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A B S T R A C T

Aims: The therapeutic strategies for diabetic retinopathy (DR) are disappointing. Ginsenoside Rg1 (Rg1) ex-
tracted from Panax ginseng can induce glucose uptake and lower oxidative stress. We aimed to explore the effect
of Rg1 on DR using human retinal pigment epithelium cells (ARPE-19).
Main methods: ARPE-19 cells were grown in high glucose (HG) to simulate DR. Cell viability, apoptosis, ROS
generation and miR-26a level were examined by CCK-8 assay, flow cytometry assay, DCFH-DA staining and RT-
qPCR, respectively. Expression of proteins associated with viability, apoptosis and oxidative stress was measured
by Western blot analysis. Effects of Rg1 on HG-induced alteration were assessed. Moreover, whether miR-26a
was involved in Rg1-associated modulation was verified. Finally, the involvements of the ERK and Wnt/β-
catenin pathways were analyzed by Western blot analysis.
Key findings: HG reduced cell viability while promoted apoptosis and oxidative stress in ARPE-19 cells. Rg1
ameliorated HG-induced cell injury. The expression of miR-26a was up-regulated by Rg1 in HG-treated cells, and
miR-26a inhibition obviously reversed the effects of Rg1 on HG-treated cells. Finally, we found the ERK and
Wnt/β-catenin pathways were inhibited by Rg1 through up-regulation of miR-26a.
Significance: Rg1 protected ARPE-19 cells against HG-induced injury through up-regulating miR-26a, along with
inhibition of the ERK and Wnt/β-catenin pathways. Rg1 might be a potential therapeutic drug for DR.

1. Introduction

Diabetic retinopathy (DR), the most common microvascular com-
plication of both type 1 and type 2 diabetes, is a burgeoning problem
globally [1]. Nonproliferative DR and proliferative DR are the two
broad categories of DR with different manifestations, and diabetic
macular edema (the most common cause of vision loss) is an additional
categorization that occurs across all DR severity levels [1,2]. As the
major cause of vision loss in adults, DR leads to capillary, vascular
hyperpermeability and neovascularization in the retinal vasculature,
and has been estimated to trouble over 95 million people worldwide in
2010 [3,4]. Despite of the extensive studies on the aetiology and pa-
thology of DR, the therapeutic strategies for DR remain disappointing
[2]. Further research is warranted on the innovative drugs and ther-
apeutic targets to improve the prognosis of DR.

Retinal pigment epithelium (RPE) is a unique epithelial cell which

interacts with photoreceptors and is pivotal for maintaining of normal
vision [5]. RPE cells play a crucial role in the pathologic process of DR.
High glucose (HG), the result of uncontrolled diabetes, has been re-
ported to induce several retinal microvascular changes, for instance,
vascular cell loss and increased extravasation [6,7]. HG may also dis-
rupt the normal functioning of RPE. In DR, biochemical changes may
cause retinal damage, and the overproduction of reactive oxygen spe-
cies (ROS) is considered as a rational explanation for the HG-induced
biochemical abnormalities [8]. Moreover, persistent oxidative stress
appears to be an important factor underlying the complications of DR
[9]. Therefore, the alteration of cell viability, apoptosis and oxidative
stress in HG-treated RPE cells is of great importance for the therapy of
DR.

Ginsenoside is the major compound extracted from Panax ginseng,
the most famous herbal medicine in China [10]. There are more than 30
subtypes in ginsenoside family, and all ginsenosides are proven to have
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broad biological and physiological activities including anti-oxidant and
anti-diabetic activities [11,12]. As a valuable pharmacological active
triterpene saponin, Ginsenoside Rg1 (Rg1) has been reported to protect
mice against cisplation-induced hepatic injury because of the anti-
oxidant activities [13]. Previous studies have also proposed that Rg1
induces glucose uptake and lowers oxidative stress in rat skeletal
muscles [14,15]. Hence, we hypothesized that Rg1 might be a potential
drug to alleviate HG-induced dysfunction of RPE cells. However, the
underlying molecular mechanism of Rg1 in protection of RPE cells
against HG-induced injury remains unclear.

