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Blueberry anthocyanins extract attenuates oxidative stress and angiogenesis on an in vitro high glucose-induced retinopathy model through the miR-33/GLCCI1 axis
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Abstract: Background: Diabetes retinopathy (DR) is a complication of diabetes that affects patients’ vision. Previous studies have found blueberry anthocyanins extract (BAE) can inhibit the progression of DR, but its mechanism is not completely clear. Methods: To study the role of BAE in diabetes retinopathy, we treated human retinal endothelial cells (HRCECs) with 30 mM high glucose to simulate the microenvironment of diabetes retinopathy and used BAE to intervene the in vitro high glucose-induced retinopathy model. HRCEC cell viability and apoptosis rates were examined by Cell Counting Kit 8 (CCK-8) assay and flow cytometry assay. The binding sites between miR-33 and glucocorticoid-induced transcript 1 (GLCCI1) were assessed by luciferase reporter assay. Retinal neovascularization and oxidative stress contribute to diabetic retinopathy. The tubule formation assay was applied to detect the retinal neovascularization. The oxidative stress in the HRCECs was manifested by the reactive oxygen species (ROS) level, the malondialdehyde (MDA) level, and the superoxide dismutase (SOD) activity. Results: Compared with HRCECs cells cultured under normal conditions, high glucose (HG) can induce oxidative stress in HRCRCs, specifically manifested in the increase of ROS and MDA levels, and the decrease of SOD activity. BAE relieved the tubule formation in n the HRCEC. BAE also relieved the ROS and MDA levels and increased the SOD activity. Luciferase reporter assay revealed that GLCCI1 is a target molecule downstream of miR-33. In HRCEC, BAE significantly inhibited the expression of miR-33 induced by HG. miR-33 mimic inhibited the BAE’s effects on oxidative stress and angiogenesis in an in vitro high glucose-induced retinopathy model. Conclusion: BAE alleviated the oxidative stress and microangiogenesis of HRCEC by regulating the miR-33 /GLCCI1 axis.
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Abbreviations



	BAE
	Blueberry anthocyanin extract



	BCA
	Bicinchoninic acid



	DR
	Diabetic retinopathy



	GLCCI1
	Glucocorticoid-induced transcript 1



	HG
	High glucose



	HRCEC
	Human retinal capillary endothelial cells



	MDA
	Malondialdehyde



	qRT-PCR
	Quantitative real-time PCR



	ROS
	Reactive oxygen species



	SOD
	Superoxide dismutase



	WB
	Western blot





Introduction

Diabetic retinopathy (DR) is categorized as one of the most serious microvasculature complications in early diabetes mellitus patients [1]. The incidence rate of DR has increased significantly in China year by year [2]. The prevalence rates of DR and vision-threatening DR were 16.3% and 3.2% in China [3]. In a multi-ethnic US cohort, approximately one in five participants with diabetes developed DR over 8 years [4]. DR causes serious damage to vision, and it has become one of the leading causes of blindness among working-aged adults around the world [5]. The build-up of reactive oxygen species (ROS) and neovascularization due to hyperglycemia are recognized as a primary risk factor for DR [6,7]. Reactive oxygen species (ROS) cause oxidative stres6s, and oxidative stress causes the disruption of the retinopathy endothelial cells membrane integrity and leads to DR [8–10]. A Disintegrin and Metalloproteinase with Thrombospondin motifs 5 (ADAMTS5) promotes proliferative diabetic retinopathy via neovascularization [11]. Therefore, the prevention of oxidative stress and neovascularization in patients with diabetes can delay the occurrence and development of retinopathy.

