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 Background: Diabetic retinopathy (DR) is one of the most common and serious complications of diabetes mellitus (DM). 
The autophagy-lysosome pathway (ALP) is one of the main intracellular self-digestive degradation systems. 
Lysosomal impairment and autophagic dysfunction are early events in the pathogenesis of DR, suggesting au-
tophagy might be a novel therapeutic strategy for DR treatment.

 Material/Methods: In our study, we screened a differentially expressed miRNA, miR-1273g-3p, in streptozotocin (STZ)-injected DR 
rat retinal pigment epithelial (RPE) cells. miR-1273g-3p inhibitor and mimic were employed to treat RPE cells 
to assess the role of miR-1273g-3p. QRT-PCR and Western blot analysis were performed to examine the func-
tion of miR-1273g-3p on ALP-related and DR-related proteins.

 Results: miR-1273g-3p was highly expressed in STZ-induced DM RPE cells. miR-1273g-3p mimic promoted the expres-
sion of DR-related MMP-2, MMP-9, and TNF-a proteins, and ALP-related LC3, cathepsin B, and cathepsin L fac-
tors, but miR-1273g-3p inhibitor suppressed the levels of these factors.

 Conclusions: miR-1273g-3p is involved in the progression of DR by modulating the autophagy-lysosome pathway. These 
findings provided new evidence of the close relationship between DR and ALP, and reveal a new target for DR 
therapy.
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loproteinases 2; MMP-9 – matrix metalloproteinases 9; TNF-a – tumor necrosis factor a; LC3 – microtu-
bule-associated protein 1 light chain 3; RPE – retinal pigment epithelial
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Background

The improved economic development and changes in life-
style and diet have resulted in increased morbidity of diabe-
tes mellitus (DM) worldwide [1]. DM can induce many severe 
complications, such as renal failure and diabetic retinopathy 
(DR). Recently, it was discovered that DR is a progressive vas-
cular disease that is the main cause of blindness in Western 
developed countries, which is defined as neurodegenerative 
and microvascular disease [2]. Many biochemical and molecu-
lar mechanisms have been proposed to explain the pathology 
of DR, but the mechanism by which DR occurs and develops is 
quite complicated and is not fully understood [3]. Therefore, 
research on the timely prevention and treatment of DR has 
become very important.

The autophagy-lysosome pathway (ALP) is one of the main in-
tracellular self-digestive degradation systems [4] for clearance 
of misfolded or damaged proteins. Damaged cell components 
are engulfed in autophagosomes and delivered to the lysosome 
for elimination [5]. The accumulation of damaged or misfolded 
proteins in retinal pigment epithelial (RPE) cells is considered 
a contributing factor for RPE dysfunction. RPE is an important 
tissue that maintains the metabolism of the neurosensory ret-
ina and ensures its sensitization [6]. However, the role of au-
tophagy in DR is quite complicated. Autophagy promotes peri-
cyte survival in early DR, whereas excessive autophagy causes 
excess stress and leads to necrosis [7]. Lysosomal impairment 
and autophagic dysfunction are early events in the pathogen-
esis of DR [8], suggesting autophagy might be a novel thera-
peutic strategy for DR treatment.

MicroRNAs (miRNAs) are small noncoding RNAs that regulate 
gene expression by post-transcriptional inhibition of mRNA 
translation [9]. Dysregulation of miRNAs has been reported 
to play an important role in the development of various dis-
ease [10]. Several miRNAs have been shown to be involved 
in diabetic diseases. The overexpression of miR-503 and miR-
181d are responsible for the pathogenesis of diabetic nephrop-
athy [11]. miR-21 [12] and miR-200b [13] have been identified 
to be involved in early DR (14). In our study, we constructed 
a streptozotocin (STZ)-induced DM rat model and screened 
a differentially expressed miRNA, miR-1273g-3p, for further 
investigation. We designed and synthesized miR-1273g-3p 
mimic and inhibitor, and detected the effect of 2 drugs on the 
expression of miR-1273g-3p. We examined the levels of DR-
related factors (MMP-2, MMP-9, and TNF-a) and ALP-related 
factors (LC3, cathepsin B, and cathepsin L) after the treatment 
of miR-1273g-3p mimic or inhibitor to reveal the mechanism 
by which miR-1273g-3p is involved in the progression of DR. 
These finding provide a new target for DR therapy.