In this study, we added D-glucose in the culture medium of human
RPE cells (ARPE-19) to construct DR model. The effects of Rg1 on cell
viability, apoptosis, oxidative stress and possibly associated proteins in
HG-treated ARPE-19 cells were studied. The correlation between Rg1
and microRNAs (miRs), the small non-coding RNAs, has been reported
previously [16]. Therefore, we further investigated the regulatory me-
chanism of Rg1 in HG-treated ARPE-19 cells focusing on the down-
stream miRs. Moreover, the possibly involved signaling pathways were
also studied.

2. Materials and methods

2.1. Cell culture and treatment

Human RPE cell line, ARPE-19 (ATCC® CRL-2302™), was obtained
from American Type Culture Collection (ATCC; Manassas, VA, USA). As
suggested by the manufacturer, the complete culture medium for ARPE-
19 cells was consist of Dulbecco's modified Eagle's medium (DMEM)/F-
12 (volumetric ratio of 1:1; Hyclone, Logan, UT, USA) and 10% (v/v)
heat-inactivated fetal bovine serum (FBS; Hyclone). ARPE-19 cells were
cultured in a humidified incubator at 37 °C with 5% CO2. The culture
medium was renewed every other day. Cells at passages 10–15 were
used in our study.

For HG treatment, ARPE-19 cells were grown in complete culture
medium until 70–80% confluent, and then the culture medium was
replaced by FBS-free DMEM/F-12 for 24 h before switching to HG
treatment (D-glucose, Sigma-Aldrich, St. Louis, MO, USA). The con-
centration of D-glucose was 25, 50, 75, 100 or 125mM. Cells were then
incubated at 37 °C for 48 h.

Ginsenoside Rg1 (Rg1; purity≥ 98%) was purchased from Solarbio
(Beijing, China). ARPE-19 cells were pre-treated with Rg1 for 30min
before HG treatment [17].

2.2. Transfection with miRNAs

miR-26a inhibitor and its negative control (NC), synthesized by
GenePharma Co. (Shanghai, China), were transfected into ARPE-19
cells, respectively, with the help of Lipofectamine 3000 reagent
(Invitrogen, Carlsbad, CA, USA) following the manufacturer's protocol.

2.3. Cell viability assay

The Cell Counting Kit-8 (CCK-8), obtained from Dojindo Molecular
Technologies (Kumamoto, Japan), was utilized for measurement of cell
viability. In brief, cells were seeded in 96-well plates at 5× 103 cells/
well. After treatment with HG and/or Rg1, 10 μL of CCK-8 solution was
added to the culture medium. Then, the 96-well plates were subjected
to a humidified incubator at 37 °C for 1 h. The absorbance of each well
of these 96-well plates at 450 nm was detected using a Microplate
Reader (Bio-Rad, Hercules, CA, USA).

2.4. Apoptosis assay

The Annexin V-FITC Apoptosis Detection Kit (Solarbio) was utilized
for identification and quantification of the apoptotic cells. In brief, cells
were seeded in 6-well plates at 1× 105 cells/well. After treatment with

HG and/or Rg1, adherent and floating cells were collected and washed
twice with cold phosphate buffered saline (PBS; Sigma-Aldrich). Then,
cells were resuspended in Binding Buffer (1×105 cells per 100 μL) and
were stained by 5 μL Annexin V-FITC and 5 μL propidium iodide (PI) at
room temperature in the dark. After addition of 500 μL PBS, stained
cells were detected by a flow cytometer (Beckman Coulter, Miami, FL,
USA), and the percentage of apoptotic cells was analyzed by using
FlowJo software (Tree Star, San Carlos, CA, USA).

