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Abstract
Background  Eyes are recognized as immunological privileged site. However, the onset of autoimmune uveitis (AU) 
prompts an influx of dendritic cells (DCs) into the retinas, tasked with presenting auto-antigens, thereby exacerbating 
the inflammatory response. Monocyte-derived DCs (moDCs) implicated in various autoimmune disorders, but their 
specific involvement in AU remains unclear. This study aims to investigate the constitution and dynamics of retinal 
DCs subsequent to the induction of experimental autoimmune uveitis (EAU).

Methods  In our study, an EAU model was established in C57BL/6J mice, and prednisolone acetate (PA) eye 
drops were administrated unilaterally to the right eye from 5 days post-immunization (dpi). The infiltration of 
Gr-1+CD115+CD11c-MHC-II- cells (monocytes), Gr-1+CD115+CD11c+MHC-II+ cells (moDCs) and Gr-1-CD115-

CD11c+MHC-II+ cells (conventional dendritic cells, cDCs) within retina were detected by flow cytometry and 
immunofluorescence stain at 7, 10, 13, and 16 dpi. Additionally, the protein expression and mRNA expression of 
pivotal cytokines associated with moDCs and inflammation were analysed by western blotting and quantitative real-
time polymerase chain reaction (qRT-PCR), respectively.

Results  Our findings unveiled a notable rise in moDCs infiltration and differentiation from 7 to 13 dpi. The 
administration of PA eye drops did not yield a significant variance in either the quantity or the differentiation rate of 
moDCs. Throughout the initial stages of EAU, the expression of GM-CSF remained consistent, while TGF-β1 exhibited 
a sustained increase until 13 dpi in the control group and until 10 dpi following PA treatment. Anti-inflammatory 
cytokines Il-10 and Il-4 displayed no significant increase until 16 dpi after PA administration.

Conclusions  Our results indicate that moDCs exhibited an earlier and more substantial infiltration into the 
inflamed retina compared to cDCs. This heightened presence of moDCs appeared to play a dominant role in the 
presentation of auto-antigens during the initial stages of EAU, consequently contributing to the exaggerated 
autoimmune response within the ocular milieu. The administration of PA exhibited no discernible impact on either 
the differentiation or the infiltration of moDCs.
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Background
Uveitis is a multifaceted and potentially severe ocular 
condition characterized by inflammation within the uvea, 
which progressively leads to a spectrum of complications, 
including cataracts, glaucoma, macular edema, and in 
severe cases, irreversible vision loss, but the pathogen-
esis of uveitis has remained elusive [1]. Autoimmune 
uveitis (AU) predominantly affects individuals in the 
middle-aged population, with reported rates of vision 
impairment ranging from 5 to 25% [2]. In recent years, 
noteworthy-increasing evidence underscored the etiolog-
ical relationship between AU and systemic autoimmune 
disorders [3]. Given the distinctive immune-privileged 
microenvironment of ocular tissues, it is imperative 
to figure out the crucial immune cells and cytokines 
involved in uveitis for the development of precise and 
comprehensive therapeutic approaches.

Ocular immune privilege is a crucial mechanism ensur-
ing a high-preserved environment essential for main-
taining normal vision. This privilege is upheld through 
diverse mechanisms, including the integrity of the blood-
retina barrier (BRB), the absence of lymphatic drain-
age, and the abundance of anti-inflammatory cells and 
cytokines [4]. Among the immune cells involved, den-
dritic cells (DCs) stand as the most specialized antigen-
presenting cells (APCs), orchestrating pivotal roles in 
initiating and regulating adaptive immune responses 
and promoting tolerance to self-antigens [5]. Previous 
researches have suggested that when the anti-inflam-
matory environment is disrupted, migrated DCs tend to 
exacerbate the pathophysiology of autoimmune diseases, 
contrasting with the tendency of resident ocular DCs to 
display a tolerogenic phenotype [6]. However, due to the 
lack of lymphatic drainage, the migration of conventional 
DCs (cDCs) are supposed to be restricted within the 
ocular tissues. Consequently, the origin of migrated DCs 
responsible for the early stages of AU remains unclear.

