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Abstract: Silicosis is a progressive disease of the lungs triggered by inhalation of crystalline silica dust,
characterized mainly by chronic lung inflammation and fibrosis with silicosis nodules. Epidemiological data show
that the disease is highly prevalent in occupationally exposed populations, such as mining and building
construction, and has become a major occupational health problem worldwide. The pathological process involves
complex interactions between multiple cell types, including alveolar macrophages, epithelial cells and fibroblasts,
with imbalances in the regulation of the adaptive immune system, particularly T lymphocytes, receiving much
attention in recent years, and the mechanisms are not well understood. In this paper, we summarize the roles of
CD4" helper T cells and CD8" cytotoxic T cells in silicosis, including the imbalance between different types of T
cells (Th1/Th2/Th17/Treg subpopulations), the imbalance of cytokines secreted by the same type of T cells and the
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balance between their different cellular functions, which accelerate the development of silicosis, and the different

specificity of this dynamic imbalance in different pathological stages. This dynamic imbalance presents different

specificities at different pathological stages, and excessive immune disorders can lead to a variety of complications

such as dyspnoea and autoimmune diseases. Therefore, maintaining the immune balance of pulmonary T-cells is

essential for the prevention and treatment of silicosis. At the same time, clinical interventions are still limited to

dust exposure control, glucocorticoid symptomatic treatment and end-stage lung transplantation, and there is a lack

of specific therapies to address the pathogenic mechanisms. Novel therapeutic strategies based on T-cell

subpopulation rebalancing have also shown potential value and may provide new therapeutic ideas for silicosis.

Overall, this paper provides a systematic review of the dual regulatory mechanisms of T cells in silicosis and

explores therapeutic perspectives for disease control through immune homeostasis reestablishment.
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Figure 1

Early pathogenesis of silicosis. Silica particles are phagocytosed by macrophages and subsequently encapsulated within

lysosomes. This process activates NLRP3 inflammasomes, leading to the activation of caspase-1 and the subsequent production of mature

IL-1p and IL-18, which contribute to the formation of fibrotic nodules. Concurrently, silica particles induce organelle damage, resulting in

the generation of ROS and RNS, which further exacerbate tissue injury. These events culminate in the apoptosis of alveolar macrophages

and the release of pro-inflammatory cytokines, including IL-14, TNF-a, and IL-8, thereby perpetuating chronic inflammation and promoting

the fibrotic process. Repeated activation of these pathways ultimately leads to the formation of silicosis nodules and fibrosis. ROS: Reactive

oxygen species; RNS: Reactive nitrogen species; NLRP3: NACHT, LRR, and PYD domains-containing protein 3 (created inhttps:/

BioRender.com)
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Figure 2 Mechanisms underlying the disruption of CD4" T-cell balance during silicosis and its contribution to silicosis development.

Naive T cells differentiate into Th1, Th2, Th17, and Treg subsets in response to different cytokine signals. RSC induces an imbalance in the

Th1/Th2 and Th17/Treg ratios. During the progression of silicosis, Thl cells initially increase before decreasing, while Th2 cells gradually

increase. The proportion of Th17 cells progressively rises, whereas Treg cell numbers decline. As a result, the Th1/Th2 ratio decreases and

the Th17/Treg ratio increases, ultimately disrupting lung immunity and accelerating the silicosis process. (Created inhttps://BioRender.com)
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Treg 402K G P M EE S 55 . et
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Figure 3 Potential mechanisms for the role of different subpopulations of T cells in the pathogenesis of silicosis. The figure illustrates the

potential mechanisms through which Th1, Th2, Th17, Treg, and CDS8 T cells and their secreted cytokines contribute to the progression of

silicosis, as well as the interactions between different T cell subsets (created inhttps://BioRender.com)
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Table 1 Immunomodulatory compounds for the regulation of silicosis

Compound Type (_)f Mechanism Cytokine change Changes in cell M<.)del Model method ~ Ref.
regulation number animal
Fermented Th1/Th2, Inhibition of early and mid- Decreased IL-14, IL-6, TNF- Rats  Intratracheal [67]
cordyceps powder Thl7/ term increases in Thl and o and TGF-f1, reduced mid- instillation of silica
(FCP) Treg Th17 immune response, and and late-stage collagen, (50 mg)
inhibition of mid- and late- a-SMA and FN
term increases in Th2 immune
response
Dihydrotanshinone Th1/Th2, Inhibition Thl and Th17 Decreased IL-1p, IL-6, TNF- Decreased Mouse Intratracheal [68]
I (DHI) Th17/ immune response a, IFN-y and IL17A, reduced neutrophils, instillation of 50 pL
Treg STAT1 and STAT3 lymphocytes and silicon dioxide
phosphorylation macrophages solution (2.5 mg)
Anakinra and anti- Th17/ Enhancement of Treg immune Decrease in IL-17 and Mouse Intratracheal [64]
IL-17 monoclonal Treg respons and indirect inhibition increase in IFN-y instillation of 50 pL.
antibody (mAb) of Th1 immune response silicon dioxide
solution (2.5 mg)
Baicalein Thl7/ Enhancement of Treg immune Increased Foxp3,IL-10 and Reduced Mouse Intratracheal [84]
Treg response, inhibition of Th17 TGF-p, decreased IL-6 and  accumulation of instillation of 50 puL.
immune response 1L-23 neutrophils and silicon dioxide

lymphocytes solution (2.5 mg)

If) T 40 i T B, 5 A5 il V6 97 A3 v AR 52 21 AL,
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