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Abstract Abstract 
Diabetic retinopathy (DR), a leading cause of vision loss, is characterized by retinal inflammation, vascular leakage, and patho-
logical neovascularization, with vascular endothelial growth factor A (VEGFA) playing a central role in its progression. While 
anti-VEGF therapies are effective, their invasive nature and associated risks emphasize the need for safer and more accessible 
alternatives. This study aimed to investigate the potential of all-trans retinoic acid (RA), a bioactive metabolite of vitamin A, 
to suppress high glucose-induced VEGFA expression in retinal pigment epithelial (ARPE-19) cells and explore the underlying 
molecular mechanisms. ARPE-19 cells were treated with high glucose (30 mM) in the presence or absence of RA (5 or 20 μM). 
Cell viability was assessed by CCK-8 assay, while VEGFA mRNA and protein levels were measured using quantitative real-time 
PCR and ELISA, respectively. The activation of p38 MAPK and nuclear translocation of NF-κB p65 was evaluated through 
Western blot analysis. RA treatment significantly reduced high glucose-induced VEGFA expression at both the mRNA and 
protein levels, without affecting cell viability. Mechanistically, RA inhibited the phosphorylation of p38 MAPK and the nuclear 
translocation of NF-κB p65, suggesting that these pathways contribute to VEGFA regulation under hyperglycemic conditions. 
These findings highlight the anti-inflammatory and anti-angiogenic effects of RA in ARPE-19 cells and propose RA as a poten-
tial, safe, and non-invasive therapeutic candidate for the early intervention of diabetic retinopathy. Further in vivo studies are 
needed to validate its clinical applicability.
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Introduction Introduction 
Diabetic retinopathy (DR) is one of the most common microvascular complications of 
diabetes mellitus and remains a leading cause of preventable vision loss worldwide [1]. 
Chronic hyperglycemia triggers a cascade of pathological and innate immunological al-
terations in the retina, including oxidative stress, inflammation, and vascular dysfunc-
tion [2]. A key consequence of these processes is the upregulation of vascular endothelial 
growth factor A (VEGFA), which plays a central role in DR pathogenesis [3,4]. VEG-
FA promotes endothelial cell proliferation, increases vascular permeability, disrupts the 
blood-retinal barrier (BRB), and drives aberrant neovascularization—features that are 
closely associated with disease progression from non-proliferative to proliferative DR [5]. 
Numerous studies have shown that VEGFA levels are markedly elevated in the vitreous 
and retinal tissues of patients with DR, and its expression correlates with the severity 
of retinal edema and neovascularization [6,7]. As such, VEGFA has become a primary 
therapeutic target in DR management. Anti-VEGF agents, such as ranibizumab and af-
libercept, have been widely adopted in clinical practice and have demonstrated efficacy 
in reducing VEGF-mediated vascular leakage and macular edema [8]. However, these 
treatments are invasive, require frequent intravitreal injections, and carry risks of adverse 
effects, highlighting the need for safer, more accessible, and cost-effective strategies to 
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regulate VEGFA expression and mitigate early retinal damage 
in diabetes.

At the molecular level, prolonged hyperglycemia activates 
several intracellular signaling pathways that contribute to the 
development and progression of diabetic retinopathy. Among 
these, the mitogen-activated protein kinase (MAPK) path-
way—particularly the p38 MAPK branch—and the nuclear fac-
tor kappa B (NF-κB) pathway are critically involved in mediat-
ing the cellular response to oxidative stress and inflammation 
[9–12]. Activation of p38 MAPK under high glucose condi-
tions leads to the phosphorylation of transcriptional regulators 
and pro-inflammatory mediators, resulting in the upregulation 
of genes such as VEGFA and interleukin-6 (IL-6) [13,14]. Con-
currently, NF-κB, a key transcription factor involved in inflam-
matory signaling, is activated via the translocation of its p65 
subunit into the nucleus, where it promotes the transcription of 
a broad range of pro-angiogenic and pro-inflammatory genes 
[15]. Both p38 phosphorylation and p65 nuclear translocation 
have been widely implicated in the exacerbation of retinal vas-
cular dysfunction and neovascularization observed in diabet-
ic retinopathy [16]. Given their upstream regulatory role in 
VEGFA expression, targeting these pathways offers a promis-
ing therapeutic approach to mitigate retinal inflammation and 
vascular leakage in the early stages of the disease.

