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Abstract. — OBJECTIVE: To explore the ef-
fects of miR-21 on the rats with proliferative dia-
betic retinopathy by regulating the transforming
growth factor-beta (TGF-B) sighaling pathway.

MATERIALS AND METHODS: A total of 36
Sprague-Dawley rats were randomly divided in-
to the normal group (n=12), model group (n=12),
and inhibitor group (TGF-B signaling inhibitor)
(n=12). No treatment was performed in the nor-
mal group, the diabetic retinopathy model was
established in the model group, and the mod-
el was established in the inhibitor group af-
ter the intraperitoneal injection of the inhibitor.
Then, the materials were sampled for detection.
In each group, the retinal morphology was ob-
served via hematoxylin-eosin (HE) staining, the
expressions of TGF-B1 and Smad3 were detect-
ed via immunohistochemistry, the relative pro-
tein expression levels of phosphorylated Smad3
(p-Smad3) and TGF-B were determined via West-
ern blotting, the expression of miR-21 was de-
tected via quantitative Polymerase Chain Reac-
tion (qPCR), and the hemodynamic indicators of
the ocular tissues were detected using the color
Doppler ultrasonography.

RESULTS: The HE staining results revealed
that the rats in the model group had evident
retinal damage, which could be effectively im-
proved using the inhibitor. According to the im-
munohistochemistry detection results, the pos-
itive expression level of TGF-f1 was substan-
tially raised in both model group and inhibitor
group compared with that in the normal group
(p<0.05), and it was notably lower in the inhibi-
tor group than that in the model group (p<0.05).
Moreover, the three groups did not differ in the
positive expression level of Smad3 (p>0.05). The
Western blotting results showed that the model
and inhibitor groups had remarkably higher rel-
ative protein expression levels of p-Smad3 and
TGF-B1 than the normal group (p<0.05), and
they were markedly lowered in the inhibitor
group compared with those in the model group
(p<0.05). According to the gPCR results, the ex-
pression level of miR-21 was notably elevated in
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both model group and inhibitor group compared
with that in the normal group (p<0.05), and there
was no difference in the expression level of miR-
21 between the former two groups (p>0.05). Fi-
nally, based on the color Doppler ultrasonogra-
phy findings, the levels of the hemodynamic in-
dicators substantially declined in both model
group and inhibitor group compared with those
in the normal group (p<0.05), and they were no-
tably higher in the inhibitor group than those in
the model group.

CONCLUSIONS: We found that miR-21 regu-
lates the TGF-B signaling pathway to affect the
hemodynamics in the rats with proliferative dia-
betic retinopathy.
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Introduction

The morbidity rate of diabetic retinopathy, as
an important complication of diabetes, has been
increasingly higher. In particular, with the chang-
es in people’s lifestyle and living environments,
as well as improvement in people’s standard of
living, the high morbidity rate of diabetes en-
ables the incidence rate of diabetic retinopathy
to gradually increase'?. Diabetic retinopathy-in-
duced retinal damage affects the visual acuity of
patients, causing vision loss and blurred vision to
patients in mild cases. On the other hand, in se-
vere cases, it will make the patients lose labor ca-
pacity due to blindness, thereby imposing heavy
economic burdens on the patients, their families,
and the society®*. As the studies on diabetic reti-
nopathy continue to be deepened, it has been re-
alized by researchers that the pathogenesis of this
disease involves a series of complex pathological
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reactions, including vascular endothelial injury,
decrease in pericytes, progressive thickening of
vascular basement membranes, microaneurysm
formation, and neovascularization, thereby se-
verely impairing retinal endothelial function.

The transforming growth factor-beta (TGF-p),
which is an important cytokine widely expressed
and evenly distributed in the eyes, can be abnor-
mally highly expressed upon stimulation by high
blood glucose and other factors. Some reports™®
have suggested that TGF-f shows an aberrantly
high expression in the serum of the diabetes
patients, and its content is raised as the diabetic
retinopathy is aggravated in the patients, indicat-
ing that TGF-f is closely associated with diabetic
retinopathy. The TGF-f-mediated signaling path-
way regulates fibrosis to play an important role in
diabetic retinopathy.

