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Preventive effect of chrysin on experimental
autoimmune uveitis triggered by injection of human
IRBP peptide 1–20 in mice

Xiangda Meng, Sijie Fang, Zhuhong Zhang, Yang Wang, Caiyun You, Jingkai Zhang and Hua Yan

Uveitis is a common cause of blindness worldwide. Experimental autoimmune uveitis (EAU) is an animal model of
noninfectious uveitis. Chrysin (5,7-dihydroxyflavone) is a member of the flavonoid family and has anti-inflammatory
effects. We immunized C57BL/6J mice with human interphotoreceptor retinoid-binding protein peptide 1–20 to
induce EAU. Chrysin was administered intragastrically at 25mg/kg daily to the chrysin-treated mice from 3 days
before immunization to 21 days after immunization. Vehicle was administered to the mice in the control group
according to the same protocol. Lower clinical and histopathological scores, increased integrity of the blood–retinal
barrier (BRB) and higher expression of tight junction proteins were observed in the chrysin-treated mice. Chrysin
significantly decreased the proportions of Th1, Th17 and CD4+CD3+CD62L+ Th0 cells, and increased the
proportion of Treg cells. Both macrophage infiltration and the expression of inducible nitric oxide synthase in the
retina were efficiently inhibited by chrysin treatment. In chrysin-treated mice, the expression of interferon-γ,
interleukin (IL)-17A, IL-6, IL-1β and tumor necrosis factor-α was reduced in the retina, whereas higher levels of
transforming growth factor-β were detected. Furthermore, NF-κBp65 was downregulated after chrysin treatment. In
conclusion, as an anti-inflammatory molecule, chrysin exerts a preventive effect on EAU by modulating the balance
among helper T-cell subsets and suppressing ocular inflammation, thereby maintaining the integrity of the BRB.
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INTRODUCTION

Uveitis is a common cause of blindness worldwide, and it
usually affects people ranging from 20 to 59 years old.1 On the
basis of its different etiologies, uveitis can be classified as
infectious or noninfectious. Infectious uveitis can be caused by
viruses, bacteria, fungi or parasites, and it is mainly treated
through elimination of the causative pathogen. However,
noninfectious uveitis is a recurrent and immune-mediated
disease that usually affects the eyes bilaterally.2 It is idiopathic
and is usually accompanied by immunologic abnormalities
or systemic diseases.2 Cycloplegics and corticosteroids (both
topical and systemic) are the mainstays of treatment for
noninfectious uveitis, but a growing body of research suggests
the usage of immunosuppressive or biological agents such
as cyclophosphamide (CTX),3 cyclosporin A4 and infliximab.5,6

Experimental autoimmune uveitis (EAU) serves as an animal
model of noninfectious uveitis. EAU in mice is induced by
injecting emulsified antigen subcutaneously, which destroys the
body’s immune tolerance. After immunization, self-reactive
antigens are first presented to naive T cells by antigen-
presenting cells (APCs). Then, these naive T cells are activated
and transformed into CD4+ Th0 cells that further differentiate
into Th1, Th17, Treg or other T-cell types. Moreover, it is
generally accepted that an imbalance among these T-cell
subsets has a decisive role in the pathogenesis of EAU.7,8 Th1
and Th17 cells, which serve as destructive T cells, destroy the
blood–retinal barrier (BRB) by secreting cytokines such as
interferon (IFN)-γ and interleukin (IL)-17. These cytokines are
capable of recruiting macrophages, leading to intraocular
inflammation that is dependent on the activation of multiple
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signaling pathways involving nuclear factor kappa B (NF-κB).
NF-κB is a nuclear transcription factor that is critical for
inflammation and has a major role in the pathological
immune progression of EAU9,10 because it regulates many
pro-inflammatory cytokines and enzymes at the transcriptional
level, such as IL-1β, IL-6, tumor necrosis factor-α (TNF-α) and
inducible nitric oxide (iNOS), which can activate macrophages
and induce oxidative stress.

