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Abstract

BACKGROUND

As one of the major microvascular complications of diabetes, diabetic retinopathy
(DR) is the leading cause of blindness in the working age population. Because the
extremely complex pathogenesis of DR has not been fully clarified, the occurrence
and development of DR is closely related to tissue ischemia and hypoxia and
neovascularization The formation of retinal neovascularization (RNV) has great
harm to the visual acuity of patients.

AIM
To investigate the expression of P-element-induced wimpy testis-interacting RNA
(piRNA) in proliferative DR mice and select piRNA related to RNV.

METHODS

One hundred healthy C57BL/6] mice were randomly divided into a normal group
as control group (CG) and proliferative DR (PDR) group as experimental group
(EG), with 50 mice in each group. Samples were collected from both groups at the
same time, and the lesions of mice were evaluated by hematoxylin and eosin
staining and retinal blood vessel staining. The retinal tissues were collected for
second-generation high-throughput sequencing, and the differentially expressed
piRNA between the CG and EG was detected, and polymerase chain reaction
(PCR) was conducted for verification. The differentially obtained piRNA target
genes and expression profiles were enrichment analysis based on gene annotation
(Gene Ontology) and Kyoto Encyclopedia of Genes and Genomes.

RESULTS
In the CG there was no perfusion area, neovascularization and endothelial
nucleus broke through the inner boundary membrane of retinap. In the EG, there
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were a lot of nonperfused areas, new blood vessels and endothelial nuclei
breaking through the inner boundary membrane of the retina. There was a statist-
ically significant difference in the number of vascular endothelial nuclei breaking
through the inner retinal membrane between the two groups. High-throughput
sequencing analysis showed that compared with the CG, a total of 79 piRNAs
were differentially expressed in EG, among which 43 piRNAs were up-regulated
and 36 piRNAs were down-regulated. Bioinformatics analysis showed that the
differentially expressed piRNAs were mainly concentrated in the signaling
pathways of angiogenesis and cell proliferation. Ten piRNAs were selected for
PCR, and the results showed that the expression of piR-MMU-40373735, piR-
MMU-61121420, piR-MMU-55687822, piR-MMU-1373887 were high, and the
expression of piR-MMU-7401535, piR-MMU-4773779, piR-MMU-1304999, and
piR-MMU-5160126 were low, which were consistent with the sequencing results.

CONCLUSION

In the EG, the abnormal expression of piRNA is involved in the pathway of
angiogenesis and cell proliferation, suggesting that piRNAs have some regulatory
function in proliferative diabetic-retinopathy.

Key Words: P-element-induced wimpy testis-interacting RNA; P-element-induced wimpy
testis protein; High-throughput sequencing; Neovascularization; Diabetic retinopathy in
mice; Bioinformatics

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: As one of the major microvascular complications of diabetes, diabetic
retinopathy is the leading cause of blindness in the working age population. In the
diabetic retinopathy model, the abnormal expression of P-element-induced wimpy
testis-interacting RNAs (piRNAs) are involved in angiogenesis and cell proliferation
pathways, suggesting that piRNAs have a certain regulatory function in diabetic
retinopathy.

Citation: Yu Y, Ren KM, Chen XL. Expression and role of P-element-induced wimpy testis-
interacting RNA in diabetic-retinopathy in mice. World J Diabetes 2021; 12(7): 1116-1130
URL: https://www.wjgnet.com/1948-9358/full/v12/i7/1116.htm

DOI: https://dx.doi.org/10.4239/wjd.v12.i7.1116

INTRODUCTION

As one of the major microvascular complications of diabetes, diabetic retinopathy (DR)
is the leading cause of blindness in working age population. Because the extremely
complex pathogenesis of DR has not been fully clarified, the occurrence and
development of DR is closely related to tissue ischemia and hypoxia and neovascular-
ization[1,2]. The formation of retinal neovascularization (RNV) has great harm to the
visual acuity of patients. Patients who are refractory to treatment may experience
serious complications, such as neovinal glaucoma, vitreous hemorrhagia, and retinal
detachment which can lead to permanent blindness. RNV is a key link in proliferative
DR (PDR) and is a complex pathological process. Intravitreal injection of anti-vascular
endothelial growth factor (VEGF) is an effective method for treating ocular
neovascular diseases. However, the procedure can result in complications, side effects,
and only short-term effects. Previous studies reported that anti-VEGF treatment
cannot prevent the formation of RNV in some patients[3,4]. Therefore, it is particularly
important to find other VEGF-independent pathways that promote angiogenesis to
identify safe therapeutic targets against DR.