As an important non-coding ribonucleic acid
(RNA), microRNA (miR)-21 has crucial reg-
ulatory effects on several downstream signal
transduction pathways in cells, thereby modulat-
ing the occurrence and development of multiple
diseases’. Therefore, the present work aims to
explore the influence of miR-21 on the rats with
proliferative diabetic retinopathy by regulating
the TGF-f pathway.

Material and Methods

Experimental Animals

A total of 36 SPF laboratory Sprague-Dawley
(SD) rats aged 1 month old (Shanghai SLAC Lab-
oratory Animal Co., Ltd., certificate No.: SCXK
Hu 2014-0003, Shanghai, China) were fed with
normal diet and sterile filtered water daily in the
Experimental Animal Center under 12/12 h of
light-dark cycle at normal room temperature and
humidity. This study was approved by the Ani-
mal Ethics Committee of Weifang Eye Hospital
Animal Center.

Experimental Reagents and Instruments

The main reagents and instruments used
were: streptozotocin (Sigma Aldrich, St. Louis,
MO, USA), TGF-B signaling inhibitor HY-P0118
(MCE, Billerica, MA, USA), primary antibodies:
anti-phosphorylated Smad3 (p-Smad3) antibody,
anti-Smad3 antibody, anti-TGF-p1 antibody and
secondary antibodies (Abcam, Cambridge, MA,
USA), hematoxylin-eosin (HE) staining Kkit,
AceQ quantitative Polymerase Chain Reaction
(@PCR) SYBR Green Master Mix kit and HiS-

cript II Q reverse transcription (RT) SuperMix
for qPCR [+genomic deoxyribonucleic acid (+gD-
NA) wiper] kit (Vazyme Biotechnology, Nanjing,
China), optical microscope (Leica DMI 4000B/
DFC425C, Germany; Thermo Fisher Scientific,
Waltham, MA, USA) and fluorescence quantita-
tive PCR instrument (ABI 7500, Thermo Fisher
Scientific, Waltham, MA, USA).

Animal Grouping

Thirty-six SD rats were randomly divided into
normal group (n=12), model group (n=12) and in-
hibitor group (TGF-f signaling inhibitor) (n=12)
using a random number table. They were adap-
tively fed in the Experimental Animal Center for
7 d and then, used in subsequent experiments.

The rats in the normal group were normally
fed without any treatments, those in the model
group were used for the establishment of the
diabetic retinopathy model and sacrificed after
successful modeling, and those in the inhibitor
group were firstly intraperitoneally injected with
HY-P0118 (TGF-p signaling inhibitor) at the dose
of 70 nug/300 g and then used for modeling.

Establishment of Diabetic
Retinopathy Model

The rats were firstly intraperitoneally injected
with 1% streptozotocin solution prepared at a
dose of 60 mg/kg, and 3 d later, the blood was
drawn from the caudal veins of the rats to detect
blood glucose, with blood glucose >16.7 mmol/L
as the criterion for successful modeling.

Sampling

After all the rats were successfully anesthetized,
the samples were directly taken from 6 rats in each
group, namely the retinal tissues which were direct-
ly obtained, rinsed with normal saline, placed in EP
tubes and stored at -80°C for subsequent Western
blotting and qPCR. The remaining 6 rats in each
group were fixed through perfusion for sampling as
follows: the thoracic cavity of the rats was sheared
open to expose the heart, and the left atrial append-
age was perfused with 400 mL of 4% paraformal-
dehyde. Then, the retinal tissues were taken out,
soaked, and fixed in 4% paraformaldehyde for im-
munohistochemistry detection and hematoxylin-eo-
sin staining (HE; Boster, Wuhan, China).

