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Important advances have been made regarding the diagnosis and management of polycystic kidney
diseases. Care of patients with polycystic kidney diseases has moved beyond supportive care for com-
plications and chronic kidney disease to new potentially disease-modifying therapies. Recently, the role of
noncoding RNAs, in particular microRNAs, has been described in polycystic kidney diseases. microRNAs
are involved in the regulation of gene expression, in which PKD1, PKD2, and other genes that contribute
to the pathogenesis of polycystic kidney diseases are considerable participants. Seminal studies have
highlighted the potential importance of microRNAs as new therapeutic targets and innovative diagnostic
and/or prognostic biomarkers. Furthermore, an anti–miR-17 drug has advanced through preclinical
autosomal dominant polycystic disease studies, and an anti–miR-21 drug has already cleared a phase 1
clinical trial. Most probably, new drugs in the microRNA research field will be yielded as a result of
ongoing and planned therapeutic trials. To provide a foundation for understanding microRNA functions as
a disease-modifying therapeutic drug in novel targeted therapies, in this narrative review we present an
overview of the current knowledge of microRNAs in the pathogenesis of polycystic kidney diseases.
© 2020 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION mutations, hepatocyte nuclear factor 1β (HNF1β), which is
After the first discovery of small nuclear RNAs as possible
players in the excision of introns in early 1980s, abundant
discoveries of other classes joined the ranks of noncoding
RNAs (ncRNAs).1,2 The ncRNA genes produce transcripts
that function directly as structural, catalytic, or regulatory
RNAs, rather than express messenger RNAs (mRNAs) that
encode proteins.3 Remarkable work from the past decade
has altered our perception of ncRNAs from “junk” tran-
scriptional products to functional regulatory molecules
that mediate cellular processes, including post-
transcriptional modifications and signal transduction.4

ncRNAs are classified according to their length, localiza-
tion, and/or function into long ncRNAs, microRNAs
(miRNAs), small interfering RNAs, small nucleolar RNAs,
small nuclear RNAs, and PIWI (P-element induced wimpy
testis in Drosophila)–interacting RNAs.5 Collectively, apart
from long ncRNAs comprising various RNA species longer
than 200 nucleotides,6 all the others are known as small
ncRNAs. Among all the small ncRNAs, miRNA is the most
thoroughly studied.

Polycystic kidney diseases (PKDs) are common causes of
kidney failure and represent a heterogeneous group of
kidney disorders defined by the presence of distinctive
fluid-filled epithelial sacs in the kidneys.7 Autosomal
recessive PKD (ARPKD) is the most common type of PKD
in children, in which kidney cysts are noted as part of the
phenotypes of many clinical syndromes with associated
anomalies. However, autosomal dominant PKD (ADPKD)
is most common in adults.

Previous analyses have successfully identified the caus-
ative genes of some PKDs. Mutations in PKD1 are the cause
of almost 80% of cases of ADPKD, whereas w15% of cases
can be attributed to mutations in PKD2, and the remaining
5% to 10% of cases are either genetically unresolved or
result from rare mutations in other loci.7 As one of the rare
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required for the initiation of nephrogenesis and nephron
segmentation in the embryonic kidney, upregulates the
expression of multiple PKD-associated genes, including
PKHD1 and PKD2.8 Of particular note, PKHD1 is a large gene
encoding fibrocystin and is regarded as the primary defect
in ARPKD.9

In recent years, research regarding the detrimental role
of turbulent posttranscriptional regulation in the kidney
cystic phenotypes has emerged.8 miRNAs have been
shown to play critical roles in defining DNA methylation
patterns, including imprinting as well as chromatin
remodeling, thus substantially affecting epigenetic
signaling.10 Therefore, it is important to understand the
mechanisms through which miRNA-mediated post-
transcriptional regulation is involved in kidney cystic for-
mation. Understanding the role of miRNAs will provide a
foundation for future medical interventions and may also
identify diagnostic and prognostic biomarkers that could
lead to better health care for patients. In this review, we
provide an overview of miRNAs and their involvement in
PKDs.
MICRORNAS

