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Glaucoma, a leading cause of irreversible vision loss, is becoming more prevalent

with the aging population, burdening patients, families, and society. In the past, the

role of inflammatory factors in its pathogenesis was overlooked. This systematic

review, based on a PubMed search and strict screening of 61 articles, selected 19 for

in-depth analysis. It was found that multiple inflammatory factors like Tumor

Necrosis factor alpha (TNF – a), Interleukin-6 (IL-6), and Interleukin-1 (IL–1) are

abnormal in glaucoma patients’ intraocular fluid. They impact trabecular meshwork

function, damage retinal ganglion cells, and activate the complement system. Other

factors such as Vascular Endothelial Growth Factor (VEGF) and Monocyte

Chemoattractant Protein-1 (MCP-1) also contribute to the disease process. Based

on these findings, emerging therapeutic strategies for glaucoma may include

biological agents targeting specific inflammatory mediators, multitarget anti-

inflammatory approaches, and personalized interventions guided by inflammatory

biomarker profiling. However, critical challenges such as blood-retinal barrier

penetration limitations, systemic immunosuppression risks, and technical hurdles

in gene therapy delivery require further investigation. This systematic review

synthesizes current evidence to inform clinical decision-making regarding

inflammatory biomarker monitoring while identifying key knowledge gaps in

ocular immunomodulation. The findings underscore the necessity for translational

studies bridging preclinical models with clinical applications, ultimately aiming to

optimize therapeutic outcomes for glaucoma patients worldwide.
KEYWORDS

glaucoma, inflammatory factors, pathogenesis, neuroinflammation, therapeutic targets
1 Introduction

Glaucoma is a major eye disease that causes irreversible vision impairment worldwide

(1). It is estimated that the global prevalence of glaucoma in the population aged 40 to 80 is

3.5%. With the increase in the number and proportion of the elderly in the population, it is

projected that by 2040, 111.8 million people will suffer from glaucoma (2). Glaucoma not
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only severely impairs patients’ vision and reduces their quality of

life but also increases the medical burden on families and society

(3), posing a significant challenge to global public health.

In recent years, scholars have achieved substantial results in the

research on inflammatory factors in the intraocular fluid of

glaucoma patients. Studies have found that the levels of multiple

inflammatory factors in the intraocular fluid of glaucoma patients

are abnormal (4–7). For example, the increase in pro-inflammatory

factors such as vascular endothelial growth factor (VEGF),

interleukin-6 (IL-6), and interleukin-8 (IL-8) accelerates the

occurrence and development of glaucoma. These changes indicate

that the inflammatory response is crucial in the pathogenesis of

glaucoma, providing new insights into exploring the disease process

of glaucoma.

Given this research progress, this clinical research review is of

great significance. It can help clinicians quickly master the cutting-

edge knowledge in this field, provide theoretical support for the

diagnosis and treatment of glaucoma, and achieve early diagnosis

and treatment by monitoring inflammatory factors. In addition, it

can also clarify the deficiencies of existing research, guide future

scientific research, promote innovation in glaucoma treatment, and

contr ibute to improving the prognosis of g laucoma

patients worldwide.
2 Methods

We employed a Boolean logic search strategy with a timeframe

extending from the database’s inception to January 2025. The

search strategy was as follows: ((“Glaucoma”[Mesh] OR glaucoma

[Title/Abstract] OR glaucomatous[Title/Abstract]) AND

((“Staging”[Mesh] OR staging[Title/Abstract] OR stage[Title/

Abstract] OR “Classification”[Mesh] OR classification[Title/

Abstract] OR classify[Title/Abstract]) AND ((“Intraocular”[Mesh]

OR intraocular[Title/Abstract] OR ocular[Title/Abstract]) AND

( “ I nflammato r y f a c t o r s ” [Me sh ] OR “ I nflammato r y

cytokines”[Mesh] OR “Inflammatory mediators”[Mesh] OR

“ I nflamma to r y mark e r s ” [Me sh ] OR “ Infl amma to r y

proteins”[Mesh] OR inflammatory factor*[Title/Abstract] OR

inflammatory cytokine*[Title/Abstract] OR inflammatory

mediator*[Title/Abstract] OR inflammatory marker*[Title/

Abstract] OR inflammatory protein*[Title/Abstract] OR cytokine*

[Title/Abstract] OR mediator*[Title/Abstract] OR marker*[Title/

Abstract] OR protein*[Title/Abstract])). The search engine used

was PubMed, which yielded 61 relevant articles.
Abbreviations: VEGF, Vascular Endothelial Growth Factor; IL, Interleukin;

TNF-a, Tumor Necrosis Factor-alpha; ICAM-1, Intercellular Adhesion

Molecule 1; RGC, Retinal Ganglion Cell; MAPK, Mitogen-Activated Protein

Kinase; MCP-1, Monocyte Chemoattractant Protein-1; PAF, Platelet-Activating

Factor; IFN-g, Interferon-gama; SPP1, Secreted Phosphoprotein 1; PGLYRP2,

Peptidoglycan Recognition Protein 2; MBP, Myelin Basic Protein; Rac1, Ras-

related C3 botulinum toxin substrate 1; ESR, Erythrocyte Sedimentation Rate;

CRP, C-Reactive Protein; C3, Complement Component 3; MAC, Membrane

Attack Complex.
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The exclusion criteria for the literature are as follows:
Objective: To screen studies that experimentally validate the

molecular mechanisms of inflammatory mediators in the

pathogenesis of glaucoma.

Exclusion Criteria:

Irrelevant Research Content

Studies involving other organ systems or non-glaucomatous

ocular diseases.

Studies focus on non-inflammatory mechanisms.

Studies involving other organ or ophthalmic diseases, with no

more than three mentions of the term “glaucoma”.

Lack of Mechanistic Research

Studies that only describe the changes in the levels of

inflammatory mediators without exploring the

molecular mechanisms.

Studies with fewer than three substantive references to

i n fl a m m a t o r y m e d i a t o r s o r w i t h o u t

experimental verification.

Methodological Limitations

Technical reports or device-development-oriented studies

without exploring biological mechanisms.

Non-empirical literature, such as commentaries, letters, and

isolated case reports.

Insufficient Causal Verification

C o r r e l a t i o n a l a n a l y s i s w i t h o u t c o m b i n e d

functional experiments.

