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Background. Retinal vein occlusion (RVO) is the second most common vision-threatening retinal vascular disease. Intravitreal
dexamethasone implant has been applied to treat macular edema secondary to RVO (RVO-ME). However, the alteration of
morphologic features detected with optical coherence tomography angiography (OCTA) has not been fully studied in RVO-
ME patients before and after the treatment. Objective. This study is aimed at identifying potential therapeutic targets in RVO
with integrative bioinformatic analysis and compares the OCTA characteristics alterations in patients with RVO-ME receiving
injection of dexamethasone intravitreal implant. Methods. Bioinformatic analysis was analyzed in GSE101398 dataset from the
Gene Expression Omnibus database. Multiple functional enrichment analyses were performed, and protein-protein interaction
network was constructed to visualize the key node genes. Eleven eyes with RVO-ME were examined with OCTA before and
after intravitreal dexamethasone implant. The OCTA parameters, including macular thickness, vessel density, foveal avascular
zone parameters, the number of hyperreflective foci (HRF), area of cystoid edema, and subretinal fluid (SRF), were compared.
The correlation was analyzed between best-corrected visual acuity (BCVA) and OCTA parameters. Results. A total of 79
differentially expressed genes were identified. Functional enrichment analyses revealed the enriched inflammatory events in
RVO. In RVO-ME, Pearson correlation revealed that baseline BCVA was positively correlated with the area of SRF and central
macular thickness, while no correlation was detected between baseline BCVA and HRF number or the area of cystoid edema.
The visual acuity improved, and the central macular thickness was decreased after intravitreal dexamethasone implant
injection. Besides, the number of HRF, the area of cystoid edema, and SRF were significantly alleviated after dexamethasone
intravitreal injection. Conclusion. Retinal inflammation plays a crucial role in RVO pathogenesis. The imaging biomarkers of
RVO including Müller glial intracellular edema, and retinal pigment epithelium dysfunction, could be assessed in OCTA and
attenuated by intravitreal dexamethasone implant effectively.

1. Introduction

Retinal vein occlusion (RVO) is a common retinal vascular
disorder to cause visual impairment worldwide. RVO can
be classified into two types according to the occlusion site,
i.e., central retinal vein occlusion (CRVO) and branch reti-
nal vein occlusion (BRVO). Rogers et al. [1] combined fif-
teen studies including 68,751 individuals and reported that
the prevalence of BRVO (4.42 per 1,000) was higher than

CRVO (0.80 per 1,000) in all racial populations. To date, no
effective treatments are available for the prevention or treat-
ment of RVO. Present treatments are mostly focused on the
complications of RVO, such as macular edema (ME) and neo-
vascular glaucoma, with antivascular endothelial growth factor
(anti-VEGF) agents or laser photocoagulation.

ME is the predominant cause of vision deterioration in
RVO Hayreh [2], distinguished by fluid accumulation in
the macular region [3]. The breakdown of blood-retina
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barriers (BRB) accounts for the main cause of ME formation
[4]. Although the pathophysiology of RVO is still not fully
understood, vascular endothelial growth factor (VEGF) is
widely acknowledged to play a critical role in the pathogen-
esis of RVO. Anti-VEGF therapy has been shown to be effec-
tive to reduce ME and improve visual acuity in most RVO
cases. However, monthly anti-VEGF injections laid a burden
for most patients; of some, the ME treatment cannot meet
the satisfactory effect in terms of visual acuity improvement
andME reduction, indicating other factors besides VEGFmight
be involved in the pathogenesis of RVO-ME, especially inflam-
mation including inflammatory cells and inflammation-related
cytokines. Steroids, the potential anti-inflammatory agent,
could decrease the production of several inflammation-related
and propermeability proteins, such as VEGF, interleukin 1,
intercellular adhesion molecule 1, and monocyte chemoattrac-
tant protein-1, as well as maintain the integrity of BRB, thus
providing the rationale for steroid-based therapy to treat
RVO-ME [5, 6]. The dexamethasone intravitreal implant, sus-
tainedly releasing corticosteroid, has been shown beneficial
effect in patients with RVO-ME. However, alteration of mor-
phologic features detected with optical coherence tomography
angiography (OCTA), such as hyperreflective foci (HRF),
cystoid edema, and subretinal fluid, has not been fully studied
in patients with RVO-ME before and after intravitreal dexa-
methasone implant treatment.

In this study, we utilized the online database and per-
formed bioinformatic analysis to determine the possible
inflammation-related factors involved in the pathogenesis
of RVO. To verify this, 11 eyes from 11 patients with
RVO-ME were employed and observed before and after
intravitreal dexamethasone implant treatment, with special
focus on the inflammation involvement in the pathogenesis
of RVO. The preliminary results showed that inflammation
played a crucial role in RVO, and dexamethasone was effec-
tive to decrease inflammation in patients with RVO, such as
the decreased number of hyperreflective foci (HRF) and sub-
retinal fluid (SRF) and the intracellular edema of Müller glia.
The possible mechanism for the pathogenesis of RVO-ME
and the effect of dexamethasone on RVO-ME were also pro-
posed in the current study.

2. Materials and Methods

2.1. Gene Expression Data Source. GSE101398, the gene
expression profiling of the laser-induced RVO mice model
[7], was derived from the Gene Expression Omnibus (GEO,
https://www.ncbi.nlm.nih.gov/geo/), a database repository of
high-throughput gene expression profiles. Three laser-
induced RVO mice and three controls were included in
GSE101398. The platform for GSE101398 was GPL15103
(Illumina HiSeq 1000[Mus musculus]). The H (hallmark
gene) sets, C2 curated gene sets, and C5 ontology gene sets
were downloaded from the Molecular Signatures Database
(MSigDB, https://www.gsea-msigdb.org/gsea/msigdb/) [8].