Material and Methods

Reagents

We used the following reagents: miR-1273g-3p mimic and miR-
1273g-3p inhibitor (Sangon, Shanghai, China); Anti-mouse an-
tibodies against microtubule-associated protein 1 light chain 
3 (LC3), Cathepsin B, Cathepsin L, Matrix metalloproteinases 
2 (MMP-2), Matrix metalloproteinases 9 (MMP-9) and tumor 
necrosis factor a (TNF-a) (Abcam, Cambridge, MA); Dulbecco’s 
modified Eagle’s medium (DMEM); and fetal bovine serum 
(FBS) (Gibco, USA).

Animals and grouping

Male Sprague-Dawley (SD) rats weighing 200±20 g were pur-
chased from Hunan SJA Laboratory Animal Co., LTD. The re-
search protocol for all animals strictly conformed to the ARVO 
Statement for the Use of Animals in Ophthalmic and Vision 
Research. Rats were housed at a temperature of 24±1°C and 
relative humidity of 40–50% in a clean environment under 
12: 12 h light and dark cycle. The animals had free access to 
food and purified water. All procedures were approved by the 
Animal Ethics Committee of the PLA General Hospital. The 
rats were randomly assigned to a diabetic model group (DM, 
n=10) or a normal control group (NC, n=10). The rats in the 
DM group were fed with a high-fat diet (1% cholesterol, 10% 
lard, 30% egg, and 59% sucrose, 2 mL/rat) for an initial peri-
od of 2 months [15]. Thereafter, rats received a 20 mg/kg in-
traperitoneal injection of streptozotocin (STZ) in freshly pre-
pared sodium citrate buffer (0.1 mM, pH 4.5). Rats in the NC 
group were administered with the same volume of sodium ci-
trate buffer. Rats with blood glucose levels after 72 h of STZ 
administration higher than 16.67 mM were diagnosed as di-
abetic and used in our experiments.

Primary culture of RPE cells and grouping

Rat retinas were stripped from the eye under sterile conditions. 
After being washed with Dulbecco’s Hanks balanced salt so-
lution, the tissues were shredded and digested with 2% pan-
creatin (Sangon, Shanghai, China) at room temperature. After 
centrifugation, the tissues were digested with type I colla-
gen (Sangon, Shanghai, China) for 30 min at 37°C. After being 
washed, the cells were suspended with DMEM supplemented 
with 10% FBS and seeded into flasks. About 1/3 medium was 
changed every other day to remove the disintegrated retinal 
fragments and dead cells. When cells were fused into a mono-
layer cell, they were digested and passaged after 0.25% pan-
creatin digestion. RPE cells from DM group were pretreated 
with miR-1273g-3p inhibitor (DM + inhibitor group) or miR-
1273g-3p mimic (DM + mimic group), respectively. The con-
trol group from DM was incubated with the same amount of 
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vehicle and marked with DM group. RPE cells isolated from NC 
group was named the NC group and treated with the same 
amount of vehicle.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA was isolated from different groups and subjected 
to 1% native agarose gel for integrity and quantity detection. 
One µg of RNA was transcribed into cDNA with PrimeScript RT 
Reagent Kit (TaKaRa, Dalian, China) following the manufactur-
er’s instructions. The cDNA was used as the template using 
SYBR Green qRT-PCR SuperMix (Invitrogen, USA) and Real-Time 
System (Bio-Rad, USA) with the corresponding primers listed 
in Table 1. The relative expression of genes (MMP-2, MMP-9, 
TNF-a, LC3, cathespin B, and cathespin L) was calculated by 
normalizing to b-actin. U6 was used as an endogenous con-
trol to analyze the expression of miR-1273p-3g. All data were 
analyzed based on 3 independent biological replicates and at 
least 3 technical replicates.

Western blot

Cells were collected and lysed with RIPA buffer (Sigma, USA) for 
30 min and then centrifuged at 10 000 rpm at 4°C for 10 min. 
Supernatant was collected and protein concentration was de-
tected using the BCA kit (Beyotime Institute of Biotechnology, 
Shanghai, China) according to the manufacturer’s protocol. 
Equivalent protein was subjected to SDS-PAGE and transferred 
to a nitrocellulose membrane. The membrane was incubated 
with the corresponding primary antibodies at 4°C overnight, 
then probed with horseradish peroxidase-labelled secondary 
antibodies (1: 1000 dilution) for 1–2 h at room temperature. 
ECL reagents were employed for the target bands detection. 
The bands intensity was calculated with Quantity One software 
(Bio-Rad, USA) by normalization to that of b-actin.

Statistical analysis

All statistical analysis was performed using SPSS 18.0 software 
(SPSS, Chicago, IL). Experiment data were expressed as mean 
± standard deviation (SD). The statistical analysis was carried 
out using one-way ANOVA. A P value of 0.05 or less was con-
sidered as a significant difference, where * P<0.05, ** P<0.01.

