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Novel role of microRNAs in renal ischemia reperfusion injury
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Department of Physiology, Ardabil University of Medical Sciences, Ardabil, Iran

Abstract

Renal ischemia reperfusion injury (IRI) contributes to the development of acute kidney injury
(AKI). Several processes are involved in the development of renal IRl with the generation of
reactive oxygen species, inflammation and apoptosis. MicroRNAs (miRNAs) are endogenous,
small and noncoding RNAs that repress gene expression of target mRNA in animals post-
transcriptionally. miRNA-mediated gene repression is a major modulatory mechanism to
regulate fundamental cellular processes such as the cell cycle, proliferation, growth, and
apoptosis, which in turn have pivotal influences on pathophysiological outcomes. Recent
studies have revealed the pathogenic roles played by miRNAs in many renal diseases, such as
IRI, AKI and renal carcinoma. In addition, the majority of miRNAs identified appear to be
differentially expressed, probably to quell the injury response by modulating inflammation,
apoptosis and proliferation and may point us toward new pathways that can be targeted to
regulate or prevent renal IRl. They may represent novel diagnostic biomarkers of renal IR injury.
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Introduction

Ischemia (cessation of blood flow), followed by reperfusion
(re-establishment of blood flow), causes injury to tissues.
Reperfusion is essential for preventing ischemic cell death.
However, reperfusion contributes to cellular injury—a phe-
nomenon known as reperfusion injury—which is associated
with the return of oxygen. Therefore, ischemic injury is
precipitated by a lack of oxygen, while reperfusion injury is
associated with the return of oxygen. Thus, ischemia reperfu-
sion (IR) contributes to major tissue dysfunction associated
with many diseases."

Ischemia reperfusion injury (IRI) results in the clinical
syndrome of acute kidney injury (AKI), a common clinical
problem. The initial hypoxic injury and reperfusion leads to
activation of immune responses, resulting in tissue damage.
After injury, a repair process involving cellular proliferation
must occur to regain kidney function. Also, IRI is inevitable in
renal transplantation and contributes to renal transplant
dysfunction and changes in renal transplants that affect
outcome. However, the pathogenesis of renal IRI is not fully
understood.”

IRI in tissues and organs leads to the progress of ischemic
diseases, including stroke in the brain and myocardial
infarction. In kidneys, IRI is a main cause of acute renal
failure (ARF). The pathogenesis of IRI is complex and
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involves a marked inflammatory response.” It stimulates renal
proximal tubules to increase production of pro-inflammatory
cytokines and chemokines. Also, inflammation can take place
with ARF and a recruitment of circulating inflammatory cells
may occur. Thus, with renal cytokine efflux into the systemic
circulation, external tissue injury may result.*

It has been recognized that the loss of functioning tubular
epithelial cells in kidney IRI is caused by both necrosis and
apoptosis. In the kidney, Bcl2 is a major cell survival or
development proto-oncogene. In fetal renal development, the
distribution of apoptotic cells is inversely correlated with Bcl2
expression. In renal IRI, Bcl2 expression highly increases in
the distal tubules and is associated with increased survival of
both the distal and proximal segments at acute phases. After
renal injury, Bcl2 expression is increased in regenerating
proximal tubule cells.’

Reactive oxygen species in renal IRI

Reactive oxygen species (ROS) play an important role in the
pathology of renal IRI. ROS production has been implicated
in necrosis and apoptotic cell death in IRI. Oxidative stress
causes lipid peroxidation and ATP depletion.® High levels of
ROS can oxidize many cell constituents, including proteins,
DNA and lipids, and impose a threat to cell integrity.
Cells have evolved many defense mechanisms to cope
with oxidative stress, among which autophagy plays a main
role. There is accumulating evidence for specific autophagic
processes in response to ROS. These include: (1) chaperone-
mediated autophagy, proposed to exhibit higher efficiency in