2.2. Differentially Expressed Genes (DEGs) Analysis. The
limma [9] package in R software version 4.0.4 (RRID:SCR_
001905, R Foundation for Statistical Computing, Vienna,

Austria) was employed to screen the DEGs with the filter
of ∣logFC ∣ ðan absolute log2 value in the fold change of the
gene expressionÞ > 1:5 and p value <0.01. The org.Hs.eg.db
R package was used to select the common genes shared by
both mouse and human. Subsequently, DEGs were visual-
ized in volcano plot and heatmap with ggplot2 R package
and pheatmap R package [10], respectively.

2.3. Function Enrichment Analysis. Gene Ontology (GO)
[11] function analysis, including biological process (BP), cel-
lular components (CC) and molecular function (MF), and
Kyoto Encyclopedia of Genes and Genomes (KEGG) [12]
analysis were used to identify the characteristic biological
features and pathways involved in the pathogenesis of
RVO. The results were visualized by clusterProfiler [13]
and ggplot2 R package. Terms and pathways that met the
criteria of both q value <0.01 and p value <0.01 were consid-
ered significantly enriched.

2.4. Gene Set Enrichment Analysis (GSEA) and Gene Set
Variation Analysis (GSVA). R package clusterProfiler was
utilized to perform GSEA with C2 curated gene sets from
MSigDB as the reference. The three thresholds for signifi-
cantly enriched gene sets were p value <0.01, q value <0.05,
and normalized enrichment score (∣NES ∣ >1:5). The five
upregulated and five downregulated pathways with signifi-
cant enrichment scores were visualized using gseaplot2 and
ggridges R package.

Moreover, GSVA [14] was performed to determine the
difference of enrichment pathways. Hallmark, GO, and
curated KEGG gene sets from MSigDB were used as the ref-
erences. An adjusted p value of 0.05 and logFC value of 0.05
were set as the cut-off to identify significant enrichment
pathways between normal and RVO samples.

2.5. Protein-Protein Interaction (PPI) Analysis. PPI network
of the DEGs was performed using the Search Tool for the
Retrieval of Interacting Genes (STRING version 11.0b,
RRID:SCR_005223, https://string-db.org/) [15] to explore
the interaction of DEGs. An interaction with a combined
score higher than 0.4, which was a widely used threshold,
was considered statistically significant. Ten genes with most
nodes were selected and visualized by barplot R package.

2.6. Patients and Intravitreal Injection of Dexamethasone
Intravitreal Implant. The present study was a retrospective
cohort study, and 11 eyes of 11 treatment-naïve patients
with RVO-ME were included. The study was conducted in
accordance with the tenets of the Declaration of Helsinki.
All the participants enrolled in this study were seen at
Department of Ophthalmology, Shanghai General Hospital
affiliated to Shanghai Jiao Tong University from 1 October
2020 to 20 April 2021. All individual participants included
in the study signed written informed consent to participate
in this study and publish their data and photographs. The
clinical research protocol was approved by ethical committee
of Shanghai General Hospital affiliated to Shanghai Jiao
Tong University (2020KY205).

All individuals have undergone comprehensive ophthal-
mic examinations at baseline and during the follow-up visit,
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including best-corrected visual acuity (BCVA), intraocular
pressure (IOP), slit-lamp examination, fundus photography,
and optical coherence tomography angiography (OCTA)
examination with the Angiovue Imaging System (RTVue
XR Avanti, Optovue Inc, Fremont, CA, USA).

The inclusion criteria were diagnosis of RVO-ME, which
was made based on the clinical findings including the pres-
ence of preretinal and intraretinal flame-shaped hemorrhage
involving one or more quadrants, dilated and tortuous veins,
macular edema, and subretinal fluid. The main exclusion
criteria were as follows: (1) previous treatments for RVO,
including intravitreal injection of anti-VEGF or corticoste-
roid drugs and laser photocoagulation; (2) other retinal dis-
eases including age-related macular degeneration, vitreous
hemorrhage, diabetic retinopathy, and choroidal neovascu-
larization; and (3) history of intraocular surgery within 3
months, uveitis, pathologic myopia (<−6.0 diopters), cor-
neal, or lens opacites.

All the patients were treated with intravitreal injections
of dexamethasone intravitreal implant (0.7mg, OZUR-
DEX®, Allergan plc, Dublin, Ireland). Intravitreal injection
was administrated as previously described [16].

2.7. Outcome Assessment. Macular 6 × 6mm2 scan was
acquired with OCTA, which was performed one week
after dexamethasone implantation in all patients. The fol-

lowing parameters were analyzed by OCTA AngioVue
software version 2017.1 (Optovue Inc, Fremont, CA,
USA), including central macular thickness and vessel den-
sity in the fovea (0-1mm diameter from central fovea),
parafovea (1-3mm diameter from central fovea), perifovea
(3-5mm diameter from central fovea), and foveal avascu-
lar zone (FAZ), as well as the En-face images of the
superficial slab, deep slab, outer retina slab, etc. The
boundary would be adjusted manually in the case of
imprecise layering. FAZ area, perimeter, and foveal vessel
density within a 300μm wide region of FAZ (FD-300)
were measured by OCTA AngioVue software. The areas
of cystoid edema and SRF were analyzed using ImageJ
version 1.46r (RRID:SCR_003070, National Institutes of
Health, Bethesda, MD, USA). The pairs of En-face images
and angiography images were imported, merged into a
single 24-bit RGB color image, and analyzed with the
ImageJ software. The number of HRF was manually
counted in fovea-spanning horizontal B-scan images and
recorded at three slabs: superficial slab, deep slab, and
outer retina slab. HRF was defined as the hyperreflective
dot less than 30μm in diameter as reported by Bolz
and colleagues [17].