Chrysin (5,7-dihydroxyflavone) is a member of the flavonoid
family that is found in honey, propolis and many other
plants.11 Flavonoids have a broad spectrum of biological
activities such as antitumor, immunomodulatory, anti-inflam-
matory, antiallergy, antioxidant and cardioprotective effects.12

Some researchers have shown that flavonoids and their
derivatives exert potential benefits in animal models of anterior
uveitis.13,14 However, these studies have seldom discussed the
immunological mechanisms in depth. Chrysin has been
described as a potential therapeutic agent for the treatment
of some inflammatory diseases such as inflammatory bowel
disease15 and allergic inflammatory diseases,16,17 although the
mechanisms underlying its anti-inflammatory activity are still
poorly understood. Recent studies have confirmed that chrysin
exerts its anti-inflammatory effects partly by inhibiting the
NF-κB signaling pathway,16,18,19 which aroused our interest in
examining chrysin’s potentially protective effect on EAU.
Because new therapeutic strategies for the treatment of uveitis
are greatly needed, this study was designed to investigate the
possible preventive effect of chrysin on EAU induced by
human interphotoreceptor retinoid-binding protein peptide
1–20 (IRBP1–20) immunization in mice and to discuss the
potential immunological mechanisms underlying these effects.

MATERIALS AND METHODS

Animals
Female C57BL/6J mice (6–8 weeks old) purchased from the
Academy of Military Medical Science (Beijing, China) were
housed in specific pathogen-free conditions with water and
food available ad libitum. All procedures involving the mice
were approved by the Laboratory Animal Care and Use
Committee of Tianjin Medical University and also conformed
to the Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision
Research.

Induction of EAU and treatment
Each C57BL/6J mouse was immunized subcutaneously in one
rear footpad and the tail head, and rump (total of 200 μl) with
an emulsion containing 300 μg of human IRBP1–20
(GPTHLFQPSLVLDMAKVLLD, Sangon, Shanghai, China) in
phosphate-buffered saline (PBS) and 300 μg of Mycobacterium
tuberculosis H37Ra (Difco, Detroit, MI, USA) in complete
Freund’s adjuvant (CFA, Sigma, St Louis, MO, USA; 1:1, v/v).
Simultaneously, the mice received 1 μg of Bordetella pertussis
toxin (List Biological Laboratories, Campbell, CA, USA)
intraperitoneally. Then the mice were randomly divided into
a chrysin-treated group (n= 30 mice) and a control group

(n= 30 mice). For the treatment of EAU, chrysin (Acros
Organics, Morris Plains, NJ, USA) dissolved in 10 μl of
dimethylsulfoxide (DMSO) and 140 μl of PBS was adminis-
tered at 25mg/kg per day by oral gavage to the chrysin-treated
mice from 3 days before immunization (day − 3) to day 21
after immunization, when the mice were killed. Vehicle
containing 10 μl of DMSO and 140 μl of PBS was administered
to the control group mice. We did not observe any unnatural
animal deaths during the experimental period.

Clinical and histological assessment of EAU
After the pupils were dilated with tropicamide, the fundus oculi
of each mouse was examined daily with a binocular indirect
ophthalmoscope with an additional +90 D lens from day 12
until day 21 post immunization. At day 21, eye-ground
photographs were taken with an otoendoscope (27018A, Karl
Storz, Tuttlingen, Germany) computer imaging system after
pupillary dilation and the application of topical corneal
anesthesia (oxybuprocaine hydrochloride) with a coverslip
and medical sodium hyaluronate gel (Bausch & Lomb Freda,
Shandong, China) to avoid the influence of the corneal
curvature. The incidence and severity of EAU were scored
according to the criteria reported by Caspi and coworkers.20

Then the eyes were enucleated and fixed in 10% formaldehyde
and 5% glacial acetic acid/PBS. Dehydrated tissues were
embedded in paraffin wax and sectioned to 5-μm thicknesses.
The eye sections were stained with hematoxylin and eosin
(H&E) for histopathological evaluation according to Caspi’s
criteria.20