Studies that do not use causal verification methods.
Regarding the literature screening process, 42 articles were

excluded for not meeting the research criteria. Specifically, the

focus of 2 articles was on the research of other organ diseases

with no more than three mentions of the term “glaucoma”, and 3

articles centered around the research of other ophthalmic diseases

with no more than three mentions of the term “glaucoma”. Three

articles predominantly focused on glaucoma-related drug research,

5 articles were dedicated to the research of glaucoma-related

auxiliary examination equipment, and 1 article was mainly

concerned with research related to glaucoma and surgery. In

terms of lack of mechanistic research, 23 articles chiefly focused

on non-inflammatory studies of the pathogenesis of glaucoma or

had no more than three mentions of inflammatory factors.

Considering methodological limitations, 3 articles were case

reports. Regarding insufficient causal verification, 2 articles

discussed the treatment progress of glaucoma without

measurement data. In terms of lack of mechanistic research, 23

articles were excluded. Some of these articles focused on non-

inflammatory aspects of glaucoma pathogenesis, which deviated

from our focus on inflammatory mediators. Others had no more

than three mentions of inflammatory factors, indicating a lack of in-

depth exploration of their role. Thus, they did not meet the

requirements for this review. Finally, a total of 19 articles were

included, namely Havens S.J. et al. (8), Zhang L et al. (9), Musciano
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A.R. et al. (10), Mrugacz M et al. (5), Kapuganti R.S. et al. (11), Chen

J et al. (12), Simcoe M.J. et al. (13), Chou T.H. et al. (14), Jonas J.B.

et al. (4), Donkor N et al. (15), Nezu N et al. (6), Wang H.N. et al.

(16), Azbukina N.V. et al. (17), Yun S et al. (18), Frolov M.A. et al.

(19), Cao L et al. (20), Elshahaly M et al. (21), Wang CY et al. (22),

Reinehr S et al. (7). The specific process is shown in Figure 1. The

particular content of the finally selected articles is shown in Table 1.
3 The Influence of inflammation on
the development and progression of
glaucoma

3.1 Tumor necrosis factor-a

3.1.1 Impact on trabecular meshwork function
TNF-a induces the synthesis of intercellular adhesion

molecule-1 (ICAM-1), promotes the abnormal aggregation and

activation of white blood cells in ocular tissues, triggers an

inflammatory response (11), affects the normal function of the

trabecular meshwork, and impedes the outflow of aqueous humor

(5), leading to an increase in intraocular pressure.

3.1.2 Damage to retinal ganglion cells
It activates inflammatory cells, releases toxic substances, and

disrupts the microenvironment of retinal ganglion cells. TNF-a
induces the expression of apoptosis-related proteins, promotes cell

apoptosis, and affects the function of the optic nerve (11). By

regulating the Glutamate receptor subunit A2 (GluA2) subunit of

the a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
Frontiers in Immunology 03
(AMPA) receptor, it increases the intracellular Calcium ion

(Ca²+) concentration, enhances the current mediated by Voltage-

gated sodium channel 1.6, raises cell excitability, and promotes the

apoptosis of retinal neurons (16).

3.1.3 Regulation of calcium channel currents
In a rat model of chronic ocular hypertension in glaucoma,

TNF-a inhibits L-type calcium currents, enhances T-type calcium

currents, regulates the expression of Ca²+ channel subunits, affects

intracellular Ca²+ homeostasis, and participates in the apoptotic

process of retinal ganglion cells in glaucoma (16).

3.1.4 Involvement in the inflammatory cascade
Metabolites of arachidonic acid can induce cells to produce

TNF-a. TNF-a activates inflammatory cells, releases other

inflammatory mediators, amplifies the inflammatory response,

and drives the progression of glaucoma. Lyso-PAF may be

converted into PAF, indirectly prompting cells to release TNF-a
and participating in the inflammatory process of glaucoma (17).

3.1.5 Activation of the complement system
TNF-a activates immune cells, promotes the synthesis and

release of Complement component 3 (C3), enhances the

expression of complement receptors on the surface of immune

cells, activates the complement cascade, and increases the

generation of the membrane attack complex (MAC).

Complement activation, particularly via the lectin pathway, drives

early neuroinflammation in glaucoma. In experimental models,

Mannan-binding lectin-associated serine protease 2 (MASP2)

upregulation triggers C3 cleavage, leading to C3 deposition and
FIGURE 1

Literature screening process diagram.
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TABLE 1 Summary of key findings on inflammatory mechanisms and biomarkers in glaucoma pathogenesis.

Author(s) Journal Key Findings

Havens S.J. et al. Dev Ophthalmol
Retinal ischemia triggers inflammation, and inflammatory cells secrete pro-angiogenic factors such as VEGF, promoting
neovascularization, blocking aqueous outflow, and leading to increased intraocular pressure (IOP). Inflammation also
affects myofibroblast function and extracellular matrix synthesis, accelerating angle closure and IOP elevation.

Zhang L et al. FEBS J
lncRNA can regulate the expression of inflammatory factors such as IL and TNF, for example, by acting as ceRNA to
influence the mRNA expression of inflammatory factors, exacerbating inflammatory damage in glaucoma. Targeting
relevant lncRNAs may offer therapeutic potential for glaucoma.

Musciano A.R. et al. Vet Ophthalmol
Intraocular lymphoma is often complicated by uveitis, where inflammation causes trabecular meshwork swelling and
iridociliary adhesion, obstructing aqueous drainage and leading to secondary glaucoma.

Mrugacz M et al. Cells

TNF-a induces ICAM-1 synthesis, promoting leukocyte aggregation and activation, affecting trabecular meshwork
function and leading to elevated IOP. IL-1 promotes inflammatory cell migration and aggregation, damaging the
trabecular meshwork and optic nerve, and affecting aqueous outflow. VEGF stimulates neovascularization, obstructing
aqueous outflow and damaging the optic nerve.

Kapuganti R.S. et al. Exp Eye Res
TNF-a induces inflammation in the trabecular meshwork, affecting aqueous outflow and exerting toxicity on retinal
ganglion cells. IL-6 exacerbates ocular inflammation, interfering with aqueous drainage and damaging the optic nerve. IL-
1 alters the structure and function of the trabecular meshwork, increasing IOP and damaging the optic nerve.