Retinoic acid (RA), a bioactive metabolite of vitamin A, is 
well recognized for its regulatory roles in cell proliferation, dif-
ferentiation, and immune modulation. In recent years, accumu-
lating evidence has highlighted its potential as an anti-inflam-
matory and anti-angiogenic agent in various disease models 
[17,18]. RA may modulate the expression of key pathological 
mediators, including VEGFA and matrix metalloproteinases 
(MMPs), through its ability to interact with nuclear retinoic 
acid receptors (RARs) and alter transcriptional activity [19,20]. 
These findings suggest that RA may interfere with upstream 
signaling pathways implicated in diabetic retinopathy, such as 
NF-κB and MAPKs. Compared to conventional anti-VEGF bi-
ologics, RA offers several advantages: it is a naturally derived 
compound, widely available, and generally considered to have 
low toxicity. Importantly, RA is a well-characterized therapeu-
tic agent. While its systemic use requires careful monitoring, its 
potential for repurposing in localized ocular therapies remains 
an attractive avenue for investigation. 

Given the central role of VEGFA in diabetic retinopathy and 
the involvement of p38 MAPK and NF-κB signaling in its tran-
scriptional regulation, identifying upstream modulators that 
can safely suppress this axis is of therapeutic interest [13,14]. 
While previous studies have suggested the regulatory effects of 
retinoic acid on angiogenic and inflammatory pathways [18]. 
Its specific role in modulating VEGFA expression and related 
intracellular signaling in retinal pigment epithelial cells under 
hyperglycemic conditions remains poorly understood. There-
fore, the present study aimed to investigate whether all-trans 
retinoic acid (RA) could suppress high glucose-induced VEG-
FA expression in ARPE-19 cells and to elucidate the underlying 
mechanisms involving the p38 MAPK and NF-κB signaling 

pathways. We hypothesized that RA treatment would attenuate 
VEGFA expression by inhibiting the phosphorylation of p38 
MAPK and the nuclear translocation of NF-κB p65, thereby 
mitigating key pathogenic events triggered by hyperglycemia 
in retinal epithelial cells. This study may provide new insights 
into the potential application of RA as an adjunctive or alterna-
tive strategy for the early management of diabetic retinopathy.

Materials-MethodsMaterials-Methods
Reagents and Materials
Dulbecco’s Modified Eagle Medium (DMEM)/F-12 and fe-
tal bovine serum (FBS) were purchased from Thermo Fisher 
Scientific (Waltham, MA, USA). Other general cell culture 
reagents were obtained from GIBCO-BRL (Grand Island, NY, 
USA). All-trans retinoic acid (ATRA; Cat. No. T1051) was 
purchased from TargetMol (Boston, MA, USA). SYBR® Green 
PCR Master Mix and the MultiScribe™ Reverse Transcriptase 
Kit were obtained from Applied Biosystems (Foster City, CA, 
USA). Unless otherwise specified, all other chemicals and re-
agents were purchased from Sigma-Aldrich (St. Louis, MO, 
USA).

Cell Culture
The human retinal pigment epithelial cell line ARPE-19 (BCRC 
No. 60383; Bioresource Collection and Research Center, Hsin-
chu, Taiwan) was used in this study. Cells were cultured in a 
1:1 mixture of Dulbecco’s Modified Eagle’s Medium (DMEM) 
and Ham’s F-12 Nutrient Mixture (Thermo Fisher Scientific), 
supplemented with 10% fetal bovine serum (Thermo Fisher 
Scientific), 1.2 g/L sodium bicarbonate, 2.5 mM L-glutamine, 
15 mM HEPES, and 0.5 mM sodium pyruvate. Cells were 
maintained at 37 °C in a humidified incubator with 5% CO₂ 
and 95% air. The medium was refreshed every 2 to 3 days, and 
cells were subcultured at a split ratio of 1:3 to 1:5 upon reaching 
~80% confluence.

