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Abstract

Review Article

Introduction

Advances in genome‑wide transcriptome analysis coupled 
with our increased knowledge of heritable phenotypes and 
the science underlying the same help inform our current 
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understanding that alterations in the DNA nucleotide 
sequence are not always required for changes in heritable 
phenotypes.[1,2] This suggests a bio‑phenomenon wherein 
heritable phenotypes may be associated with or initiated 
by bio‑events “beyond, around, outside, on the top of, or in 
addition to” the well‑established genetic alterations.[1‑3] The 
study of this bio‑phenomenon involving functionally‑relevant 
alteration of the genome, gene expression, and/or activity, as 
well heritable phenotype, without changes in the genomic 
sequence, is herein termed epigenetics, and it antagonizes the 
sacrosanctity of the conventional genetic basis of inheritance.

Principal mechanisms underlying epigenetic activities include 
DNA methylation, histone modification, and RNA‑related 
silencing, all of which are interrelated and inherently elicit 
changes in gene expression profile/pattern without altering 
the underlying DNA sequence.[4,5] Contextually, changes in 
gene expression/activity/behavior involve nongenetic factors, 
are mostly mediated by the activity of repressor proteins that 
bind to the DNA silencers, and are associated with epigenetic 
changes that last a cell’s lifespan, or even over multiple cell 
generations, without altering the organisms’ DNA sequence.[1‑5] 
Of contextual‑relevance to the present review is histone 
modification.

Histones are the principal protein components of the chromatin, 
a DNA–protein complex that constitutes chromosomes. Since 
histones are de facto spools around which the DNA molecules 
wind, modifications in histone structures after they are translated 
into protein, namely posttranslation modification, alter 
chromatin conformation, and this, in turn, determines or affects 
how the associated chromosomal DNA will be transcribed.[5‑7] 
While the uncoiled or noncompact chromatin  (forming a 
complex called euchromatin) is active and allows for the 
transcription of its associated DNA, the condensed or compact 
chromatin  (forming a complex called heterochromatin) is 
inactive and precludes DNA transcription.[5‑8]

Primarily, two main mechanisms underlie the modification 
of histones, namely acetylation and methylation, entailing 
the addition of either acetyl or methyl group (s), respectively, 
to the amino acid lysine in the histone. Conventionally, 
histone acetylation and deacetylation are associated with 
euchromatin  (active) and heterochromatin  (inactive), 
respectively, while methylation is associated with both the 
noncompact euchromatin and compact heterochromatin.[6‑8] 
This is evidenced by the implication of histone H3 lysine 
9 (H3K9) methylation in transcriptional repression/silencing 
and its role as a binding site for heterochromatin protein 
1  (HP1), making it a mark of repressed DNA which is a 
characteristic of heterochromatin.[9,10] On the other hand, 
the methylation of H3K4 is associated with transcriptional 
activation of genes.[8,11‑13]

The discovery and characterization of histone lysine 
demethylase 1A  (KDM1A, also known as LSD1), which 
actively “erases” the methyl mark  (s) from H3K4 through 
the enzymatic activity of its amine oxidase domain, 

complemented by the redox–active coenzyme flavin 
adenine dinucleotide, initiated a flurry of studies on the 
physiological and pathological implications of histone lysine 
demethylases  (KDMs).[14]  Subsequently, a broad family of 
related KDMs and their substrates has been and continues to 
be identified and characterized,[14‑17] explaining the existence 
of matched KDMs for most methylated lysine residues of 
the histone tails, and reinforcing the nonsacrosanct nature of 
the initially proposed irreversibility of histone methylation. 
In fact, the last two decades has been characterized by 
accrued evidence of the critical, often essential, role of this 
dynamism in histone methylation regulation in “fundamental 
chromatin‑based processes,[14] especially as impaired regulation 
of KDMs is increasingly implicated in a broad array of human 
diseases or disorders, including developmental disorders, 
mental retardation, and cancer.[14,17‑21] These, among many 
other reasons, make KDMs emerging therapeutic targets.[21,22]

Lysine demethylase 5  (KDM5) enzymes are some of the 
most studied KDMs. Recently, it was demonstrated that 
the interaction and complex-formation between a plant 
homeodomain (PHD) in KDM5A/5B and unmodified H3K4 
resulted in the induction of the KDM5s’ enzymatic activity 
and methylation of H3K4 (H3K4me).[23,24] Moreover, another 
PHD finger in these KDM5s exhibits a preference for binding 
to H3K4me histone tails, in part indicating that KDM5s, 
and more specifically KDM5B, recognize both the substrate 
and the product of their demethylating enzymatic activity.[25] 
While “the functional relevance of this interplay remains to 
be carefully examined in vivo,” this observation is suggestive 
of existent coordinated drive by KDMs to encrypt/conceal 
“domains that can read the chromatin modification landscape 
to control histone demethylation.”[14]