2.5. Measurement of ROS level

The ROS Assay Kit was utilized for measurement of ROS level. In
brief, cells were seeded in 6-well plates at 1×105 cells/well. After
treatment with HG and/or Rg1, cells were washed twice with cold PBS,
followed by incubation in FBS-free culture medium containing 10 μM
2,7-dichlorofluorescein diacetate (DCFH-DA; Nanjing Jiancheng,
Nanjing, China) for 30min. Then, cells were collected and washed with
PBS. Afterwards, cells were suspended in 500 μL PBS and the fluor-
escent intensity was measured using a flow cytometer (488 nm excita-
tion, 521 nm emission).

2.6. Reverse transcription-quantitative PCR (RT-qPCR)

After treatments, total RNA from ARPE-19 cells was isolated using
RNAiso Plus (TaKaRa, Dalian, China), as suggested by the manu-
facturer. The concentration and purity were analyzed by the A260/
A280 ratio. Then, 500 ng RNA was subjected to cDNA synthesis with
the Taqman MicroRNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer's protocol. The
thermocycling program of reverse transcription was 30min at 16 °C,
30min at 42 °C and 5min at 85 °C. Real-time PCR was performed using
the Taqman Universal Master Mix II (Applied Biosystems) according to
the suggested procedure. The amplification protocol was consisted of an
initial denaturation at 95 °C for 10min, followed by 40 cycles of 95 °C
for 15 s and 60 °C for 1min. The specificity of PCR products was ana-
lyzed according to the melting curves. The 2−ΔΔCt method [18] was
used for calculation of relative miR-26a expression, which was nor-
malized to U6.

2.7. Western blot analysis

After treatments, ARPE-19 cells were lysed in RIPA buffer
(Beyotime, Shanghai, China). Lysates were centrifuged at 15,000×g at
4 °C for 10min, and the protein concentration of the supernatant was
assessed using the BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA).
Protein samples were separated with SDS-PAGE, and proteins in the
gels were transferred to polyvinylidene difluoride (PVDF) membranes,
followed by blockage of unspecific binding sites using 5% bovine serum
albumin (BSA) for 1 h at room temperature. Afterwards, membranes
were incubated with primary antibodies against pro poly (ADP)-ribose
polymerase (pro PARP; ab194586), cleaved PARP (ab4830), pro cas-
pase-3 (ab90437), cleaved caspase-3 (ab2302), pro caspase-9
(ab32539), cleaved caspase-9 (ab2324), p53 (ab131442), p21
(ab109520), inducible NO synthase (iNOS; ab3523), total (t)-ERK1/2
(ab17942), phospho (p)-ERK1/2 (ab214362), Wnt3a (ab28472), β-ca-
tenin (ab32572) or β-actin (ab8227, all Abcam, Cambridge, UK) over-
night at 4 °C. Subsequently, PVDF membranes were incubated with
horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody
(ab205718) for 1 h at room temperature. Finally, the proteins in the
PVDF membranes were visualized by using the ECL reagent (Pierce).
The intensity of bands was quantified using ImageJ software (National
Institutes of Health, Bethesda, MA, USA).

2.8. Statistical analysis

Statistical analysis was performed using Graphpad Prism 5 software
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(GraphPad, San Diego, CA, USA). Data were presented as the
mean ± standard deviation (SD) of three independent experiments.
The P-values were calculated using the one-way analysis of variance
(ANOVA), Student's t-test or multiple t-tests. Statistical significance was
set at P < 0.05.

3. Results

3.1. HG induced ARPE-19 cell injury

Cell injury was evaluated according to the alteration of cell viabi-
lity, apoptosis, ROS level and expression of related proteins. As shown
in Fig. 1A, cell viability was significantly reduced after stimulation of
25mM glucose (P < 0.05), 50–100mM glucose (P < 0.01) and
125mM glucose (P < 0.001). Since the cell viability was dropped by
half when the dosage of glucose was 50mM, cells under HG treatment
were stimulated with 50mM glucose. In Fig. 1B, percentage of apop-
totic cells after HG stimulation was dramatically higher than the control
group (P < 0.001). Likewise, HG induced marked increases of
cleaved/pro PARP, cleaved/pro caspase-3 and cleaved/pro caspase-9
(all P < 0.01, Fig. 1C–D), which was consistent with the results of
apoptotic cells. Meanwhile, expression of p53 and p21 was remarkably