Flow cytometry analysis
Single-cell suspensions were isolated from the mouse spleens
on day 21 by mashing and passing the spleens through a cell
strainer (40-μm nylon, BD Falcon, San Jose, CA, USA). For
Treg cell staining, single-cell suspensions were stained with
anti-mouse CD4 FITC (BD Biosciences, San Jose, CA, USA),
anti-mouse CD25 PerCP-Cy5.5 (BD Biosciences) and anti-
mouse Foxp3 phycoerythrin (PE) (eBioscience, San Diego, CA,
USA) antibodies. For Th0 cell staining, the cells were stained
with anti-mouse CD4 FITC, anti-mouse CD3 PerCP-Cy5.5
(BD Biosciences) and anti-mouse CD62L PE (BD Biosciences)
antibodies. For Th1 and Th17 cell staining, the cells were
restimulated with 500 ng/ml phorbol 12-myristate 13-acetate
(Sigma), 500 ng/ml ionomycin (Sigma) and 1 μg/ml of brefel-
din A (Biosciences) for 4 h. The cells were then collected and
stained with anti-mouse IFN-γ PE (BD Biosciences) and anti-
mouse CD4 FITC antibodies for the Th1 cell analysis or stained
with anti-mouse IL-17 PE (BD Biosciences) and anti-mouse
CD4 FITC antibodies for the Th17 cell analysis. Cells were then
analyzed with a BD FACSCalibur (Becton Dickinson, Mount
View, CA, USA), and the acquired data were analyzed with
FlowJo 7.6 (Ashland, OR, USA).

Assessment of retinal vasculature and the BRB
A total of 100 μl of 2% (w/v) Evans Blue dye (Sigma-Aldrich,
St Louis, MO, USA) was injected through the tail vein. Two
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hours later, the mice were killed and their eyes were enucleated
and immediately fixed in 4% paraformaldehyde for 2 h. Then the
anterior segments were removed and the retinas were dissected
and washed in cold PBS. Finally, the retinas were spread on glass
slides, with the vitreous side facing up, and mounted with
mounting medium. Pictures were taken with a confocal
scanning laser imaging system fitted with krypton–argon lasers
(FV1000, Olympus, Tokyo, Japan).

Immunohistochemical staining
Eyes were removed on day 21 and fixed in 10% formaldehyde
and 5% glacial acetic acid/PBS. Sections (5 μm) were prepared
from paraffin-embedded tissues and incubated overnight at
4 °C with rat monoclonal antibody to F4/80 (1:200, GeneTex,
Irvine, CA, USA). Then the sections were stained with
biotinylated anti-rat IgG secondary antibody (1:200, Vector
Laboratories, Burlingame, CA, USA) for 2 h, followed by
horseradish peroxidase streptavidin incubation for 1 h. Specific
labeling was visualized by incubation with diaminobenzidine
(Zhongshan Goldenbridge Biotechnology, Beijing, China).
Finally, the sections were counterstained with hematoxylin
(Solarbio Science & Technology, Beijing, China). Photographs
were taken with a Leica DMI4000B (Leica Microsystems, Hesse,
Germany).

Immunofluorescence
Eyes were enucleated on day 21 and immediately incubated in
optimum cutting temperature compound. After being frozen at
− 80 °C for 15min, eyes were cut into 5-μm-thick sections,
fixed in acetone and incubated with the primary antibody
(rat monoclonal to F4/80, dilution 1:200, GeneTex; rabbit
polyclonal to iNOS, dilution 1:200, Abcam, Cambridge, UK)
overnight at 4 °C. Then the sections were incubated with
secondary antibodies. Finally, the sections were treated with
4',6-diamidino-2-phenylindole (DAPI) for 1min at 37 °C. Pic-
tures were taken with a Nikon Coolscope (Nikon, Dusseldorf,
Germany).