2.8. Statistical Analysis. All the statistical analyses were per-
formed using R software, EmpowerStats version 2.0 (X&Y
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Figure 1: Brief flow chart of this study. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; RVO: retinal vein
occlusion; OCTA: optical coherence tomography angiography.
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Figure 2: Identification of differentially expressed genes (DEGs) in the RVO mice model. (a) Volcano plot of DEGs extracted from
GSE101398 expression matrix. (b) Heatmap of DEGs shared by human and mouse species.
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Figure 3: Continued.
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solutions Inc., Boston, MA, USA), and SPSS Statistics ver-
sion 23.0 (RRID:SCR_019096, IBM, Chicago, IL, USA).
BCVA was converted to the logarithm of the minimal angle
of resolution (logMAR) equivalents for analysis. Two-way
analysis of variance (ANOVA) with Tukey’s post-hoc test
was conducted to compare the number of HRF in different
slabs. The paired Student’s t-test was used to compare differ-
ences in other numeric parameters between baseline and
post-injection. Pearson correlation was used to assess the
correlation between visual acuity and OCTA characteristics.
p value <0.05 was considered to suggest a significant
difference.

3. Results

3.1. Research Flow Chart. The present study consisted of
two parts, i.e., bioinformatic analysis and clinical study.
The flow chart was shown in Figure 1. The bioinformatic
analysis was performed using GSE101398 dataset. Screen-
ing of DEGs was followed with GO and KEGG enrich-
ment analysis, as well as PPI network construction, to
explore the significant enrichment pathways and genes
involved in RVO, focusing the effect of inflammation on

retina. GSEA and GSVA were implemented to detect the
significant gene set in RVO. The clinical study was per-
formed in 11 treatment-naïve patients with RVO-ME,
who received single intravitreal injection of dexamethasone
intravitreal implant. OCTA was applied to obtain various
imaging features including central macular thickness, ves-
sel density, FAZ area, HRF, and SRF.

3.2. Identification of DEGs in Laser-Induced RVO Mice
Model. A total of 417 DEGs were extracted from
GSE101398 based on the defined criteria (Figure 2(a)). After
employing the org.Hs.eg.db R package for screening out
genes shared by mice and human, 79 DEGs including 53
upregulated genes and 26 downregulated genes were identi-
fied (Figure 2(b)).

3.3. Function Enrichment Analysis Demonstrated That
Inflammation-Related Events Were Involved in RVO. As
illustrated in Figures 3(a)–3(d), GO enrichment analysis
suggested that for BP, DEGs were significantly enriched in
the following processes, e.g., leukocyte migration and cell-
cell adhesion, response to steroid hormone, and positive reg-
ulation of leukocyte activation and inflammatory response,
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Figure 3: Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis in RVO. (a) Bubble plot
illustrated GO enrichment terms of DEGs in RVO including biological processes (BP), cellular components (CC), and molecular
functions (MF). (b)–(d) ClueGo network of DEGs and enriched GO terms of BP (b), CC (c), and MF (d). (e) Bubble plot illustrated
enrichment of DEGs in KEGG pathways in RVO. (f) ClueGo network of DEGs and enriched KEGG pathways.
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related to inflammation [18]. For CC, DEGs were signifi-
cantly enriched in vesicle lumen and granule lumen which
were related with cell adhesion and migration [19]. Regard-

ing MF, DEGs were significantly enriched in cytokine recep-
tor binding, chemokine, and growth factor activity that were
relevant with inflammation process [20].
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Figure 4: Gene set enrichment analysis (GSEA) and gene set variation analysis (GSVA) in GSE101398 dataset. (a, b) Multi-GSEA plot
showed five most significantly upregulated pathways (a) and five most significantly downregulated pathways (b) in GSE101398 dataset.
(c) Ridge plot displayed the normalized enrichment score (NES) of the above ten pathways. (d)–(f) Heatmap of GSVA result showed
GSVA scores of the GO gene set (d), KEGG gene set (e), and hallmark gene set (f) enriched in GSE101398.
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Figure 5: Protein-protein interaction (PPI) network. (a) The PPI network, consisting of 62 nodes and 255 edges in the network, was
constructed using the STRING database. (b) Ten node genes with the most edges in the PPI network. STRING: Search Tool for the
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The results of KEGG pathway enrichment suggested that
DEGs were mostly enriched in nuclear factor kappa B (NF-
κB), tumor necrosis factor (TNF), and hypoxia inducible fac-
tor 1 (HIF-1) signaling pathways which were largely associ-
ated with inflammatory cascades (Figures 3(e) and 3(f)).

3.4. GSEA and GSVA Showed Several Pathways Related to
Inflammation Were Involved in RVO. To further determine
the possible molecules or pathways involved in RVO, GSEA

was applied to compare RVO and normal retinal samples.
Ten significant pathways, including 5 upregulated and 5
downregulated, were displayed in Figures 4(a)–4(c). Fibroblast
growth factor receptor- (FGFR-) 1 signaling pathway, FGFR-2
signaling pathway, and gamma-aminobutyric acid (GABA)
receptor signaling, which previously reported to be associated
with inflammatory diseases [21–24], were demonstrated to be
significantly upregulated in the RVO group, indicating that
RVO was closely related with the status of inflammation.

Table 1: The baseline characteristics of 11 patients classified according to HRF distribution in different slabs.

The number of slabs with HRF 1 2 3

Eyes 3 2 6

Gender (male/female) 2/1 1/1 4/2

Age (years) 71:33 ± 2:36 61:50 ± 0:50 72:83 ± 7:71
Central macular thickness 635:70 ± 229:61 597:00 ± 41:00 404:00 ± 148:08
Visual acuity (logMAR) 0:83 ± 0:34 0:48 ± 0:23 0:58 ± 0:18
Subretinal fluid 2 (66.67%) 2 (100.00%) 4 (66.67%)

External limiting membrane disruption 2 (66.67%) 2 (100.00%) 4 (66.67%)

Ellipsoid zone disruption 2 (66.67%) 2 (100.00%) 5 (83.33%)

Table 2: Correlation between baseline BCVA and baseline OCTA characteristics.