up-regulated by HG treatment compared with the control group
(P < 0.01 or P < 0.001, Fig. 1E–F). In Fig. 1G–H, HG induced sig-
nificant up-regulation of iNOS compared with the control group
(P < 0.01). Besides, we also found the ROS level in HG-treated cells
was obviously higher than the control group (P < 0.01). Those results
described above illustrated that HG induced cell injury of ARPE-19
cells.

3.2. Rg1 ameliorated HG-induced cell injury of ARPE-19 cells

Then, we assessed the effects of Rg1 on HG-treated ARPE-19 cells.
Compared with HG-treated cells, cell viability was observably increased
by 100–400 μg/mL Rg1 (P < 0.05 or P < 0.01, Fig. 2A). According to
the results of cell viability, cells were stimulated with 100 μg/mL Rg1 in
subsequent experiments. Following results showed Rg1 significantly
decreased percentage of apoptotic cells (P < 0.05, Fig. 2B), lowered
the levels of cleaved/pro PARP, cleaved/pro caspase-3 and cleaved/pro
caspase-9 (all P < 0.05, Fig. 2C–D), and down-regulated the expres-
sion of p53, p21 and iNOS (all P < 0.05, Fig. 2E–H), when compared
with the HG group. Results in Fig. 2I also showed that Rg1 markedly
reduced ROS level relative to the HG-treated cells (P < 0.05). Those
results collectively reflected that Rg1 alleviated HG-induced alterations

Fig. 1. High glucose (HG) induced ARPE-19 cell injury. ARPE-19 cells were stimulated with a series concentrations of D-glucose (25, 50, 75, 100 and 125mM) for
48 h, and untreated cells were acted as control. (A) Cell viability was assessed by CCK-8 assay. Cells were treated with 50mM D-glucose for 48 h, and untreated cells
were acted as control. (B) Percentage of apoptotic cells was determined by flow cytometry. (C–D) Expression of proteins associated with apoptosis was evaluated by
Western blot analysis. Expression of p53, p21 (E–F) and iNOS (G–H) was assessed by Western blot analysis. (I) ROS level was determined by staining with DCFH-DA.
Data presented are the mean ± SD of three independent experiments. *, P < 0.05; **, P < 0.01; ***, P < 0.001. Cas, caspase-; C/P-, cleaved/pro.
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in ARPE-19 cells, suggesting a protective effect of Rg1 on HG-induced
injury.

3.3. Rg1 up-regulated miR-26a expression in HG-treated ARPE-19 cells

According to the protective role of Rg1 against HG-induced injury,
we measured the expression level of miR-26a to explore whether there
was a relationship between Rg1 and miR-26a expression. As shown in
Fig. 3, HG treatment observably down-regulated the expression of miR-
26a relative to the control group (P < 0.05), whereas Rg1 significantly
up-regulated the expression of miR-26a compared with the HG group
(P < 0.01). Results suggested that miR-26a might participate in the
modulation of Rg1 in ARPE-19 cells under stimulation with HG.

3.4. Rg1 protected ARPE-19 from HG-induced injury through up-regulating
miR-26a

To explore whether miR-26a was involved in the protective effects
of Rg1, miR-26a was aberrantly expressed in ARPE-19 cells. Results of
RT-qPCR showed miR-26a level in cells transfected with miR-26a in-
hibitor was prominently lower than the NC-transfected cells (P < 0.01,