Chen J et al. FASEB J
IL-17A promotes microglial activation and the release of pro-inflammatory cytokines, participating in the regulation of
retinal immune responses and RGC cell death via the p38 MAPK pathway. Inhibition of IL-17A can alleviate
glaucomatous neuropathy.

Simcoe M.J. et al. Ophthalmology
The GRM5 gene is involved in inflammatory responses. Myopia may trigger local inflammation and oxidative stress,
aligning with the neuroinflammatory mechanisms of glaucoma. It is speculated that TNF-a, IL-1, and IL-6 may damage
retinal ganglion cells, interfere with aqueous drainage, and affect optic nerve function.

Chou T.H. et al. Int J Mol Sci
Early elevation of pro-inflammatory cytokines (specific factors not identified) is speculated to involve TNF-a, IL-1, and
IL-6, influencing the neuroinflammatory process in glaucoma.

Jonas J.B. et al. PLoS One
Using hs-CRP as a systemic inflammation marker, no significant association was found between glaucoma and hs-CRP.
Combined with other studies, common glaucoma-related inflammatory factors include TNF-a, IL-1, and IL-6.

Donkor N et al. Antioxidants (Basel)
CIH leads to increased retinal TNF-a, activating related pathways and triggering inflammatory responses that damage
retinal ganglion cells, promoting glaucoma progression.

Nezu N et al. Ophthalmology
MCP-1, IL-6, and angiogenin are important immune mediators in predicting primary open-angle glaucoma, participating
in related pathological processes, though specific mechanisms require further study.

Wang H.N. et al. Neural Regen Res
TNF-a regulates L- and T-type Ca²+ currents and modulates Ca²+ channel subunit expression, participating in the
apoptosis of RGCs in glaucoma.

Azbukina N.V. et al. Biology (Basel)
Arachidonic acid can metabolize into inflammation-related substances, participating in the pathological process of
glaucoma. Lyso-PAF may convert to PAF, involved in inflammation. Both may interact with inflammatory factors such as
TNF-a, IL-1, IL-6, and IFN-g, influencing the development of glaucoma inflammation.

Yun S et al. Vet Ophthalmol
In PACG, inflammation-related proteins and pathways are upregulated. SPP1 promotes the secretion of inflammatory
factors such as IL-6 and TNF-a, while PGLYRP2 induces the production of IL-1 and IL-6, participating in the
inflammatory response in glaucoma.

Frolov M.A. et al. Vestn Oftalmol
In the high IOP group, concentrations of IL-6 and others are significantly upregulated, with IL-6 positively correlated
with high IOP. Anti-MBP antibodies may activate immune cells to release inflammatory factors such as TNF-a, IL-1, and
IL-6, participating in the pathological process of glaucoma.

Cao L et al.
Int J Physiol
Pathophysiol
Pharmacol

Early changes in retinal immune responses in glaucoma. Rac1 may regulate the expression and release of inflammatory
factors via the MAPK pathway, suggesting that TNF-a, IL-1, and IL-6 participate in early retinal pathological processes.

Elshahaly M et al. Curr Rheumatol Rev
In Behçet’s disease patients with uveitis, females have high levels of acute-phase reactants ESR and CRP, suggesting a link
to the inflammatory process in glaucoma. Inflammatory factors such as TNF-a, IL-1, and IL-6 may also influence the
onset and progression of glaucoma.

Wang C.Y. et al. Ophthalmic Res
IL-6 is associated with the severity of normal-tension glaucoma, regulating immune cell activity and affecting the survival
or death of retinal ganglion cells. The IL-6 (-174) locus gene polymorphism influences the onset and progression
of glaucoma.

Reinehr S et al. Front Cell Neurosci
In autoimmune glaucoma models, complement system activation is observed with increased deposition of C3 and MAC,
suggesting that intraocular inflammation plays a role in glaucomatous neurodegeneration. TNF-a, IL-1, and IL-6 may
influence C3 and MAC, participating in the inflammatory process of glaucoma.
F
rontiers in Immunolog
y
VEGF, Vascular Endothelial Growth Factor; IL, Interleukin; TNF-a, Tumor Necrosis Factor-alpha; lncRNA, Long Non-Coding RNA; ceRNA, Competing Endogenous RNA; ICAM-1,
Intercellular Adhesion Molecule 1; RGC, Retinal Ganglion Cell; MAPK, Mitogen-Activated Protein Kinase; GRM5, Glutamate Metabotropic Receptor 5; hs-CRP, High-Sensitivity C-Reactive
Protein; CIH, Chronic Intermittent Hypoxia; MCP-1, Monocyte Chemoattractant Protein-1; PAF, Platelet-Activating Factor; IFN-g, Interferon-gamma; PACG, Primary Angle, Closure
Glaucoma; SPP1, Secreted Phosphoprotein 1; PGLYRP2, Peptidoglycan Recognition Protein 2; MBP, Myelin Basic Protein; Rac1, Ras-related C3 botulinum toxin substrate 1; ESR, Erythrocyte
Sedimentation Rate; CRP-C, Reactive Protein; C3, Complement Component 3; MAC, Membrane Attack Complex.
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MAC formation in the retina and optic nerve, which directly

damages retinal ganglion cells (RGCs) and oligodendrocytes (7).

C3a/C5a fragments recruit pro-inflammatory microglia, amplifying

TNF-a/IL-1b release and disrupting the blood-retinal barrier.

Hypoxia-inducible Factors-1a(HIF-1a) (15) and genetic variants

like IL-6 (-174C) (22) further synergize with complement to

exacerbate oxidative stress and neurodegeneration.
3.2 Interleukin-6

3.2.1 Interference with aqueous humor drainage
IL-6 promotes the activation and proliferation of immune cells,

exacerbates the ocular inflammatory response. It regulates the

cytokine network, affects the functions of trabecular meshwork

cells and the metabolism of the extracellular matrix, interferes with

the normal drainage of aqueous humor, and participates in the

process of increasing intraocular pressure (6, 22).

3.2.2 Damage to the optic nerve
IL-6 alters the permeability of ocular blood vessels, leading to

tissue edema and affecting the normal physiological functions of the

eyes. It acts synergistically with other inflammatory factors (10) to

damage the optic nerve and accelerate the deterioration

of glaucoma.

3.2.3 Involvement in the disease process
IL-6 is an important immune mediator in the prediction model

of primary open-angle glaucoma. In normal-tension glaucoma

(NTG), the serum IL-6 level is related to the disease severity (22).