HE Staining

The tissues embedded in paraffin in advance
were made into 5 pm-thick sections, extended,
mounted, and baked in warm water at 42°C, and
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prepared into paraffin-embedded tissue sections.
Then, these sections were immersed in xylene
solution and gradient ethanol for routine deparaf-
finization and dehydration, successively. Subse-
quently, the resulting sections were stained with
hematoxylin solution at room temperature for 10
min, rinsed, and soaked in the hydrochloric acid
solution for several seconds for differentiation.
After rinsing, they were reacted with eosin stain-
ing solution for 30 s, and re-hydrated in gradient
ethanol. Finally, the sections were observed for
proper color development and sealed.

Immunohistochemistry

The pre-paraffin-embedded tissues were sliced
to 5 um-thick sections, placed in warm water
at 42°C for extending, mounting, baking, and
prepared into paraffin-embedded tissue sections.
Then, the tissue sections were routinely deparaf-
finized and dehydrated through soaking in xylene
solution and gradient ethanol, successively. Sub-
sequently, they were immersed in citrate buffer
and heated repeatedly using a microwave oven for
3 times (heating for 3 min and braising for 5 min
per time) for complete antigen retrieval. After
rinsing, the tissue sections were added dropwise
with endogenous peroxidase blocker, reacted for
10 min, rinsed, and sealed in goat serum for
20 min. With the goat serum sealing solution
discarded, the resulting sections were incubated
with the anti-TGF-B1 and Smad3 primary anti-
bodies (1:200) in a refrigerator at 4°C overnight.
On the next day, the sections rinsed were added
dropwise with the secondary antibody solution,
reacted for 10 min and fully rinsed, followed by
reaction with a streptavidin-peroxidase solution
for 10 min and color development using diam-
inobenzidine (DAB; Solarbio, Beijing, China).
Finally, the sections were counter-stained using
hematoxylin, sealed, and observed.

Western Blotting

The cryopreserved retinal tissues were add-
ed with lysis buffer, bathed on ice for 1 h and
then centrifuged at 14,000 g in a centrifuge

Table I. Primer sequence.

for 10 min, followed by protein quantification
using bicinchoninic acid (BCA; Pierce, Rock-
ford, IL, USA). The absorbance of proteins
was measured using a microplate reader, and
the standard curve was plotted to calculate the
concentration of the proteins in the tissues.
Then, the proteins were denaturalized and iso-
lated via dodecyl sulfate, sodium salt-poly-
acrylamide gel electrophoresis (SDS-PAGE),
which stopped when the marker proteins were
observed to stay at the bottom of the glass plate
in a straight line. Following electrophoresis,
the resulting proteins were transferred onto a
polyvinylidene difluoride (PVDF) membrane
(Roche, Basel, Switzerland) and reacted with
the sealing solution for 1.5 h, followed by suc-
cessive incubation with the anti-p-Smad3 pri-
mary antibody (1:1,000), anti-TGF-B1 primary
antibody (1:1,000) and secondary antibodies
(1:1,000). After rinsing, the color was fully de-
veloped by reacting with the chemiluminescent
reagent for 1 min in the dark.

Quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR)

The total RNAs were firstly extracted from
tissue specimens and reversely transcribed into
complementary DNAs (cDNAs) using the RT
kit (TaKaRa, Otsu, Shiga, Japan). Subsequently,
the qPCR was performed in the system (20 pL)
under the following conditions: reaction at 51°C
for 2 min, pre-degeneration at 96°C for 10 min,
degeneration at 96°C for 10 s and annealing at
60°C for 30 s reaction, for 40 cycles in total. The
relative expression levels of the related messenger
RNAs (mRNAs) were calculated with glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) as
the internal reference. The primer sequences are
listed in Table I.