1074 8. Banaei

degrading oxidized proteins than their unaltered counterparts,
(2) autophagy in plants, demonstrated to act in the degrad-
ation of oxidized proteins after sever oxidative stress, and (3)
the degradation of mitochondria, termed mitophagy, sug-
gested to decrease the potential oxidative damage caused by
defective mitochondria. ROS are important both in protein
aggregate formation and in autophagy.” Members of the small
heat shock protein (HSP) family (the HSP20 family), which
includes HSP25/27 are molecular chaperones involved in
increasing tolerance to cytotoxic stresses, also, they may
possess anti-apoptotic functions.® ROS play an important role
in the pathogenesis of renal failure and renal IRI. ROS
such as hydrogen peroxide (H202) and superoxide-elicited
expression changes of multiple genes are responsible for
ROS-mediated cell injury responses such as necrosis and
apoptosis.’

MicroRNAs

MicroRNAs (miRNAs) are recently discovered endogenous,
small, single stranded noncoding RNAs of approximately 22
nucleotides. They post-transcriptionally modulate gene expres-
sion by hybridization to messenger RNA (mRNA), leading to
translational degradation or repression of the target mRNA.
The mature miRNAs bind to the 3’ untranslated region (UTR)
of their mRNA targets and negatively regulate gene expression
via degradation or translational inhibition. MiRNAs have
emerged as one of the central players of gene expression
modulation.'®!'!

About 700 miRNAs have been identified in humans. As a
group, miRNA may regulate at least 30% of the genes in a
cell. Estimates demonstrate that miRNAs may modulate up to
one-third of the mammalian genome. Although a large
number of miRNAs have been discovered only a few target
genes have been identified and the functions of most of them
remain unknown. Also, they may be involved in the regulation
of almost all cellular functions, such as cell growth, differ-
entiation, mobility and death (necrosis and apoptosis). Thus,
they could be the pivotal regulators in physiology, disease and
development. Although miRNAs characterize new gene
expression regulators at the translational level, the effects of
ROS on miRNA expression and the roles of miRNAs in ROS-
mediated gene regulation are unclear. The expression changes
of miRNAs after ROS stimulation could be important in ROS-
mediated modulations of signaling transduction pathways and
gene expression.” Dys-regulated miRNA expression has been
reported to be involved in the brain and heart IRI. However,
the endogenously synthesized miRNAs have been indicated to
be protective following IR injury.'®

Cell- and tissue-specific expressions are major characteris-
tics of miRNA expression. Indeed, one miRNA may be highly
expressed in one cell or tissue, but has no or low expression in
other cells or tissues. For example, miR-1 is reported to be a
heart-specific miRNA, whereas miR-145 is a vascular smooth
muscle cell-specific miRNA. The tissue-specific miRNA
expression and tissue expression signatures of diseases have
provided a major diagnostic opportunity for different diseases.
The studies have recently revealed that miRNAs exist in
circulating blood. In addition, cancer tissue miRNAs are able
to be released into circulating blood and serum can be used as
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novel biomarkers for different cancers. Therefore, a quantita-
tive method to measure the amount of a miRNA in blood has
been established. For example, a quantitative method to
measure the serum level of miR-1 was established based on
quantitative real time-PCR technology.'?

Diverse diseases have different miRNA expression pro-
files. However, diseased tissues are difficult to obtain under
disease conditions. But, miRNAs are able to be released into
circulating blood from tissues. Recent reports have revealed
that circulating miRNAs released from tissues are stable due
to binding with other materials.'® Thus, circulating cell-free
miRNAs can be used as novel biomarkers for diverse cancers.
miRNAs in the peripheral blood have been proven to be
useful biomarkers for diseases such as liver injury and
cancer.'?

miRNAs in renal IR injury

miRNAs, by regulating gene expression, play important roles
in different cellular and physiological activities."> miRNA
expression is frequently altered, in human diseases, contribut-
ing to pathogenesis.'* The role of miRNAs in the modulation
of renal physiology and pathology has emerged as an
important area of research.'”> The studies on the miRNAs in
diverse renal diseases may lead to emerging of new diagnostic
tools and therapeutic interventions. In this review, we aim to
discuss the roles of miRNAs in renal IR injury and identify
research directions in this field. A role for miRNAs in renal
disease is rapidly emerging; several hallmarks of IRI, such as
fibrosis, apoptosis, epithelial mesenchymal transition and
Toll-like receptor (TLR) signaling are regulated by miRNAs
in other settings. Also, recent studies have indicated a role for
miRNAs in the regulation of hepatic and cardiac IRI. It is
hypothesized that miRNA expression patterns may act as a
biomarker of renal injury.'®