The Jumonji/AT‑rich interactive domain (ARID)‑containing 
lysine demethylase 5B  (KDM5B/JARID1B/PLU1) is 
restrict ively expressed,  evolutionarily conserved 
across mammalian species,  and belonging to the 
α‑ketoglutarate‑dependent hydroxylase superfamily.[26] 
KDM5B is actively involved in various physiological processes, 
including regulation of transcription elongation and alternative 
splicing in embryonic stem  (ES) cells,[27,28] epigenetic 
modulation of gene expression, neurogenesis,[29,30] mammary 
gland development,[31] and osteogenesis.[32] Conversely, 
KDM5B is one of the earliest identified histone KDMs 
associated with human disease, with several studies indicating 
that KDM5B plays a vital role in the initiation and progression 
of various malignancies, including lung,[33] hypopharynx,[34] 
brain,[35] and breast cancers.[36,37] This review aims to provide 
a summary of the latest findings related to the pleiotropic roles 
of KDM5B in physiology and pathology, with a focus on its 
therapeutic potentials.

Structure and Biogenesis of Lysine Demethylase 5B
KDM5B, a 1544 residue member “of the family 
of Jumonji C (JmjC) domain containing iron  (Fe) and 
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α‑ketoglutarate (α‑KG)‑dependent oxygenases,”[38] is located 
within the human chromosome 1  (chr 1): 202,724,495–
202,809,470  (GRCh38/hg38) or chr 1:  202,696,526–
202,778,598  (GRCh37/hg19) with 84,976 or 82,073 bases, 
respectively, on the 1q32.1 cytogenetic band  (https://
www.genecards.org/cgi‑bin/carddisp.pl?gene=KDM5B& 
keywords  =  kdm5b)  [Figure  1]. Structurally, KDM5B has 
seven identified domains, namely a catalytic JmjC domain, 
a JmjN domain, a DNA‑binding ARID domain, three 
PHDs (PHD 1, 2, and 3), and a C5HC2 zinc finger, which form 
the KDM5B catalytic core.[38] Functional analyses indicate 
that the KDM5B ARID domain specifically recognizes and 
binds to the GCACA/C motif,[39] PHD1 binds H3K4me0 and 
H3K4me1,[25] PHD3 preferentially binds H3K4me3,[24] the 
JmjC domain forms a catalytically‑active pocket that modulates 
Fe (III) and α‑KG, which are vital to the demethylase activity, 
while JmjN domain complements JmjC enzymatic activity.[40]  
In physiology, the expression of KDM5B is restricted, being 
abundantly expressed in normal testes during spermatogenesis, 
and in murine embryonic mammary bud or mammary gland 
of pregnant mice.[39]

Molecular Functions of Lysine Demethylase 5B
Transcription elongation and alternative splicing
In humans, ~95% of multi‑exon genes undergo alternative 
splicing. Alternative splicing of RNAs mediates and is essential 
for the translation of genomic information into functional 
proteins, regulation of gene expression, multiplicity of gene 
isoform, as well as protein diversity and complexity in higher 
eukaryotes.[41] Classically, transcription and alternative splicing 
are the two independent bio‑processes, with the former almost 
always preceding the later; however, there is evidence of both 
occurring concomitantly, akin to histone demethylation.[42] In 
fact, the co‑occurrence of co‑transcriptional processes such 
as histone demethylation and splicing with the progression of 
RNA polymerase II (RNAPII) along the gene bodies facilitates 
transcription elongation and resets the underlying chromatin. [27]

Against the background of H3K4me3 enrichment at 
exon–intron junctions,[27,43] accruing evidence indicates 
that epigenetic modifications, or more specifically, histone 
demethylation, regulate transcription and splicing,[44,45] by 

recruiting splicing factors, chromatin structure compaction, 
with subsequent attenuation of polymerase II elongation rate 
and impaired transcription.[46] KDM5B plays an essential role in 
the regulation of RNAPII occupancy, transcriptional initiation, 
and elongation, as well as the process of alternative splicing in 
ES cells. He and Kidder in their seminal work demonstrated 
that KDM5B is enriched near alternatively spliced exons (exon 
skipping, cassette exons) and that short hairpin RNA‑mediated 
depletion of KDM5B altered the occupancy of RNAPII 
promoter, resulting in attenuated RNAPII initiation and 
elongation rates in active and H3K4me3‑marked genes in ES 
cells.[27]

