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One of the diseases growing at a very rapid pace is the Diabetic Kidney Disease (DKD) all over the
world. Earlier we reviewed the pathophysiology of type1 and 2 DM, we have concentrated on avoiding
the complications related to DM like how to treat diabetic neuropathy (DN), All complications utilizing
ECV’S, then emphasis of Sodium –glucose cotransporter 2 (SGLT2) inhibitors on cardiovascular
outcome trials (CVOT) trials, role of Vitamin D in avoidance of DN. Here we further reviewed the role
of epigenetics influence on DKD generation. Epigenetics controllers regulate gene expression and
recently a hype of them might be therapeutic targets. Thus, here we conducted a systematic review
utilizing search engine PubMed, google scholar and others utilizing the MeSH terms like DKD;
Epigenetics; DNA methylation; Histone post-translational modifications; Histone acetylation; Histone
crotonylation; Histone β-hydroxybutyrylation; Apelin; curcumin analogs; Apabetalone from 1950 to
2021 till date. We found a total of 300 articles out of which we selected 150 articles for this review. No
meta-analysis was done. Further readers of epigenetic marks like BET proteins were therapeutic targets.
Hence BD2 selective BET inhibitor andApabetalone was the first Epigenetics controllers that have gone
via phase -3 Clinical trial in DKD) with the endpoint of Kidney function. Directly one can manipulate
the Epigenetics property by pharmacological manipulation of particular enzymes implicated along with
therapeutic utilization of needed substrates. Moreover, indirect nephroprotective actions on Epigenetics
control. Here HDAC inhibitors like Valproic acid (VPA), trichostatin A (TSA), with Na butyrate
manipulating Histone -β-hydroxy butyrylation, curcumin analogues like C66 and C646.Further
significance of SGLTi is detailed.

Keywords: DKD; Epigenetics, Histoneacetylation; Histone crotonylation; Apabetalone; BET Proteins;
BRD’s.
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Introduction- Diabetic Kidney
Disease Outcomes
As per the Global burden of Disease (GBD) study, the
total weight of Non-Communicable Diseases (NCD) is
escalating, and explaining 73% of Global deaths [1].
Actually 50% of total deaths Globally (=28.8million),
were secondary to 4 risk factors namely; hypertension,
Diabetes mellitus (DM); Smoking as well as escalated
body mass index( BMI) [2].The Total prevalence of
DM is also escalating by resulting in Diabetic Kidney
Disease(DKD), that represents the greatest stimulator
of Chronic Kidney Disease(CKD) [1]. Those patients
presenting with DKD- CKD or end stage renal Disease
(ESRD), possess greater mortality rates in contrast to
non-DKD patients [3]. CKD due to type1 as well as
type2 DM lead to 2.9m (2.4-3.5) disability adjusted life
years (DALYs) as well as 8.1m (7.1-9.2) DALYs
[1].Deaths throughout world secondary to DKD were
calculated to be 219, 451 in 2017[1].While mortality
secondary to DKD is escalating, the other etiologies of
CKD continue to persist relatively at a stable stage , that
points to an escalation of prevalence in DKD- CKD,
that has been out increasing rest types of CKD[1].By
2040 it is anticipated that CKD would be the 5th

commonest etiology of death world over, out of which
DKD is the 1st global etiology of CKD [4].This DKD
amount is escalating at a much rapid pace in low as well
as middle income countries act high income countries
[1].Thus enhancing the clinical DM as well as DKD
might translate into the manipulation of present global
mortality rates.

DKD gets initiated by enhanced glomerular filtration
rate (GFR) which probably occurs secondary to
hyperglycaemia–i) stimulated proximal tubular
impairment as well as ii) absence of tubulo glomerular
feedback [5]. iii) Subsequent to that escalating,
proteinuria that gradually propagates to overt
proteinuria along with deletion of kidney function that
ends in ESRD after approximately 10yrs.Hence
primarily DKD was believed to be the proteinuric form
of CKD as well as despite the description of non-
proteinuric CKD recently , proteinuric patients possess
much poorer results [6], which makes podocyte damage

as well as deletion [7, reviewed in ref 8] as the crucial
factor in aiding to propagation of DKD (Figure 1). High
glucose amounts as well as haemodynamic alterations
secondary to proximal tubular cells glucose overload
are the critical initiators of podocyte damage vascular
as well as tubular cells, albuminuria also injure tubular
cells, reducing the nephroprotective along with anti-
aging protein Klotho, along with induction of pro
inflammatory as well as profibrotic events [9-11].
Fibrosis occurs early, with earlier properties of
thickening of basement membrane (BM) but finally
developing into glomerulosclerosis as well as
interstitial fibrosis. Fibrinogenic factors like
transforming growth factorβ1 (TGF-β1) as well as
processes like incomplete epithelial–mesenchymal
transformation (EMT) aid in escalated extracellular
matrix (ECM) generation.

Figure 1: Courtesy ref no-8-Key pathophysiological features of
Diabetic Kidney Disease (DKD), emphasizing key processes and
cell types as well as some of the multiple molecules involved.

ECM: increase extracellular matrix. EMT: epithelial-to-
mesenchymal transition.
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Sodium –glucose cotransporter 2 (SGLT2) inhibitors,
that is the oral hypoglycaemic agents that regulate
glucose by reduction of glucose reabsorption in
proximal tubules along with escalating glycosuria were
illustrated to escalate kidney along with cardiovascular
outcomes (CVOT) [reviewed by us in type1 diabetes
type2 diabetes, as well as heart failure (HF) [5, 12].
Specifically, Canagliflozin enhanced kidney results in
patients presenting with DKD [13]. Consequently, most
of the clinical guidelines advocate the use of SGLT2
inhibitors as a preferred oral antidiabetic in DM
patients who have been at high CVS or renal risk [5,
14]. The present posit is that generalized utilization
might enhance the poor outcome of DKD patients. Still
residual of cardiovascular system (CVS) demise or
CKD propagation [5]. Earlier after reviewing the
pathophysiology of type1 as well as type2 DM, we have
concentrated on avoiding the complications related to
DM [15-23]. Further we had reviewed role of
epigenetics in preeclampsia and IUGR [24]. After
having reviewed the role of Vitamin D in alleviation of
DKD [25], here we reviewed the role of epigenetics in
trying to avoid the generation of complications like
DKD.

Methods

Here we conducted a systematic review utilizing search
engine utilizing the PRISMA Guidelines PubMed,
google scholar; web of science; embase; Cochrane
review library utilizing the MeSH terms like DKD;
Epigenetics; DNA methylation; Histone post-
translational modifications; Histone acetylation;
Histone crotonylation; Histone -β-hydroxy
butyrylation; Apelin;curcumin analogs ;Apabetalone
;BET Proteins; BRD’s; TET; BMP’s; sodium butyrate
from 2010 to 2021 till date.

Results

We found a total of 300 articles out of which we
selected 139 articles for this review. No meta-analysis
was done (Figure 2 for selection criteria).