Recent studies propose that miRNAs function in various
cellular processes, such as cell differentiation, metabolism
and apoptosis. Researches show that miRNAs cause protec-
tion against renal IRI, apparently through mechanisms
involving up-regulating anti-apoptotic genes and repression
of apoptotic genes. Many researchers have identified some
miRNAs that are involved in renal disease. According to
previous studies, the expression profile of miRNAs appears to
be tissue specific.!” There is evidence for the potential role of
endogenously synthesized miRNAs in renoprotection follow-
ing IR injury. miRNAs have many advantages over other
exogenous agents. For example, they are natural cellular
products therefore, nontoxic to cells. MiRNAs can be induced
in vivo under natural conditions, such as hyperthermia. Due to
their short length, they can easily move across and around
sub-cellular structures. Thus, identifying the role of endogen-
ously synthesized miRNAs in protective pathophysiological
stimuli including heat shock, ischemic and by pharmaco-
logical means may open up novel strategies to protect the
kidney in patients with renal failure.'’

miRNAs in AKI

Renal IR is a common problem during renal transplantation,
leading to renal dysfunction and AKI. AKI is associated
with high mortality rates with few effective treatments.
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The discovery of miRNAs as pivotal modulators of cell
activities proposes the involvement of miRNAs in the
pathogenesis of diverse renal diseases, such as chronic and
acute renal diseases. AKI is associated with increased risk of
chronic kidney disease (CKD).'® Despite decades of investi-
gation, novel and effective therapeutic approaches for AKI are
still lacking. Recent findings have discovered the role of
miRNAs in AKI. These studies raise hopes for effective
diagnostic and therapeutic strategies.

The first finding for a pathogenic role of miRNAs in AKI
was indicated by using a conditional Dicer-knockout model, in
which Dicer was ablated specifically from renal proximal
tubular cells.® Dicer is the enzyme responsible for the
processing of pre-miRNAs into mature, functional miRNAs.
Genetic ablation of Dicer leads to global depletion of
miRNAs.' Mice in this model demonstrate normal renal
development, and function. However, when challenged by
renal IR, the conditional Dicer-null mice are resistant to the
ensuing AKI compared with their wild-type littermates.> Better
renal function significantly improved animal survival of Dicer-
deficient mice provides compelling evidence for a pathogenic
role of Dicer and associated miRNAs in ischemic AKI.

The microarray analysis has showed significant expression
changes in multiple miRNAs after renal IR injury. Notably,
while some miRNAs are induced, others are down-regulated
in damaged tissues. However, while some miRNAs change
only at one time point, other miRNAs indicate a continuous
change during reperfusion.’ Also, Godwin et al.,'® by miRNA
microarray, showed miRNA expression changes during renal
IR in C57BL/6 mice. However, the miRNAs species (e.g.,
miRNA-132, -362, -379, -668 and 687) that indicate signifi-
cant changes in these studies™'® do not overlap. By analysis of
specific miRNAs and profiling of miRNA expression, future
researches are expected to indicate miRNA changes in
different models of IRI, resulting in the identification of
potential targets for therapeutic intervention.

miRNAs as diagnostic tools in renal IR injury

In recent years, there is a major thrust to identify novel
biomarkers for renal IR. Renal IR contributes to the
development of ischemic AKL?° miRNA studies in diverse
renal diseases have demonstrated not only that miRNA
expression is differentially modulated but also that the
expression pattern itself could be an effective tool for disease
diagnosis. The changes of miRNAs in renal IR, tissue-specific
expression patterns, methods of miRNA analysis, and their
presence in urine and blood make miRNAs ideal candidates
as renal disease biomarkers.*'*?