CCK8 assay
Cell viability was assessed using the Cell Counting Kit-8 (CCK-
8; Cat. No. C0005, TargetMol, Boston, MA, USA) according to 
the manufacturer's instructions. Briefly, 2 × 10³ ARPE-19 cells 
were seeded into each well of a 96-well plate and treated with 
various concentrations of all-trans retinoic acid (ATRA; 0, 1, 
5, 10, 20, 40, and 80 μM). At 24, 48, 72, or 96 hours post-treat-
ment, 100 μL of 10-fold diluted CCK-8 reagent was added to 
each well, and the cells were incubated at 37 °C for 2 hours. 
Absorbance was then measured at 450 nm using a microplate 
reader (BioTek Instruments, Winooski, VT, USA). All exper-
iments were performed in triplicate. The relative cell viability 
was calculated as follows: (OD value of ATRA-treated cells / 
OD value of control cells) × 100%.

Enzyme-Linked Immunosorbent Assay (ELISA)
ARPE-19 cells were seeded into 6-well culture plates at a densi-
ty of 0.5 × 10⁶ cells per well and allowed to adhere for 24 hours. 
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The cells were then treated under the following conditions: 
5 mM glucose (normal glucose, NG), 30 mM glucose (high 
glucose, HG), HG supplemented with 5 μM all-trans retinoic 
acid (ATRA), or HG supplemented with 20 μM ATRA. After 
48 hours of incubation, the culture supernatants were collected 
and centrifuged at 1000 × g for 10 minutes at 4 °C to remove 
cell debris. The concentration of VEGFA in the supernatants 
was quantified using a commercial ELISA kit (FineTest, Cat. 
No. EH0251, Wuhan, China) according to the manufacturer’s 
instructions.

Quantitative Real-Time PCR
Following the manufacturer's instructions, the total RNA 
was isolated from ARPE-19 cells under various treatment 
conditions using TRIzol™ reagent (Thermo Fisher Scientific, 
Waltham, MA, USA). Complementary DNA synthesis and am-
plification were performed using the SuperScript™ III One-Step 
RT-PCR System (Cat. No. 12574026, Thermo Fisher Scientific, 
Riverstone, NSW, Australia). Quantitative PCR was conducted 
using SYBR® Green Supermix on an ABI Real-Time PCR De-
tection System. The thermal cycling conditions were as follows: 
initial denaturation at 95 °C for 2 minutes, followed by 40 cycles 
of denaturation at 95 °C for 5 seconds and annealing/exten-
sion at 60 °C for 30 seconds. The relative mRNA expression of 
VEGFA was normalized to GAPDH as an internal control and 
calculated using the 2^−ΔΔCt method. The following primers 
were used: VEGFA forward 5'-AGGGCAGAATCATCAC-
GAAGT-3' and reverse 5'-AGGGTCTCGATTGGATGGCA-3' 
(PrimerBank ID: 284172466c1); GAPDH forward 5'-TGTG-
GGCATCAATGGATTTGG-3' and reverse 5'-ACACCATG-
TATTCCGGGTCAAT-3' (PrimerBank ID: 126273608c1).