In inflammatory environments, monocytes are 
recruited and differentiate into DCs expressing major 
histocompatibility complex (MHC) molecules under the 
influence of cytokines especially granulocyte-macro-
phage colony-stimulating factor (GM-CSF) and trans-
forming growth factor beta (TGF-β), These differentiated 
cells, known as monocyte-derived DCs (moDCs) or 
inflammatory DCs [7], have been identified in vari-
ous inflammation-relative diseases [8], including rheu-
matoid arthritis [9], multiple sclerosis [10, 11], lupus 
nephritis [12], allergic rhinitis [13], as well as various 
murine models of autoimmune diseases, such as antigen-
induced arthritis, collagen-induced arthritis, dextran 
sulfate sodium-induced colitis [14] and experimental 

autoimmune encephalomyelitis [15]. Functionally similar 
to monocytes, moDCs possess the capability to produce 
diverse inflammatory cytokines and chemokines [16, 17], 
maintain interactions with other cells [18], and conse-
quently amplifying the inflammatory response during 
autoimmune disorders.

In the pathogenesis of uveitis, the migration of CD4+ 
T cells toward the retina initiates an immune response, 
leading to subsequent damage to retinal pigment epithe-
lial (RPE) cells and activation of vascular endothelial cells 
[19]. These activated cells release significant quantities 
of GM-CSF, TGF-β, and other inflammatory cytokines 
[20], potentially fostering an environment conducive to 
the differentiation of moDCs and exacerbating the ocular 
autoimmune response.

The murine model of EAU is a widely utilized experi-
mental model for investigating the underlying mecha-
nisms and potential therapeutic approaches for uveitis 
[21, 22]. EAU effectively replicates several aspects of 
human uveitis by eliciting an inflammatory response in 
ocular tissues through subcutaneous administration of 
ocular antigens in combination with adjuvants. Around 
7 days after immunization, immune response activation 
leads to the recruitment and infiltration of immune cells 
into ocular tissues, resulting in moderate to severe dam-
age to the uvea and retina [23]. EAU mouse model offers 
a valuable tool for studying the cellular and molecular 
mechanisms implicated in uveitis.

In our research, we induced EAU in C57BL/6J mice 
and examined the dynamics and distribution of retinal 
monocytes, moDCs, and cDCs, alongside the expres-
sion of key cytokines involved in DC differentiation and 
the inflammatory response at 7, 10, 13, and 16 dpi. Our 
findings, for the first time, unveiled an escalating trend 
of moDC infiltration and an earlier presence of moDCs 
compared to cDCs during EAU progression. Addition-
ally, we observed that glucocorticoid eye drop failed to 
hinder the infiltration and differentiation of moDC in ret-
ina. These observations suggest the predominant involve-
ment of moDCs, rather than cDCs, in the initial stages of 
EAU, which reinforces the significance of exploring novel 
therapeutic strategies specifically targeting moDCs for 
uveitis treatment.

Materials and methods
Animal experiment
Six- to eight-week-old female C57BL/6J mice were 
obtained from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Beijing, China) and housed under 
specific pathogen-free conditions following standard-
ized procedures. EAU was inducted by subcutaneous 
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injection of a uveitogenic peptide [21] after anesthesia 
with intraperitoneal injection of 1.25% tribromoethyl 
aicolaol (200 µL/10 g, Avertin, Aibei Biotechnology Co., 
Ltd., Nanjing, Jiangsu, China). Briefly, a 1:1 v/v emulsion 
containing 200  µg hIRBP651-670 (LAQGAYRTAVDLES-
LASQLT) and complete Freund’s adjuvant containing 
2.5  mg/mL Mycobacterium tuberculosis H37RA (Chon-
drex Inc., Woodinville, WA, USA) were administered 
via subcutaneous injection 30  min later following an 
intraperitoneal injection of pertussis toxin (PTX, Sigma-
Aldrich Corp., St. Louis, MO, USA). The right eyes of 
EAU mice were topically treated once a day with 0.01% 
PA eye drop (PredForte, Allergan Inc., North Chicago, 
Illinois, USA) from 5 dpi until sacrifice. Protocols for all 
animal procedures were approved by the Nankai Univer-
sity Animal Care and Use Committee and complied with 
National Institutes of Health (NIH) guidelines.