Figure 2: selection criteria

Epigenetic Control of Gene
Expression
The heritable alterations in Gene expression patterns
which are not secondary to a particular DNAnucleotide
sequence itself is what Epigenetics by definition
implies. Information regards to Epigenetics is both
heritable along with self-perpetuating along with is
dynamic as well as reversible with alteration in
environment. The major along with controllers are
DNA methylation, histone post-translational
modifications [26]. The best kind of histone post-
translational modifications with reference to kidney
disease are lysine DNA acetylation, along with
crotonylation (Figure3).
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Further when trying to talk in context of DKD, histone-
β-hydroxy butyrylation might be Intriguing. In
addition, >100 histone modifications have been
detailed, of which 67 had been in a single article as well
as newer modifications keep getting detailed like
acetylation [27, 28]. Certain authors further add
miRNAs, although they are not getting reviewed here.
Further Epigenetic readers which isolate as well as
interpret the Epigenetic signals are crucial constituents
of this system.

DNA Methylation
DNA methylation refers to an enzymatic event which
implicates the covalent transfer of methyl (CH3) group
from S-adenosylL methionine (SAM)to the 5-carbon of
cytosine residues on CpG sites [29] mainly, the ones
present on CpG islands (80-1000 nucleotides) existing
on the gene promoter or in the 1st exons [30]. CpG
methylation in gene promoters is correlated with
transcriptional inhibition secondary to recruiting co-
repressors along with interfering with the transcription
factor binding through packaging of chromatin [31].
Nevertheless, DNA methylation in the gene body
facilitates expression of gene via manipulation of
transcription elongation along with RNA splicing [32].

The profiles of methylation are tissue particular along
with decide the fate of the cell, that explains the
separate cell identities along with their expression
patterns in spite of the same genome. DNA
methyltransferases (DNMT) are the ones that catalyze
these events. DNMT1 regulates the sustainance of
methylation marks that work on hypermethylated DNA
at the time of DNA replicating itself or its repairing
somatic cells , whereas DNMT3a is present more
abundantly in view of its correlation with normal cell
differentiation , whereas DNMT3b is usually missing in
adult tissue as well as is necessary for early generation
[30].This way the methylation patterns at the time of
embryonic generation gets proven by the DNMT3
subfamily along with get further sustained via somatic
divisions through DNMT1 in differentiated cells [33].

Initially Epigenetic prints were thought to be relatively
stable marls till Ten –eleven translocation (TET) family

proteins that are implicated in DNA demethylation.
Oxidation of 5methyl cytosine (5mc) to generate 5-
hydroxy methyl cytosine (5hmc) gets catalyzed by
these enzymes as well as others following oxidized
products. Enzymes responsible for DNA repair excise
these oxidized products as well as incorporate the
unmethylated cytosines. DNA demethylation can
further take place passively by avoidance of DNMT1
binding at the time of DNA replication [26, 34].

Histone Methylation
Methylation implicates the covalent methyl groups
getting added to lysine (Lys) as well as arginine
(Arg)residues of Histones. This event is controlled by a
lot of enzymes acting in a coordinated fashion for
regulation of gene expression, along with stability of
the genome [35]. For Histone Methylation, Histone
Methyltransferases (HMTs), that are categorized as
lysine particular (KMTs) as well as arginine particular
(PRMTs) Methyltransferases. Lys might be mono, di-
ortri methylated, while Arg might be symmetrically or
asymmetrically mono or de methylated [36]. KMTs get
grouped in 2 classes depending on their catalytic
domain structure, the SET domain possessing enzymes,
as well as the DOT1L/KMT4 family [36].

Separate potential influence occurs on transcription
occur secondary to Histone Methylation. Arg
Methylation facilitates activation of transcription,
whereas Lys Methylation might stimulate or suppress
transcription based on the Methylation area [37]. Like
mono Methylation, dimethylation, trimethylation of H3
at Lys4(H3K4m1/2/3) have a correlation with
transcriptionally active genome areas, whereas
trimethylation of H3 at Lys9 or at Lys27(H3 K9m3/
K27m3) as well as trimethylation of H3 at Lys20(H3
K20m3) are enhanced in suppressed areas.

Initially Histone Methylation was believed to be stable
till the documentation of Lys particular demethylase
(KDM1A) in 2004. Hence Histone Lys demethylase
(KDM) along with arginine demethylase are the
enzymes that delete methyl manipulations from
Lys/Arg respectively.
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Histone Acetylation
Histone acetylases (HAT’s), like CREB –binding
protein (CBP), as well as p300, shift an acetyl group
(COCH3) from acetyl-Coenzyme A (acetyl –CoA) to
Lys residues in in histones, neutralizing their positive
charge along with conferring relaxation to the
chromatin [39]. With the knowledge of requirement of
acetyl –CoA, Histone Acetylation mainly might be
controlled metabolically by the amount of acetyl –CoA
that is available [39]. Histone Acetylation mainly takes
place in promoter as well as enhancer of the target
genes, facilitating their expression. There are 4 classes
of histone deacetylales (HDACs) which delete the
acetyl groups. Class 1HDAC exist ubiquitously as
nuclear enzymes which control cell survival along with
proliferation. Class I1 HDAC are existent in nuclei as
well as cytoplasm, possessing roles that are tissue
particular. Class II1HDAC’s are Sirtuins, which control
a lot of physiological as well as pathological parts. Just
1 Class IV HDAC’s, namely HDAC 11.

Histone Crotonylation
Histone lysine crotonylation ((Kcr) has been a post
transcription manipulation of Histone that has been
detailed recently in which a crotonyl group gets added
from crotonyl- CoA, to Lys residues, that possesses a
key significance regards to global control of
transcription in mammalian cells [28, 39]. Kcr has the
significance of having been evolutionally preserved as
well as points to active promoters or potential
enhancers, possessing a separate genomic pattern as
compared to Histone lysine acetylation (Kac), though
the influence on gene expression remains ill
understood, since it can either stimulate or suppress
transcription of genes [28, 40]. Despite having common
enzyme controllers with Kac, Kcr although both
possess separate mode of action along with function
[28, 41]. Hence acetytransferases like CBP, or the
evolutionally preserved Males absent on the
first.(MOF) possess cronoyl transferases action,
nevertheless, catalysis stimulated by CBP causing
Histone crotonylation possesses direct stimulatory
effect on transcription at a larger degree as compared to
Histone acetylation [41]. Further HDACs, particularly

Class 1HDAC , also possess de cronoylase action ,
despite Kcr possessing greater resistance to
deacetylation as compared to Kac, that validates the
idea of marked transcription [42-46]. Kcr is further
controlled by metabolic pathways which regulate the
availability of crotonate [43]. Crotonate represents the
short chain fatty acids (SCFA) precursor of cronoyl-
CoA, a chemical event that gets catalyzed viaAcyl CoA
Synthetase SC Family Member2(ACSS2) [41].
Crotonylate availability in cultured kidney cells was
correlated with escalated or reduced gene expression of
the genes implicated in pathogenesis of kidney disease
[43].