Transcriptional regulation
Located upstream near the transcription start sites of genes, 
the 100–1000 base pair  (bp) long promoter region of the 
DNA initiates transcription of genes. As already alluded, the 
silencing of KDM5B reduces H3K4me3 at promoter regions 
and at 5’ exons nearby alternatively spliced exons, suggesting 
that KDM5B depletion may affect expression of exons near 
promoter regions.[27,43] The methylation of H3K4is linked with 
active transcription and combined with H3K27me3; the duo 
regulates the activities of genes that regulate development in 
a poised state.[30] Indeed, the transcription factor IID (TFIID), 
an integral subunit of the general transcription factors (TFs) 
that constitute the RNAPII preinitiation complex, has been 
suggested to bind to the H3K4me3 mark to induce/enhance its 
ability to facilitate the formation of the RNAPII preinitiation 
complex.[47] Once the TFIID binds to the TATA box within the 
promoter region of any gene of interest, the recruitment of other 
factors needed for RNAPII to start transcription is induced.

Moreover, the recognition of and interaction with H3K4me3 
by chromatin‑remodeling complexes open/uncoil the hitherto 
compacted 30‑nm chromatin fiber  (i.e., heterochromatin to 
euchromatin), facilitating transcription.[48] The regulation 
of gene expression in eukaryotes is premised on facilitating 
access of TFs to DNA sequences in the chromatin by 
chromatin‑remodeling complexes, “which either chemically 
modify the core histones, mainly in their N‑terminal tails, or 
use the energy of ATP hydrolysis to weaken the interaction 
of histones with DNA.”[49] The nucleosome, which is the 
fundamental unit of chromatin, consists of paired H3, H4, 

Figure 1: Schematic representation of lysine demethylase 5B genomic coordinates on the GRCh37/hg19 genome assembly. Lysine demethylase 5B 
is located in the 1q32.1 cytogenetic band of chromosome 1:202,696,526–202,778,598
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H2A, and H2B core histones, acting as a spool, around which 
147 bp of DNA is spun in 1.65 left‑handed superhelix, with 
nucleosome–nucleosome repeats being facilitated by linker 
histone H1 and ~25 bps linker DNA. In essence, the histone 
H1 at the nucleosomal entry and exit sites restricts nucleosome 
mobility and facilitates chromatin folding and stability.[48,49] 
Recently, Vicent et al. demonstrated that within the 1st min 
of progesterone action, a complex collaborative influence 
of KDM5B, chromatin‑remodeling complexes (nucleosome 
remodeling factor and activating signal cointegrator‑2 
complex), and the Cdk2/Cyclin A complex, on the chromatin 
fiber, mediates displacement of histone H1 and is requisite 
for gene induction and cell proliferation.[49] Their findings 
show that enhanced H3K4me3 signals sequel to localized 
displacement of KDM5B from the target chromatin elicits 
histone H1 displacement/depletion from target promoter 
regions, euchromatin reconfiguration and results in activation 
of transcription.

Posttranscriptional regulation
KDM5B does not only influence the regulation and 
development of transcription but is also associated with 
complex posttranscriptional regulations, such as maintenance 
of mRNA stability, mRNA translation, pre‑mRNA splicing, 
and protein activities. Recently, it was demonstrated that the 
depletion of KDM5B impairs DNA repair, enhances DNA 
damage, induces p53 signaling, and sensitizes cells to genotoxic 
signals, highlighting its role as a vital “genome caretaker and a 
critical regulator of genomic stability.”[50] In response to DNA 
damage, the protein level of the TF p53 oscillates, and its 
target genes exhibit a spectrum of time‑dependent expression 
profile; this temporal expression dynamism in the target genes 
is dependent on target mRNA decay rate.[51] The manipulation 
of noncoding regions has been touted to influence mRNA 
stability, maintain polypeptide sequence, and keep protein 
identity; more recent evidence indicates altering the nucleotide 
sequences within the 3’‑untranslated region (3’‑UTR) of target 
mRNAs.[51‑53] This is contextually significant as KDM5B with 
or without KDM5A recruits 3’‑UTR processing machinery and 
promotes the alteration of the length of the 3’‑UTR in target 
genes through its demethylase activity;[54] consistent with this, 
enhanced KDM5B expression and enzymatic activity have 
been shown to shorten the 3’‑UTR of cyclin D1 and degrade 
cyclin D1 mRNA, while lengthening DICER1  3’‑UTR in 
breast cancer cells.[54]

