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Background. As the spectrum of ophthalmic diseases keeps changing, uveitis has gradually become one of the major blinding eye
diseases in the world. In recent years, it has become a research hotspot to select eﬀective components for uveitis treatment from
natural drugs. Methods. We searched PubMed and EMBASE databases for studies written in English as well as Chinese National
Knowledge Infrastructure (CNKI), CQVIP, and Wan Fang database for studies written in Chinese (inception through 30
December 2020). Results. Eight kinds of natural product ingredients were included in this article. They were found to not only
regulate the expression of cytokines, proliferation, and diﬀerentiation of T help cells but also inhibit the damage of cytokines
and inﬂammatory cells to uvea, blood aqueous barrier, and blood retinal barrier. Conclusion. Natural product ingredients have
their unique advantages in the treatment of uveitis. They have good anti-inﬂammatory eﬀects without causing serious adverse
reactions, which enables them to be promising choices for preventive and therapeutic strategy of uveitis.

1. Introduction
Uveitis refers to various intraocular inﬂammatory diseases
occurred in uvea (i.e., iris, ciliary body, and choroid) and
its adjacent structures (including cornea, vitreous body, retina, and optic nerve) [1]. Without timely diagnosis and
treatment on chronic inﬂammation in the eye, it will lead
to cataracts, glaucoma, corneal lesion, macular edema, or
even permanent vision loss [2]. Uveitis can be divided into
three categories according to its pathogenesis: infectious
uveitis caused by pathogens like bacteria, viruses, and fungi
and autoimmune-related uveitis as well as camouﬂage syndrome. Rheumatoid arthritis, Behcet’s disease, and inﬂammatory bowel disease as well as juvenile idiopathic arthritis
are often accompanied by uveitis [3].
The abnormal number and function of cluster of diﬀerentiation 4 + (CD4 +) T cells play important roles in the
immunopathogenesis of uveitis [4]. As is shown in

Figure 1, retinal S antigen, vitamin A binding protein
between photoreceptors, and uveal melanin-associated antigen excessively activate dendritic cells that promote the differentiation of CD4 + T cells into diﬀerent subtypes, such as
T helper 1 cells (Th1 cells), T helper 2 cells (Th2 cells), regulatory T cells (Tregs), and T helper 17 cells (Th17 cells) [5].
Interferon-γ (IFN-γ), interleukin-12 (IL-12), and
interleukin-27 (IL-27) induce diﬀerentiation of Th1 cells
that secrete cytokines, including interleukin-2 (IL-2), IFNγ, and tumor necrosis factor (TNF-α) and participate in cellular immunity [6]. The expression levels of TNF-α and
IFN-γ are positively correlated with the severity of uveitis
[7]. IL-1β, transforming growth factor-β (TGF-β),
interleukin-12
(IL-12),
interleukin-6
(IL-6),
and
interleukin-23 (IL-23) induce diﬀerentiation of Th17 cells
that mediate the immune response. Both Th1 and Th17 cells
play important roles in the pathogenesis and recurrence of
uveitis [8]. IL-2, IL-4, and IL-13 induce diﬀerentiation of
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Figure 1: T lymphocytes and related immune responses in uveitis.

Th2 cells that participate in humoral immunity [9]. Functions of Th-2 can be inhibited by IFN-γ that secreted by
Th1 cells [10]. TGF-β and IL-10 can induce the diﬀerentiation of regulatory T cells (Treg cells) that inhibit the function
of Th1 and Th17 cells by secreting TGF-β and IL-10 [11].
Less and impaired functions of Tregs are observed in uveitis
patients [12]. It can be concluded that regulating immune
function is an eﬀective way in the treatment of uveitis.
Most of the current research on uveitis drugs focuses on
biological agents. Inﬂiximab, a tumor necrosis factor antagonist, can eﬀectively treat vitreous opacity, active retinal vasculitis, and macular cystic edema caused by uveitis and
scleral inﬂammation [13, 14], but it can lead to tuberculosis
and aggravate demyelination disease. Adalimumab has been
proved to be eﬀective and safe for uveitis treatment in many
trials [15–18] but has not been approved by the National
Medical Products Administration (NMPA) for clinical treatment of uveitis in China. The main drugs currently available
in China to treat uveitis include immunosuppressants and
glucocorticoids. Immunosuppressants such as cyclophosphamide, cyclosporin, and azathioprine not only inhibit
bone marrow function but also have nephrotoxicity or hepatotoxicity [19]. Subconjunctival injection, peribulbar injection, retrobulbar injection, and vitreous cavity injection of
glucocorticoid can improve visual impairment, inhibit the
formation of adhesion, and relieve eye pain but can lead to
adverse reactions including ptosis, cataract, and increased
intraocular pressure [20]. Oral administration of corticosteroids can treat uveitis by inhibiting the destruction caused by
the inﬂammatory response. Expansion of capillaries and
proliferation of ﬁbroblasts can be inhibited by corticosteroids [21]. On the other hand, corticosteroids can lead to
peptic ulcers, hypertension, and hyperlipidemia [22]. In
recent years, it has become a hot spot in the research ﬁeld
of uveitis to extract immunomodulators with high eﬃciency
and low toxicity from natural products. In this article, the
therapeutic eﬀects of alkaloids, glycosides, polysaccharides,

and polyphenols on uveitis and their mechanisms were discussed in detail, to provide a reference for drug development
and clinical research.

2. Materials and Methods
2.1. Search Strategy. PubMed and EMBASE databases were
searched for studies written in English. Chinese National
Knowledge Infrastructure (CNKI), CQVIP, and Wan Fang
databases were searched for studies written in Chinese. We
searched for articles published before 30 December 2020.
Keywords including “Uveitis” or “Panuveitis” plus any of
the following: “natural product”, “Matrine”, “Berberine”,
“Total glucosides of paeony”, “Tripterygium wilfordii polyglycoside”, “Astragalus polysaccharide”, “Hedysari polysaccharide”, “Rhubarb polysaccharide”, and “Curcumin” were
used to search for articles in Chinese database. The search
strategy for articles written in English is shown in Tables 1
and 2.
2.2. Study Inclusion and Exclusion Criteria
2.2.1. Inclusion Criteria. The inclusion criteria are the following: (1) articles about studies of natural product ingredients’ therapeutic eﬀect on uveitis, (2) written in Chinese or
English, and (3) abstract and full text available.
2.2.2. Exclusion Criteria. The exclusion criteria are the following: (1) study protocols, conference abstracts without
data in detail, comments, or letters; (2) no data reported;
and (3) therapeutic drug is a decoction of medicinal ingredients. Process of literature screening is revealed in Figure 2.

3. Results and Discussion
3.1. Alkaloids. Alkaloids are nitrogen-containing alkaline
compounds widely found in natural products. Among them,
matrine and berberine have anti-inﬂammatory eﬀects.
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Table 1: Search strategy in PubMed.
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Search terms
Uveitis (MeSH Terms)
Uveitis (ALL ﬁeld)
Panuveitis (MeSH Terms)
Panuveitis (ALL ﬁeld)
1 OR 2 OR 3 OR 4
natural product [MeSH Terms]
natural product [ALL ﬁeld]
Matrine [ALL ﬁeld]
Berberine (MeSH Terms)
Total glucosides of paeony [ALL ﬁeld]
Tripterygium wilfordii polyglycoside [ALL ﬁeld]
Astragalus polysaccharide [ALL ﬁeld]
Hedysari polysaccharide [ALL ﬁeld]
Rhubarb polysaccharide [ALL ﬁeld]
Curcumin [ALL ﬁeld]
6 OR 7 OR 8 OR 9 OR 10 OR 11
OR 12 OR 13OR 14 OR 15
5 AND 16
Table 2: Search strategy in EMBASE.

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Search terms
Uveitis (ti,ab,kw)
Panuveitis (ti,ab,kw)
Uveitis
Panuveitis
1 OR 2 OR 3 OR 4
natural product [ti,ab,kw]
natural product
Matrine [ti,ab,kw]
Berberine [ti,ab,kw]
Total glucosides of paeony [ti,ab,kw]
Tripterygium wilfordii polyglycoside
Astragalus polysaccharide [ti,ab,kw]
Hedysari polysaccharide [ti,ab,kw]
Rhubarb polysaccharide [ti,ab,kw]
Curcumin [ti,ab,kw]
6 OR 7 OR 8 OR 9 OR 10 OR 11
OR 12 OR 13OR 14 OR 15
5 AND 16

3.1.1. Matrine. Extracted from the dried root of Sophora ﬂavescens Alt., matrine has antibacterial, anti-inﬂammatory,
antitumor, and antiarrhythmia eﬀects. Matrine has an inhibitory eﬀect on the inﬂammatory reactions caused by liposaccharides (LPS) [23, 24] LPS, a component of the cell wall of
gram-negative bacteria, acts on the Toll-like receptors 4
(TLR4) receptor to induce myeloid diﬀerentiation factor88
(MyD88) recruitment, followed by activation of nuclear factor kappa-B (NF-κB) through a series of phosphorylation

cascades [25]. After the inﬂammatory factors destroy the
blood-aqueous barrier or blood-retinal barrier, some macromolecular protein substances and cells in the blood inﬁltrate
into the interstitial or intracavity of the eye (anterior chamber or vitreous body), giving rise to diﬀerent degrees of tissue
damage [26]. The breakdown of the blood-aqueous barrier
leads to iris neovascularization. The wall of the neovascularization is susceptible to rupture and leads to hyphema [27].
Matrine eye drops (low dosage group (0.50 g/L), middle dosage group (0.75 g/L), high dosage group (1.00 g/L))
decreased the IL-6, IL-1, and TNF-α level in serum and
aqueous humor of the uveitis model rabbits induced by
LPS; inhibited the expression of the TLR4, MyD88, and
NF-κB p65 in retinal tissue; and improved rabbit ciliary
hyperemia, retinal edema, and retinal fundus bleeding [28].
Subconjunctival injection of matrine (0.8 mg) inhibited the
expression of vascular endothelial growth factor (VEGF)
mRNA in the corneal tissue burnt by alkali [29].
If inﬂammatory cells and mucin deposits in aqueous
humor block trabecular meshwork and impede the outﬂow
of aqueous humor, it will increase intraocular pressure and
give rise to glaucoma in uveitis patients. Trabeculectomy is
a commonly used treatment. After trabeculectomy, putting
1.0 g/L matrine cotton tablets under the scleral ﬂap for 28
days reduced the proliferation of ﬁbroblasts and reduce the
formation of ﬁlter bubble scar [30].
3.1.2. Berberine (BBR). Extracted from Coptis chinensis
Franch., berberine is a kind of isoquinoline alkaloid with
anti-inﬂammatory, antitumor, antibacterial, and antiviral
eﬀects. The therapeutic eﬀect of berberine on uveitis has
been conﬁrmed in animal and in vitro experiments.
T helper cell 17 (Th17) cells play an important role in
the pathogenesis of ocular Behcet’s disease and uveitis [31].
IL-6, IL-21, IL-23,TGF-β, or IL-1β drive the production of
IL-17 in Th17 cells by activating signal transducer and activator of transcription-3 (STAT-3) and retinoid-related
orphan nuclear receptor γt (RORγt) [32]. In vitro, berberine
(5 μM) not only inhibited Th17 and Th1 cell diﬀerentiation
and secretion of IL-17 and IFN-γ but also regulated the balance of T regulatory cell (Treg)/T helper cell (Th17) in
patients with ocular Behcet’s disease [33]. Cytokines such
as IL-6, IL-1, and IL-23 secreted by dendritic cells (DC cells)
drive the diﬀerentiation and production of interleukin-17 by
activating STAT-3 [33, 34]. BBR downregulated the expression of costimulatory molecules, including clusters of diﬀerentiation 40 (CD40), clusters of diﬀerentiation 80 (CD80),
and clusters of diﬀerentiation 86 (CD86) and inhibited DC
cells’ maturation and the secretion of IL-6, IL-1, and IL-23
[35]. Uveitis may be accompanied by retinal pigment epithelium lesions, retinal edema, thinning, and hemorrhage. Berberine dose-dependently inhibited dysfunction of the bloodretina barrier induced by IL-1 and improved retinal edema
in rats [36].
In vivo, berberine’s therapeutic eﬀect on uveitis has also
been proved. Interleukin-8 and monocyte chemotactic
protein-1 (MCP-1) play important roles in LPS-induced
uveitis. Cytokine-induced neutrophil chemokine-1 (CINC1) is a rat analog of IL-8. The role of IL-8 and CINC-1 in
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Figure 2: Flow chart of literature screening.