Flow cytometry
The eyes were enucleated at 7, 10, 13, 16 dpi from EAU 
mice for retinal cell collection, respectively. After dis-
secting the retina, single-cell suspension was prepared by 
grinding on a 70-µm cell strainer. Fluorescent antibodies 

of (PE)-conjugated Gr-1 (Ly-6 C/Ly-6G, Clone RB6-8C5), 
(PE-Cy7)-conjugated CD11c (Clone N418) from Bio-
Lenged (San Diego, CA, USA), (APC)-conjugated MHC 
Class II (Clone M5/114.15.2) from Proteintech Group, 
Inc. (Wuhan, Hubei, China), mouse monoclonal pri-
mary antibody of α-CD115 from Santa Cruz Biotechnol-
ogy Inc. (Dallas, TX, USA) and secondary detection goat 
anti-mouse IgG1 Alexa™ 488 were used to stain retinal 
single-cell suspensions, according to the manufacturer’s 
protocol for the corresponding antibodies. Subsequently, 
each sample was analyzed using LSR Fortessa (BD Biosci-
ences, CA, USA) with 100,000 events were collected and 
the data were analysed by FlowJo™ software (Tree Star, 
Ashland, OR, USA).

Immunofluorescence staining
After euthanized by cervical dislocation, eyes were 
enucleated at 7, 10, 13 and 16 dpi and fixed in 4% PFA 
(paraformaldehyde) at room temperature. Retinas were 
dissected and prepared as flattened whole mounts by 
making 4 radial cuts. Whole-mounted immunofluores-
cence was performed with mouse monoclonal α-CD115 
primary antibody (1:200; Santa Cruz Biotechnology Inc., 

Fig. 1  The dynamics of monocytes, moDCs and cDCs in the retinas of EAU. (A & B) The expression of CD11c and MHC-II on Gr-1 + CD115 + CD11c + MHC-
II + cells (A) and Gr-1-CD115-CD11c + MHC-II + cells (B). Numbers represent percentage of cells from the single cells. (C) The percentage of monocytes, 
moDCs, cDCs in the remained cells excluding retinal parenchymal cells from 7 to 16 dpi of EAU. (D) The comparation of the percentage of moDCs and 
cDCs. (E) The percentage of moDCs in monocyte indicating the differentiation rate of moDCs. n = 3 biologically independent experiments. Data in C were 
compared using one-way ANOVA, and showed there was no significant difference among each time point. Data in D and E were analyzed via unpaired 
t test. ns, no significance; *p < 0.05, **p < 0.01
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Fig. 2  Distribution of moDCs in retinas of mice with EAU. (A & B) CD115 (green), CD209 (red) and both signals in superficial plexuses from central and 
peripheral retinas of mice with EAU at different time points with (B) or without (A) PA eye drop treatment. Arrows indicate the co-localizations of CD115 
and CD209. The rightmost row is magnifications from the regions framed in yellow. (C) Statistical analysis of the co-localization of CD115- and CD209-
positive areas in retina respectively between the control and treatment group (n = 4 biologically independent experiments, one-way ANOVA). (D) Sche-
matic diagram depicting the retinal layers and the position of each vascular plexus. NFL: nerve fiber layer, GCL: ganglion cell layer, IPL: inner plexiform 
layer, INL: inner nuclear layer, OPL: outer plexiform layer, ONL: outer nuclear layer, RPE: retinal pigment epithelial. 200 μm and 50 μm scale bars are for 
photomontages and magnifications, respectively
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Dallas, TX, USA) and rabbit α-CD209 (1:100; Company 
ABclonal Inc.). Secondary detection was carried out with 
goat α-mouse IgG1 Alexa™ 488 and Donkey α-rabbit 
Alexa™ 647 IgG (H + L) secondary antibodies (1:500; 
Thermo Fisher Scientific Inc., Waltham, Massachusetts, 
USA).