P-element-induced wimpy testis (PIWI)-interacting RNA (piRNA) was first found in
the ovarian germ cells of Drosophila melanogaster in 2006. This novel short non-
coding small RNA has an average length of 26-31 nucleotides[5] and functions by
binding with PIWI protein to form a piRNA-induced silencing complex (PIRISC)[6-8].
piRNA plays an important role in transposon silencing, epigenetic regulation, protein
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regulation of genome rearrangement, spermatogenesis, and germ stem cell
maintenance[9,10]. Additionally, piRNA participates in tumor formation, human
aging, and neural axon regeneration[11-13]. Based on existing studies and literature
reports, which highlight the role of piRNA in neovascularization-related diseases[14,
15], piRNA may play an important role in the formation and development of DR.
However, to the best of our knowledge, no previous study has explored this
hypothesis. In the present study, the role of piRNA in RNV diseases was evaluated by
sequencing of RNA obtained from the retinal tissues of mice with PDR mice and
normal mice. The study aimed to provide theoretical support for the possible
alternative clinical treatment of DR.

MATERIALS AND METHODS

Experimental animals and models

We used 100 7-d-old C57 mice of either sex in this study. All experimental animals
were purchased from Changsheng Biology Co., Ltd. (Shenyang, China). The animals
were fed and related operations were conducted in the animal laboratory of Shengjing
Hospital in a stable, specific pathogen-free environment; the temperature was
maintained at 23 + 2 °C, with a 12 h light cycle. The experimental study was approved
by the animal ethics committee of Shengjing Hospital of China Medical University
(2020PS078K).

The animals were randomly divided into two groups, each consisting of 50 animals:
normal group as control group (CG) and PDR group as experimental group (EG). Mice
in CG were fed with mice and their mothers under normal conditions without any
treatment. Briefly, 7-d-old EG mice and their mothers were housed and fed in a closed
glass container with an oxygen concentration of 75% * 2% for 5 d. Next, 12-d-old mice
were fed under normal conditions, and the closed container was opened once per day
to replace the bedding material, add water, and replace the mother mice[16,17]. All
animals were euthanized at the age of 17 d for subsequent histopathological
examination and total RNA extraction.

Retinal patch staining

Mice aged 17 d from the two groups were anesthetized and sacrificed, after which
their eyeballs were removed. The eyeballs were fixed in 4% paraformaldehyde for 12
h. The contents of the anterior segment and vitreous cavity were removed, and the
retina was carefully separated. The retinas were incubated in isolectin B4-594
(Invitrogen, Carlsbad, CA, United States) in a shaker at 4 °C overnight. Next, the glass
slide was covered with an anti-radiation agent, and this agent was also applied to the
retina[18]. The retinas were observed under a microscope (Eclipse NI, Nikon, Tokyo,
Japan) and images were collected.

Hematoxylin and eosin staining

After the eyeballs of mice were removed, they were fixed in 4% paraformaldehyde for
12 h. Next, they were embedded in paraffin and cut along the sagittal plane of the
optic nerve to obtain serial sections with a thickness of 4 pm. Non-continuous sections
were acquired from each eye for hematoxylin and eosin (HE) staining, and sections
containing the optic nerve were excluded. The number of endothelial cells breaking
through the inner limiting membrane in the vitreous cavity was counted, and the
average of this number was calculated in each section[19]. Only the vascular nuclei
located closely to the retina were counted; thus, vascular nuclei not close to the
internal limiting membrane in the vitreous cavity were excluded[20,21].

