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a  b  s  t  r  a  c  t  

Background: Diabetic retinopathy is characterized by excessive microvascular proliferation that leads to 
vitreous hemorrhage, retinal traction, and subsequent visual impairment. Aberrant expression of 
IGF2BP3 is involved in the pathogenesis of multiple diseases. This study aimed to elucidate themechanism
by which IGF2BP3 mediates diabetic retinopathy by regulating semaphorin-3G (SEMA3G) expression.
Results: Elevated IGF2BP3 expression was observed in diabetic retinopathy. In vitro, IGF2BP3 overexpres-
sion promoted pathological angiogenesis, whereas its knockdown significantly attenuated wound healing, 
reduced inflammatory cytokine secretion, and suppressed cellular proliferation. A targeted regulatory 
relationship between IGF2BP3 and SEMA3G mRNA was identified, with IGF2BP3 enhancing SEMA3G
mRNA stability. SEMA3Gwas upregulated in diabetic retinopathy, and its overexpression partially rescued
the diabetic retinopathy progression suppressed by IGF2BP3 silencing. In vivo, IGF2BP3 overexpression
aggravated histopathological alterations, thereby accelerating diabetic retinopathy development.
Conclusions: In summary, IGF2BP3 promotes diabetic retinopathy development by enhancing SEMA3G
mRNA stability.
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Table 1 
Primer sequences for RT-qPCR.

Genes Primer sequence (5′-3 ′)

IGF2BP3 (Mus) F: 5′-GAGGCGCTTTCAGGTAAAATAGAATGA-3′ 
R: 5 ′-AATGAGGCGGGATATTTCGTAT-3′

GAPDH (Homo) F: 5′-TGCAACCGGGAAGGAAATGA-3′ 
R: 5 ′-TGATGGCATGGACTGTGGTC-3′

GAPDH (Mus) F: 5′-GCCTCCTCCAATTCAACCCT-3′ 
R: 5 ′-CTCGTGGTTCACACCCATCA-3′

Sema3G (Mus) F: 5′-GCCAGAGCCAAAACAAAGCAG-3′ 
R: 5 ′-AGTGTAGTTTCCTGCGTCATGG-3′

Sema3G (Homo) F: 5′-CTCAAAGTCATCGCTCTCCAGGC-3′ 
R: 5 ′-AGTGCCGTAAGTCTCACATTGG’

IGF2BP3 (Homo) F: 5′-TATATCGGAAACCTCAGCGAGA-3 ′
R: 5′-GGACCGAGTGCTCAACTTCT-3′
1. Introductio n

According to the 11th edition of the International Diabetes Fed-
eration (IDF) Diabetes Atlas, the number of adults with diabetes 
aged 20–79 years worldwide reached 589 million in 2024, 
accounting for 11.1% of the global population in this age group.
Without effective intervention, diabetes is projected to affect
nearly 900 million people globally by 2050, and the prevalence is
projected to rise to 12.96% [1,2]. As the patient population expands 
rapidly, the number of individuals with diabetic microvascular 
complications is expected to increase correspondi ngly. Among
working-age populations, diabetic retinopathy (DR) has emerged
as the leading cause of blindness and vision impairment [3].  DR
not only results in irreversible vision loss and reduced quality of 
life for patients but also imposes a substantial socioeconomic bur-
den. DR is primarily characterized by heightened retinal vascular 
permeability, dysfunction in retinal microvascular endothelial 
cells, abnormal cell proliferation, and an elevated release of pro-
angiogenic factors, all of which occur under prolonged hyper-
glycemic conditions. These pathological alterations result in exces-
sive and disorganized microvasculature within the retina [4]. The 
development of DR is closely associated with the aberrant behav-
iors of human retinal microvascular endothelial cells (HRMECs),
including excessive migration, proliferation, and angiogenesis [5]. 
Pathological angiogenesis is a key indicator of disease progression, 
marking the transition from early non-proliferative DR to the more
advanced proliferative stage [5]. This uncontrolled vascular growth 
disrupts the integrity of both endothelial cells and blood vessels, 
leading to irregular vessel architecture, hemodynamic instability,
vitreous hemorrhage, and tractional retinal detachment, all of
which contribute to severe vision loss [6]. Consequently, the 
restoration of endothelial function and the inhibition of patholog-
ical retinal neovascu larization continue to be crucial therapeutic
objectives in the management of DR [7]. 

Recent years have witnessed growing interest in the role of 
RNA-binding proteins (RBPs) in disease development. Insulin-like 
Growth Factor 2 mRNA-Binding Protein 3 (IGF2BP3), an
inflammation-associated RBP, modulates gene expression by regu-
lating RNA transport and stability [8]. Previous studies have indi-
cated that IGF2BP3 expression is significantly elevated in retinal 
pigment epithelial (RPE) cells under high glucose (HG) conditions. 
Mechanistically, the long non-coding RNA Metastasi s-Associated
Lung Adenocarcinoma Transcript 1 exacerbates HG-induced RPE
cell damage by upregulating IGF2BP3 expression, thereby activat-
ing the Nuclear Factor Kappa B signaling pathway [9]. However, 
the specific role of IGF2BP3 in microvascular endothelial cells in
DR remains to be fully elucidated.