Microarray analysis needs to be repeated with samples
from separate experiments for better identification of miRNA
expression. In addition, the miRNAs identified from the
microarray analysis to the study need to be subjected to
further verification individually by real-time PCR analysis.
Also, the real-time PCR technique used for miRNA detection
is not well standardized, therefore it is useful to confirm the
real-time PCR results using other techniques like Northern
blot analysis.23 Thus, one of the most areas of emphasis in
future investigations is identifying the functional significance
of individual miRNAs in specific kidney diseases.
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MicroRNA-1

MiRNA-1 (miR-1), among the known miRNAs, is believed to
be expressed in skeletal and cardiac muscle tissues. It can
modulate myogenesis by controlling distinct aspects of the
differentiation process. MiR-1 had been suggested to be
involved in modulating apoptosis. The miR-1 level increased
in response to oxidative stress and this increase decreased the
levels of two anti-apoptotic molecules, HSP60 and HSP70,
without changing their transcript levels. Apoptosis plays a
crucial role in IRI and the apoptosis rate decreases in miR-1
overexpression cells. There is interaction between miR-1 and
Bcl2.'" Bel2 is an important regulator of apoptosis, and it is a
cell death inhibitor. There are many apoptosis modulating
mechanisms, which are associated with Bcl2. Recent studies
have verified that repression of Bcl2 by miR-1 is probably one
of the mechanisms underlying their modulation of apoptosis
versus survival. Studies revealed pathological elevations of
miR-1 levels in conditions favoring apoptosis (oxidative stress
and ischemia reperfusion). These findings could help us better
understand IR pathology and promote effective treatments.''

MiR-1 is the most abundant miRNA in heart and it is a
heart-specific miRNA. Cardiac tissue miR-1 is associated in
the pathogenesis of cardiac diseases. The trace amount of
miR-1 released into the circulating blood under physiological
conditions may be responsible for the low basal serum level of
miR-1. However, after acute myocardial infarct (AMI), serum
miR-1 levels were rapidly increased. These findings suggest
that serum miR-1 is a novel sensitive biomarker for AMI.
Using circulating cell-free miRNAs as diagnostic biomarkers
may represent a new revolution in heart diseases.'?

MicroRNA-21

MiR-21 is found to be an anti-apoptotic miRNA, although its
anti-apoptotic effect is cell specific. For example, miR-21 has
a strong anti-apoptotic effect on cancer cells. Also, miR-21
has an apoptotic effect on cardiac cells induced by hydrogen
peroxide.”* The studies identify induction of miR-21 through
both cell-intrinsic and extrinsic pathways as pivotal in
preventing tubular epithelial cell apoptosis. Recent data
propose that relatively few miRNAs are regulated after IRI.
miRNAs identified as differentially modulated were not
derived from either affected by NK cells or lymphocytes
infiltrating the renal. Therefore, the results show the miRNA
profile identified reflects lymphocyte-independent changes in
the renal after IRI. MiR-21 plays a role in several processes
that occur as a result of IRI. MiR-21 expression was
up-regulated in proliferating tubular epithelial cell (TEC).'®

Induction of hypoxia or IR in TEC resulted in up-
regulation of miR-21, and an up-regulation of Bcl2. In
cultures, knockdown of miR-21 resulted in an increase in
apoptosis, whereas over-expression of miR-21 led to
decreased apoptosis. The results show that though up-
regulation of miR-21 may modulate proliferative responses
in TEC by regulating Bcl2 and thereby prevent apoptosis, the
level to which miR-21 modulates expression of these gene
products, is not sufficient to prevent apoptosis resulting from
ischemia. Therefore, miR-21 may play a role in the cellular
responses to injury, although it is not sufficient to prevent
apoptosis resulting from severe damage.'®
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TGF-B plays an important role in renal IRI. The studies
suggest that miR-21 expression in TEC is induced as a result
of TGE-p signaling. Also, in the kidney, TGF-f signaling, as
well as hypoxia or ischemia, probably mediates fibrosis
through their effect on miR-21 expression. TGF-f affects
miR-21 expression by increased processing of pri-miR-21. In
TEC, TGF-f stimulation and IR lead to increased processing
of pri-miR-21. In renal undergoing IRI, pri-mir-21 was
up-regulated at early time-points, although miR-21 was up-
regulated at all time points. Thus, the studies suggest a role
for miR-21 in renal IRI, up-regulation of miR-21 in vascular
smooth muscle cells has been correlated with increases in
Bcl2. However, miR-21 expression is inversely associated
with Bcl2 expression in breast cancer. These data indicate that
the relationship between miRNA expression and function may
be cell or tissue type dependent as well as mechanistically
distinct.'®

