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Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited
kidney disease worldwide and is one of the major causes of end-stage renal disease.
PKD1 and PKD2 are two genes that mainly contribute to the development and
progression of ADPKD. The precise mechanism is not fully understood. In recent years,
epigenetic modification has drawn increasing attention. Chromatin methylation is a very
important category of PKD epigenetic changes and mostly involves DNA, histone,
and RNA methylation. Genome hypomethylation and regional gene hypermethylation
coexist in ADPKD. We found that the genomic DNA of ADPKD kidney tissues showed
extensive demethylation by whole-genome bisulphite sequencing, while some regional
DNA methylation from body fluids, such as blood and urine, can be used as diagnostic
or prognostic biomarkers to predict PKD progression. Histone modifications construct
the histone code mediated by histone methyltransferases and contribute to aberrant
methylation changes in PKD. Considering the complexity of methylation abnormalities
occurring in different regions and genes on the PKD epigenome, more specific
therapy aiming to restore to the normal genome should lead to the development of
epigenetic treatment.

Keywords: DNA methylation, histone methylation, RNA methylation, autosomal dominant polycystic kidney
disease, epigenetics

INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPKD) is the most common form of
inherited kidney disease and is one of the major causes of end-stage kidney disease (ESKD),
affecting 1 in 2,500 to 1,000 individuals worldwide (1, 2). The mutation in either of two
genes mainly contributed to the development and progression of ADPKD (3): PKDI and
PKD2. PKDI encodes a large, multidomain integral membrane protein, polycystin-1 (PC1)
(4), and PKD2 encodes a calcium ion channel of the transient receptor potential family,
polycystin-2 (PC2) (5, 6). The PKDI gene mutation accounts for approximately 80% of
ADPKD cases in clinically identified populations, while PKD2 gene mutation is responsible for
approximately 10% of cases, and GANAB, DNAJBI11, ALG9, IFT140, etc. account for the rest (7).
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Defects in the expression or function of PC1 or PC2 result in
cystogenesis; however, the precise mechanism has not been fully
understood, although numerous studies have been carried out
on the functional roles of PC1 and PC2 and their downstream
effector pathways.

The phenotype and progression of ADPKD are highly
variable, irrespective of mutations in the same PKD genes (8).
Even in the same family or with an identical gene mutation
background, the disease course and rate of progression to renal
failure are diverse, suggesting that there are factors in addition
to gene mutations that influence patient prognosis (9). The
molecular mechanism for the variability still remains unsolved,
but epigenetic modification might be responsible and has drawn
increasing attention in recent years (10).

Epigenetics focuses on genome-wide changes in gene
expression or phenotype caused by DNA methylation, non-
coding RNA modifications, histone modifications, including
acetylation, methylation, and ubiquitination (10-12). Similar
to the arrangement of DNA sequences, epigenetic information
can also be inherited, and its activation and silencing are the
switches that turn genes on and off (13, 14). It also provides
clues to the interpatient variabilities of disease progression and
response to treatment (12). Chromatin methylation is a very
important category of PKD epigenetic changes and mostly
involves DNA methylation and histone methylation; moreover,
RNA methylation has aroused great interest recently (15).
Recent evidence suggests that alterations of DNA and histone
methylation, as well as RNA methylation on specific genes and
the whole genome, contribute to the pathogenesis of PKD.

DNA METHYLATION AND ADPKD

DNA methylation is a key epigenomic feature that controls the
suppression and expression of genes by the addition of a chemical
methyl group mediated by DNA methyltransferases (DNMTs)
(16). DNMT1, as the maintenance methyltransferase, binds
mainly to hemimethylated DNA during DNA replication and is
responsible for accurately replicating DNA methylation patterns
during the S phase of the cell cycle, while de novo methylation
is preferentially mediated by DNMT3a and DNMT3b (16).
DNA methylation in the whole genome and at specific loci can
be quantified across the entire genome in a sequence-specific
manner to generate a methylome map and can be quantified in
either circulating free DNA or single cells.