endotoxin-induced uveitis has been conﬁrmed by many
studies [37, 38]. Orally taking a 0.8 mL berberine solution
before injecting LPS in Wistar rats inhibited the expression
of MCP-1 mRNA and CINC-1 mRNA of the iris ciliary
and the damage of the iris ciliary body caused by inﬂammatory cells [39]. Li et al. [40] intraperitoneally injected berberine (2 mg/kg) into experimental autoimmune uveitis (EAU)
rats for two weeks and found only a slight inﬂammatory
reaction in the eyes, while in the normal saline group, serious vasodilation, iris hemorrhage, and purulent exudation
were observed. The therapeutic eﬀect of berberine on experimental autoimmune retinitis is also related to regulating
intestinal ﬂora. After 14 days of intragastrically administrating berberine (100 mg/kg), the number of Th1 and Th17
cells in the spleen of mice signiﬁcantly decreased, while the
number of Treg cells increased. Berberine inhibited the
breakdown of the blood-retinal barrier, and corneal edema,
retinal folding, iris congestion, and iris adhesion were significantly improved, which was related to the signiﬁcant
changes in the composition of the spleen transcriptome
and intestinal microorganisms. The dominant microbiome
in the experimental autoimmune uveitis (EAU) group was
Lactobacillus aceae, while in the BBR group was Muribaculaceae. By means of MetaStat analysis, ﬁve genera, including
Lactobacillus, was reduced, with thirteen genera, including
Akkermansia and Oscillibacter, increased in the BBR group.
Compared with the EAU group, 249 diﬀerentially expressed
genes (DEGs) were downregulated, and 227 DEGs were
upregulated. The downregulated biological processes mainly
included nucleosome assembly, chromatin assembly, myelin
diﬀerentiation, and antigen processing and expression. It
suggested that berberine led to signiﬁcant changes in the
overall transcription proﬁle of genes [41].
3.2. Glycosides. Glycosides are compounds formed by the
attachment of end-group carbon atoms of a sugar or sugar
derivative to another type of nonsugar substances (called
glycosides, ligands, or glycosides). Most of the glycosides
are colorless and soluble in water. With good antiinﬂammatory activity, total glucosides of paeony (TGP)
and Tripterygium wilfordii polyglycoside (TWP) are widely

