MEDS Public Health and Preventive Medicine (2024) DOI: 10.23977/phpm.2024.040301
Clausius Scientific Press, Canada ISSN 2616-1915 Vol. 4 Num. 3

Research progress of TLR4/NF-xB pathway in the
pathogenesis of rheumatoid arthritis

Nan Yiyang?!, Cai Lilit, Zhang Hongyun!, Huang Xiaoxuan?
'Guangzhou Special Service Convalescent Center of Rocket Force, Guangzhou, 510080, China

Keywords: Rheumatoid arthritis; TLR4/NF-kB pathway; inflammatory response; clinical
manifestations; therapeutic targets

Abstract: Rheumatoid arthritis is a common autoimmune disease, and its complex
pathogenesis remains inadequately understood. The TLR4/NF-kB pathway serves as a key
regulatory pathway for inflammatory responses and plays an important role in the onset of
rheumatoid arthritis. This article summarizes and analyzes the structure and function of the
TLR4/NF-xB pathway, as well as how it influences the clinical manifestations of
rheumatoid arthritis by mediating the production and release of inflammatory factors. The
study explores the latest research progress regarding the correlation between the
TLR4/NF-xB pathway and the pathogenesis of rheumatoid arthritis, while also discussing
the potential and challenges of targeting this pathway for treatment.

1. Introduction

When investigating the pathogenesis of rheumatoid arthritis, significant attention has been
directed towards the TLR4 and NF-kB pathways.TLR4 serves as a crucial component of the innate
immune system, recognizing specific molecular patterns of bacteria and viruses, thereby activating
NF-«xB and subsequently triggering an inflammatory response. This article provides a
comprehensive review of existing literature on the role played by the TLR4/NF-kB pathway in RA
pathogenesis, highlighting research progress made thus far. Furthermore, it discusses strategies for
regulating the inflammatory process associated with RA through modulation of the TLR4/NF-xB
pathway while defining current research findings and limitations to offer more precise molecular
targets for effective treatment.

2. The pathogenic mechanism of rheumatoid arthritis.

RA is an immune-mediated chronic inflammatory disease characterized by persistent
inflammation of the joints, resulting in joint pain, swelling,and functional impairment.The
pathogenesis of RA involves multiple signaling pathways, including the NF-kB, mitogen-activated
protein kinase (MAPK), and Janus Kkinase/signal transducer and activator of transcription
(JAK-STAT) signaling pathways, which play crucial roles in regulating both inflammatory and
immune responses.The signaling pathways which NF-«xB is one of the crucial ones™ . NF-xB is a
significant nuclear transcription factor within cells and participates in processes such as the body's
inflammatory response, immune response, and cell apoptosis. In RA, the excessive activation of



NF-kB can facilitate the secretion of TNF-a, IL-1, and IL-6, thereby intensifying joint inflammatory
responses and tissue destruction. Additionally, the NF-«B signaling pathway can also be involved in
regulating the survival signals of cells and reducing cell apoptosis, suggesting that in the synovial
tissue of RA, inflammatory cells (such as synovial fibroblasts and macrophages) may accumulate
due to the decrease in cell apoptosis, further exacerbating joint inflammatory responses and tissue
damage!?

In recent years, new progress has been made in the study of its pathogenesis, especially in TLR4
and its downstream signaling pathway NF-kB. For instance, Swanson et al. ¥l highlighted in their
study that the negative regulation of TLR4 signaling can impact the inflammatory response of
macrophages. Thwaites et al. ¥ demonstrated that irrespective of the presence of autoantibodies
such as anti-citrulline protein antibodies (ACPAs) and rheumatoid factors (RF), toll-like receptor
1/toll-like receptor 2 (TLR1/2) and toll-like receptor 5 (TLR5) activation independently increased
cytokine levels in monocytes from patients with RA, findings that complement our current
understanding regarding the role of TLR4 in RA pathogenesis.