The serum IL-6 level in advanced-stage patients is higher than that

in early-and mid-stage patients. It may affect the survival or death of

retinal ganglion cells and interfere with the normal metabolism and

functions of intraocular tissues. The gene polymorphism at the IL-6

(-174) locus is related to some clinical indicators of NTG patients,

affecting the expression level or functional activity of IL-6, and thus

influencing the occurrence and development of glaucoma.

3.2.4 Active the complement system indirectly
IL-6 promotes B cell proliferation and differentiation, leading to

increased antibody production. These antibodies then activate the

classical complement pathway by forming immune complexes that

bind Complement component 1q (C1q). IL-6 also enhances

vascular endothelial cell permeability through intracellular

signaling pathways, facilitating complement component

extravasation into ocular tissues (7).
3.3 Interleukin-1

3.3.1 Triggering the inflammatory response
IL-1 promotes the migration and aggregation of inflammatory

cells to sites such as the trabecular meshwork and the optic nerve,

triggering a local inflammatory response. It releases multiple

inflammatory mediators, which damage the trabecular meshwork
Frontiers in Immunology 05
tissue and the optic nerve, and affect the normal drainage of

aqueous humor and the function of the optic nerve (10, 13, 14, 17).

3.3.2 Interfering with aqueous humor drainage
IL-1 stimulates immune cells, putting the ocular tissues in an

inflammatory state. It interferes with the metabolism and functions

of trabecular meshwork cells, increases the resistance to aqueous

humor outflow, and raises the intraocular pressure (5).

Additionally, it affects the synthesis and degradation of the

extracellular matrix, alters the structure of the trabecular

meshwork, and impedes the drainage of aqueous humor (11).

3.3.3 Amplifying the inflammatory cascade
IL-1 is released in response to the abnormal pathological

changes in the eyes of patients with pseudoexfoliation syndrome.

It activates inflammatory cells, attracts more immune cells to

migrate to the ocular inflammatory sites, and amplifies the

inflammatory cascade (11). It also changes the structure and

function of the trabecular meshwork, reducing its ability to drain

aqueous humor and increasing the intraocular pressure. Moreover,

it induces cells to produce other inflammatory mediators and

cytokines, disrupting the microenvironment of ocular tissues and

damaging the optic nerve (5).

3.3.4 Activating the complement system
IL-1 stimulates ocular cells and immune cells, upregulates the

expression of C3, regulates the activity of related proteins in the

complement activation pathway, promotes the cleavage and

activation of C3, and increases the formation of the MAC. It

enhances the chemotaxis of inflammatory cells, amplifies the

inflammatory response, and exacerbates the damage of ocular

tissues by C3 and MAC (7, 20).
3.4 Vascular endothelial growth factor

In neovascular glaucoma (NVG), an increase in VEGF levels

raises vascular permeability, causing substances within the blood

vessels to leak. It stimulates the division of endothelial cells and

promotes neovascularization. The newly formed blood vessels are

structurally unstable and prone to leakage, leading to edema of

intraocular tissues, the growth of fibrovascular membranes,

obstruction of aqueous humor outflow, an increase in intraocular

pressure, and further damage to the optic nerve (8). In the

highintraocular-pressure group after vitrectomy for retinal

detachment, the VEGF concentration is significantly upregulated,

suggesting a possible association between VEGF and intraocular

inflammation as well as the development of glaucoma (19).
3.5 Monocyte chemoattractant protein-1

Monocyte chemoattractant protein-1 (MCP-1), also known as

C-C chemokine ligand 2 (CCL2), belongs to the chemokine family.

MCP-1 plays a crucial role in the physiological and pathological
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processes of the eye, especially in the occurrence and development

of primary open-angle glaucoma (POAG). MCP-1 is an important

immune mediator in predicting primary open-angle glaucoma. It is

an indicator of the ocular inflammatory state, capable of recruiting

immune cells, promoting the inflammatory response, and

participating in the pathological process of glaucoma. However,

its specificity is relatively low (6).
3.6 Angiogenin

Angiogenin is an important immune mediator in predicting

primary open-angle glaucoma and is related to the process of ocular

angiogenesis. It is closely associated with ocular angiogenesis. When

abnormal, it can lead to disordered angiogenesis. It may play a

significant role in the development of glaucoma by causing tissue

edema, regulating inflammation, affecting the function of the

trabecular meshwork, and so on (6).
3.7 Interleukin-17A

IL-17A is significantly upregulated in the retinas of mice with

chronic ocular hypertension. It promotes the activation of microglia

and the release of pro-inflammatory cytokines and enhances the

phenotypic transformation of activated microglia from the M2 type

in the early stage to the M1 type in the late-stage glaucoma retina. It

promotes the activation of retinal microglia through the p38

Mitogen-Activated Protein Kinase (MAPK) signaling pathway and

participates in regulating the retinal immune response and the death

of retinal ganglion cells in experimental glaucoma. Inhibiting IL-17A

can reduce the loss of retinal ganglion cells and improve axonal

quality and the performance offlash visual evoked potential, which is

helpful for alleviating glaucomatous neuropathy. Thus, it is an

innovative target for glaucoma treatment strategies (12).
3.8 Interferon-g

IFN-g may be induced and produced during the immune-

inflammatory response triggered by arachidonic acid. It activates

immune cells such as macrophages, enhances their killing activity

and the ability to release inflammatory mediators, regulates the

immune response, indirectly affects the survival and function of

retinal ganglion cells, and participates in the chronic inflammatory

process of glaucoma. Lyso-PAF may indirectly affect the production

and release of IFN-g by regulating the functions of immune cells,

thus influencing the inflammatory state of glaucoma (17).
3.9 Secreted phosphoprotein 1 (SPP1, also
known as osteopontin)

Osteopontin, namely, SPP1, is of great significance in the

occurrence and development of glaucoma. It can bind to multiple
Frontiers in Immunology 06
receptors on the cell surface, attract the aggregation of immune

cells, and promote the secretion of inflammatory factors such as IL-

6 and TNF-a, thereby activating the inflammatory response (23). In

the pathological process of primary angle-closure glaucoma, this

inflammatory response interferes with the normal physiological

functions of the eye and promotes the progression of the disease.