Variables Coefficient p value

BCVA (logMAR)

HRF number -0.1436 0.6736

SRF area 0.8682 0.0005∗

Cystoid edema area -0.1142 0.7381

Thickness of fovea 0.7100 0.0144∗

Thickness of temporal parafovea 0.7905 0.0038∗

Thickness of nasal parafovea 0.7144 0.0135∗

Thickness of superior parafovea 0.4481 0.1669

Thickness of inferior parafovea 0.6371 0.0350∗

Thickness of temporal perifovea 0.6372 0.0350∗

Thickness of nasal perifovea 0.6307 0.0375∗

Thickness of superior perifovea 0.2054 0.5446

Thickness of inferior perifovea 0.5672 0.0688

Table 3: Correlation between baseline HRF number and OCTA characteristics.

Variables Coefficient p value

HRF number

Cystoid edema area -0.4706 0.1441

Subretinal fluid area 0.0600 0.8609

Thickness of fovea -0.6143 0.0444∗

Thickness of temporal parafovea -0.4609 0.1536

Thickness of nasal parafovea -0.4445 0.1708

Thickness of superior parafovea -0.1665 0.6246

Thickness of inferior parafovea -0.4518 0.1630

Thickness of temporal perifovea -0.3107 0.3525

Thickness of nasal perifovea -0.2221 0.5117

Thickness of superior perifovea -0.0025 0.9941

Thickness of inferior perifovea -0.4390 0.1768
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GSVA was conducted to evaluate enrichment of gene
set across samples using a nonparametric strategy. The
hallmark gene sets, KEGG gene sets and GO gene sets
including GO_BP, GO_CC, and GO_MF subsets were
served as references. As shown in Figures 4(d) and 4(e),
GSVA revealed that, in the RVO model, the significantly
upregulated pathways were related with inflammatory
events, such as TNF-α-NF-κB signaling, interleukin 6
(IL6) signaling, and mechanistic target of rapamycin
kinase complex1 (mTORC1) [25] signaling, which were
consistent with GSEA results.

3.5. PPI Network Analysis. The PPI network of DEGs was
constructed based on STRING database and was shown as
a cluster composed of 62 nodes and 255 edges
(Figure 5(a)). Ten node genes with the most edges in the net-
work were explored and displayed in Figure 5(b). Majority of
these genes played crucial role in the inflammatory response.

3.6. Clinical Characteristic. The present study enrolled 11
eyes of 11 patients with RVO-ME, including 4 cases of
CRVO and 7 cases of BRVO. Among these 11 eyes, 3
(27.27%) eyes had HRF in one slab, 2 (18.18%) eyes had

HRF in two slabs, and 6 (54.55%) eyes had HRF in all three
slabs (superficial slab, deep slab, and outer retina slab). The
baseline clinical characteristics of 11 eyes were summarized
in Table 1. A significant improvement of BCVA was
observed after intravitreal injection of dexamethasone intra-
vitreal implant, i.e., 0:63 ± 0:29 (logMAR, baseline) vs. 0:36
± 0:17 (logMAR, postinjection) (p = 0:03). IOP of all
patients was within the normal range, and no adverse events
occurred during the follow-up.

3.7. Baseline BCVA Was Positively Correlated with SRF and
Macular Thickness. As shown in Table 2, Pearson correla-
tion revealed that BCVA at baseline was positively correlated
with SRF area, retinal thickness in fovea, temporal of paraf-
ovea and perifovea, nasal of parafovea and perifovea, and
inferior of parafovea. However, no correlation was detected
between baseline BCVA and HRF number, as well as
between BCVA and cystoid edema area.

3.8. Baseline HRF Number Was Negatively Correlated with
Foveal Thickness. As shown in Table 3, HRF number at
baseline was negatively correlated with foveal thickness,
whereas no correlation was found between HRF number
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Figure 6: Dexamethasone intravitreal implant was effective for patients with RVO-ME. The changes of HRF number (a), cystoid edema area
(b), and SRF area (c) were compared between the baseline and postinjection.
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Figure 7: Continued.
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and other regions of macula. Moreover, the area of cystoid
edema and SRF was not associated with baseline HRF
number.

3.9. Intravitreal Injection of Dexamethasone Intravitreal
Implant Was Effective to Decrease HRF Number, Cystoid
Edema, and SRF Area. With OCTA, the changes of HRF
number, cystoid edema area, and SRF area were analyzed
and compared in patients with RVO-ME between baseline
and postinjection. As shown in Figure 6(a), the number of
HRF was significantly reduced after intravitreal injection of
dexamethasone intravitreal implant. The representative
images of HRF were illustrated in Figure 7. Furthermore,
area of cystoid edema was significant decreased from 0:67

± 0:33mm2 (baseline) to 0:01 ± 0:02mm2 (post-injection)
(Figure 6(b)). Additionally, a significant reduction of SRF
area was found after treatment (Figure 6(c)).

3.10. Retinal Vessel Density and Retinal Thickness Were
Altered after Dexamethasone Intravitreal Implant
Treatment. We further analyzed retinal vessel density, reti-
nal thickness, FAZ area, FAZ perimeter, and foveal vessel
density within a 300μm wide region of FAZ (FD-300).
Except for fovea and superior of perifovea area, no signifi-
cant differences in vessel density were found in other regions
before and after treatment (Figure 8(a)). Moreover, retinal
thickness was significantly decreased in majority of macular
regions apart from inferior of perifovea area (Figure 8(b)). A
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Figure 7: Representative images of ME secondary to branch retinal vein occlusion (BRVO-ME) before and after the intravitreal injection of
dexamethasone intravitreal implant. (a) A 62-year-old female patient with BRVO-ME. Typical cystoid edema was observed in both En-face
image and B-scan image of OCTA. HRF (yellow arrowhead) and cystoid edema (yellow asterisk) were pointed out in B-scan image of
OCTA. (b) En-face and B-scan images showed remarkable alleviation of cystoid edema and reduction of HRF (yellow arrowhead) after
treatment. (c, d) Merged images of both angiograph and En-face image (lower) at baseline (c) and post-injection (d). The gray value of
the area crossed by horizontal lines, generated by ImageJ software, was displayed (upper). HRF: hyperreflective foci.
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statistical significant increase of the FAZ area (Figure 8(c)),
whereas no significant changes in FAZ perimeter
(Figure 8(d)) and FD-300 (Figure 8(e)) were detected.