To prevent mRNA degradation and export, eukaryotic mRNAs 
are modified during transcription with a 5’‑guanosine cap and 
a 3’‑polyadenine (polyA) tail, which may be inserted at various 
sites after a stop codon without altering the coding sequence of 
the transcript product. While most mRNAs have a canonical 
polyA site, many harbor ≥1 alternative polyadenylation (APA) 
sites.[54‑56] KDM5B through its H3K4me3 demethylase 
activity recruits polyadenylation machinery to the chromatin 
and processes and promotes alteration of the 3’‑UTR in its 
target gene, and this is relevant considering that “cleavage of 
mRNA is tightly coupled with polyadenylation.”[54] Through 

its interaction with transcripts and chromatin, KDM5B 
increases the pool of polyadenylation factors at proximal 
or distal polyA sites  (including APA sites) and facilitates 
3’‑UTR processing at the sites. Consistent with KDM5B 
enrichment near promoter regions and at certain 3’‑UTRs, 
there is enhanced recruitment of polyadenylation factors near 
promoter and terminator regions.[27,43,49,54] More practically, 
KDM5B has been shown to be essential for the recruitment 
of GATA3 to the Foxa1 promoter for the induction of Foxa1 
expression, with concomitant increase in “the expression of key 
regulators of mammary morphogenesis and luminal lineage 
specification.”[31] In addition, the enzymatic/demethylase 
activity of KDM5B was demonstrated to be indispensable for 
ES cell neural differentiation, especially as KDM5B “localizes 
predominantly at the transcription start sites of genes encoding 
developmental regulators.”[30]

Physiological Functions of Lysine Demethylase 
5B
Mammary gland development and function
Phenotypically, the loss of KDM5B function, as typified 
by KDM5B(−/−) mice models, elicited “decreased body 
weight, premature mortality, decreased female fertility, and 
delayed mammary gland development.”[31] This phenotype 
was associated with reduced production of serum estrogen, 
diminished expression of principal regulators of mammary 
morphogenesis and luminal differentiation, such as FOXA1 
and estrogen receptor  (ER) α, impaired proliferation of 
mammary epithelial cells, fewer terminal end buds, lesser side 
branching, and defective ductal elongation in early puberty,[31,57] 
highlighting the critical regulatory role of KDM5B in breast 
development and function.

Neural development and function
In physiological conditions, high expression of KDM5B is 
noted during embryogenesis, in ES cells, and in adult testis, 
brain, spleen, and thymus.[30] Further, under the purview 
of KDM5B is neural differentiation and neurogenesis. It 
has been shown that almost all target genes of KDM5B are 
H3K4me3‑associated, and the depletion of KDM5B in ES 
cells impedes their differentiation toward the neural lineage.[30] 
Against this background, and consistent with contemporary 
knowledge that gene silencing or suppressed activity is 
associated with loss of H3K4me2/3, gain of DNAme, or 
de novo H3K27 me,[58,59] it is comprehensible that impaired 
differentiation is invariably due to failed silencing of earlier 
activated genes, including pluripotency and germ cell‑related 
genes, and not because of probable “failed activation of 
lineage‑specific genes or erroneous induction of alternative 
lineage genes.”[30,58,59] Thus, the inactivation of KDM5B elicits 
global increases in promoter H3K4me3 levels of target genes, 
with impaired silencing of stemness and germ cell genes. 
This is further validated by the findings from Zhou et  al. 
demonstrating that shRNA‑mediated depletion of KDM5B 
attenuated the proliferation rate in proliferating adult neural 
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stem cells and reduced their ability to form neurospheres, as 
well as enhanced H3K4me3 at the proximal promoter region 
of reelin (Reln) in differentiating adult neural stem cells.[27] 
These studies indicate that KDM5B negatively regulates 
neurogenesis and function.

Pancreatic endocrine maturation, glucose homeostasis, 
and islet function
Recently, the probable role of KDM5B in the regulation 
of pancreatic development, maintenance of homeostasis in 
glucose metabolism, and function of the islet of Langerhans 
began to emerge. This was first posited based on the results 
of a causal reasoning approach, indicating that KDM5B in 
concert with neurogenin‑3 (NEUROG3) and E2F TF 1 (E2F1) 
is actively involved in the endocrine cell development.[60] 
Against the background that NEUROG3 drives pancreatic 
β cell development and function,[61] and that E2F1 that 
stimulates β cell proliferation and function binds directly to 
and activates NEUROG3 in the embryonic pancreas,[62,63] it 
was demonstrated that KDM5B negatively regulates E2F1 
and NEUROG3, with concomitant suppression of H3K4me3, 
and results in impaired endocrine β cell production, 
proliferation, maturation, and function.[60] These findings 
were further corroborated by Backe et al.[64] in their work, 
demonstrating that on depletion of KDM5B (KDM5B‑KO) 
in NOD/SCID mice, the KDM5B‑knockout  (KO) mice 
exhibited retarded growth, reduced body weight, and 
reduced serum insulin (Ins) levels, despite normoglycemia, 
suggesting high Ins sensitivity – a condition wherein blood 
sugar is reduced by enhanced utilization of blood glucose by 
the body cells. This is consistent with evolving knowledge 
that increased H3K4me3 levels sequel to depletion of 
KDM5B is important for transcription of β cell genes, 
including Ins 1, Ins 2, and glucose transporter 2 (Glut2). This 
is suggestive of the β cells‑protective and function‑enhancing 
roles of H3K4 methylation by KDM5B inhibition.[65]