Fig. 2. Ginsenoside Rg1 (Rg1) attenuated high glucose (HG)-induced ARPE-19 cell injury. ARPE-19 cells were stimulated with a series concentrations of Rg1 (0, 50,
100, 200 and 400 μg/mL) for 30min prior to stimulation of D-glucose (50mM, 48 h). Untreated cells were acted as control. (A) Cell viability was assessed by CCK-8
assay. ARPE-19 cells were stimulated with Rg1 (0 or 100 μg/mL, 30min) prior to stimulation of D-glucose (50mM, 48 h). Untreated cells were acted as control. (B)
Percentage of apoptotic cells was determined by flow cytometry. (C–D) Expression of proteins associated with apoptosis was evaluated by Western blot analysis.
Expression of p53, p21 (E–F) and iNOS (G-H) was assessed by Western blot analysis. (I) ROS level was determined by staining with DCFH-DA. Data presented are the
mean ± SD of three independent experiments. * indicates a significant difference compared with the control group. **, P < 0.01; ***, P < 0.001. # indicates a
significant difference compared with the HG group. #, P < 0.05; ##, P < 0.01. Cas, caspase-; C/P-, cleaved/pro.

Fig. 3. Ginsenoside Rg1 (Rg1) up-regulated miR-26a expression in high glucose
(HG)-treated ARPE-19 cells. ARPE-19 cells were stimulated with Rg1 (0 or
100 μg/mL, 30min) prior to stimulation of D-glucose (50mM, 48 h). Untreated
cells were acted as control. Expression of miR-26a was determined by RT-qPCR.
Data presented are the mean ± SD of three independent experiments. * in-
dicates a significant difference compared with the control group. *, P < 0.05. #

indicates a significant difference compared with the HG group. ##, P < 0.01.
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Fig. 4A), suggesting that miR-26a was knocked down successfully after
cell transfection. Then, transfected and untransfected cells were sti-
mulated with HG and/or Rg1. Results showed miR-26a inhibition re-
versed the effects of Rg1 on HG-treated cells, as miR-26a inhibition
significantly reduced cell viability (P < 0.01, Fig. 4B), elevated per-
centage of apoptotic cells (P < 0.05, Fig. 4C), increased levels of
cleaved/pro PARP, cleaved/pro caspase-3 and cleaved/pro caspase-9
(all P < 0.05, Fig. 4D–E), up-regulated expression of p53, p21 and
iNOS (P < 0.05 or P < 0.01, Fig. 4F–I), and enhanced ROS level
(P < 0.05, Fig. 4J), when compared with the HG+Rg1+NC group.
Those results collectively illustrated that Rg1 might attenuate HG-in-
duced cell injury through up-regulating miR-26a expression in ARPE-19
cells.

3.5. Rg1 inhibited the ERK and Wnt/β-catenin pathways through up-
regulating miR-26a

Finally, we studied the possibly involved signaling cascades. On the
basis of the results in Fig. 5A–B, phosphorylation levels of ERK1/2 as
well as expression levels of Wnt3a and β-catenin were dramatically
enhanced by HG treatments (P < 0.01 or P < 0.001). Meanwhile, Rg1
markedly mitigated the levels of p/t-ERK1/2, Wnt3a and β-catenin
(P < 0.05 or P < 0.01), whereas the effects of Rg1 were significantly
reversed by miR-26a inhibition (all P < 0.05). Western blot results
suggested that Rg1 might inhibit the ERK and Wnt/β-catenin pathways
via regulation of miR-26a, which might be a reason for the effects of
Rg1 on HG-treated cells.