Three miRNAs (miR-21, miR-200 and miR-205) are up-
regulated following muscle IRI. Ischemia for 1h is sufficient
to induce the expression of miR-21 and miR-200 during the
reperfusion phase. Also, 2h of ischemia are required to
induce the expression of miR-205. MiR-200 and miR-205 are
regulated after ischemia but their expression pattern changes
after reperfusion, indicating their temporal expression during
IRI. The expression of miR-21 gradually increases after IRI.
These findings imply an important role of miR-21 during IRL.
In addition, miR-21 has been reported to have anti-apoptotic
properties in cancer cells, and protects against the hydrogen
peroxide-induced injury after IR injury.'”

MicroRNA-146

Toll-like receptor 4 (TLR-4) signaling plays an important role
in renal IRI and results in NF-kf activation. MiR-146a
expression may lead to down-regulation of TLR signaling
which may be required to resolve inflammation and induce
repair after IRL'® Also, the results show that miR-146a/b
expression could be induced by stimulation with TNFo and
IL-1B, which implies that miR-146 mRNA are expressed in
synovial fibroblasts in response to TNFo and IL-10. Primary-
miRNA analysis found elevated miR-146a/b expression in
the CKD, and this expression increased with the development
of CKD. Thus, miR-146a is a CKD-associated miRNA.
Microarray and primary-miRNA expression analyses revealed
that miR-146a showed the highest expression level in the
kidneys of the aged CKD model. Studies, with real-time PCR
analysis, clarified that the expression of miR-146a increased
with aging. It is strongly suggested that the main source of the
increased miR-146a expression in CKD kidneys is interstitial
infiltrating cells, especially those of the monocytic lineage.
Therefore, miR-146a is an important regulator of local
chronic inflammation.?

miR-146 is a known negative regulator of the type I
interferon (IFN) and TLR-4 signaling pathway. Taganov
et al.° reported that miR-146a/b is induced in response to
lipopolysaccharide and proinflammatory mediators and miR-
146a induction is regulated by NF-xB. They found that miR-
146a/b targets were TNF receptor-associated factor 6
(TRAF6) and IL-1 receptor-associated kinase 1 (IRAKI)
genes and concluded that miR-146 plays a role in fine-tuning
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Figure 1. MiR-146a negatively regulates signal transduction pathways
leading to NF-kf} activation.

innate immune responses by negative feedback, including
down-regulation of TRAF6 and IRAKI1 genes (Figure 1).

Other MiRNAs (miR-29, miR-199a, miR-223, miR-320,
and miR-494)

MiRNAs play critical roles in diverse diseases by altering
transcription of important genes. The recent studies showed
that miR-29 is involved in IR injury; inhibition of miR-29 by
anti-sense inhibitors reduced cell death induced by IR injury.
Thus, the findings show an anti-apoptotic effect of miR-29
inhibition in IR injury; down-regulation of miR-29 by
antagomir limits apoptosis in the risk area in IRI.%’

Recent findings suggest regulatory role of miRNAs in
divers liver diseases, including hepatitis, hepatic IRI and
toxin-induced liver injury. miR-223 has a potential role in
liver disease, the expression of this miRNA was observed in
liver IR. Ischemic livers were associated with up-regulation of
miR-223 expression, also this expression was observed to be
positively correlated with the severity of IR injury. Acyl-CoA
synthetase long-chain family member 3 (ACSL3) is a member
of the enzyme family that catalyzes the synthesis of acyl-CoA
using long-chain fatty acids, CoA, and ATP as their
substrates. Up-regulation of miR-223 expression in ischemic
livers may result in inhibition of ACSL3, thereby reducing
synthesis of acyl-CoA. These results provided evidence that
miR-223 may be involved in the process of liver IR injury.?®