Detection of Retinal
Hemodynamic Indicators

The color Doppler ultrasonography was per-
formed to detect the hemodynamic indicators
in the right eye of each rat, including the peak

Gene Primer sequence
MiR-21 Forward: 5> TCCACCAAGAAGCTGAGCGAG 3’
Reverse: 5> GTCCAGCCCATGATGGTTCT 3’
GAPDH Forward: 5> ACGGCAAGTTCAACGGCACAG 3’

Reverse: 5> GAAGACGCCAGTAGACTCCACGAC 3’
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systolic velocity, end-diastolic velocity, and aver-
age velocity and the blood velocity in the central
retinal vein.

Statistical Analysis

In this work, the Statistical Product and Service
Solutions (SPSS) 20.0 (IBM Corp., Armonk, NY,
USA) software was used for statistical analysis.
The enumeration data were expressed as mean
+ standard deviation. The #-test, corrected r-test,
and nonparametric test were performed for data
conforming to normal distribution and homoge-
neity of variance, those meeting normal distribu-
tion and heterogeneity of variance and those not
in line with normal distribution and homogeneity
of variance, respectively. Moreover, the rank-sum
test and the Chi-square test were conducted for
ranked data and count data, respectively. p<0.05
indicated statistical significance.

Results

Retinal Morphology Observed Via
HE Staining

As shown in Figure 1, the normal group exhib-
ited regularly arranged retinal cells with normal
morphology, round orderly-arranged ganglion
cells, and normally stained and clear cell nuclei
without evident damages, while the model group
had disorderedly arranged the retinal cells with
changed morphology, some of which were loosely
arranged, and poorly stained the cell nuclei with
nuclear fragmentation and even disappearance, as

well as more visible cavitations in some of them.
Besides, the inhibitor group had more orderly-ar-
ranged retinal cells with improved morphology
compared with the model group.

Immunohistochemistry Detection Results

The cells showing positive expression are
chocolate brown in Figure 2. The normal group
had fewer cells, exhibiting positive expression
than the model group. According to the statistical
results (Figure 3), compared with that in the nor-
mal group, the average optical density of the pos-
itively expressed TGF-f was substantially raised
in the model group and inhibitor group, showing
statistically significant differences (p<0.05), and
it was higher in the inhibitor group than that in
the model group, with a statistically significant
difference (p<0.05). Additionally, there were no
significant differences in the average optical den-
sity of positively expressed Smad3 among the
three groups (p>0.05).

Western Blotting Detection Results

As shown in Figure 4, the normal group had
lower protein expression levels of p-Smad3 and
TGF-B1 than the model group. According to the
statistical results (Figure 5), the relative protein
expression levels of p-Smad3 and TGF-Bl sub-
stantially rose in the model and inhibitor groups,
compared with those in the normal group, and the
differences were statistically significant (p<0.05).
In addition, they were notably lower in the inhibi-
tor group than those in the model group, showing
statistically significant differences (p<0.05).

Control

Inhibitor

Figure 1. Retinal morphology observed via HE staining (x200).
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Figure 2. Immunohistochemistry detection results (x200).
QPCR Results
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Figure 3. Average optical density of tissues showing
positive expression in each group.

Compared with the normal group, the model
group had a remarkably raised expression level of
miR-21, with a statistically significant difference
(p<0.05), and the comparison indicated no signif-
icant difference in the expression level of miR-21
between the model group and the inhibitor group
(p>0.05) (Figure 6).
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Figure 4. Expressions of related proteins detected via
Western blotting.
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Figure 5. Relative expression levels of proteins in each group.

Hemodynamic Indicators Detected
According to the detection results (Figure 7),
both the model group and inhibitor group ex-
hibited notably decreased peak systolic velocity,
end-diastolic velocity, and average velocity in the
central retinal artery and blood velocity in the cen-
tral retinal vein compared with the normal group,
displaying statistically significant differences
(p<0.05), and they were substantially higher in the
inhibitor group than those in the model group with
statistically significant differences (p<0.05).