3. TLR4/NF-kB inflammatory pathway

TLR4 is a receptor located on the cell membrane, mainly recognizing PAMPs and DAMPs. Its
activation predominantly relies on specific ligands, such as LPS, HSP, and membrane components.
Upon binding to TLR4, the ligands promote MyD88 and TLR. Aptamer proteins such as TRIF are
recruited to the receptor side and activate downstream signaling pathways through a series of
phosphorylation reactions B¢, The activation of TLR4 regulates the phosphorylation of the IxB
kinase (ikb kinase, IKK) complex, resulting in the degradation of IkB protein and the release of the
inhibition of NF-kB, enabling its translocation into the nucleus. NF-kB is a group of transcription
factors, including the p50/p65 heterodimer, which governs the expression of multiple
pro-inflammatory cytokines, such asTNF-a, IL-1p, IL-6 etc. These factors play a promoting role in
the inflammatory response of RA [78],

Studies have demonstrated 9 that the TLR4/NF-kB pathway exhibits significant activation in
the synovial fluid of patients with RA, and key cells such as macrophages and fibroblasts display
upregulated expression of TLR4. Elevated expression of TLR4 in synoviocytes or macrophages
promotes NF-kB activation and subsequent release of downstream inflammatory factors, thereby
exacerbating the inflammatory response and joint destruction. In intervention experiments M1 RA
mouse models were treated with TLR4 antagonists or small molecule inhibitors,resulting in notable
joint swelling reduction and decreased levels of inflammatory markers IL-1p, IL-6, and TNF-o.The
data revealed a significant decrease in TNF-a levels by up to 40% (P<0.01) and IL-6 levels by up to
30% (P<0.05) at 72 hours post-administration. Furthermore, Western Blot analysis indicated a
substantial reduction in NF-xB phosphorylation following TLR4 inhibition, suggesting that
targeting the TLR4/NF-kB pathway could effectively modulate the inflammatory response.
Numerous animal models have provided evidence 2% supporting the notion that TLR4 deletion or
inhibition can attenuate the immune response associated with RA, effectively reducing production
of IL-6 and TNF-a while significantly decreasing scores for joint swelling and bone erosion, thus
alleviating arthritis symptoms.

TLR4 participates in the regulation of immune response through various downstream signaling
pathways, including the MAPK pathway and the phosphatidylinositol PI3K/Akt pathway, as well as
its interactions with other pathways. This confers a multifaceted role on TLR4 in pathological
processes "9 2. Studies have demonstrated that, apart from the classical MyD88-dependent
pathway, TLR4 can also activate NF-xB via the TRIF-dependent pathway to promote delayed
inflammatory responses 2. Lysosomal enzymes and particles released by cells activated through



the TLR4/NF-xB pathway are crucial factors triggering apoptosis of synovial fibroblasts /l. This
process affects joint tissue integrity and function by inducing both upregulation and downregulation
of cytokines, ultimately leading to joint damage [6],

In terms of clinical studies, the levels of IL-6 and TNF-a in synovial fluid and synovial tissue are
significantly elevated in RA patients, which is closely associated with TLR4 activation. The
activation status of TLR4 and NF-kB in RA patients positively correlates with disease activity.
Intervention with anti-TLR4 antibodies can reduce pathological scores and improve clinical
symptoms, demonstrating potential efficacy for RA treatment. This intervention can alleviate pain
and dysfunction caused by arthritis to a certain extent !4l The involvement of Toll-like receptors in
RA-related diseased tissues, such as interstitial lung inflammation, has emerged as a novel direction
for diagnostic and therapeutic research. Su Guohua et al.[*”1 proposed a possible correlation between
TLR4 expression and disease severity by analyzing CT characteristics of rheumatoid arthritis
patients with interstitial lung disease. This indicates the potential role of the TLR4/NF-kB pathway
in the process of inflammation-related tissue injury and its possibility as a therapeutic target. These
aforementioned studies provide crucial experimental and clinical evidence supporting the
involvement of the TLR4/NF-kB pathway in RA pathogenesis, highlighting its significance.