High-throughput sequencing

The total RNA of each retinal tissue sample was extracted using Trizol reagent
according to the manufacturer’s instructions (Takara, Japan). The quality of RNA was
analyzed using NanoDrop ND-2000 (Thermo Fisher Scientific, United States). A small
RNA library was constructed by real-time polymerase chain reaction (RT-PCR) using
5'and 3' linkers. Agilent 2100 and Applied Biosystems StepOnePlus Real-Time PCR
systems were used to assess the quality and yield of the constructed library (Life
Technologies). Finally, the RNA was sequenced by Illumina Hiseq 2000 (Illumina, San
Diego, CA, United States).
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Sequencing result analysis

After standardization and quality control of the sequencing data, 26-31 nt piRNAs
were selected from small RNA reads, and the differential expression of piRNA was
analyzed. Fold change in piRNA expression = 1.5 (P < 0.05) was used as the threshold
for determining gene upregulation or downregulation. Gene Ontology (GO)
enrichment (http://www.geneontology.org/) was used to analyze the abnormal
expression of genes, and KO enrichment (https:/ /www.genome.jp/kegg/pathway)
was utilized to determine the biological function of the differentially expressed piRNA
and investigate its possible involvement in the disease mechanism[22].

RT-PCR

RT-PCR was performed on total RNA extracted from retina samples using Trizol
reagent (Takara, Shiga, Japan) according to the manufacturer’s instructions.

Statistical analysis

SPSS 22.0 software (SPSS, Inc., Chicago, IL, United States) was used for all statistical
analyses. The mean * SD of relative piRNA expression in PCR analyses was calculated.
Student's ¢-test was used to analyze the difference between the two groups. P < 0.05
indicated a statistically significant difference.

RESULTS

Evaluation of fluorescence imaging

The samples obtained from the normal control and EGs of mice were stained with
isolectin B4-594 to observe the retinal vascular structure. In the normal CG, the retinal
blood vessels were intact and clear, and large blood vessels were characterized by an
even radial distribution around the optic disc reaching the periphery of the retina. In
the DR group, there was no perfusion in the large vessel area and no decomposition of
the perfusion area. The large vessels near the optic disc were tortuous and irregular,
and they were mainly visible in the middle and periphery. A large number of
disordered new vessels and new vascular buds were detected at the retina boundary
along with vascular leakage (Figure 1).

Quantitative analysis of retinal vascular endothelial cells

HE staining images were used to quantitatively analyze the number of retinal vascular
endothelial nuclei. In the CG, the structure of the retinal internal limiting membrane
was intact and smooth with occasional vascular endothelial nuclei breaking through
the internal limiting membrane on the vitreous side (average number 1.163 + 0.31). In
the EG, the morphology of the internal limiting membrane was irregular, and cells
under the internal limiting membrane proliferated and were arranged in a disorderly
manner. A large number of clusters of vascular endothelial cells broke through the
inner limiting membrane and formed the neovascular lumen (average number 29.42 +
1.07). There was a significant difference in the number of retinal vascular endothelial
cells that broke through the inner limiting membrane between the two groups (P <
0.01) (Figure 2).

High-throughput sequencing results
There were 79 piRNAs differentially expressed in EG compared to in CG mice, among
which 43 were upregulated and 36 were downregulated (Figure 3).

Verification of results indicating differential gene expression

We selected 10 differentially expressed genes according to their gene expression levels
determined by high-throughput sequencing and verified the expression levels in two
groups of retina samples by RT-PCR. The primer sequences used in this study are

shown in Table 1. The results of quantitative verification by RT-PCR are shown in
Figure 4.

GO analysis

To further analyze the biological functions of differentially expressed genes in EG and
CG mice, the GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses
was performed. The results showed that the differentially expressed piRNAs were
involved in many biological processes, such as sensory development, G-protein-
coupled receptor signaling pathway, regulation of inflammatory factors, and visual
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Table 1 Real-time polymerase chain reaction verification results of piRNA expression and list of primer sequences used

Gene ID Fold-change Up/down Primer (5'-3')

piR-mmu-40373735 17.4426 Up F: CCGGACCTCAAGCAGCC; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-61121420 17.5967 Up F: GGCCAGCCGGGGTACA; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-55687822 17.5982 Up F: CGCACTGCTTCACTTGACCAG; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-1373887 18.0930 Up F: AATGATGAACCTTTTGACGGG; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-52367843 18.4806 Up F: CGAGGACAGCCTGGTCTACACA; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-7401535 -18.5696 Down F: CAGCCCTCGACACAAGGG; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-4773779 -18.2665 Down F: GCACCATGATGACGGAAATT; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-1304999 -17.8006 Down F: GCATGCAGGAGCATCAGTAGAG; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-7422255 -17.5913 Down F: CCACATGATGATCCATAACGAGAT; R: AGTGCAGGGTCCGAGGTATT
piR-mmu-5160126 -17.4335 Down F: GCTGAGACAGGAGGATCGCT; R: AGTGCAGGGTCCGAGGTATT