Anthocyanins are a kind of water-soluble pigment, mainly synthetic in plant cytosol [12]. It has a better therapeutic effect on diabetic cataract disease, glaucoma, and other ophthalmic diseases [13,14]. A meta-analysis shows that a 7.5 mg/day increment of dietary anthocyanin intake decreased the risk of T2DM. Higher intakes of dietary anthocyanins are associated with a lower T2DM risk [15]. Anthocyanins can prevent and treat DM, based on their effects on glucose metabolism, antioxidant, and anti-inflammatory through various mechanisms. Anthocyanins also have therapeutic effects in treating diabetic retinopathy [16]. Anthocyanin C3G suppressed the angiogenesis of human retinal endothelial cells (HRECs) [7]. Blueberries are known as the king of anthocyanins in all plants. They are extremely rich in anthocyanins (about 300 mg of anthocyanins are found in 100 g of blueberries) and have high development and utilization value [17]. Blueberry anthocyanins (BAE) have a great anti-diabetic effect manifested in the decrease of blood glucose via the increase of AMPK activity [18]. Several studies have shown that blueberry anthocyanins (BAE) have significant therapeutic effects on oxidative stress and inflammation in diabetic retinopathy [19,20]. Besides, BAE has been used in the treatment of DR in Europe with good efficacy [21]. However, the underlying mechanism of BAE in alleviating DR is still not known.

In this study, the human retinal endothelial cells (HRCECs) were processed with 30 mM high glucose to simulate the microenvironment of diabetes retinopathy. HRCECs tubule formation and the oxidative stress indexes were investigated in normal or HG-treated HRCECs. BAE was employed in an in vitro high glucose-induced retinopathy model. In the present research, the protective effects of BAE on oxidative stress and angiogenesis induced by high glucose in HRCECs were investigated to propose a preliminary mechanism for the role of antioxidants in eye nourishment.

Materials and Methods

Cell culture and treatment

Human Retinal Capillary Endothelial Cells (HRCECs) were acquired from the China Center for Type Culture Collection (Wuhan, China) and were cultured in high glucose Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco, 11965092, Grand Island, New York, USA) supplied with 10% Fetal Bovine Serum (FBS) (Sijiqing, 70220-8611, Hangzhou, Zhejiang, China) and 1% penicillin-streptomycin solution (Sangon-Biotech, E607011, Shanghai, China). HRCECs were incubated at 37°C in 5% CO2.

HRCECs were implanted into the 6 well plates and then processed with 10 μg/mL BAE for 24 h. Then, the HRCECs were processed with 30 mM high glucose or 5.5 mM normal glucose medium. Cells were processed with 30 mM glucose for 48 h to simulate the DR microenvironment [20]. The blueberry anthocyanins extract (BAE) was purchased from the Daxinganling Lingonberry Organic Foodstuffs Co., Ltd. (Daxinganling, China).

Experimental design

For cell experiments, the cells were randomly divided into 4, 5, or 6 groups. 4 groups: Control group, high glucose (HG) group, BAE group, HG + BAE group. 5 groups: Control group, HG group, HG + BAE group, HG + BAE + mimic NC group, HG + BAE + miR-33 group. 6 groups: Control group, HG group, HG + BAE group, HG + BAE + mimic NC + pcDNA-NC group, HG + BAE + miR-33 + pcDNA-NC group, HG + BAE + miR-33 + pcDNA-GLCCI1 group.

Cell transfection

The miR-33 mimic and miR-33 inhibitor were purchased from Gene Pharm (Shanghai, China), and their sequences were as follows: hsa-miR-33a mimic: GUGCAUUGUAGUUGCAUUGCA, hsa-miR-33a inhibitor: UGCAAUGCAACUACAAUGC; The mimic NC and inhibitor NC were served as control. Cells were planted on 6-well plates for 24 h. Then the miR-33 mimic (or miR-33 inhibitor) and Lipofectamine™ 3000 (Invitrogen, L3000015, Carlsbad, CA, USA) were respectively incubated in OPTI-MEM reduced serum medium (Invitrogen, 31985070, Carlsbad, CA, USA) for 20 min. The mixture of miR-33 mimic (or miR-33 inhibitor) and Lipofectamine™ 3000 was transfected to the cells in the plate. The cells were replaced with the normal glucose medium 5 h later. 48 h later, the cells on the plates were harvested for further study. For GLCCI1 plasmid transfection, cells were transfected with a mixture of GLCCI1 plasmid and Lipofectamine™ 3000 in OPTI-MEM reduced serum medium.