Animal experimental studies have found that SPP1 is significantly

increased in the aqueous humor of dogs with a primary angle-

closure glaucoma (PACG) model (10).
3.10 Peptidoglycan recognition protein 2

PGLYRP2 can recognize bacterial peptidoglycan, activate

downstream immune signaling pathways, and promote the

massive production of inflammatory factors such as IL-1 and IL-

6, triggering an inflammatory response. These inflammatory factors

damage the normal structure and function of intraocular tissues,

interfere with the drainage of aqueous humor, participate in the

inflammatory response of glaucoma, and drive the progression of

the disease (10, 24).
4 Discussion

Glaucoma, a key eye disease causing irreversible vision

impairment worldwide, has a prevalence that is constantly rising

with the aging of the population. It imposes a heavy burden on

patients, families, and society (25, 26). In the past, glaucoma was

often considered a disease caused by congenital abnormalities, while

the impact of inflammatory factors during its pathogenesis was

overlooked. In recent years, remarkable progress has been made

in the research on inflammatory factors in the intraocular fluid

of glaucoma patients. This review retrieved relevant articles from

the PubMed database, and after screening, 19 articles were selected

to deeply explore the mechanism of action of inflammatory factors

in the occurrence and development of glaucoma. The study found

that the levels of multiple inflammatory factors in the intraocular

fluid of glaucoma patients are abnormal, and the inflammatory

response plays a crucial role in the pathogenesis of glaucoma.

Meanwhile, we made a comparison table for the abnormal

cytokine expressions of different glaucoma subtypes, as detailed

in Table 2.

Evidence reveals distinct cytokine signatures across glaucoma

subtypes, offering diagnostic and therapeutic implications. In NVG,

VEGF-driven angiogenesis dominates pathological changes (27),

suggesting anti-VEGF biologics as a priority intervention. POAG

exhibits elevated MCP-1 and angiogenin levels, indicating chronic

leukocyte infiltration (6). IL-6 shows higher aqueous levels in

POAG and NTG compared to controls (28), correlating with

optic neurodegeneration severity. These subtype-cytokine

associations underscore the necessity for personalized therapeutic

strategies targeting dominant inflammatory pathways, which may

improve treatment precision compared to conventional IOP-

lowering approaches.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1577200
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lin and Li 10.3389/fimmu.2025.1577200
Among numerous inflammatory factors, TNF-a, IL-6, and IL-1

are particularly critical. TNF-a can affect the function of the

trabecular meshwork, damage retinal ganglion cells, regulate

calcium channel currents, participate in the inflammatory

cascade, and activate the complement system. IL-6 interferes with

the drainage of aqueous humor, damages the optic nerve,

participates in the disease process, and regulates the complement

system. IL-1 triggers the inflammatory response, interferes with

aqueous humor drainage, amplifies the inflammatory cascade, and

activates the complement system. In addition, multiple

inflammatory factors such as VEGF and MCP-1 also play roles to

varying degrees in the pathological process of glaucoma.

In addition to the content we retrieved, Emerging evidence

highlights additional inflammatory mechanisms in glaucoma

pathogenesis. Microglial activation initiates neuroinflammation by

releasing reactive oxygen species (ROS) and pro-inflammatory

cytokines, accelerating RGC apoptosis (29). Oxidative stress

disrupts mitochondrial dynamics through impaired mitophagy,

exacerbating RGC vulnerability to intraocular pressure

fluctuations (30, 31). Mitochondrial dysfunction manifests as

reduced Adenosine Triphosphate (ATP) production and

increased cytochrome c release, activating caspase-dependent

apoptotic pathways (32, 33). These mechanisms synergistically

interact with cytokine networks, forming a self-amplifying

inflammatory cascade.

Recent evidence highlights the NACHT, LRR and PYD

domains-containing protein 3 (NLRP3) inflammasome as a

cr i t ica l mediator br idging biomechanica l s t ress and

neuroinflammation in glaucoma. Elevated IL-1b colocalizes with

NLRP3+ astrocytes at the optic nerve head, where ATP release from
Frontiers in Immunology 07
mechanically stressed RGCs triggers Purinergic receptor P2X7-

dependent NLRP3 oligomerization and caspase-1 activation (34).

Concurrently, Toll-like Receptor 4 (TLR4) upregulation in glial cells

enables the detection of damage-associated molecular patterns,

driving NF-kB-mediated TNF-a production through Myeloid

Differentiation Primary Response 88 (MyD88) signaling (35, 36).

Notably, MCC950 (NLRP3 inhibitor) and TAK-242 (TLR4

antagonist) demonstrate neuroprotection in preclinical models by

suppressing Apoptosis-associated Speck-like protein containing a

CARD (ASC) speck formation and microglial reactivity. These

findings position innate immune sensors as promising therapeutic

targets for glaucoma-related neurodegeneration.

At the same time, emerging evidence highlights advanced

glycation end-products (AGEs) and their receptor (RAGE) as

pivotal contributors to glaucomatous neurodegeneration. The

AGEs/RAGE axis promotes oxidative stress and chronic

inflammation through sustained NF-kB activation, exacerbating

trabecular meshwork dysfunction and retinal ganglion cell

apoptosis (37). AGEs accumulate in glaucomatous optic nerve

heads and may interact synergistically with TNF-a and IL-6 to

amplify neuroinflammatory cascades (38). This pathway accelerates

extracellular matrix remodeling and enhances vascular

permeabil i ty , potential ly explaining IOP-independent

neurodegeneration in normal-tension glaucoma. Future

therapeutic strategies targeting AGE-RAGE signaling may

complement existing anti-inflammatory approaches.

In glaucoma, emerging anti-inflammatory approaches hold

great potential. Some investigational drugs like small-molecule

inhibitors target key inflammatory pathways. Currently, there are

ongoing clinical trials exploring biologics such as monoclonal
TABLE 2 Abnormal cytokine expressions of different glaucoma subtypes.