used in the clinical treatment of rheumatic immune diseases
in China.
3.2.1. Total Glucosides of Paeony (TGP). Extracted from the
dried root of Paeonia lactiﬂora Pall., TGP have anti-inﬂammatory, analgesic, immunomodulatory, and antitumor
eﬀects. TGP capsule has been approved for clinical treatment of rheumatoid arthritis in China since 2005. Moreover,
TGP have been reported to be used in the clinical treatment
of rheumatoid arthritis [42], idiopathic arthritis [43], systemic lupus erythematosus [44], and Sjogren’s syndrome
[45] in China.
The occurrence of uveitis is closely related to the dysfunction of T lymphocytes, especially autoreactive T lymphocytes. Activation-induced cell death pathway (AICD)
plays a crucial role in maintaining immune tolerance and
clearance of autoreactive T lymphocytes [46, 47]. Fas/FasL
can induce faster apoptosis of T lymphocytes. TGP
enhanced Bcl-2 expression in the EAU group’s retinal tissues, which was very weak in the normal retinal tissues
[48]. In cell experiments, total glucosides of paeony signiﬁcantly inhibited T lymphocyte proliferation and promoted
activation-induced T lymphocyte death by upregulating
Fas and downregulating Bcl-2 expression [49].
In animal experiments, total glucosides of paeony
(4.8 g/kg, once every 6 h, three times in total) were administered to rats with uveitis before LPS injection, which not
only inhibited the invasion of inﬂammatory cells into the
anterior chamber and vitreous body but also inhibited the
swelling of iris and ciliary body and thickening of retinal
edema, as well as ﬁbrinoid exudation in the anterior chamber. Besides, it signiﬁcantly alleviated iris bleeding, anterior
chamber pus, and pupil narrowing [50]. Total glucosides of
paeony (orally taken for 12 days) regulated the expression
levels of IL-4 and IFN-γ genes in experimental autoimmune
uveitis (EAU) rats and increased the expression levels of natural killer T cells [51].
In clinical trials, Xu et al. [52] treated 38 patients who
suﬀered from systemic lupus erythematosus associated with
uveitis, with compound tropicamide eye drops (four times a
day) and local administration of tobramycin eye drops (four
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times a day). In addition to the medicines above, total glucosides of paeony (0.6 g, three times a day) were administered
orally to 40 patients in the treatment group. Two months
later, the total eﬀective rate of patients in the treatment
group was signiﬁcantly better than that in the control group
(95.00% vs. 78.95%, P < 0:05); the ﬁrst withdrawal time of
glucocorticoids in the treatment group was earlier than that
in the control group (6:88 ± 1:721 days vs. 8:22 ± 1:98 days,
P < 0:05).
3.2.2. Tripterygium wilfordii Polyglycoside (TWP). Extracted
from the dried roots of Tripterygium wilfordii Hook. F., Tripterygium wilfordii polyglycoside (TWP) has anti-inﬂammatory, antitumor, and immunomodulatory eﬀects. TWP
tablets have been approved in the treatment of nephrotic syndrome, Behcet’s disease, and autoimmune hepatitis in China.
Moreover, TWP has been used in the clinical treatment of
immune diseases such as rheumatoid arthritis [53], systemic
lupus erythematosus [54], and lupus nephritis [55] in China.
TWP can act on the TLR-NF-κB signaling pathway
in vitro [56]. TWP (15.27 μmol/L) downregulated the
expression of TLR4 and NF-κBp65, inhibited the
endotoxin-induced inﬂammatory response in macrophages,
and suppressed the release of TNF-α, IL-1β, IFN-γ, intercellular adhesion molecule 1 (ICAM-1), and monocyte chemotactic protein 1 (MCP-1), with eﬀects superior to those of
0.19 μ mol/L of dexamethasone and 6.62 μmol/L of azathioprine [57]. Matrix metalloproteinase 9 (MMP-9) can regulate the activity of cytokines like IL-8 and promote the
release of vascular endothelial growth factors to participate
in angiogenesis. Increased expression of MMP-9 is associated with experimental autoimmune uveitis [58] and
endotoxin-induced uveitis [59]. Tripterygium wilfordii polyglycosides can dose-dependently inhibit the expression of
MMP-9 and proinﬂammatory cytokine IL-32 [60]. IL-37
signiﬁcantly inhibits the production of IL-1β, IL-6, IL-10,
IL-21, IL-23, TNF-γ, and IFN-γ [61]. Tripterygium wilfordii
polyglycosides (15 μg/mL) also upregulated the expression of
anti-inﬂammatory cytokine IL-37 through extracellular regulated protein kinases1/2 (ERK1/2) and p38 mitogenactivated protein kinase (MAPK) signaling pathways [62].
In clinical studies, Huang et al. [63] conducted a randomized controlled trial that proved the eﬃcacy of Tripterygium wilfordii polyglycosides in the treatment of acute
uveitis. The basic treatment was 1% atropine eye drops
+0.05% dexamethasone eye drops. On this basis, 50 patients
in the treatment group orally took Tripterygium wilfordii
polyglycoside tablets (TWP) (20 mg, bid, for 4 weeks), while
50 patients in the control group orally took dimorpholine
(0.4 g, TID, for 4 weeks). The eﬀective rate of the two groups
was 95.7% vs. 95.8%, without statistically signiﬁcant diﬀerence. Ma [64] gave 1% atropine eye drops (three times a
day) to 22 patients with recurrent uveitis combined with oral
Tripterygium wilfordii polyglycoside tablets (20 mg, three
times a day). The clinical eﬀective rate was 95.6% after one
week of treatment.
Approximately 50-87% of patients with Behcet’s disease
initially present with uveitis in one eye. Among them, anterior uveitis is the most common type [65]. 30 patients with
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ocular Behcet’s disease orally took Tripterygium wilfordii
polyglycoside tablets (30 mg/d) for 3 months, the serum
levels of IL-1β, TNF-α, and IFN-γ signiﬁcantly decreased,
and the clinical eﬀective rate was 86.6% [66]. Yang et al.
[67] found that oral administration of Tripterygium wilfordii polyglycoside tablets (20 mg, bid, 2 months) could inhibit
the expression of nitric oxide, soluble intercellular adhesion
molecule (sICAM-1), and soluble vascular cell adhesion
molecule (sVCAM-1) in plasma of 30 patients with ocular
Behcet’s disease and improve endothelial dysfunction.
3.3. Polysaccharide. With the characteristics of biodegradability, little toxicity, and side eﬀects, the polysaccharide is
a kind of important biological macromolecule composed of
a variety of same or diﬀerent monosaccharides with α- or
β-glycosidery bonds [68].
3.3.1. Astragalus Polysaccharide (APS). Extracted from the
root of Astragalus mongolica, Astragalus polysaccharide
has pharmacological eﬀects such as immune regulation,
anti-inﬂammatory, antibacterial, antioxidant, improvement
of microcirculation, and antitumor eﬀects.
In cell experiments, APS inhibited LPS-induced inﬂammatory response by inhibiting the TLR4/NF-κB pathway
[69]. APS dosage-dependently inhibited the activation of
NF-κB and phosphorylation of ERK and c-Jun N-terminal
kinase (JNK) to inhibit the production of TNF-α and IL1β in LPS-stimulated macrophages [70]. APS (1.0 mg/mL)
inhibited LPS-induced inﬂammatory response in mouse retinal ganglion cells by inhibiting tumor necrosis factorassociated receptor factor 6 (TRAF6)/transforming growth
factor-β activated kinase 1 (TAK1) pathway [71].
Caspase-3 is a key eﬀector in apoptosis. Caspase-3 also
induces apoptosis in the nucleus, resulting in fragmentation
of DNA and chromatin consolidation. In vitro experiments,
by inhibiting the production of apoptotic factor caspase-3,
250 μg/mL APS inhibited the necrosis of human retinal pigment epithelial cells caused by 100 μmol/L hydrogen peroxide [72, 73]. Uveitis can be complicated by glaucoma.
Injecting 1 mL methylcellulose after extracting 0.1 mL aqueous humor could produce acute high intraocular pressure
model rats. In this model, APS (500 mg/kg) intragastric
administrated for 14 days lowered intraocular pressure and
relieved retinal edema. Moreover, APS inhibited retinal
caspase-3 expressions to reduce retinal ganglion cell apoptosis. The thickness of the whole retinal layer, optic ﬁber layer,
and the outer granular layer of the Astragalus polysaccharide
group was signiﬁcantly larger than that of the uveitis model
group [74].
3.3.2. Hedysari Polysaccharide (HPS). Extracted from the dry
root of Hedysarum polybotrys Hand.-Mazz., Hedysari polysaccharide has antitumor, antioxidation, anti-inﬂammation,
and antivirus eﬀects [75]. Hedysari polysaccharide
(400 mg/kg) reduced the clinical severity of endotoxininduced uveitis in rats and inhibited the ﬁbrin exudation
and inﬂammatory cell inﬁltration in the eyes.
Toll-like receptor 4 (TLR-4) is the primary signal cell
receptor recognized and activated by lipopolysaccharide.
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TLR-4 plays a key role in the onset of uveitis and eventually
leads to the activation of inﬂammatory cytokines and
inﬂammation pathological reactions [76]. Li et al. [77] found
that the TLR4 signaling pathway involved in the pathogenesis of acute anterior uveitis. After bound to LPS, TLR4 produced proinﬂammatory cytokines that upregulated
costimulators and major histocompatibility complex
(MHC). After that, dendritic cells got activated, and their
antigen presentation capacity got enhanced, followed by
the initial T cells activated [78]. Activation of the NF-κB signaling pathway was closely associated with inﬂammatory
factor expression and extracellular matrix metabolic imbalance [79]. The TLR4/NF-κB signaling pathway was an
important pathway for regulating TNF-α and IL-1β expression. Activation of the TLR4-MD2-CD14 complex led to
phosphorylation of the NF-κB p65 subunit through a cascade of MyD88-dependent pathways [80], which allowed
NF-κB to be colonized in the nucleus and activate the
expression of a variety of inﬂammatory mediators, including
TNF-α and IL-1β. HPS signiﬁcantly reduced the mRNA and
protein expressions of TLR4, MyD88, tumor necrosis factor
receptor-associated factor 6 (TRAF6), and NF-κB65 [75, 81].
The glycogen synthase kinase 3-β (GSK3-β) in the TLR4 signaling pathway plays an important role in maintaining the
immune system’s balance. Yang et al. [82] found that intraperitoneally injecting HPS (400 mg/kg) into rats with uveitis
induced by endotoxin upregulated the phosphorylation level
of GSK3-β protein and inhibited the expression of nuclear
factor-κB (NF-κB) P65 mRNA. As a result, the level of the
anti-inﬂammatory factor IL-10 in the anterior chamber
water was upregulated, while inﬂammatory cytokines such
as TNF-β, IL-6, and lL-1β were inhibited, thereby inhibiting
the damage of the uveium caused by the inﬂammatory
response.
3.3.3. Rhubarb Polysaccharide (RP). Extracted from the dried
roots and rhizomes of Rheum palmatum L., Rheum oﬃcinale
Baill., and Rheum tanguticum Maxim. ex Balf., Rhubarb
polysaccharide has anti-infection, anti-inﬂammation,
immune regulation, hypoglycemia, and antitumor eﬀects.
Rhubarb polysaccharides inhibited CD4 T cell proliferation
and regulated cytokines produced by Th1 and Th2. Human
leukocyte antigen-B27- (HLA-B27-) associated acute preuveitis is a common kind of uveitis, accounting for 18% to
32% of all cases. It is an acute inﬂammatory exudative disease of the iris ciliary body, with an urgent onset and rapid
progression. If not eﬀectively treated in time, patients can
develop into severe intraocular complications, such as glaucoma, which eventually leads to blindness. After activated by
LPS, TLR4 activated NF-κB through the MyD88-dependent
pathway to promote the release of cytokines such as NO and
TNF-α, thus initiating the damage of immune cells towards
the uveal membrane. In vitro, rhubarb polysaccharide
(100 mg/L) had a protective eﬀect on monocytes of rats with
HLA-B27-associated acute preuveitis [83]. Rhubarb polysaccharide inhibited the TLR4/NF-κB signaling pathway and
inhibited the secretion of TNF-α, IL-10, IL-17, INF-γ, and
IL-1β, with no signiﬁcant diﬀerence from the therapeutic
eﬀect of monoclonal antibody against TLR4 (5 mg/L) [25].
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3.4. Polyphenol. Having phenolic structures with multiple
hydroxyls, polyphenols are the secondary metabolites of
plants that widely existed in fruits, vegetables, and
herbal medicines. Among them, curcumin has an antiinﬂammatory eﬀect.
3.4.1. Curcumin. Extracted from the tuberous root of Curcuma Salisb., the rhizome of turmeric (C. aromatica L.), curcumin has antioxidation, anti-inﬂammation, antivirus,
antitumor, and anticoagulation eﬀects. Curcumin’s therapeutic eﬀect on uveitis is related to its antioxidant, antiinﬂammatory, and antiﬁbrinolysis properties. Kowluru and
Kanwar [84] found that curcumin had antioxidant properties and could downregulate IL-1β and VEGF levels. Curcumin inhibited the release of IL-1, IL-6, IL-8, and tumor
cytokine-α (TNF-α) by inhibiting NF-κB expression, thus
protecting iris ciliary cells and retinal pigment epithelial cells
from inﬂammatory responses induced by lipopolysaccharide
[85]. Curcumin inhibited choroid and retinal neovascularization by inhibiting vascular endothelial growth factor
receptor [86]. Zhang et al. found that curcumin eye drops
(10 mg/mL) administrated for 2 weeks could inhibit the axis
of stromal cell-derived factor-1 (DF-1) and CXC chemokine
receptor 4 (CXCR-4), protect retinal ganglion cells, signiﬁcantly improve vitreous turbation, and inhibit retinal
detachment [87]. Also, curcumin not only inhibited the proliferation of retinal pigment epithelial cells and epithelialmesenchymal transition by inhibiting AKT, MAPK, and
TGF-β pathways [88] but also protected retinal pigment epithelial cells from oxidative stress damage by upregulating
heme oxygenase-1 (HO-1) and reducing ROS levels [89].
Curcumin’s antioxidation eﬀect is related to regulating
Nrf-2/HO-1pathways.
Retinal ischemia-reperfusion injury (RIRI) is common in
patients with uveitis and can cause retinal structure and
function disorders. By regulating the Bcl-2/Bax/caspase-3 signaling pathway, curcumin could downregulate the expression
of Bax and caspase-3 proteins and upregulate the expression of
Bcl-2 proteins [90, 91]. Besides, curcumin could downregulate
the expression levels of IL-23 and IL-17 in the retina.
In terms of clinical studies, Lal et al. [92] treated 18
patients with chronic anterior uveitis with curcumin
(375 mg TID). After 12 weeks of continuous treatment,
vision got improved in all patients, and pain, redness of eyes,
congestion of the ciliary body, keratinized deposits, aqueous
humor, and vitreous opacity disappeared without adverse
reactions. Allegri et al. [93] included 106 patients with
recurrent uveitis after receiving glucocorticoids, immunosuppressants, antiherpetic drugs, and nonsteroidal antiinﬂammatory drugs (NSAIDS) before participated in this
study. They had the patients take curcumin phosphatidylcholine complex (Meriva, 1200 mg, bid) orally, in addition
to the former medications. After 12 months, only 19 patients
relapsed. The study also found that oral administration of curcumin phosphatidylcholine complex signiﬁcantly improved
symptoms such as eye pain, blurred vision, pericorneal
congestion.
In recent years, to solve the problem of curcumin’s poor
solubility and bioavailability, a variety of diﬀerent dosage
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Table 3: Pharmacological actions on uveitis and related signal pathways of natural products.
Natural
products

Pharmacological actions related to uveitis

Matrine

Anti-inﬂammation, inhibited proliferation of
ﬁbroblasts and neovascularization

Berberine

Anti-inﬂammation, regulation of gene
expression, regulation of intestinal ﬂora

TGP

Anti-inﬂammation, antiapoptotic

TWP

Anti-inﬂammation, antiapoptotic

APS

Anti-inﬂammation, antiapoptotic

HPS

Anti-inﬂammation

RP

Anti-inﬂammation

Curcumin

Antioxidation, anti-inﬂammation,
antiapoptotic, antiﬁbrinolytic eﬀects

Signal pathways

Symptoms that can be improved

TLR4-NF-κB signaling
Ciliary congestion, retinal edema, fundus hemorrhage,
pathway
glaucoma, corneal neovascularization
VEGF signaling
pathway
IL-17 signaling
Retinal edema and hemorrhage, corneal edema,
pathway
retinal folding, iris congestion, iris adhesions
Fas/FasL signaling
Iris ciliary swelling, retinal edema, iris hemorrhage,
pathway
hypopyon, miosis
TLR-NF-κB signaling
Keratic precipitate, anterior chamber ﬂare, iris edema,
pathway
vision loss
ERK/MAPK signaling
pathway
TLR-NF-κB signaling
pathway
Glaucoma
TRAF6/TAK1
signaling pathway
TLR-NF-κB signaling
pathway
Hypopyon, vision loss
TRAF6/TAK1
signaling pathway
TLR-NF-κB signaling
Unknown
pathway
TLR4-MAPK/NF-κB
signaling pathway
SDF-1/CXCR-4
Keratic precipitate, eye pain, blurred vision, ciliary
signaling pathway
congestion, aqueous and vitreous opacity
Bcl-2/Bax/caspase-3
signaling pathway
Nrf-2/HO-1 signaling
pathway

forms were reported besides curcumin phosphatidylcholine
compounds, including curcumin/sodium alginate hydrogel
nano-emulsion [94], curcumin nano-emulsion [95], new curcumin chitosan nanoparticle capsules [96], curcumin liposomes [97], and curcumin nanoparticles [98]. Dosage forms
above were proved to improve the absorption of curcumin.

