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Combination of aCD4 antibody
and retinal antigen injection
induces long-term disease
control in autoimmune uveitis
Dijie Qiao1†, Lu Zhang1†, Yajie Zhong1, Dongmei Liu1,
Zilin Chen1, Wai Po Chong1,2,3* and Jun Chen1*

1State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China, 2School of Chinese Medicine, Hong Kong Baptist University, Hong Kong,
Hong Kong SAR, China, 3Institute for Research and Continuing Education, Hong Kong Baptist
University, Shenzhen, China
Introduction: Autoimmune uveitis is a sight-threatening in�ammatory eye
disease driven by immune dysregulation. We previously introduced a
therapeutic strategy involving the in vivo induction of retinal-antigen-speci�c
regulatory T cells (Tregs) via aCD4 antibody injection followed by administration
of the retinal self-peptide IRBP1-20, which effectively suppresses in�ammation
during the onset of experimental autoimmune uveitis (EAU).
Methods: We evaluated the long-term therapeutic ef�cacy of this approach in a
chronic EAU model. EAU was induced in C57BL/6 mice, and treatment was
administered at each onset or relapse episode over a 28-week period. Disease
progression was monitored by clinical scoring and funduscopy, with further
assessment using histopathology and optical coherence tomography (OCT).
Flow cytometry was employed to analyze immune cell in�ltration, and RNA
sequencing of ocular tissue was performed to assess gene expression changes.
Results: Mice receiving aCD4 antibody and IRBP1-20 showed sustained disease
control up to 28 weeks, with reduced ocular in�ammation, less retinal damage
on OCT, and decreased immune cell in�ltration compared to untreated controls.
Transcriptomic analysis revealed signi�cant downregulation of in�ammation-
related genes following treatment.
Conclusion: These �ndings support the long-term immunomodulatory effect of
combining aCD4 antibody and retinal antigen injection, offering a potential
strategy for managing chronic progressive autoimmune uveitis.
KEYWORDS

autoimmune uveitis, immunotherapy, regulatory T cells (Treg), long-term therapy,
chronic in� ammation, anti-CD4 antibody
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Introduction

Autoimmune uveitis is clinically characterized by chronicity
progressive relapses, and treatment challenges, underscoring the
urgent need for effective long-term therapies. Autoimmune uveitis
encompasses several common clinical subtypes, including Behc�et’s
disease (BD), Vogt-Koyanagi-Harada (VKH) disease, birdshot
retinochoroidopathy, sarcoidosis, and sympathetic ophthalmia
(1). In China, BD and VKH disease account for the majority of
uveitis cases, whereas anterior uveitis and speci�c subtypes such as
birdshot retinochoroidopathy are more prevalent in Western
countries (2, 3).

Clinically, uveitis is primarily characterized by chronic
in�ammation, recurrent �ares, and progressive disease course,
posing signi�cant challenges for long-term management. The
relapsing nature of the disease is particularly pronounced, as
highlighted by recent �ndings from the Standardization of Uveitis
Nomenclature (SUN) study. Among patients with Behc�et’s uveitis,
only 8% exhibit an acute, monophasic presentation, whereas the
majority experience acute recurrent episodes (12%) or progress to a
chronic phase (72%) (2). Similarly, VKH disease follows a biphasic
course: the early stage is characterized by granulomatous
in�ammation spanning the retinal layers, whereas the late stage
leads to irreversible damage, including optic atrophy and peripheral
retinal degeneration, ultimately resulting in the characteristic
‘sunset glow fundus’ appearance (3, 4). These characteristics
underscore the inherently relapsing and progressive nature of
uveitis, emphasizing the urgent need for targeted therapeutic
strategies to mitigate disease recurrence and progression.