4. Discussion

Due to the increasing incidence and prevalence of DR worldwide,

Fig. 4. Ginsenoside Rg1 (Rg1) affected high glucose (HG)-treated ARPE-19 cells through up-regulating miR-26a. ARPE-19 cells were transfected with miR-26a
inhibitor or its negative control (NC). (A) Expression of miR-26a was determined by RT-qPCR. Transfected cells were stimulated with Rg1 (100 μg/mL, 30min) prior
to stimulation of D-glucose (50mM, 48 h). Untransfected cells were stimulated with D-glucose (50mM, 48 h), and untreated cells were acted as control. (B) Cell
viability was assessed by CCK-8 assay. (C) Percentage of apoptotic cells was determined by flow cytometry. (D–E) Expression of proteins associated with apoptosis
was evaluated by Western blot analysis. Expression of p53, p21 (F–G) and iNOS (H–I) was assessed by Western blot analysis. (J) ROS level was determined by staining
with DCFH-DA. Data presented are the mean ± SD of three independent experiments. * indicates a significant difference compared with the NC group or control
group. **, P < 0.01; ***, P < 0.001. # indicates a significant difference compared with the HG group. #, P < 0.05; ##, P < 0.01. & indicates a significant
difference compared with the HG+Rg1+NC group. &, P < 0.05; &&, P < 0.01. Cas, caspase-; P, pro; C, cleaved; C/P-, cleaved/pro.

Q. Shi, et al. Life Sciences 221 (2019) 152–158

156



effective therapeutic drugs as well as the regulatory mechanism become
essentially needed. In our study, DR model was constructed in ARPE-19
cells by using HG. We figured out that Rg1 attenuated HG-induced al-
terations, including decrease of cell viability, increase of apoptotic cells,
up-regulation of active PARP, caspase-3, caspase-9, p53, p21, iNOS, and
enhancements of ROS generation, in ARPE-19 cells. Then, we provided
evidence to prove that Rg1 might protect ARPE-19 cells from HG-in-
duced injury through up-regulating miR-26a. Besides, the ERK and
Wnt/β-catenin pathways were involved in the modulation of Rg1.

RPE cells are vulnerable to damage in DR, and the DR model in the
study by Shi et al. was constructed in ARPE-19 cells using HG [19].
Similarly, in our study, we also simulated DR in ARPE-19 cells which
were grown under HG condition. To evaluate HG-induced cell injury,
cell viability, apoptosis and the involved proteins were analyzed. Cas-
pase pathway is an important pathway way involved in cell apoptosis.
When this pathway is activated, activated caspase-9 can activate cas-
pase-3, followed by cleavage of PARP, resulting in cell death [20]. In
our study, HG reduced cell viability and elevated apoptosis along with
activation of the caspase pathway, which was consistent with the study
by Liu et al. [21]. p53 is a tumor suppresser that affects cell cycle, DNA
damage and cell apoptosis [22]. p21 which can be regulated by p53 is
an inhibitor of cell cycle [23]. The up-regulation of p53 and p21 after
HG stimulation supported the alteration of cell viability and apoptosis.
Oxidative stress after HG treatment was evaluated on account of the
alteration of iNOS expression and ROS generation. Nitric oxide is as-
sociated with the severity of DR, and iNOS is responsible for the ex-
cessive synthesis of nitric oxide [24]. In our study, the up-regulation of
iNOS and elevation of ROS generation after HG stimulation reflected
that HG induced oxidative stress. Those alterations talked above proved
that HG induced ARPE-19 cell injury successfully.

The effects of Rg1 on HG-induced alterations were subsequently
studied in our study. Results illustrated that Rg1 attenuated HG-in-
duced decrease of cell viability and repressed apoptosis through in-
hibiting the caspase pathway. The protective role of Rg1 against HG in
ARPE-19 cells was consistent with that against cobalt chloride and

hypoxia [25]. Expression of p53 and p21 was down-regulated by Rg1,
supporting the alteration of cell viability and apoptosis after Rg1 sti-
mulation. The effects of Rg1 on expression of p53 and p21 in HG-
treated ARPE-19 cells were consistent with that in human fibroblasts
[26]. A large number of literatures have proven the inhibitory effects of
Rg1 on oxidative stress [27,28]. Similarly, results in our study also il-
lustrated that Rg1 suppressed oxidative stress through repressing iNOS
expression and lowering intracellular ROS levels. Collectively, we could
conclude that Rg1 might protect ARPE-19 cells from HG-induced injury.