Western blot analysis
Murine retinas were harvested and homogenized in ice-
cold Radio immunoprecipitation assay (RIPA) lysis buf-
fer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 
and 1% Triton X-100, 1% sodium deoxycholate and 0.1% 
sodium dodecyl sulfate (SDS), with a protease inhibitor 
cocktail. Each protein sample (15  µg) was separated by 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) for 
GM-CSF and TGF-β1 respectively, and then transferred 
onto polyvinylidene difluoride (PVDF) membranes. After 
blocking with Protein Free Rapid Blocking Buffer (Epi-
zyme Biomedical Technology Co., Ltd., Shanghai, China), 
immunoblots were incubated overnight at 4℃ with rab-
bit anti-mouse GM-CSF and rabbit anti-mouse TGF-β1 
polyclonal primary antibodies (1:4000 and 1:3000 respec-
tively; Company ABclonal Inc., Wuhan, Hubei, China). 
Following incubation with the appropriate secondary 
antibody, the immunoreactive bands were visualized 
using Tanon 5200 Multi Automatic Chemiluminescence 
Fluorescence Imaging Analysis System (Tanon, Shanghai, 
China) and quantified with a loading control of β-actin.

Measurement of cytokine expression
Retinal mRNA was extracted at 7, 10, 13, and 16 dpi using 
TRIzol reagent (Life Technologies, Carlsbad, California, 
USA) and the reverse transcription of the RNA to com-
plementary DNA (cDNA) via TransScript First-Strand 
cDNA Synthesis SuperMix (TransGen Biotech, Beijing, 
China) according to the manufacturer’s protocols. mRNA 
expression was measured by quantitative real-time poly-
merase chain reaction (qRT-PCR) using Hieff™ qPCR 
SYBR Green Master Mix (Yeasen Biotechnology Co., 
Ltd., Shanghai, China) with β-actin as the internal con-
trol in a CFX96 Touch Real-Time PCR Detection System 
(Bio-Rad Laboratories, Inc., Hercules, California, USA). 
The relative gene expression levels were calculated based 
on the comparative 2-∆∆Ct method. All procedures were 
repeated in triplicate. Primer sequences are listed in Sup-
plementary Table 1.

Confocal microscopy and image analysis
Immunofluorescence images were captured with a TCS 
SP8 confocal microscope (Leica Camera AG, Berlin, Ger-
many). The conversion of images to 8-bit grayscale prior 
to thresholding was manipulated by ImageJ software 
(1.53t, NIH, http://imagej.nih.gov/ij) and subsequently 

calculated the positive areas of colocalization fluores-
cence of CD115 and CD209 immunostaining.

Statistical analysis
All results are presented as mean ± standard error (SEM) 
with the indicated sample size and analysed via Graph-
Pad Prism 8 software (GraphPad, San Diego, CA, USA). 
Biological replicates were used in all experiments. 
Unpaired t-test was used to analyse the statistical signifi-
cance between control and treatment groups at each time 
point, as well as that between the amount of moDCs and 
cDCs. One-way analysis of variance (ANOVA) was used 
to analyse the statistical significance among multiple 
groups. The significance threshold was p-value ˂ 0.05.