A growing body of research has demonstrated that the physio-
logical and pathological processes of the vascular system are
extensively regulated by semaphorin signaling pathways [10]. 
SEMA3G, a member of the class 3 semaphorin (Sema3) family, is 
primarily expressed and secreted by endothelial cells and has been
implicated in neuronal development, angiogenesis, and tumor pro-
gression [11–13]. Previous studies have shown that endothelial-
specific knockdown of SEMA3G in mice with ischemic retinopathy 
reduces vascular density, accelerates excessive matrix deposition,
and decreases pericyte recruitment, suggesting that SEMA3G regu-
lates vascular stability [14]. In mouse models with inhibited or 
overactivated Notch signaling, SEMA3G promotes orderly vascular
regeneration [15]. Furthermore, endothelial-derived SEMA3G pro-
motes the proliferation and migration of human aortic smooth 
muscle cells by activating YAP signaling, thereby accelerating inti-
mal hyperplasia in diabetic patients [16]. These findings highlight 
the critical role of SEMA3G in vascular development and pathol-
ogy; however, its specific function in endothelial cells during DR
remains unclear.
2

IGF2BP3, as an RNA-binding protein, has a known function in 
stabilizing target mRNAs. Given that bioinformatic predictions 
indicate the presence of potential IGF2BP3 binding sites in the 3′ 
untranslated region (3′UTR) of SEMA3G mRNA, it was hypothe-
sized that during the progression of DR under high glucose condi-
tions, IGF2BP3 may drive abnormal retinal microvascular 
proliferation by binding to and regulating the stability of SEMA3G
mRNA. Therefore, this study investigates the role of IGF2BP3 in DR
pathogenesis, particularly its regulatory effects on DR progression
through stabilizing semaphorin-3G (SEMA3G) mRNA. By elucidat-
ing the molecular mechanisms of the IGF2BP3-SEMA3G axis in DR,
this work may provide novel diagnostic and therapeutic strategies
for early-stage DR intervention.
2. Materials and methods

2.1. Human tissue sample collection

From 2021 to 2024, a total of 60 patients were enrolled from 
China-Japan Friendship Hospital, and written informed consent 
was obtained from all participants. The study was approved by 
the Institutional Review Board of China-Japan Friendship Hospital 
(2020-12-K09). Vitreous humor samples were collected from 30 
patients clinically diagnosed with proliferative vitreoretinopathy 
(experimental group) and 30 patients with idiopathic macular hole 
(control group). During vitreous humor collection, the perfusion 
system was maintained in a closed configuration. The collection 
protocol involved sequential steps: (1) removal of the vitreous cut-
ter cap, (2) attachment of a sterile 5 mL syringe, and (3) controlled
aspiration of vitreous fluid. Immediately following extraction,
specimens were flash-frozen in liquid nitrogen and maintained at
−80°C for preservation. Following exclusion of unusable samples
(e.g., those from patients who received anti-vascular endothelial
growth factor (VEGF) therapy within 3 months or had a volume
of less than 1.5 mL), 20 paired samples were ultimately selected
for subsequent experiments [9]. 

2.2. Quantitative real-time polymerase chain reaction (RT-qPCR)

Retinal tissues were collected from mouse models, and total 
RNA was isolated from both the tissues and cultured cells using 
TRIzol reagent (Invitrogen, MA, USA), following the manufacturer’s 
instructions. The isolated RNA was then reverse-transcribed into 
cDNA using a reverse transcription kit provided by Sevenbio (Bei-
jing, China). RT-qPCR was performed with SYBR Green Master
Mix (Roche, Beijing, China) to analyze gene expression. The relative
mRNA levels of target genes were calculated using the 2−DDCt
method. Primer sequences used for RT-qPCR analysis are listed in
Table 1. 
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2.3. Western blot

Total protein was extracted from murine retinal tissues using a 
protein extraction kit (Solarbio Biotech, Beijing, China). Protein 
concentrations were determined using a bicinchoninic acid assay 
kit (Solarbio Biotech). For Western blot analysis, 20 lg of protein 
from each sample was separated by 10% sodium dodecyl sulfate– 
polyacrylamide gel electrophoresis (SDS-PAGE) and then trans-
ferred onto polyvinylidene fluoride membranes (Millipore, MA, 
USA) at 4°C. The membranes were blocked with 5% bovine serum 
albumin (Sangon Biotech, Shanghai, China) for 1 h at room temper-
ature, followed by overnight incubation with primary antibodies at
4°C. Afterward, horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (Thermo Fisher Scientific, Shanghai, China;
#61-6520) were applied and incubated for 1 h at 37°C. Protein
bands were visualized using an ultrasensitive enhanced chemilu-
minescence detection reagent (Yeasen Biotech, Shanghai, China)
and captured with an ImageQuant LAS system (GE Healthcare)
[7]. GAPDH served as the loading control. The specific primary anti-
bodies used in the Western blot analysis are listed in Table 2. 

2.4. Cell culture

HRMECs obtained from Shanghai Qida Biotechnology Co., Ltd. 
(Shanghai, China) were cultured using endothelial cell medium pro-
vided by ScienCell (CA, USA). This mediumwas enriched with essen-
tial and non-essential amino acids, vitamins, organic and inorganic 
compounds, hormones, growth factors, trace minerals, and supple-
mented with 5% fetal bovine serum. The cell cultures were main-
tained in a bicarbonate-buffered system at 37°C  in  an  atmosphere
of 5% CO2 and 95% humidity. The pH was maintained at 7.4. The 
experimental setup involved two distinct groups: (1) the control 
group, which was cult ured in endothelial medium supplemented
with 5.5 mmol/L glucose, and (2) the HG group, which was cultured
in endothelial medium supplemented with 30 mmol/L glucose.