The experimental autoimmune uveitis (EAU) model is a widely
used animal model for investigating the pathophysiology and
immunological mechanisms of uveitis (5, 6). However, most
published studies predominantly focus on its single-episode
(monophasic) manifestation, while the chronic progression and
recurrence of the disease remain underexplored (7). We have
established a chronic EAU model in C57BL/6 mice, characterized
by sustained retinal in�ammation and progressive retinal atrophy,
closely mimicking the chronic progression of human uveitis (6).
Following model induction, fundoscopic examination revealed
sustained retinal in�ammation without spontaneous resolution,
consistent with previous reports, including the chronic
progressive EAU model recently described by Fan et al (8). By
day 60 post-immunization, EAU mice exhibited atrophic lesions,
Abbreviations: Ab, antibody; CFA, complete Freund’s adjuvant; CH, choroid;

EAU, experimental autoimmune uveitis; ERG, electroretinography; FACS, �ow

cytometry; GCL, ganglion cell layer; GO, Gene Ontology; INL/ONL, inner/outer

nuclear layer; IPL, inner plexiform layer; IRBP, interphotoreceptor retinoid-

binding protein; IS/OS, inner/outer segment; KEGG, Kyoto Encyclopedia of

Genes and Genomes; MCP-counter, Microenvironment Cell Population Counter;

OCT, optical coherence tomography; PCA, Principal Component Analysis; PRL,

photoreceptor cell layer; RPE, retinal pigment epithelium; RNA-seq, RNA

sequencing; S, soluble protein; TCR, T cell receptor; TGF-b, transforming

growth factor beta;Tregs, regulatory T cells.
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resembling late-stage features of VKH disease. Considering that
over 90% of BD-associated uveitis cases occur in the chronic phase
or as acute �ares, and that VKH disease often progresses to retinal
atrophy in its later stages, our model reproduces key pathological
features observed in chronic human uveitis- particularly the
sustained in�ammation and progressive retinal degeneration
observed in long-standing disease. Although the PBS-treated
group does not exhibit spontaneous remission or classic recurrent
�ares, it serves as a robust platform for studying chronic
progression. Notably, recurrence-like �uctuations were only
observed in the aCD4+IRBP-treated group during long-term
follow-up, potentially mimicking therapeutic relapse in clinical
settings. Together, these features confer translational relevance to
the model for evaluating durable immunomodulatory strategies.

Regulatory T cells (Tregs) have been considered as a promising
therapeutic strategy for suppressing autoimmune diseases.
Extensive research, including studies from our group and others,
has highlighted the signi�cant therapeutic potential of Tregs in
managing EAU (7, 9, 10). Th1 and Th17 cells are recognized as key
pathogenic drivers in both uveitis and EAU (11, 12). Tregs exert
their immunomodulatory effects by directly interacting with
pathogenic T cells or secreting anti-in�ammatory factors, thereby
restoring immune homeostasis (9). In our recent study, we
demonstrated the therapeutic effects of administration of low-
dose aCD4 antibody (Ab) with interphotoreceptor retinoid-
binding protein (IRBP)1-20 peptide, the pathogenic retinal antigen
in uveitis, on EAU in�ammation. Our mechanistic studies
con�rmed that low-dose aCD4 Ab induces temporary of CD4+ T
cell apoptosis, followed by the secretion of TGF-b from phagocytic
cells after the engulfment of apoptotic cells (13). These TGF- b
together with the IRBP1-20, induces the IRBP-speci�c Tregs during
the development of EAU (13). Given the chronic features in human
autoimmune uveitis, we aim to evaluate the ef�cacy of this IRBP-
speci�c Tregs immunotherapy in our chronic progressive
uveitis model.

Optical coherence tomography (OCT), often referred to as “in
vivohistology,” is a widely used ophthalmic imaging technique well-
suited for the dynamic assessment of the multilayered retinal
structure (14). In our previous studies, we detailed methodologies
for utilizing OCT to monitor the progression of EAU (6, 15). OCT
excels in the early detection of in�ammatory cell in�ltration, often
demonstrating greater sensitivity than fundoscopy. As a non-
invasive tool, OCT enables longitudinal cross-sectional
visualization of retinal lesions, offering information comparable to
histological analysis in vivo. Retinal thickness, measured via OCT,
serves as a crucial marker of disease activity and strongly correlates
with visual dysfunction, as assessed by electroretinography (ERG)
(15). In addition, RNA sequencing (RNA-seq) has become a
popular tool for studying the molecular mechanism during EAU
progression. Its ability to explore the complex immune mechanisms
involving both immune and ocular cells, combined with
bioinformatics for hypothesis validation and pathway discovery,
has made it increasingly valuable in uveitis research (16–18).