5_
| CG b M G

B E6 M EG
15+ B —

10+

retinal tissue

Percentage area of nonperfusion
Percentage area of
neovascularization

CG EG CG EG

Figure 1 Evaluation of retinal neovascularization. A: Retina patch morphology of control group (CG); B: Retina tissue morphology of experimental group
(EG) (white arrow indicates no perfusion area, blue arrow indicates neovascularization); C: Retina local enlarged map of CG; D: Retina local enlarged map of EG; E:
Retina no perfusion area statistical map; F: Retina neovascularization cluster area statistical map. °P < 0.01.

development, which are potentially related to RNV (Figure 5).

KEGG analysis

KEGG analysis of differentially expressed genes and proteins showed that the
enriched pathways were mainly related to angiogenesis and cell proliferation and
were strongly correlated with RNV (Figure 6).

Analysis of protein-protein interaction network
We obtained piRNA-target gene pairs correlated with expression level to construct the
network analysis diagram. We selected the EPO, HIF-1a, IGF1, and TGF-p2 genes,

which are potentially related to RNV, to construct the interaction analysis diagram
(Figure 7).
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Number of retinal
neovascular cell nucleus
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Figure 2 Quantitative analysis of vascular endothelial cells. A: Hematoxylin and eosin (HE) staining of paraffin-embedded retina sections in the control
group (CG) (200 x); B: HE staining of paraffin-embedded retina sections in the experimental group (EG) (200 x, orange arrow indicates that endothelial cell nucleus
breaks through the inner limiting membrane); C: Number of nuclei breaking through the inner limiting membrane in the two groups. °P < 0.01.
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DISCUSSION

Non-coding RNA is involved in the occurrence and development of several diseases.
Numerous studies have shown that non-coding RNA is an important factor in the
pathophysiological changes leading to malignant tumors and vascular diseases[23].
piRNA is a type of small non-coding RNA with an important role in animal
development, reproduction, and gene regulation[10,24]. To date, 23439 piRNAs have
been identified in the human genome, which is equivalent to the number of proteins
encoded by mRNA (about 20000) and more than the number of miRNAs. These
numbers indicate that piRNAs play an important role in regulating gene transcription
[25,26].

After transcription, PIWI protein cleavage and amplification as well as piRNA
clusters eventually form mature piRNAs having biological activity by forming PIRISC
[27]. PIRISC, a silencing complex formed by piRNA and PIWI protein, can inhibit its
target by transcriptional gene silencing and post-transcriptional gene silencing to
maintain the genomic integrity of the germline[27,28]. PIRSIC regulates transposon
expression at the transcriptional level by inducing epigenetic repression via histone
H3K9me3 and DNA methylation[29]. Some studies report a larger number of allowed
mismatches between target mRNA and piRNA as opposed to between target mRNA
and miRNA[30]. siRNA and miRNA are easily and rapidly degraded by nucleases,
whereas piRNA is relatively stable in the serum, and thus has the potential to serve as
a marker for diagnosis and prediction of disease progression[31].

piRNAs are presently thought to act mainly in somatic cells and cancer tissues and
are involved in cell proliferation, apoptosis, cell cycle arrest, angiogenesis, invasion,
and metastasis[32]. Moreover, studies have shown that PIRISC may participate in
tumorigenesis by inducing abnormal DNA methylation, which leads to genomic
silencing[33]. Further, the piRNA-30473/WTAP/HK?2 axis promotes the occurrence of
breast cancer by regulating the methylation of m6A RNA in diffuse large B-cell
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Figure 3 Screening results of differentially expressed genes. A: Number of differentially expressed piRNAs between experimental group (EG) and control
group (CG); B: Clustering analysis of differentially expressed piRNAs; C: Volcano map of differentially expressed piRNAs.
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Figure 4 Statistics of ten piRNA validation results. 2P < 0.05; °P < 0.01. CG: Control group; EG: Experimental group.

lymphoma[34]. piRNA-19166 inhibits cell migration and metastasis through the
cortactin/ mitochondrial membrane potential pathway in prostate cancer[35]. piRNA-
823 promotes the angiogenesis of endothelial cells by promoting the secretion of VEGF
and interleukin -6. It also enhances the invasion of endothelial cells by inducing the