A unique aspect of miRNA function, serving as molecular
switches that trigger a rapid change in gene expression in
response to a stimulus. For example, miR-199a is sensitive to
low oxygen levels in IR and is quickly reduced to undetectable
levels, thereby releasing miRNA targets from its inhibitory
effect. In addition, after longer periods of ischemia or
hypoxia, miR-199a precursor starts to accumulate, suggesting
that its transcription and primary transcript processing are
unaffected by hypoxia. Recent studies suggest that selective
miRNA stability and processing of the stem-loop are subject
to modulation in response to external stimuli.*’

MiR-320 is an IR-related miRNA. Knockdown of endogen-
ous miR-320 expression reduced apoptosis induced by IR,
while overexpression of miR-320 increased sensitivity to
IR-triggered cell death. Therefore, at the cellular level, both
loss of function and gain of function indicate that miR-320 is
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a negative regulator of protection against IR injury. HSP20 is
one of miR-320 targeted proteins; it is mostly up-regulated in
hearts upon ischemic conditions. This suggests that HSP20
may play an important role in cellular stress-resistance and
development of tolerance as an adaptive response after
exposure to different stimuli. Down-regulation of miR-320
might represent an important adaptive mechanism to up-
regulate the expression levels of HSP20 during the IR;
previous reports have shown that HSP20 protects against IR,
inhibits platelet aggregation and regulates vasorelaxation.
Thus, knockdown of miR-320 provides protection against
IR-induced apoptosis by targeting HSP20, a well-studied
protector.30

The studies demonstrate that increased miR-494 levels
protect against IR-triggered injury. miR-494 targeted not only
pro-apoptotic proteins, but also anti-apoptotic proteins. MiR-
494 may constitute a new therapeutic agent for the treatment
of IRI. MiR-494 overexpressing hearts were resistant to IR
injury, whereas knockdown of endogenous miR-494 showed
the opposite effect. MiR-494 as an anti-apoptotic MiRNA acts
via activation of the Akt-mitochondrial signaling pathway.
Thus, administration of miR-494 may introduce the newest
prospect for the management of ischemic heart disease.”’

MiRNAs and nitric oxide synthase

Recent studies propose that whole body heat shock leads to
synthesis of several miRNAs, which lead to protection against
IR injury. miRNAs induced by IR injury play a major role in
protection against IRI; the induced miRNAs cause the up-
regulation of endothelial nitric oxide synthase (eNOS), and
HSP70 that are implicated in the delayed phase of IRI. These
miRNAs can induce HSP70, which may play a role in ischemic
tolerance. It is known that miRNAs function as inhibitory
mechanisms of gene expression and it is possible that
suppression of genes participating in injurious processes
during IRI may underlie miRNA-induced protection. The
protection observed against IRI suggests that action of several
miRNAs (miR-1, miR-21, and miR-24) may have been
responsible for the increased expression of HSP70 and
eNOS.*? It was reported that ischemic preconditioning up-
regulates miR-1, miR-21, and miR-24. Injection of these
miRNAs induces eNOS and HSP70. The findings reveal a
pivotal role for specific miRNAs in the control IRI-induced
cell death. Inducing these miRNAs by pharmacological
approaches are safe methods for protection against IR injury.?’

Erythropoietin

Erythropoietin (EPO), a glycoprotein, is produced by kidneys.
Recombinant human EPO has been used to treat anemia in
clinical, and EPO induce cytoprotection via its receptor
expressed in tissues against IR injury in different organs
including heart, kidney and brain. Endogenous EPO is
produced by renal fibroblasts, and EPO receptors are
expressed on mesangial, endothelial and TECs. EPO admin-
istration before ischemia decreases tubular injury and
improves renal function. Also, EPO treatment prior to IR
increases Bcl2 protein, reduces tubular epithelial apoptosis
and caspase-3 activation, which is associated with HSP70
induction. Caspase-3 plays a major role in inflammation and
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apoptosis. HSP70, a molecular chaperone, decreases stress-
induced aggregation and denaturation of intracellular pro-
teins, which are thought to be the mediators of ischemic
tolerance. Also, HSP70 exerts anti-apoptotic effects.>*=**

