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Abstract

Background: As the most common complication of diabetes, the diabetic microangi-
opathy characterizes diabetic retinopathy (DR) and nephropathy (DN). Diabetic mi-
croangiopathy has always been a serious clinical problem. A wide variety of nucleic
acid interacting factors called the RNA binding proteins (RBPS) take part in several
crucial cellular processes.

Methods: Over the past decade, studies have shown that RBPs have crucial part in
both malignant tumors and diabetes, especially in diabetic microangiopathy. This re-
view examined the research history of RBPS in DR and DN.

Results: We reviewed the literature and found that RBPS is potentially useful as ther-
apeutic targets, diagnostic markers, or predict disease progression.

Conclusion: HuR acts as a vital therapeutic targeting protein in diabetic microangi-
opathy. IGF2BP2, P311, TTP, YBX1, and MBNL1 have a potential role in the treatment

of DN.
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1 | INTRODUCTION

Dynamic RNPs (ribonucleoprotein particles) are formed when RNA-
binding proteins assemble with RNA. RNP compositions vary de-
pending on the maturation or the functional state of the RNA as well
as the cell environment.* 3 Al aspects of RNA life, including splicing,
transcription, intracellular trafficking, modification, translation, as
well as decay, are regulated by RBPs. In turn, RNA can modulate the
location or activity of RBPs through a process called “riboregulation.”

The PRK (protein kinase R) induces autophosphorylation and
dimerization of proteins through their binding to double-stranded
RNA, which activates the enzyme and is a prime example of ribo-
regulation (Figure 1).> RBP dysfunction and dysregulation are cor-
related to several muscular atrophies and neurological disorder
diseases in humans, like amyotrophic lateral sclerosis,® cancer,” and

genetic abnormalities.®

diabetic nephropathy, diabetic retinopathy, non-coding RNA, RNA-binding proteins

RBPs are conserved evolutionarily and have a wide distribution
in tissues, in line with their common roles concerning housekeep-
ing. In spite of these attributes, alterations or mutations in RBPs re-
sponsible for housekeeping can often lead to specific tissue defects.
How does this occur? First, RBPs possibly act on their RNA targets
or regulatory partners that express tissue specificity. Secondly, RBPs
may attach to RNA targets with various specificities and affinities,
regulated by modifications in RNA post-translation, their interac-
tions, and local structure or sequence, causing regulatory complex
formation to specific cell types.””*2 Third, attachment of RNA by it-
self may not always lead to regulatory effects. Even though RBPs
are capable of binding hundreds of RNA targets, only some of them
are regulated in particular cellular conditions. In RNA regulons, a
set of RNAs are coordinated and regulated by a given RBP under
the influence of stimuli.*>** Finally, the RBPs cause the formation

of extensive network structures with their RNA targets and other
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proteins, which may provide robustness so that alterations can be
differentially buffered in one cell type versus another.

A lack of simple suitable methods has long hampered the system-
atic characterization of the interactions between RNA and proteins
in contrast to protein-protein interactions. RBPs were therefore not
at the forefront of medicine or molecular biological studies. In the
past decade, however, high-throughput techniques for identifying
RBPs were developed, such as RIC (RNA interactome capture)*®>™Y”
and RNA target transcript analysis using CLIP (cross-linking and im-
munoprecipitation).18'22 In combination with RNA sequencing, CLIP
has revolutionized the existing knowledge on RBPs. In 2020, studies
on RNA interactome were published in a comprehensive database,
facilitating the analysis of the available datasets.?®

RBPs may play a significant role in renal diseases, like AKI (acute
kidney injury),?* PKD (polycystic kidney disease),?®> and LN (lupus
nephritis).26 Therefore, the modulation of the events related to the
binding of RNA and proteins may provide openings for new thera-
pies in renal diseases. RBP appears to be studied in greater depth in
diabetic nephropathy (DN). Our search reveals that there have been
many studies on RBP molecules relevant to diabetic retinopathy
(DR) of diabetic microvascular disease. We present a current review
of the knowledge on RBPs, their interactions with non-coding RNA
(ncRNA), mRNA, proteins, their function in microvascular disease in

diabetes, and prospect as new therapeutic targets.