miRs are a class of endogenous, small, noncoding RNAs that are
discovered recently. Currently, more and more studies identified that
miRs participated in the regulation of Rg1 in diverse biological process.
Kwok et al. have shown that Rg1 induces angiogenesis of endothelial
cells through miR-23 [16]. Zheng et al. also reported that up-regulation
of miR-494-3p was contributed to the protective role of Rg1 against
ischemia in rat bone marrow mesenchymal stem cells [29]. Therefore,
we further studied the regulatory mechanism of Rg1 in ARPE-19 cells
focusing on the downstream miRs. A previous study has elucidated that
miR-26a attenuates apoptosis in bupivacaine injured mouse dorsal root
ganglia through repressing PTEN [30]. Moreover, PTEN, a tumor sup-
pressor, was reported to regulate p53 expression and activity in a lit-
erature by Freeman et al. [31]. Considering the alteration of p53 ex-
pression after Rg1 treatment, we hypothesized that miR-26a might be a
causal link between Rg1 and the protective role. Results in our study
reported for the first time that HG-induced down-regulation of miR-26a
was reversed by Rg1, suggesting that miR-26a might be involved in
Rg1-associated modulations. Additional experiments performed in
transfected cells indicated that miR-26a inhibition reversed the effects
of Rg1 on HG-induced alterations, consolidating that miR-26a might be
the downstream miR of Rg1 in HG-treated ARPE-19 cells. The effects of
miR-26a on cell viability and apoptosis of ARPE-19 cells were different
from that on cancer cells [32], and the difference between normal cells
and cancer cells might be a possible explanation, which needs more
supporting experiments.

The ERK and Wnt/β-catenin pathways are two pivotal kinase

Fig. 5. Ginsenoside Rg1 (Rg1) inhibited the ERK and Wnt/β-catenin pathways via regulation of miR-26a in high glucose (HG)-treated ARPE-19 cells. Transfected
ARPE-19 cells were stimulated with Rg1 (100 μg/mL, 30min) prior to stimulation of D-glucose (50mM, 48 h). Untransfected cells were stimulated with D-glucose
(50mM, 48 h), and untreated cells were acted as control. Expression of key kinases in the ERK (A) and Wnt/β-catenin (B) was measured by Western blot analysis.
Data presented are the mean ± SD of three independent experiments. * indicates a significant difference compared with the control group. **, P < 0.01; ***,
P < 0.001. # indicates a significant difference compared with the HG group. #, P < 0.05; ##, P < 0.01. & indicates a significant difference compared with the
HG+Rg1+NC group. &, P < 0.05. NC, negative control of miR-26a inhibitor.
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cascades that participate in regulation of proliferation, survival and
apoptosis [33,34]. A previous study has proven that the ERK pathway is
activated by HG stimulation in vascular smooth muscle cells [35]. HG-
induced activation of the Wnt/β-catenin pathway is proposed to be an
explanation for the link between diabetes and cancer in a study de-
scribed previously [36]. Therefore, we finally studied the alteration of
these two signaling pathways in ARPE-19 cells treated with HG and
Rg1. Results in our study showed the ERK and Wnt/β-catenin pathways
were inhibited by Rg1, and the inhibition was eliminated by miR-26a
inhibition.

In summary, we identified that Rg1 protected ARPE-19 cells against
HG-induced injury. The positive correlation between Rg1 and miR-26a
was firstly reported, and up-regulation of miR-26a contributed to the
protective role of Rg1. In addition, the ERK and Wnt/β-catenin path-
ways were inhibited by Rg1, possibly due to the up-regulation of miR-
26a. This study provided evidence for the potential application of Rg1
in therapy of DR, and miR-26a might be a therapeutic target for DR
treatment. More supporting evidence from animal experiments should
be provided in the future to promote the therapeutic application of Rg1.

5. Conclusions

Rg1 protected ARPE-19 cells against HG-induced injury through up-
regulating miR-26a, along with inhibition of the ERK and Wnt/β-ca-
tenin pathways. Rg1 might be a potential therapeutic drug for DR.
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