Cell proliferation

Cell viability was detected using the CCK-8 kit (Yeasen, 40203ES60, Shanghai, China). 5 × 103 HRCECs were seeded into one cell of the 96 well plates and cultured for 24 h. 24 h later, the cells in each well were added 10 μL CCK-8 reagent for 4 h incubation in 5% CO2. After 4 h incubation, the optical densities (OD) at 450 nm were measured by a microplate reader (Beckman coulter, DTX 880, Brea, CA, USA).

Apoptosis analysis

FITC Annexin V Apoptosis Detection Kit I (BD, No. 556547, Franklin Lakes, New York, USA) was used to detect apoptosis in HRCECs. HRCECs were collected when they reached the logarithmic growth phase. 1 × 105 HRCECs were suspensed with 100 μl Binding Buffer. Next, 5 μL of Annexin-V and 5 μL of Propidium Iodide (PI) were added to the buffer and incubated at room temperature for 15 min in the darkness for Accuri C6 flow cytometer (BD Biosciences, USA) analysis.

Quantitative real-time PCR (qRT-PCR)

RNA was isolated from HRCECs with TRIzol™ reagent (Invitrogen, 15596026CN, Carlsbad, CA, USA). 1 μg isolated RNA was prepared using Prime Script™ RT reagent kit (Takara, RR037A, Shiga, Japan) or Prime Script™ miRNA RT-PCR Kit (Takara, RR716, Shiga, Japan). TB Green® Premix Ex Taq™ II (Takara, RR820Q, Shiga, Japan) was used for real-time PCR, which was run on Step One Plus™ Real-Time PCR System (Applied Biosystems, 4376600, Foster City, CA, USA). Relative gene expression was normalized with GAPDH or U6 and calculated with the 2−ΔΔCT method. The sequences of the primers used in this study are listed in Table 1.
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Western blotting

The total protein content was extracted from HRCECs with RIPA lysis buffer (Beyotime, P0013B, Shanghai, China) and quantified. 30 μg was loaded in the concentration gel and resolved by separation gel. The objective protein was transferred to the polyvinylidene difluoride membrane (Millipore, ISEQ10100, Boston, MA, USA). Next, the membrane was blocked with 5% skim milk for 2 h. The membranes were incubated with primary antibodies anti-GLCCI1 (Abcam, ab107491, Cambridge, UK), and GAPDH (Abcam, ab181602, Cambridge, UK) at 4°C overnight. Subsequently, the membranes were washed with Tris-buffered saline tween (TBST) three times and then incubated with Goat Anti-Rabbit IgG (H + L) HRP (Abways, AB0101, Shanghai, China) at room temperature for 2 h. GAPDH served as an internal control. The protein band was visualized with an enhanced chemiluminescent detection kit (NCM Biotech, P2300, Suzhou, China) and analyzed by ImageJ software (Bio-Rad, Image Lab 6.1, Hercules, CA, USA).

Reactive oxygen species (ROS) detection

Reactive oxygen species (ROS) generation in HRCECs was examined with the Reactive Oxygen Species Assay Kit (Beyotime, S0033s, Shanghai, China). 1 × 105 HECRCs were seeded into one well of 6 well plates and then stained with 10 μM 2,7-Dichlorodi-hydro fluorescein diacetate (DCFH-DA) probes at 37°C in darkness for 30 min. The fluorescence intensity of ROS was measured at Ex/Em = 488/525 nm wavelength by fluorescence microscope (Nikon, Ts2R-FL, Tokyo, Japan).

Measurement of malondialdehyde (MDA) level and super oxide dismutase (SOD) activity in cells

The MDA level and SOD activity were detected with a Malondialdehyde (MDA) assay kit (Nanjing Jiancheng, A003-1, Nanjing, China) and Superoxide Dismutase Activity Assay kit (amyjet, STA-340, Wuhan, China) according to the manufacturer’s instructions.

Tube formation assay

We added 250 μL Matrigel (Corning, 354234, Corning, New York, USA) to pre-cooled 24-well plates for polymerization at 37°C for 60 min. A total of 1 × 105 treated HRCEC cells were plated onto the Matrigel matrix. After incubation at 37°C 48 h, the formation of tubes was counted in 6 random microscopic fields with a computer-assisted microscope (Olympus, IXplore Pro, Tokyo, Japan) and quantified using ImageJ software (Bio-Rad, Image Lab 6.1, Hercules, CA, USA).