EPO plays a pivotal role in the differentiation, proliferation
and maturation of erythroid progenitor cells. Recent
researches show that miR-188, miR-210 and miR-362 were
highly up-regulated in an EPO-dependent human cell line,
UT-7/EPO. In addition, down-regulation of miR-210-induced
apoptosis in UT-7/EPO cells. Also, it was recognized that
miR-210 was markedly expressed in erythroid cells derived
from fetal liver cells. EPO stimulation induced the expression
of these miRNAs in UT-7 cells. Thus, these findings showed
that the expression of miR-188, miR-210 and miR-362 could
be involved in EPO-dependent mechanisms. These miRNAs
could be novel members of this erythropoiesis-regulating
miRNA family. Also, miR-451 was indicated to accumulate to
very high levels in red blood cells and was involved with
erythroid maturation. Therefore, the studies on miRNAs in
erythroid cells may be useful tools for prognosis and
diagnosis in hematological disorders.*

Melatonin

Melatonin (MEL), n-acetyl-5-methoxytryptamine, is secreted
by the pineal gland. MEL has been known to act as a
synchronizer of the biological clock and has several thera-
peutic effects, including anti-oxidant, anti-inflammatory
effects and immunomodulatory actions. MEL reduces the
IR-induced liver, heart, kidney, and brain injury in rats. These
effects of MEL are related to scavenging of a variety of toxic
oxygen and nitrogen-based reactants and stimulation of anti-
oxidative enzymes.%’37 In addition, MEL has an anti-cancer
function including suppression of the metabolism of tumor
cells and induction of tumor suppressor genes in cancer cell,
for example, breast cancer cells. MEL is reported to modify
the expression of a number of genes in breast cancer cells,
suggesting the pivotal role of MEL in alteration of miRNA
expression.

The anti-proliferative effects of MEL have been docu-
mented in other tumor types, including ovarian, prostate, and
liver cancer. The differential expression of miRNAs is
associated with concentration of MEL. Thus, MEL shows
differential modulation of miRNA expression according to the
concentration. For example, treatment with 1nM MEL
resulted in down-regulation of expression of targeted genes
related to cell growth and differentiation and up-regulation of
expression of targeted gene related to signal transduction and
apoptosis. Therefore, the anti-cancer effects of MEL may
involve a change of miRNAs expression.’® Also, miRNA
expression can mediate the anti-proliferative action induced by
physiological levels of MEL in breast cancer. These results
prompt the possible use of expressed miRNAs as new targets
for use in research anticancer effects of MEL.*®

Conclusion

In kidneys, there are different types of cells which may be
affected in diverse renal diseases. However, to understand the
pathophysiological role played by one miRNA, it would be
necessary to identify the cell type that expresses the miRNA
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in a disease condition. The model of transgenic animals with
conditional overexpression or knockdown of a miRNA might
provide the best model to evaluate the function and modu-
lation of miRNA in renal diseases. Identifying the functional
significance of a change in miRNA modulation and its target
genes under a certain condition can be very difficult because a
single protein can be targeted by several miRNAs and a single
miRNA can target several proteins. Though we have not yet
determined how alterations in the miRNAs observed to be
differentially modulated functionally affect the renal as
response to injury, we propose that the profile of miRNA
expression observed after renal IR injury reflects a survival
response. Moreover, although miRNA modulation of renal IR
injury is an exciting emerging field of research, it is important
to generate a coherent picture of the miRNAs, alterations in
renal diseases, their targets, and pathophysiological roles,
which provides a comprehensive study of the pathogenesis
and leads to the development of new therapeutics. As a note,
the majority of miRNAs we identified appear to be differen-
tially expressed, probably to quell the damage response by
modulating apoptosis and proliferation and may point us
toward new pathways that can be targeted to regulate renal
IRI. If the miRNAs we identified as being differentially
expressed can be identified to play a role in these processes
in vivo, they may represent novel biomarkers of renal IR
injury.
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