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microRNA cascade in diabetic kidney disease
Big impact initiated by a small RNA
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microRNAs and Diabetic Kidney
Diseases
MicroRNAs (miRNAs) are short noncoding RNAs that regulate gene expression at the post-transcriptional level by
blocking translation or promoting cleavage of their target mRNAs.1 Almost 1,000
human miRNAs have been identified that
target and downregulate at least 60% of
human protein-coding genes expressed
in the genome.1 Accumulating evidence
suggests that miRNAs play important
roles in various diseases including cancers,2 diabetes and kidney dysfunction.3
In particular, key miRNAs were upregulated in the kidneys of diabetic mice.4-6
Furthermore, podocyte-specific deletion
of Dicer, an essential enzyme involved in
the processing of miRNAs, led to progressive renal glomerular and tubular damage
in mice.7 Diabetic nephropathy (DN) is
a progressive kidney disease and one of
most common complications in diabetes.
It is characterized by glomerular basement
membrane thickening, mesangial expansion (hypertrophy), extracellular matrix
(ECM) accumulation and podocyte dysfunction.3 Transforming growth factor-β1
(TGFβ) is increased in renal cells during
DN progression and has been implicated
in these events.3 miR-192, a miRNA highly
expressed in the kidney, was increased in
the renal glomeruli of diabetic mice and in
glomerular mesangial cells (MC) treated
with TGFβ, and could induce type I
collagen alpha2 chain (Col1a2) gene by
inhibiting ZEB1 and ZEB2 (E-box repressors).3-5 In another study, miR-377 could
increase fibronectin in MCs by targeting
PAK1 and MnSOD.6

TGFβ
also
activates
the
Phosphatidylinositol-3-kinase (PI3K)/Akt
kinase pathway in MC4,8-10 and this signaling has been implicated in its cell survival
and fibrotic responses such as collagen and
fibronectin expression. Akt kinase activated by TGFβ phosphorylates several
downstream proteins, including mTOR,
GSK3-β and Forkhead (FoxO) transcription factors to control cell growth, survival,
oxidant stress and protein synthesis.4,8-10
One mechanism by which TGFβ activates Akt is via direct interaction of TGFβ
receptor and PI3K.11 This explains the
quick (within 5 min) modest activation.
Very recently another miRNA-dependent
mechanism was described. This involved
the upregulation of a miRNA cluster (miR216a and miR-217) targeting PTEN (phosphatase and tensin homologue)4 which can
explain the late (6~24 hr) robust activation
of Akt by TGFβ (Fig. 1A). These TGFβ
triggered miRNA circuits and downstream
signaling could result in enhanced ECM
accumulation, hypertrophy, cell survival
and oxidant stress related to the pathogenesis of kidney diseases such as DN.
miRNA Cascade in Diabetic
Kidney Diseases
Multiple miRNAs induced in the kidney under diabetic conditions might cooperate to promote renal dysfunction.
Interestingly, miR-216a and miR-217 lie
in the second intron of a non-coding RNA
(RP23-298H6.1-001, RP23) located in
mouse chromosome 11.4 miR-216a and
miR-217 were expressed along with RP23
and induced by diabetic conditions or
TGFβ. The RP23 (miR-216a and miR-

217) promoter was activated by TGFβ and
also by miR-192 through E-box-regulated
mechanisms as shown in Co1a2 gene
regulation.5 Since E-boxes are also present
in the upstream genomic regions of the
miR-200 family (miR-141, -200a, -200b,
-200c, -429), miR-200 family members
may also themselves be regulated by ZEB1
and ZEB2.12 It is possible that the miR-200
family upregulated by TGFβ or in diabetic
glomeruli under early stages of diabetes can
also regulate collagen expression by targeting and downregulating E-box repressors.3
miR-192 as initiator might transmit signaling from TGFβ to upregulate miR-200
family members, which subsequently could
amplify the signaling by further regulating
themselves and also the miR-216a and miR217 cluster and Col1a2 gene through downregulation of E-box repressors (Fig. 1A).
Reports show that miR-192 and the
tumor suppressor p53 enhance each other
and induce cyclin-dependent kinase inhibitor p21-mediated cell cycle arrest, but not
apoptosis in cancer cells.13 miR-192 can
activate the promoter of the anti-apoptotic
Survivin gene,14 and also inhibit apoptosis
through Akt activation via inhibition of
PTEN targeted by miR-216a and miR217.4 miR-192 might also promote glomerular hypertrophy by activating p21 and
p53 pathways (Fig. 1A). Therefore, the signaling cascade initiated by relatively small
changes in a small RNA (miR-192) may
have profound consequences in the diabetic
kidney.
Balance and Fine Tuning
As mentioned above, miR-192 seems to
regulate two opposite cellular processes.
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Figure 1. Signaling pathways initiated by miRNAs and TGFβ in diabetic kidney diseases. (A) miRNA cascade initiated by miR-192 uregulated by TGFβ
in the diabetic kidney. (B) miR-192 as a double-edged sword. (C) miR-192 as an oncogene in p53 deficient cells. (D) miR-192 as a tumor-suppressor in
PTEN deficient cells.

One is inhibition of PTEN which would
promote Akt activation and cell survival,
while the other is p53 activation which
might promote apoptosis and cell cycle
arrest (Fig. 1B). Since Akt inhibits apoptosis, while p53 induces apoptosis as well
as cell cycle arrest, miR-192 probably
induces only cell cycle arrest. This could
be a defense (anti-apoptotic) mechanism to protect kidney cells from stress
signals. However, in cancer cells which
have mutations of p53 (Fig. 1C), miR192 might only inhibit PTEN and thus
act as an oncogene. On the other hand,
in cancer cells with PTEN mutations
(Fig. 1D), miR-192 might induce only
p53 and thus act as a tumor-suppressor.
This may explain why some cancer cells
depict higher expression of miR-192,
while others depict lower.2,13 Therefore,
miR-192 may be a double-edged sword,
with properties that might also induce
kidney dysfunction. Extremely high
or low levels of these miRNAs might
worsen the situation. As such, a regulated
balance in the expression of this miRNA
(and possibly others) could be important
to maintain MCs in the normal healthy
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state, especially since miRNAs are implicated in the fine tuning of target genes.1
Precise control of key miRNAs (small
initiators) might be the next step for
the treatment or prevention of human
diseases.
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miRNAs are now being evaluated as
therapeutic targets. Since miR-192 actions
seem to enhance other renal miRNAs,
miR-192 could be one such molecular
target for preventing DN. Recently, LNA
(locked nucleic acid) modified antisense
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inhibitors of miR actions in vivo. LNAanti-miR-122 improved hypercholesterolemia in animal models without any
toxicity.15 LNA-anti-miR-192 efficiently
inhibited miR-192 and its downstream
signaling in mouse kidney cortex.4 Such
LNA modified oligonucleotides targeting
specific miRNAs could be tested in animal models for potential use in similar
human kidney disorders.3
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