Real-time quantitative PCR
Total RNA of the retina was isolated using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and reverse transcribed into
cDNA with TransScript First-Strand cDNA Synthesis SuperMix
(TransGen Biotech, Beijing, China). The relative amounts of
Ifng, Il17a, Il1b, Il6, Tnf, Il10, Tgfb1, Rela and Nos2mRNA were
detected by real-time quantitative PCR (qRT-PCR) with
TransScript Top Green qPCR SuperMix (TransGen Biotech).
Actb mRNA was used as an internal control. All procedures
were performed according to the manufacturer’s instructions.
The primers used are shown in Table 1. The relative mRNA
expression was determined with the 2−ΔΔCt method.21

Western blotting
Western blotting was performed using standard methods.
Retinas and choroids were carefully dissected from the eyes,
and the protein concentration was measured using a protein
assay (Bradford Protein Assay; Bio-Rad, Hercules, CA, USA).

Equal amounts of protein were separated by electrophoresis on
10–12% dodecyl sulfate-polyacrylamide gel and electroblotted
onto polyvinylidene fluoride membranes (Millipore, Billerica,
MA, USA). The membranes were blocked in 5% skim milk for
1 h and incubated with antibodies to IL-1β (1:2000, Abcam),
IL-6 (1:1000, Abcam), IL-10 (1:500, Abcam), IL-17 A (1:1000,
Abcam), IFN-γ (1:500, GeneTex), TNF-α (1:1000, GeneTex),
TGF-β (1:250, Cell Signaling Technology, Boston, MA, USA),
p65 (1:1000, Cell Signaling Technology), iNOS (1:500, Abcam),
occludin (1:250, Invitrogen) and ZO-1 (1:200, Invitrogen)
overnight at 4 °C. Then the membranes were washed in 0.1%
triethanolamine buffered saline solution-Tween (TBS-T) and
incubated with secondary antibodies at room temperature for
1 h. Finally, the blots were scanned with a ChemiDoc MP
System (Bio-Rad), and the bands were quantified by Image
J software (NIH, Bethesda, MD, USA). β-actin (1:1000,
Zhongshan Goldenbridge Biotechnology) was used as an
internal reference.

Statistical analysis
All data are presented as the mean± s.d. and were analyzed
by SPSS 17.0 software (Chicago, IL, USA). The Mann–Whitney
U-test was used to compare the differences between the control
and the chrysin groups. The differences were considered to be
statistically significant at Po0.05.

RESULTS

Chrysin ameliorates the severity of EAU both clinically and
histologically
To explore the therapeutic effect of chrysin on uveitis, an IRBP/
CFA-induced EAU model was used. Mice were treated with
chrysin daily from day − 3 to day 21. From day 12 until day 21
fundus examinations were performed to observe the disease

Table 1 Primer sets for qRT-PCR

Gene Sequence (5′–3′)

IFN-γ CTGCTGATGGGAGGAGATGT
TTTGTCATTCGGGTGTAGTCA

IL-17A GGACTCTCCACCGCAATGA
TCAGGCTCCCTCTTCAGGAC

IL-6 CCAGTTGCCTTCTTGGGACT
GGTCTGTTGGGAGTGGTATCC

IL-1β CACCTCACAAGCAGAGCACA
GCCCATACTTTAGGAAGACACG

TNF-α CACCACCATCAAGGACTCAA
GAGACAGAGGCAACCTGACC

TGF-β ATTCCTGGCGTTACCTTGG
AGCCCTGTATTCCGTCTCCT

IL-10 TGCACTACCAAAGCCACAAG
TGATCCTCATGCCAGTCAGT

iNOS AATCTTGGAGCGAGTTGTGG
GCAGCCTCTTGTCTTTGACC

β-actin GGGTCAGTGGAGTAGACAGCA
TGGATGTGGTAGAGCAAAGC

Abbreviation: qRT-PCR, real-time quantitative PCR.
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severity and clinical course for each mouse. EAU was char-
acterized by vasculitis, retinal infiltrations, papilledema, retinal
detachment and retinal atrophy. The chrysin-treated mice
showed less severe inflammation and tissue damage
(Figure 1a). Clinical scoring was performed on day 21. The
clinical scores (0.33± 0.41 vs 2.67± 1.51, Po0.05) were
significantly lower in the chrysin-treated mice than in the
control mice (Figure 1a).