2 | RBPsIN DIABETIC RETINOPATHY

2.1 | Human antigen R (HuR)

During 2007, researchers exposed cells on bovine retinal pericytes
to 30 mM glucose for 15 min to form a model of retinal blood glucose
injury. During this process, the soluble protein kinase C (PKC) pll was

Ribosome

FIGURE 1 Several different ways of
RNA-binding proteins regulating RNAs
(polyadenylation, transcription, capping,
splicing)
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found to move to the membrane, and HuR protein levels increased
in the cytoskeleton.?” Because PKC is a serine-threonine kinase,
further research revealed that HuR is phosphorylated in serine but
not in threonine. Based on immunoprecipitation and real-time PCR,
there was an increased binding between HuR and VEGF (vascular
endothelial growth factor) mRNA within the mRNP compartment. In
recent studies, it has been shown that VEGF plays an important role
in diabetic retinopathy.?®2? The PKC/HuR/VEGF axis represents an
important route to develop diabetic retinopathy in the future. In a
recent study, we compared the best-scored compounds in diabetic
retinopathy in vitro model, specifically hRECs (human retinal en-
dothelial cells) exposed to high glucose (25 mM). In our study, the
authors found that two indole derivatives, VP12/110 and VP12/14,
modulated the expression of HuR and impeded the release of TNF- «
and VEGF in HREC exposed to HG (high glucose). In this cell model,
HUR expression could be inhibited by VP12/14 and VP12/110. They
also found that VP12/110 and VP12/14 modulated the levels of
VEGFA mRNA and exhibited antiangiogenic effects. Thus, combined
with previous research, HUR binds directly to the mRNA of VEGF
and VP12/14, and VP12/110 can be considered HUR inhibitors and
are of therapeutic value in diabetic retinopathy.°

2.2 | Thelin-28 homolog B (LIN28B)

Studies have indicated that the consistent expression of LIN28B (lin-
28 homolog B), a member of the highly conserved family of RNA-
binding proteins, enhances the production of VEGF.! According to
Fu et al.,3? mir-152 can directly bind to and inhibit the expression of
LIN28B. Mir-152 may also inhibit the angiogenic ability of hRECs and
hRMECs (retinal microvascular endothelial cells). Mir-152 regulates
angiogenesis by inhibiting the expression of 1in28B, thereby regulat-

ing VEGF expression (Figure 2).
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3 | RBPsIN DIABETIC NEPHROPATHY

3.1 | RNA-binding protein regulatory subunit (#38)
Early studies using MS-MALDI and 2-D gel electrophoresis analysis
found that expression of #38 was significantly increased in DN.33
RNA-binding protein regulatory subunit 38, also known as Protein
DJ-1, is likely to be significantly more abundant in TIDM patients
with DN due to specific mRNAs stabilization, a process by which
cells may control protein expression levels.®* Associations have
been observed between three RNA-binding proteins and insulin
resistance; therefore, increased type 2 diabetes risk.>>3¢ Hence,
the authors hypothesized an association between elevated RNA-
binding protein subunit (#38) levels and diabetic renal complications
in TLDM patients with DN.%’

3.2 | Insulin-like growth factor mRNA-binding
protein 2 (IGF2BP2)

Diabetes type 2 and DKD risk increase with single-nucleotide
polymorphisms in the gene coding for IGF2BP2.%%% In cultured
podocytes, IGF2BP2 is bound to mRNA of the LAMB2 (basement
membrane component laminin-  2), triggering its translocation to
the cytoskeleton of actin, where its translation into protein200 oc-
curs. Let-7b miRNA induction, however, decreases IGF2BP2 and
LAMB2 expression under high-glucose conditions by repressing
the HMGAZ2, which encodes the transcription factor HMGAT2.4°
IGF2-BP2 levels, LAMB?2 levels, and HMGAZ2 levels decrease in the
glomeruli of DN rats as well. Additionally, the anti-sense IncRNA
for AIRN (IGF2R non-protein-coding RNA) has been identified as a
key regulator of IGF2BP2 protein stability and podocyte and glo-
merular basement membrane integrity.41 HG-treated podocytes and
DN in mice reduced AIRN expression, leading to podocyte apopto-
sis. Conversely, overexpression of AIRN increased the survival of
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podocytes by stabilizing IGF2BP2. Podocytes stimulated with HG
exhibited decreased IGF2BP2 and AIRN levels, and IGF2BP2 and its
downstream targets were restored when AIRN was overexpressed,
resulting in the viability of podocytes and integrity of the glomerular
basement membrane.