The Interplay Between miRNAs and mRNAs

More than 1,000 different miRNAs are encoded by the
human genome. Within the genome, miRNA coding se-
quences are either present in intergenic DNA regions as
independent transcriptional units or located inside introns
or even exons of protein-coding genes.11 Initially tran-
scribed by RNA polymerase II, the primary miRNA folds
back on itself to form at least 1 distinctive hairpin struc-
ture. This structure is cleaved by a heterotrimeric complex
containing 1 molecule of the Drosha endonuclease and 2
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molecules of its partner protein DGCR812 to release a pre-
miRNA. The pre-miRNA hairpin is then exported to the
cytoplasm in which the hairpin is cleaved by Dicer,
another endonuclease, to produce an miRNA duplex. One
strand of the miRNA duplex, the mature miRNA, is loaded
into the guide-strand channel of an Argonaute protein to
form a silencing complex, whereas the other strand is
degraded. Within the free silencing complex, miRNA
nucleotides 2 to 5 are poised to initially interact with target
mRNAs. This pairing usually extends to nucleotide 7 or 8
of the miRNA and occasionally is more extensive. If pair-
ing is extensive enough, the target mRNA can be sliced,
whereas if it is not, the target mRNA can undergo other
types of repression (Fig 1).13

Gene targets of miRNAs in the pathogenesis of PKDs
include the PKD genes and other genes associated with cys-
togenesis or kidney fibrosis (Table 114-36). Accumulating
evidence indicates that reduced polycystin (PC) dosage
encoded by PKD genes promotes cyst growth. Amousemodel
mimicking the hypomorphic PKD1R3277C allele showed the
association of the functional PC1 dosage to disease severity.37

Patients with digenic ADPKD with mutations in both PKD1
and PKD2 had more severe disease phenotypes than mono-
genic familymembers.38 Taken together, these findings from
bothmousemodel and clinical data supported the hypothesis
that the kidney phenotypes and disease severity in patients
with PKDs were PC dosage dependent. Moreover, concom-
itant reduction in the expression of multiple PKD genes could
promote cyst formation.

The Role of the miR-17w92 Cluster
The full regulatory reach of miRNAs in PKDs is yet to be
defined, despite having been thoroughly studied in PKD.
In a Kif3a-KO (knockout) mice model, Ksp/cre-mediated
inactivation of Kif3a resulted in the loss of primary cilia
from renal tubules and the formation of kidney cysts.
miRNA microarray analysis revealed that the miR-17w92
cluster was notably upregulated in Kif3a-KO kidneys,
whereas in the same research, double-knockout mice
(Kif3a-miR-17w92-KO) showed reduced cyst growth
compared with single Kif3a-KO mice. Furthermore, in
other forms of PKD, expression of the miR-17w92 cluster
was uniformly increased in cystic kidneys. These models
vary from Pkhd1/cre;Pkd2F/F mice (F/F, a type of condi-
tional knockout mice via a Cre-lox recombination system),
an orthologous model of ADPKD, Pkhd1−/− mice, an
orthologous model of ARPKD, to Pkhd1/cre;Hnf-1βF/F

mice, an orthologous model of kidney cysts and diabetes,
compared with their respective controls.14 An in vivo anti-
miR screening was performed to identify the miRNA drug
targets within the miR-17w92 cluster. They revealed that
after treatment with the anti–miR-17 drug, multiple in-
dexes regarding either kidney function, kidney injury
markers, or cyst proliferation indicated dramatic
improvement in the mice model. They also speculated that
anti–miR-17 treatment attenuated cyst growth by
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improving cyst metabolism and inhibiting cyst-associated
inflammation. Pivotal evidence hardwired to Pparα and
Ppargc1α expression, proteins in the mammalian target of
rapamycin (mTOR) pathway, expression of cytokines
Tgf2, Ifng, Ccl5, Ccl22, IL6, and Mip2, as well as
expression of Arg1 and Mrc1, was provided.15,39

