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Abstract: Diabetic retinopathy (DR) is one of the most common microvascular complications of diabetes. In recent years, with the
number of diabetic patients increasing annually, the number of DR patients has also been rising, and it has become one of the major
blinding eye diseases worldwide. The pathogenesis of DR has not been fully clarified but includes microvascular lesions and metabolic
factors. However, with the continuous exploration of the pathogenesis of DR, immune system disorders and inflammation have also
been found to be important pathogenic mechanisms of DR and research on inflammation and immune mechanisms in DR have
received increasing attention. This article reviews aspects such as the activation of inflammatory cells, the expression of inflammatory
factors, and the complement system and explores the important roles of inflammation and immune mechanisms in the pathogenesis of
DR, providing a theoretical basis for a deeper understanding of DR and potential explorations of new therapeutic strategies for DR.
Keywords: diabetic retinopathy, diabetes, inflammation, immune mechanism, research progress, macular degeneration, proliferative
diabetic retinopathy

Introduction
Diabetes is currently the most common metabolic disease globally.' Diabetic retinopathy (DR) is a serious and common
complication of diabetes and a leading cause of blindness. It affects people of all ages worldwide. The prevalence rate is
34.6% (93 million) among adults aged 40 and above.* A systematic review focusing on population-based studies
estimated that the annual incidence rate of DR increased from 2.2% to 12.7%.> Almost all patients with type 1 diabetes
will experience some degree of DR within 20 years after disease onset. In contrast, almost 60% of patients with type 2
diabetes will experience DR within the same time frame.® Failure to treat DR in a timely fashion will lead to its
progression from a mild, nonproliferative form to moderate and severe forms. These, in turn, will further develop into
proliferative DR (PDR), and severe cases will progress to neovascular glaucoma and other serious complications.”*
To date, the pathogenesis of DR has not been completely elucidated. Previous studies attributed it to microvascular
lesions and metabolic factors.” Meanwhile, various factors, including oxidative stress, mitochondrial dysfunction,
epigenetic modifications of genes, and aberrant expression of non-coding RNAs, also contribute substantially to the
onset and progression of DR.'® Retinal laser photocoagulation, vitrectomy, and intravitreal injections of anti-vascular
endothelial growth factor (VEGF) drugs are the main pharmacological options used to treat DR. Although the prognosis
of patients with DR has improved significantly, problems such as a lack of responsiveness to treatment, recurrence, and
long-term decline in vision continue to pose a challenge. Current studies indicated the important role of inflammation and

immune mechanisms in DR."'"* This review focuses on exploring the role of immunity, inflammation-related cell

Journal of Inflammation Research 2025:18 11895-11909 11895
Received: 12 March 2025 © 2025 Cheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creati org/licenses/by-nc/4.0/). By accessing the

Accepted: 20 August 2025
Published: 28 August 2025

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4418-4844
http://orcid.org/0009-0009-5606-1375
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Cheng et al

activation, systemic inflammatory biomarkers, and the upregulation of inflammation-related factors in the pathogenesis of
DR, providing new insight and ideas for treating DR.

Microvascular Changes and Blood-Retinal Barrier Injury

DR is a microvascular complication of diabetes (Figure 1). Blood glucose levels play an important role in the occurrence
and progression of DR.'* The presence of DR indicates a compromise in microcirculation due to the diabetic environ-
ment, especially cardiovascular and cerebrovascular diseases, and other peripheral complications.'> While poor blood
glucose control is directly related to the long-term development and deterioration of DR, the initial onset of DR results
from a persistent state of hyperglycemia. Significant improvements have been made in the treatment and management of
diabetes; however, DR remains the main cause of visual impairment and blindness.'® The retina is protected by a highly
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Figure | Pathogenesis of diabetes mellitus and the stages of progression of diabetic retinopathy.
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complex immune mechanism, and the blood-retinal barrier (BRB) is the first line of defense, offering retinal immune
protection. The BRB is composed of the blood-retinal inner barrier (tight connections between retinal endothelial cells)
and the blood-retinal outer barrier (tight connection between retinal pigment epithelial cells located on Bruch’s
membrane).!” The BRB isolates the retina from exogenous pathogens. Retinal immunosuppression is triggered once
the BRB is compromised and the second and third lines of immune protection are initiated.'® Inflammation is a symptom
in the pathogenesis of DR that presents in different stages of DR, eventually leading to capillary atrexia, retinal
nonperfusion, and hypoxia. These events finally lead to endothelial cell damage and, eventually, extensive BRB damage.
The function of the retinal immune system is also severely damaged. Numerous circulating immune cells infiltrate the
retina, leading to progressive degeneration and the death of retinal neurons.'>*° DR in patients with diabetes is not only
associated with vision problems; these patients are also at high risk of developing other microvascular and macrovascular
complications. DR is a condition that is often not considered when developing personalized treatment plans for diabetes.
Coordinated activities between ophthalmologists and diabetes specialists in a clinical setting are particularly important to
ameliorate the devastating outcomes of DR.