2.5. Cell transfection

IGF2BP3 and SEMA3G siRNA and the corresponding negative 
control (si-NC) were procured from Genepharma, located in Suz-
hou, China. Additionally, the IGF2BP3 overexpression plasmid 
(OE-IGF2BP3), its negative control (OE-NC), and the SEMA3G over-
expression plasmid (OE-SEMA3G) were acquired from RiboBio 
(Guangzhou, China). These vectors were transiently introduced 
into HRMECs utilizing the Lipofectamine 2000 transfection reagent 
(Invitrogen). The cells were subsequently harvested 48 h following
transfection, and the efficiency of transfection was assessed by RT-
qPCR and Western blot analysis. The siRNA sequences were as fol-
lows: (si-IGF2BP3): 5′-GGGAGTCTTATGAAAATGATATT-3′; (si-
SEMA3G): 5′-CCCCTTTGACCATGTAATAAATG-3′; and (si-NC): 5′-C
ACGTGTAAATGTAACCTATTCC-3′.

2.6. Cell counting kit-8 (CCK-8) assay

Cell proliferation was assessed using a CCK-8 assay kit (Seven-
bio). Cells were seeded in 96-well plates at a density of 1 × 103 cells
Table 2 
Primary antibodies for Western blot.

Antibody name Dilutions Vendor name Cat No. 

IGF2BP3 1:1000 Thermo Fisher Scientific MA5-27484 
SEMA3G 1:2000 Abmart MG751394 
CD31 1:1000 Thermo Fisher Scientific MA5-60706 
VEGFA 1:1000 Thermo Fisher Scientific MA5-13182 
Cyclin D1 1:3000 Proteintech 60186-1-Ig 
GAPDH 1:10000 Proteintech 60004-1-Ig 

3

per well. CCK-8 reagent (10 lL per well) was added at 24, 48, and 
72 h. After 2 h of incubation, the optical density was measured at
450 nm using a microplate reader (Bio-Rad, CA, USA).

2.7. 5-Ethynyl-2′-deoxyuridine (EdU) assay

To assess cellular proliferation, HRMECs were plated in 6-well 
culture dishes at a density of 4 × 103 cells per well following trans-
fection. The EdU assay (Beyotime, Shanghai) was performed 
according to the manufacturer’s specifications. Cells were exposed 
to 10 lM EdU solution for 2 h under standard culture conditions 
(37°C, 5% CO2). Subsequent processing involved dual staining: pro-
liferating cells were identified using Alexa Fluor 488-conjuga ted
azide (Merck, Shanghai) which emits green fluorescence, while
nuclear counterstaining was achieved with Hoechst 33342 dye
(Yeasen Biotech), producing blue fluorescence. Quantitative analy-
sis of proliferation rates was conducted by determining the per-
centage of EdU-incorporated (green fluorescent) cells relative to
the total cell population identified by nuclear staining. Fluorescent
images were acquired using an inverted fluorescence microscope.

2.8. Wound healing assay

For the wound healing assay, HRMEC monolayers were estab-
lished by plating 7 × 104 cells per well in 6-well culture plates. 
When cultures attained 90% confluency, uniform linear wounds 
were generated across the cell monolayer using sterile 200 lL pip-
ette tips. Following wound creation, cellular debris was eliminated 
through three gentle washes with phosphate-buffered saline (Bey-
otime). The migration process was documented by acquiring
phase-contrast images immediately after wounding (0 h) and after
24 h of incubation using an inverted microscope (Olympus, PA,
USA). Three randomly selected fields were analyzed by measuring
the gap distance at 24 h, normalized to the initial wound width.

2.9. Angiogenesis assay

A  50  lL aliquot of Matrigel (Corning, NY, USA) was added to 
each well of a 96-well plate and polymerized at 37°C for 1 h. Sub-
sequently, 2 × 105 cells were seeded per well and incubated at
37°C. Tube formation was observed and photographed under an
inverted microscope after 4–6 h.

2.10. Enzyme-linked immunosorbent assay (ELISA) detection

To analyze inflammatory mediators and IGF2BP3 expression, 
conditioned media from HRMEC cultures were harvested and fro-
zen at −80°C prior to analysis. The secretion profiles of key inflam-
matory markers, including tumor necrosis factor-alpha (TNF-a), 
interleukin-1 beta (IL-1b), interleukin-6 (IL-6), and monocyte 
chemoattractant protein-1 (MCP-1), were determined through 
enzyme-linked immunosorbent assays employing commercially 
available kits (R&D Systems, MN, USA). Simultaneously, vitreous
IGF2BP3 concentrations were assessed using a specialized human
ELISA assay (KAKXBIO, Shanghai, China; KKX-15887R), with all
procedures strictly following the manufacturers’ protocols. Optical
density measurements for all ELISA reactions were obtained using
a Multiskan FC spectrophotometric plate reader (Thermo Fisher
Scientific).

2.11. Flow cytometry apoptosis assay

Cell apoptosis was analyzed using an Annexin phycoerythrin-
fluorescein isothiocyanate (V-FITC)/propidium iodide (PI) apopto-
sis detection kit (BestBio, Shanghai, China) following the manufac-
turer’s protocol. Cells were resuspended in a binding buffer at a
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density of 1 × 106 cells/mL and stained with Annexin V-FITC (Mer-
ck, Darmstadt, Germany) and PI (Merck) for 20 min at room tem-
perature in the dark. Apoptotic rates were quantified by flow
cytometry (BD Biosciences, CA, USA) [14]. 

2.12. mRNA half-life

HRMECs were treated with 5 lM actinomycin D (ActD; Sigma-
Aldrich, MO, USA) for 0, 2, 4, 6, and 8 h. Total RNA was then 
extracted and reverse transcribed into cDNA. Relative RNA levels
at each time point were normalized to baseline (0 h). mRNA decay
kinetics were analyzed using a one-phase exponential decay model
(GraphPad Prism software).