Further studies have corroborated the efficacy of a short
oligonucleotide inhibitor of miR-17. Currently on a partial
clinical research hold by the US Food and Drug Adminis-
tration, RGLS4326 was discovered due to its optimal
pharmaceutical properties. This inhibitor preferentially
distributes to collecting duct–derived cysts, displaces miR-
17 from translationally active polysomes, and de-represses
multiple miR-17 mRNA targets including PKD1 and PKD2,
thus attenuating cystic cell growth.40

miR-20b-5p and miR-106a-5p are 2 members of the
miR-17 family. The RNA analysis from kidneys in
PDK2f/f:HoxB7-Cre mice or from mouse cell lines such
as inner medullary collecting ducts with a knockdown
of PKD2 suggested downregulation of miR-20b-5p and
miR-106a-5p. It was speculated that this down-
regulation was associated with increased levels of
Klf12,41 a DNA-binding transcriptional regulator with
diverse functions in a multitude of cellular processes
including proliferation, differentiation, and inflamma-
tion.42 This may signify a potential downstream target
of the miR-17 family and pave a way for prospective
in-depth research.

The Role of miR-199
miR-199 has been implicated in a large variety of cellular
and developmental mechanisms, including the develop-
ment and progression of various cancers, cardiomyocytes
protection, and skeletal formation.43 In a rat model of
ADPKD heterozygous (Cy/+), together with human
ADPKD cell lines OX161 and WT9-12, a dramatical
upregulation of miR-199a-5p level was identified, whereas
the transfection of miR-199a-5p inhibitor suppressed
proliferation of cystic cells and induced cell apoptosis in a
reasonable degree. Moreover, miR-199a-5p might exert
this effect through targeting CDKN1C/p57,16 a negative
regulator of cell proliferation by inhibiting G1 cyclin-
dependent kinases.44

The Role of miR-200
ADPKD cystic epithelial cells display an undifferentiated
phenotype and undergo epithelial to mesenchymal
transition changes as part of their phenotype.45 Dysre-
gulation of the miR-200 family (miR-200a, miR-200b,
miR-200c, miR-141, and miR-429) is characteristic of
epithelial to mesenchymal transition,46 which implicates
a role of miR-200 in the pathogenesis of ADPKD. The
transcription factors Zeb1 and Zeb2 are repressors of E-
cadherin gene expression and are known miR-200 targets
in transforming growth factor β–associated kidney
fibrosis.47 However, in a Dicer mutant mouse model,
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Figure 1. microRNA (miRNA) interference. Mature miRNA binds to a specific target sequence within a messenger RNA (mRNA),
leading to mRNA slicing or repression (right) instead of conventional protein synthesis in ribosome (left).
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cyst formation was driven directly by posttranscriptional
repression of Pkd1 through base-pairing with miR-200,
rather than Zeb1- or Zeb2-dependent mechanisms.17 And
not coincidently, an independent study showed that
miR-429, an miR-200 family member, physically
interacted with Pkd1 30 untranslated region in vivo.48

Taken together, miR-200 possesses an indelible place
in ADPKD, either through the process of epithelial to
mesenchymal transition or direct effect on Pkd1. Or
perhaps there is overlap between these 2 mechanisms,
which is worth exploration.