In this study, we con�rmed the long-term ef�cacy of aCD4
+IRBP therapy in treating chronic progressive EAU in�ammation.
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Using OCT and histopathological analysis, we demonstrated the
therapy’s protective effects on retinal structure, highlighting its
potential for broad clinical applications. At the gene expression
level, we further validated its protective impact on visual function.
RNA-seq analysis identi�ed signi�cant transcriptional alterations
across multiple immune pathways, expanding the research scope
and providing valuable insights for future studies.
Methods

Mice

Wild-type C57BL/6 female mice (6–8 weeks old) were obtained
from the Guangdong Experimental Animal Center. The mice were
housed in a speci�c pathogen-free (SPF) facility at Zhongshan
Ophthalmic Center (ZOC), Sun Yat-sen University, under a 12-hour
light-dark cycle, with ad libitum access to food and water. All
experimental procedures adhered to the Association for Research in
Vision and Ophthalmology (ARVO) Statement for the Use of Animals
in Ophthalmic and Vision Research. Ethics approval for this study was
obtained from the ‘Sun Yat-sen University Animal Ethics Committee’
of ‘Sun Yat-sen University’ (No. SYXK (Yue) 2020-0058).

To ensure that the observed retinal pathology resulted from
experimental manipulation rather than genetic background, all
C57BL/6 mice were routinely genotyped to exclude individuals
carrying the Crb1rd8 mutation as previously described by R.R.
Caspi (19). Additionally, fundoscopy was performed prior to
immunization, and only animals with a normal baseline fundus
appearance were included in the study.
EAU induction and treatment protocol

EAU was induced as previously described (6, 20). Brie�y,
IRBP1-20 peptide (Hanhong Bio, Cat. 211426-18-5, Shanghai,
China) was emulsi�ed with complete Freund’s adjuvant (CFA,
Sigma-Aldrich, Cat.F5881, St. Louis, MO, USA) using an
ultrasonic homogenizer. The emulsion was kept on ice and
immediately used for immunization. Mice were subcutaneously
injected with 200 µL of emulsion (containing 150 µg IRBP1-20) at
the base of the tail and outer thighs. To enhance the immune
response, pertussis toxin (PTX, Sigma-Aldrich) was administered
intraperitoneally at 0.5 µg per mouse on day0 and day 1 post
immunization. For anti-CD4 and IRBP treatment, anti-CD4
antibody (aCD4 Ab, GK1.5, InVivoMAb, Cat.BE0003 Bio X Cell,
Lebanon, NH, USA) was used when “onset” or “recurrence” were
observed (100mg/mouse), followed by IRBP1-20 (3ug/mouse, i.p.)
treatment every other day, 6 times in total. Mice of control group
were treated with PBS at the same time. Each mice received 3-4
rounds of aCD4 Ab and IRBP therapy in the experiment. In the
second treatment phase, therapy was administered only upon
con�rmed recurrence. The incidence rates in the treatment group
were 100% for the �rst and second onsets, 80% for the third, and
40% for the fourth.
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Fundus and � uorescence angiography