To further validate the clinical therapeutic effects of chrysin,
a histological assessment was performed on day 21. The main
histological characteristics of EAU include the infiltration of
inflammatory cells, retinal folds or detachments, granulomas in
the choroid and retina, and subretinal neovascularization.18 On
the basis of H&E staining, the chrysin-treated mice showed less
infiltration by inflammatory cells and milder retinal folds than
the control mice (Figure 1b). Histopathologic grading indicated
that the chrysin-treated mice had significantly lower scores

than the control mice (0.25± 0.27 vs 1.83± 0.75, Po0.01;
Figure 1b).

Chrysin regulates the proportions of peripheral
T-lymphocyte subsets
An autoimmune ocular disease EAU is mediated by three
critical populations of T cells: Th1, Th17 and Treg cells.22–27

Hence, we examined the T-lymphocyte subsets in the spleens
of mice in both groups by flow cytometry. Our data demon-
strated that the chrysin-treated mice, compared with control
mice, had lower percentages of CD4+IFN-γ+ Th1 cells
(Po0.05, Figure 2a) and CD4+IL17+ Th17 cells (Po0.01,
Figure 2b), and a higher percentage of CD4+CD25+ Treg cells
(Po0.05, Figure 2c) in their spleens. The percentage of CD4+

CD3+CD62L+ Th0 cells decreased (Po0.01, Figure 2d) in the
chrysin-treated mice.

Figure 1 Effect of chrysin on the fundus and histological manifestations of EAU. (a) Fundal images of control mice and chrysin-treated
mice. Retinal infiltration, vasculitis and papilledema were observed in the control mice, and these effects were scarcely found in the
chrysin-treated mice. The clinical scores were significantly decreased in the chrysin-treated group compared with the control group
(*Po0.01; n=6 mice). (b) H&E staining. The control mice had more severe vasculitis (black arrow), vitreous infiltration (red arrow) and
photoreceptor cell layer infiltration (white asterisk), as compared with the chrysin-treated mice (original magnification ×100). The
histopathological scores were significantly decreased in the chrysin-treated group compared with the control group (**Po0.01; n=6
mice). EAU, experimental autoimmune uveitis; H&E, hematoxylin and eosin.
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Chrysin exerts a protective effect on the BRB
Inflammation may increase the permeability of retinal and
choroidal vessels, destroy the BRB and lead to cell infiltration.
To evaluate whether chrysin functions in maintaining the integrity
of the BRB, Evans Blue staining of the BRB and the expression of
the tight junction proteins ZO-1 and occludin were measured.

Figure 3a shows the results of the Evans Blue staining in each
group. A clear increase in Evans Blue leakage from the retinal
vasculature was observed in the control mice compared with
the chrysin-treated mice. This result was further confirmed by
the expression of tight junction proteins ZO-1 and occludin.
Significant increases in the levels of ZO-1 and occludin were

Figure 2 The effects of chrysin on the percentages of Th1, Th17, Treg and Th0 cells in the spleen. Chrysin decreased the proportion of
Th1, Th17, Th0 cells but increased the proportion of Treg cells compared with that in the control mice. (a) Th1 cells, (b) Th17 cells,
(c) Treg cells and (d) Th0 cells. *Po0.05; **Po0.01 (n=5 mice). Data are expressed as the mean± s.d.
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observed in the chrysin-treated group compared with the
control group (Figure 3b).