Results
MoDCs infiltrated earlier than cDCs in the retina of EAU 
mice with a higher amount
In general, the disease progression of EAU can be divided 
into four distinct stages. Following immunization, EAU 
mice typically manifest initial signs characterized by mild 
inflammation between days 10 and 14. Subsequent inten-
sification of the inflammatory response occurs between 
days 14 and 18, marked by protein exudation and fibrin 
deposition. A progression to retinal vasculitis and edema 
transpires between days 18 and 24. Beyond the ini-
tial 24-day period, the inflammatory reaction gradually 
diminishes, signalling the onset of the recovery phase 
[24].

To investigate the dynamics of monocytes, moDCs, 
and cDCs in the inflamed retina from the early stage 
through the disease onset, flow cytometry analysis was 
performed at 7, 10, 13, and 16 dpi. Gating strategies were 
employed, excluding most retinal parenchymal cells 
based on their FSC-Alo and SSC-Alo profiles. The remain-
ing cells were further characterized using markers Gr-1, 
CD115, CD11c, and MHC-II. Gr-1+CD115+ cells identi-
fied monocyte-derived cells, while CD11c+MHC-II+ cells 
further classified as moDCs. cDCs were defined as Gr-
1-CD115-CD11c+MHC-II+ cells. (Figure S1A)

Figure 1A & B and Supplementary Fig.  1B depict the 
proportions of monocytes, moDCs and cDCs at differ-
ent time points (Fig.  1A) with or without PA eye drop 
treatment (Fig. 1B). In the control group, monocytes and 
moDCs were detected at 7 dpi. The monocyte population 
increased from 7 to 10 dpi, followed by a sharp decrease 
from 10 to 16 dpi. The moDC population increased from 
7 to 13 dpi, subsequently declining by 16 dpi. cDCs were 
detected after moDCs and remained relatively stable until 
16 dpi. Upon administration of PA eye drop, the infiltra-
tion of monocytes and moDCs exhibited delayed detec-
tion, observed at 10 dpi. By 13 dpi, the treatment group 
mirrored the trends seen in the control group concern-
ing monocyte counts, but displayed a substantial increase 

http://imagej.nih.gov/ij
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by 16 dpi. The moDC population in the treatment group 
consistently declined from 10 dpi, preceding the control 
group’s decline. However, no significant differences were 
observed between the control and treatment groups at 
any time point (Fig. 1C). Figure 1D illustrates the percent-
age of Gr-1+CD115+ CD11c+MHC-II+ cells relative to all 
Gr-1+CD115+ cells, reflecting the differentiation rate of 
moDCs. Both the control and treatment groups exhibited 
a sustained increase in differentiation rate from 7 to 13 
dpi, peaking at 13 dpi, followed by a sharp decline at 16 
dpi, with no significant difference between the groups. 
These findings indicated that PA did not inhibit moDC 
differentiation from monocyte. Furthermore, the num-
ber of moDCs was significantly higher than cDCs at 10, 
13 and 16 dpi (Fig. 1E, *p < 0.05, ** p < 0.01, ***p < 0.001). 
These results indicating that following inflammation 
onset, monocytes swiftly responded, differentiating into 
DCs. PA administration did not impact the infiltration of 
moDCs or cDCs.

MoDCs distributed predominantly at the superficial plexus 
of EAU retinal vessels
Immunofluorescence staining was performed to detect 
the distribution of moDCs within the retina by assess-
ing the expression of the monocyte-derived cell marker 
CD115 and the DC marker CD209, both of which are 
expressed on the surface of moDC [25]. The retinal vas-
culature is organized into three plexuses: superficial, 
intermediate, and deep plexus (Schematic diagram in 
Fig.  2D). It was observed that moDCs were primar-
ily distributed along the superficial plexus (Fig. 2A & B, 
Arrows; the positional mapping of each visual field is pre-
sented in Supplementary Fig. 2), with the minimal signal 
detected within the intermediate and deep plexuses (Fig-
ure S3). Quantification of the area displaying co-localized 
fluorescence signals in each visual field was performed 
to evaluate the abundance of moDCs within EAU retinas 
(Fig. 2C). Consistent with the flow cytometry outcomes, 
the results from fluorescence signal assessment showed 
a progressively ascending pattern in moDC infiltration, 
peaking at 13 dpi in the control group, but in the treat-
ment group, the fluorescence signal peaked earlier, at 10 
dpi, followed by a sustained decrease till 16 dpi.