4. Summary
Natural products play a therapeutic role in uveitis in various
ways, including anti-inﬂammation, antiapoptosis, antioxidation eﬀects, and inhibiting neovascularization. Pharmacological actions on uveitis and related signal pathways of
natural products have been summarized in Table 3. Antiinﬂammatory eﬀects are the main ways how natural products treat uveitis. Regulating TLR4/NF-κB pathway can protect uvea from the destruction of inﬂammatory cells and
cytokines induced by LPS. Plant polysaccharides, like APS
and HPS, have structures similar to lipopolysaccharide. They
can inhibit the production of downstream inﬂammatory factors caused by overexpression of the TLR4/NF-κB signaling
pathway in vivo. Besides, curcumin and matrine can also
protect uvea from the damage of inﬂammatory reaction by
regulating the TLR4/NF-κB pathway. Th17 cells are the

main pathogenic cells that mediate autoimmune diseases,
including psoriasis, uveitis, and rheumatoid arthritis. Berberine can improve Behcet’s disease symptoms by regulating
the IL-17 signaling pathway. Tumor necrosis factor-related
receptor 6 (TRAF6) is a kind of adaptor protein, which can
conduct signals mediated by many receptors on the membrane, including the Toll/IL receptor family. LPS stimulation
can induce the ubiquitination of TRAF6 and then form a
complex with transforming growth factor-beta activated
kinase 1 (TAK1), which further activates the IKKS family
and promotes the nuclear transfer of NF-κB, leading to the
occurrence of inﬂammatory reactions. APS and HPS can
protect retinal ganglion cells from damage of inﬂammatory
response by regulating the TRAF6/TAK1 signaling pathway.
IL-37 has a signiﬁcant positive correlation with disease activity of HLA-B27 associated acute anterior uveitis (AAU).
TWP can upregulate anti-inﬂammatory cytokine IL-37
expression by regulating ERK/MAPK signaling pathway.
Moreover, the regulatory eﬀects of natural products on cytokines have been summarized in Table 4.
In terms of antiapoptosis, Fas/FasL expression on T cells’
surface is associated with uveitis. FasL expressed in the corneal epithelium blocks inﬂammatory cells from the conjunctiva and anterior chamber; FasL expressed in the iris ciliary
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Table 4: Regulatory eﬀect of natural products on cytokines in uveitis.

Cytokines

Major secretory cells

IL-1

Macrophages, epithelial cells

IL-2

T cells

IL-4

T cells, mast cells

IL-6

T cells, macrophages, endothelial cells

IL-8

Monocytes, macrophages, endothelial cells,
ﬁbroblasts, T cells

IL-10

Monocytes

IL-12

Macrophages, dendritic cells

IL-17

Th17 cells, NK cells, CD8 T cells, neutrophils

Eﬀect of cytokines in uveitis
IL-1 can promote the activation of CD4 + T cells and
the expression of IL-2 receptor 2 and the antigen
presentation ability of APC such as monocyte
macrophage [10]. Synergized with IL-2 or interferon,
IL-1 can enhance NK cell activity. Moreover, it can
recruit neutrophils and promote the release of
inﬂammatory mediators [99]. Intravitreal injection of
recombinant IL-1 receptor antagonist anakina
(ANA) can inhibit the increase of laser-induced
neovascularization choroidal area in a concentrationdependent manner and improve the uveitis
symptoms such as iris edema, adhesion, atrophy, and
neovascularization [100].
Il-2 can stimulate the proliferation and diﬀerentiation
of Th17 cells, activate NK cells, and macrophages
[101].
IL-4 can induce the initial T cells to diﬀerentiate into
Th2 cells and participate in the humoral immune
response. Moreover, it can promote the proliferation
and diﬀerentiation of activated B cells and induce
immunoglobulin E (IgE) antibodies’ production [102,
103].
IL-6 mediates the diﬀerentiation of Th1 to Th17 cells
and inhibits physiological intraocular T cell apoptosis
[104]. Intravitreal injection of anti-IL-6 (MP5-20F3)
twice signiﬁcantly relieved experimental autoimmune
uveitis in mice [105].
IL-8 takes part in chemotactic signals to recruit
leukocytes, leading to directional migration and
exocytosis of stored proteins [106, 107]. Intravitreal
injection of IL-8 (100 ng) can induce uveitis in the
rabbit [108]. Anti-IL-8 antibody treatment partially
treated EIU in rabbits [109]. Gene polymorphisms of
IL-8 may lead to diﬀerent susceptibility to ocular
Behcet’s disease OBD and increase the risk of
developing the disease [110]. IL-8 was found to be the
best marker for the diagnosis of children’s idiopathic
anterior uveitis [111].
IL-10 can inhibit the expression of major
histocompatibility complex (MHC) and
costimulatory molecules in APC and inhibit the
production of cytokines by activated Th1 cells [76].
IL-10 polymorphisms +434 T/C, +504G/T, and
-2849C/T are predisposing factors for uveitis in
children [112].
IL-12 can stimulate T cells and NK cells to produce
IFN-γ and promote CD4 + helper T cells to
diﬀerentiate into Th1 cells that produce IFN-γ [113].
As a proinﬂammatory cytokine, IL-17 can recruit and
activate neutrophils and has synergistic eﬀects with
TNF, IL-1β, IFN-γ, granulocyte-macrophage colony
stimulating factor (GM-CSF), and IL-22 [114, 115].

Regulatory eﬀect
of natural product
components

Matrine ↓
Berberine ↓
TWP ↓
APS ↓
HPS ↓
RP ↓
Curcumin ↓

TGP ↑

Matrine ↓
Berberine ↓
TWP ↓
HPS ↓
Curcumin ↓

Berberine ↓
Curcumin ↓

TWP ↓
HPS ↑
RP ↓

Berberine ↓
RP ↓
Curcumin ↓
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Table 4: Continued.

Cytokines

Major secretory cells

IL-18

Activated macrophages

IL-21

Th2 cells

IL-23

Macrophages, dendritic cells

IL-27

Macrophages, dendritic cells, monocytes

IL-32

NK cells, macrophages, monocytes, and T
lymphocytes, epithelial cells, endothelial cells,
mesenchymal stromal cells, ﬁbroblasts, and
hepatocytes

IL-33

Endothelial cells, smooth muscle cells

IL-35

Regulatory T cells

IL-37

Epithelial cells, dendritic cells, monocytes

TNF-α

Macrophages, T cells, NK cells

Eﬀect of cytokines in uveitis
Interleukin-12 and interleukin-18 synergically
promote the production of interleukin-17A and
interleukin-17F, which is independent on IL-23
[116]. IL-18 was found to be a good biomarker for
monitoring activity and regression of uveitis [117].
IL-21 promotes the diﬀerentiation of Th17 cells that
participate in the pathogenesis of autoimmune
diseases such as scleritis, uveitis, and Behcet’s disease
[118]. Also, it can promote the proliferation and
diﬀerentiation of B cells, NK cells, and eﬀector CD8
+ T cells [119, 120].
IL-23 participates in the occurrence, recurrence, and
chronicity of uveitis by promoting the production of
IL-17. Moreover, it takes part in the recruitment and
diﬀerentiation of myeloid cells, which is considered
an upstream pathway in intermediate uveitis
pathogenesis [121].
IL-27 promotes the diﬀerentiation of Th1 but inhibits
the proliferation of Th2, Th17, and Treg cells [109].
IL-32 can induce proinﬂammatory cytokines like
TNF-α, IL-8, and IL-1β and induce antiinﬂammatory cytokines like IL-10 [122]. Moreover, it
can mediate the diﬀerentiation of monocytes into
dendritic cells [123].
Both IL-33 and IL-33R were expressed in RPE cells,
IL-33 can inhibit the production of IFN-γ, and IL-17
promote Th2 to secrete cytokines and signiﬁcantly
reduce the severity of EAU mice [124, 125].
IL-35 can signiﬁcantly increase the expression of IL10 and TGF-β and decrease the expression of INF-γ,
IL-12, and IL-17 [126]. Moreover, it can promote
Treg cells’ proliferation and inhibit the proliferation
of Th17 cells [127].
IL-37 signiﬁcantly inhibits IL-1β, IL-6, IL-10, IL-21,
IL-23, TNF-α, and IFN-γ. IL-37 has a signiﬁcant
positive correlation with disease activity of HLA-B27
associated acute anterior uveitis (AAU) [61] as well
as chronic primary angle-closure glaucoma [128].
TNF-α can directly kill cells infected by virus, activate
monocyte macrophages, and enhance their
phagocytic and bactericidal ability. Moreover, TNF-α
can promote antigen processing and presentation
pathways and increase Th1 and Th17 cytokines level
[129]. Adalimumab and inﬂiximab have become the
most widely used biological agents in the treatment of
noninfectious uveitis [130]. TGF-β can induce the
diﬀerentiation of Th0 towards Treg and inhibit the
diﬀerentiation of Th17 cells at high concentrations.
At low concentrations, with the presence of IL-6, it
can induce Th0 to diﬀerentiate into Th17 [131]. In
patients with uveitis, the expression of TGF-β in
aqueous humor decreases, which is considered a
potential factor to promote uveitis. Similar changes
are observed in the aqueous humor of patients with
Vogt Koyanagi Harada during the active phase [132].
Adalimumab and inﬂiximab have become the most

Regulatory eﬀect
of natural product
components

Berberine ↓
TWP ↓

Berberine ↓
TWP ↓
Curcumin ↓

TWP ↓

Matrine ↓
TWP ↓
APS ↓
HPS ↓
RP ↓
Curcumin ↓
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Table 4: Continued.