Chrysin blocks the infiltration of macrophages and inhibits
macrophage iNOS secretion
Immunohistochemical staining was performed to detect
macrophage infiltration. The chrysin-treated mice had fewer
infiltrated macrophages in the vitreous and in the retina
than the control mice (Figure 4a). In addition, immunofluor-
escence staining with anti-F4/80 and anti-iNOS antibodies
showed iNOS expression in F4/80-positive macrophages.
Double-positive cells were observed in the control mice but
not in the chrysin-treated mice (Figure 4b).

The expression of iNOS in the retina was determined by
qRT-PCR and western blotting. The relative mRNA expression
of iNOS was significantly decreased (Po0.01) in the chrysin-
treated mice compared with the control mice. In addition, a

significant reduction (Po0.01) in the relative protein level of
iNOS was shown by western blotting (Figure 4c).

Chrysin downregulates pro-inflammatory cytokines while
upregulating anti-inflammatory cytokines in the retina
To explore the effects of treatment with chrysin on intraocular
cytokines at both the mRNA and protein levels, relative mRNA
expression was measured by qRT-PCR, and relative protein
expression was measured by western blotting. Chrysin sup-
pressed the relative mRNA expression of pro-inflammatory
cytokines, including IFN-γ (Po0.05), IL-17A (Po0.01), IL-6
(Po0.01), TNF-α (Po0.01) and IL-1β (Po0.05), whereas it
promoted the expression of the anti-inflammatory cytokine
TGF-β (Po0.05; Figure 5). The relative protein expressions of
IFN-γ (Po0.01), IL-17A (Po0.01), IL-6 (Po0.01), TNF-α
(Po0.01) and IL-1β (Po0.01) were also significantly inhibited
after treatment with chrysin (Figure 6). Correspondingly, the
expression of TGF-β was upregulated in the chrysin-treated

Figure 3 Chrysin’s protective effect on the BRB. (a) Increased Evans Blue leakage in the control group compared with the chrysin group
(original magnification ×200; n=4 mice). (b) The levels of tight junction proteins ZO-1 and occludin were measured by western blotting.
The chrysin group showed significantly increased expression of both proteins (*Po0.05; **Po0.01; n=6 mice). Data are expressed as
the mean± s.d. BRB, blood–brain barrier.
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mice (Po0.05). However, there was no significant change in
the expression of IL-10 (data not shown) at either the mRNA
or the protein level.

Chrysin suppresses the expression of NF-κB
NF-κB participates in one of the pathways that is important in
the development of EAU.9,10 NF-κBp65, a subunit of NF-κB, is
commonly used as a marker to evaluate NF-κB signaling. Both
the relative mRNA and protein expression levels of NF-κBp65

decreased significantly (Po0.01) in chrysin-treated mice
vs control mice (Figure 7).

DISCUSSION

Several studies that have examined ocular disease have focused
on the anti-inflammatory effects of natural products such
as green tea,28,29 curcumin,30 flavonoids13 and flavonoid
derivatives.14 In the present study, the inhibitory effects of
chrysin on EAU development were shown for the first time,
and we uncovered some of the possible mechanisms that may
mediate chrysin’s anti-inflammatory effects.

As expected, the chrysin-treated mice exhibited a milder
disease phenotype and a significant decrease in their clinical
scores compared with those of the control mice, which
indicated that chrysin ameliorated the clinical manifestations
of EAU in mice. Histopathologically, chrysin inhibited vitreous
and retinal infiltration, thus protecting the normal structure of
the retina. Our data suggest that chrysin exerts beneficial effects
in the treatment of EAU.