DNA methylation commonly emerges at cytosine-guanosine
dinucleotides (CpGs), where the methyl group is added to
the fifth carbon of the cytosine, forming 5-methylcytosine
(17). Approximately 10% of human genomes contain CpG
sites. DNA is methylated at approximately 75% of all CpG
sites in mammalian genomes, primarily in heterochromatic
regions (18). Clusters of grouped CpGs called CpG islands
are often located near the promoter or enhancer regions of
human genes. Methylation within a gene promoter has usually
been considered a repressor of the gene by reducing the
binding ability of transcription factors. One mechanism for
transcription factor inhibition by methylation is chromatin

remodeling, as there is epigenetic crosstalk between methylation
and histone modification (18). However, methylation of CpGs
within the gene body is sometimes controversial compared with
promoter methylation, which typically results in increased or
sustained gene expression. Only ~2% of regions of DNA are
rigorously protected from methylation and are associated with
transcription start sites in almost half of human genes. Possible
mechanisms have been proposed: methylated regions contain
genomic elements responsible for alternative splicing, containing
transcription factors interfering with host gene expression when
hypomethylated, or residual genomic imprinting developed from
embryonic stages (18). Moreover, several studies have shown that
the hypermethylation of gene bodies can silence gene expression,
especially in highly expressed genes (18).

Genome-Wide Platforms to Detect DNA

Methylation in ADPKD

The first technology used in ADPKD research was the
methylated CpG island recovery assay (MIRA) (Figure 1A) (19).
The principle of this method is that the methylation-CpG-
binding protein MBD2 specifically recognizes and binds to the
methylation sequence (20). The MBD3L1 protein can enhance
the binding ability of MBD2 to methylated CpG. Based on this
principle, different DNA fragments with different methylation
levels are separated by the chromatographic column method
according to the different retention times of DNA bound to
MBD?2 in the chromatographic column (21). After connecting
these DNA fragments to oligonucleotide junctions, the whole
genome was amplified by PCR, purified, hybridized with an
Agilent chip, and sequenced by the Agilent platform. This
technique can find highly methylated regions in the genome, but
it cannot analyse methylation at a single base level (resolution is
approximately 150 bp). It can only judge whether methylation
exists in a certain region by the enrichment peak. It also cannot
quantify the level of methylation. Moreover, the detection of this
technique has an obvious tendency. It can only detect areas with
high CpG density and methylation (22).

Four vyears later, Bowden et al. (23) used reduced
representation bisulphite sequencing (RRBS) to detect the
genomic DNA methylation of ADPKD. However, RRBS only
sequenced a reduced, representative sample of the whole genome
(approximately 1% of the genome region) (24). For epigenetic
therapy to be applied to ADPKD, we need to obtain the specific
distribution of methylated CpG across the genome, not just
globally or selectively (25).

Whole-genome bisulphite sequencing (WGBS) is currently
considered the gold standard in DNA methylation profiling (24),
potentially allowing the investigation of every CpG site in the
genome. WGBS can provide single-base resolution with full
genome coverage without the biases associated with selecting
agents (26). As next-generation sequencing costs decrease,
WGBS has become increasingly accessible for clinical research.
These methods could profile different areas of the genome based
on a design to identify important regions and reveal DNA
methylation changes in PKDI.
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FIGURE 1 | Major types and mechanism of chromatin methylation in ADPKD. (A). Categorization of chromatin methylation in ADPKD. The chromatin methylation in
ADPKD mostly involves DNA methylation, histone methylation and RNA methylation. Genome-wide platforms to detect DNA methylation in ADPKD including MIRA,
RRBS and WGBS. Genome hypomethylation and gene hypermethylation coexist in ADPKD. Regional DNA methylations could predict application as biomarkers in
ADPKD, such as methylation of MUPCDH, miR-192/194, cfcDNA and iPSC. Histone methylations were mediated by HMTs. Some of the mediators and modulators to
be closely related to the pathogenesis and acceleration of cystic phenotypes together with or acting as the HMTs, mainly represented by SMYD2, Rb/E2F and EZH2.
The adenosine methylation at the 6th nitrogen position known as m6A, mediated by the multi-protein m6A writer complex composed of Mettl3, was involved in
pathogenesis of mouse and human ADPKD. (B) Participation of SMYD2, Rb/E2F and EZH2 in histone methylation in ADPKD. ADPKD, autosomal dominant polycystic
kidney disease; MIRA, methylated- CpG Islandisland recovery assay; RRBS, reduced representation bisulfitebisulphite sequencing; WGBS, whole-genome
bisulfitebisulphite sequencing; MUPCDH, mucin-like protocadherin; cfcDNA, cell-free circulating DNA; iPSC, induced pluripotent stem cells; HMT, histone
methyltransferases; Rb,Retinoblastoma tumourtumor suppressor protein.