Dual-luciferase reporter assay

Dual-luciferase reporter assay was carried out with the method in this article [22]. Briefly, the wild-type (wt) GLCCI1 3′UTR mRNA and mutated (mut) GLCCI1 3′UTR mRNA was inserted into the luciferase pmir-GLO reporter vector. Cells were co-transfected with either wt GLCCI1 or mut GLCCI1 luciferase pmir-GLO reporter vector plus NC mimic (miR-33a-5p mimic) or NC mimic (miR-33b-5p mimic) by Lipofectamin™ 3000 (Invitrogen, L3000015, Carlsbad, CA, USA). After 48 h, cells were harvested and the luciferase activities were measured using Beyotime’s Dual-Lumi™ Luciferase Assay System (Beyotime, RG088S, Shanghai, China).

Statistical analysis

The two groups’ differences were analyzed using an unpaired two-tailed Student’s t-test. If there were more than two groups, one-way ANOVA or two-way ANOVA with Tukey’s post hoc analysis was used. GraphPad Prism 9.0 software (GraphPad Software, Inc., La Jolla, CA, USA) was used for statistical analysis. All values are presented as mean ± standard deviation (SD). p values < 0.05 was considered statistically significant. Each assay was performed at least 3 times.

Results

BAE relieved oxidative stress and angiogenesis of HG-treated HRCECs

To test the potential of BAE in alleviating DR, HRCECs were first treated with HG to simulate the DR microenvironment. Based on the findings of Huang et al., 10 mg/L BAE was selected as the optimal concentration for our subsequent experiments [20]. Proanthocyanidins inhibit the miR-33 expression in obese rats [23]. miR-33 has emerged as a drug target for a variety of metabolic diseases [24]. BAE partially inhibited the miR-33 expression increased by high-glucose treatment (Fig. 1A). The GLCCI1 level in high-glucose treated HRCECs cells was lower than the GLCCI1 in the control group, but the result was reversed after adding BAE (Fig. 1B,C). Moreover, the oxidative stress indexes in HRCECs were evaluated. Results revealed that ROS level was elevated in HG-treated HRCECs, which was abolished by BAE treatment (Fig. 1D,E). Similarly, BAE treatment reversed HG effects on the SOD activity and the MDA levels in HRCECs (Fig. 1F,G). Furthermore, the influence of BAE on cell apoptosis, cell viability, and angiogenesis of HRCECs was evaluated. As shown in Fig. 1H,I, HG treatment down-regulated the apoptosis rate of HRCECs, while BAE restored that. CCK-8 and tube formation assay results showed cell viability and angiogenesis of HRCECs were elevated by HG treatment. BAE treatment significantly reduced the proliferation and angiogenesis of HG-treated HRCECs (Fig. 1J–L). According to these data, BAE relieved oxidative stress and angiogenesis in HG-treated HRCECs.
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Figure 1: BAE relieved oxidative stress and angiogenesis of HG-treated HRCECs. (A) HRCECs were examined by qRT-PCR for miR-33 expression. (B–C) qRT-PCR and WB were used to examine the GLCCI1 expression in HRCECs. (D–E) DCFH-DA staining was used to examine the levels of ROS in HRCECs. (F–G) The SOD activity and the level of MDA in HRCECs were tested. (H–I) Annexin V-FITC/PI was applied to examine apoptosis in HRCECs. (J) HRCECs cell viability was assessed by CCK-8 assay. (K–L) The angiogenesis of HRCECs was examined by the tube formation assay. **p < 0.01, ***p < 0.001 vs. Control group (normal glucose group); #p < 0.05, ##p < 0.01, ###p < 0.01 vs. HG group.