Histone-β-hydroxybutyrylation
β-hydroxy butyrate (BHB) represents the most enriched
ketone body, accounting for 70-80% of the total as well
as gets generated mainly in liver through fatty acid (FA)
metabolism in conditions where glucose amount is
considerably less along with body requires energy, like
at the time of dietary restriction, fasting periods or
continued extensive exercise. Further more BHB
supplementation confers protection against oxidative
stress (OS), besides influencing anti- inflammatory
along with anti—oxidative characteristics [44, 45].
Large amounts of BHB, in cells promote lysine β-
hydroxy butyrylation (Kbhb) that is a recently detailed
as histone post-translational modification [46] as well
as other proteins like p53 [47]. In p53 Kbhb reduces
p53action in view of it replacing an acetyl mark [47].
The implication of BHB along with Kbhb on various
molecular events in separate cells along with tissues
have been evaluated in minimal studies .In livers from
either mouse who have been fasted for long time or
with streptozocin stimulated diabetic ketoacidosis,
along with human cells that got cultured with BHB,
Histone Kbhb marks are associated with active gene
promoters of the metabolic pathways stimulated by
ketone acids.This was the 1st instance when Histone
Kbhb was isolated as a new method of Epigenetics
control which controls physiology of cells [46].
Ketogenesis is further a metabolic pathway needed for
the generation of CD8+TCells , when BHB facilitates
β-hydroxy butyrylation of Lys 9 in H3 (H3K9bhb) as
well as this gets correlated with upregulation of gene
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expression of Foxo1 as well as Ppargc1a, that in
cooperation upregulate Pck1 expression [48]. Moreover
BHB stimulates the inflassome as well as the β-hydroxy
butyrylation in Histone H3 expression of correlated
inflammatory genes via Histone Kbhb decreasing
inflammatory responses as well as blood pressure (BP)
[49]. Lastly BHB stimulates β-hydroxy butyrylation in
Histone H3(H3K9bhb) of the adiponectin gene along
with adiponectin expression in adipocytes [50]. Since
adiponectin possesses anti- inflammatory along with
anti-atherogenic characteristics [51]. BHB might confer
protection via manipulation of Epigenetic control [50].

β-hydroxy butyrylation of the Lysine residues gets
catalyzed through CBP along with p300 [47, 52].
Conversely, SIRT3 along with HDAC3 display robust
action in deletion of β-hydroxy butyryl groups from
Lysines in Histones. Nevertheless, SIRT3 does not
possess the capacity of deletion of β-hydroxy butyryl
groups marks that is bordered by glycine in contrast to
HDAC3, that deletes β-hydroxy butyryl groups marks,
irrespective of the nearby glycines. SIRT 1 along with
SIRT22 might further catalyze β-hydroxy butyryl
grouphydrolysis from lysines in Histones [53] (Figure
3and 4).

Courtesy ref no-149-Chromatins are subjected to
epigenetic regulations, including DNA methylation,
posttranslational histone modifications, and microRNA
(miRNA) and long noncoding RNAs (lncRNAs)-
mediated gene regulation. miRNAs typically affect
mRNA expression at post-transcriptional level by
targeting the 3’-untranslated regions of mRNA in the
cytoplasm. DNA methylation and histone modification
influence gene regulation in the nucleus. These
molecular processes are intricately regulated by various
epigenetic enzymes as depicted. LncRNAs can regulate
gene expression through either nuclear or cytoplasmic
mechanism. DNMT, DNA methyltransferases; HMT,
histone methyltransferases; HDM, histone
demethylase; HAT, histone acetyltransferases; and
histone deacetylases (HDACs).

Figure 3. Courtesy ref no-8-Enzymatic regulation of epigenetic
histone modifications most relevant in diabetic nephropathy. (A)

Lysine mono-, di- or tri- methylation is mediated by lysine
methyl-transferases (KMT) and demethylation by lysine

demethylases (KDM). (B) Histone acetylation, crotonylation and
β-hydroxybutyrylation share some enzymes such as the histone
acyl transferase CBP and combinations of p300 and MOF, and

some histone deacetylases (HDACs) that may also remove other
acyl groups. CBP: CREB-binding protein; MOF: Males absent on

the first.

Figure 4. Overview of epigenetic modifications and mediators in
DKD.
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Courtesy ref no-149-Chromatins are subjected to
epigenetic regulations, including DNA methylation,
posttranslational histone modifications, and microRNA
(miRNA) and long noncoding RNAs (lncRNAs)-
mediated gene regulation. miRNAs typically affect
mRNA expression at post-transcriptional level by
targeting the 3’-untranslated region of mRNA in the
cytoplasm. DNA methylation and histone modification
influence gene regulation in the nucleus. These
molecular processes are intricately regulated by various
epigenetic enzymes as depicted. LncRNAs can regulate
gene expression through either nuclear or cytoplasmic
mechanism. DNMT, DNA methyltransferases; HMT,
histone methyltransferases; HDM, histone
demethylase; HAT, histone acetyltransferases; and
histone deacetylases (HDACs).

Epigenetic Readers
Readers isolate Epigenetic modifications as well as
impact gene expression in a markedly particular way
for the residues as well as the extent of Histone
Methylation (chromodomains as well as bromodomain
proteins) or acetylation [35, 54, 55]. Bromodomains
represent a markedly preserved motif of110 amino
acids with proteins crosstalk function. They are
implicated in Chromatin remodeling as well as
transcriptional control [55]. The bromodomain as well
as extra terminal (BET) protein family (BRD2, BRD3,
BRD4 along with BRDT) are Epigenetic Readers,
which through bromodomain (BD)1 as well as 2 control
gene transcription by binding to acetylated lysine
residues.

Diabetic Kidney Disease as
well as DNA Methylation
Various methylation pattern in critical controlling genes
is believed to aid in the generation of DKD along with
particular enzymes involved in the histone methylation,
might participate in Diabetic Nephropathy (Figure 4)
[56]. This is further observed in rest of the CKD’s.
Tubules from human CKD kidneys (50% with DKD)
display maximum of the differentially methylated areas
were existing in enhancers as well as associated with
the escalated expression of critical fibrotic genes [57].

Additionally, methylation in the cytosine phospho-
guanine (CpG)dinucleotide islands of various genes
implicated in pathways that facilitate epithelial –
mesenchymal transition (EMT), were correlated with
kidney function deletion in CKD patients (50% in DKD
also) [58].