The expression of modc differentiation-associated 
cytokines in the early stages of EAU
Given the involvement of GM-CSF and TGF-β in mono-
cyte differentiation and the synergistic effect of GM-CSF 
with IL-4 in stimulating both in vitro induction and mat-
uration of moDCs from peripheral blood mononuclear 
cells [26, 27], the expression of GM-CSF and TGF-β1, the 
anti-inflammatory cytokines, Il-10 and Il-4, as well as two 
transcription factors of moDCs, Irf4 and Zbtb46 were 
assessed in our research.

The western blotting results illustrated in Fig.  3A 
depict the expression levels of GM-CSF, TGF-β1, and 
β-actin (Full-length blots are presented in Supplementary 
Fig. 4). PA had no influence on the protein expression of 
GM-CSF at any time points (Fig.  3B). Whereas, a more 
pronounced inhibitory influence of PA was observed in 
the mRNA expression of GM-CSF (Fig.  4A, *p < 0.05, 
**p < 0.01, ****p < 0.0001). On the other hand, GM-CSF 
expression exhibited no significant changes from 7 to 
16 dpi in the absence of any prophylactic treatment, and 
the administration of PA led to a decrease in GM-CSF 
expression from 7 to 10 dpi. However, this suppressive 
effect was not sustained, as evidenced by a noticeable 
increase at 13 dpi (Fig. 3C, *p < 0.05, **p < 0.01).

Regarding TGF-β1, its protein expression was higher 
at 10 and 16 dpi with PA treatment (Fig.  3D, *p < 0.05, 
**p < 0.01). In the control group, TGF-β1 expression 
exhibited an apparent increase from 7 to 13 dpi (Fig. 3E, 
left, *p < 0.05, **p < 0.01). Under PA administration, TGF-
β1 expression exhibited a more rapid rise from 7 to 10 
dpi and maintained at the high level from 10 dpi to 16 
dpi (Fig. 3E, ****p < 0.0001). A similar trend was evident 
in the mRNA expression of Tgf-b1, displaying sustained 
elevation from 7 to 10 dpi with or without PA treatment, 
and PA significantly promoted the Tgf-b1 mRNA expres-
sion from 7 to 16 dpi (Fig.  4B, **p < 0.01, ***p < 0.001, 
****p < 0.0001).

Concerning the anti-inflammatory cytokines Il-10 
(Fig.  4C) and Il-4 (Fig.  4D), their expressions declined 
under the influence of PA treatment at 7 and 10 dpi, 
respectively. Both cytokines exhibited a more significant 
increase at 16 dpi. During the early stage of EAU, both 
anti-inflammatory cytokines decreased initially from 7 to 
13 dpi, followed by a sharp rise at 16 dpi. (Fig. 4C & D, 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001)

In terms of the two transcription factors of moDCs, 
in the control group, PA exhibited minimal suppres-
sive effects on the mRNA expression of Irf4 until 16 dpi 
(Fig. 4E, ****p < 0.0001). PA treatment advanced the eleva-
tion of Zbtb46 mRNA expression to 13 dpi, a time point 
at which it remained unchanged in the control group 
until 16 dpi (Fig. 4F, *p < 0.05, ***p < 0.001, ****p < 0.0001).