2.13. RNA immunoprecipi tation (RIP)

RIP was performed using the EZ-Magna RIP Kit (Merck, Milli-
pore; #17-700). Briefly, HRMEC lysates were prepared with lysis 
buffer and incubated with magnetic beads conjugated to specific 
antibodies (IGF2BP3 and normal immunoglobulin G [IgG] control)
at 4°C overnight. Immune complexes were digested with Protei-
nase K (Solarbio Biotech), followed by RNA extraction and RT-
qPCR to determine SEMA3G mRNA enrichment [17]. Primary anti-
bodies used for RIP are listed in Table 3. 

2.14. Construction of animal models

All animal experiments were carried out following protocols 
approved by the Animal Care and Use Committee of China-Japan 
Friendship Hospital (ZRDWLL240055). A total of 100 male 
C57BL/6J mice, aged 6 weeks, were obtained from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China) and allowed to accli-
matize for one week under controlled environmental conditions 
(22 ± 2°C, 55 ± 5% humidity, 12-h light/dark cycle, and 15–20 air 
changes per hour). After a 12-h fasting period, diabetes was 
induced by intraperitoneal injection of streptozotocin (60 mg/kg/-
day in 0.1 M citrate buffer, pH 4.5) for five consecutive days. Dia-
betic mice with fasting blood glucose ≥ 16.7 mmol/L (tail vein 
blood sampling at 4 weeks post-injection) were included. Control 
mice received an equivalent volume of citrate buffer. Thirty mice 
served as normal control group, while 30 diabetic mice were 
divided into early-DR (15 mice, sampled at 12 weeks of age) and 
the late DR group (15 mice, sampled at 24 weeks of age). Forty
additional diabetic mice were randomly assigned to four treatment
groups (n = 10/group): AAV-sh-NC, AAV-sh-IGF2BP3, AAV-oe-NC,
or AAV-oe-IGF2BP3. Adeno-associated viruses (AAVs) carrying
the IGF2BP3 overexpression plasmid (oe-IGF2BP3) and control
plasmid (oe-NC), as well as the IGF2BP3 knockdown plasmid
(IGF2BP3-shRNA: 5′-CAACAAGATGAAGAGCACCA-3′) and negative
control (shNC: 5′-GCAGAAGATGAAGAAGAATAT-3′), were pur-
chased from RiboBio (Guangzhou, China). Viral vectors (Thermo
Fisher Scientific) were delivered by intravitreal injection under
anesthesia with 2,2,2-tribromoethanol (10 mL/kg, intraperi-
toneally). Following pupil dilation with 0.5% atropine, 1.5 lL viral
suspension (1 × 1012 vg/mL, AAV2/9) was injected 1.5 mm poste-
rior to the corneal limbus using a 33-gauge Hamilton syringe.
Antibiotic ointment was applied postoperatively. At 24 weeks,
enucleated eyes were fixed in 4% paraformaldehyde for analysis.
Table 3 
Primary antibodies for RIP.

Antibody name Vendor name Cat No. 

IGF2BP3 Thermo Fisher Scientific PA5-96506 
IgG Thermo Fisher Scientific MA5-42729 

4

2.15. Immunofluorescence staining

Mouse eyeballs were paraffin-embedded and sectioned at 4-lm 
thickness. Sections were dehydrated in 95% ethanol for 10 min and 
then incubated with 10% serum (TIANDZ, Beijing, China) for 
30 min. After removing the serum, sections were incubated with 
primary antibody against IGF2BP3 (Thermo Fisher Scientific;
MA5-27484) and Alexa FluorTM 488-conjugated secondary antibody
(Thermo Fisher Scientific; A-11008). Nuclei were counterstained
with 4′,6-diamidino-2-phenylindole (Sewenbio, Beijing, China),
and images were acquired using a fluorescence microscope
(Olympus).

2.16. Immunohi stochemistry

Fresh retinal tissues from C57BL/6J mice were fixed in 4% 
paraformaldehyde, dehydrated through a graded ethanol series, 
and paraffin-embedded. Tissue sections were incubated with a pri-
mary antibody against IGF2BP3 (Thermo Fisher Scientific, MA5-
27484) at 4°C overnight, followed by incubation with an HRP-
conjugated secondary antibody (Goat anti-Rabbit IgG (H + L), 
Thermo Fisher Scientific; #31460) at room temperature for 1 h.
Sections were then treated with Vectastain Elite ABC reagent (Vec-
tor Laboratories, USA) for 30 min. After color development with
3,3′-diaminobenzidine (Solarbio Biotech), tissues were counter-
stained with hematoxylin (Solarbio Biotech) and examined under
a microscope (Leica, Wetzlar, Germany).

2.17. Histological examination of mouse retina by hematoxylin-eosin
(HE) staining

Mouse retinal tissues were processed for paraffin sectioning. 
Eyeballs were initially immersed in Formalin-Acetic Acid-Alcohol 
(FAA fixative; Jingke Chemical, Shanghai, China) for 1 min, fol-
lowed by fixation in 10% neutral buffered formalin. Tissues were 
dehydrated through 95% ethanol for 10 min, cleared in xylene 
(3–4 min), and embedded in paraffin at 60°C for 2 h. Sections (4-
lm thickness) were baked at 65°C for 1 h. The staining protocol
included hematoxylin (Yulu Experiment Equipment, Jiangxi, China;
15 min), differentiation in 1% acid-alcohol (1–2 min), treatment
with 1% ammonium hydroxide (8–10 s), and eosin counterstaining
(Yulu Experiment Equipment; 1 min). After standard dehydration
and mounting, retinal histopathology was examined under a light
microscope (Leica) [18]. 