Infiltration of inflammatory cells has been reported to be
one of the characteristic pathological manifestations of EAU.
When self-antigens are released into the body, macrophages or
dendritic cells (DCs) recognize and present them to naive
T cells, which are further activated and transformed into CD4+

Th0 cells.31 These CD4+ Th0 cells may differentiate into
various other T-cell subsets such as Th1, Th17 and Treg cells,
which have many vital roles in a number of autoimmune
diseases, including EAU. Early research has indicated that the
Th1 cells are the crucial T-cell subset in the onset of EAU.32

However, recent studies have indicated that Th17 cells also

Figure 4 Macrophage infiltration and expression of iNOS. (a) IHC indicates that chrysin reduced the number of F4/80+ macrophages
(black arrows) that infiltrated the vitreous and the retina (n=4 mice). (b) Immunofluorescence staining of ciliary processes. F4/80+ cells
stain green, iNOS+ cells stain red and the double-positive cells stain orange (n=4 mice). (c) Chrysin suppressed the expression of iNOS.
Both western blotting and qRT-PCR showed significantly decreased iNOS expression (**Po0.01; n=6 mice). Data are expressed as the
mean± s.d. iNOS, inducible nitric oxide; qRT-PCR, real-time quantitative PCR.

Figure 5 qRT-PCR measurement of cytokines. IFN-γ, IL-17A, IL-6,
TNF-α and IL-1β mRNA showed decreased expression, whereas
TGF-β mRNA showed increased expression in the chrysin-treated
mice vs the control mice (*Po0.05; **Po0.01; n=6 mice). Data
are expressed as the mean± s.d. IFN-γ, interferon-γ; IL, interleukin;
qRT-PCR, real-time quantitative PCR; TGF-β, transforming growth
factor-β; TNF-α, tumor necrosis factor-α.
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have the ability to independently induce EAU.33 Th1 cells
secrete IFN-γ, whereas Th17 cells mainly secrete IL-17A and
IL-1β, and Treg cells secrete TGF-β and IL-10. Among the
multiple cytokines mentioned above, IFN-γ, IL-17A and IL-1β

can help activate and recruit macrophages. The literature
contains many reports showing that IL-1β enhances the biased
differentiation of CD4+Th0 cells toward Th1 and Th17 cells.34

However, TGF-β and IL-10 are the main anti-inflammatory

Figure 6 Western blotting measurement of cytokines. Chrysin significantly downregulated IFN-γ, IL-17A, IL-6, TNF-α and IL-1β but
upregulated TGF-β (*Po0.05; **Po0.01; n=6 mice). Data are expressed as the mean± s.d. IFN-γ, interferon-γ; IL, interleukin; TGF-β,
transforming growth factor-β; TNF-α, tumor necrosis factor-α.

Figure 7 The expression of p65 as shown by western blotting and qRT-PCR. The relative protein and mRNA expression of p65 was
inhibited by chrysin (**Po0.01; n=6 mice). Data are expressed as the mean± s.d. qRT-PCR, real-time quantitative PCR.
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cytokines responsible for maintaining the homeostasis of the
immune system and preventing the occurrence of EAU.
In general, Th1 and Th17 cells are considered to be important
factors for promoting the pathogenesis of EAU, whereas Treg
cells are thought to have a protective effect. These T cells
proliferate in peripheral immune organs, such as the spleen,
migrate to the retina, break up the BRB, release inflammatory
cytokines and recruit macrophages, thus leading to tissue
damage.

Here we used flow cytometry to show that chrysin led to
a reduction in the populations of both CD4+IFN-γ+ Th1 cells
and CD4+IL17+ Th17 cells, and induced an increase in CD4+

CD25+Foxp3+ Treg cells in the spleen, which illustrated that
chrysin regulates the differentiation of CD4+ Th0 cells and
counterpoises the imbalance in the T helper-cell subsets.
Furthermore, our data showed that the proportion of CD4+

Th0 cells decreased after chrysin treatment. This result
prompted us to hypothesize that chrysin may inhibit the
transformation of naive T cells into CD4+ Th0 cells. Flavonoids
are known to exert their immunoregulatory effects by inhibit-
ing the differentiation and function of DCs,35 which encour-
aged us to speculate that chrysin may decrease CD4+ Th0 cells
by inhibiting the proliferation and function of APCs, such as
DCs. However, this hypothesis needs further experimental
verification.