Discussion
As an important complication of diabetes, di-

abetic retinopathy can cause severe and even
irreversible damage to the vision of patients,

The relative miR-21 expression

Model Inhibitor

Normal

Figure 6. Relative expression level of miR-21 determined
via qPCR.

making it one of the leading causes of blindness
in patients. In particular, as the society develops
and humans’ living standard improves, diabetic
retinopathy has become more and more com-
mon with the increase in the morbidity rate of
diabetes, so that most diabetes patients ultimately
lose labor capacity due to blindness®®. TGF-
and TGF-B-mediated signaling pathways play an
important role in the pathogenesis of diabetic
retinopathy. Moreover, TGF-3 can be synthesized
and secreted by multiple intraocular histiocytes,
including hepatocytes, lens epithelial cells, iris
cells, and ciliary epithelial cells'®!!. Further in-
vestigations'*"® have suggested that TGF-f and
TGF-B-mediated signaling pathways can exert
important regulatory effects on the growth and
differentiation of the cells, for example, as crucial
inducing factors for tissue fibrosis, they can pro-
mote the proliferation of fibroblasts, ultimately
causing tissue fibrosis. Additionally, both TGF-f3
and Smad3 are crucial molecules in the TGF-3
signaling pathway. TGF-B1, once stimulated by
the high blood glucose in the ocular tissues, can
be abnormally highly expressed, thereby trans-
mitting the cell signals to exert its biological
effects, especially the intense stimulating effect
on the downstream Smad3 that can be activated
and further phosphorylated, and has no evident
biological activity under non-phosphorylation
state!*®, P-Smad3 will be formed after phos-
phorylating Smad3, and then enters the nucleus
to transmit cell signals and enable numerous
transcription factors to transcribe, further induc-
ing retinal fibrosis, and affecting vision via the
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Figure 7. Hemodynamic indicators in each group.
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influence on the blood circulation system!'®!. Ac-
cording to the results of the present investigation,
TGF-p1 and p-Smad3 were aberrantly highly
expressed in the retinal tissues of the diabetic ret-
inopathy model rats and higher than those in the
normal rats, suggesting that the TGF-B signaling
pathway is activated in the retinal tissues of the
diabetic retinopathy model rats to induce fibrosis
in such tissues, which may be one of the causes
of the decreases in the ocular hemodynamic indi-
cators in the model rats.

MiR-21, a non-coding RNA, is currently con-
sidered to play a critical regulatory role in or-
ganisms, and has been confirmed to bear close
relationships with the onset of multiple diseases
as well. Some works'®!"* have demonstrated that
miR-21 pairs with the untranslated regions of
the downstream genes to degrade or suppress
the downstream mRNAs, thereby modulating
transcription and such pathological processes as
cell proliferation, differentiation, and apoptosis.
According to the findings of another study, miR-
21 is closely associated with the occurrence and
development of multiple diseases, and is rec-
ognized as an important regulator therein. In
addition, it is capable of regulating numerous
cellular signaling pathways to exert important
effects and influences on numerous pathological
reactions in diseases?. In this report, it was found
that the expression level of miR-21 was substan-
tially higher in the retinal tissues in the diabetic
retinopathy model rats than that in normal rats,
implying that miR-21 is abnormally expressed
in the retinal tissues of the diabetic retinopathy
model rats and involved in the onset of diabetic
retinopathy. Meanwhile, the results of the present
analysis revealed that the TGF-f signaling path-
way inhibitor remarkably weakened the role of
miR-21 in diabetic retinopathy and improved the
ocular hemodynamics in the diabetic retinopathy
model rats, illustrating that miR-21 regulates the
TGF-B signaling pathway to participate in the
onset of the diabetic retinopathy. Therefore, it is
concluded that miR-21 affects the hemodynamics
in the rats with proliferative diabetic retinopathy
by regulating the TGF-f signaling pathway.

Conclusions

We showed that miR-21 affects the hemo-
dynamics in the rats with proliferative diabetic
retinopathy by regulating the TGF-f signaling
pathway.
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