Discussion
After DCs capturing retina-associated autoantigens and 
activating CD4+ T cells, CD4+ T cells migrate to the eye 
and release matrix metalloproteinases (MMPs) and gran-
zyme B, which disrupted the BRB and promoted the 
release of multiple inflammatory cytokines and chemo-
kines, recruiting inflammatory cells including neutro-
phils and monocytes, thereby triggering a severe ocular 
autoimmune response [28]. Our research revealed that a 
notable infiltration of moDCs into the pathological retina 
during the early stage of EAU, detected earlier in higher 
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Fig. 3  The expression of GM-CSF, TGF-β1 in retinas of EAU mice at different time points. (A) Western blot of the cropped blots showing protein expression 
in EAU retinas with or without PA treatment. (B - E) The relative quantity of GM-CSF (B & C) and TGF-β1 (D & E) expression with β-actin as a normalized 
loading. Note: The grouping of blots cropped from different gels. Full-length blots are presented in Supplementary Fig. 4 with the white dotted line 
showing the cropped position of images. The experiments were independently repeated three times with similar results. Data in B and D using unpaired 
t test, and data in C and E were compared using one-way ANOVA among multiple time points. ns, no significance. *p < 0.05, **p < 0.01, and ***p < 0.001, 
****p < 0.001
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quantities compared to cDCs, which might be attrib-
uted to the abundance of critical cytokines that promote 
moDC differentiation from monocytes. Furthermore, the 
administration of PA eye drops exhibited limited efficacy 
in inhibiting the differentiation of moDCs.

Through whole-mount immunofluorescence staining 
of retina, we observed that moDCs are predominantly 

localized at the superficial layers of the retina. We spec-
ulated that this may be attributed to the invasive and 
infiltrative capabilities inherent of their monocytic pre-
cursors. Consequently, moDCs rapidly transmigrated 
through the vasculature within the uveal tract and infil-
trate the whole layers of the retina, ultimately accu-
mulating in the superficial retinal layers. Their specific 

Fig. 4  The mRNA expression of critical cytokines relative to the differentiation of moDCs. The mRNA expression of Gm-csf (A), Tgf-β1 (B), Il-10 (C), Il-4 (D), 
Irf4 (E) and Zbtb46 (F) of the retinas from EAU mice with or without PA treatment at different time points. The qRT-PCR values are normalized to β-actin. 
The experiments were independently repeated three times with similar results. *p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.001
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pathophysiological behaviors in EAU needs to be further 
investigated.

Both ocular and cerebral inflammation trigger the acti-
vation of microvascular endothelial cells and RPE cells 
[28], leading to increased adhesion molecule expression, 
facilitating the rapid recruitment of granulocytes fol-
lowed by monocytes within a few hours [23]. Within sites 
of cerebral inflammation, various cells secrete GM-CSF 
and TGF-β, which have been shown to promote perivas-
cular monocyte differentiation into moDCs [29]. moDCs 
exhibit different roles under diverse inflammatory envi-
ronment, modulating the differentiation of naïve T cell 
into various subsets, including Th1 [30], Th2 [13] or 
Th17 cells [31], thereby initiating distinct T cell-mediated 
immune responses. Our results verified consistent GM-
CSF protein expression and an upward trend in TGF-β1 
protein and mRNA expression within EAU retinas. Tak-
ing into account the structural and physiological simi-
larities between eyes and brain [32], our results suggest a 
potentially conducive microenvironment for moDC dif-
ferentiation within the retina.

Following the onset of EAU, activation of retinal anti-
gen-specific CD4+ T cells triggers the production of 
matrix-degrading enzymes and metalloproteinases, dis-
rupting the BRB and causing subsequent retinal antigen 
leakage [23]. Abundant DCs capture and present retinal 
auto-antigen in situ [7]. The absence of ocular lymphatic 
drainage limited the migration of cDCs, while monocytes 
have demonstrated the ability to differentiate into DCs 
at the inflammatory site. Our results highlight a more 
dynamic change in moDCs, as opposed to cDCs, during 
disease progression, indicating that upon crossing the 
BRB and infiltrating inflamed retinas, monocytes differ-
entiate into moDCs, acting as the predominant DCs driv-
ing autoimmune reactions in early-stage EAU.