Western Blot Analysis
For whole-cell lysates, cells were lysed in ice-cold RIPA buf-
fer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1% 
NP-40, 0.25% sodium deoxycholate, 1 mM EDTA, and prote-
ase/phosphatase inhibitor cocktail (Thermo Fisher Scientific, 
Waltham, MA, USA). After incubation on ice for 30 minutes, 
lysates were centrifuged at 15,000 × g for 10 minutes at 4 °C. 
Protein concentrations were measured using the BCA protein 
assay kit (Thermo Fisher Scientific). Equal amounts of protein 
were denatured by boiling at 95 °C for 10 minutes and resolved 
on 12% SDS-polyacrylamide gels, followed by transfer to PVDF 
membranes (Merck Millipore, Burlington, MA, USA).
For nuclear protein extraction, cells were harvested and lysed 
using a hypotonic lysis buffer (10 mM HEPES pH 7.9, 1.5 mM 
MgCl₂, 10 mM KCl, 0.5 mM DTT, and protease/phosphatase 
inhibitors) and incubated on ice for 15 minutes. NP-40 was 
added to a final concentration of 0.1%, and cells were vortexed 
briefly. The nuclear pellet was then resuspended in high-salt 
nuclear extraction buffer (20 mM HEPES pH 7.9, 1.5 mM 
MgCl₂, 420 mM NaCl, 0.2 mM EDTA, 25% glycerol, 0.5 mM 
DTT, and protease/phosphatase inhibitors), incubated on ice 
for 30 minutes with occasional mixing, and centrifuged at 
15,000 × g for 15 minutes at 4 °C. The supernatant containing 

nuclear proteins was collected for further analysis.
The membranes were blocked with 5% non-fat dry milk in 
TBS-T for 1 hour and incubated overnight at 4 °C with prima-
ry antibodies, including anti-phospho-p38 MAPK (Thr180/
Tyr182, 1:1000, Cat No. 28796-1-AP, Rabbit IgG), anti-p38 
MAPK (1:1000, Cat No. 14064-1-AP, Rabbit IgG), anti-NF-κB 
p65 (1:1000, Cat No. 10745-1-AP, Rabbit IgG), anti-GAPDH 
(1:4000, Cat No. 60004-1-Ig, Mouse IgG2b, Clone 1E6D9), 
anti-α-tubulin (1:1000, Cat No. 11224-1-AP, Rabbit IgG), and 
anti-histone H1 (1:4000, Cat No. 18201-1-AP, Rabbit IgG), all 
purchased from Proteintech (Rosemont, IL, USA). After wash-
ing, membranes were incubated with HRP-conjugated goat 
anti-rabbit IgG or goat anti-mouse IgG secondary antibodies 
(1:4000, Jackson ImmunoResearch, West Grove, PA, USA) for 
1 hour at room temperature. The immunoreactive bands were 
detected using SuperSignal™ West Pico PLUS Chemilumines-
cent Substrate (Thermo Fisher Scientific) and visualized by 
chemiluminescence imaging.

Statistical Analysis
All data are presented as mean ± standard deviation (SD) from 
at least three independent experiments. Statistical significance 
between groups was evaluated using an unpaired Student’s 
t-test. A p-value of less than 0.05 was considered statistically 
significant. GraphPad Prism (version X; GraphPad Software, 
San Diego, CA, USA) was used for data analysis and figure 
generation.

ResultsResults
1. Retinoic acid reduces ARPE-19 cell viability in a time- and 
dose-dependent manner
To evaluate the cytotoxicity of RA, ARPE-19 cells were treated 
with various concentrations of all-trans retinoic acid (0, 1, 5, 
10, 20, 40, and 80 μM) and incubated for 0, 24, 48, 72, or 96 
hours. Cell viability was assessed using the CCK-8 assay. As 
shown in Figure 1, RA at concentrations above 20 μM pro-
gressively reduced cell viability in a dose- and time-dependent 
manner. The most significant reductions were observed at 40 
and 80 μM after 72 and 96 hours of treatment. These results 
indicate that high concentrations of RA may inhibit ARPE-19 
cell proliferation or induce cytotoxicity.