Results

miR-1273g-3p was highly expressed in DR RPE cells

We incubated DR RPE cells with clusterin and screened some 
differential expressed genes shown in Figure 1, including miR-
1273g-3p and complement component 5a receptor 2 (C5AR2). 
To evaluate the role of miR-1273g-3p and C5AR2 in DR, we 
constructed the DM model by intraperitoneal injection of STZ 
into rats fed with high fat and isolated the STZ-induced DR 
RPE cells for further analysis. After 3 days of STZ injection, the 
glucose level was detected. The level of glucose in normal rat 
(4.3±1.21 mM) was significantly lower than that in STZ-injected 
rats (25.1±4.58 mM, P < 0.01). These data revealed that the 
DM rat model was constructed successfully. We examined the 
expression profile of miR-1273g-3p in STZ-induced DR RPE 
cells. miR-1273g-3p was expressed in both the NC group and 
DM group, but the level of miR-1273g-3p in the DM group 
was dramatically increased than that in the NC group (P<0.01). 
Furthermore, the supplement of miR-1273g-3p inhibitor sup-
pressed the upregulation of miR-1273g-3p in DR RPE cells, but 
miR-1273g-3p mimic enhanced the elevation. We further inves-
tigated the expression of C5AR2 in different groups. Compared 
with NC group, the expression of C5AR2 in the DM group was 
significantly suppressed (P<0.01). However, miR-1273g-3p in-
hibitor enhanced the level of C5AR2, while miR-1273g-3p mim-
ic suppressed the expression of miR-1273g-3p. These data 
showed that miR-1273g-3p and C5AR2 might be associated 

Genes Forward primers (5’-3’) Reverse primers (5’-3’)

miR-1273-3g tgcgaccactgcactccagcct gcgagcacagaattaatacgac

CathepsinB tggctgtaatggtggctat tgttgcacttgggagtatct

CathepsinL tcctggctgtcctctgct tgcttcccgttgctgtac

MMP-2 tggcaaggagtacaacagc tggaagcggaatggaaac

MMP-9 catcttccaaggccaatcc ccatcaccgtcgagtcagc

TNF-a ctgctcctctttcctcgtc ccctctgggatctccttct

LC3 ttgctgactgaccctcca gctgcttctcacccttgtag

U6 ctcgcttcggcagcaca aacgcttcacgaatttgcgt

b-actin ctccatcctggcctcgctgt gctgtcaccttcaccgttcc

Table 1. Primers for qRT-PCR.
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with the progression of DR, but there was a significant neg-
ative correlation between miR-1273g-3p and C5AR2 expres-
sion. These results might reveal a new target for DR treatment.

MiR-1273g-3p mimic enhanced the expression of MMP-2, 
MMP-9, and TNF-a

To further examine the mechanism underlying the role of miR-
1273g-3p in the development of DR, we detected the effect of 
miR-1273g-3p mimic or inhibitor on the levels of DR-related 
factors in Figure 2. The mRNA and protein levels of MMP-2, 
MMP-9, and TNF-a were increased obviously in the DM group 
compared to the NC group, suggesting the above molecules 
play roles in DR. Furthermore, the application of miR-1273g-
3p inhibitor inhibited the upregulation of MMP-2, MMP-9, and 
TNF-a on mRNA and protein levels, while the administration of 
miR-1273g-3p mimic enhanced the elevation of MMP-2, MMP-
9, and TNF-a (P<0.01). These findings reveal that miR-1273g-
3p is involved in the progression of DR by regulating the ex-
pression of DR-related factors.