4. Discussion

RVO, with an estimated prevalence of 16.4 million globally
[1], is the second most common vision-threatening retinal
vascular disease after diabetic retinopathy, since there is no
effective treatment to unblock the occluded retinal veins.
Therefore, current treatments, aiming its complications such
as ME and neovascularization, are of the great importance.
Targeting VEGF, a vasopermeability cytokine, is widely used
as the first-line therapy for the treatment of RVO. However,
monthly intravitreal injection of anti-VEGF agent seemed
less effective over time in a minority of patients, suggesting
the involvement of other factors, e.g., inflammation-related
factors, in the pathogenesis of RVO. Thus, the role of
inflammation involved in RVO has become a subject of
growing interest. Dexamethasone intravitreal implant pre-
sents beneficial outcome in the treatment of RVO-ME; how-
ever, corticosteroid-induced glaucoma and complicated

cataract cannot be ignored [26]. Therefore, identification of
other potential therapeutic targets would benefit the patient
with RVO.

Due to less opportunities to obtain retinal samples from
RVO patients for high throughput sequencing, animal
model mimicking the clinical characteristics of RVO seems
more practical. For example, laser photocoagulation with
eosin Y or rose bengal as photosensitizer is used to establish
the animal model [7, 27]. In our study, integrated bioinfor-
matic analysis showed differential genes enriched in various
inflammatory events in the gene expression profiling of the
laser-induced mice RVO model (GSE101398). Interestingly,
both GSVA and KEGG analysis found that TNF-α signaling,
a canonical proinflammatory paracrine and endocrine medi-
ator, was a significant pathway in RVO. Kachi et al. reported
a case that foveal thickness of one patient with RVO-ME was
decreased by 53.42% after 8 intravenous injections of inflix-
imab, a TNF-α antibody, while the macular edema relapsed
after discontinuation of infliximab, indicating TNF-α, as an
inflammatory factor, that was involved in the pathogenesis
of RVO-ME [28]. In addition, TNF-α is proved to be the
upstream regulator of VEGF in the signaling cascade [29,
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Figure 8: Comparison of vessel density and other related parameters. (a, b) Changes in retinal vessel density (a) and retinal thickness (b) at
different regions of macula between baseline and post-injection. (c)-(e) Comparison of FAZ area (c), FAZ perimeter (d), and FD-300 (e)
between baseline and post-injection. ns: not significant; FAZ: foveal avascular zone; FD-300: foveal vessel density within a 300μm wide
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30] and lied in the crosstalk of angiogenesis and inflamma-
tion, suggesting specific blockade of TNF-α would be a
promising alternative.

Besides TNF-α, C-X-C motif chemokine ligand 1
(CXCL1) that possess the most edges in the PPI network,
might be another potential target. CXCL1 is a chemokine
secreted by both immune and nonimmune cells [31].
CXCL1 promotes inflammatory response through interac-
tion with the C-X-C motif chemokine receptor (CXCR)1
and CXCR2 receptors [32]. CXCL1 is also reported to exert
angiogenesis effect via regulating the VEGF-A expression
[33]. Collectively bioinformatic analysis offered targeting
retinal inflammation as a prospective treatment for RVO.

HRF, initially described in diabetic macular edema
(DME) patients, display as highly reflective dots on spectral
domain-OCT images [17]. Previous publications hypothe-
sized that HRF may correspond to activated microglia
[34–36] and proposed HRF as a biomarker of inflammation
in patients with age-related macular degeneration [37] and
DME [38]. The studies on the correlation between baseline
BCVA and HRF number showed controversial result. Lai
et al. [39] and Segal et al. [40] found that the patients with
poor BCVA have more HRF, while others failed to get this
conclusion [36, 41–43]. In our study, no correlation was
found between baseline BCVA and HRF via Pearson corre-
lation analysis, but the amount of HRF was significantly
decreased and BCVA improved after receiving intravitreal
injection of dexamethasone intravitreal implant, suggesting
the anti-inflammatory effect of dexamethasone to deactivate
microglia.

As mentioned before, ME is the outcome of retinal fluid
accumulation surrounding the fovea [44]. Fluid accumula-
tion could be in the form of extracellular (resulting in the

formation of cystoid edema space), intracellular (resulting
in the swelling of Müller cells), or subretinal (resulting in
the buildup in the subretinal space). Intracellular edema of
Müller cells, with alteration of cellular ionic dispensation,
forms cystoid space in OCTA images and contributes signif-
icantly to ME. Wang et al. [45] found ranibizumab could
mitigate Müller cell intracellular edema under diabetic con-
dition via the upregulation of K+ channel 4.1 (Kir4.1) and
aquaporin 4 by binding with VEGF-A. Corticosteroids are
applied to alleviate both extracellular and intracellular
edema and therefore improve the clinical outcome after
acute ischemic stroke [46]. In the present study, a significant
reduction of cystoid space was observed after dexametha-
sone treatment, indicating that dexamethasone intravitreal
implant might be beneficial in alleviating Müller glial intra-
cellular edema.