Activation of Inflammatory Cells

Infiltration of Macrophages
The main functions of macrophages in the pathological state include phagocytosis, foreign antigen presentation, and
several regulatory functions, such as the production of cytokines and growth factors.”’ Macrophage polarization is
closely related to the pathogenesis of eye diseases®>*® Inflammatory cells, including macrophages and monocytes,
accumulate around blood vessels in response to retinal ischemia and hypoxia.?* Macrophages are involved in inflamma-
tion, oxidative stress, pathological angiogenesis, and tissue healing in the pathogenesis of DR (Figure 2).>' Macrophages
and other circulating immune cells infiltrate the retina during the course of DR, and the infiltrated immune cells and
activated microglia are collectively responsible for retinopathy.'®

M1 macrophages produce pro-inflammatory cytokines®> and are effector cells in the Th1 immune response. They kill
intracellular pathogens, remove foreign substances, and participate in acute pro-inflammatory reactions.”®*2* M1 macro-
phages, while eliminating pathogens, may also exacerbate inflammatory processes, which are harmful to tissues. An
increased abundance of M2 macrophages has been reported in the vitreous and fibrovascular membranes of patients with
PDR.*’ M2 macrophages promote angiogenesis and fibrosis, which may be exacerbated and prolonged by innate immune
disorders." An increase in blood glucose levels is the hallmark of diabetes. Changes in blood glucose levels affect the
polarization of macrophages and the secretion of inflammatory cytokines.?' In healthy individuals, the polarization of M1
and M2 macrophages is balanced in the circulation; however, the lack of anti-inflammatory cells leads to a significant
decrease in the polarization of M2 macrophages, resulting in an increase in the M1/M2 polarization ratio in the peripheral
blood of patients with type 2 diabetes.*°
animal models and in vitro experiments. Macrophage phenotypes and inflammation were analyzed. The results showed

Recent studies have evaluated glucose tolerance and insulin sensitivity using

that the polarization of the M2 macrophage phenotype could reduce insulin resistance and stabilize glucose/lipid
metabolism to a certain extent. This may become one of the most promising treatment options for diabetes. This therapy
could also help diabetic patients reduce endothelial dysfunction and prevent diabetic complications.>' ** However, in-
depth research on macrophages in DR has not been conducted, and macrophages are multifunctional. Only by
implementing different measures based on the specific conditions of the retinal microenvironment in different patients
can personalized treatment be applied. Therefore, from the perspective of the therapeutic potential that macrophages
bring to the clinical treatment of DR, difficulties remain. This is also a key point requiring further study.

Leukocyte Adhesion and Stasis

Studies have reported that the number of neutrophils in the retina and choroid of patients with diabetes is significantly
increased.” In the pathogenesis of DR, leukocyte adhesion is related to capillary endothelial cell injury and a series of
microvascular lesions such as vascular leakage, BRB damage, vascular endothelial cell injury/death, and the formation of
capillary nonperfusion areas.®® Notably, the increase in white blood cell stasis parallels increases in diabetes-related
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Figure 2 Mechanism of macrophage polarization in diabetic retinopathy (marked with a red-dashed box).