WJD | https://www.wjgnet.com 1122 July 15,2021 | Volume12 | Issue7 |

Jaishideng®



Yu Y et al. piRNAs in diabetic retinopathy

A 1=} .é o8 8
3 g888-2388
5% 2 bl TS S s
,’%%\ N \60:0044425  ©0:000715¢ ol S
< ° Nt “0p. /
Q. «\‘L 0> N
g e ey W
-
% % / e 0 15 " LSS
A 0 0 LA
(2R © 6 2N
Z N A &
Dgy? ~& N 4 6(\’@
Z D (o)
0 % © % %
100\&, Q o % XQQQ
10 P
O'S © ) 0; - Biological process
100, 15 ~ A
1 0 b s o 8 ~10 . Molecular function
%00 ~§ %' 100 [ Cellular component
100-g © 100 Number of genes > ;"1000
= >
12 \8 I Up-regulated B 10000 -log10 (Q value)
a o —

10000 _1‘(8 t I Down-regulated ™ S 10 (0,1.3]
1000 ~% ® I Rich factor (0~1) [ §§ 100 (1.3,2]
10073 o \ S-109p O @5
10— SNSe_~ ™ 8\10000 ® (5,10]

g \ S e ! @ (10,15]
00 T N (7]
Q" S 15,20
N N\ RS S
@“Q,‘& & 9 &, 2
» \/' 17) Q a \110000
QQ 16 \6 @ \J
NS O 16 o 16 ° &K \\’oo
> — — K %
S % &
TN Csoeg s %,
SIS v @
NS NS
NS9SS~ 5% °
8 S orr =9 =) 0% =
S S IS =)
SS~=" % g °
B

Number of genes

B Biological process
[ Cellular component
Molecular function

Biological process

Boishidenge WVID | https://www.wjgnet.com

Cellular component

1123

Molecular function

July 15,2021 | Volume12 | Issue7 |



YuY et al. piRNAs in diabetic retinopathy

C Top 20 of GO enrichment
G0:0005886 plasma membrane{ N 15 2 6c-05)
G0:0071944 cell periphery{ N 5 2 ce-05)
G0:0005887 integral component of plasma membrane{ NN s ©.00022)
G0:0031226 intrinsic component of plasma membrane { I s (.00025)
G0:0016021 integral component of membrane{ I 15 © 0004
G0:0031224 intrinsic component of membrane { NN ¢ (©.00048)
G0:0044425 membrane part{ N 15 ©0029)
G0:0044459 plasma membrane part{ N s ©.0079) 0 value
G0:0044464 cell part{ NG 2o (0.016) 1.00
c G0:0016020 membrane| I - 0 016) 0.75
2 G0:0005623 cell | INEEG—S o' 050
8 G0:0072687 meiotic spindle{ W1 ©.023) 025
G0:0005819 spindle{ W15
G0:0015630 microtubule cytoskeleton 10
G0:0044430 cytoskeletal part 1(1)
G0:0005856 cytoskeleton 1(1)
G0:0005634 nucleus 4@
G0:0043232 intracellular non-membrane-bounded organelle{ 1
G0:0043228 non-membrane-bounded organelle 1(1)
G0:0043231 intracellular membrane-bounded organelle 4()
0 50 100
Gene percent (%)
D Top 20 of GO enrichment
G0:0005886 plasma membrane .
G0:0071944 cell periphery{ .
G0:0005887 integral component of plasma membrane .
G0:0031226 intrinsic component of plasma membrane .
G0:0016021 integral component of membrane .
G0:0031224 intrinsic component of membrane . Gene number
G0:0044425 membrane part . . 5
G0:0044459 plasma membrane part- . e 10
G0:0044464 cell part| . . ;_2
£ G0:0016020 membrane .
3 G0:0005623 cell] . Qualve
G0:0072687 meiotic spindle | 0.75
G0:0005819 spindle 0.50
G0:0015630 microtubule cytoskeleton { 0.25
G0:0044430 cytoskeletal part
G0:0005856 cytoskeleton
G0:0005634 nucleusH .
G0:0043232 intracellular non-membrane-bounded organelle{
G0:0043228 non-membrane-bounded organelle
G0:0043231 intracellular membrane-bounded organelle .
-0.05 0.00 0.05 0.10
Rich factor