Starting from day 11 post-immunization, disease progression was
monitored. Mice were intravenously administered 1.5% pentobarbital
(dose adjusted by weight), and pupils were dilated twice with 0.5%
tropicamide. Hydroxypropyl methylcellulose was applied to prevent
cataracts. The severity of ocular in�ammation was assessed using the
Micron-IV small animal retinal imaging system (Phoenix Research
Laboratories, Inc., USA). Clinical scoring was performed on a
standardized 0–4 scale, considering the number, type, and size of
lesions, as well as the extent of in�ammation, as previously described
as follows (6, 20, 21): 1, Mild optic disc swelling with slightly blurred
margins; few small round or linear retinal lesions; no vascular cuf�ng;
vessels remain clearly visible; 2, Disc margins diffusely blurred with
halo effect; limited in�ammatory in�ltrates at the optic disc; mild
perivascular cuf�ng involving a few vessels; scattered small round and
linear lesions; mild patchy scarring; 3, Prominent disc swelling with
partial obscuration by lesions; moderate perivascular cuf�ng affecting
multiple vessels; clustered round and linear lesions; moderate retinal
scarring involving a substantial portion of the fundus; and 4, Marked
disc atrophy with sunset halo and glassy opacity; extensive con�uent
perivascular cuf�ng; dense retinal lesions; retinal layer loss or
detachment; widespread scarring occupying the majority of the
fundus. Post-imaging, bacitracin ointment was applied, and mice
were allowed to recover in a warm environment. For fundus
�uorescein angiography, 50 mL of 1% sodium �uorescein was
injected intraperitoneally, and fundus photography was initiated
immediately after injection. Fundus pictures were captured
continuously for the �rst 30 seconds, followed by one photo every
5 seconds thereafter. Leakage of retinal and choroidal vessels
was observed.
Optical coherence tomography

OCT images were obtained as previously described (6, 15, 21).
Mice were anesthetized and pupils were dilated. Arti�cial tears
(ZOC, Guangzhou, China) were used during the process. With
Heidelberg Spectralis Optical Coherence Tomography System
(Heidelberg, Germany), 2D-OCT images were calculated and
drawn as it is shown elsewhere (22). Retinal thickness was
manually measured along the horizontal axis, approximately 1
optic disc diameter away from both the nasal and temporal
margins of the optic nerve head.
Detection of eye-in� ltrating cells by � ow
cytometry

The procedure was adapted from our previous study (23). Mice
were transcardially perfused with cold PBS before tissue collection
to eliminate intravascular leukocytes, ensuring that only tissue-
in�ltrating cells were analyzed. Following euthanasia in accordance
with approved protocols, both eyes were enucleated. Extraocular
tissues were removed, and the anterior segment was opened along
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the limbus. Intraocular �uid was collected in pre-chilled PBS.
Residual tissues were minced and digested in 1 mg/mL
collagenase (Sigma, Cat.C1764) at 37 °C for 50 min with gentle
agitation (220 rpm). After digestion, the suspension was triturated
and combined with the collected intraocular �uid. Cells were
stained on ice with a panel of �uorochrome-conjugated
antibodies targeting CD45, CD4, CD8, CD11b, CD11c, F4/80,
Gr-1, CD19, CD3, MHC-II, and NK1.1, following standard
protocols with appropriate controls. Flow cytometric analysis was
performed on a BD LSRFortessa, and data were processed using
FlowJo software.
RNA-seq data processing and analysis

Total RNA was isolated from snap-frozen mouse eyeballs using a
standard kit, followed by quality assessment (gel electrophoresis,
Nanodrop, Agilent 2200). Libraries were prepared with the TruSeq
RNA Library Prep Kit (Illumina) and sequenced as paired-end 75-bp
reads on an Illumina NovaSeq platform. Raw data underwent quality
�ltering with FastQC.

For analysis, the top 1,000 variable genes were subjected to
PCA. Differential expression analysis (DESeq2, Wald test,
Bonferroni correction) identi�ed DEGs (|log2FC| > 1, adj. p <
0.05). Functional enrichment (GO, KEGG, GSEA) was performed
using clusterPro�ler, with signi�cance thresholds of adj. p < 0.05.
Immune cell in�ltration was estimated via mMCP-counter (24),
and results were visualized as row-normalized heatmaps. Retinal
cell-type deconvolution was conducted using CIBERSORT (25)with
the annotated scRNA-seq dataset GSE243413 (26), based on TPM-
normalized expression. Cell types with relative abundance > 0 were
included for visualization.
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Real-time PCR

Total RNA was extracted from snap-frozen mouse eyeballs
using TRIzol reagent (Thermo Fisher Scienti�c, USA) according
to the manufacturer’s instructions. Complementary DNA (cDNA)
was synthesized using the HiScript® III RT SuperMix for qPCR Kit
(Vazyme, China; Cat.R323-01).