3.3 | Y-box-binding protein 1(YBX1)

YBX1 transcript and protein levels were reduced in glomeruli of
both type 1 (streptozotocin-induced) and type 2 (db/db) diabetes
mellitus mice models.*? MiR-216a, with enhanced expression in
mice with diabetes and mouse mesangial cells treated with TGFp,
exhibited negatively regulated YBX1. In untreated mouse mesangial
cells, YBX1 accumulated in processing bodies, could bind to TSC22
(TGFp-stimulated clone 22), and promote the ECM protein COL1A2
(collagen type la-2).*® By stimulating TGFB, the binding of YBX1 to
TSC22 mRNA was inhibited, resulting in higher expression levels of
TSC22 and COL1A2 proteins in mouse mesangial cells.

3.4 | Muscleblind-like splicing regulator 1 (MBNL1)
When metformin is administered to diabetic mice, levels of MBNL1
increase.** Metformin treatment of renal epithelial tubular cells and
HG-treated HK2 cells from diabetic mice restored the expression
of MBNL1 protein and allowed it to attach and stabilize miRNA
miR-130a-3p, a transcription factor that negatively regulates STAT3
(signal transducer and activator of transcription 3). This reduced the
aging of cells. In DKD, there appears to be an accumulation of se-
nescent cells in the tubules and glomeruli, cells which play a signifi-
cant non-autonomous part in the disease development due to their
secretory phenotype. Therefore, understanding the MBNL1-miR-
130a-3p-STAT3 axis may lead to new treatment opportunities for
DKD patients.*®
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FIGURE 2 The mechanism of RNA-binding proteins in three sorts of high glucose induced retinal cells (bovine retinal pericytes, human
retinal endothelial cells, human retinal microvascular endothelial cells)
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3.5 | Neuronal regeneration-related protein (P311)

Furthermore, TGFp activator P311 is also linked to kidney fibrosis
in DKD.# Despite renal dysfunction and accumulation of mesangial
ECM in mice with diabetes, butyrate administration alleviated these
conditions via the miR-7a-5p-mediated suppression of P311 expres-
sion and TGFp downregulation. Furthermore, miR-7a-5p overexpres-
sion protected diabetic mice against the dysfunction and fibrosis of

the kidneys.

3.6 | Human antigen R (HuR)

DKD results in elevated levels of HuR expression in the tubular
epithelial cells of rat and human kidneys and is correlated with
elevated EMT markers compared to healthy controls.*” In re-
sponse to HG concentrations, the HuR plies from the cytoplasm
to the nucleus. Hg-induced EMT in HK2 cells was reduced when
HuR was silenced. Studies that showed a positive correlation be-
tween increased HuR expression, activation of Nlrp3 (NACHT,
LRR, and PYD domain-containing protein 3) inflammasome, and
pyroptosis in epithelial cells of renal tubules from rats with di-
abetes and HG-treated HK2 cells provide further evidence of
HuR's role in DKD.*®%? |n addition, this work identified another
mode of regulation of HuR expression post-transcriptionally,
which involves inhibition of HuR expression by miR-23c, which
targets the lung cancer IncRNA MALAT1. HK2 cells were in-
duced to upregulate MALAT1, HuR, and various NLRP3 inflam-
masome components under hyperglycemic conditions, while
miR-23c was downregulated. Based on the researchers’ hy-
pothesis, MALAT1 sequesters miR-23c and prevents suppres-
sion of HUR by miR-23c, increasing pyroptosis. Inflammasomes
are important sensors of the innate immune system, but NOD
(nucleotide-binding oligomerization domain-containing)-like
receptors (NLRs) play a significant role in DKD.*° Increased
NOD2 levels were observed to associate with increased abun-

dance of HuR and proteinuria in DKD patients’ and diabetic rats’
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kidneys.>!
NOD2 and HuR, attributed to HuR nucleocytoplasmic shuttling
and NOD2 mRNA post-transcriptional stabilization. Moreover,