Skeletal myogenesis and osteogenesis
There is also evidence of a regulatory role for KDM5B 
in skeletal myogenesis. It was recently reported that the 
transcriptional activation or repression of the RUNX family TF 
2 (Runx2) gene through modulation of the osteoblast‑specific 
Runx2‑P1 promoter  (which encodes for Runx2/p57 mRNA 
isoform) is associated with the selective “writing” or 
“erasing” of histone marks, including H3K4me2/3, during the 
osteogenic and myoblastic differentiation of the mesenchymal 
cells.[32] Contextually, silencing KDM5B enhances H3K4me2/3 
marks at the bone-specific Runx2-P1 promoter region and 
elicits ectopic expression of Runx2/p57 and osteocalcin, which 
in turn activates or impedes the suppression of the Runx2-P1 
promoter during the differentiation of mesenchymal cells 
to myogenic lineage;[32] thus, indicating that KDM5B is a 
major epigenetic switch that determines the myogenic and/
or osteogenic fate of mesenchymal cells. Consistent with the 
above, it has also been demonstrated that KDM5B, an “eraser” 
of H3K4me2/3, epigenetically controls the mesenchymal stem 

cells (MSCs) osteoblastic potential by repressing expression 
of the bone master‑gene Runx2 in MS cells derived from the 
human umbilical cord Wharton’s jelly mesenchymal stem 
cells (WJ-MSCs); more specifically, it was shown that KDM5B 
loss‑of‑function enhanced the expression of RUNX2/p57 in the 
WJ-MSCs during commitment to osteogenic differentiation.[66]

Prenatal development, gametogenesis, and fertility
Summarily, prenatal development is strictly controlled by 
TFs and chromatin‑associated proteins, with H3K4me3, 
H3K27me3, or H3K4me3/H3K27me3 combination being 
associated with active transcription, gene repression, or poised 
state, respectively. It is posited that this constitutive potential 
of histone modifications to modulate transcriptional state may 
be associated with the capacity to influence or determine 
cellular identity, cell fate, and development.[11,12,30] This 
rationalization was validated by recent findings demonstrating 
that enhanced deposition of H3K4me3 during embryonic 
development upregulated the expression of neural master 
regulators such as Otx2 and Pax6 in KDM5B‑KO brains 
while the depletion of KDM5B (an “eraser” of H3K4me2/3 
marks) caused severe respiratory failure; This resulted in 
severe neonatal lethality, such as dysfunctional cranial nerves, 
defective eye development, high incidence of exencephaly, 
and homeotic skeletal transformation in the KDM5B−/− 
embryos.[67]

In addition, KDM5B is a demonstrated marker for early 
spermatogonia, as the inactivation of KDM5B is requisite for 
the differentiation of spermatogonia into spermatocytes,[68] 
and a decrease in the number of mature spermatozoa/
sperms is associated with an increase in KDM5B mRNA 
level.[69] We believe that a mechanistic understanding of 
this is translationally relevant for fertility as it is probable 
that KDM5B interacts with poly  (ADP‑ribose) polymerase 
1  (PARP1) during spermatogenesis, as is suggested by the 
binding of PARP1 to active promoter regions associated with 
KDM5B occupancy in the somatic cells.[70] We posit that in 
gametes or germ cells, this “co‑occupancy” may mean that 
PARP1 ADP‑ribosylates KDM5B and impair the capability 
of KDM5B to “erase” H3K4me3, thus maintaining the 
active H3K4me3 pool and keeping spermatogenesis genes 
active. Moreover, during meiosis, constitutive formation 
of DNA double‑strand breaks  (DSBs) triggers homologous 
recombination DSB repair machinery; considering that 
enhanced PARP1 activity has been demonstrated in the vicinity 
of DNA damage/strand break,[71] it is conceivable that akin to 
KDM5A, KDM5B may be recruited by PARP1 to the DSB 
sites to facilitate H3K4me3 deletion, silence DSB effector 
genes, and induce homologous recombination DSB repair 
machinery, which is crucial in elongating spermatids.[72] In 
light of these findings, and the high expression of KDM5B 
in the testis  (spermatogonia stem cells >> sertoli or leydig 
cells) compared to other tissues,[68,73] it is thus safe to say that 
KDM5B plays an essential role in male fertility.
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Pathological Roles of Lysine Demethylase 5B
Lysine demethylase 5B and cancer
Besides its physiological relevance, the undulating landscape of 
histone modification is implicated in various diseases, including 
cancer.[74] Aberrant expression of KDM5B has been associated 
with triple‑negative, luminal  (ER+, PR+, HER2±, Ki‑67high), 
ER‑positive, or invasive ductal breast cancer.[36,37,57,75‑78] Similarly, 
high KDM5B expression has been documented in the skin and 
uveal melanomas[79,80] and is essential for continuous growth of 
a subpopulation of multidrug‑resistant slow‑cycling melanoma 
cells.[81,82] This oncogenic role of KDM5B has also been 
documented in non‑small cell lung carcinoma,[33] hepatocellular 
carcinoma,[83] poor prognosis head‑and‑neck squamous cell 
carcinoma,[84] radio‑resistant oral squamous cell carcinoma,[85] 
esophageal carcinoma,[86] bladder cancer,[87] gastric cancer,[88] 
chemoresistant ovarian cancer,[89] and neuroblastoma.[35] In these 
cases, the negative modulation of KDM5B significantly inhibits 
cancerous cell proliferation and motility (migration, invasion), 
suppresses clonogenicity and cancer stem cell‑like phenotype, 
impedes metastasis, resensitizes to therapy, and/or elicits good 
prognosis, thus projecting KDM5B as an actionable molecular 
or pharmacological target for anticancer therapy.