Cytokines

Major secretory cells

TGF-β

Monocytes, T cells, chondrocytes

IFN-γ

T cells, NK cells

VEGF

Tumor cells

MCP-1

Immature DC cells, monocytes/macrophages, T
cells, NK cells

MMP-9

Neutrophils, monocytes/macrophages

Eﬀect of cytokines in uveitis
widely used biological agents in the treatment of noninfectious uveitis [133].
TGF-β can induce the diﬀerentiation of Th0 towards
Treg and inhibit the diﬀerentiation of Th17 cells at
high concentrations. At low concentrations, with the
presence of IL-6, it can induce Th0 diﬀerentiate into
Th17 [131]. In patients with uveitis, the expression of
TGF-β in aqueous humor decreases, which is
considered a potential factor in promoting the
development of uveitis. Similar changes are observed
in the aqueous humor of patients with Vogt Koyanagi
Harada during the active phase [132].
It can activate macrophages, promote MHC
expression and antigen presentation, promote Th1
diﬀerentiation, and inhibit Th2 diﬀerentiation [133].
IFN-γ can induce VEGF expression in retinal cells
through PI-3 K/Akt/mTOR/p70S6 kinase pathway
[134]. Deﬁciency in IFN-gamma can inhibit the
development of uveitis induced by muramyl
dipeptide [133].
VEGF can not only promote the increase of vascular
permeability and the degeneration of the extracellular
matrix but also promote the neovascularization of
choroid, iris, and retina, leading to severe visual loss,
even blindness.
MCP-1 can recruit immature DC cells, T cells, and
monocytes/macrophages to participate in immune
response and inﬂammatory response. Alteration of
MCP-1 in aqueous humor was associated with
glaucoma secondary to Fuchs uveitis syndrome [8,
135].
MMP-9 can remodel the dynamic balance of the
extracellular matrix and promote the release of TGFβ1 and VEGF [136]. MMP-9 levels peak at the most
severe uveitis stage and then return to baseline as the
inﬂammation subsides [136].

body blocks inﬂammatory cells from invading blood vessels;
FasL expressed in the retina induces rapid apoptosis of
invading inﬂammatory cells, which is important for the protection of visual function and also has a killing eﬀect on
invading lymphocytes. By regulating Fas/FasL signaling
pathway, TGP can inhibit the apoptosis of retinal cells.
Caspase-3 is one of the important apoptotic executors in
the caspase family. It is activated by protein hydrolysis in
response to various apoptotic signals and promotes apoptosis in ocular tissue cells. By regulating the Bcl-2/Bax/caspase3 signaling pathway, curcumin can inhibit the retinal cell
apoptosis induced by endoplasmic reticulum stress and
inﬂammatory cell invasion.
Oxidative stress can cause mitochondrial DNA damage, protein nitriﬁcation, and membrane lipid oxidation
in uveal tissue. Heme oxygenase-1 (HO-1) is a ubiquitous
and redox-sensitive induced stress protein that can protect

Regulatory eﬀect
of natural product
components

Berberine ↓

TGP ↓
TWP ↓
RP ↓

Matrine ↓
Curcumin ↓

Berberine ↓
TWP ↓

TWP ↓

cells from oxidative stress. With strong antioxidant activity
similar to vitamins C and E, curcumin can protect RPE
cells from oxidative stress by regulating the Nrf-2/HO-1
signaling pathway.
Ocular neovascularization is one of the main causes of
severe visual impairment. Regulated by a series of molecular
signals, neovascularization is a complex multistep process in
which endothelial cells of mature vessels proliferate, migrate,
and gradually remodel to form new small vessels. Curcumin
and matrine inhibit choroidal, retinal, and iris neovascularization by regulating VEGF signaling pathway. The interaction between SDF-1 secreted by corneal stromal cells,
epithelial cells, and inﬂammatory cells and its receptor
CXCR4 are involved in regulating corneal wound repair
and inﬂammatory corneal neovascularization proliferation.
Curcumin can protect retinal ganglion cells by inhibiting
the SDF-1/CXCR4 signaling pathway.

Journal of Immunology Research
Although the total glucosides of paeony, TWP, and curcumin have their evidence in clinical trials, the available literature has a high risk of research bias. Natural products like
berberine, matrine, and Astragalus polysaccharide are only
reported in animal experiments in the ﬁeld of uveitis. Randomized controlled clinical trials of the natural products
above are still lacking. Their eﬃcacy and safety in children
and elderly patients remain uncertain.

5. Conclusions
Natural products have been proved eﬀective in the treatment
of uveitis in animal experiments. Further eﬀorts are still
needed to explore the therapeutic eﬀects of natural products
in clinical practice and search for new drugs with antiinﬂammatory eﬀects.

Data Availability
The data used to support the ﬁndings of this study are
included within the article.

11

[6]

[7]

[8]

[9]

[10]

[11]

Conflicts of Interest
The authors declare that they have no conﬂicts of interest.

[12]

Authors’ Contributions
Sicong Li and Fang Liu were responsible for the initial outline, draft writing, and revisions for intellectual content,
and ﬁnal approval. Kai Zhang and Yujia Tong were responsible for data interpretation, presentation, draft writing, and
revisions for intellectual content. Xin Liu was the corresponding author and responsible for draft writing and ﬁnal
approval.

Acknowledgments

[13]

[14]

[15]

The authors would like to thank all the scholars who deeply
love, popularize the basic knowledge, and expand the inﬂuence of natural products.
[16]

References
[1] A. Radosavljevic, M. Agarwal, S. P. Chee, and M. Zierhut,
“Epidemiology of viral induced anterior uveitis,” Ocular
Immunology and Inﬂammation, vol. 22, pp. 1–13, 2021.
[2] J. T. Rosenbaum, B. Bodaghi, C. Couto et al., “New observations and emerging ideas in diagnosis and management of
non- infectious uveitis: a review,” Seminars in Arthritis and
Rheumatism, vol. 49, no. 3, pp. 438–445, 2019.
[3] S. Tendolkar, S. I. Murthy, P. Bhatia, and S. Senthil, “Cytomegalovirus endotheliitis with recurrent anterior uveitis and
secondary glaucoma misdiagnosed as HLA-B27 uveitis,”
BML Case Reports, vol. 14, no. 2, article e240061, 2021.
[4] T. Tsirouki, A. Dastiridou, C. Symeonidis et al., “A focus on
the epidemiology of uveitis,” Ocular Immunology and Inﬂammation, vol. 26, no. 1, pp. 2–16, 2018.
[5] S. J. Bing, I. Shemesh, W. P. Chong et al., “AS101 ameliorates
experimental autoimmune uveitis by regulating Th1 and

[17]

[18]

[19]

Th17 responses and inducing Treg cells,” Journal of Autoimmunity, vol. 100, pp. 52–61, 2019.
X. Huang, S. Yi, J. Hu et al., “Analysis of the role of palmitoleic acid in acute anterior uveitis,” International Immunopharmacology, vol. 84, article 106552, 2020.
W. Chi, P. Yang, B. Li et al., “IL-23 promotes CD4+ T cells to
produce IL-17 in Vogt- Koyanagi-Harada disease,” The Journal of Allergy and Clinical Immunology, vol. 119, no. 5,
pp. 1218–1224, 2007.
J. Xu, Y. Qin, R. Chang et al., “Aqueous cytokine levels in four
common uveitis entities,” International Immunopharmacology, vol. 78, article 106021, 2020.
B. Zhao, W. Chen, R. Jiang et al., “Expression proﬁle of
IL-1 family cytokines in aqueous humor and sera of
patients with HLA-B27 associated anterior uveitis and idiopathic anterior uveitis,” Experimental Eye Research,
vol. 138, pp. 80–86, 2015.
C. Fabiani, J. Sota, G. M. Tosi et al., “The emerging role of
interleukin (IL)-1 in the pathogenesis and treatment of
inﬂammatory and degenerative eye diseases,” Clinical Rheumatology, vol. 36, no. 10, pp. 2307–2318, 2017.
M. Q. Zheng, Y. Q. Wang, S. J. Xiang, and Y. Li, “Levels of IL10, IL-23, TNF-α and INF-γ in patients with HLA-B27related acute anterior uveitis,” Journal of Medical Research,
vol. 40, no. 6, pp. 76–79, 2011.
X. F. Feng, X. J. Chen, J. Gong, and X. Chao, “Expression and
signiﬁcance of Th1/Th2 cells and their cytokines in peripheral blood of patients with uveitis,” Chinese Journal of Health
Inspection, vol. 26, 2016.
L. Joshi, L. Talat, S. Yaganti et al., “Outcomes of changing
immunosuppressive therapy after treatment failure in
patients with noninfectious uveitis,” Ophthalmology,
vol. 121, no. 5, pp. 1119–1124, 2014.
R. Lopez-Gonzalez, E. Loza, J. A. Jover et al., “Treatment of
refractory posterior uveitis with inﬂiximab: a 7-year followup study,” Scandinavian Journal of Rheumatology, vol. 38,
no. 1, pp. 58–62, 2009.
N. Ashkenazy, U. S. Saboo, A. Abraham, C. Ronconi, and
J. H. Cao, “Successful treatment with inﬂiximab after adalimumab failure in pediatric noninfectious uveitis,” Journal of
American Association for Pediatric Ophthalmology and Strabismus, vol. 23, no. 3, pp. 151.e1–151.e5, 2019.
Q. D. Nguyen, P. T. Merrill, G. J. Jaﬀe et al., “Adalimumab for
prevention of uveitic ﬂare in patients with inactive noninfectious uveitis controlled by corticosteroids (VISUAL II):
a multicentre, double-masked, randomised, placebocontrolled phase 3 trial,” The Lancet, vol. 388, no. 10050,
pp. 1183–1192, 2016.
J. Sheppard, A. Joshi, K. A. Betts et al., “Eﬀect of adalimumab
on visual functioning in patients with noninfectious intermediate uveitis, posterior uveitis, and panuveitis in the VISUAL1 and VISUAL-2 trials,” JAMA Ophthalmology, vol. 135,
no. 6, pp. 511–518, 2017.
E. B. Suhler, A. Adán, A. P. Brézin et al., “Safety and eﬃcacy
of adalimumab in patients with noninfectious uveitis in an
ongoing open-label study: VISUAL III,” Ophthalmology,
vol. 125, no. 7, pp. 1075–1087, 2018.
J. R. Smith, J. M. Matthews, D. Conrad et al., “Recommendations for the management of childhood juvenile idiopathic
arthritis-type chronic anterior uveitis,” Clinical & Experimental Ophthalmology, vol. 49, no. 1, pp. 38–45, 2021.

