.3389/fimmu.2014.00461
https://doi.org/10.3390/ph16010023
https://doi.org/10.3389/fimmu.2023.1264889
https://doi.org/10.3389/fimmu.2023.1264889
https://doi.org/10.1016/j.tips.2022.05.004
https://doi.org/10.3389/fimmu.2024.1447060
https://doi.org/10.3389/fimmu.2024.1447060
https://doi.org/10.1186/s12967-025-06821-8
https://doi.org/10.1186/s12967-025-06821-8
https://doi.org/10.1016/j.cyto.2024.156796
https://doi.org/10.1016/j.cyto.2024.156796
https://doi.org/10.4049/jimmunol.2200222
https://doi.org/10.4049/jimmunol.2200222
https://doi.org/10.1186/s13195-023-01330-6
https://doi.org/10.18632/oncotarget.19105
https://doi.org/10.18632/oncotarget.19105