In addition, we showed the protective effect of chrysin on
the BRB. The BRB, in which occludin and ZO-1 function as
important tight junction proteins, is crucial for maintaining the
immune privileged status of the eye.36–38 The low expression of
tight junction proteins, the increased permeability of vessels
and the breakdown of the BRB may be the key factors
promoting leukocyte recruitment during retinal inflammatory
diseases such as EAU. Our current study demonstrated that
chrysin maintains the impermeability of the vasculature and
protect the integrity of the BRB. The decreased leakage of
Evans Blue and higher expression of the tight junction proteins
ZO-1 and occludin after chrysin treatment further supported
this view.

Macrophages are the main effector cells for tissue damage in
EAU.39 When the BRB is destroyed, macrophages are recruited
and attack intraocular tissues. Two subpopulations of macro-
phages have been described: M1 macrophages (which exert
a destructive effect by producing effector molecules such as
iNOS, TNF-α, IL-6 and IL-1β); and M2 macrophages (which
are anti-inflammatory and induce the production of IL-10 and
TGF-β).40 Activated M1 macrophages promote inflammation
and cause tissue damage by enhancing the production of
multiple pro-inflammatory cytokines, as described above, and
by promoting the release of reactive oxygen species (ROS).
Increased expression of iNOS may lead to an imbalance
between ROS and antioxidants, causing oxidative stress and
tissue damage. Consequently, our group examined the activity
of macrophages and found that chrysin inhibited macrophage
infiltration in the vitreous and in the retina. Immunofluores-
cence staining indicated that the activated macrophages that
secrete iNOS were suppressed by chrysin treatment. Western

blotting and qRT-PCR showed that chrysin downregulated the
expression of iNOS, which also supported our hypothesis that
chrysin inhibited the activity of macrophages.

The pro-inflammatory cytokines IFN-γ, IL-17A, IL-6, IL-1β
and TNF-α contribute to the recruitment, activation and
activity of M1 macrophages, leading to ocular inflammation,
whereas TGF-β and IL-10 act as anti-inflammatory cytokines.
Thus, we evaluated the expression of these cytokines at both
the mRNA and protein levels. We observed that chrysin
suppressed the levels of IFN-γ, IL-17A, IL-6, IL-1β and
TNF-α, but elevated the expression of TGF-β. Thus, chrysin
suppresses intraocular inflammation.

NF-κB is a vital nuclear transcription factor for inflamma-
tion and regulates the transcription of several inflammatory
mediators. It has five subunits: p50, p52, p65, Rel and Rel-B. In
the inactive state, these subunits dimerize and bind IκBα.
When cells receive stimuli, such as TNF or IL-1β, the dimers
(p65–p50 or c-Rel–p50 heterodimers) are released from IκBα
and act as the functional form of NF-κB.41 Functional NF-κB-
activated macrophages secreting TNF-α, iNOS and IL-1β can
induce tissue damage. We observed in our study that chrysin
suppressed the expression of p65. Therefore, we hypothesize
that the translocation of activated NF-κBp65 to the nucleus
may be downregulated in this situation, thus restricting the
expression of TNF-α, iNOS and IL-1β. Our results suggest that
chrysin may exert its anti-inflammatory effects on EAU by
inhibiting the canonical NF-κB signaling pathway.

This study revealed a preventive effect of chrysin on EAU
and the potential mechanisms underlying this effect. In future
studies, we will focus on chrysin’s effect on the activation of
APCs and their proliferation. We will also study chrysin’s effect
on upstream stages of T-cell differentiation.

CONCLUSION

Many studies have presented encouraging evidence for the use
of chrysin as a therapeutic intervention in inflammatory
diseases.13–17 Here, for the first time, we provide evidence that
chrysin is an effective oral drug for the treatment of EAU.
As an anti-inflammatory molecule, it regulates the imbalance
among T-lymphocyte subsets, maintains the integrity of the
BRB and suppresses ocular inflammation, possibly by inhibit-
ing the NF-κB signaling pathway.
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