BAE relieved the oxidative stress and angiogenesis of HG-treated HRCECs by inhibiting miR-33 expression

To reveal the mechanism of miR-33 in DR, miR-33 was overexpressed in HRCECs (Fig. A1). Overexpression of miR-33 elevated miR-33 expression in HG + BAE-treated HRCECs (Fig. 2A). Compared with the HG + BAE group, transfection of miR-33 mimic decreased the GLCCI1 mRNA and protein expression (Fig. 2B,C). Significant reduction in ROS and MDA levels can be seen in the group of HG-treated HRCECs after BAE. The above results were rescued by miR-33 overexpression (Fig. 2D–G). Additionally, flow cytometry results demonstrated that HG-induced downregulation of apoptosis rate in HRCECs could be reversed by BAE combined treatment, but the effects of BAE were canceled out when miR-33 overexpression was achieved through transfection with miR-33 miRNA (Fig. 2H,I). MiR-33 overexpression increased the cell viability and angiogenesis of HRCECs compared with the HG + BAE group (Fig. 2J–L). Taken together, these data indicated that BAE alleviated the oxidative stress and angiogenesis of HG-treated HRCECs by regulating miR-33 expression.
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Figure 2: BAE relieved oxidative stress and angiogenesis of HG-treated HRCECs by inhibiting miR-33 expression. HRCECs were treated with HG, HG + BAE, or combined with transfection of miR-33 mimic/mimic NC. (A) HRCECs were examined using qRT-PCR for miR-33 expression. (B–C) qRT-PCR and WB were used to assess the GLCCI1 expression in HRCECs. (D–E) DCFH-DA staining was used to examine the ROS levels of HRCECs. (F–G) The SOD activity and the level of MDA in HRCECs were detected. (H–I) Annexin V-FITC/PI was used to detect apoptosis in HRCECs. (J) CCK-8 assay was used to evaluate the proliferation of HRCECs. (K–L) The angiogenesis of HRCECs was examined by the tube formation assay. **p < 0.01, vs. Control group (normal glucose group); #p < 0.05, ##p < 0.01 vs. HG group; &p < 0.05, &&p < 0.01 vs. HG + BAE + mimic NC group.

MiR-33 interacted with GLCCI1 and repressed GLCCI1 expression

The GLCCI1 gene is located on 7p21.3, it contains eight exons and identified functional single nucleotide polymorphism [25,26]. Firstly, we used the online bioinformatics tools Target Scan (www.targetscan.org, accessed on 03/28/2024), miRDB (mirdb.org, accessed on 03/28/2024), and ENCORI (https://starbase.sysu.edu.cn/, accessed on 03/28/2024) to predict the potential target of miR-33. According to these datasets, GLCCI1 was recognized as the latent target of miR-33 and had a potential binding site of miR-33 (Fig. 3A). By dual-luciferase reporter assays, it was found that miR-33 mimic inhibited luciferase activity of the wild-type (WT) GLCCI1 reporter, but this effect was entirely canceled out in the mutant (MUT) GLCCI1 reporter group (Fig. 3B). Subsequently, HRCECs treated with miR-33 mimics exhibited significant downregulation of GLCCI1 mRNA and protein by qRT-PCR and WB. The miR-33 inhibitor led to an up-regulation of GLCCI1 in HRCECs (Fig. 3C–E). Up-regulation of GLCCI1 reversed miR-33 mimic-mediated inhibition of GLCCI1 mRNA and protein expression in HRCECs (Fig. 3F–H). HRCECs were upregulated by miR-33 inhibitors in terms of GLCCI1 mRNA and protein levels, which was abolished by GLCCI1 knockdown (Fig. 3I–K). All these data indicated that miR-33 interacted with GLCCI1 and repressed GLCCI1 expression.
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Figure 3: GLCCI1 was targeted by miR-33. (A) Bioinformatics prediction of miR33 and GLCCI1 binding sites. (B) Detection of luciferase activity levels in cells co-transfected with miR33a-5p mimics or miR33b-5p mimics and WT or MUT GLCCI1 (C) In HRCECs, miR-33 expression was determined by qRT-PCR. (D–E) In HRCECs, qRT-PCR and WB analysis were used to investigate GLCCI1 expression in HRCECs. (F–H) In HRCECs, NC mimic or miR-33 mimic was transfected alone or together with pcDNA-GLCCI1 or pcDNA-NC, and miR-33 and GLCCI1 expression were determined by qRT-PCR and WB. (I–K) HRCECs were transfected with miR-33 inhibitor/inhibitor NC alone or combined with si-GLCCI1 or si-NC, qRT-PCR, and WB were used to examine the miR-33 and GLCCI1 expression in HRCECs. *p < 0.05, **p < 0.01 vs. mimic NC group; #p < 0.05, ##p < 0.01 vs. inhibitor NC group; &p < 0.05, &&p < 0.01 vs. miR-33 mimic + pcDNA-NC group; $p < 0.05 vs. miR-33 inhibitor + si-NC group.