12
[20] U. Pleyer, P. Neri, and C. Deuter, “New pharmacotherapy
options for noninfectious posterior uveitis,” International
Ophthalmology, vol. 41, no. 6, pp. 2265–2281, 2021.
[21] B. M. Burkholder and D. A. Jabs, “Uveitis for the non-ophthalmologist,” BMJ, vol. 372, article m4979, 2021.
[22] G. J. Jaﬀe, A. D. Dick, A. P. Brézin et al., “Adalimumab in
patients with active noninfectious uveitis,” The New England
Journal of Medicine, vol. 375, no. 10, pp. 932–943, 2016.
[23] Y. Z. Li, X. Peng, Y. H. Ma, F. J. Li, and Y. H. Liao, “Matrine
suppresses lipopolysaccharide-induced ﬁbrosis in human
peritoneal mesothelial cells by inhibiting the epithelialmesenchymal transition,” Chinese Medical Journal, vol. 132,
no. 6, pp. 664–670, 2019.
[24] G. Wu, W. Zhou, J. Zhao et al., “Matrine alleviates
lipopolysaccharide-induced intestinal inﬂammation and oxidative stress via CCR7 signal,” Oncotarget, vol. 8, no. 7,
pp. 11621–11628, 2017.
[25] X. Zhang, J. Wang, Z. Xu, Z. Li, S. Feng, and H. Lu, “The
impact of rhubarb polysaccharides on Toll-like receptor 4mediated activation of macrophages,” International Immunopharmacology, vol. 17, no. 4, pp. 1116–1119, 2013.
[26] N. X. Nguyen, M. Küchle, and G. O. Naumann, “Quantiﬁcation of blood-aqueous barrier breakdown after phacoemulsiﬁcation in Fuchs’ heterochromic uveitis,” Ophthalmologica,
vol. 219, no. 1, pp. 21–25, 2005.
[27] I. C. Kuo and E. T. Cunningham Jr., “Ocular neovascularization in patients with uveitis,” International Ophthalmology
Clinics, vol. 40, no. 2, pp. 111–126, 2000.
[28] Z. Deng, Y. F. Wu, L. Jiang et al., “Matrine eye ﬂuid regulates
TLR4/NF- B pathway and aﬀects the expression of cytokines
associated with experimental uveitis in rabbits,” Chinese Journal of General Practice, vol. 18, no. 4, pp. 568–572, 2020.
[29] J. Yu and M. C. Chang, “Inhibitory eﬀect of matrine on corneal neovascularization in rats,” New Advances in Ophthalmology, vol. 32, no. 6, pp. 532–535, 2012.
[30] T. Rao and Y. L. Zhang, “Eﬀect of matrine on the scar of ﬁltration vesicle after trabeculectomy in rabbits,” New Progress
in Ophthalmology, vol. 37, no. 5, pp. 428–430, 2017.
[31] A. J. St Leger, A. M. Hansen, H. Karauzum et al., “STAT-3independent production of IL-17 by mouse innate-like αβ T
cells controls ocular infection,” The Journal of Experimental
Medicine, vol. 215, no. 4, pp. 1079–1090, 2018.
[32] K. Ghoreschi, A. Laurence, X. P. Yang et al., “Generation of
pathogenic TH17 cells in the absence of TGF-β signalling,”
Nature, vol. 467, no. 7318, pp. 967–971, 2010.
[33] Y. Yang, Q. Wang, M. Xie et al., “Berberine exerts an antiinﬂammatory role in ocular Behcet’s disease,” Molecular
Medicine Reports, vol. 15, no. 1, pp. 97–102, 2017.
[34] J. S. Cho, E. M. Pietras, N. C. Garcia et al., “IL-17 is essential
for host defense against cutaneous Staphylococcus aureus
infection in mice,” The Journal of Clinical Investigation,
vol. 120, no. 5, pp. 1762–1773, 2010.
[35] Y. Yang, J. Qi, Q. Wang et al., “Berberine suppresses Th17
and dendritic cell responses,” Investigative Ophthalmology
& Visual Science, vol. 54, no. 4, pp. 2516–2522, 2013.
[36] P. Tian, H. Ge, H. Liu et al., “Leukocytes from diabetic
patients kill retinal endothelial cells: eﬀects of berberine,”
Molecular Vision, vol. 19, pp. 2092–2105, 2013.
[37] Y. Guex-Crosier, A. J. Wittwer, and F. G. Roberge, “Intraocular production of a cytokine (CINC) responsible for neutro-

Journal of Immunology Research

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

phil inﬁltration in endotoxin induced uveitis,” The British
Journal of Ophthalmology, vol. 80, no. 7, pp. 649–653, 1996.
M. D. Becker, L. M. O'Rourke, W. Blackman, S. R. Planck,
and J. T. Rosenbaum, “Reduced leukocyte migration, but normal rolling and arrest, in interleukin-8 receptor homologue
knockout mice,” Investigative Ophthalmology & Visual Science, vol. 41, no. 7, pp. 1812–1817, 2000.
H. S. Cui, S. Hayasaka, L. S. Zheng, Y. Hayasaka, X. Y. Zhang,
and Z. L. Chi, “Eﬀect of berberine on monocyte chemotactic
protein-1 and cytokine-induced neutrophil chemoattractant1 expression in rat lipopolysaccharide-induced uveitis,” Ophthalmic Research, vol. 39, no. 1, pp. 32–39, 2007.
M. Li, X. Chen, J. Liu et al., “Treatment of experimental autoimmune uveoretinitis with diﬀerent natural compounds,”
Molecular Medicine Reports, vol. 13, no. 6, pp. 4654–4658,
2016.
Z. du, Q. Wang, X. Huang et al., “Eﬀect of berberine on spleen
transcriptome and gut microbiota composition in experimental autoimmune uveitis,” International Immunopharmacology, vol. 81, article 106270, 2020.
J. Luo, D. E. Jin, G. Y. Yang et al., “Total glucosides of paeony
for rheumatoid arthritis: a systematic review of randomized
controlled trials,” Complementary Therapies in Medicine,
vol. 34, pp. 46–56, 2017.
P. Liu, L. Wei, M. Tian, S. F. Zhang, and G. H. Cao,
“Eﬀect of total glucosides of paeony on the expression of
IL6, interleukin-1 and tumor necrosis factor-α in children
with juvenile idiopathic arthritis,” Rheumatism and Arthritis, vol. 9, no. 1, pp. 10–13, 2020.
Y. Zhang, “Eﬃcacy of total glucosides of paeony capsule combined with tacrolimus in the treatment of systemic lupus erythematosus,” Journal of Contemporary Medicine, vol. 18,
no. 6, pp. 146-147, 2020.
L. Jin, C. Li, Y. Li, and B. Wu, “Clinical eﬃcacy and safety of
total glucosides of paeony for primary Sjögren’s syndrome: a
systematic review,” Evidence-based Complementary and
Alternative Medicine, vol. 2017, 9 pages, 2017.
U. Khan and H. Ghazanfar, “T lymphocytes and autoimmunity,” International Review of Cell and Molecular Biology,
vol. 341, pp. 125–168, 2018.
R. Arakaki, A. Yamada, Y. Kudo, Y. Hayashi, and
N. Ishimaru, “Mechanism of activation-induced cell death
of T cells and regulation of FasL expression,” Critical Reviews
in Immunology, vol. 34, no. 4, pp. 301–314, 2014.
G. S. Zhou, H. Ren, G. J. Wei et al., “Expression of Bcl-2 and
FasL in autoimmune uveoretinopathy,” Harbin Medical University, vol. 42, pp. 31–33, 2008.
C. F. Xiong, J. Y. Qi, R. Deng, L. F. Xie, C. Z. Li, and X. L. Nie,
“Total glucosides of paeony inhibits T cell proliferation
in vitro and promotes activation-induced cell death in mice
lymphocyte,” Journal of Southern Medical University,
vol. 40, no. 1, pp. 118–124, 2020.
W. Wu, M. F. He, Z. L. Guo, X. K. Huang, and J. W. Zhong,
“Protective eﬀect of total glucosides of paeony on uveitis
model rats,” Chinese Pharmacy, vol. 25, no. 11, pp. 994–
996, 2014.
C. Y. Jing, J. K. Song, B. B. Wang, Q. M. Tian, and X. F. Xie,
“Eﬀect of total glucosides of paeony on expression of natural
killer T cells in liver of experimental autoimmune uveitis
rats,” Chinese Journal of optometry and Visual Science,
vol. 20, no. 11, pp. 669–676, 2018.

Journal of Immunology Research
[52] Q. B. Xu, L. Y. Zhong, L. W. Zhu, and Y. Zhang, “Adjuvant
treatment of systemic lupus erythematosus with uveitis by
total glucosides of paeony,” Modern Applied Pharmacy in
China, vol. 32, no. 2, pp. 202–205, 2015.
[53] J. Long, T. Wang, C. Qu, and C. Liang, “Eﬀect of Tripterygium glycosides combined with methotrexate on rheumatoid
arthritis,” China Medical News, vol. 16, no. 7, pp. 71–75,
2019.
[54] G. K. Li, J. Li, Y. Yuan, Y. W. Zhao, and G. Wang, “Eﬀect of
Tripterygium wilfordii polyglycoside combined with prednisone on CD 4 ~ + CD 25 ~ +T cells in SLE patients and its
therapeutic eﬀect,” Laboratory Medicine and Clinical Medicine, vol. 15, no. 6, pp. 798–801, 2018.
[55] Y. D. Ding, J. J. Zhu, and L. D. Zhang, “Clinical study of Tripterygium glycosides combined with leﬂunomide in treatment
of lupus nephritis,” Chinese Medicine and Clinical Practice,
vol. 19, no. 3, pp. 85–87, 2019.
[56] M. Zhang, S. A. Wang, and L. X. Liu, “Tripterygium glycosides interfere with TLR-NF-κB pathway to exert immunosuppressive eﬀect,” Chinese Herbal Medicine, vol. 45, no. 9,
pp. 1288–1292, 2014.
[57] D.-P. Qin, Y. J. Zhou, S. Z. Zhang, J. M. Cao, and L. Y. Xu,
“Anti-inﬂammatory eﬀects of Tripterygium wilfordii polyglycosides on macrophages and regulation of TLR4/NF-κB,”
Chinese Journal of Traditional Chinese Medicine, vol. 40,
no. 16, pp. 3256–3261, 2015.
[58] S. M. Zhou, F. Q. Kong, and S. Chen, “Preliminary study of
matrix metalloprotein-9 inhibitor blocking CD73 shedding
on retinal pigment epithelium cells to prevent experimental
autoimmune uveitis,” Chinese Journal of Fundus Diseases,
vol. 20, no. 4, 2020.
[59] Y. Q. Wang, W. K. Hu, X. N. Zhang, and Y. L. Wang, “No
content and expression of matrix metalloproteinase-9, tissue
type protease inhibitor-1 and inducible NO synthase in
lipopolysaccharide-induced uveitis eyes,” Chinese Journal of
Ocular Fundus Diseases, vol. 6, pp. 29–32, 2005.
[60] A. Cai, S. Qi, Z. Su, H. Shen, W. Ma, and Y. Dai, “Tripterygium glycosides inhibit inﬂammatory mediators in the rat
synovial RSC-364 cell line stimulated with interleukin-1β,”
Biomedical Reports, vol. 3, no. 6, pp. 763–766, 2015.
[61] B. Zhao, S. Zhang, W. Chen et al., “Elevated interleukin 37
expression associated with disease activity in HLA-B27
associated anterior uveitis and idiopathic anterior uveitis,”
Current Molecular Medicine, vol. 17, no. 7, pp. 460–467,
2018.
[62] S. Wang, R. Li, S. He et al., “Tripterygium wilfordii glycosides
upregulate the new anti-inﬂammatory cytokine IL-37
through ERK1/2 and p38 MAPK signal pathways,” Evidence-based Complementary and Alternative Medicine,
vol. 2017, Article ID 9148523, 6 pages, 2017.
[63] Q. S. Huang, Z. L. Zhang, and Y. M. Liu, “Eﬀect of Tripterygium wilfordii polyglycoside on serum IL-2 and TNF-alpha
in patients with acute anterior U-veitis,” Zhongguo Zhong
Xi Yi Jie He Za Zhi, vol. 22, no. 6, pp. 432–434, 2002.
[64] G. Ma, “Eﬀect of Tripterygium wilfordii on recurrent uveitis,”
Journal of Integrative Ophthalmology, vol. 2, pp. 86-87, 1996.
[65] J. Gueudry and M. Muraine, “Anterior uveitis,” Journal Français d'Ophtalmologie, vol. 41, no. 1, pp. e11–e21, 2018.
[66] Q. Song, J. Z. Lu, and J. Li, “Eﬀect of Tripterygium glycosides
on serum interleukin-1beta, interleukin-2, tumor necrosis
factor alpha, and interferon-gamma levels in patients with