2. Retinoic acid inhibits high glucose-induced VEGFA ex-
pression in ARPE-19 cells
To investigate the effect of RA on angiogenic signaling, VEG-
FA expression was evaluated under high glucose (HG) condi-
tions. ARPE-19 cells were exposed to 30 mM glucose for 48 
hours, with or without co-treatment of RA at 5 or 20 μM. The 
secreted VEGFA protein levels in the culture supernatants were 
measured by ELISA, and mRNA expression was assessed using 
quantitative real-time PCR (qPCR). As shown in Figure 2, both 
VEGFA protein and mRNA levels were significantly elevated 
following high glucose exposure, while RA treatment dose-de-
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pendently attenuated this upregulation. These findings suggest 
that RA suppresses high glucose-induced VEGFA expression at 
both transcriptional and translational levels. 

3. Retinoic acid attenuates high glucose-induced activation 
of p38 MAPK and nuclear translocation of NF-κB p65
To elucidate the molecular mechanisms underlying RA-medi-
ated suppression of VEGFA, we examined the activation of key 
inflammatory signaling pathways. ARPE-19 cells were treated 

with 30 mM high glucose, with or without RA (5 or 20 μM), 
for 24 hours. Western blot analysis revealed that high glucose 
markedly increased the phosphorylation of p38 MAPK, which 
was suppressed by RA in a dose-dependent manner (Figure 
3A). Densitometric analysis showed a significant decrease in 
the ratio of phosphorylated p38 to total p38 in RA-treated 
groups (Figure 3B). Furthermore, nuclear fractions were an-
alyzed to assess the translocation of NF-κB p65. High glucose 
significantly promoted p65 nuclear accumulation, whereas 

Figure 1. Effects of different concentrations of RA on ARPE-19 cell viability.
ARPE-19 cells were treated with various concentrations of RA (0, 1, 5, 10, 20, 40, and 80 μM) for 0, 24, 48, 72, or 96 hours. Cell 
viability was assessed at each time point using the CCK-8 assay. Data are expressed as mean ± SD from three independent exper-
iments. Statistical significance was determined using Student’s t-test. P < 0.05, P < 0.01 compared with the untreated control at 
each corresponding time point.

Figure 2. RA inhibits high glucose-induced VEGFA expression in ARPE-19 cells.
ARPE-19 cells were treated with 30 mM high glucose in the presence or absence of RA (5 or 20 μM) for 48 hours. (A) The con-
centration of VEGFA in the culture supernatants was measured using an ELISA kit. (B) The mRNA expression of VEGFA was 
determined by qPCR after total RNA extraction. Data are presented as mean ± SD from three independent experiments. Statistical 
significance was determined using Student’s t-test. P < 0.05, P < 0.01 versus the HG group.
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co-treatment with RA attenuated this effect (Figure 4A). Quan-
tification normalized to histone H1 confirmed the RA-induced 
reduction in nuclear p65 expression (Figure 4B). Together, 
these results suggest that RA inhibits high glucose-induced 
VEGFA expression, at least in part, through suppression of p38 

MAPK activation and NF-κB nuclear translocation. 

DiscussionDiscussion
DR is one of the most common microvascular complications 

Figure 3. RA suppresses high glucose-induced phosphorylation of p38 MAPK in ARPE-19 cells.
ARPE-19 cells were treated with 30 mM high glucose alone or in combination with RA (5 or 20 μM) for 24 hours. (A) Total 
protein was extracted and the expression of phosphorylated p38 and total p38 was analyzed by Western blot. (B) Densitometric 
quantification of p-p38 levels was normalized to total p38, and the relative fold change is presented. Data are shown as mean ± 
SD from three independent experiments. Statistical significance was determined using Student’s t-test. P < 0.05, P < 0.01 versus 
the HG group.