2.18. Data analysis

Data were analyzed using GraphPad Prism software. Results are 
expressed as mean ± standard deviation. Intergroup comparisons 
were performed using Student’s t-test or analysis of variance. A p
value < 0.05 was considered statistically significant.

3. Results 

3.1. Elevated expression of IGF2BP3 in DR

ELISA demonstrated a notable increase in IGF2BP3 protein 
levels within the vitreous humor of patients diagnosed with DR
(Fig. 1A). However, this significant upregulation was not observed 
in mice at the early stage of DR (Fig. 1B). Complementary findings 
from western blot analysis further verified a significant elevation 
of IGF2BP3 protein expression in late-stage DR mice when com-
pared to the control group (Fig. 1C). Similarly, both immunofluo-
rescence and immunohistochemistry analyses indicated 
pronounced IGF2BP3 expression in retinal tissues of the late-
stage DR group relative to controls (Fig. 1D, E). In addition,
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Fig. 1. Elevated expression of IGF2BP3 in DR. (A) ELISA detection of IGF2BP3 protein levels in samples from DR and non-DR patients; (B) Western blot analysis of IGF2BP3 
expression in control versus early-stage DR mice; (C) Western blot analysis of IGF2BP3 protein expression in control versus late-stage DR mice; (D) Immunofluorescence 
staining of IGF2BP3 in control and late-stage DR mice. Scale bar: 50 lm; (E) Immunohistochemical staining of IGF2BP3 in control and late-stage DR mice. Scale bar: 50 lm; (F)
RT-qPCR analysis of differential IGF2BP3 mRNA expression at the cellular level; (G) Western blot analysis of differential IGF2BP3 protein expression at the cellular level. Error
bars represent the mean ± SEM. * p < 0.05; ** p < 0.01; **** p < 0.0001; ns, not significant.
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Fig. 2. The effects of IGF2BP3 on cell proliferation and angiogenesis. (A) RT-qPCR analysis of IGF2BP3 transfection efficiency; (B) Western blot analysis of IGF2BP3 
transfection efficiency; (C) CCK-8 assay measuring the effect of si-IGF2BP3 on cell proliferation; (D) EdU assay evaluating the effect of si-IGF2BP3 on cell proliferation. Scale 
bar: 100 lm; (E) Western blot analysis of cyclin D1 protein levels after si-IGF2BP3 transfection; (F) Western blot analysis of CD31 and VEGFA protein levels following si-
IGF2BP3 transfection; (G) Tube formation assay assessing the effects of HG and si-IGF2BP3 on HRMEC angiogenic capacity. Scale bar: 100 lm. Error bars represent the
mean ± SEM. * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001; ns, not significant.
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increased levels of IGF2BP3 mRNA and protein were detected in a
DR cell model (Fig. 1F, G). Together, these findings indicate that 
IGF2BP3 is substantially upregulated during DR progression and
is particularly prominent at advanced stages of the disease.

3.2. Knockdown of IGF2BP3 suppresses retinal angiogenesis in vitro

To elucidate the molecular mechanisms underlying DR, an HG-
induced injury model was established using HRMECs. The effective
knockdown of IGF2BP3 was confirmed via RT-qPCR and Western
blot analysis (Fig. 2A, B). Cell proliferation was assessed using the 
CCK-8 assay and EdU incorporation. Results from the CCK-8 assay
revealed a significant reduction in cell proliferation following
IGF2BP3 silencing (Fig. 2C), a finding corroborated by EdU staining, 
which demonstrated a decrease d proportion of EdU-positive cells
and reduced proliferative capacity (Fig. 2D). Furthermore, the 
expression of cyclin D1, a critical regulator of cell cycle progres-
sion, was markedly downregulated in IGF2BP3-deficient cells
(Fig. 2E). These findings suggest that IGF2BP3 suppression impairs 
HRMEC proliferation under high-glucose conditions. Considering 
the pivotal role of angiogenesis in the pathogenesis of DR, further 
investigations were conducted to evaluate the impact of IGF2BP3
on angiogenic activity. Results showed that the expression of
angiogenesis-associated markers, including CD31 and vascular
endothelial growth factor A (VEGFA), was notably decreased in
IGF2BP3-deficient cells (Fig. 2F). Tube formation assays revealed 
a significant impairment in angiogenic capacity in HRMECs treated
with si-IGF2BP3 when compared to control groups (Fig. 2G). These 
findings collectively support the notion that IGF2BP3 positively 
regulates angiogenesis in HRMECs and may contribute to DR
development.
Fig. 3. Knockdown of IGF2BP3 impairs wound healing, attenuates inflammatory cyto
capacity after si-IGF2BP3 treatment. Scale bar: 100 lm; (B) ELISA measurement of TNF-
experiment was conducted in triplicate. Error bars represent the mean ± SEM. *** p < 0.

7

3.3. Knockdown of IGF2BP3 impairs wound healing, attenuates
inflammatory cytokines, and enhances apoptosis

The effects of IGF2BP3 modulation on HRMEC cell motility, 
inflammatory responses, and apoptotic activity were investigated 
using comprehensive in vitro analyses. Wound closure assays 
demonstrated significantly attenuated migratory capacity in
IGF2BP3-deficient cells (si-IGF2BP3) relative to control groups after
24 h of observation (Fig. 3A). Subsequent evaluation of inflamma-
tory mediators revealed substantial downregulation of critical 
cytokines (TNF-a, IL-1b, IL-6, and MCP-1) in IGF2BP3-silenced pop-
ulations (Fig. 3B). Flow cytometric quantification of apoptotic 
indices further showed elevated programm ed cell death rates fol-
lowing IGF2BP3 depletion (Fig. 3C). These coordinated observa-
tions imply that genetic inhibition of IGF2BP3 may exert 
therapeutic effects against DR pathogenesis through multiple 
mechanisms: inhibition of endothelial cell motility, attenuation
of pro-inflammatory signaling, and enhancement of apoptotic
pathways.