Quantitative real-time PCR was performed using the ChamQ
Universal SYBR qPCR Master Mix (Vazyme, China; Cat.Q411-02)
on a Roche LightCycler® 480 real-time PCR system (Roche,
Switzerland). The relative expression levels of target genes were
calculated using the 2� DDCt method as described by Schmittgen and
Livak (27). Primer sequences are listed in Table 1.
Preparation of frozen eyeball sections and
immuno� uorescence staining

The procedure was performed as described elsewhere (28). In
brief, mouse eyeballs were enucleated, rinsed in cold PBS, and �xed
in 4% paraformaldehyde (PFA) at 4°C for 30 minutes. After PBS
washes, the eyes were dehydrated through a 10%-20%-30% sucrose
gradient (w/v in PBS, 12 h each, 4°C), embedded in OCT compound
(Sakura), snap-frozen in liquid nitrogen, and stored at -80°C.
Cryosections (10 mm) were prepared using a Leica CM1950
cryostat. Sections were blocked with 5% BSA (Sigma-Aldrich) for
1 h at room temperature, followed by overnight incubation at 4°C
with rabbit anti-Iba1 antibody (WAKO, Cat.CAJ3125 1:400). After
PBS washes, sections were incubated for 1 h with Alexa Fluor 594-
conjugated anti-rabbit IgG secondary antibody (HuaBio,
Cat.HA1122, 1:400). Nuclei were counterstained using DAPI-
containing mounting medium (Sigma-Aldrich, Cat.P36980).
TABLE 1 Primer sequences used in real-time qPCR test.

Gene symbol Forward primer sequence (5�-3�) Reverse primer sequence (5�-3�)

Serpina3n CAACCAGAGACCCTGAGGAAGT AGGACATCCTCCAGGCTGTAGT

Opn1sw GTCGCCATGTTTGTGCTCTGGA GCTTGGAGTTGAAGCGGATGCT

Rho GAGGGCTTCTTTGCCACACTTG AGCGGAAGTTGCTCATCGGCTT

gnat1 GCTTGTGGAAGGACTCGGGTAT AACGCAACACGTCCTGCTCAGT

Rlbp1 GAAGATGGTGGACATGCTCCAG CCAGGTCATCTCCGTGAACAAAG

Pde6b TGGAGAACCGTAAGGACATCGC TCCTCACAGTCAGCAGGCTCTT

Pde6c GGACCAAAGACTCCAGATGGCA GGCAATCCACTAACAAGCGTCC

Grk1 CAGATGAAGGCGACTGGCAAGA CCAGAGACACAATGAACCTGCTG

Il17a CAGACTACCTCAACCGTTCCAC TCCAGCTTTCCCTCCGCATTGA

Il17f AACCAGGGCATTTCTGTCCCAC GGCATTGATGCAGCCTGAGTGT

Il1b TGGACCTTCCAGGATGAGGACA GTTCATCTCGGAGCCTGTAGTG

Cd86 ACGTATTGGAAGGAGATTACAGCT TCTGTCAGCGTTACTATCCCGC

Ccr4 GGACTAGGTCTGTGCAAGATCG TGCCTTCAAGGAGAATACCGCG
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Images were captured using a Zeiss LSM-880 laser confocal
microscope. For quanti�cation, Iba1+ microglial cells were
manually counted using ImageJ software, de�ned as discrete
Iba1+ signals co-localized with DAPI-stained nuclei within each
�eld of view. The average number of Iba1+ cells per �eld was
calculated across multiple sections for each group and used for
statistical comparison (29).
Paraf� n-embedded eyeball sectioning and
retinal layer thickness measurement

Paraf�n sectioning and H&E staining were performed as
previously described (30). Images were acquired using a Zeiss
microscope, and quantitative analysis was conducted with Fiji
software (ImageJ). As it is described elsewhere (31), Layer-speci�c
measurements (INL, ONL) were performed within a 100 mm-wide
region of interest (indicated by a red box), and the average thickness
of each retinal layer was calculated based on the measured area.
Electroretinography