13

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Behcet’s disease,” Zhongguo Zhong Xi Yi Jie He Za Zhi,
vol. 30, no. 6, pp. 598–600, 2010.
H. Z. Yang, N. Liu, and C. Dai, “Detection of endothelium
function in patients with Behcet’disease and eﬀect of Tripterygium glycosides,” Chinese Journal of Integrative Dermatology and Venereology, vol. 15, no. 2, pp. 94–96, 2016.
J. Song, M. Chen, Z. Li et al., “Astragalus polysaccharide
extends lifespan via mitigating endoplasmic reticulum stress
in the silkworm, Bombyx mori,” Aging and Disease, vol. 10,
no. 6, pp. 1187–1198, 2019.
J. Wu and X. Z. Yao, “Anti-inﬂammatory eﬀect of Astragalus
polysaccharide and its mechanism of inhibiting TLR4/NF-κB
pathway in COPD,” Journal of Xi’an Jiaotong University,
vol. 39, no. 5, pp. 760–764, 2018.
X. He, J. Shu, L. Xu, C. Lu, and A. Lu, “Inhibitory eﬀect of
Astragalus polysaccharides on lipopolysaccharide-induced
TNF-a and IL-1β production in THP-1 cells,” Molecules,
vol. 17, no. 3, pp. 3155–3164, 2012.
L. Lai and H. Qin, “Astragalus polysaccharides modulate the
inﬂammatory response of retinal ganglion cell via Traf6 TAK1
signaling pathway,” Chinese Journal of Ophthalmology of Traditional Chinese medicine, vol. 29, no. 6, pp. 434–437, 2019.
T. Napso and F. Fares, “Zebularine induces prolonged apoptosis eﬀects via the caspase-3/PARP pathway in head and
neck cancer cells,” International Journal of Oncology,
vol. 44, no. 6, pp. 1971–1979, 2014.
J. K. Si, J. G. Guo, D. D. Guo, K. Tang, Y. X. Du, and X. R.
Wang, “Protective eﬀects of Astragalus polysaccharides on
hydrogen peroxide-induced oxidative damage in human retinal pigment epithelium cells,” New Advances in ophthalmology, vol. 35, no. 1, pp. 18–21, 2015.
A. Q. Wang and Y. He, “Eﬀects of Astragalus polysaccharides
on intraocular pressure, retina, inner and outer granular
layer, optic nerve ﬁber, caspase-3 and retinal ganglion cell
apoptosis in acute ocular hypertension rats,” Journal of Practical Chinese Medicine, vol. 32, no. 1, pp. 61–64, 2018.
S. Yu, W. Zhang, J. Yu, S. Feng, T. Guo, and H. Lu, “Inhibiting
eﬀect of Radix Hedysari polysaccharide (HPS) on endotoxininduced uveitis in rats,” International Immunopharmacology,
vol. 21, no. 2, pp. 361–368, 2014.
Y. Sun, D. Guo, B. Liu et al., “Regulatory role of rno-miR30b-5p in IL-10 and Toll-like receptor 4 expressions of T
lymphocytes in experimental autoimmune uveitis in vitro,”
Mediators of Inﬂammation, vol. 2018, Article ID 2574067,
11 pages, 2018.
S. Li, H. Lu, X. Hu, W. Chen, Y. Xu, and J. Wang, “Expression
of TLR4-MyD88 and NF- B in the iris during endotoxininduced uveitis,” Mediators of Inﬂammation, vol. 2010, Article ID 748218, 7 pages, 2010.
C. Tong, Z. Cui, X. Sun et al., “Mannan derivatives instruct
dendritic cells to induce Th1/Th2 cells polarization via diﬀerential mitogen-activated protein kinase activation,” Scandinavian Journal of Immunology, vol. 83, no. 1, pp. 10–17, 2016.
J. Xie, B. Li, P. Zhang, L. Wang, H. Lu, and X. Song, “Osteogenic protein-1 attenuates the inﬂammatory cytokineinduced NP cell senescence through regulating the
ROS/NF-κB pathway,” Biomedicine & Pharmacotherapy,
vol. 99, pp. 431–437, 2018.
M. E. Spehlmann and L. Eckmann, “Nuclear factor-kappa B
in intestinal protection and destruction,” Current Opinion
in Gastroenterology, vol. 25, no. 2, pp. 92–99, 2009.

14
[81] J. Wang, X. L. Liu, H. R. Wu, H. Y. Jia, and H. Lu, “Mechanism of Radix Hedysari polysaccharide on endotoxininduced uveitis in rats,” New Advances in Ophthalmology,
vol. 39, no. 7, pp. 606–610, 2019.
[82] S. Yang, S. Yu, X. L. Liu, W. L. Zhang, and J. R. Guo, “Eﬀects
of Astragalus polysaccharide on expression of glycogen synthase 3-in lipopolysaccharide-induced uveitis model and its
mechanism,” New Advances in Ophthalmology, vol. 39,
no. 2, pp. 123–128, 2019.
[83] F. Juan, L. Yan, S. Yang, S. Xiaopeng, and W. Aidong, “Rhubarb polysaccharide inhibits the activation of TLR-4/NF-κB
pathway induced by lipopolysaccharide,” Advances in modern Biomedicine, vol. 14, no. 31, pp. 6035–6038, 2014.
[84] R. A. Kowluru and M. Kanwar, “Eﬀects of curcumin on retinal oxidative stress and inﬂammation in diabetes,” Nutrition
and Metabolism, vol. 4, no. 1, p. 8, 2007.
[85] Y. Li, H. Li, and S. B. Zhou, “Curcumin inhibits
lipopolysaccharide-induced inﬂammatory response of retinal
pigment epithelium cells,” Journal of Chongqing Medical University, vol. 43, no. 7, pp. 994–998, 2018.
[86] X. J. Lin, P. Xie, D. Q. Yuan, and Q. H. Liu, “Curcumin
inhibits choroidal neovascularization in mice,” Advances in
Modern Biomedicine, vol. 14, no. 1, pp. 52–56, 2014.
[87] C. Zhang, H. Z. Yu, D. J. Yang, and H. Q. Jia, “Eﬀect of curcumin on SDF-1 / CXCR4 axis in rats with proliferative
vitreoretinopathy,” Sichuan Traditional Chinese Medicine,
vol. 38, no. 3, pp. 80–84, 2020.
[88] X. Zhou, X. Kuang, C. Long et al., “Curcumin inhibits
proliferation and epithelial-mesenchymal transition of retinal
pigment epithelial cells via multiple pathways,” Current
Molecular Medicine, vol. 17, no. 4, pp. 312–319, 2017.
[89] J. M. Woo, D. Y. Shin, S. J. Lee et al., “Curcumin protects retinal pigment epithelial cells against oxidative stress via induction of heme oxygenase-1 expression and reduction of
reactive oxygen,” Molecular Vision, vol. 18, pp. 901–908,
2012.
[90] D. L. Peng, X. N. Wang, and J. Yang, “Eﬀects of curcumin on
endoplasmic reticulum stress in rats with retinal ischemia/reperfusion injury,” World Traditional Chinese Medicine,
vol. 13, no. 4, pp. 929–935, 2018.
[91] H. J. Zhang, Y. Q. Xing, W. Jin, D. Li, K. Wu, and Y. Lu,
“Eﬀects of curcumin on interleukin-23 and interleukin-17
expression in rat retina after retinal ischemia-reperfusion
injury,” International Journal of Clinical and Experimental
Pathology, vol. 8, no. 8, pp. 9223–9231, 2015.
[92] B. Lal, A. K. Kapoor, O. P. Asthana et al., “Eﬃcacy of curcumin in the management of chronic anterior uveitis,” Phytotherapy Research, vol. 13, no. 4, pp. 318–322, 1999.
[93] P. Allegri, A. Mastromarino, and P. Neri, “Management of
chronic anterior uveitis relapses: eﬃcacy of oral phospholipidic curcumin treatment. Long-term follow-up,” Clinical
Ophthalmology, vol. 4, pp. 1201–1206, 2010.
[94] J. H. Park, E. Y. Shin, M. E. Shin et al., “Enhanced retinal
pigment epithelium (RPE) regeneration using curcumin/alginate hydrogels: In vitro evaluation,” International Journal of
Biological Macromolecules, vol. 117, pp. 546–552, 2018.
[95] B. Zheng, S. Peng, X. Zhang, and D. J. McClements, “Impact
of delivery system type on curcumin bioaccessibility: comparison of curcumin-loaded nanoemulsions with commercial
curcumin supplements,” Journal of Agricultural and Food
Chemistry, vol. 66, no. 41, pp. 10816–10826, 2018.