BAE relieved the oxidative stress and angiogenesis of HG-treated HRCECs by regulating the miR-33/GLCCI1 axis

Finally, the mechanism of BAE in ameliorating HG-induced oxidative stress and angiogenesis of HRCECs was investigated. qRT-PCR and WB analysis indicated up-regulation of miR-33 and decreased GLCCI1 mRNA and protein in HRCECs treated with HG. BAE treatment inhibited the miR-33 expression while enhancing GLCCI1 mRNA and protein. In HRCECs treated with HG + BAE, miR-33 overexpression decreased the expression of GLCCI1. This effect was reversed by overexpression of GLCCI1. (Fig. 4A–C). Moreover, the oxidative stress indexes in HRCECs were evaluated. Following BAE treatment, HRCECs treated with HG showed a reduction in ROS and MDA levels and an increase in SOD activity. miR-33 overexpression elevated oxidative stress with increased levels of ROS and MDA and decreased the SOD activity in HG + BAE-treated HRCECs, which was abolished by GLCCI1 overexpression (Fig. 4D–F). Additionally, CCK-8, flow cytometry, and tube formation assay results showed that GLCCI1 overexpression reversed miR-33 mimic-mediated promotion of cell viability, angiogenesis, and inhibition of apoptosis in HG + BAE-treated HRCECs (Fig. 4G–I). Taken together, BAE alleviated the oxidative stress and neovascularization of HG-treated HRCECs by regulating the miR-33/GLCCI1 axis.
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Figure 4: BAE ameliorated HG-treated HRCECs through the miR-33/GLCCI1 axis. HRCECs were treated with HG, HG + BAE, and then transfected with miR-33 mimic/mimic NC and pcDNA-GLCCI1/pcDNA-NC. (A) HRCECs were tested for miR-33 mRNA levels using qRT-PCR. (B–C) In HRCECs, GLCCI1 factors were determined by qRT-PCR and WB. (D) DCFH-DA staining was used to examine the ROS level in HRCECs. (E–F) The SOD activity and the level of MDA in HRCECs were detected. (G) HRCECs were evaluated for viability using the CCK-8 assay (H) Assays were conducted to detect apoptosis in HRCECs with Annexin V-FITC/PI (I) The tube formation assay examined the angiogenesis of HRCECs. **p < 0.01, ***p < 0.001 vs. Control group (normal glucose group); #p < 0.05, ##p < 0.01 vs. HG group; &p < 0.05, &&p < 0.01 vs. HG + BAE + mimic NC + pcDNA-NC group; $p < 0.05, $$p < 0.01 vs. HG + BAE + miR-33 mimic + pcDNA-NC group.

Discussion

Diabetic retinopathy is primarily caused by high glucose-induced oxidative stress and angiogenesis. Preliminary mechanism studies showed that BAE mitigated the oxidative stress and micro-angiogenesis of HRCEC by regulating the miR-33/GLCCI1 axis. Thus, we uncovered a new means of preventing DR by BAE.

It is common knowledge that miRNAs have multiple target genes and can regulate a variety of cellular activities. It regulates vascular endothelial cell injury by influencing cell proliferation, migration, and vascular endothelial cell factors [27]. However, miRNAs play a mediating role in metabolism and cellular life cycle [28]. Preclinical studies have shown that Distel et al. reported that miR-33 is associated with energy metabolism and cell cycle regulation [29]. MicroRNA-33 inhibition overcomes diabetes mellitus on atherosclerosis plaque regression [30]. Targeting microRNA-33 can attenuate diabetic nephropathy in Wistar rats [31]. miR-33 knockdown inhibits inflammation and oxidative stress [32]. MicroRNA-33 promoted pathologic vascular proliferation [33]. However, the mechanism of microRNA-33 in diabetic retinopathy is not clear. In this study, miR-33 was highly expressed in HG-treated HRCECs, which were repressed by BAE treatment. miR-33 mimics promoted cell viability, angiogenesis, and inhibition of apoptosis in HG + BAE-treated HRCECs. miR-33 sponged GLCCI1 to repress the expression of GLCCI1. A previous study has revealed that GLCCI1 is abnormally expressed in the lacrimal gland of db/db mice, which may be a marker gene for type 2 diabetes mellitus [34]. This work first investigated the GLCCI1 overexpression reversed miR-33 mimic-mediated promotion of cell viability, angiogenesis, and oxidative stress in HG + BAE-treated HRCECs.