Subretinal fluid accumulation often associates with RPE
dysfunction and outer BRB breakdown. The underlying
mechanism might be that the inflammation-related cyto-
kines and factors, such as TNF-α and NF-κB, were upregu-
lated, resulting in the inflammatory responses and
dysfunction of RPE [47]. In this study, a significant deple-
tion of subretinal fluid was detected after intravitreal injec-
tion of dexamethasone intravitreal implant, indicating that
dexamethasone might be helpful to preserving RPE function.
Taken together, we hypothesized that retinal inflammation
is upregulated in RVO, leading to microglia activation
(HRF), Müller glial intracellular edema (cystoid edema),
and RPE dysfunction (SRF) as evidence by OCTA. Dexa-
methasone intravitreal implant could reverse these detri-
mental effects of retinal inflammation (Figure 9).

There are some limitations in the current study. First, the
proposed two targets: TNF-α and CXCL5 were analyzed
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Figure 9: Schematic diagram depicts the involvement of retinal inflammation in RVO-ME, and dexamethasone intravitreal implant was
effective to alleviate inflammation and improve clinical outcomes. HRF (yellow arrowhead), cystoid edema, and subretinal fluid (yellow
asterisk).
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based on the public database and lack of validation on the
animal model. Second, the sample size of clinical study was
relatively small, that may affect the comparison results. Last,
the cystoid edema space is three-dimensional. But due to the
methodology issue, we only quantified the area at the largest
section of B-scan image.

5. Conclusions

Retinal inflammation served a crucial role in RVO patho-
genesis, causing BRB breakdown, microglia activation,
Müller glial intracellular edema, and RPE dysfunction,
which could be assessed in OCTA as the imaging bio-
markers. And thus, anti-inflammation treatment is sug-
gested to be initiated soon after the diagnosis of RVO-ME,
and OCTA characteristics could serve as the therapeutic
biomarkers.

Data Availability

All relevant data have been presented in the manuscript.
Requests for or questions about the data can be addressed
to 13917311571@139.com or xdsun@sjtu.edu.cn.

Conflicts of Interest

None of the authors have conflicts to declare.

Acknowledgments

This study was upported by grants from the National Key
R&D Program (2017YFA0105301), National Natural Sci-
ence Foundation of China (82171062, 81760176,
81960158), Shanghai Hospital Development Center
(SHDC2020CR2040B), Science and Technology Commis-
sion of Shanghai Municipality (19495800700), the Cultiva-
tion Program of National Natural Science Foundation for
Outstanding Youth (20202ZDB01014), and the Key Pro-
gram of Youth Science Foundation of Jiangxi Province
(20202ACBL216009).

References

[1] S. Rogers, R. L. McIntosh, N. Cheung et al., “The prevalence of
retinal vein occlusion: pooled data from population studies
from the United States, Europe, Asia, and Australia,” Ophthal-
mology, vol. 117, no. 2, pp. 313–319.e1, 2010.

[2] S. S. Hayreh, “Ocular vascular occlusive disorders: natural his-
tory of visual outcome,” Progress in Retinal and Eye Research,
vol. 41, pp. 1–25, 2014.

[3] A. Daruich, A. Matet, A. Moulin et al., “Mechanisms of macu-
lar edema: beyond the surface,” Progress in Retinal and Eye
Research, vol. 63, pp. 20–68, 2018.

[4] R. Farci, A. Sellam, F. Coscas et al., “Multimodal OCT reflec-
tivity analysis of the cystoid spaces in cystoid macular edema,”
BioMed Research International, vol. 2019, Article ID 7835372,
9 pages, 2019.

[5] T. Genovese, E. Mazzon, R. di Paola et al., “Role of peroxisome
proliferator-activated receptor-alpha in acute pancreatitis

induced by cerulein,” Immunology, vol. 118, no. 4, pp. 559–
570, 2006.

[6] P. A. Campochiaro, G. Hafiz, T. A. Mir et al., “Pro-permeabil-
ity factors after dexamethasone implant in retinal vein occlu-
sion; the ozurdex for retinal vein occlusion (ORVO) study,”
American Journal of Ophthalmology, vol. 160, no. 2, pp. 313–
321.e19, 2015.

[7] G. Martin, D. Conrad, B. Cakir, G. Schlunck, and H. T. Agos-
tini, “Gene expression profiling in a mouse model of retinal
vein occlusion induced by laser treatment reveals a predomi-
nant inflammatory and tissue damage response,” PLoS One,
vol. 13, no. 3, article e0191338, 2018.

[8] A. Liberzon, C. Birger, H. Thorvaldsdottir, M. Ghandi, J. P.
Mesirov, and P. Tamayo, “The Molecular Signatures Database
Hallmark Gene Set Collection,” Cell Systems, vol. 1, no. 6,
pp. 417–425, 2015.

[9] M. E. Ritchie, B. Phipson, D.Wu et al., “limma powers differen-
tial expression analyses for RNA-sequencing and microarray
studies,” Nucleic Acids Research, vol. 43, no. 7, article e47, 2015.

[10] B. B. Khomtchouk, D. J. Van Booven, and C. Wahlestedt,
“HeatmapGenerator: high performance RNAseq and microar-
ray visualization software suite to examine differential gene
expression levels using an R and C++ hybrid computational
pipeline,” Source Code for Biology and Medicine, vol. 9, no. 1,
p. 30, 2014.

[11] M. Ashburner, C. A. Ball, J. A. Blake et al., “Gene ontology: tool
for the unification of biology,” Nature Genetics, vol. 25, no. 1,
pp. 25–29, 2000.

[12] M. Kanehisa and S. Goto, “KEGG: Kyoto encyclopedia of
genes and genomes,” Nucleic Acids Research, vol. 28, no. 1,
pp. 27–30, 2000.

[13] G. Yu, L. G. Wang, Y. Han, and Q. Y. He, “clusterProfiler: an R
package for comparing biological themes among gene clus-
ters,” OMICS, vol. 16, no. 5, pp. 284–287, 2012.