Corticosteroids serve as common first-line therapeu-
tics for uveitis [33]. However, many individuals endure 
corticosteroid-refractory uveitis, with unknown under-
lying reasons [34]. In our research, we observed that the 
ocular administration of PA had no impact on the pro-
tein expression of GM-CSF. TGF-β1, known for its role 
in inflammation resolution [35], exhibited a persistent 
increase under the influence of PA. This elevation might 
contribute to the differentiation of moDCs, consequently 
promoting the autoimmune response in EAU.

Anti-inflammatory cytokines IL-10 and IL-4 play cru-
cial roles, inhibiting the differentiation of naïve CD4+ T 
cells into Th1 and Th17 cells [36] and suppressing IFN-γ 
secretion from Th1 cells [37]. IRF4 participate in myeloid 
DC differentiation and Th17 cell inductions [38], while 
ZBTB46 plays a role in suppressing cd80/86 and cd40 
expression on DCs [39]. In our research, PA treatment 
failed to promote the expression of Il-10, Il-4 and Zbtb46 
effectively during the early stage of EAU, exhibiting 

negligible influence on Irf4 expression until 16 dpi, which 
indicating the conventional treatment minimally impacts 
EAU prognosis, emphasizing the imperative need for 
exploring novel therapeutics.

Besides, the synergistic action of TGF-β and IL-10 
facilitates the differentiation of bone marrow-derived 
DCs (BMDCs) into regulatory DCs, which exhibited a 
diminished expression of CD80 and CD86, resulting in 
an impaired ability to activate T cells, thereby contribut-
ing to the amelioration of the course of EAU [40]. Our 
study did not detect a significant elevation in IL-10 levels 
throughout the course of EAU, irrespective of the admin-
istration of PA eye drop, which maybe another reason 
why PA eye drop contributing little to the remission of 
EAU. The precise influence of TGF-β1 and IL-10 on the 
maturation of moDCs as well as the effect of corticoste-
roids in this process needs further exploration.

Following the initiation of EAU, moDCs are predomi-
nantly numerical and exhibit dynamic alterations with 
disease progression in comparison to cDCs. This obser-
vation has led to the hypothesis that moDCs may play a 
pivotal role in the antigen presentation process during 
the early stage of EAU. However, the application of corti-
costeroid eye drops appears to have a minimal inhibitory 
effect on the differentiation of moDCs from monocytes 
and their subsequent infiltration into the retina. This 
could be a contributing factor to the limited efficacy 
observed with corticosteroid treatments in certain sub-
types of uveitis. moDCs, a versatile and pivotal immune 
cell population, hold significant importance in the host’s 
defence against infection and inflammation [41]. Despite 
their acknowledged significance, further investigation 
into moDCs’ precise role in EAU is warranted. Our study 
proposes that early migration and infiltration of moDCs 
into the inflamed retina of EAU mice suggest modulating 
moDC activity might offer potential avenues for attenu-
ating the autoimmune response, reducing inflammation, 
and reinstating immune homeostasis.

Conclusion
In summary, we highlighted the substantial increase in 
both the quantity and differentiation rate of moDC dur-
ing the early stages of EAU. These moDCs constituted 
the predominant infiltrating DC population within the 
pathological retina, surpassing cDCs under EAU condi-
tions. The treatment of glucocorticoid eye drop exhibited 
minimal efficacy in suppressing the expression of ocular 
GM-CSF and TGF-β1, as well as in inhibiting the differ-
entiation and infiltration of moDC. Therefore, we pro-
posed moDCs rather than cDCs played a pivotal role in 
antigen presentation and supported the ocular autoim-
mune response. By understanding the in vivo distribution 
and functional significance of moDCs, it is possible to 
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develop novel therapies targeting inflammation-relative 
diseases.
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