Figure 5 Gene Ontology analysis results. A: Gene Ontology (GO) enrichment circle diagram (first circle: top 20 GO terms, the coordinate scale of gene
number is presented outside the circle. Second circle: number and Q value of the GO term in the background gene. Third circle: number of GO term piRNA target
genes. Fourth circle: rich factor value of each GO term piRNA); B: Bar graph of GO enrichment (abscissa shows the level 2 GO term, whereas the ordinate shows the
number of genes in the term); C: Bar graph of GO enrichment (a darker color, results in a smaller Q value; the value in the column is the number and Q value of the
GO term); D: GO enrichment bubble chart (size indicates the quantity; a redder color leads to a smaller Q value).

expression of ICAM-1 and CXCR4[36]. Downregulation of piRNA-36712 expression is
known to result in upregulation of SEPW1 expression, which in turn inhibits the
expression of its downstream gene p53 and therefore it suppresses the formation of
malignant tumors[37]. In addition, piRNA plays an important role in gastric cancer,
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Figure 6 KO analysis results. A: KO enrichment bar chart (top 20 pathways with the lowest Q value were used to draw the chart. The ordinate represents the
pathways, whereas the abscissa shows the percentage of the number of pathways in all piRNA target genes; a darker color correlates with a smaller the Q value. The
value in the column is the number and Q value of the pathways); B: KO enrichment bubble chart [top 20 pathways with the lowest Q value were used to plot. The
ordinate shows the pathway, whereas the abscissa shows the enrichment factor (the number of piRNA target genes in the pathway divided by all numbers). The size
indicates the number; a redder color indicates a smaller Q value]; C: KO enrichment circle diagram [first circle: top 20 enriched pathways; outside the circle is the
coordinate scale of gene number, and different colors represent different classes. Second circle: number and Q value of the pathway in the background gene; the
more the number of genes, a longer bar and smaller Q value leads to a redder color. Third circle: number of piRNA target genes in the pathway. Fourth circle: rich
factor value of each pathway (number of piRNA target genes in the pathway divided by all numbers); background grid line, each grid represents 0.1].

liver cancer, glioma, and other diseases. Based on these correlations, piRNA is
expected to serve as a new target for cancer treatment[6,10,38].
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Figure 7 Protein interaction network analysis. A-D: Stand for differential expression results of piRNA and EPO (B), HIF-1a (A), IGF1 (C), TGF-82 (D) which

are associated with retinal neovascularization.

Jaishideng®

There are many models for the study of DR. At present, the model of RNV and
vascular leakage without hyperglycemia has been applied. This model simulates PDR
or the process to be developed from non-PDR (NPDR) to PDR. The retinopathy injury
caused by hypoxia is due to the occurrence of the release of angiogenesis actors,
presented with microhemangiomas, vascular leakage, venous occlusion, capillary in
perfusion, neovascularization, and even vitreous hemorrhage, and retinal detachment
[16]. There are notable nonperfusion areas in the center of the retina, the central great
vessels are tortuous, and the number of vascular nuclei breaking through the inner
limiting membrane is significantly increased, which are important factors indicating
the success of the EG[39]. HE staining of retinal slices and paraffin sections of EG
samples showed that there were large areas of nonperfusion, neovascularization, and
vascular endothelial cells breaking through the inner limiting membrane in the retina.

DR is one of the most common microvascular diseases of diabetes and also the main
cause of blindness in diabetic patients[40]. Studies have shown that DR occurs in both
type 1 diabetes and type 2 diabetes[41]. With the increase in the number of diabetic
patients, DR has become the main cause of visual impairment in diabetic patients[42].
The whole pathological process of DR includes important pathological changes such as
loss of retinal capillary pericytes, thickening of basement membrane, loss of
endothelial barrier function, destruction of blood-retinal barrier, and lead to retinal
ischemia, which will increase the level of VEGF. Studies have shown that overex-
pression of VEGF is associated with RNV, which can cause retinal hemorrhage,
macular edema, retinal detachment, and neovascularization glaucoma, efc., leading to
severe visual impairment and eventually blindness.