metabolic abnormalities.>® The latter results in a loss of components covering the surface of endothelial cells, decreasing
capillary density and increasing cell-free capillaries in the later stages of DR.*’ Many researchers believe that leukocyte
adhesion and leukocyte stasis play a key role in inducing chronic, low-grade inflammation in DR; however, others are of
the opinion that the increase in leukocyte stasis is the result of nonspecific endothelial cell dysfunction rather than a key
specific step in the development of DR. Therefore, leukocyte stasis may be an epiphenomenon or a secondary effect in
the pathogenesis of DR.*® Considerable controversy surrounds the role of white blood cell adhesion and stasis in DR.
Animal model experiments should be further applied to verify the specific mechanism of action in the occurrence and
development of DR, such as whether the potential molecular mechanism of activating white blood cells and enhancing
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the interaction between white blood cells and endothelial cells can reduce white blood cell stasis and BRB destruction. If
this research can achieve breakthrough progress based on this, it will provide new therapeutic strategies for treating DR.

Activation of Microglia

Microglia are phagocytes in the innate immune system of the central nervous system. The retina and optic nerve, as the
crucial components of the eye, play an important role in the immunological pathogenesis of eye diseases.*® Microglia are
mainly located in the retinal ganglion cell (RGC) layer, inner plexiform layer, and outer plexiform layer and participate in
immune responses as immune cells to maintain retinal homeostasis.”” During conditions such as hyperglycemia,
ischemia, and hypoxia, microglia are abnormally activated and further proliferate, migrate, and polarize, therefore
playing a dual role in protecting, as well as damaging, retinal tissues (Figure 3).*' The density of microglia in each
layer of the retina was reported to increase significantly in rats 4 months after the onset of streptozotocin-induced
diabetes; the branches became thicker and shorter, and microglia were activated.** Another study found that the number
of activated microglia in the retina of diabetic rats increased significantly, indicating enhanced proliferation and
migration.*?
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Figure 3 Mechanisms of microglia in the pathogenesis of diabetic retinopathy. Microglia are activated in diabetic retinopathy; microglial cell proliferation is enhanced and
their numbers are increased; migration from the inner retina to the outer retina is enhanced and microglia can migrate to the subretinal cavity and retinal pigment epithelial
(RPE) layer; activated microglia can penetrate the basement membrane of capillaries, phagocytose endothelial cells, and destroy the BRB (pathway shown with a green dotted
line). At the same time, activated microglia release inflammatory factors such as TNF-o, IL-1f, and inducible nitric oxide synthase (iNOS) to damage retinal neurons and
vascular endothelial cells, exacerbating BRB damage (pathway shown in blue dashes). Retinal neurons control the activation of microglia via the CD200-CD200R and
CX3CLI-CX3CRI pathways (pathway shown in purple dashes). Neuronal degeneration leads to pathway dysfunction, resulting in the uncontrolled activation of microglia
(pathway shown in red dashes). Increased neuronal apoptosis leads to decreased fractalkine (FKN) expression and, therefore, the insufficient inhibition of microglia, leading
to the activation of microglia. In a rat model of diabetes, an intravitreal injection of FKN reduced the expression of retinal inflammatory factors, as well as the intracellular
production of reactive oxygen species, thereby inhibiting the activation of microglia (pathway shown in Orange dashes).

Journal of Inflammation Research 2025:18 hetps: 11899



Cheng et al

Microglia may participate in the occurrence and development of DR in the following ways. (1) Microglia secrete
cytotoxic substances, and inflammatory factors mediate the apoptosis and death of RGCs."' (2) Microglia participate in
the pathogenesis of DR by disrupting the structure and function of the BRB. Studies have found that microglia can
activate the STAT3 pathway in mice by secreting interleukin (IL)-6 and decrease the expression of tight junction proteins
zonula occludens-1 and occludin to increase retinal endothelial permeability.** Other studies have reported the aggrega-
tion of microglia in the retinal pigment epithelial (RPE) layer in different mouse models of DR, suggesting that activated
microglia may migrate outside the retina in RPE cells.** (3) RGCs are lost by microglia through phagocytosis.*'***” (4)
Microglia can induce retinal neovascularization.*” In a mouse model of oxygen-induced retinopathy, microglia with

proliferative and migratory phenotypes were found to aggregate in the ischemic and neovascular areas of the retina.***°