Changes in DNA methylation both In intrinsic kidney
cells as well as in leukocytes might aid in DKD
propagation .In case of proximal tubules from db/db
mice, a mouse model of leptin deficiency that has been
utilized in the form of a type2Diabetes(T2D), genes
implicated in glucose metabolism had aberrant DNA
methylation[59]..Akin to this cultured proximal tubular
cells that got exposure to large amounts of glucose
amount, as well as kidneys from mice with type1
streptozotocin induced Diabetes displayed DNA
hypomethylation of MIOX , that was correlated with
escalated, binding of the transcription factor SP1 at the
promoter of genes implicated in oxidative stress,
hypoxia as well as fibrosis [60].Anormal DNA
methylation patterns were further seen in cultured
podocytes that got exposed to High glucose
amounts[61]. Matrix metalloproteinase 9(MMP9)
promoter area in podocytes possessed demethylated
CpG areas, along with this escalated glucose decreased
MMP9 promoter methylation, hence escalating its
promoter action, aiding in podocytes EMT [62].
Transcriptional suppression of the transcription factor
Kruppel-like factor4(KLF4) in podocytes was
correlated with escalated DNA methylation at the
nephrin (Nphs1) promoter, resulting in podocytes
apoptosis as well as proteinurea in db/db mice, while
KLF4 over expression possesses renal protection
actions [63]. Kat5 modulated DNA repair is necessary
for podocyte sustainance as well as associated with
alterations in DNAmethylation status [64]. Intriguingly
interaction among proximal tubules along with
podocyte might be based on Epigenetic modes. Tubules
particular over expression of SIRT1 – stimulated
hypermethylation of the Cldn1 gene (since SIRT
deacetylases along with activates DNMT1) resulting in
downregulation of the tight junction proteins Claudin 1
in podocytes, that conferred protection against
albuminuria [65]. High glucose – stimulated
cytoplasmic translocation of DNMT3a in human
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mesangial cells, that resulted in decrease in nuclear
amounts, hence promoting CTGF hypomethylation
[66]. Actually, escalated Trim 13 promoter methylation
aided in downregulation of the expression of the E3
ubiqitin ligase TRIM13 in DKD glomeruli, that got
correlated with escalation of mesangial collagen
generation [67]. DNA Methylation might further aid in
manipulating the expression of transforming growth
factorβ 1 (TGF-β1)-controlled genes that are implicated
in the etiopathogenesis of DKD [56, 68]. Actually
Reactive oxygen species(ROS) manipulate DNA
methylation[69], as well as via ROS-based DNA
methylation of the Tgfb1 locus aid in mesangial fibrosis
in DKD[70].In case of db/db mice as well as in
mesangial cells cultured along withescalated glucose ,
expression of TET2 demethylase results in
demethylation of transforming growth factorβ 1 (TGF-
β1) promoter along with escalated TGF-β1 expression
[76].

DNA Methyltransferase (DNMT) inhibitors, like
5azacytidine(5-aza) as well as 5-aza20-deoxy
cytidine(5-aza-2de, decitabine)stimulate DNA
hypomethylation which actually might be of advantage
in kidney diseases [26, 71].They decreased albuminuria
in db/db mice [72] as well as 5-aza brought back the
erythropoietin generation in fibrotic murine Kidneys,
though this was not evaluated in DKD in particular
[73].In that context , Kidneys fibrosis has been a crucial
in learning about DKD propagation as well as TGF-β1
stimulated Kruppel-like factor4 promoter
hypermethylation as well as downregulation of KLF4
in cultured human tubular cells was ameliorated with
decitabine[74], that further avoided escalated glucose
stimulated repression of regulator of
calcineurin1(RCAN 1)expression in cultured podocytes
[75]. RCAN 1 confers protection on
podocyte.Suppression of RCAN 1 mRNAexpression in
humans along with experimental glomeruli as well as
knockout of Rcan 1 exaggerated albuminuria along
with podocyte injury in proteinuric mice [27]. Aberrant
DNA methylation observed in the peripheral immune
cells could be implicated in Diabetic propagation.
Upregulation of DNMT1 was observed in the
peripheral immune cells belonging to Diabetic patients
along with associated with inflammatory response [76].

Expression of DNMT1 was further escalated in
immune cells from db/db mice as well as 5-aza therapy
decreased the hypermethylation of negative controllers
of mTOR activation, resulting in inactivationof mTOR
pathway in addition to decreasing renal inflammation
[76].

More substances might implicate alterations in DNA
methylation indirectly or via manipulation of the
expression as well as /or action of DNMT’s .Hence
minimally the nephro protection action of bone
morphogenetic protein-7 (BMP7) supplementation in
variety of models of Kidney fibrosis, that includes
streptozotocin induced Diabetes kidney disease, got
mediated by restoration of TET-3 –mRNA expression
as well as protein amounts repressed by TGF-β, leading
to TET-3 modulated restoring of the antifibrotic gene
Rasal1. In this context, abnormal Rasal1 methylation as
well as hydroxy methylation got rectified by BMP7
[78], that is a substance that confers protection to
various models of CKD , that includes Diabetic
Nephropathy(DN) [79]. Probable mode of this
protection might be the restoration of Klotho
expression by decreasing the typical Klotho promoter
hypermethylation, that is visualised in CKD [80].This
was associated with a reduction in expression of
DNMT1/ DNMT3a. Klotho represents a protein
obtained from Kidney possessing antiaging as well as
nephroprotection actions [81].

Epigenetic alterations can further aid in differentiating
among rapid propagators from those who will continue
to be stable or evaluating separate responses to therapy
[58, 82]. Like 5 DNA methylation(DNAm) areas
discriminated Diabetics who received statin therapy or
not in evaluation of cohort studies involving 8270
patients in an epigenome wide association study in
blood.2 areas were correlated with a glycaemic trait or
T2D[83].

DNMT’s can further be controlled by miRNAs.In the
proximal tubular cells that had received escalated
glucose, miR 29b downregulation stimulated the
expression of DNMT’s, leading to upregulation of
fibrotic genes, which got ameliorated by miR 29b
mimics [84], whereas TGF-β1 escalated miR152 as
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well as miR30a in the renal cells as well as fibrotic (here
in non-diabetic) kidney [72].

Diabetic Kidney Disease as
well as Histone Post-
Transnational Modifications
Alterations in Histone post-transnational modifications
have been visualised to be present along with aid in the
generation of Diabetic Kidney Disease or Kidney
Disease of different aetiologies.

Histone Methylation
Abnormal Histone Methylation has been seen in
experimental as well as human DKD (85, 86). The
initial correlation among Diabetes along with changed
Histone Methylation was visualized in monocytes as
well as lymphocytes from T1D patients along
withinTHP1 monocytes that had been cultured with
escalated glucose, where differences of Histone
methylation was association with mRNA amounts in
the target genes [87].

The total profile of Histone methylation in DKD has not
got totally worked up. Nevertheless, knowledge regards
to individual modulation of genes, in the Kidneys of db/
db mice, H3K4m2(the activating mark) are less as
compared to non diabetic mice, as well as following
unineprectomy that exacerbates the propagation of
renal damage in db/db mice, H3K4 Methylation was
escalated [88].Furthermore, a CCL2 inhibitor , which
avoids disease propagation, also avoided the escalated
H3K4 Methylation , pointing that this Epigenetic mark
was associated with propagation of disease[89].
Nevertheless, the action of H3K4m2 on Kidney gene
expression is not clear.