3.4. Elevated SEMA3G expression in DR mediated by IGF2BP3-
dependent mRNA stabilization

To investigate the molecular mechanism of IGF2BP3 in DR, 
potential target genes of IGF2BP3 were predicted using the bioin-
formatics database StarBase 3.0 (https://rnasysu.com/encori/). 
The results indicated that IGF2BP3 might specifically bind to the
3′UTR of SEMA3G mRNA (Fig. 4A). RIP assays confirmed the 
binding between IGF2BP3 and SEMA3G mRNA (Fig. 4B, Fig. S1A). 
Furthermore, mRNA stability assays using ActD treatment in
HRMECs demonstrated that SEMA3G mRNA stability was
kines, and enhances apoptosis. (A) Wound healing assay assessing cell migration 
a, IL-1b, IL-6, and MCP-1 levels; (C) Flow cytometry analysis of cell apoptosis. Each
001, **** p < 0.0001; ns, not significant.
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Fig. 4. Elevated SEMA3G expression in DR mediated by IGF2BP3-dependent mRNA stabilization. (A) StarBase 3.0 prediction of IGF2BP3 binding sites with SEMA3G; (B) 
RIP assay detecting SEMA3G mRNA levels in HRMECs; (C) SEMA3G mRNA levels following actinomycin D treatment; (D) Western blot analysis of IGF2BP3-mediated 
regulation of SEMA3G expression; (E) RT-qPCR analysis of differential SEMA3G mRNA expression in DR cells; (F) Western blot analysis of differential SEMA3G protein 
expression in DR cells; (G) RT-qPCR measurement of SEMA3G mRNA expression in retinal tissues of DR animals; (H) Western blot analysis of SEMA3G protein expression in
retinal tissues of DR animals; (I) Immunofluorescence staining of SEMA3G in controls versus DR mice. Scale bar: 50 lm; (J) Immunohistochemical staining of SEMA3G in
controls versus DR mice. Scale bar: 50 lm. Error bars represent the mean ± SEM. * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001; ns, not significant.
significantly reduced upon IGF2BP3 knockdown (Fig. 4C). Consis-
tently, SEMA3G mRNA and protein levels were markedly decreased
in IGF2BP3-depleted HRMECs (Fig. 4D, Fig. S1B), suggesting that 
IGF2BP3 enhances SEMA3G expression by stabilizing its mRNA at 
the post-transcriptional level. Additionally , RT-qPCR and Western
blot analysis revealed elevated SEMA3G expression in DR cellular
models (Fig. 4E, F, Fig. S1C). Similarly, increased SEMA3G mRNA 
and protein levels were observed in DR mice (Fig. 4G, H). 
Immunofluorescence and immunohistochemistry further con-
firmed the upregulation of SEMA3G in DR (Fig. 4I, J). These findings 
not only validate the overexpression of SEMA3G in DR but also 
support the potential role of IGF2BP3 in modulating SEMA3G
mRNA stability during DR progression.

3.5. Knockdown of SEMA3G exhibits similar effects to IGF2BP3 
knockdown on cell migration, proliferation and angiogenesis

To investigate SEMA3G’s functional significance in HRMECs, 
gene-specific silencing was achieved using a designed siRNA. 
Knockdown efficiency was validated at both transcriptional and
translational levels through RT-qPCR and immunoblotting analyses
(Fig. 5A, B). Cellular migration capacity showed significant attenu-
ation following SEMA3G depletion, as quantified by wound closure
assays (Fig. 5C). Assessment of proliferative activity using CCK-8 
and EdU incorporation methods revealed substantial growth
8

inhibition in SEMA3G-deficient cells (Fig. 5D, E). Immunoblot anal-
ysis detected marked downregulation of cyclin D1, a critical cell
cycle regulator, in silenced populations (Fig. 5F). In vitro angiogen-
esis evaluation demonstrated severely compromised tube-formin g
capability in SEMA3G-knockdown HRMECs (Fig. 5G), accompanied 
by reduced expression of angiogenesis-related proteins (Fig. 5H). 
These collective findings establish SEMA3G as a key mediator of 
vascular endothelial cell function, influencing multiple aspects of
angiogenesis and vascular remodeling through protein-level regu-
latory mechanisms.

3.6. Overexpression of SEMA3G attenuates IGF2BP3 knockdown-
mediated suppression of DR development

To assess whether the overexpression of SEMA3G could miti-
gate the effects of IGF2BP3 knockdown on DR development, a ser-
ies of functional experiments were conducted. Wound healing
assays revealed that the diminished migratory capacity observed
in IGF2BP3-deficient HRMECs was effectively restored with
SEMA3G overexpression (Fig. 6A, B). Consistent with these obser-
vations, flow cytometry analysis indicated that the increased apop-
tosis rate resulting from IGF2BP3 silencing was significantly
reduced following SEMA3G overexpression (Fig. 6D). However, 
the elevated expression of pro-inflammatory cytokines, including 
TNF-a, IL-1b, IL-6, and MCP-1, observed upon IGF2BP3 knockdown
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Fig. 5. The effects of SEMA3G on cell migration, proliferation and angiogenesis. (A) RT-qPCR analysis of si-SEMA3G transfection efficiency; (B) Western blot analysis of 
SEMA3G transfection efficiency; (C) Wound healing assay evaluating cell migration after si-SEMA3G treatment. Scale bar: 100 lm; (D) EdU assay assessing the effect of si-
SEMA3G on cell proliferation. Scale bar: 100 lm; (E) CCK-8 assay measuring the effect of si-SEMA3G on cell proliferation; (F) Western blot analysis of cyclin D1 protein levels
following si-SEMA3G transfection; (G) Tube formation assay examining the effects of HG and si-SEMA3G on HRMEC angiogenic capacity. Scale bar: 100 lm. Error bars
represent mean ± SEM. ** p < 0.01; *** p < 0.001; **** p < 0.0001; ns, not significant.
remained largely unaffected by SEMA3G overexpression (Fig. 6C). 
These observations suggest that SEMA3G can partially reverse 
the pathological effects induced by IGF2BP3 deficiency, particu-
larly by restoring cell migration and reducing apoptosis, but not
by modulating the inflammatory response associated with DR
development.