miR-1273g-3p mimic promoted the expression of LC3, 
cathepsin B, and cathepsin L

Abnormal ALP was closely associated with the progression of 
DR [16]. To further explore the mechanism by which miR-1273g-
3p is involved in DR, we examined the effect of miR-1273g-3p 
on the expression of ALP-related factors. The qRT-PCR results 
revealed that LC3, cathepsin B, and cathepsin L were mark-
edly overexpressed in the DM group compared with the NC 
group (Figure 3) (P<0.01). The supplement of miR-1273g-3p 
inhibitor largely suppressed the levels of LC3 II, cathepsin B, 
and cathepsin L, but the addition of miR-1273g-3p mimic en-
hanced the expression of these 3 genes. A similar trend was 
observed in the protein levels of LC3, cathepsin B, and cathep-
sin L by Western blot analysis. These results show that miR-
1273g-3p regulates ALP-related factors expression, and pro-
vides a new link between DR and ALP.
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Figure 1.  miR-1273g-3p was highly expressed 
in STZ-induced DR RPE cells. 
(A) Differential expression analysis 
was performed using Cuffdiff. RPE 
cells were induced by clusterin and 
an mRNA library was constructed. 
Protein-coding transcripts and lncRNAs 
with fold change (FC) >1.5 or FC <0.67 
and P value <0.05 were considered 
to be differentially expressed in RPM 
cells treated by clusterin; miRNAs 
with FC >2 or FC <0.5 were considered 
aberrantly expressed. (B) miR-1273g-
3p was highly expressed in STZ-
induced DR RPE cells. Total RNA was 
isolated from NC, DM, DM + inhibitor, 
and DM + mimic groups for qRT-PCR. 
NC, RPE cells from normal SD rats; 
DM, RPE cells from STZ-induced DM 
rats; DM + inhibitor, RPE cells from 
STZ-induced DM rats pretreated with 
miR-1273g-3p inhibitor; DM + mimic, 
RPE cells from STZ-induced DM rats 
pretreated with miR-1273g-3p mimic. 
U6 was used as the internal control 
to miR-1273g-3p. The mRNA level 
of C5AR2 was normalized to b-actin. 
* P<0.05, ** P<0.01.
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Figure 2.  miR-1273g-3p modulated the expression of MMP-2, MMP-9, and TNF-a on mRNA and protein levels. Total RNA was isolated 
from NC, DM, DM + inhibitor, and DM + mimic groups for qRT-PCR. The mRNA levels of MMP-2 (A), MMP-9 (B), and TNF-a 
(C) were detected normalized to b-actin. Proteins were extracted from the above 4 groups for Western blot analysis (D). 
The protein levels of MMP-2 (E), MMP-9 (F), and TNF-a (G) were detected normalized to b-actin. NC, RPE cells from normal 
SD rats; DM, RPE cells from STZ-induced DM rats; DM + inhibitor, RPE cells from STZ-induced DM rats pretreated with 
miR-1273g-3p inhibitor; DM + mimic, RPE cells from STZ-induced DM rats pretreated with miR-1273g-3p mimic. * P<0.05, 
** P<0.01.
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Figure 3.  miR-1273g-3p modulated the expression of LC, cathepsin B, and cathepsin L on mRNA and protein levels. Total RNA was 
isolated from NC, DM, DM + inhibitor, and DM + mimic groups for qRT-PCR. The mRNA levels of LC3 (A), cathepsin B (B) 
and cathepsin L (C) were detected normalized to b-actin. Proteins were extracted from the above 4 groups for Western blot 
analysis (D). The protein levels of LC3 II (E), cathepsin B (F), and cathepsin L (G) were detected normalized to b-actin. NC, RPE 
cells from normal SD rats; DM, RPE cells from STZ-induced DM SD rats; DM + inhibitor, RPE cells from STZ-induced DM rats 
pretreated with miR-1273g-3p inhibitor; DM + mimic, RPE cells from STZ-induced DM rats pretreated with miR-1273g-3p 
mimic. * P<0.05, ** P<0.01.
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Discussion

DR still remains the major cause of blindness among young 
adults. Exploring the pathogenesis of DR and investigating the 
key target of DR are critical for the treatment of DR. STZ-induced 
diabetic rats provide a good model for the study of DR. In our 
study, we used RPE cells to explore the role of miR-1273g-3p 
during the development of DR. The expression of miR-1273g-
3p was upregulated in STZ-induced diabetic rats. miR-1273g-
3p mimic promoted the levels of DR- and ALP-related factors, 
but miR-1273g-3p inhibitor suppressed the expression of DR- 
and ALP-related factors. These results show that miR-1273g-
3p participates in the progression of DR via the autophagy-
lysosome pathway.