TABLE 1 | Summary of DNA methylation analysis in ADPKD.

Study Year Platform Number Sample Type ADPKD overall PKD1 gene PKD1 expression
Woo 2014 MIRA-Seq 6 Kidney Hypermethylation Hypermethylation in gene-body Decreased
Bowden 2018 RRBS 3& non-ADPKD Kidney Hypomethylation Hypermethylation in gene-body Increased

Bowden 2020 RRBS 8 cysts from 1 ADPKD Kidney Hypomethylation in cysts NA NA

Hajirezaei 2021 MS-HRM 80 Kidney NA PKD1 promoter hypomethylation Increased

Our study 2022 WGBS 10 Kidney Hypomethylation Hypomethylation in gene body NA

and promoter

NA, not available.

Genome DNA Methylation in Human
ADPKD

DNA methylation is a key epigenetic modification that plays a
critical role in the modulation of gene expression in diseases,
especially cancers (27, 28). Global hypomethylation is one of the
major characteristics of cancer; however, focally hypermethylated
DNA methylomes also coexist in cancers, which are usually
located at CpG islands and are closely associated with promoter
activity and gene expression (29). This also explains the theory of
using methyltransferase inhibitors to treat cancers (13).

As a tumor-like disease, ADPKD might theoretically share
similar DNA methylation properties with cancers (30). To date,
the characteristics of DNA methylation in ADPKD remain
inconclusive (Table 1). In 2014, Woo et al. (31) reported global
DNA methylation levels in human ADPKD for the first time.
This study was conducted on kidneys from 3 ADPKD patients
compared with 3 non-ADPKD samples by pyrosequencing.

This study found that 91% of over 13,000 unique fragments
of the genome in ADPKD exhibited hypermethylation, mainly
at exonic regions. Woo et al. also found hypermethylation
of exon 43 in PKDI gene-body regions, along with silencing
of PKDI expression, which is involved in cystogenesis (31).
Moreover, demethylation of an ADPKD cell line (WT 9-12)
resulted in increased PKDI expression, and treatment with
a DNMT inhibitor repressed the cyst growth of the MDCK
cyst-forming cell line. In 2018, Bowden et al. (23) observed
approximately 2% global hypomethylation of the genome in
ADPKD compared with non-ADPKD kidneys using RRBS
for genome-wide methylation analysis. The PKDI gene body
was hypermethylated in ADPKD by the RRBS method, but
Bowden et al. (23) found that hypermethylation was associated
with an increase in PKDI expression rather than a decrease.
However, Hajirezaei et al. (32) found that the PKDI promoter
was hypomethylated and was inversely correlated with PKDI
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expression in patient blood, further indicating the controversial
role of DNA methylation in PKDI expression. To further
investigate the epigenetic mechanism of discrepant developments
of renal cysts in the same ADPKD context, a genome-wide DNA
methylation analysis by Bowden et al. (33) included eight renal
cysts from one ADPKD patient. The results showed that 14.6%
of the analyzed fragments exhibited a large amount of intercyst
DNA methylation variants. Fragments in CpG islands and gene
bodies harbored most of the methylation variations across each
cyst, while intergenic fragments were comparatively stable. The
epigenetic variation overlapped with the transcriptional activity
in ADPKD. This study showed the global methylation patterns of
individual cysts.

We used WGBS to examine the ADPKD DNA methylome in
humans (34). DNA was extracted from the renal cortex tissues
of five ADPKD patients and five non-ADPKD patients with
renal cell carcinoma (cortex tissue far away carcinoma). We
generated ~33x10” 150 bp paired-end reads corresponding to
the global coverage of ~30xsequencing depth in WGBS and
successfully mapped ~80% of the genome for each sample. The
full set of WGBS data from ADPKD and non-ADPKD samples
is illustrated in Figure2A using Circos. CpG methylation
profiling is shown in Figure 2B. The mean methyl CpG levels
of the two groups are shown in Figure 2C (rank-sum fest, p
< 0.0001). ADPKD showed global hypomethylation compared
with non-ADPKD. For functional genomics, we observed
methylated CpGs on various genomic compartments, such as the
transcriptional start site (TSS, &= 2kb around the transcription
start site) and intronic, exonic, and intergenic regions (for
each region: rank-sum test, p < 0.0001, Figure 2D). The short
(approximately 1kb) CpG-rich regions, known as CpG islands,
are often located within and close to sites of approximately
40% of promoters. After subclassifying the promoters according
to their CpG density, we found that ADPKD DNA exhibited
more unmethylated CpGs, especially at CpG-poor promoters,
than non-ADPKD samples (Figure 2E). We confirmed that
hypermethylation was not enriched in CpG islands in ADPKD,
which was different from cancer (35). Overall, we found that
the genomic DNA of human ADPKD kidney tissues showed
extensive demethylation; however, the overall hypomethylation
of the ADPKD genome could not exclude the possibility that
a few areas may be hypermethylated, some of which could
even predict disease progression and prognosis (36). More
studies are needed to investigate the influence and functional
changes of methylation diversity, mainly focusing on genome
hypomethylation, in ADPKD pathogenesis.