[14] S. Hanzelmann, R. Castelo, and J. Guinney, “GSVA: gene set
variation analysis for microarray and RNA-seq data,” BMC
Bioinformatics, vol. 14, no. 1, p. 7, 2013.

[15] D. Szklarczyk, A. L. Gable, D. Lyon et al., “STRING v11:
protein-protein association networks with increased coverage,
supporting functional discovery in genome-wide experimental
datasets,” Nucleic Acids Research, vol. 47, no. D1, pp. D607–
D613, 2019.

[16] J. Wu, C. Zhang, Q. Yang et al., “Imaging hyperreflective foci
as an inflammatory biomarker after anti-VEGF treatment in
neovascular age-related macular degeneration patients with
optical coherence tomography angiography,” BioMed
Research International, vol. 2021, Article ID 6648191, 7 pages,
2021.

[17] M. Bolz, U. Schmidt-Erfurth, G. Deak, G. Mylonas,
K. Kriechbaum, and C. Scholda, “Optical coherence tomo-
graphic hyperreflective foci: a morphologic sign of lipid
extravasation in diabetic macular edema,” Ophthalmology,
vol. 116, no. 5, pp. 914–920, 2009.

[18] R. Sordi, A. C. Bet, A. M. Della Justina, G. C. Ramos, and
J. Assreuy, “The apoptosis clearance signal phosphatidylserine
inhibits leukocyte migration and promotes inflammation reso-
lution in vivo,” European Journal of Pharmacology, vol. 877,
article 173095, 2020.

[19] B. J. Wilson, J. L. Allen, and P. T. Caswell, “Vesicle trafficking
pathways that direct cell migration in 3D matrices and
in vivo,” Traffic, vol. 19, no. 12, pp. 899–909, 2018.

20 Disease Markers



[20] T. Hanada and A. Yoshimura, “Regulation of cytokine signal-
ing and inflammation,” Cytokine & Growth Factor Reviews,
vol. 13, no. 4-5, pp. 413–421, 2002.

[21] X. Huang, H. Shen, Y. Liu, S. Qiu, and Y. Guo, “Fisetin atten-
uates periodontitis through FGFR1/TLR4/NLRP3 inflamma-
some pathway,” International Immunopharmacology, vol. 95,
article 107505, 2021.

[22] R. Rajendran, M. Giraldo-Velasquez, C. Stadelmann, and
M. Berghoff, “Oligodendroglial fibroblast growth factor recep-
tor 1 gene targeting protects mice from experimental autoim-
mune encephalomyelitis through ERK/AKT
phosphorylation,” Brain Pathology, vol. 28, no. 2, pp. 212–
224, 2018.

[23] S. Kamali, R. Rajendran, C. Stadelmann et al., “Oligodendro-
cyte-specific deletion of FGFR2 ameliorates MOG35-55-
induced EAE through ERK and Akt signalling,” Brain Pathol-
ogy, vol. 31, no. 2, pp. 297–311, 2021.

[24] D. Keerty, N. A. Shareef, A. Ramsakal, E. Haynes, andM. Syed,
“Cefepime-induced encephalopathy,” Cureus, vol. 13, no. 2,
article e13125, 2021.

[25] Z. Deng, M. Chen, Y. Liu et al., “A positive feedback loop
between mTORC1 and cathelicidin promotes skin inflamma-
tion in rosacea,” EMBOMolecular Medicine, vol. 13, no. 5, arti-
cle e13560, 2021.

[26] J. A. Haller, F. Bandello, R. Belfort Jr. et al., “Randomized,
sham-controlled trial of dexamethasone intravitreal implant
in patients with macular edema due to retinal vein occlusion,”
Ophthalmology, vol. 117, no. 6, pp. 1134–1146.e3, 2010.

[27] S. Miyagi, A. Nishinaka, T. Yamamoto et al., “Establishment of
a pigmented murine model abundant with characteristics of
retinal vein occlusion,” Experimental Eye Research, vol. 204,
article 108441, 2021.

[28] S. Kachi, K. Kobayashi, H. Ushida, Y. Ito, M. Kondo, and
H. Terasaki, “Regression of macular edema secondary to
branch retinal vein occlusion during anti-TNF-alpha therapy
for rheumatoid arthritis,” Clinical Ophthalmology, vol. 4,
pp. 667–670, 2010.

[29] S. L. K. Bowers, S. S. Kemp, K. N. Aguera, G. M. Koller, J. C.
Forgy, and G. E. Davis, “Defining an upstream VEGF (vascular
endothelial growth factor) priming signature for downstream
factor-induced endothelial cell-Pericyte tube network coas-
sembly,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 40, no. 12, pp. 2891–2909, 2020.

[30] Z. Xiao, Q. Liu, F. Mao, J. Wu, and T. Lei, “TNF-α-Induced
VEGF and MMP-9 expression promotes hemorrhagic trans-
formation in pituitary adenomas,” International Journal of
Molecular Sciences, vol. 12, no. 6, pp. 4165–4179, 2011.

[31] N. Shimoura, H. Nagai, S. Fujiwara, H. Jimbo, and
C. Nishigori, “Exacerbation and prolongation of Psoriasiform
inflammation in diabetic obese mice: a synergistic role of
CXCL5 and endoplasmic reticulum stress,” The Journal of
Investigative Dermatology, vol. 138, no. 4, pp. 854–863, 2018.

[32] A. E. Koch, “Chemokines and their receptors in rheumatoid
arthritis: future targets?,” Arthritis and Rheumatism, vol. 52,
no. 3, pp. 710–721, 2005.

[33] C. Ma, G. Liu, W. Liu et al., “CXCL1 stimulates decidual angio-
genesis via the VEGF-A pathway during the first trimester of
pregnancy,” Molecular and Cellular Biochemistry, vol. 476,
no. 8, pp. 2989–2998, 2021.