3.7. Overexpression of IGF2BP3 significantly accelerates DR
development in vivo

Immunofluorescence and immunohistochemistry analyses
(Fig. 7A, B) revealed a significant reduction in IGF2BP3 expression 
in the AAV-sh-IGF2BP3 group compared to the AAV-sh-NC group. 
Conversely, IGF2BP3 expression was notably elevated in the AAV-
oe-IGF2BP3 group relative to the AAV-oe-NC group, confirming
the successful modulation of gene expression by viral delivery in
the DR mouse model. Histological examination using HE staining
(Fig. 7C) demonstrated that retinal cells in DR mice injected with 
either AAV-oe-NC or AAV-sh-NC were irregularly arranged, with 
some areas showing cell loss or blurred structures. In contrast, 
the retina of mice in the AAV-sh-IGF2BP3 group exhibited a more 
organized and tightly packed structure, with no apparent tissue 
damage. Additionally, the thickness of the whole retina, as well 
as the inner and outer nuclear layers, was significantly increased,
with no signs of neovascularization. However, in the AAV-oe-
IGF2BP3 group, neovascularization was evident in the inner
nuclear layer, and the outer nuclear layer showed a more disorga-
nized structure with increased pathological changes compared to
the other groups. Western blot analysis (Fig. 7D, E) further sup-
ported these findings, showing a significant decrease in the expres-
sion of CD31, VEGFA, and cyclin D1 in the AAV-sh-IGF2BP3 group, 
while these protein levels were markedly elevated in the AAV-oe-
IGF2BP3 group. Collectively, these in vivo results suggest that over-
expression of IGF2BP3 contributes to the exacerbation of DR
development.
9

4. Discussion 

DR, one of the most prevalent diabetic complications, remains a 
leading cause of vision impairment and blindness globally [19]. 
Diabetes influences several eye structures, but its primary patho-
logical changes are found in the retinal blood vessels [20]. As the 
most prevalent microvascular complication associated with dia-
betes, DR is characterized by endothelial dysfunction, disruption
of the blood-retinal barrier, retinal ischemia and hypoxia, and
pathological neovascularization [21]. Current therapeutic interven-
tions for advanced stages of DR, such as anti-VEGF therapy, laser 
photocoagulation, and vitrectomy, frequently result in suboptimal
outcomes and are associated with significant side effects [22,23]. 
These clinical challenges highlight the pressing necessity to eluci-
date the molecular mechanisms governing angiogenic factors, 
which could lead to the development of innovative therapeutic 
strategies for DR. This study has identified IGF2BP3 and its down-
stream target, SEMA3G, as pivotal regulators in the progression of
DR. IGF2BP3 facilitates DR pathogenesis by stabilizing SEMA3G
mRNA.

IGF2BP3, a highly conserved member of the IGF2BP family, is an 
RBP that exhibits specific high expression during embryogenesis
and aberrant reactivation in adulthood, during which it promotes
oncogenic effects [24]. It regulates diverse physiological and patho-
logical processes, particularly in tumor onset and progression [25]. 
Emerging evidence indicates that IGF2BP3 upregulation not only 
contributes to tumorigenesis but also disrupts glucose metabolism 
by inducing insulin resistance and b-cell dysfunction, thereby
exacerbating type 2 diabetes progression [26]. Additionally, 
IGF2BP3 overexpression has been detected in ocular malignancies
[27], suggesting potential ocular pathological roles. It was found 
that IGF2BP3 expression was significantly upregulated in the vitre-
ous humor of patients with DR, as well as in the HG-induced
HRMEC model and the retinas of diabetic mice. Mechanistically,
IGF2BP3 recognizes and stabilizes m6A-modified VEGFA mRNA,
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Fig. 6. Overexpression of SEMA3G attenuates the suppressive effect of IGF2BP3 knockdown on HRMEC migration. (A, B) Wound healing assay assessing cell migration 
capacity following transfection with si-IGF2BP3 and/or OE-SEMA3G. Scale bar: 100 lm; (C) ELISA measurement of TNF-a, IL-1b, IL-6, and MCP-1 levels; (D) Flow cytometry
analysis of cell apoptosis. Error bars represent mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001, ns, not significant.
enhancing angiogenesis in HUVECs [28]. Knockdown of IGF2BP3 
has been shown to interfere with colon cancer angiogenesis by dis-
rupting VEGFA mRNA expression and stability [29]. Consistently, it 
was observed that IGF2BP3 knockdown in HRMECs reduced VEGFA 
expression and impaired angiogenic capacity. Furthermore, 
IGF2BP3 promotes tumor progression by stabilizing oncogenic
transcripts (e.g., MYC) and exacerbates inflammation in hyper-
glycemic conditions [30]. In this study, an HG-induced injury 
model utilizing HRMECs was developed to examine the role of
10
IGF2BP3. The findings revealed that the silencing of IGF2BP3 
resulted in a substantial decrease in the expression levels of Cyclin 
D1 and CD31, along with a notable reduction in cellular migratory 
capacity. Additionally, IGF2BP3 knockdown was correlated with 
increased levels of inflammatory cytokines and a heightened rate
of apoptosis. In vivo experiments further corroborated these
results, demonstrating that IGF2BP3 overexpression in a DR mouse
model exacerbated retinal injury and promoted pathological
microvascular formation. Collectively, these findings suggest that
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Fig. 7. Overexpression of IGF2BP3 significantly accelerates DR development in vivo. (A) Immunofluorescence of IGF2BP3 in DR mice following intravitreal injection of 
AAV-sh-NC, AAV-sh-IGF2BP3, AAV-oe-NC, or AAV-oe-IGF2BP3. Scale bar: 50 lm; (B) Immunohistochemical staining of IGF2BP3 in DR mice after intravitreal injection of AAV-
sh-NC, AAV-sh-IGF2BP3, AAV-oe-NC, or AAV-oe-IGF2BP3. Scale bar: 50 lm; (C) Representative HE-stained images of DR mice intravitreally injected with AAV-sh-NC, AAV-sh-
IGF2BP3, AAV-oe-NC, or AAV-oe-IGF2BP3. Scale bar: 50 lm; (D, E) Western blot analysis of CD31, VEGFA, and Cyclin D1 protein expression following transfection with AAV-
sh-NC, AAV-sh-IGF2BP3, AAV-oe-NC, or AAV-oe-IGF2BP3. Error bars represent mean ± SEM. * p < 0.05, ** p < 0.01. GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner
nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer.
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IGF2BP3 plays a critical role in the progression of DR by facilitating
endothelial dysfunction, inflammation, and neovascularization.