The Retiport system (Roland, Consult, Germany) was used to
assess the dark-adapted ERG following established protocols (6, 21).
Prior to recording, mice were dark-adapted overnight, and all
experimental procedures were conducted under dim red
illumination to maintain the dark-adapted state. Scotopic ERG
responses were recorded at stimulus intensities of 0.01, 3.0, and
10.0 cd•s/m� using the Scotopic 0.01 ERG (GF), Scotopic 3.0 ERG
(GF), and Scotopic 10.0 ERG (GF) modes were applied for stimulus
intensities of 0.01, 3.0, and 10.0 cd•s/m�, respectively. The a-wave
amplitude was measured from the baseline to the trough of the a-
wave, and b-wave amplitude was measured from the trough of the
a-wave to the peak of the b-wave.
Statistical analysis

Mann-Whitney U test for unpaired data and ANOVA for
multiple comparisons. All statistical results are presented as mean
– s.e.m. Statistical analysis and graphing of data were conducted
using GraphPad Prism 9.0 software (GraphPad Software, San Diego,
CA, USA). A signi�cance level of p< 0.05 was considered statistically
different. Symbols represent signi�cance levels: *P < 0.05; **P < 0.01;
***P < 0.001; ****P < 0.0001.
Results

aCD4+IRBP therapy has long-term ef� cacy
in suppressing EAU

To evaluate the effect of aCD4+IRBP therapy in chronic EAU,
we induced EAU in C57BL/6 mice and performed dynamic fundus
Frontiers in Immunology 05
examinations over a 28-week period, undergoing four treatment
cycles (Figure 1A). In this chronic model, optic disc in�ammation
(onset) was detected in wild-type mice at 2 weeks post-
immunization. Consistent with therapies effective in single-phase
EAU model (shown in Supplementary Figure S1), the �rst
treatment was given at disease onset, effectively alleviating
symptoms in the treatment group. Prior to the long-term study,
we conducted a pre-experiment to verify that a single injection of
aCD4 antibody is suf�cient to induce transient CD4+ T cell
depletion, which is the intended mechanism of our protocol, as
previously reported (13). In contrast, the control group exhibited no
recovery and progressed to chronic lesions characterized by linear
changes (Figure 1B). Chronic retinal vasculitis episodes were
observed at weeks 9, 14, and 19 post-immunizations. Treatment
was administered at each relapse, effectively controlling the
in�ammation in the treatment group (Figure 1B). In contrast, the
control group exhibited persistent in�ammation, characterized by
new vascular leakages superimposed on pre-existing lesions.
Sustained retinal in�ammation in the control group, without
resolution, led to progressive structural damage, characterized by
linear lesions, retinal thinning, and irregular areas of RPE
depigmentation (i.e., patchy pigment loss), as visualized in fundus
pictures (Figures 1C, D).

At week 28 post-immunization, fundus �uorescein angiography
(FFA) was performed. Representative images from the control
group revealed extensive vascular leakage (10 o’clock), zigzag
vascular alterations (8 o’clock), and vascular �lling defects (6
o’clock) (Figure 1C). Histopathological analysis of H&E-stained
sections revealed that in the control group of the chronic EAU
model, retinal architecture was disrupted, layer boundaries were
indistinct, and overall retinal thickness was signi�cantly reduced
(Figure 1D). Conversely, the treatment group exhibited intact and
well-de�ned retinal structures, comparable to those of naïve
(healthy control mice) in an age-matched cohort.
aCD4+IRBP administration preserves
retinal structure

To precisely evaluate histological differences in the retinas of the
treatment group and control group, we utilized OCT for cross-
sectional imaging of the mouse fundus. retinal signal was abtained
by the Heidelberg Spectralis OCT system and retinal thickness was
measured at one optic disc diameter from the optic nerve head.
Figure 2A illustrates the schematic of the OCT scanning location
along with representative retinal thickness images. Statistical
analysis showed that retinal thickness in the control group was
signi�cantly reduced compared to healthy mice, whereas the aCD4
+IRBP-treated group maintained retinal thickness at levels
comparable to healthy controls (Figure 2B). Moreover, these
changes were observed throughout different regions of the fundus,
including the optic disc, ciliary body, and peripheral retina
(Supplementary Figure S2).