In case of 2 rodent models of T1D, OVE26 mice as well
as streptozotocin rats, the amounts of H3K27m3, that is
a repressive Histone Methylation mark, are decreased
in critical genes like Mcp1, vimentin as well as the
abnormal Histone Methylation may be behind the
differential Kidney gene expression in DKD [89].
KDM6A (alias UTX), the histone demethylase gets

over expressed in OVE26 mice as well as might aid in
these findings [89].The harmful actions of histone
demethylation on repressive marks has further been
visualized in case of cultured podocyte, as GSK-J4, that
is a double inhibitor of H3K27m3/2- demethylases,
limits the Notch pathway as well as preferred the
podocyte differentiation (Figure 6) [90]. Moreover
GSK-J4 ameliorated renal damage. In addition, TGF
β1, that is a critical promoter of fibrosis in DKD,
escalated the expression of histone demethylase JMJD3
as well as UTX besides downregulating EZH2
methyltransferase in mesangial cells [91]. Kidneys
from streptozotocin rats as well as OVE26 mice,
upregulation of demethylase, whereas abundant
enhancer of Zeme Homolog 2 (EZH2) methylase as
well as repressive methylation in the profibrotic genes
is diminished. In case of human DKD , the repressive
histone mark H3K27m3 is further diminished , whereas
the expression of histone demethylase UTX is
escalated, that points to the part of histone
demethylation of repressive areas in DKD
[91].Furthermore the inhibition of EZH2 in podocyte
that were cultured in enhanced glucose surroundings as
well as in streptozotocin induced Diabetes rats
diminished H3K27me marks at the Pax 6 promoter,
stimulating the expression of PAX6 as well as
facilitating podocyte damage, oxidative stress as well
as proteinuria [92] SUV39H (see Figure 4), that
represents another methyltransferase of the repressive
mark H3K9m3, is further downregulated in Kidneys
from streptozotocin mice as well as in mesangial cells
that had got exposure to high glucose. Actually,
SUV39H1 overexpression reduced ECM generation by
mesangial cells [93].

SET7/9, that is a H3K4 mono methyltransferase,
modulates the TGF β1-stimulated expression of
profibrotic genes as it was recruited with their
promoters along with SET7/9 siRNA targeting reduced
the ECM generation stimulated BY TGF β1-in
mesangial cells [94] (Figure 5). Moreover SET7/9
facilitates the expression of the inflammatory genes via
histone methylation along with transcription factor NF-
κB getting recruited in peripheral blood monocytes
obtained from streptozotocin induced Diabetes mice as
well as from T2D patients along with human aortic
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endothelial cells that had received exposure to escalated
glucose [95].

Intriguingly, losartan, that is AT1R blocker utilized for
the treatment of clinical DKD, partly decreased the
permissive Epigenetic histone methylation visualized
in db/db mice, along with this can reason out the
decreased PAI-1, MCP1 along with RAGE under
losartan therapy [96]. Nevertheless, the action of
losartan over histone methylation of these particular
genes was markedly weak, hence in total how much it
aids in enhancement of DKD is still ill understood [96].

In total these results point that histone methylation
might have a critical part in changed gene expression at
the time of DKD, although functional in vivo studies
particularly targeting separate enzymes are essential for
clarification of their therapeutic target utility.

Histone Acetylation
Proof exists that Histone acetylation aids in DKD
propagation.Factors, like escalated glucose amounts
along with Diabetes complications can stimulate
alterations in total Histone acetylation patterns that gets
modulated by HATs along with HDACs [97, 98].
Moreover Histone acetylation was involved in EMT
[99] along with escalated Kidney extracellular matrix
(ECM) getting deposited [100].

TGF β1- that has been considered a critical modulator
of DKD, facilitates Histone acetylation. In case of
cultured rat, mesangial cells TGF β1 as well as
escalated glucose situation stimulated p300/CBP-,
hence escalating H3K9/14ac at the fibronectin -
1(Fn1)promoter[101], along with close to the Sp1 as
well as Smad binding areas at the Pai , Fn1 along with
Ctgf gene expression were further escalated by
stimulation of HAT p300/CBP along with the existence
of acetylated histones in their promoters of type1
Diabetic mice [102].Moreover TGF β1 further
escalated acetylation of H3 (K9, 14, 27) along with ETS
in glomeruli from Diabetic db/db mice aiding in DKD
via miR192 expression[103]. H3K9/14ac also exists in
Ccl2 Rage as well as Pai promoters under escalated
glucose situation, pointing to a controlling function of
H3K9/14ac in the DKD associated genes getting

expressed [99]. Further p300/CBP controls the
expression of collagen type1 alpha 2 chain (COLIA2),
that is a significant ECM molecule via manipulation of
Histone acetylation at its promoter in dermal fibroblast
as well as skin biopsies [104] along with getting
induced by TGF β1 via p300/CBPgetting recruited in
mouse mesangial cells [105] (Figure 6).

Figure 5: Courtesy ref no-150-Schematic representation of histone
modifications in diabetic-induced fibrotic and inflammatory gene
expression. High-glucose conditions cause the expression of
ECM-associated genes Col1a1, CTGF, PAI-1, FN-1, Lacm1, and
P21 as well as inflammatory genes TNF-α, COX-2, and MCP-1,
leading to fibrosis and glomerulosclerosis in the pathogenesis of
DKD. The gene expression is based on the increased active
chromatin markers (H3K4me, H3K9/14ac, and H3K79me) and
decreased repressive markers (H3K9me3 and H3K27me3) on the
promoters of fibrotic and inflammatory genes. Under diabetic
conditions (high glucose), TGF-β antibodies, some specific
HDACs, TSA, and antioxidants could have renoprotective effects.

Kidney Histone acetylation stimulated by Diabetes,
promotes pro inflammatory gene expression in rats
[106] as well as, in human blood monocytes via
escalated NFκB activity along with hyper acetylation of
pro inflammatory gene promoters [107]. In case of
human along with murine mesangial cells that got
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cultured in escalated glucose situation as well as in
Kidneys from Diabetic mice H3K9 acetylation caused
escalated expression of thioredoxin –interacting protein
(TXNIP), that is a critical pathogenic factor in DKD
[108].

Figure 6: Courtesy ref no-8-Summary of therapeutic intervention
on epigenetic modifications with evidence of renal benefit in
preclinical diabetic nephropathy. Different approaches targeting
epigenetic modifications attenuate renal injury in experimental
models DN. me, methylation; Ac, acetylation; TSA, trichostatin A;
VPA, valproic acid; NaB, sodium butyrate. Inhibition of DNA
methylases or activation of DNA demethylases, inhibition of
specific histone demethylases, and inhibition of certain histone
deacetylases (HDAC) (e.g., HDAC2 by TSA and VPA and NaB
unknown), activation of other HDACs (e.g., HDAC1 by apelin-13)
or activation of histone acetylases such as p300/CBP were all
protective in preclinical DN.