The Role of miR-9-5p
In previous studies, miR-9-5p was shown to act as an
miRNA with antifibrotic potential in the lung, peritoneum,
and skin.49,50 In a unilateral ureteral obstruction model,
miR-9-5p exerted a protective effect in kidney fibrosis and
provided data supporting a crucial role for metabolic
reprogramming mediating this action. Overexpression of
miR-9-5p prevented tubular epithelial renal cell dediffer-
entiation and reprogramed fibrosis-related metabolic
derangement, with increased levels of fatty acid oxidation
and oxidative phosphorylation.51 The gene Elovl6 is
involved in elongation of long-chain fatty acids.52 In a
Pkd1+/−;Hoxb7-Cre mouse model, bioinformatic analysis
predicted an Elov16-miR-9-5p correlation in the embryonic
development of cysts in ADPKD.18 In ADPKD, expansion of
cysts and loss of kidney function are associated with pro-
gressive fibrosis.53 Although straightforward evidence for
miR-9-5p as an antifibrotic factor in ADPKD is yet to be
discovered, some fascinating results may be anticipated in
the future.
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The miRNAs and Altered Signaling

The cysts in kidneys form in a small percentage (w1%)
of nephrons and eventually detach when the amount of
functional PC1 or PC2 falls below a critical threshold
level. The PC proteins modulate several signaling path-
ways, such as cyclic adenosine monophosphate (cAMP),
mTOR and Wnt,7 and consequently lead to various
cellular changes. These alterations include apical-basal
polarity, planar cell polarity, increased extracellular ma-
trix production, and cellular metabolism, in conjunction
with essential cellular functions such as fluid transport,
proliferation, apoptosis, cell adhesion, and differentia-
tion.54-56

The cAMP-CREB-miR-21-PDCD4 Axis
cAMP signaling has been shown to play a key role in
kidney cyst growth, with evidence showing that cAMP
levels were increased in ADPKD and inhibition of this
pathway slowed cyst growth in both mice and humans.57

A study derived from kidney samples of patients with
ADPKD and orthologous mice models of PKD illustrated
that cAMP signaling transactivated miR-21 promoter and
promoted miR-21 expression.19 cAMP activates protein
kinase A, which then phosphorylates cAMP response
element binding protein (CREB) and promotes its tran-
scriptional activity.58 Bioinformatic analysis has shown
that the miR-21 promoter contains 4 conserved CREB
binding sites, suggesting that cAMP signaling regulates
miR-21 expression. On the contrary, genetic deletion of
miR-21 was shown to reduce cyst burden and kidney
injury and improve survival of an orthologous mice model
of ADPKD. In addition, RNA sequencing analysis and
Kidney Med Vol 2 | Iss 6 | November/December 2020



Table 1. Summary of microRNAs Involved in PKD

microRNA Gene Target Model Phenotype Reference
miR-17w92 Pkd1, Pkd2, Pkhd1, Hnf-1β Kif3a-KO mouse PKD 14
miR-17 Pparα, Ppargc1a KspCre/Pkd1F/RC mouse ADPKD 15
miR-199a-5p CDKN1C Han:SPRD rat ADPKD 16
miR-200 Pkd1, Hnf-1β mIMCD3 cell, Ksp/cre;

Dicer F/F mouse
Hydronephrosis,
kidney cysts,
interstitial fibrosis

17

miR-9-5p, miR-17-5p Elovl6 Pkd1+/−;Hoxb7-Cre
mouse

ADPKD 18

miR-9-5p, miR-15a-5p, miR-
223-3p, miR-181a-5p

Scd1 Pkd1+/−;Hoxb7-Cre
mouse

ADPKD 18

miR-21 PDCD4 Pkd2-KO mouse ADPKD 19
miR-15a Cdc25A PCK rat ARPKD 20
miR-15a Cdc25A Human cholangiocytes

lining liver cysts
ADPKD, ARPKD,
congenital hepatic
fibrosis

20

miR-9a-5p SCNN1B PCK rat ARPKD 21
miR-146b, miR-503, miR-
214, miR-31, miR-34a, miR-
199a-5p, miR-132