Retinal thickness topography maps provide an intuitive
visualization of these �ndings (Figure 2C). In healthy mice,
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FIGURE 1

Treatment with aCD4 Ab and IRBP peptides ameliorates chronic EAU up to 28 weeks. Ocular in�ammation was induced in C57BL/6 mice (female,
6-8 week) by immunization with retinal antigen IRBP peptides in CFA and pertussis toxin (PTx). (A, B) Experimental scheme and clinical scores of
EAU in mice treated with PBS or aCD4+IRBP. Arrowhead indicates the initiation of treatment. Retinal in�ammation in EAU mice was dynamically
monitored with Micron-IV small animal retina imaging system and aCD4 combined with IRBP peptides was administered at disease onset (week 2
post-immunization) and at relapse time points (weeks 9, 14, and 20 post-immunization). Data are presented as mean± SEM of 9-10 mice from two
individual experiments. Two-way ANOVA; linear regression curve including the 95% con�dence band of the regression line. ****p<0.0001.
(C) Representative retinal images acquired by fundoscopy (left) and �uorescein angiography (right) from onset to week 28 post-immunization.
Arrows indicate areas of patchy pigment loss observed in PBS-treated eyes. (D) Representative images of H&E-stained paraf�n sections from the
eyes of EAU mice treated with aCD4 antibody and IRBP peptides. Scale bar, 100 mm.
Frontiers in Immunology frontiersin.org06
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retinal thickness ranged from 220 to 260 µm (green to yellow), with
the majority of aCD4+IRBP-treated mice exhibiting values within
this range. In contrast, retinal thickness in the PBS-treated control
group ranged from 160 to 220 µm (blue), with widespread retinal
thinning. In some regions, focal hyperre�ective foci (HRF) were
observed, which may re�ect in�ammation-related changes such as
activated microglia, extracellular matrix remodeling, or
proteinaceous deposits. Such OCT features have been described
in previous studies of chronic uveitis (8, 32) and are considered
indicative of underlying in�ammatory pathology.

ERG results indicated that both PBS-treated and aCD4+IRBP-
treated mice exhibited reduced b-wave and a-wave amplitudes
compared to naïve controls, with the reduction being more
pronounced in the PBS group (Supplementary Figure S3).
Frontiers in Immunology 07
These �ndings visually demonstrate the protective effect of
aCD4+IRBP therapy on retinal structure and integrity.
aCD4+IRBP therapy modulates pathways
involved in visual function and immune
response

To investigate the molecular mechanisms underlying the
protective effects of aCD4+IRBP therapy in EAU mouse model,
we performed bulk RNA-seq analysis on eye tissues collected at
week 28 post-treatment from both the treatment and PBS-treated
control groups. Principal Principal Component Analysis (PCA) of
RNA-seq data revealed greater inter-individual variability in the
FIGURE 2

OCT analysis of retinal structure and thickness topography in EAU mice. (A) Representative fundus images and OCT cross-sectional views through
the optic disc from naïve, EAU, and treatment groups. At 28 weeks, untreated EAU mice exhibited prominent vasculitis (green arrow), retinal atrophy
(red arrows), and severe cellular in�ltrates (*). (B) Quantitative analysis of retinal thickness measured manually at 1 PD from the optic disc
approximately 1 optic disc diameter on both sides of the optic disc. Data are presented for naïve (n=6), PBS (n=9), and aCD4+IRBP treated groups
(n=10). (C) Retinal thickness maps generated using automated calculations from the Heidelberg Spectralis OCT system. Yellow-green regions
indicate normal retinal thickness, whereas blue regions represent retinal thinning, and red regions indicate localized thickening. ****p < 0.0001.
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