Lysine demethylase 5B, tissue fibrosis, and aging
The availability of oxygen or the lack thereof plays a crucial 
role in human energy metabolism, considering that ischemia 
or associated hypoxia impairs tissue homeostasis. Hypoxia, 
a feature of chronic age‑related diseases in the presence of 
impaired tissue perfusion, stabilizes the expression of the master 
transcriptional regulator of cellular and developmental response 
to hypoxia, hypoxia‑inducible TF (HIF)‑1α.[90] HIF‑1α induces 
the expression of several KDMs including KDM5B which 
“erases” H3K4me2/3 activating marks; chronic induction of 
the HIF‑1α/KDM5B signaling with resultant transcriptional 
inhibition of E2F‑dependent cell cycle genes triggers the 
formation of senescence‑associated heterochromatic foci and 
elicits cellular senescence and tissue fibrosis, and this state 
of perpetual inhibition of cell replication/proliferation and 
progressive deposition of collagen fibers is positively correlated 
with aging and most age‑related pathology.[90‑92]

The H3K4me3 mark has been associated with longevity, and 
depending on environmental context or specific enzyme, 
the depletion of H3K4me3 enzymes either lengthens or 
shortens lifespan.  For example, while silencing of the H3K4 
methyltransferases, SET domain‑containing 1A (SETD1A) and 
SETD2 increased the lifespan of Caenorhabditis elegans, the 
maintaining of H3K4me3 mark via the silencing of KDM5B 
shortened the lifespan of C. elegans hermaphrodites and male 
Drosophila.[93,94] Together, the data pool does suggest that 
KDM5B‑induced loss of H3K4me3 is beneficial to longevity.[95]

Lysine demethylase 5B in neurodevelopmental disorders, 
neurodegeneration, and intellectual disability
Consistent with the role of KDM5B in the neural development 
and function alluded above,[27,30,58,59] it would not be out of 

place that mutations, whether loss‑of‑gain or gain‑of‑function 
alterations in KDM5B gene, could disrupt neuronal 
differentiation and result in cognitive deficiencies. The 
last two decades has been characterized by increasing 
documentation of the role of histone modification, and more 
particularly, KDM5B‑regulated H3K4me3 alteration in 
recessive cognitive disorders, including several intellectual 
disability  (ID) syndromes[96‑98] and autism spectrum 
disorder  (ASD).[99] Utilizing next‑generation sequencing, 
it has now been demonstrated a de novo splicing mutation 
(c.283A>G) in KDM5B in a case of nonsyndromic ID,[98] with 
six other new variants in a large cohort of patients with ASD 
using whole exome sequencing.[99,100] Moreover, alongside 
“erasers” of H3K4me1/2/3, KDM1A/LSD1, KDM5A, and 
KDM5C, mutation  (s) in KDM5B has been implicated in 
neurodevelopmental disorders; documented alterations in 
KDM5B include missense mutation in the JmjN and zinc 
finger domains, nonsense mutation in the PHD and PLU‑1 
domains, frameshift in the PHD domain, and splicing mutation 
in regions between the JmjN and ARID domain,[101] and more 
recently, chromosome microarray and quantitative PCR 
analyses revealed that patients with ID, coordination disorder, 
retarded growth, and several dysmorphic features harbor 
microduplications involving 1q32.1.[102]

A schematic depiction of these pleiotropic roles of KDM5B in 
both physiology and pathology is shown in Figure 2.

Therapeutic Potential of Targeting Lysine 
Demethylase 5B
Accruing evidence ascribes a crucial role to KDM5B in 
the regulation of many biological processes  –physiological 
and pathological, embryonic development, organogenesis, 
neurologic disorders, cardiovascular diseases, and 
malignancies. It is thus not without evidential basis that the 
therapeutic targeting KDM5B and/or manipulation of its 
expression would constitute an efficacious treatment strategy 
in the context of systemic diseases.