Figure 4. RA inhibits high glucose-induced nuclear translocation of p65 in ARPE-19 cells.
ARPE-19 cells were treated with 30 mM high glucose in the presence or absence of RA (5 or 20 μM) for 24 hours. (A) Nuclear 
proteins were extracted and subjected to Western blot analysis to assess the nuclear translocation of NF-κB p65. Histone H1 was 
used as a nuclear loading control. (B) Densitometric quantification of nuclear p65 levels was normalized to histone H1. Data are 
presented as mean ± SD from three independent experiments. Statistical significance was determined using Student’s t-test. P < 
0.05, P < 0.01 versus the HG group.
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of diabetes and remains a leading cause of blindness in work-
ing-age populations [1]. Hyperglycemia-induced oxidative 
stress and chronic inflammation are critical contributors to DR 
pathogenesis, which is characterized by retinal vascular leak-
age, neovascularization, and the overexpression of pro-angio-
genic factors such as VEGFA [21]. In this study, we demon-
strated that RA significantly attenuates high glucose-induced 
VEGFA expression in ARPE-19 cells, and this effect is associat-
ed with suppression of p38 MAPK phosphorylation and NF-κB 
p65 nuclear translocation.

RA is a biologically active derivative of vitamin A that plays 
a crucial role in regulating cell proliferation, differentiation, 
and inflammation [18]. Previous studies have reported both 
pro- and anti-angiogenic effects of RA depending on the cel-
lular context and microenvironment [22,23]. For instance, 
Tokarz et al. demonstrated that RA modulates VEGFA expres-
sion in ARPE-19 cells under oxidative stress [20]. Additionally, 
Heimsath et al. reported that RA reduces VEGF secretion in 
ARPE-19 cells grown in hyperglycemic media but not in eug-
lycemic media, suggesting a specific action under stress condi-
tions [24]. However, the specific molecular mechanisms link-
ing RA to the suppression of high glucose-induced VEGFA via 
the p38 MAPK and NF-κB axis have not been fully elucidated. 
Our findings provide new evidence supporting the anti-angio-
genic potential of RA under diabetic conditions. In the current 
model, RA treatment reduced both mRNA and protein levels of 
VEGFA in ARPE-19 cells exposed to high glucose, suggesting a 
transcriptional level of regulation [25,26].

Mechanistically, our data indicate that RA inhibits the acti-
vation of p38 MAPK and the nuclear translocation of NF-κB 
p65 in response to high glucose stimulation. The p38 MAPK 
pathway is a well-established mediator of stress and inflamma-
tory responses, and its activation has been implicated in the 
upregulation of VEGFA and the progression of DR [12,13]. 
Likewise, NF-κB is a central transcription factor that controls 
the expression of numerous pro-inflammatory and angiogenic 
genes. The observed suppression of these pathways by RA sug-
gests that its protective effect may be mediated through inhibi-
tion of oxidative stress-responsive signaling cascades. Notably, 
the inhibitory effect of RA was dose-dependent and paralleled 
its ability to reduce VEGFA expression. 

Interestingly, our CCK-8 assay results also revealed that RA 
at higher concentrations (>40 μM) significantly reduced cell 
viability. This observation underscores a critical boundary for 
clinical application: while low doses (5–20 μM) are protective, 
exceeding this therapeutic window poses a risk of retinal toxic-
ity. Thus, precise dosage control is essential to balance efficacy 
against potential cytotoxic effects. It remains to be determined 
whether RA exerts similar anti-inflammatory and anti-angio-
genic effects in vivo, and whether additional mechanisms such 
as modulation of reactive oxygen species or epigenetic regula-
tion may contribute to its action.

It is important to acknowledge that the in vivo environment 
of the diabetic retina is far more complex than the in vitro 
model used in this study [27]. In diabetic patients, enhanced 

blood plasma glucose significantly alters transcellular path-
ways. The retinal pigment epithelium relies on gradient-de-
pendent inflow of glucose via membrane transporters (such as 
GLUT1) to travel across the blood-retinal barrier [28]. Chronic 
hyperglycemia may lead to the downregulation or saturation 
of these transmembrane channels, a phenomenon that involves 
intricate osmotic and metabolic regulations not fully captured 
in a static high-glucose culture system [29]. Therefore, while 
our results demonstrate the efficacy of RA intracellularly, fu-
ture in vivo studies must consider these transport dynamics to 
validate the therapeutic potential fully.