Miller Cell Activation

Miiller cells are an important source of multiple inflammatory mediators and play a key role in initiating inflammatory
processes.”® Miiller cells are also a type of macroglial cells of the retina, which are unique to the fundus and play an
important role in maintaining retinal homeostasis.”’ DR is considered to be a neurovascular disease due to the
involvement of neurovascular units (neurons, glial cells, vascular endothelial cells, vascular smooth muscle cells, and
pericytes) rather than only a microvascular complication of diabetes.’> Degenerative changes in neurons precede changes
in microvessels, and neuronal apoptosis is observed within a few weeks of the onset of diabetes.™

Abnormal metabolic pathways resulting from diabetes can lead to cellular dysfunction, causing pathological reactions
such as oxidative stress, inflammatory response, and the disruption of the water-liquid balance.>* Miiller cells are crucial
for maintaining ion and water homeostasis, metabolic coupling, and neurotransmitter recovery (Figure 4A).”>’ They
also participate in macular drainage and the maintenance of BRB integrity and are closely related to the pathogenesis of
DR.>!*%3? Initial metabolic abnormalities resulting from hyperglycemia can affect retinal cells. Due to their special
structure and function, Miiller cells can, in turn, aggravate metabolic abnormalities and participate in other pathological
mechanisms, such as drainage dysfunction, BRB damage, and inflammation, ultimately contributing to the formation of
a complex, interacting network of pathological mechanisms in DR (Figure 4B).

Activated Miiller cells synthesize acute-phase response proteins and several growth factors and cytokines,® including
VEGF, IL-1B, IL-6, tumor necrosis factor (TNF)-a, and monocyte attractant protein (MCP)-1, in a hyperglycemic
environment.®' Studies have shown that cluster of differentiation (CD40) (a member of the TNF receptor superfamily)
is expressed in several hematopoietic and nonhematopoietic cells, as well as retinal endothelial cells and Miiller cells and
that the interaction of CD40 with its ligand, CD154, regulates cellular and humoral immunity and enhances inflammation
by activating macrophages/microglia.®> As unique glial cells in the fundus, Miiller cells play a unique role in inflamma-
tion of the fundus. Therefore, further studies on the role of Miiller cells in DR can promote our understanding of DR and
help develop suitable therapies. Furthermore, with recent advances in gene therapy, the targeting of Miiller cells may
provide a new direction for treating DR and lay a more solid foundation for its applications in treating eye diseases.

Release of Inflammatory Factors by Astrocytes

Astrocytes are in contact with retinal blood vessels and neurons and play a key role in maintaining the integrity of the
BRB.® Retinal astrocytes are closely related to blood vessels and are involved in BRB damage in DR. In early diabetes,
there is evidence that astrocytes are activated, and several pro-inflammatory cytokines, including IL-6, IL1p, IL-8,
cyclooxygenase-2, tumor growth factor-p, epidermal growth factor, macrophage inflammatory protein 2a, and VEGF, are
produced.®® Reactive astrocytes can also secrete chemokines that recruit microglia, monocytes/macrophages, and T cells,
thereby amplifying the inflammatory response.®®

Retinal Pigment Epithelium Is Involved in the Inflalmmatory Response of DR

RPE is a single layer of cells that undergoes polarization after mitosis. It plays a crucial role in maintaining the integrity of the
BRB and the physiological functions of the retina.®® Previous studies found that RPE is involved in the pathogenesis of DR.*
Experimental evidence showed that the RPE structure of diabetic animals or cells became disordered, and gene expression
changed under high glucose conditions.®”*® Studies have shown that high sugar conditions may cause structural and functional
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Figure 4 (A) Functions of Miiller cells. (a)(b) Miiller cells can maintain water and ion homeostasis. Water and ions enter cells mainly through Kir2.| and water channel
proteins on the membrane, which form synapses with retinal neurons. Water and ions are transported out of Miiller cells through Kir4.| and aquaporin (AQP)4 on the cell
membrane near the vascular plexus and vitreous cavity. (c) Lactate produced during glycolysis can be converted to pyruvate, which then enters neurons as a metabolic
substrate for the tricarboxylic acid (TCA) cycle. (d) Retinal neurons release glutamate while transmitting visual signals, and Miiller cells take up neurotransmitters including
glutamate and direct them into two different metabolic pathways: glutamate is converted to glutamine by glutamate synthetase (GS), which is then released from Miiller cells
via the sodium-coupled neutral amino acid transporter protein (SNAT), and finally transported back to neurons. (B) Metabolic abnormalities in diabetes, BRB damage, and
inflammatory and immune mechanisms are associated with cellular dysfunction and are important pathological mechanisms of DR.