[34] G. Coscas, U. de Benedetto, F. Coscas et al., “Hyperreflective
dots: a new spectral-domain optical coherence tomography

entity for follow-up and prognosis in exudative age-related
macular degeneration,” Ophthalmologica, vol. 229, no. 1,
pp. 32–37, 2013.

[35] Y. R. Chung, S. Y. Lee, Y. H. Kim, H. E. Byeon, J. H. Kim, and
K. Lee, “Hyperreflective foci in diabetic macular edema with
serous retinal detachment: association with dyslipidemia,”
Acta Diabetologica, vol. 57, no. 7, pp. 861–866, 2020.

[36] B. Berasategui, A. Fonollosa, J. Artaraz et al., “Behavior of
hyperreflective foci in non-infectious uveitic macular edema,
a 12-month follow-up prospective study,” BMC Ophthalmol-
ogy, vol. 18, no. 1, p. 179, 2018.

[37] L. Tiosano, I. Byon, A. R. Alagorie, Y. S. Ji, and S. R. Sadda,
“Choriocapillaris flow deficit associated with intraretinal
hyperreflective foci in intermediate age-related macular
degeneration,” Graefe's Archive for Clinical and Experimental
Ophthalmology, vol. 258, no. 11, pp. 2353–2362, 2020.

[38] C. H. Huang, C. H. Yang, Y. T. Hsieh, C. M. Yang, T. C. Ho,
and T. T. Lai, “Hyperreflective foci in predicting the treatment
outcomes of diabetic macular oedema after anti-vascular
endothelial growth factor therapy,” Scientific Reports, vol. 11,
no. 1, p. 5103, 2021.

[39] Y. Hsia, C. H. Yang, Y. T. Hsieh, C. M. Yang, T. C. Ho, and
T. T. Lai, “Hyperreflective foci in predicting the treatment out-
come of antivascular endothelial growth factor in neovascular
age-related macular degeneration,” Graefe's Archive for Clini-
cal and Experimental Ophthalmology, vol. 258, no. 2,
pp. 273–280, 2020.

[40] O. Segal, E. Barayev, A. Y. Nemet, N. Geffen, I. Vainer, and
M. Mimouni, “Prognostic value of hyperreflective foci in neo-
vascular age-related macular degeneration treated with bevaci-
zumab,” Retina, vol. 36, no. 11, pp. 2175–2182, 2016.

[41] Y. Akagi-Kurashige, A. Tsujikawa, A. Oishi et al., “Relation-
ship between retinal morphological findings and visual func-
tion in age-related macular degeneration,” Graefe's Archive
for Clinical and Experimental Ophthalmology, vol. 250, no. 8,
pp. 1129–1136, 2012.

[42] C. Framme, S. Wolf, and U. Wolf-Schnurrbusch, “Small dense
particles in the retina observable by spectral-domain optical
coherence tomography in age-related macular degeneration,”
Investigative Ophthalmology & Visual Science, vol. 51, no. 11,
pp. 5965–5969, 2010.

[43] K. Abri Aghdam, A. Pielen, C. Framme, and B. Junker, “Corre-
lation between hyperreflective foci and clinical outcomes in
neovascular age-related macular degeneration after switching
to aflibercept,” Investigative Ophthalmology & Visual Science,
vol. 56, no. 11, pp. 6448–6455, 2015.

[44] G. Coscas, J. Cunha-Vaz, and G. Soubrane, “Macular edema:
definition and basic concepts,” Developments in Ophthalmol-
ogy, vol. 58, pp. 1–10, 2017.

[45] T.Wang, C. Zhang, H. Xie et al., “Anti-VEGF therapy prevents
Müller intracellular edema by decreasing VEGF-A in diabetic
retinopathy,” Eye and Vision, vol. 8, no. 1, p. 13, 2021.

[46] P. A. Sandercock, T. Soane, and Cochrane Stroke Group, “Cor-
ticosteroids for acute ischaemic stroke,” Cochrane Database of
Systematic Reviews, no. 9, article CD000064, 2011.

[47] M. Mesquida, F. Drawnel, and S. Fauser, “The role of inflam-
mation in diabetic eye disease,” Seminars in Immunopathol-
ogy, vol. 41, no. 4, pp. 427–445, 2019.

21Disease Markers


	Optical Coherence Tomography Angiography Characteristics Serve as Retinal Vein Occlusion Therapeutic Biomarkers for Dexamethasone Intravitreal Implant
	1. Introduction
	2. Materials and Methods
	2.1. Gene Expression Data Source
	2.2. Differentially Expressed Genes (DEGs) Analysis
	2.3. Function Enrichment Analysis
	2.4. Gene Set Enrichment Analysis (GSEA) and Gene Set Variation Analysis (GSVA)
	2.5. Protein-Protein Interaction (PPI) Analysis
	2.6. Patients and Intravitreal Injection of Dexamethasone Intravitreal Implant
	2.7. Outcome Assessment
	2.8. Statistical Analysis

	3. Results
	3.1. Research Flow Chart
	3.2. Identification of DEGs in Laser-Induced RVO Mice Model
	3.3. Function Enrichment Analysis Demonstrated That Inflammation-Related Events Were Involved in RVO
	3.4. GSEA and GSVA Showed Several Pathways Related to Inflammation Were Involved in RVO
	3.5. PPI Network Analysis
	3.6. Clinical Characteristic
	3.7. Baseline BCVA Was Positively Correlated with SRF and Macular Thickness
	3.8. Baseline HRF Number Was Negatively Correlated with Foveal Thickness
	3.9. Intravitreal Injection of Dexamethasone Intravitreal Implant Was Effective to Decrease HRF Number, Cystoid Edema, and SRF Area
	3.10. Retinal Vessel Density and Retinal Thickness Were Altered after Dexamethasone Intravitreal Implant Treatment

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