RA offers several advantages: it is a naturally derived me-
tabolite of vitamin A with a well-documented pharmacological 
profile [18,30]. In our study, RA at 5–20 μM effectively sup-
pressed high glucose-induced VEGFA upregulation in ARPE-
19 cells without cytotoxicity, whereas only much higher doses 
(>40 μM) impaired cell viability – indicating a favorable ther-
apeutic window for retinal cells [20]. By contrast, standard an-
ti-VEGF treatment requires frequent intravitreal injections that 
are invasive and costly, with cumulative risks of complications 
such as endophthalmitis, hemorrhage, or retinal detachment as 
the number of injections increases [8]. Moreover, anti-VEGF 
agents target a single angiogenic factor, whereas RA modulates 
upstream inflammatory and oxidative stress pathways in addi-
tion to downregulating VEGF, potentially providing a broader, 
more holistic protective effect on the diabetic retina. These ad-
vantages highlight RA as a low-toxicity, non-prescription ther-
apeutic candidate that could complement or reduce the need 
for conventional anti-VEGF therapy in DR, pending further in 
vivo validation.

Overall, our findings suggest that RA could serve as a prom-
ising candidate for the modulation of hyperglycemia-induced 
retinal inflammation and angiogenesis, potentially offering 
new insight into adjunctive treatment strategies for early-stage 
diabetic retinopathy.

LimitationsLimitations
The present study has several limitations that should be ac-
knowledged. First, a limitation of the current study is the reli-
ance on pharmacological treatment to infer the signaling mech-
anisms. While our results indicate a strong association between 
RA treatment, the suppression of p38 MAPK/NF-κB signaling, 
and the downregulation of VEGFA, we did not employ specif-
ic rescue assays, gene knockdown (siRNA), or overexpression 
systems to conclusively validate the causal relationship. The 
present study was designed as a proof-of-concept to identify 
the therapeutic potential and the therapeutic window of RA in 
a high-glucose environment; thus, future studies utilizing these 
genetic tools are necessary to fully dissect the molecular hierar-
chy. Second, this study was conducted exclusively in ARPE-19 
cells. While this is a widely accepted model for RPE research, it 
does not capture the complex multicellular interactions of the 
retinal neurovascular unit. Third, it is important to note that 
VEGFA is not solely a pathological factor; it is also a vital cy-
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tokine secreted by innate immune cells, such as macrophages, 
neutrophils, and mast cells, for physiological maintenance [31]. 
Therefore, dose optimization of RA will be a crucial practice in 
clinical translation to ensure that the treatment targets patho-
logical neovascularization without suppressing the beneficial, 
physiological functions of this cytokine.Regarding the clinical 
relevance of the dosage, we acknowledge that the concentra-
tions used in this study (5–20 μM) are higher than the peak 
plasma concentrations (<2 μM) observed in patients treated 
with oral ATRA (Vesanoid) for APL [30]. However, in vitro 
models often require higher concentrations to elicit responses 
due to short exposure times and drug binding to serum pro-
teins in the culture medium. More importantly, for the treat-
ment of diabetic retinopathy, we propose local administration 
(e.g., intravitreal injection or sustained-release implants) rather 
than systemic oral dosing. Local delivery could allow achiev-
able therapeutic concentrations within the retina while min-
imizing systemic exposure and the associated adverse effects 
highlighted in the FDA label for oral ATRA [8,30].

ConclusionConclusion
In summary, this study demonstrates that all-trans retinoic 
acid (RA) effectively suppresses high glucose-induced VEGFA 
expression in ARPE-19 cells, potentially through inhibition of 
the p38 MAPK and NF-κB signaling pathways. These findings 
highlight the anti-inflammatory and anti-angiogenic proper-
ties of RA in retinal pigment epithelial cells under hyperglyce-
mic stress and suggest its potential utility in the prevention or 
treatment of diabetic retinopathy. Further studies, including in 
vivo validation and exploration of RA-mediated transcriptional 
regulation, are warranted to clarify its therapeutic application 
in retinal diseases.
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