Akita mice that are Diabetic as well as possessing to
point mutation in the Ins2 gene which causes
misfolding of insulin along with type1 Diabetes, had
escalated H3K9 as well as H3K18 acetylation in renal
cortex as well as this was reduced by Apelin13 therapy,
reducing the expression of NFκB inflammatory
associated gene along with this being correlated with an
escalated HDAC1 expression [107]. Blood monocytes
from Diabetic subjects, an escalation of H3K9Ac
promoters along with H3K9Ac got correlated with
glycaemic regulation. Furthermore, the top
hyperacetylated promoters in Diabetic subjects had an
enrichment of genes that were associated with the
NFκB pathway along with Diabetic complications [92].

By utilizing HAT HDAC inhibitors , Histone-
acetylation represent a potential target for treatment of
DKD (Figure4). HDAC1 gets downregulated in the

renal cortex of Akita mice, along with in rat glomerular
mesangial cells that had got cultured in escalated
glucose situation, causing Histone hyperacetylation ,
that promotes inflammatory gene expression. HDAC
inhibition results in escalated H3K9 acetylation along
with TGF β1- stimulated gene expression[102].Akin to
that escalated action of SIRT1 , that is a significant
nephroprotective HDAC, by podocyte particular SIRT1
overexpression or by the SIRT1 agonist BF175 therapy
, reduced podocyte damage along with albuminuria in
OVE26 mice[108]. BF175 in cultured podocytes ,
escalated SIRT1-modulated activation of PGC1-α as
well as conferred protection against escalated glucose
modulated mitochondrial damage .In rat DKD, the
HDAC inhibitors trichostatin A (TSA) along with
Valproic acid (VPA)conferred protection. TGF β1 -
stimulated ECM collection was blocked by TSA,
besides escalating the expression of E-cadherin in
streptozotocin induced Diabetes rats [109]. TSA is
believed to escalate the expression of E-cadherin via
HDAC inhibition leading to escalated acetylation of the
promoter, nevertheless, it is not clarified if ate action
over TGF β1 expression is based on the manipulation of
acetylation in non histone proteins. VPA abrogates
renal damage in streptozotocin induced Diabetes rats
via the control of endoplasmic reticulum stress(ER)-
correlated proteins. VPA stimulates acetylation in the
Grp78 promoter aacetylation de along with in the C/
EBP-homologous protein(Chop) promoter, causing an
escalated expression of GPR78 along with
downregulation of CHOP[102].The deacetylation of
Chop promoter, appears to get modulated by ATF4
downregulation , which is essential for HAT binding its
promoter[102].

Curcumin avoids the generation of renal injury in the
streptozotocin induced type 1 Diabetic rats which got
correlated with decreased amounts of renal H3
acetylation[103]. Subsequently , it got demonstrated
that the Curcumin analog C66 inhibits HAT p300/CBP
action as well as subsequent histone acetylation in
streptozotocin induced Diabetic mice avoiding the
expression of renal fibrotic genes[108].Another p300/
CBP inhibitor C646 inhibited TGF β1 - stimulated
epithelial –mesenchymal –transition(EMT) of human
peritoneal mesothelial cells getting exposed to
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escalated glucose situation via manipulation of H3
acetylation [110].

Rest of Histone Modifications
Crotonylation
In variety of healthy tissues, that includes the kidney
[28], constitutive along with escalated histone
Crotonylation has been detailed at the time of
experimental Nephrotoxic AKI, pointing to a part of
histone Crotonylation in kidney damage , despite no
studies in DKD [47]. In this context , manipulation of
histone Crotonylation modulates the results of kidney
damage.

Stimulation of murine tubular cells via the cytokine
TWEAK, that is a modulator of kidney damage [112],
along withAKI, histone crotonylation was escalated ,
which was correlated with reduced SIRT3 along with
PGC1-α expression as well as escalated expression of
the chemokine-that encodes Ccl2 gene.In this context ,
crotonate delivery , that by escalating the substrate
facilitated histone crotonylation , escalated kidney
SIRT3 as well as PGC1-α expression in vivo as well as
in cultured cells, whereas reducing CCL2 expression
besides conferring protection . Nevertheless, studies
evaluating its part in the form of therapy in DKD are
needed .

β-Hydroxy Butyrylation
Despite few studies have assessed the association
among histone β-hydroxy butyrylation along with
DKD, proof exists pointing to a potential advantageous
action.Inspite the finding that escalated serum BHB
amounts are correlated with greater chances of
mortality in haemodialysis patients irrespective of the
existence or absence of Diabetic Nephropathy [113].
BHB represses oxidative stress as well as might be
advantageous in DKD. In this context correlation imply
causality.Hence a ketogenic diet relieved DKD as well
as decreased oxidative stress genes in murine
type1(Akita) as well as type 2 (db/db) Diabetes [114].
It is believed that this action gets modulated by BHB,
that confers protection against oxidative stress
stimulated

by glucose in neuronal cells, but this was not evaluated
in renal cells [114]. In case of human embryonic
Kidney cells , histone Kbhb gets controlled by BHB
amounts , whereas histone acetylation didn’t get
controlled that way. This might possess a physiological
significance in DKD, as serum BHB amounts are
escalated in case of both fasted as well as streptozotocin
Diabetic mice [43]. Actually, greater serum BHB
amounts get correlated with escalated histone Kbhb
amounts in both liver of streptozotocin Diabetic mice
along within in Kidney of fasted mice, as well as
histone Kbhb had a part in reprogramming gene
expression for getting the cells adjust to the alteration in
energy sources [46]. Inhibition of HDACs by BHB
might enhance the metabolic profile along with redox
state by stimulation of oxidative stress resistance via
the expression of FOXO3A as well as , MT2 in murine
Kidney [44]. Regarding DN, post therapy with sodium
butyrate (NaB) in streptozotocin rats was
nephroprotective as well as decreased HDACs action
pointing that this protection was modulated by
manipulation of histone acetylation [115]. However
more studies are required to get an insight in the global
as well as local involvement of histone Kbhb on DKD ,
besides its treatment potential.