damage to RPE cells, thereby contributing to the pathogenesis of DR.®” The absence of ZO-1 and occludin expression in RPE
cells may lead to the disruption of the RPE barrier, resulting in vascular leakage, retinal edema, and exudative retinal detachment,
as described in DR.”’ The changes in the growth factors and inflammatory cytokines secreted by RPE also play a role in
inflammation and angiogenesis during DR.”*
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The Role of Systemic Inflammatory Markers and Inflammatory Factors in

the Occurrence and Development of DR

At present, the new blood inflammatory markers that are easily accessible in clinical practice, including the systemic
immune inflammation index (SII), neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR), are closely
related to various inflammation-related diseases such as cardiovascular diseases’> and cancer.”® Recent research reports
showed that an increase in SII values was closely related to the existence of diabetic macular edema (DME).”* The NLR
and SII levels were significantly increased in DME patients with subretinal fluid (SRF).”> These studies revealed an
association between systemic inflammatory markers, ophthalmic treatment, and DME. As promising systemic inflam-
matory markers, SII, the NLR, and the PLR have been studied in a variety of chronic diseases. SII is regarded to be

76-78 80,81 and

a predictive and prognostic marker in various cancers, autoimmune diseases,”® cardiovascular diseases,
metabolic diseases.®? The NLR is now widely applied in all medical disciplines and is regarded to reflect the body’s
response to various external or internal stimuli. Similarly, the PLR has also demonstrated potential value in multiple
diseases.®® The systemic neutrophil count is elevated in patients with DM and DR, suggesting that neutrophil-mediated
inflammation may play a significant role in the pathogenesis of DM and DR.® Currently, platelets are increasingly
recognized as being associated with inflammation. Platelet adhesion, aggregation, and secretion are all involved in the
inflammatory response.®> These indicators are correlated with the imaging features of DME, further supporting the
inflammatory origin of DME and revealing the relationship between different imaging features of DME. Thus, the
inflammatory response underlying the pathogenesis of DME may be mediated by multiple blood cells.*®

In addition to the activation of inflammatory cells, the upregulation of inflammatory factors is involved in the
occurrence and development of DR (Table 1). Numerous studies have shown that patients with diabetes have elevated
levels of inflammatory factors in the eye fluid, including hypoxia-inducing factor (HIF)-1a, VEGEF, placental growth
factor (P1GF), insulin-like growth factor 1, basic fibroblast growth factor, pigment epithelium-derived factor, IL-18, IL-2,
IL-4, IL-6, IL-8, IL-10, MCP-1/2, intercellular adhesion molecule (ICAM)-1, VCAM-1, TNF-qa, interferon-y, interferon-
y—induced protein 10, complement components 3a and 5a, and CD40.%”-*% In patients with DR, the levels of inflammatory
cytokines, including VEGF, ICAM-1, IL-1B, IL-6, TNF-a, IL-8, and MCP-1, were significantly increased in the vitreous

humor, suggesting the involvement of inflammatory factors in the pathogenesis of DR.*

Role of the Complement System in DR

An unknown heat-resistant cracking substance found in the blood at the end of the 19th century was found to be active
against various bacteria and later named “complement”.!'® Studies have shown that retinal vascular damage in DR is
closely related to the activation of the complement system.'” Other studies found that Bruch’s membrane and the
choroidal capillaries of patients with DR contain high levels of C3d and C5b-9 complexes, as well as deposits of the
membrane-attack complex.''® High levels of complement C3 are associated with an increased risk of DR.'?°
Polymorphism of the complement C5 gene is associated with PDR.'?!