4. TLR4/NF-kB as a therapeutic target

In recent years, the TLR4/NF-kB pathway has emerged as a crucial target for the treatment of
RA. Numerous studies have verified that antagonists of TLR4 have significantly mitigated joint
swelling and bone erosion in RA models. Mice in the collagen-induced arthritis (C1A) model treated
with TAK-242 demonstrated a reduction of approximately 47% in joint scores, a notable decrease in
inflammatory cell infiltration, and a significant downregulation of the activity of the NF-«xB
signaling pathway, along with a nearly 60% reduction in the levels of IL-6 and TNF-a [®l. These
data indicate that TLR4 as a target exhibits favorable intervention effects.Research has revealed that
the use of small interfering RNA (siRNA) targeting TLR4 has significantly inhibited the activity of
NF-«B in peripheral blood mononuclear cells of RA patients (8. The secretion of cytokines such as
IL-1B and IL-6 decreased by more than 50% due to siTLR4 treatment, further reinforcing the key
role of TLR4 in the NF-kB pathway. The treatment strategies for RA are constantly evolving, and
targeted therapy of the TLR4/NF-xB pathway is underway, such as through investigations of the
efficacy and potential mechanisms of small molecule compounds on RA.

Besides compounds and RNA interference, antibody therapeutics are also under exploration. The
anti-TLR4 monoclonal antibody developed by Hu Dandong et al.[**1 exhibited potential in reducing
joint damage and improving function in preclinical models. The efficacy assessment indicated a
reduction of approximately 38% in joint swelling scores within 14 days.

The application of novel biological agents has also become a focus. For instance [5)
high-affinity antibodies targeting TLR4, such as Abca-1001, demonstrated safety and tolerability in
phase Il clinical trials. Participants showed an average 30% decrease in joint pain scores after 6
months of treatment, accompanied by a significant reduction in C-reactive protein (CRP) levels.
Studies have indicated!”! that intervention measures targeting TLR4 can effectively alleviate the
pro-inflammatory state and restore joint function to a certain extent.

In conclusion, the development of novel targeted therapies for the TLR4/NF-kB pathway holds
the potential to improve the long-term prognosis of RA patients and better manage the disease
process. The combination of traditional pharmaceutical and gene therapy strategies provides new
ideas for the future treatment of RA, stimulating more research and clinical practice.



5. Conclusions and Prospects

TLR4 plays an important role in the activation of inflammatory cells, the release of inflammatory
factors and the destruction of bone and joint in RA patients. The development of drugs targeting
TLR4/NF-kB pathway, such as TLR4 specific inhibitors, NF-kB signaling pathway inhibitors, can
effectively reduce the inflammatory response and alleviate the disease in RA patients. On the other
hand, the role of TLR4/NF-xB pathway in different patient groups and different disease stages still
needs to be further studied. At the same time, there are also some shortcomings in this study, such
as insufficient sample size, methodological limitations, and the disconnect in the translation process
between experimental validation and clinical practice.

Future research in the field of RA treatment will focus on understand the deeper molecular
mechanisms to explore the unique role of TLR4/NF-kB pathway in different cell types and their
interaction mechanism in the development of arthritis. To investigate how TLR4/NF-kB pathway
modulates the immune response of immune cells, such as T cells, B cells and dendritic cells, and its
mechanism and pathological significance in RA.To explore the dynamic regulation and mechanism
of TLR4/NF-kB signaling pathway in different stages of RA development. The ultimate goal is to
unlock the whole picture and fine regulation mechanism of TLR4/NF-kB pathway in RA, find new
therapeutic intervention points, and combine with other anti-inflammatory and immunomodulatory
therapies with synergistic effects, which may provide more effective treatment options for RA.
Finally, it can improve the treatment effect and quality of life of RA patients.
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