miR-1273g-3p is involved in the progression of DR

Several miRNAs members of the miR-1273 family with differ-
ent features have been identified, such as miR-1273a, miR-
1273c, miR-1273d, miR-1273e, miR-1273f, miR-1273g-5p, 
miR-1273h-3p, and miR-1273h-5p [17]. In our study, a new 
member, miR-1273g-3p, was screened from the RPE cells of 
STZ-induced DM rats. So far, little has been reported on the 
function of miR-1273g-3p. In human umbilical vein endothe-
lial cells, miR-1273g-3p is involved in acute glucose fluctua-
tion-induced autophagy, dysfunction, and proliferation attenua-
tion [18]. In hepatic stellate cells, miR-1273g-3p monitored cell 
activation and apoptosis by targeting PTEN [19]. In our study, 
we found that miR-1273g-3p was highly expressed in RPE cells 
of DR rats. miR-1273g-3p mimic promoted the expression of 
miR-1273g-3p, and miR-1273g-3p inhibitor had the opposite 
effect. These results show that miR-1273g-3p inhibitor or mim-
ic was successfully synthesized for further experiments, and 
revealed some functions of miR-1273g-3p in DR. The comple-
ment cascade is an ancient part of our innate immune system 
that can be activated following tissue damage [20]. C5a has 
been associated with a number of autoimmune, inflammato-
ry, and neurodegenerative disorders [21]. C5AR2, a receptor 
of C5a, has both pro- and anti-inflammatory activities [22]. In 
our study, we found that C5AR2 was expressed at low levels in 
the DM group compared with the NC group, and miR-1273g-
3p inhibitor or mimic affected the mRNA level of C5AR2, sug-
gesting that C5AR2 is associated with the development of DR 
and the negative association between C5AR2 and miR-1273g-
3p. These results also show some link between the progres-
sion of DR and inflammation and provide good targets for the 
study of this link. However, further study is needed to reveal 
the mechanism. MMPs, a family of Zn2+-dependent endoprote-
ases, have been shown to act as fine regulators of both health 
and disease [23]. Studies have documented the important 
proinflammatory roles of MMPs, including MMP-2 and MMP-
9, in the retinas of diabetic animals [24]. MMP-2 and MMP-9 
are increased in diabetic animals, and drugs targeting MMP-2 

and MMP-9 can effectively inhibit DR in diabetes [25]. In this 
study, we found that the mRNA and protein levels of MMP-2 
and MMP-9 were elevated in STZ-induced DR RPE cells. These 
results are in agreement with previous reports. Furthermore, 
miR-1273g-3p inhibitor suppressed the upregulation of MMP-
2 and MMP-9, but mimic promoted the elevation. These data 
indicate that miR-1273g-3p is involved in the progression of 
DR by the regulation of MMP-2 and MMP-9. A variety of stud-
ies have found critical roles of some signals in the develop-
ment of DR, including proinflammatory cytokines TNF-a [26]. 
Anti-inflammatory drugs prevent the development of DR via 
the suppression of TNF-a, an independent serum marker for 
DR [27]. In our study, the mRNA and protein levels of TNF-a 
were enhanced in DR RPE cells, which was similar to previous 
results. miR-1273g-3p mimic or inhibitor had opposite effects 
on the expression of TNF-a. These data provide new evidence 
of a link between DR and inflammation, and show that miR-
1273g-3p participates in the development of DR by regulating 
the expression of MMP-2, MMP-9, and TNF-a.

miR-1273g-3p regulates the expression of ALP-related LC3, 
cathepsin B, and cathepsin L

The activation of autophagy is directly linked to the devel-
opment of eye diseases such as DR, ocular tumor, and cat-
aracts [28]. In diabetic rats, the level of LC3, an autophagy 
marker, was increased [29], which is in accordance with our 
findings. Autophagy is an intracellular pathway for bulk pro-
tein degradation and the removal of damaged organelles by 
lysosomes [30]. Lysosomal cathepsins regulate an exquisite 
range of biological functions, and their disorder is associated 
with inflammatory, metabolic, and degenerative diseases in hu-
mans [31]. The activities of cathepsins B and L, 2 autophago-
some-associated lysosomal proteases, contribute to the pro-
gression of DR [32]. In our study, we observed that the mRNA 
and protein levels of cathepsins B and L in DR RPE cells were 
higher than those in normal RPE cells, which was in agreement 
with the above report. Furthermore, miR-1273g-3p inhibitor or 
mimic affected the expression of LC3 II and cathepsins B and 
L in DR RPE cells. These data reveal that miR-1273g-3p mod-
ulates the expression of ALP-related factors. These findings 
show that miR-1273g-3p might be a link between DR and ALP.

Conclusions

We found that miR-1273g-3p was overexpressed and C5AR2 
was suppressed in STZ-induced DR RPE cells, suggesting that 
miR-1273g-3p and C5AR2 are related to the progression of DR, 
and there is a negative association between miR-1273g-3p and 
C5AR2. miR-1273g-3p inhibitor or mimic showed an opposite 
effect on the levels of DR-related MMP-2, MMP-9, TNF-a, ALP-
related LC3 II, and cathepsins B and L. ALP contributes to the 
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development of DR; thus, miR-1273g-3p is involved in STZ-
induced DR by modulating ALP. These results provide a new link 
between DR and ALP, and reveal a new target for DR therapy.
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