Activation of the complement system may promote the development of DR via the following pathways. (1) Classical
pathway: Only a few studies have attempted to elucidate the classical pathway proteins in the retina of patients with DR;
thus, their role in the pathogenesis of DR needs to be further determined. Some studies have reported that C4b, C3, C9,
and factor B-related complement proteins in the vitreous body of patients with PDR were significantly higher than those
in nondiabetic individuals. Western blotting of C3 and factor B revealed results that were consistent with the quantitative
and timed determination of mRNA expression using RT-PCR. These findings collectively indicate that the incidence of
DR is closely related to complement activation through classical pathways.'** The absence of immunoglobulin G (IgG)
in the exosomes of diabetic mice can decrease the extent of retinal blood vessel damage. Further Cl-activation
experiments revealed that exosomes containing IgG in plasma might activate proteolysis of the C1 complex by binding
to it, thereby activating the classical complement pathway and leading to downstream retinal blood vessel damage.'** (2)
Alternative pathways: The complement-replacement pathway is overactivated in the early stages in patients with DR,
suggesting that complement-mediated inflammation may accelerate DR.'** Studies involving humans and mice demon-
strated reduced levels of the two membrane-binding inhibitors of the complement system, namely CD55 and CDS59,
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Table 1 Mechanisms of the Various Inflammatory Factors in Diabetic Retinopathy

Inflammatory Main Source of Action Mechanism of Action References
Factor
VEGF-A VEGF family members ® Retinal ischemia and hypoxia cause Miiller cells, ganglion cells, and activated [90-95]
white blood cells to produce a large amount of VEGF, which aggravates the
adhesion and stasis of white blood cells
® Accumulated white blood cells can block the binding of VEGF to its recep-
tors, potentially leading to retinal reperfusion injury
PIGF VEGF family members ® PIGF affects the growth, migration, and survival of endothelial cells mainly by [96-98]
binding to VEGF receptor-|
® The expression of proinflammatory chemokines increases under ischemic
stress
HIF-la Miiller cells Miiller cell-derived HIF-la is a key mediator of retinal angiogenesis and [99]
inflammation
TNF-a Secreted by macrophages | ® In DR, it promotes leukocyte adhesion and causes retinal vascular [100-103]
and monocytes inflammation
® Mediates nuclear factor-kappa B activation, causing retinal capillary degenera-
tion and pericyte loss
® BRB damage
ICAM-I Member of the ® Upregulation of ICAM-1 induces a significant increase in the number of white [104]
immunoglobulin superfamily blood cells
(IGSF) ® Causes capillary obstruction, endothelial cell damage, and vascular leakage
® BRB integrity is compromised
IL-6 Produced by several types | Mediates endothelial cell injury and vascular dysfunction [105,106]
of retinal cells
IL-8 Produced by several types | Promotes neovascularization and mediates endothelial cell injury [106—-109]
of retinal cells
IL-1B Mainly produced by ® Promotes the formation of new blood vessels [107,110]
macrophages ® Increases the number of cell-free capillaries and retinal vascular leakage
® Aggravates retinal capillary degeneration
Ang-2 Endothelial cell production | Ang-2 plays a crucial role in mediating inflammation and maintaining vascular [HL112]
stability, angiogenesis, and vascular permeability
MCP-1 (CCL2) Small heparin-binding ® MCP-1 can increase VEGF expression and promote neovascularization [89,113—
protein ® MCP-1 plays a key role in vascular inflammation through the induction, 115]
activation, and recruitment of monocytes and macrophages
CCL3 Small heparin-binding Related to the mechanism of early retinal damage in DR [116]
protein
CCL5 Small heparin-binding Related to the formation of fibrovascular membrane in PDR [I16]
protein
CCL21 Small heparin-binding Related to the formation of fibrovascular membrane in PDR [116]
protein
CX3CLI Small heparin-binding Increased CX3CLI levels were found in vitreous samples of patients with PDR [117]
protein
CXCLI6 Small heparin-binding Increased CX3CL16 levels were found in vitreous samples of patients with PDR [117]
protein

suggesting the activation of the complement-replacement pathway in DR.'?* In addition, the levels of 16 complement

components in the vitreous body of patients with PDR were significantly higher than in nondiabetic individuals, and the