Glaucoma Subtype
Significantly Elevated

Cytokines
Significantly Reduced

Cytokines
Pathogenic Mechanisms References

Neovascular Glaucoma (NVG) VEGF↑, IL-6↑, TNF-a↑ PEDF↓
Ischemia-driven angiogenesis
Fibrovascular
membrane obstruction

(8, 19)

Primary Open-Angle
Glaucoma (POAG)

MCP-1↑, IL-6↑, IL-17a↑ –

Trabecular meshwork
inflammation
Microglial activation via
p38 MAPK

(6, 12, 16)

Primary Angle-Closure
Glaucoma (PACG)

IL-6↑, SPP1↑ –
Uveoscleral outflow obstruction
Macrophage recruitment

(10, 18)

Normal-Tension Glaucoma (NTG)
IL-6↑ (in advanced stages),

TNF-a↑
–

IL-6(-174C) polymorphism
Complement-
mediated neurodegeneration

(7, 22)

Pseudoexfoliation IL-1b↑, TNF-a↑ Clusterin↓
Oxidative protein aggregation
Lysophospholipid dysregulation

(11, 13)

OSA-Associated Glaucoma
HIF-1a↑,
8-OHdG↑

SOD2↓

Chronic hypoxia-reoxygenation
injury
Mitochondrial
ROS overproduction

(15)
VEGF, Vascular Endothelial Growth Factor; IL, Interleukin; TNF-a, Tumor Necrosis Factor-alpha; PEDF, Pigment Epithelium-Derived Factor; MCP, Monocyte Chemoattractant Protein; SPP1,
Secreted Phosphoprotein 1; 8-OHdG, 8-Hydroxy-2’-deoxyguanosine; HIF, Hypoxia-Inducible Factor; SOD, Superoxide Dismutase; OSA, obstructive sleep apnea.
"↑" indicates an increase in the concentration of the labeled cytokine, while "↓" indicates a decrease in the concentration of the labeled cells.
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antibodies against inflammatory cytokines. These efforts seek to

develop more effective therapies by precisely targeting

inflammation, which could potentially enhance the current

glaucoma treatment strategies (39).

Based on these findings, future glaucoma treatments can be

carried out in multiple aspects. In terms of drug therapy, biological

agents targeting inflammatory factors can be developed, such as

TNF-a inhibitors, IL-6 receptor antagonists, and IL-1 antagonists.

In the field of gene therapy, gene editing techniques and RNA

interference technologies can be utilized to regulate the expression

of inflammation-related genes. Moreover, by using inflammatory

factors as biomarkers, personalized and precise treatments can be

implemented according to patients’ inflammatory factor profiles

and genetic characteristics. However, challenges persist in ocular

drug delivery due to blood-retinal barrier restrictions, requiring

nanoparticle-based delivery systems for targeted therapy (40).

Systemic immunosuppression risks infection exacerbation and

requires careful risk-benefit evaluation (41). While animal models

demonstrate efficacy, interspecies differences in immune responses

may limit clinical translation (42). Gene therapy faces technical

hurdles in vector selection and ethical concerns regarding off-target

effects (43). Additionally, inequitable healthcare resource allocation,

particularly the prohibitive costs of advanced therapies exacerbating

health disparities, constitutes a critical socioeconomic and ethical

challenge in clinical translation.

This review is of great significance for clinical practice and

research. Clinically, it helps clinicians quickly master the cutting-

edge knowledge related to inflammatory factors in glaucoma. By

monitoring these factors, early diagnosis and treatment of glaucoma

can be achieved, providing a theoretical basis for formulating more

precise treatment plans. In the research field, it clarifies the

deficiencies of existing studies, points the way for subsequent

scientific research, and promotes the innovative development of

glaucoma treatment. In the future, it is expected that through in-

depth research on inflammatory factors, more targeted therapeutic

drugs, and intervention measures can be developed, further

improving the prognosis of glaucoma patients worldwide and

reducing the social burden imposed by glaucoma.

Notably, our reliance on PubMed alone introduces potential

selection bias despite its comprehensive biomedical coverage. While

MeSH normalization optimized precision, studies excluded other

datasets, which may lead to underrepresentation. This
Frontiers in Immunology 08
methodological constraint necessitates a cautious interpretation of

the generalizability of the therapeutic mechanism, particularly

regarding non-English evidence.
Author contributions

BL: Writing – original draft, Writing – review & editing. DL:

Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

Thanks to Jing Tang for her help in data collection in this study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Jayaram H, Kolko M, Friedman DS, Gazzard G. Glaucoma: now and beyond.
Lancet. (2023) 402:1788–801. doi: 10.1016/S0140-6736(23)01289-8

2. Kang JM, Tanna AP. Glaucoma. Med Clin North Am. (2021) 105:493–510.
doi: 10.1016/j.mcna.2021.01.004

3. Barbosa LEO, Barboza WL, Guedes RP, Pereira CDR, Susanna RJr., Hatanaka M.
Selective laser trabeculoplasty as a substitute for medications in patients with mild-to-
moderate glaucoma in the Brazilian public health system. J Glaucoma. (2024) 33:303–9.
doi: 10.1097/IJG.0000000000002343

4. Jonas JB, Wei WB, Xu L, Wang YX. Systemic inflammation and eye diseases. The
Beijing Eye Study. PloS One. (2018) 13:e0204263. doi: 10.1371/journal.pone.0204263
5. Mrugacz M, Bryl A, Falkowski M, Zorena K. Integrins: an important link between
angiogenesis, inflammation and eye diseases. Cells. (2021) 10:1703. doi: 10.3390/
cells10071703

6. Nezu N, Usui Y, Saito A, Shimizu H, Asakage M, Yamakawa N, et al. Machine
learning approach for intraocular disease prediction based on aqueous humor immune
mediator profi les. Ophthalmology . (2021) 128:1197–208. doi: 10.1016/
j.ophtha.2021.01.019

7. Reinehr S, Reinhard J, Gandej M, Kuehn S, Noristani R, Faissner A, et al.
Simultaneous complement response via lectin pathway in retina and optic nerve in
an experimental autoimmune glaucoma model. Front Cell Neurosci. (2016) 10:140.
doi: 10.3389/fncel.2016.00140
frontiersin.org

https://doi.org/10.1016/S0140-6736(23)01289-8
https://doi.org/10.1016/j.mcna.2021.01.004
https://doi.org/10.1097/IJG.0000000000002343
https://doi.org/10.1371/journal.pone.0204263
https://doi.org/10.3390/cells10071703
https://doi.org/10.3390/cells10071703
https://doi.org/10.1016/j.ophtha.2021.01.019
https://doi.org/10.1016/j.ophtha.2021.01.019
https://doi.org/10.3389/fncel.2016.00140
https://doi.org/10.3389/fimmu.2025.1577200
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lin and Li 10.3389/fimmu.2025.1577200
8. Havens SJ, Gulati V. Neovascular glaucoma. Dev Ophthalmol. (2016) 55:196–204.
doi: 10.1159/000431196