Fn1 Pkd/Mhm rat ADPKD 22

miR-30a-5p Adam22, Cpeb3, Hdac9 Pkd1−/−mouse ADPKD 23
miR-200a Calcr, Cpeb3, Pitx2 Pkd1−/− mouse ADPKD 23
miR-10a Calcr, Grap2, Ltbp1 Pkd1−/− mouse ADPKD 23
miR-126-5p Edil3, F2rl2, Fgf10, Mysm1 Pkd1−/− mouse ADPKD 23
miR-182 Edil3, Hdac9, Sox6 Pkd1−/− mouse ADPKD 23
miR-488 Fgfr3 Pkd1−/− mouse ADPKD 23
miR-204 Hdac9, P2rx7 Pkd1−/− mouse ADPKD 23
miR-96 Sox6 Pkd1−/− mouse ADPKD 23
miR-25-3p ATG14 Pkd1flox/−;Ksp-Cre mouse ADPKD 24
miR-214 TLR4 mIMCD3 cell, Pkd2fl/fl

mouse
ADPKD 25

miR-21 Pparα, MPV17L, Reck UUO mouse Kidney injury 26
miR-192 ZEB2 MDCK cell Cyst growth 27
miR-194 CDH2 MDCK cell Cyst growth 27
miR-501-5p PTEN, TSC1 Human cystic (9.7 and

9.12) kidney cell lines
ADPKD 28

miR-182-5p Wasf2, Dock1, Itga4 mIMCD cell, Pkd1f/

f:HoxB7-cre mouse
ADPKD 29

miR-181a BCL2 PKD lymphocyte PKD 30
miR-193b-3p ErbB4 Human cystic (OX161,

OX938, SKI-001, and
SKI-002) epithelial cell,
Cre;Pkd1del2-11,lox mouse

ADPKD 31

miR-20a Pkd1 Dicerfl/fl;KspCre+ mouse Hydronephrosis, renal
failure

32

miR-27a PKIα Bicc1+/− mouse ADPKD 33
miR-365-1 PKHD1 HEK293T cell line — 34
miR-17 Pkd2 HEK293T cell line — 35
miR-15a Cdc25A PCK rat PCLD 36
Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic kidney disease; HEK, human embryonic kidney cell
line; KO, knockout; MDCK, Madin-Darby canine kidney; mIMCD, mouse inner-medullary collecting duct; PCK, a model of polycystic kidney disease and liver disease
that developed spontaneously in the rat strain Crj:CD/SD, whose causative gene is PKHD1; PCLD, polycystic liver disease; PKD, polycystic kidney disease;
Han:SPRD, the causative gene of this strain rat is Pkdr1; UUO, unilateral ureteral obstruction.
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additional in vivo assays showed that miR-21 inhibits
apoptosis of cyst epithelial cells, likely through direct
repression of its target gene programmed cell death 4
(PDCD4)19 (Fig 2).
Kidney Med Vol 2 | Iss 6 | November/December 2020
Wnt/β-Catenin-c-Myc-miR-17w92 Axis
The Myc proto-oncogene coordinates the transcription of a
multitude of genes required for normal cellular growth
and proliferation.59 Important studies have revealed the
765