C3a/C3, C5a/C5, and Ba/factor B ratios were higher in patients with diabetes than in the control group. The local and

intraocular activation of C3, C5, and factor B indicate activation of the complement-replacement pathway in patients

with PDR."?® (3) Lectin pathway: A cross-sectional study found that serum mannose-binding lectin (MBL) levels were

higher in patients with DR than in healthy subjects. Furthermore, MBL levels have been reported to increase with
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increases in the severity of DR, suggesting the involvement of the complement lectin activation pathway in DR.'?” Other
studies have shown that high levels of serum lectin pathway proteins MAp44 and MASP-2 were correlated with DR,
whereas high levels of H-ficolin were correlated with the occurrence of simple retinopathy, suggesting that lectin
pathway complement activation may play a prominent role in the early stages of DR.'*® BRB damage in DR leads to
the infiltration of serum proteins such as complements, cytokines, and chemokines into retinal tissues, aggravating tissue
damage. The deactivation of complement is associated with DR, and systemic complement activation is positively

correlated with DR progression.'?’

Concluding Remarks and Future Perspectives

Immune system disorders and inflammation are important factors for the occurrence and development of DR. Among
them, the BRB is the first line of immune defense of the retina. Microglia, as immune cells, participate in immune
responses, maintain retinal homeostasis, and exert dual protective and damaging effects on retinal tissues. Miiller cells
play an important role in maintaining the in vivo balance of ions and water, metabolic coupling, neurotransmitter
resuscitation, maintain macular drainage, and BRB integrity. The degree of injury to the complement system is positively
correlated with DR progression, and the interaction of multiple cytokines affects immune regulation and other processes.
The main approaches to treating DR currently include retinal laser photocoagulation and intravitreal injections of anti-
VEGF drugs, corticosteroids, and vitrectomy; however, these approaches have limitations, which may be related to
individual differences in immune responses and anti-VEGF drug treatment that does not target inflammation. Therefore,
recognizing the nature of DR is the fundamental starting point in treating DR. Elucidating the immune mechanisms has
become a hotspot in DR research; however, their specific mechanisms in DR need to be further understood to provide
a basis and strategy for treating DR in clinical settings.

DR is a moderate, low-grade, chronic inflammatory disease characterized by the activation of inflammatory cells and
the production and expression of inflammatory factors. The entire retina is affected by inflammatory factors, leading to
BRB damage, retinal neuronal death, and aggravation of the occurrence and development of DR. The current DME
treatments mainly include intraocular injections of anti-VEGF drugs. As some patients are insensitive or unresponsive to
anti-VEGF treatment, it is likely that other factors, especially inflammatory factors, play a role in affecting the onset of
DR. In view of the different pathogeneses of DR, individualized anti-inflammatory treatment is needed for patients to
derive treatment benefits. In clinical applications, relevant intraocular inflammatory factors can be analyzed in DR
patients, such as the detection of intraocular fluid and systemic inflammatory markers (eg, SII, NLR, and PLR),
multimodal imaging, such as blood flow optical coherence tomography (OCT) for the detection of high reflectance
points, and SND to distinguish and determine the role of inflammation in DR and DME. Only in this way is it possible to
achieve truly individualized anti-inflammatory treatment.

From inevitable vision loss to the continuous pursuit of long-term vision improvement, large-scale clinical trials
have laid the foundation for today’s DR treatment, with laser, vitrectomy, and anti-VEGF drugs being the main
approaches. Although the prognosis has improved significantly, problems such as a lack of response to conventional
treatment, recurrence, and long-term vision loss remain. Thus, exploring new disecase management methods and
discovering new therapeutic targets is urgently needed. As mentioned, Miiller cells are a unique type of retinal glial
cells, and their role in the pathogenesis of DR has received extensive attention. The rapid development of gene therapy,
especially the emergence of gene editing technology, has driven the development of treatment methods targeting
Miiller cells, presenting new treatment strategies for DR. Whether it is anti-VEGF drug treatment, individualized anti-
inflammatory treatment, or gene-targeted therapy, some patients may develop drug resistance. Therefore, individua-
lized, combined, and intelligent strategies need to be adopted, including changing or upgrading drugs, precise
combined treatment, optimizing drug administration methods, developing new therapies, and using biomarkers to
further guide decision-making. The current challenge lies in the fact that the roles and treatments of many inflamma-
tory and immune mechanisms in DR need further research. Future findings can provide a deeper understanding of the
biological functions and related targeted therapies and promote the transfer of the latest research results to clinical
applications.
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