Moreover, HG-induced mesangial cells upregulated

HuR silencing improved kidney damage in rats with diabetes. In
HG-stimulated mesangial cells and rats with diabetes, NOX4
(NADPH oxidase 4) levels were also elevated. Researchers sug-
gest that hyperglycemia induces NOX4, resulting in increased
ROS levels and cytoplasmic transportation of HuR, facilitat-
ing NOD2 mRNA stabilization by HuR. Furthermore, HuR was
shown to attach to NOX4 mRNA and stabilize it in HG-treated
mesangial cells and rats with diabetes,?? indicating a positive
feedback loop between HuR and NOX4. In a subsequent study,
an abundance of HuR was also shown to correlate with podo-
cyte injury and inflammation in diabetic mice that confirmed in-

creased levels of HuR in patients with diabetes.”®

3.7 | Tristetraprolin (TTP)

TTP is an adenosine and uridine rich elements-RNA binding pro-
tein (RBP) that induces the decay of mRNA and represses the
translation of its targets.>* The RBP that participates in the decay
and destabilization of TNF (tumor necrosis factor) mRNA is an
important anti-inflammatory mediator.>> Reduced TTP expres-
sion is directly associated with decreased expression of IL-8 and
IL-6 in patients with diabetes and proteinuria.’® In patients with
DKD, TTP levels are negatively associated with miR-29¢.>” Mouse
podocytes treated with HG-induced the expression of miR-29c
repressed TTP translation and increased TNF and IL-6 levels, sug-
gesting TTP as a direct target of translational repression mediated
by miR-29c. A mouse model of the doxorubicin-induced nephrotic
syndrome also exhibited decreased levels of TTP; activated signal-
ing of IL-13-STATé; and increased levels of IL-1p, IL-6, and TNF.>8
Furthermore, doxorubicin-treated HK2 cells had reduced levels of
TTP, while TTP overexpression in the cells treated with doxoru-
bicin had reduced expression of factors associated with oxidative

stress, inflammation, and apoptosis (Figure 3). The main research

Butyrate

mf Y

miR-7a-5P

S

FIGURE 3 The mechanism of RNA-
binding proteins in kidney cells by high
glucose inducing or under the function of
drugs
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TABLE 1 RBPs in this review and their mechanisms in diabetic microangiopathy

Molecules of RBPS Effects on diabetic microangiopathy
HuR Exacerbate diabetic retinopathy
HuR Exacerbate diabetic retinopathy
LIN28B Exacerbate diabetic retinopathy
IGF2BP2 Exacerbate diabetic nephropathy
Ybx1 Alleviate diabetic nephropathy
MBNL1 Alleviate diabetic nephropathy
P311 Exacerbate diabetic nephropathy
HuR Exacerbate diabetic nephropathy
HuR Exacerbate diabetic nephropathy
TTP Alleviate diabetic nephropathy

molecules and mechanisms reviewed above are summarized in
Table 1.

4 | CONCLUSIONS

RBPs are involved in pathologies of glomeruli and kidney tubules,
given the central role they play in RNA metabolism and cell biology,
and may be involved in diabetic microangiopathy. It is only recently
that this field has been gaining attention in studies on nephrology,
so there are likely to be many discoveries. Microangiopathy is one
of many disorders where understanding how RNA interacts with
proteins can provide new therapeutic options as well as improve
understanding of the disease. Using new techniques to capture
RBPs as well as their target RNAs, this therapeutic potential would
provide an unprecedented opportunity for microangiopathy re-
search. In the field of DR, research has been relatively scarce, which
leaves plenty of room for future study. A significant potential target
for treating diabetic microangiopathy appears to be RBPS.
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