Figure 2. Cyclic adenosine monophosphate (cAMP)-cAMP response element binding (CREB)-miR-21- programmed cell death pro-
tein 4 (PDCD4) axis. In cystic kidney cells, elevation of phosphorylated CREB protein through activation of protein kinase A (PKA)
has pleiotropic activities. The microRNA-21 (miR-21) gene is identified as a target of this protein, for which the binding site is within
the proximal promoter, thus conferring the transcription of miR-21. Phosphatase and tensin homolog (PTEN) is known as a negative
regulator of the PTEN/phosphoinositide 3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway, whereas PDCD4 is
recognized to inactivate PI3K/Akt signaling to regulate cell growth. Class IA PI3Ks are heterodimeric enzymes containing a p110
catalytic and a p85 regulatory subunit, for which the free monomer variant, p85α, may act as a negative regulator of PI3K signaling
so as to reduce PI3K/Akt activation. As an oncogenic miRNA, miR-21 has been demonstrated to target multiple genes in the mTOR
pathway to induce cell growth in tumor cells, including PTEN, PDCD4, and p85α. However, in cystic kidney cells, only the role of
PDCD4 in the mTOR pathway is revealed to date. RG-012 is a single-stranded chemically modified oligonucleotide that binds to
and inhibits the function of miR-21 for the treatment of Alport syndrome. The finding that miR-21 inhibits apoptosis of cyst epithelial
cells, likely through direct repression of its target gene PDCD4, makes the manipulation of miR-21 expression by miR-21 inhibitors
such as RG-012 a possible therapeutic approach for polycystic kidney diseases. Abbreviations: ATP, adenosine triphosphate; TSC,
tuberous sclerosis complex.
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influence of the Myc proto-oncogene family in the tran-
scriptional regulation of miR-17w92.60 A study found
that increased expression of c-Myc correlated with the
expression of primary miR-17 in Kif3a-KO kidneys, Pkhd1/
cre;Pkd2F/F kidneys, and Pkhd1/cre;HNF1βF/F kidneys
compared with their respective controls.14 Further studies
have shown that c-Myc binds to the promoter of the
miR-17w92 cluster61 and activates its transcription,
which is in line with the previous study and might
suggest upregulation of miR-17w92 in the transcrip-
tional level depending on c-Myc in PKD2 and HNF1β
mutant mice. Myc is activated by various mitogenic
signals such as serum stimulation or Wnt, Shh, and EGF
(via the MAPK/ERK pathway). Interestingly, a previous
study confirmed that canonical wnt/β-catenin signaling
was upregulated and c-Myc expression was increased in
cystic kidneys from Kif3a-KO mice.62 These results
collectively implicated a potential insight into the Wnt/
β-catenin-c-Myc-miR-17w92 axis in the pathogenesis of
PKDs (Fig 3).
766
miR-21-mTOR Axis
Both the cAMP-CREB-miR-21-PDCD4 axis and Wnt/β-
catenin-c-Myc-miR-17w92 axis underlie a role of the
signaling pathways in the generation of miRNAs. Surpris-
ingly, as PKD progresses, the miRNA alterations in the
kidneys can conversely disrupt the network of signaling
pathways. Of note, in another experimental setting relevant
to miR-21, it has been demonstrated that miR-21 targets
multiple genes in themTOR pathway, including PTEN, p85α,
and PDCD4. These bonds later correlated with enhanced cell
proliferation and survival, reduced apoptosis, and auto-
phagy.63 Two small retrospective studies suggest thatmTOR
inhibitor can be effective in limiting kidney and/or liver
enlargement. Through their inhibition of vascular remod-
eling, angiogenesis, and fibrogenesis, mTOR inhibitors may
attenuate nephroangiosclerosis, cyst growth, and interstitial
fibrosis, potentially benefitting PKDs at multiple levels.64

Although a more explicit association between miR-21 and
mTOR pathway in cystogenesis is yet to be found, abundant
results from numerous carcinoma-associated models
Kidney Med Vol 2 | Iss 6 | November/December 2020



Figure 3. Wnt/β-catenin-c-Myc-miR-17w92 axis. In cystic kidney cells, β-catenin escapes from degradation in the “Wnt signal-on”
state. Free cytoplasmic β-catenin translocates to the nucleus and activates the transcription of target genes including c-Myc. c-Myc
protein translocates into the nucleus and binds to the promoter of the microRNA-17w92 (miR-17w92) cluster, leading to its tran-
scription. In the cytoplasm, mature miR-17 binds to messenger RNA of peroxisome proliferator-activated receptor-α (Pparα), a factor
known to regulate the expression of key metabolic genes, which in turn causes reduced Pparα expression and then restrains mito-
chondrial oxidative phosphorylation (OXPHOS) metabolism. Mammalian target of rapamycin (mTOR) activity is modulated by a num-
ber of positive and negative regulators, such as the recruiting of Akt through active phosphoinositide 3-kinase (PI3K), which inhibits
tuberous sclerosis complex (TSC)1/TSC2, thus subsequently removing the inhibitory effect of TSC complex on mTOR and eventu-
ally activating mTOR. mTOR initiates its influence on many downstream proteins, including p70S6K and 4EBP1, resulting in cell
growth. Treatment with RGLS4326 (a novel oligonucleotide designed to inhibit miR-17) remodels the gene expression pattern
and is associated with upregulation of mitochondrial metabolism and suppression of the mTOR pathway because Pparα is released
from repression and expression of mTOR, phosphorylated forms of p70S6K, and 4EBP1 is decreased. These ultimately contribute to
impaired cyst growth.
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exemplified the miR-21–modulated mTOR pathway.65-67