IGF2BP3, an RBP, critically regulates physiological and patho-
logical processes through mRNA stabilization. In myocardial repair, 
IGF2BP3 enhances cardiac regeneration by stabilizing m6A-
modified matrix metalloproteinase 3 mRNA [31]. Similarly, in 
rheumatoid arthritis, its homolog IGF2BP1 promotes synovial inva-
sion through citrullination-dependent stabilization of SEMA3D
mRNA [32]. These findings suggest that IGF2BP family proteins 
may participate in disease progression through conserved RNA sta-
bility regulatory mechanisms. In this study, bioinformatics analysis 
and experimental validation identified SEMA3G as a key down-
stream target of IGF2BP3 in DR. The data showed that SEMA3G
was highly expressed in DR and promoted angiogenesis, consistent
with a previous study by Chen et al. [14], which reported elevated 
SEMA3G expression in the vitreous humor of proliferative diabetic
retinopathy (PDR) patients. The study by Chen et al. [14] also indi-
cated that increased SEMA3G expression in PDR patients’ vitreous 
humor could regulate physiological blood vessel remodeling. RIP 
and mRNA stability assays confirmed that IGF2BP3 directly binds 
to SEMA3G mRNA and enhances its stability. Further investigation 
revealed that overexpression of SEMA3G partially reversed the 
effects of IGF2BP3 knockdown on cell migration and apoptosis,
but did not restore the levels of inflammatory cytokines. This sug-
gests that SEMA3G mainly mediates angiogenesis and cell survival
pathways. Previous studies have shown that SEMA3G inhibits
VEGF-induced VEGF receptor type-2 phosphorylation, thereby
impeding pulmonary artery endothelial cell migration and angio-
genesis [13]. Therefore, the inhibitory effects of si-SEMA3G on 
HRMEC migration and angiogenesis may be mediated through 
the suppression of VEGF expression. Notably, overexpression of 
SEMA3G did not reverse the inhibitory effect of IGF2BP3 knock-
down on inflammatory cytokines, suggesting that the inflamma-
tion regulation may depend on other IGF2BP3 target genes [33– 
35]. 

However, there are limitations to this study. First, the use of 
HRMECs alone does not fully reflect the roles of other retinal cell 
types (e.g., pericytes, glial cells). The mechanistic study failed to 
confirm the m6 A modification of SEMA3G mRNA and its effect on 
IGF2BP3 binding, and it also did not clarify the downstream signal-
ing pathways. Finally, in terms of clinical cohort design, idiopathic 
macular holes were selected as the control group for comparison
with the progressive PDR group. However, due to the absence of
a non-proliferative diabetic retinopathy (NPDR) group, it remains
unclear whether this upregulation occurs during the pre-
proliferative stage or is strictly associated with the onset of the
proliferative stage. Therefore, future studies should include NPDR
patient samples for confirmation and introduce more detailed cel-
lular models to further explore the relevant mechanisms.

This investigation provides comprehensive evidence supporting 
the pathogenic role of IGF2BP3 in DR development through post-
transcriptional stabilization of SEMA3G mRNA. Clinical specimen 
analysis combined with experimental models revealed consistent 
upregulation of IGF2BP3 in DR conditions and its functional 
involvement in modulating SEMA3G transcript stability. Genetic 
inhibition of IGF2BP3 significantly impaired multiple pathological 
processes including vascular endothelial cell proliferation, migra-
tory capacity, and angiogenic potential, while concurrently reduc-
ing inflammatory cytokine secretion and cellular apoptosis. The
identified IGF2BP3-SEMA3G regulatory axis appears to constitute
a critical molecular mechanism underlying DR pathogenesis. These
results advance current understanding of DR disease mechanisms
and highlight the translational potential of both IGF2BP3 and
SEMA3G as candidate biomarkers and molecular targets for thera-
peutic intervention.
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