The development of DR involves two stages: early NPDR and advanced PDR. The
former is mainly characterized by increased retinal permeability and intraretinal
hemorrhage, while the latter is mainly manifested by RNV. In NPDR, high glucose
induced retinopathy mainly includes loss of capillary pericytes, thinning of the
vascular layer and destruction of the blood-retinal barrier, which further leads to
retinal ischemia and hypoxia. When the disease progresses to PDR, neovascularization
occurs and eventually leads to severe visual impairment. RNV is a common
pathological change in many retinopathies, including DR, retinopathy of prematurity,
and age-related macular degeneration.
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The common feature of clinical treatment of RNV as well as malignant tumors is
treatment with targeted drugs, mainly anti-VEGF drugs. However, targeted drugs
against RNV have short action time and require multiple intraocular injections,
creating safety risks. Based on of the findings of previous studies on the role of piRNA
in cancers and neovascularization-related diseases, we compared piRNA expression
levels between the DR model and CGs. The results revealed 79 piRNAs with differ-
ential expression in EG and CG. Through GO and KEGG analysis, we established that
the mRNA of the differentially expressed piRNAs was involved in processes such as
angiogenesis, optic nerve development, inflammation, and proliferation of cells.
Among them, EPO, HIF-1a, IGF1, TGF-f2, and other genes are closely related to
angiogenesis. Interestingly, a change in EPO expression is considered as an important
factor affecting the retinopathy of prematurity. EPO treatment can effectively protect
the nervous system and optic nerve development of premature infants[42,43]. HIF-1a
is stably expressed under hypoxia; it can regulate EPO and VEGF expression and
promote RNV[44,45]. Inhibiting the VEGF/VEGFR2 and HIF-1a/VEGF signaling
pathways can prevent angiogenesis[46]. TGF-PB2 is a pro-inflammatory cytokine
precursor related to the pathogenesis of DR. IGF1 has been identified as the direct
target of miR-142-5p. It can reduce the level of miR-142-5p by activating the
IGF1/IGFIR median signaling pathway (involving p-PI3K, p-ERK, p-Akt, and VEGF
activation), eventually leading to cell proliferation and is involved in the pathological
process of DR[47,48].

piRNA plays an important role in various diseases. By interacting with PIWI
protein, piRNA can participate in cancer formation and neovascularization through
DNA methylation. It can also affect the expression of target genes. We examined the
differential expression of piRNA in an oxygen-induced retinopathy mouse model and
the potential cellular pathways involved in this process. The study identified a set of
target genes that can enhance the theoretical understanding of the role of piRNA in
RNV. Because the specific mechanism of action has not been studied in detail, studies
are needed to explore its mechanism in a larger sample size. Moreover, it can drive
further research on new strategies for clinical treatment. We plan to predict the
downstream targets of each differentially expressed piRNA and verify the predicted
targets using molecular biology methods. These results provide a foundation for
further exploration of the molecular mechanism underlying the development of PDR.

CONCLUSION

Abnormal expression of the piRNAs are involved in pathways of angiogenesis and cell
proliferation, which suggests that piRNAs may regulate some functions in prolif-
erative DR.

ARTICLE HIGHLIGHTS

Research background

Retinal neovascularization is caused by the progression of ischemic retinal diseases,
including diabetic retinopathy, retinopathy of prematurity, age-related macular
degeneration, and retinal vein occlusion. Complications of retinal neovascularization
can severely impair vision or lead to permanent blindness.

Research motivation

To explore the upstream molecules of vascular endothelial growth factor or rate-
limiting steps of angiogenesis, and to reveal new approaches to the treatment of
diabetic retinal.

Research objectives

The research on the role of piRNAs (p-Element-induced wimpy testis-interacting
RNAs) in retinal neovascularization disease is expected to provide theoretical support
for the clinical treatment of diabetic retina.

Research methods
A diabetic retinopathy model was established. The differentially expressed piRNA
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was screened by high-throughput sequencing, and the differentially expressed piRNA
was selected according to the sequencing results, and verified by polymerase chain
reaction.

Research results
A total of 79 piRNAs were differentially expressed in experimental group, of which 43
were upregulated and 36 were down-regulated.

Research conclusions

piRNAs were differentially expressed in DR model. Differentially expressed piRNAs is
involved in the formation of retinal neovascularization. Differentially expressed
piRNAs can regulate retinal development and retinal angiopathy through a variety of
signaling pathways.

Research perspectives
Drugs targeting piRNAs may be novel candidates for the treatment of diabetic
retinopathy.
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