These results in tumorigenesis may pave a way for the
miR21-mTOR axis in PKDs owing to their mutual patho-
physiologic mechanisms regarding cell proliferation and
altered apoptosis.

The miRNAs and Mitochondrial Metabolism

Several main themes have emerged regarding how miR-
NAs may promote PKD progression. Apart from the most
well-known idea that the miRNAs can regulate a network
consisting of PKD genes, the miRNA-mediated rewiring of
mitochondrial metabolism is being progressively unrav-
eled. Cyst expansion in ADPKD seems to be accompanied
by changes in cellular metabolism; namely, an increase
in glucose consumption through aerobic glycolysis and
impaired fatty acid oxidation.68-70 Recently, a study con-
cerning preclinical evaluation of anti-miR-17 oligonucle-
otide RGLS4326 in the treatment of PKD underlay
RGLS4326 treatment was associated with normalization
of metabolism pathways (eg, peroxisome proliferator-
activated receptor-α [PPARα]/retinoid X receptor α
[RXRα]).40 Consistent with this, a previous study observed
that c-Myc upregulated miR-17w92 in cystic kidneys,
which in turn aggravated cyst growth by inhibiting
Kidney Med Vol 2 | Iss 6 | November/December 2020
oxidative phosphorylation and directly repressing the
expression of Pparα.15 This finding subtly confirms the
assumption about the Wnt/β-catenin-c-Myc-miR-17w92
axis discussed and extrapolates this conception to a meta-
bolic layer (Fig 3). Moreover, in a study treating Pkd1RC/RC

mice (RC, exon 29 of Pkd1 was replaced with a modified
exon in which nucleotide substitutions, AGA to TGC,
result in the amino acid substitution of cysteine for argi-
nine at position 3277, p.R3277C) with fenofibrate, a
clinically available Pparα agonist, reduced kidney cyst
proliferation and inflammatory cell infiltration was
exhibited, associated with increased expression of PPARα
and FAO/OXPHOS genes.71,72 These results suggest that the
dysregulation of mitochondrial functions are at least part
of the proximate cause of metabolic disruptions in PKD.
The specific origin of these metabolic disruptions is being
actively researched but they have already become targets
for new PKD therapies.
CONCLUSION AND FUTURE DIRECTIONS

Given the accumulating knowledge regarding the dysre-
gulation of miRNA expression in PKDs, along with the
pathologic mechanisms of cyst formation, the potential for
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miRNAs as biomarkers in these diseases is encouraging and
may lead to innovative therapies. We have recently wit-
nessed that the drug candidate RGLS4326, a specific miR-
17 inhibitor, can be a feasible therapeutic agent for
ADPKD.40 RG-012, a direct miR-21 inhibitor, has already
cleared phase 1 clinical trial and now is being tested in a
phase 2 trial involving patients with Alport syndrome.
However, whether RG-012 can slow ADPKD progression
remains to be seen.73,74 Despite this early success, unan-
swered questions lie ahead. An obvious question is
whether there will be off-target effects of these drugs.
Another concern is whether anti-miR therapy can be safely
tolerated over the long term. Considering both techno-
logical advances and increasing scientific enthusiasm in
miRNA biology, we foresee that these obstacles will soon
be overcome and significant progress will be achieved just
around the corner.
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