Maintenance of endothelial health and cardiovascular 
homeostasis
Consistent with contemporary knowledge, maintaining or 
reinstating endothelial physiology prevents or represses 
atherosclerosis, boosts vasodilatation, facilitates “normal” 
anticoagulation, and elicits angiogenesis; however, endothelial 
injury or dysfunction erodes these properties and as such 
reprograms endothelial cells to promote development 
of vascular diseases.[103,104] The alteration of epigenetic 
marks, including modification of H3K4me3, is touted as an 
innovative strategy to modulate the switching of endothelial 
phenotype and disrupt the initiation and/or progression 
of vascular diseases.[103] Recently, the shRNA‑mediated 
targeting of KDM5B in the human umbilical vein endothelial 
cells  (HUVECs) was shown to attenuate endothelial cell 
migration, vessel sprouting, and tube formation, just as the 
pharmacological inhibition of KDM5B or ectopic expression 
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of a catalytic‑inactive KDM5B mutant suppressed HUVEC 
angiogenicity.[105] Together, these findings highlight the 
relevance of KDM5B in vascular biology, indicate its role 
as a vital regulator of endothelial angiogenic potential, and 
demonstrate that the therapeutic manipulation of KDM5B 
catalytic activity can help maintain endothelial health and 
cardiovascular homeostasis.

Immunotherapy and boosting innate immune response
The ability of pathogens to evade immunosurveillance 
is intrinsic to their pathogenicity and virulence; thus, 
the maintenance or restoration of an unimpaired 
immunosurveillance is an efficacious prophylaxis and 
treatment strategy. The stimulator of interferon genes (STING) 
plays a vital role in the constitutive pathogen‑targeting 
immune response of hosts. KDM5B binds to the STING 
locus, and the catalytic activity of KDM5B suppresses the 
capability of STING to elicit innate and/or adaptive immune 
responses.[106] There is evidence that suppressing or inhibiting 
KDM5B elicits reactivation of the STING signaling, 
increases the expression of interferon stimulating genes, 
induces profound interferon response, enhances immune cell 
pooling, impedes viral infection, and results in better clinical 
outcome.[106,107] These findings that the inhibition of KDM5B 
provide prompt, robust, and reversible modulation of innate 
immune response has significant clinical implications for 
the management of immune‑related pathology, including 
infections and cancer. In fact, some KDM5 inhibitors 
are already in clinical trials for treatment of hepatitis B 

infection.[106,108] Together, these findings suggest that small 
molecule inhibitors of KDM5B may serve as adjuvant 
for other immunotherapies and that further exploration of 
the molecular underlining and pharmacology of KDM5B 
inhibitors could lead to the development of a new class of 
immunotherapeutic drugs.

Managing metabolic disorders and normalization of 
metabolism
KDM5B has been shown to activate genes that regulate 
mitochondrial function and metabolism. Investigation 
of genes regulated by KDM5 revealed the enrichment 
for diverse biological processes, including cell division, 
glycosylation, protein synthesis, glucose metabolism, and 
lipid metabolism, with concomitant implication of the 
deferentially‑expressed genes in the functioning of several 
subcellular compartments, such as the mitochondria, 
ribosomes, and lipid particles.[109] In fact, KDM5‑mutant flies 
were shown to have dysmorphic mitochondria in addition to 
metabolic deficiency, resulting in reduced ATP production, 
impaired lipid metabolism, and enhanced oxidative 
stress.[109]  In concert with the above, documented positive 
correlation between upregulated KDM5B expression 
and increased mitochondrial bioenergy[82,109] informs the 
inference that the therapeutic exploitation of KDM5B 
may present a novel clinically‑feasible approach for the 
reversal of mitochondrial dysfunction and normalization of 
metabolism.[109‑111]