Regional DNA Methylations as Biomarkers
in ADPKD

Genome hypomethylation and gene hypermethylation coexist
in ADPKD. DNA methylation from body fluids, such as blood
and urine, can be detected and quantified as diagnostic or
prognostic biomarkers in ADPKD (Figure 1A) (12, 37). We
could predict their application as potential markers in ADPKD
for renal cyst development, altered renal function, and ultimately
disease progression. Mucin-like protocadherin (MUPCDH) is a

novel member of the cadherin superfamily, which is especially
expressed at the apical surface of differentiated proximal tubule
epithelial cells of the kidney (36, 38). Methylated CpG island
recovery assay-DNA sequencing (MIRA-seq) analysis detected
the DNA methylation pattern of the MUPCDH gene promoter
region (36). Further study showed that in random urine samples
from ADPKD, patients with a fully methylated MUPCDH
promoter had a higher percent annual change in total kidney
volume (TKYV), reflecting the faster progression of cyst growth.
Urine methylated-modified MUPCDH might be a prognostic
biomarker for ADPKD. Whether the methylation status of
urinary genomic DNA can predict cyst development and loss of
renal function in ADPKD requires further investigation.

As epigenetic regulators, microRNAs (miRs) are endogenous,
small, non-coding RNAs that are ~22 nt in length and could be
used to predict disease progression and patient prognosis (39).
Genome-wide analyses of miR expression and DNA methylation
status in ADPKD showed that two members of the miR-192
family, miR-192 and miR-194, displayed greater enrichment of
the methylated DNA fraction and diminished expression in
ADPKD (38). They can affect cyst enlargement by targeting
endothelial-mesenchymal transition (EMT)-related genes, such
as zinc finger E-box-binding homeobox-2 (ZEB2) and cadherin-
2 (CDH2).

Cell-free circulating DNA (cfcDNA) in blood has been
reported to carry distinctive DNA methylation markers in
certain GC-rich fragments, which comprise CpG islands (40).
Differential DNA methylation analysis of cfcDNA has been used
successfully for prenatal diagnosis with applications for cancer
diagnosis and monitoring of treatment efficacy (41), which might
provide specific and sensitive potential epigenetic signatures
for diagnosis, prognosis and prediction of response to therapy
in ADPKD.

Finally, Gribnau et al. (14) generated induced pluripotent
stem cells (iPSCs) from ADPKD patients. The cell whole-
genome DNA methylation analysis (MeD-seq) showed that cystic
epithelium-derived iPSCs maintained kidney-specific DNA
methylation memory. Gene ontology (GO) analysis with PKD-
specific hypermethylated gene body differentially methylated
regions (DMRs) retrieved gene ontology (GO) terms, such as
cell-cell adhesion and cell-cell signaling, which were retained as
epigenetic signatures.

HISTONE METHYLATIONS IN ADPKD

Aberrant methylation changes in PKD also correlate with histone
modifications, which are the second epigenetic mechanism that
regulates gene expression and protein function (Figure 1A) (12).
They can lead to either gene activation or repression depending
on which histone residue is modified (11). Park et al. (31)
performed histone ChIP-qPCR in ADPKD patients and found
that active histone methylation marks, viz. H3K36me3 and
H3KAc increased significantly in the Pkdl gene-body region,
whereas a repressive histone modification mark (H3K27me3)
decreased. Modifications of these residues were associated with
the elimination of DNA methylation in Pkd]I.
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FIGURE 2 | WGBS of five non-ADPKD and five ADPKD kidneys. (A) Circos representation of genome-wide DNA methylation levels in the non-ADPKD and ADPKD
groups. Average levels for all of the CGs in 29710-Mbp windows. The inner track indicates the magnitude of the difference between the non-ADPKD and ADPKD
groups for each window (color scale and red line). Average methylation levels in all of the regions are expressed as B-values (0-1) and are colored blue. (B) CG
methylation profiling graph for the non-ADPKD group (green line) and the ADPKD group (red line). (C) Methylation level of covered CpG in the non-ADPKD group and
the ADPKD group (rank-sum test, ** p < 0.01). (D) Mean CpG methylation levels among different genomic sequences in the non-ADPKD group and the ADPKD group
(rank-sum test, ** p < 0.01). (E) Mean CpG methylation levels among promoters in the non-ADPKD and ADPKD groups in the presence or absence of a CpG island