Modulators of Epigenetic
Readers
BET Inhibitors(iBET)that are selective are the ones that
block the Bromodomains on BETproteins as well as
acetylated proteins [116]. BRD4 Inhibition in cell
cultures by small interfering RNA or by
pharmacological iBET’s downregulate the
proinflammatory as well as profibrotic gene expression
[117-119]. Transcription factors also possess acetylated
residues.The RelA subunit of the proinflammatory
Transcription factors NFκB can get acetylated by Lys
310, resulting in activation.Cancer studies have detailed
that BRD binding to acetylated Lys310 of RelA is
necessary to activate particular NFκB Transcriptional
activation as well as downregulating various NFκB
regulated genes, that are Ccl2 as well as Il17a[120].
Intriguingly, all the above factors , TNFα, NF κB ,
CCL2 as well as IL-17A, aid in
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the pathogenesis of DKD [121] (see Figure 5).

iBET’s have been observed to be advantageous in
variety of experimental diseases, that are malignancies
, infections, autoimmune diseases, inflammation as well
as fibrotic conditions [116, 117] 25407682. In particular
BET Inhibition further conferred protection from DM
as well as enhanced renal function, besides possessing
nephro protective properties in experimental Kidney
diseases [115, 120].

iBET762 avoided Diabetes mellitus in NOD mice .that
is a model of T1D [121]. BET InhibitIon, in this
context, in pancreat ic β cells escalated insulin
liberation [122], pointing that these drugs might be of
use for treatment of insulin resistant / Diabetic subjects.
BRD4 as well as modulates the activation of
senescence associated secretory phenotype in case of
islet cells.Furthermore BET proteins control pancreatic
generation [123], as well as Diabetic intervertebral disc
degeneration [125]. BET inhibition by JQI ameliorates
streptozotocin induced Diabetic cardiomyopathy in
streptozotocin induced Diabetes byrepressing cardiac
fibrosis as well as enhancing cardiac function by
manipulation of caveolin / TGF β1- signalling in
cardiofibroblasts In addition to inhibiting
cardiomyocyte apoptosis [126]. Further BRD4 is
implicated by escalated glucose-stimulated
cardiomyocyte hypertrophy via AKT pathway [126].
Lesser knowledge exists in relation to Kidney .
Nevertheless, the outcomes do help in validation of
nephroprotection through BET InhibitIon .Hence in
case of cultured podocytes, silencing of BRD4 gene or
JQI inhibited escalated glucose-stimulated podocytes
damage, while overexpression of BRD4 stimulated
apoptosis, nevertheless, it is not clear if this gets
manifested by manipulation of histone binding [127].

Association of Epigenetic
Modulation with Crucial
pathogenic events in DKD
The knowledge existing on Epigenetic modifications as
well as DKD can be described as probable aid in

particular pathogenic events, like podocyte damage,
inflammation as well as fibrosis via Modulation of gene
transcription in Kidney cells as well as /or leukocytes.
Inspite these studies it is tough to point the action of
some histone post translational modifications or DNA
methylation to a particular cell type or a particular
molecule or a group of molecules knowing that
unworked out actions in other cell kinds or other genes
might aid in the phenotype visualized. Due to this only
, it is tough to be sure if the Association of Epigenetic
modifications with DKD characteristics suggest
correlations versus causality .Once no interventional
studies got conducted , it becomes practically
impossible to discriminate correlations versus causality.
Nevertheless, even if these studies had been conducted,
it might not have clarified if the alterations visualized in
gene expression in cultured cells secondary to
promotion or inhibition of a particular Epigenetic
characteristics are the critical drivers of any potential in
vivo therapeutic action or if they might depict
epiphenomena as well as the in vivo action is stimulated
by a well-tuned response , where the gene evaluated
possessed a little part or none .Or on the other hand , the
critical cells mediating the in vivo action might not be
the a renal cell also. Hence inspite of watching an
involvement of Epigenetic modifications on the
cultured podocytes , the critical cells for protection of
Kidney cell in vivo , might be a leukocytes subtype.
This is present even when well established mediators of
DKD like TGFβ1 are demonstrated to get Modulated in
culture along with in vivo. This problem probably
would only be solved once single cell Epigenetic
methods get generated along with combined with the
present single cell transcriptomics data gets available.

Utilization of Agents that
Modify Epigenetics for
Therapy or Targets in Clinical
DKD
An escalation into Epigenetics along with Agents
that Modify Epigenetics is there . According to the
Clinicaltrials.com, there are a minimal of 290
Clinical studies on this topic
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(http:// Clinical trials.gov/ct2/results ?cond=epigenetic
&term=&cntry=&state=&city=&dist=&search=search
; accessed on apr 17, 2020).Maximum studies
concentrate on Epigenetics in haematological diseases,
cancer, autoimmune diseases as well as inflammatory
disease, cardiovascular risk factors , in the form of DM,
obesity as well as atherosclerosis along with include
evaluation of iBETs , mainly in cancers[116].Actually
55 studies are continuing in the DM field, maximum of
which are not evaluating the Epigenetic modifiers
directly.

The BD2 selective inhibitor Apabetalone(RVX -208/
RVX000222)got analyzed in patients with type
2Diabetes possessing high risk of cardiovascular
diseases(http:// Clinical trials.gov/NCT 02586155).
This represents an Epigenetic modifier possessing
maximum clinical generation that is advanced in DM,
cardiovascular (CVS) as well as Kidney diseases, since
phase 3 outcomes got documented recently.
Apabetalone manipulates the expression of a lot of
different genes , that included complement along with
coagulation factors , cardiovascular disease(CVD)
markers , C-reactive protein (CRP) as well as of
particular significance for nephrologists, alkaline
phosphatase as well as cholesterol transport genes.

The phasre IIb SUSTAIN as well as ASSURE trials
evaluated the action of Apabetalone on cardiovascular
processes in patients that were in high category risk of
Diabetics with coronary artery disease.A post hoc sub-
evaluation[128] of patients with eGFR <60 mL/min 1,
73m2 documented that Apabetalone patients had a
significant diminution (p=0.02) of alkaline phosphatase
amounts of-14% in contrast to -6% in the placebo
group. Alkaline phosphatase amounts are considered to
be risk factors for mortality in patients having CKD as
well as are associated as well as believed to aid in
vascular calcification , along with to cardiovascular
processes [129]. Another multicenter trial (NCT
03160430) will contrast , in a sequential cross-over
study with 4 weeks washout in between , the influence
of 6 wks of Apabetalone(100mg/12h)or placebo on the
plasma alkaline phosphatase in end –stage renal disease
(ESRD) patients getting haemo dialysis.

A phase 3 clinical trial, BET on MACE , got finished
recently [130].2425 patients got recruited with recent
acute coronary syndrome, type2 Diabetes, along with
low HDL cholesterol on statins to Apabetalone(100mg/
12h) or placebox120wks.The trial could not meet the
primary endpoint of CVS death , myocardial infarction
(MI), stroke [130]. At the time of a median follow up of
26.5 mths, 274 primary endpoints took place
;125(10.3%) in Apabetalone receivers as well as
149(12.4%)in placebo receivers(hazard ratio,
0.82b[95%CI, 0.65-1.04;P=0.06).Despite there being
an earlier defined secondary endpoint of alteration in
Kidney function in patients with eGFR <60 mL/min 1,
73m2, formal statistical evaluation of the crucial
secondary endpoint as well as premarked evaluation
plan on not meeting the primary endpoints.Anyways ,
an exploratory evaluation of secondary endpoints
pointed to a decreased risk of congestive heart failure
hospitalized patients. Nevertheless, no influence on
inflammation, as evaluated by CRP amounts was
seen.Greater number of patients got marked for
receiving Apabetalone in contrast to placebo
discontinued study group (114[9.4%] vs 69[5.7%]), due
to escalation of liver enzyme amounts(35[2.9%] vs
11[0.9%), that caused safety issues[130].The incidence
of alanine aminotransferase escalation was greater than
5 fold the uppler limit of normal was 4.7 times greater
in the Apabetalone in contrast to placebo groups
although this was totally reversible as well as Hy ‘s law
thresholds for liver toxicity were not seen in any
patient.Nausea was observed greater with Apabetalone
in contrast to placebo groups(26[2.1%] vs 7[0.6%]),
that highlighted this concern of tolerability of the drug.