Figure 2: Schematic depiction of the pleiotropic roles of lysine demethylase 5B in physiology and pathology
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Curtailing neurodegeneration and enhancing cognitive 
function
As alluded already, KDM5B expression and/or activity 
determine cell fate and drive the differentiation of ESCs 
to neuronal lineage,[27,30,58,59,101] while KDM5B‑regulated 
H3K4me3 alteration is implicated in recessive cognitive 
disorders, including several ID syndromes[96‑98] and ASD.[99] 
Consistent with the role of KDM5B in neurogenesis and 
survival, neuronal plasticity, and regeneration, it is probable 
that KDM5B mimetics can ameliorate disease by oscillatory 
prevention of neuronal death and enhanced neural repair. 
Cognizant with the functional crosstalk between KDMs and 
histone deacetylases (HDACs) in chromatin remodeling and 
regulation of gene transcription, as well as evidence indicating 
that inhibitors targeting the zinc co‑factor‑dependent HDAC 
classes I and II, but not NAD(+)‑dependent HDAC class III, elicit 
significant upregulation of H3K4me2[112] which is a substrate 
of KDM5B, we posit from a therapeutic perspective that 
converses to HDAC inhibitors, the pharmacological inhibition 
of H3K4me2/3 by KDM5B agonists or mimetics, mediated in 
part by “increased H3K27 me3 and decreased H3K9ac,”[113] 
with concomitant downregulation of peroxiredoxins, H2O2 
detoxification, and suppression of oxidative stress,[114] 
may elicit similar broad therapeutic efficacy in several 
neurodevelopmental or neurodegenerative disorders, including 
Coffin‑Lowry syndrome, spinal muscular atrophy, Friedreich’s 
ataxia, Parkinson’s disease, Huntington’s disease, Alzheimer’s 
disease, and amyotrophic lateral sclerosis.[115] Together, 
these features make the case for the exploration of KDM5B 
mimetic/agonist therapy as prospective neuroprophylaxis and/
or neurotherapeutics.

Lysine demethylase 5B: An actionable anticancer 
molecular target
K D M 5 B  i s  i n c r e a s i n g l y  b e i n g  t o u t e d  a s  a n 
H3K4me2/3‑demethylating oncogene. H3K4me2/3 residues 
constitute the transcription initiation sites of active transcription 
genes, while H3K4me2/3 demethylation elicits transcriptional 
repression of tumor suppressors, in most cases. The ability 
of KDM5B to erase H3K4me2/3 activation marks is of 
therapeutic relevance, just as much as its capability to 
regulate chromatin structure by modulating several repressive 
transcriptional complexes in the vicinity of the promoter 
regions of its target genes. The discovery and validation of 
biomarkers such as KDM5B are requisite for improving 
patient monitoring, prediction of therapy response, and clinical 
prognostication. The reversibility of epigenetic players such 
as KDM5B offers an exploitable opportunity to impede 
pathobiological processes and ameliorate disease symptoms 
through epigenetic‑based therapy  (i.e., so‑called epidrugs). 
As an evolving field, clinical epigenetics transcends simply 
demystifying the biology of diseases; its clinical feasibility 
is currently being explored in the management of patients 
with cancer, infectious diseases, and neurological and 
immunological disorders.[116] Indeed, as earlier alluded in this 
review, our team and many others have provided in silico, 

in vitro, in vivo, and/or ex vivo evidence that the molecular or 
pharmacological targeting of KDM5B inhibits “aggressive,” 
“cancer stem cell‑like,” “chemoresistant,” “radioresistant,” 
“metastatic,” “multidrug‑resistant” carcinomas of various 
histological origins.[33,35‑37,74‑89] However, the integration of 
epigenetic preclinical data to derive reliable biomarkers that 
are measureable, time‑efficient, and cost‑effective in routine 
clinical practice remains a challenge.

It is contextually relevant that Sayegh et  al., using an 
AlphaScreen  technology‑based  h igh‑ throughput 
screen of 15,134 small molecules, identified some 
“drug‑like” nonspecific inhibitors of KDM5B, including 
2,4‑pyridinedicarboxylic acid  (2,4‑PDCA)  (IC50: ~5 μm), 
catechols, namely caffeic acid  (mean IC50: ~2.3 μm) and 
esculetin (mean IC50: ~3.6 μm), and more importantly, 
2‑4 (4‑methylphenyl)‑1,2‑benzisothiazol‑3 (2H)‑one (PBIT), 
which inhibits about 95% of KDM5B in vitro (IC50: ~3 μm); 
however, their inhibitory effect is nonspecific to KDM5B.[117] 
The identification of these nonspecific KDM5B inhibitors 
highlights the potential of developing such “drug‑like” 
molecules for clinical use either as a single agent or in 
combination with other drugs. In fact, the therapeutic 
targetability of KDM5B in cancer has been succinctly 
addressed,[118] and as rightly put by Zheng et al., “KDM5B is 
considered as a promising drug target for cancer therapy, and 
many medicinal chemists are trying to design and synthesize 
potent and selective KDM5B inhibitors with the aid of 
high‑throughput screening (HTS), structure‑based drug design, 
and structure activity relationship (SAR) studies.[118]”

In light of all these, variance in KDM5B expression not 
only allows for early diagnosis of cancer and accurate 
prognostication, but it also carries the promise for being 
an efficacious anticancer strategy and thus provides a 
clinical rationale for the design and synthesis of potent 
and highly selective KDM5B inhibitors using HTS, 
rational (structure‑based and/or function‑based) drug design, 
and SAR studies.
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