(rank-sum test, ** p < 0.01). The mean methylation level was calculated by the number of total methylated reads divided by the number of total reads covering CpG
sites located in the sum of the features analyzed.

Histone  methylation is  mediated by  histone  (42). In PKD, they are located upstream of epigenetic mediators,
methyltransferases (HMTs), which are epigenetic modifiers  which are the direct targets of them or their downstream targets
that directly modify the epigenome (12). There are two families  of epigenetic modification; meanwhile, they are downstream
of HMTs, which have specificities for arginine and lysine residues ~ of epigenetic modulators, which influence the activity or
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localization of the epigenetic modifiers and the epigenetic states
mediated by them (43). Some of the mediators and modulators
have been reported to be closely related to the pathogenesis
and acceleration of cystic phenotypes together with or acting
as the HMTs (44). They form covalent modifications on the
N-terminal tails of PKD genes, which are rich in histone
residues, and construct the histone code together through their
interacting arrangements.

Smyd2

SMYD2 is a SET and MYND (myeloid-Nervy-DEAF1) domain
protein (45). It acts as a lysine methyltransferase to regulate
cyst growth in ADPKD through multiple signaling pathways
(Figure 1B) (46-48). First, SMYD2 acts as a downstream
mediator of Pkdl mutation and activates phosphorylated
STAT3 in JAK/STAT signaling, which serves as a positive
regulator of cyst growth, via lysine methylation at K685 (48).
It can also promote cystic renal epithelial cell proliferation
and survival by methylating the subunit of NF-«kB, p65
at lysine 310 and partially at lysine 221, leading to its
phosphorylation and activation (48). Moreover, SMYD2 could
integrate epigenetic regulation and renal inflammation in cyst
development through the formation of two positive feedback
loops: SMYD2/IL-6/STAT3/SMYD2 and SMYD2/TNF-a/NF-
kB/SMYD?2 (48). Furthermore, it could increase the methylation
of p53 and prevent p53-dependent cystic renal epithelial cell
apoptosis (45, 48). Double conditional knockout of the Pkdl
and Smyd2 genes in a PKD mouse model delayed renal cyst
growth and preserved renal function (48). Specifically, inhibiting
Smyd2 could slow disease progression, indicating that it is a novel
therapeutic target for ADPKD treatment.

Further study showed that epigenetic histone modifications
by SMYD2 were also involved in the regulation of the cell
cycle and ciliagenesis in ADPKD (47). SMYD2 was found to
be colocalized at the basal body of the primary cilia together
with cyclin-dependent kinase 4 (CDK4) and its closely related
CDKG6 (49). CDK4/6 can form complexes with D-type cyclins and
drive G1 phase quiescent cells into DNA synthesis S phase (50).
CDK4/6 interacts with SMYD2 and regulates the methylation
of histone H3 lysine 4 (H3K4) and lysine 36 (H3K36), which
promote the phosphorylation and enzymatic activity of SMYD2;
on the other hand, methylation of histone H3K4 at the promoters
of CDK4 and CDK6 by SMYD2 positively regulates their
transcription (47). CDK4/6-SMYD2 signaling maintained the
balance of microtubule dynamics through methylation of the
key components affecting cilia assembly: (i) it methylated a-
tubulin at lysine-394 (TubK394me) and retarded the stability of
microtubules, which facilitated the trafficking of cilia proteins
from the Golgi to the ciliary base; (ii) it also methylated
histone H3K36 at the promoter of intraflagellar transport protein
IFT20, which encodes a key IFT protein that regulates the
trafficking of ciliary proteins from the Golgi to cilia, to repress
its transcription. Depletion or inhibition of CDK4/6-SMYD2
signaling selectively decreased the methylation of a-tubulin and
increased the expression of IFT20, resulting in an improved
fidelity in the number of ciliated cells and cilia length, which
might contribute to the slowing down of cystic renal epithelial
cell proliferation and cyst growth (47).