At present 6 Apabetalone clinical trials are trying to
assess its safety, pharmacokinetics as well as
pharmacodynamics, where 2 are concentrating on
CKD.A phase 1 as well as 2 trial (NCT03228940)
would assess the safety, as well as actions on crucial
Biomarkers (like markers of inflammation, CKD-MBD
as well as glycolipid storage) of Apabetalone (100mg/
12h) for 16wks in Fabry disease patients. Fabry disease
represents a genetic X-linked disorder of lysosomal
storage secondary to mutations in the GLA gene
resulting in collection of glycolipids along with Kidney
as well as heart disease, that has common pathways
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with DKD [131]. This trial was anticipated to be
finished by 2020.

There are 2 separate interventional clinical studies
(NCT03817749, NCT4194450)in pre Diabetic patients
are evaluation as a secondary endpoint , if monocytes
H3 acetylation at Lys9 as well as Lys4 alterations in
response to oral ketone supplements (a ketone ester as
well as (R)-3-hydroxy butyl ( R)-3 hydroxy butyrate
respectively) for14days.The SCFA butyrate a product
that gets formed by the gut microbiota(GM) can get
converted to β hydroxy properties [132].Butyrate
reduces proteinuria in Diabetic rats [115].As a changed
microbiota possessing the properties of butyrate
generating bacteria has been detailed in DM , an
ongoing randomized clinical trial (NCT04073927) in ,
type1 Diabetes patients with DKD is evaluating the
influence of 3.6g/day oral Sodium butyrate or placebo
x12wks as well as has albuminuria as well as GFR in
the form of secondary endpoints.

As far as safety as well as particular populations which
might be benefitted via epigenetic interventions, still
knowledge is not enough, since interventions targeting
Epigenetics Modifications in DKD are at the early
clinical trial stage.

Epigenetics and SGLT2
Inhibitors
With the unanticipated advantageous effect of SGLT2
inhibitors on Kidney as well as heart results in
Diabetes, DKD as well as heart failure, a lot of debate
goes on regarding the molecular modes implicated [12].
This might be associated to a tubular modulated
haemodynamic actions, to conferring protection to
tubular cells from escalated glucose or to other
metabolic actions, like escalated ketone amounts [12,
133, 134]. Knowing the escalated knowledge on the
part of Epigenetic controlling in DKD, a probability
that SGLT2 inhibitors might indirectly control DNA
methylation, as well as /or histone post translational
modifications. Nevertheless, a Pubmed search done
recently for (methylation, or acetylation or
Crotonylation or histone) as well as (SGLT2 or
Dapagliflozin, or Canagliflozin or empagliflozin) did

not yield anything that was relevant to this topic. It was
posited by Martinez-Moreno group [8], that here exists
a lucrative field needing evaluation as well as
exploration to get insight on the molecular modes of
SGLT2 inhibitors advantages besides to know part of
Epigenetics control of DKD. In this context of SGLT2
inhibitors escalate plasma along with tissue amounts of
ketone-3 hydroxy butyric acid that stimulated β
hydroxy butyrylation of H3 at Lys 9 of the adiponectin
gene in adipocytes independent of their methylation, or
acetylation that isolates a new histone post translational
modifications significant to the therapeutic action of
SGLT2 inhibitors[50].Although little information on
DNA methylation as well as /or histone epigenetics ,
already some knowledge on miRNAs.40 Diabetic
patients contrasting therapy with Dapagliflozin, or
thiazides in an open label study circulating miR30e-5p
was upregulated whereas miR199 a -3pdownregulated
in Dapagliflozin treatment patients [135]. This study
points that actually SGLT2 inhibitors might manipulate
Epigenetic controllers.

Conclusions as well as Future
Directions
This idea of Epigenetic controlling of gene expression
got generated from a fixed –at birth p-or-early-
generation characteristics to a dynamic property that
might get altered in response to the environment or
therapeutic manipulation. Hence tools, are present for
activation or inhibition of enzymes implicated in
attaching or detaching the Epigenetic marks, along with
for interference with readers of Epigenetic information.
Interfering with the BET reader proteins is already
going through clinical trials in the DKD field.
Moreover, the substrate availability controls histone
post translational modifications, as illustrated for
histone Crotonylation or β hydroxy butyrylation. These
tools got utilized to illustrate nephroprotective actions
of therapeutically Epigenetic control in variety of
nephropathies that include DKD. Nevertheless, certain
fields continue not having been explored in the DKD
field, like the nephroprotective part of a total escalation
in kidney histone Crotonylation as seen in non-Diabetic
Kidney damage.
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Lastly, commonly utilized drugs might indirectly
control Epigenetic modes. Of the least explored are the
Epigenetic effects of giving SGLT2 inhibitors. An
urgent requirement for the same exists, knowing that
cardio as well as nephroprotective property is much
greater than anticipation as well as currently no
reasoning is there depending on our insight of their
modes of action. A part for an indirect manipulation of
Epigenetic definitely requires more studies knowing the
influence of SGLT2 inhibitors on 3 hydroxy butyric
acid, which is a driver of histone β hydroxy
butyrylation. Intriguingly, a low caloric intake is the
only method that escalates lifespan continuously in all
species evaluated as well as it is believed that fasting is
a crucial aiding factor in this action. Fasting further
escalates 3 hydroxy butyric acid amounts escalating the
β histone hydroxy butyrylation, like Ppaar gc1a gene
that encodes PGC-1α [48], that is a crucial
nephroprotective molecule [136, 137]. Ultimately in
spite the detailing of certain Epigenetic manipulations
of particular characteristics as well as particular
Molecular involvement in DKD, insight is not enough
on the cause as well as action association among these
particular Molecular alterations as well as total
influence of targeting Epigenetic manipulations in vivo.
In this context , with the knowledge that Epigenetic
manipulations in DKD are at the clinical trial stage till
now , it is uncertain if early intervention in these
pathways can avoid disease or later intervention might
aid in reversal of disease already developed in human
beings. Further Xu et al. [138] and Lu et al. [139]
reviewed how miRNA’s Long noncoding RNAs might
impact and till now Figure 5 and Figure 6 summarize
how epigenetic manipulation might aid in helping in
DKD’S despite more research required.
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