9. Zhang L, Dong Y, Wang Y, Gao J, Lv J, Sun J, et al. Long non-coding RNAs in
ocular diseases: new and potential therapeutic targets. FEBS J. (2019) 286:2261–72.
doi: 10.1111/febs.2019.286.issue-12

10. Musciano AR, Lanza MR, Dubielzig RR, Teixeira LBC, Durham AC. Clinical and
histopathological classification of feline intraocular lymphoma. Vet Ophthalmol. (2020)
23:77–89. doi: 10.1111/vop.12692

11. Kapuganti RS, Mohanty PP, Alone DP. Quantitative analysis of circulating levels
of vimentin, clusterin and fibulin-5 in patients with pseudoexfoliation syndrome and
glaucoma. Exp Eye Res. (2022) 224:109236. doi: 10.1016/j.exer.2022.109236

12. Chen J, Zhong H, Yu H, Sun J, Shen B, Xu X, et al. Interleukin-17A modulates
retinal inflammation by regulating microglial activation via the p38 MAPK pathway in
experimental glaucoma neuropathy. FASEB J. (2023) 37:e22945. doi: 10.1096/
fj.202202056RR

13. Simcoe MJ, Shah A, Fan B, Choquet H, Weisschuh N, Waseem NH, et al.
Genome-wide association study identifies two common loci associated with pigment
dispersion syndrome/pigmentary glaucoma and implicates myopia in its development.
Ophthalmology. (2022) 129:626–36. doi: 10.1016/j.ophtha.2022.01.005

14. Chou TH, Musada GR, Romano GL, Bolton E, Porciatti V. Anesthetic
preconditioning as endogenous neuroprotection in glaucoma. Int J Mol Sci. (2018)
19:237. doi: 10.3390/ijms19010237

15. Donkor N, Gardner JJ, Bradshaw JL, Cunningham RL, Inman DM. Ocular
inflammation and oxidative stress as a result of chronic intermittent hypoxia: A rat
model of sleep apnea. Antioxidants (Basel). (2024) 13:878. doi: 10.3390/antiox13070878

16. Wang HN, Qian WJ, Zhao GL, Li F, Miao YY, Lei B, et al. L- and T-type Ca(2+)
channels dichotomously contribute to retinal ganglion cell injury in experimental
glaucoma. Neural Regener Res. (2023) 18:1570–7. doi: 10.4103/1673-5374.360277

17. Azbukina NV, Chistyakov DV, Goriainov SV, Kotelin VI, Fedoseeva EV, Petrov
SY, et al. Targeted lipidomic analysis of aqueous humor reveals signaling lipid-
mediated pathways in primary open-angle glaucoma. Biol (Basel). (2021) 10:658.
doi: 10.3390/biology10070658

18. Yun S, Lee D, Kang S, Kim DW, Kim Y, Cho JY, et al. Proteomic analysis of
aqueous humor in canine primary angle-closure glaucoma in American Cocker Spaniel
dogs. Vet Ophthalmol. (2021) 24:520–32. doi: 10.1111/vop.12937

19. Frolov MA, Likhvantseva VG, Kovelenova IV, Solomatina MV. Significance of
anti-myelin basic protein antibodies for ocular hydrodynamic disturbances in primary
open-angle glaucoma. Vestn Oftalmol. (2017) 133:37–43. doi: 10.17116/
oftalma2017133337-43

20. Cao L, Wang L, Cull G, Zhou A. Alterations in molecular pathways in the retina
of early experimental glaucoma eyes. Int J Physiol Pathophysiol Pharmacol. (2015)
7:44–53.

21. Elshahaly M, Latif IAE, Bassiouni H. Clinical characteristics of Behcet’s disease
in 453 Egyptian patients suffering from uveitis with gender comparison. Curr
Rheumatol Rev. (2020) 16:285–92. doi: 10.2174/1573397115666191007102317

22. Wang CY, Liang CY, Feng SC, Lin KH, Lee HN, Shen YC, et al. Analysis of the
interleukin-6 (-174) locus polymorphism and serum IL-6 levels with the severity of
normal tension glaucoma. Ophthalmic Res. (2017) 57:224–9. doi: 10.1159/000455152

23. Zhao M, Toma K, Kinde B, Li L, Patel AK, Wu KY, et al. Osteopontin drives
retinal ganglion cell resiliency in glaucomatous optic neuropathy. Cell Rep. (2023)
42:113038. doi: 10.1016/j.celrep.2023.113038

24. Baruah P, Dumitriu IE, Peri G, Russo V, Mantovani A, Manfredi AA, et al. The
tissue pentraxin PTX3 limits C1q-mediated complement activation and phagocytosis of
Frontiers in Immunology 09
apoptotic cells by dendritic cells. J Leukoc Biol. (2006) 80:87–95. doi: 10.1189/
jlb.0805445

25. Voelker R. What is glaucoma? JAMA. (2023) 330:1594. doi: 10.1001/
jama.2023.16311

26. Lin B, Xu M, Chen L-l, Li X-k. A study exploring the causal relationship between
glaucoma and anxiety disorders. Front Med. (2024) 11:1410607. doi: 10.3389/
fmed.2024.1410607

27. Jie G, Qiu-ming L, Shu-qian D. The treatment of neovascular glaucoma. Int Rev
Ophthalmol. (2017) 41:191–8.

28. Hamid MA, Moemen L, Labib H, Helmy H, Elsergany T. Risk of open angle
glaucoma due to tumor necrosis factor alpha gene polymorphisms. Electron Physician.
(2016) 8:1978–83. doi: 10.19082/1978

29. Kierdorf K, Prinz M. Factors regulating microglia activation. Front Cell Neurosci.
(2013) 7:44. doi: 10.3389/fncel.2013.00044

30. Sies H. Oxidative stress: concept and some practical aspects. Antioxidants
(Basel). (2020) 9:852. doi: 10.3390/antiox9090852

31. Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi G, Serban AI. Oxidative stress
mitigation by antioxidants - An overview on their chemistry and influences on health
status. Eur J Med Chem. (2021) 209:112891. doi: 10.1016/j.ejmech.2020.112891