Rb/E2F

Retinoblastoma tumor suppressor protein (Rb)/E2F could be
both epigenetic mediators and modulators in cyst development
in ADPKD (Figure 1B) (10). The hypophosphorylated state Rb
acted as a repressor of E2F-mediated transcriptional activity,
which could form a complex with histone deacetylases (HDACs),
DNMT1 and SUV39HI1, an HMT that recruits them to E2F-
site-containing promoters, including cyclin A/E and Cdk2 (51).
SMYD2 has been reported to methylate Rb at lysine 810,
which enhances Ser807/811 phosphorylation of the Rb protein.
This accelerates E2F transcriptional activity and promotes cell
cycle progression (46). HDAC inhibition targeting Rb/E2F has
been reported to decrease cystic epithelial cell proliferation
and reduce cyst development by acting as an inhibitor of
differentiation 2 (Id2) (52) and sirtuin 1 (53), respectively;
however, its influence on histone methylation in ADPKD
cystogenesis requires further investigation.

EZH2

The polycomb group (PcG) gene EZH2, also known as the
homolog of Enhancer of zeste in mammals, is a histone modifier
that plays a crucial role in differentiation gene silencing in a cell
cycle-dependent manner (54). It is the major methyltransferase
for H3 lysine 27 and plays a crucial role in differential gene
silencing, such as for HOX genes and SOX family members (55).
It is also the direct target of the core cell cycle transcriptional
regulator E2F (56). EZH2 is upregulated in cystic renal epithelial
cells, the targeting of which delayed cyst growth in Pkdl
knockout mouse models (Figure 1B) (12). Further investigations
will be required to fully understand how elevated EZH2
coordinates with the cell cycle machinery, such as Rb/E2F, to
promote cystic cell proliferation.

RNA METHYLATION

Modifications of RNA can change its processing, stability, or
translational efficiency, similar to DNA (57). The methylation
of RNA has been a recently discovered aspect of epigenetic
modification in ADPKD (15). Adenosine methylation at the
6th nitrogen position known as N°-methyladenosine (m°®A),
recognized as the most common eukaryotic RNA modification
and mediated by the multiprotein m®A writer complex composed
of Mettl3, etc., was increased in mouse and human ADPKD
samples (Figure 1A) (15, 58). Kidney-tubule-specific Mettl3
overexpression induced the occurrence and enlargement of
tubular cysts, and conversely, Mettl3 deletion attenuated cyst
growth in three different orthologous ADPKD transgenic mouse
models, irrespective of the type of PKDI mutation or dynamics
of cyst growth (15). Further immunoprecipitation of m®A-
modified mRNAs and high-throughput sequencing (MeRIP-seq)
showed that c-Myc and Avpr2 mRNA had significantly higher
m®A modification and translation, which enhanced c-Myc and
Avpr2 protein expression and resulted in cyst proliferation and
fluid protein synthesis through the c-Myc and cAMP signaling
pathways. Moreover, dietary methionine and S-adenosylme
thionine, which could induce Mettl3 expression, aggravated cyst
growth ex vivo (59); in contrast, dietary methionine restriction
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attenuated mouse ADPKD, indicating a potential dietary therapy
to slow down disease progression (15, 60).

EPIGENETIC THERAPY IN ADPKD AND
FUTURE PERSPECTIVES

Unlike genetic mutation, epigenetic silencing is a potentially
reversible alteration, which means that through optimal
epigenetic therapy, it can be restored to the normal status and
used as a treatment for ADPKD (61). For example, restoring the
diminished expression of miR-192 and miR-194 by injection of
their precursors to replace the hypermethylated non-functional
ones could reduce the size of cysts in a Pkdl knockout mouse
model (38). Restoration of MUPCDH expression by using 5-
azacytidine to inhibit DNMT and reduce DNA methylation can
regulate the anti-proliferative property of MUPCDH in HRCE
and WT9-7 PKD cell lines, making it a potential therapeutic
target (36). Apart from DNMT, specific inhibitors targeting
HMTs, such as Smyd2 and EZH2, with their inhibitors delayed
cyst growth in Pkdl mutant mouse kidneys (12, 48). Since
epigenetic modifying enzymes function in a wide range of organs
in the body, more specific epigenetic treatment aiming to reverse
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