Extracts of blueberry anthocyanins have a higher purity of anthocyanins and can prevent diseases such as diabetes mellitus and DR [18,20]. The retina has the highest respiratory rate of any other mammalian tissue and is a significant source of oxidative stress [21]. Hyperglycemia, oxidative stress, and retinal neovascularization are key events in the pathogenesis of DR [35,36]. BAE decreased diabetes-induced oxidative stress and inflammation in rat retinas via nuclear factor erythroid-2-related actor 2/heme oxygenase 1 (Nrf2/HO-1) signaling pathway [19]. BAE also attenuated endoplasmic reticulum stress injury in the retina of diabetic rats by inhibiting miR-182 expression and promoting 8-oxo guanine DNA glycosylase (OGG1) [22]. BAE also attenuated angiogenesis by decreasing the vascular endothelial cell growth factor (VEGF) level and inhibiting the Akt pathway [20]. In this work, we treated HRCECs with HG to simulate the DR microenvironment. BAE induced apoptosis, and inhibited oxidative stress, cell viability, and angiogenesis of -treated HRCECs. BAE exhibited antioxidant capacities, which could hinder the ROS and MDA production, and increase the antioxidant enzyme SOD activities. Thus, BAE may be used as a useful adjunct for ameliorating retinal oxidative stress and retinal neovascularization by regulating the miR-33/GLCCI1 pathway (Fig. 5).
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Figure 5: The mechanisms underlying BAE suppressed high glucose-induced diabetic retinopathy.

This work has shortcomings, including 1) BAE contains anthocyanins, cyanidin-3-glucoside, cyanidin 3,5-glucoside, and peonidin-3-glucoside. Although BAE mainly exerts its effects through anthocyanins, we cannot exclude other ingredients’ effects. 2) We will use surface plasmon resonance (SPR) technology and bioinformatics analysis to predict the target of BAE. Therefore, more investigations are needed in the coming future.

Conclusion

In conclusion, this work demonstrated that BAE relieved the tubule formation in the HRCEC. As a result of BAE, ROS and MDA levels were also reduced, and SOD activity was increased. GLCCI1 was identified as a downstream target of miR-33 by luciferase reporter assay. Besides, miR-33 mimic inhibited the BAE’s effects on oxidative stress and angiogenesis in an in vitro high glucose-induced retinopathy model. Overall, blueberry anthocyanins extract attenuates oxidative stress and angiogenesis through the miR-33/GLCCI1 axis.
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Figure A1: The verification of miR-33 mimic. The verification of miR-33 mimic in HRCEC cell. **p < 0. 01 vs. mimic NC group.
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TABLE 1

Sequence of the primers

Gene Primer type Sequence Tm value
GLCCI1 Forward 5-CGGAGGAGCAGCTCACCTGAG-3' 64.5°C
(Human) Reverse 5-CGTGGCCATGTCCTGTGAGGA-3' 64.43°C
GAPDH Forward 5 - AATGGAAATCCCATCACCATCT-3’ 57.45°C
(Human) Reverse 5-CAGCATCGCCCCACTTG-3’ 58.38°C
miR-33 Forward 5- ACTCGCCACTCTCGACTCAAG-3' 61.81°C
(Human) Reverse 5-GACGGTGCCCGAGGCCAGAC-3’ 67.64°C
U6 Forward 5 TGCGGGTGCTCGCTTCGGCAGC-3' 72.56°C
(Human) Reverse 5-CCAGTGCAGGGTCCGAGGT-3' 63.86°C
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