Journal of Immunology Research
[96] E. Marin, M. I. Briceño, A. Torres, and C. Caballero-George,
“New curcumin-loaded chitosan nanocapsules: in vivo evaluation,” Planta Medica, vol. 83, no. 10, pp. 877–883, 2017.
[97] Z. Y. Ng, J. Y. Wong, J. Panneerselvam et al., “Assessing the
potential of liposomes loaded with curcumin as a therapeutic
intervention in asthma,” Colloids and Surfaces B, Biointerfaces, vol. 172, pp. 51–59, 2018.
[98] A. Ubeyitogullari and O. N. Ciftci, “A novel and green nanoparticle formation approach to forming low-crystallinity curcumin nanoparticles to improve curcumin's bioaccessibility,”
Scientiﬁc Reports, vol. 9, no. 1, article 19112, 2019.
[99] J. L. Olson, R. J. Courtney, B. Rouhani, N. Mandava, and C. A.
Dinarello, “Intravitreal anakinra inhibits choroidal neovascular membrane growth in a rat model,” Ocular Immunology
and Inﬂammation, vol. 17, no. 3, pp. 195–200, 2009.
[100] S. C. Teoh, S. Sharma, A. Hogan, R. Lee, A. V. Ramanan, and
A. D. Dick, “Tailoring biological treatment: anakinra treatment of posterior uveitis associated with the CINCA syndrome,” The British Journal of Ophthalmology, vol. 91,
no. 2, pp. 263-264, 2007.
[101] A. Amadi-Obi, C. R. Yu, X. Liu et al., “TH17 cells contribute
to uveitis and scleritis and are expanded by IL-2 and inhibited
by IL-27/STAT1,” Nature Medicine, vol. 13, no. 6, pp. 711–
718, 2007.
[102] L. Tian, B. Lei, J. Shao, L. Wei, A. Kijlstra, and P. Yang,
“AAV2-mediated combined subretinal delivery of IFN-α
and IL-4 reduces the severity of experimental autoimmune
uveoretinitis,” PLoS One, vol. 7, no. 6, article e37995, 2012.
[103] L. V. Rizzo, R. A. Morawetz, N. E. Miller-Rivero et al., “IL-4
and IL-10 are both required for the induction of oral tolerance,” Journal of Immunology, vol. 162, no. 5, pp. 2613–
2622, 1999.
[104] J. Tode, E. Richert, S. Koinzer et al., “Intravitreal injection of
anti-interleukin (IL)-6 antibody attenuates experimental
autoimmune uveitis in mice,” Cytokine, vol. 96, pp. 8–15,
2017.
[105] S. J. Curnow, D. Scheel-Toellner, W. Jenkinson et al., “Inhibition of T cell apoptosis in the aqueous humor of patients with
uveitis by IL-6/soluble IL-6 receptor trans-signaling,” Journal
of Immunology, vol. 173, no. 8, pp. 5290–5297, 2004.
[106] J. S. Mo, A. Matsukawa, S. Ohkawara, and M. Yoshinaga,
“Role and regulation of IL-8 and MCP-1 in LPS-induced uveitis in rabbits,” Experimental Eye Research, vol. 68, no. 3,
pp. 333–340, 1999.
[107] I. Goczalik, E. Ulbricht, M. Hollborn et al., “Expression of
CXCL8, CXCR1, and CXCR2 in neurons and glial cells of
the human and rabbit retina,” Investigative Ophthalmology
& Visual Science, vol. 49, no. 10, pp. 4578–4589, 2008.
[108] L. Akduman, H. J. Kaplan, O. Ataoglu, M. Or, A. Bilgihan,
and B. Hasanreisoglu, “Comparison of uveitis induced by
interleukin-8 (IL-8) and endotoxin in rabbits,” Ocular Immunology and Inﬂammation, vol. 2, no. 4, pp. 223–229, 1994.
[109] M. J. Verma, N. Mukaida, U. Vollmer-Conna,
K. Matsushima, A. Lloyd, and D. Wakeﬁeld, “Endotoxininduced uveitis is partially inhibited by anti-IL-8 antibody
treatment,” Investigative Ophthalmology & Visual Science,
vol. 40, no. 11, pp. 2465–2470, 1999.
[110] A. Atalay, S. Arıkan, O. Ozturk et al., “The IL-8 gene polymorphisms in Behçet’s disease observed in Denizli Province
of Turkey,” Immunological Investigations, vol. 45, no. 4,
pp. 298–311, 2016.

Journal of Immunology Research
[111] B. Zelazowska-Rutkowska, M. Mrugacz, and B. Cylwik,
“Comparison of the diagnostic power of serum IL-6, IL-8
and TNF-α for the idiopathic anterior uveitis in children,”
Clinical Laboratory, vol. 63, no. 11, pp. 1889–1895, 2017.
[112] S. Rytkönen, J. Ritari, J. Peräsaari, V. Saarela, M. Nuutinen,
and T. Jahnukainen, “IL-10 polymorphisms +434T/C,
+504G/T, and -2849C/T may predispose to tubulointersititial
nephritis and uveitis in pediatric population,” PLoS One,
vol. 14, no. 2, article e0211915, 2019.
[113] H. Keino, T. Watanabe, Y. Sato, M. Niikura, Y. Wada, and
A. A. Okada, “Therapeutic eﬀect of the potent IL-12/IL-23
inhibitor STA-5326 on experimental autoimmune uveoretinitis,” Arthritis Research & Therapy, vol. 10, no. 5, p. R122,
2008.
[114] R. Chang, S. Yi, X. Tan et al., “MicroRNA-20a-5p suppresses
IL-17 production by targeting OSM and CCL1 in patients
with Vogt-Koyanagi-Harada disease,” The British Journal of
Ophthalmology, vol. 102, no. 2, pp. 282–290, 2018.
[115] J. M. G. Ruiz de Morales, L. Puig, E. Daudén et al., “Critical
role of interleukin (IL)-17 in inﬂammatory and immune disorders: an updated review of the evidence focusing in controversies,” Autoimmunity Reviews, vol. 19, no. 1, article 102429,
2020.
[116] S. Cole, J. Murray, C. Simpson et al., “Interleukin (IL)-12 and
IL-18 synergize to promote MAIT cell IL-17A and IL-17F
production independently of IL-23 signaling,” Frontiers in
Immunology, vol. 11, article 585134, 2020.
[117] H. Belguendouz, D. Messaoudene, K. Lahmar-Belguendouz
et al., “Production de l’IL-18 in vivo et ex vivo pendant
l’uveite associee a la maladie de Behçet: eﬀet de la corticotherapie,” Journal Français d'Ophtalmologie, vol. 38, no. 3,
pp. 206–212, 2015.
[118] L. Wang, C. R. Yu, H. P. Kim et al., “Key role for IL-21 in
experimental autoimmune uveitis,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 108, no. 23, pp. 9542–9547, 2011.
[119] R. Zeng, R. Spolski, S. E. Finkelstein et al., “Synergy of IL-21
and IL-15 in regulating CD8+ T cell expansion and function,”
The Journal of Experimental Medicine, vol. 201, no. 1,
pp. 139–148, 2005.
[120] M. T. Kasaian, M. J. Whitters, L. L. Carter et al., “IL-21 limits
NK cell responses and promotes antigen-speciﬁc T cell activation: a mediator of the transition from innate to adaptive
immunity,” Immunity, vol. 16, no. 4, pp. 559–569, 2002.
[121] Y. J. Sepah, G. Velez, P. H. Tang et al., “Proteomic analysis of
intermediate uveitis suggests myeloid cell recruitment and
implicates IL-23 as a therapeutic target,” American Journal
of Ophthalmology Case Reports, vol. 18, article 100646, 2020.
[122] J. W. Kang, S. C. Choi, M. C. Cho et al., “A proinﬂammatory
cytokine interleukin-32β promotes the production of an antiinﬂammatory cytokine interleukin-10,” Immunology,
vol. 128, 1, Part 2, pp. e532–e540, 2009.
[123] M. Schenk, S. R. Krutzik, P. A. Sieling et al., “NOD2 triggers an
interleukin-32-dependent human dendritic cell program in
leprosy,” Nature Medicine, vol. 18, no. 4, pp. 555–563, 2012.
[124] M. Barbour, D. Allan, H. Xu et al., “IL-33 attenuates the
development of experimental autoimmune uveitis,” European Journal of Immunology, vol. 44, no. 11, pp. 3320–3329,
2014.
[125] S. Ali, A. Mohs, M. Thomas et al., “The dual function cytokine IL-33 interacts with the transcription factor NF-κB to

15

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

dampen NF-κB-stimulated gene transcription,” Journal of
Immunology, vol. 187, no. 4, pp. 1609–1616, 2011.
C. Hou, Q. Wu, C. Ouyang, and T. Huang, “Eﬀects of an
intravitreal injection of interleukin-35-expressing plasmid
on pro-inﬂammatory and anti-inﬂammatory cytokines,”
International Journal of Molecular Medicine, vol. 38, no. 3,
pp. 713–720, 2016.
Y. Zongyi, Z. Funian, L. Hao et al., “Interleukin-35 mitigates
the function of murine transplanted islet cells via regulation
of Treg/Th17 ratio,” PLoS One, vol. 12, no. 12, article
e0189617, 2017.
J. L. Zhang, X. Y. Song, Y. Y. Chen et al., “Novel inﬂammatory
cytokines (IL-36, 37, 38) in the aqueous humor from patients
with chronic primary angle closure glaucoma,” International
Immunopharmacology, vol. 71, pp. 164–168, 2019.
A. Psarras, A. Antanaviciute, A. Alase et al., “TNF-α regulates
human plasmacytoid dendritic cells by suppressing IFN-α
production and enhancing T cell activation,” Journal of
Immunology, vol. 206, no. 4, pp. 785–796, 2021.
M. Leclercq, A. C. Desbois, F. Domont et al., “Biotherapies in
uveitis,” Journal of Clinical Medicine, vol. 9, no. 11, p. 3599,
2020.
Y. Zhu, H. Yu, Y. Qiu et al., “Promoter hypermethylation of
GATA3, IL-4, and TGF-β confers susceptibility to VogtKoyanagi-Harada disease in Han Chinese,” Investigative
Ophthalmology & Visual Science, vol. 58, no. 3, pp. 1529–
1536, 2017.
Y. Ke, G. Jiang, D. Sun, H. J. Kaplan, and H. Shao, “Anti-CD3
antibody ameliorates experimental autoimmune uveitis by
inducing both IL-10 and TGF-β dependent regulatory T
cells,” Clinical Immunology, vol. 138, no. 3, pp. 311–320,
2011.
H. L. Rosenzweig, T. Kawaguchi, T. M. Martin, S. R. Planck,
M. P. Davey, and J. T. Rosenbaum, “Nucleotide oligomerization domain-2 (NOD2)-induced uveitis: dependence on IFNγ,” Investigative Ophthalmology & Visual Science, vol. 50,
no. 4, pp. 1739–1745, 2009.
B. Liu, L. Faia, M. Hu, and R. B. Nussenblatt, “Pro-angiogenic
eﬀect of IFNγ is dependent on the PI3K/mTOR/translational
pathway in human retinal pigmented epithelial cells,” Molecular Vision, vol. 16, pp. 184–193, 2010.
D. Bauer, M. Kasper, K. Walscheid et al., “Alteration of MCP1 and MMP-9 in aqueous humor is associated with secondary
glaucoma in Fuchs uveitis syndrome,” Ocular Immunology
and Inﬂammation, vol. 28, no. 4, pp. 688–698, 2020.
C. Cuello, D. Wakeﬁeld, and N. Di Girolamo, “Neutrophil
accumulation correlates with type IV collagenase/gelatinase
activity in endotoxin induced uveitis,” The British Journal of
Ophthalmology, vol. 86, no. 3, pp. 290–295, 2002.