32. Spees JL, Olson SD, Whitney MJ, Prockop DJ. Mitochondrial transfer between
cells can rescue aerobic respiration. Proc Natl Acad Sci U S A. (2006) 103:1283–8.
doi: 10.1073/pnas.0510511103

33. Glover HL, Schreiner A, Dewson G, Tait SWG. Mitochondria and cell death. Nat
Cell Biol. (2024) 26:1434–46. doi: 10.1038/s41556-024-01429-4

34. Coyle S, Khan MN, Chemaly M, Callaghan B, Doyle C, Willoughby CE, et al.
Targeting the NLRP3 inflammasome in glaucoma. Biomolecules. (2021) 11:1239.
doi: 10.3390/biom11081239

35. Thakur KK, Bolshette NB, Trandafir C, Jamdade VS, Istrate A, Gogoi R, et al.
Role of toll-like receptors in multiple myeloma and recent advances. Exp Hematol.
(2015) 43:158–67. doi: 10.1016/j.exphem.2014.11.003

36. Huang Y, Zhang G, Li S, Feng J, Zhang Z. Innate and adaptive immunity in
neurodegenerative disease. Cell Mol Life Sci. (2025) 82:68. doi: 10.1007/s00018-024-05533-4

37. Tezel G, Luo C, Yang X. Accelerated aging in glaucoma: immunohistochemical
assessment of advanced glycation end products in the human retina and optic nerve
head. Invest Ophthalmol Vis Sci. (2007) 48:1201–11. doi: 10.1167/iovs.06-0737

38. Massey N, Puttachary S, Bhat SM, Kanthasamy AG, Charavaryamath C.
HMGB1-RAGE signaling plays a role in organic dust-induced microglial activation
and neuroinflammation. Toxicol Sci. (2019) 169:579–92. doi: 10.1093/toxsci/kfz071

39. Cvenkel B, Kolko M. Current medical therapy and future trends in the
management of glaucoma treatment. J Ophthalmol. (2020) 2020:6138132.
doi: 10.1155/2020/6138132

40. Wang L, Zhang H. Ocular barriers as a double-edged sword: preventing and
facilitating drug delivery to the retina. Drug Delivery Transl Res. (2023) 13:547–67.
doi: 10.1007/s13346-022-01231-5

41. Paschalis EI, Zhou C, Lei F, Scott N, Kapoulea V, Robert MC, et al. Mechanisms
of retinal damage after ocular alkali burns. Am J Pathol. (2017) 187:1327–42.
doi: 10.1016/j.ajpath.2017.02.005

42. Cade F, Paschalis EI, Regatieri CV, Vavvas DG, Dana R, Dohlman CH. Alkali
burn to the eye: protection using TNF-alpha inhibition. Cornea. (2014) 33:382–9.
doi: 10.1097/ICO.0000000000000071

43. Doudna JA. The promise and challenge of therapeutic genome editing. Nature.
(2020) 578:229–36. doi: 10.1038/s41586-020-1978-5
frontiersin.org

https://doi.org/10.1159/000431196
https://doi.org/10.1111/febs.2019.286.issue-12
https://doi.org/10.1111/vop.12692
https://doi.org/10.1016/j.exer.2022.109236
https://doi.org/10.1096/fj.202202056RR
https://doi.org/10.1096/fj.202202056RR
https://doi.org/10.1016/j.ophtha.2022.01.005
https://doi.org/10.3390/ijms19010237
https://doi.org/10.3390/antiox13070878
https://doi.org/10.4103/1673-5374.360277
https://doi.org/10.3390/biology10070658
https://doi.org/10.1111/vop.12937
https://doi.org/10.17116/oftalma2017133337-43
https://doi.org/10.17116/oftalma2017133337-43
https://doi.org/10.2174/1573397115666191007102317
https://doi.org/10.1159/000455152
https://doi.org/10.1016/j.celrep.2023.113038
https://doi.org/10.1189/jlb.0805445
https://doi.org/10.1189/jlb.0805445
https://doi.org/10.1001/jama.2023.16311
https://doi.org/10.1001/jama.2023.16311
https://doi.org/10.3389/fmed.2024.1410607
https://doi.org/10.3389/fmed.2024.1410607
https://doi.org/10.19082/1978
https://doi.org/10.3389/fncel.2013.00044
https://doi.org/10.3390/antiox9090852
https://doi.org/10.1016/j.ejmech.2020.112891
https://doi.org/10.1073/pnas.0510511103
https://doi.org/10.1038/s41556-024-01429-4
https://doi.org/10.3390/biom11081239
https://doi.org/10.1016/j.exphem.2014.11.003
https://doi.org/10.1007/s00018-024-05533-4
https://doi.org/10.1167/iovs.06-0737
https://doi.org/10.1093/toxsci/kfz071
https://doi.org/10.1155/2020/6138132
https://doi.org/10.1007/s13346-022-01231-5
https://doi.org/10.1016/j.ajpath.2017.02.005
https://doi.org/10.1097/ICO.0000000000000071
https://doi.org/10.1038/s41586-020-1978-5
https://doi.org/10.3389/fimmu.2025.1577200
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The pivotal role of inflammatory factors in glaucoma: a systematic review
	1 Introduction
	2 Methods
	3 The Influence of inflammation on the development and progression of glaucoma
	3.1 Tumor necrosis factor-α
	3.1.1 Impact on trabecular meshwork function
	3.1.2 Damage to retinal ganglion cells
	3.1.3 Regulation of calcium channel currents
	3.1.4 Involvement in the inflammatory cascade
	3.1.5 Activation of the complement system

	3.2 Interleukin-6
	3.2.1 Interference with aqueous humor drainage
	3.2.2 Damage to the optic nerve
	3.2.3 Involvement in the disease process
	3.2.4 Active the complement system indirectly

	3.3 Interleukin-1
	3.3.1 Triggering the inflammatory response
	3.3.2 Interfering with aqueous humor drainage
	3.3.3 Amplifying the inflammatory cascade
	3.3.4 Activating the complement system

	3.4 Vascular endothelial growth factor
	3.5 Monocyte chemoattractant protein-1
	3.6 Angiogenin
	3.7 Interleukin-17A
	3.8 Interferon-&gamma;
	3.9 Secreted phosphoprotein 1 (SPP1, also known as osteopontin)
	3.10 Peptidoglycan recognition protein 2

	4 Discussion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


