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Lysine-specific histone demethylase 3 (KDM3) subfamily proteins are H3K9me2/mel histone demethylases that promote
gene expression. The KDM3 subfamily primarily consists of four proteins (KDM3A-D). All four proteins contain the
catalytic Jumonji C domain (JmjC) at their C-termini, but whether KDM3C has demethylase activity is under debate. In
addition, KDM3 proteins contain a zinc-finger domain for DNA binding and an LXXLL motif for interacting with nuclear
receptors. Of the KDM3 proteins, KDM3A is especially deregulated or overexpressed in multiple cancers, making it a
potential cancer therapeutic target. However, no KDM3A-selective inhibitors have been identified to date because of the
lack of structural information. Uncovering the distinct physiological and pathological functions of KDM3A and their
structure will give insight into the development of novel selective inhibitors.
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| 1. Introduction

Histone modifications are dynamically controlled by chromatin-modifying enzymes that read specific positions and add or
remove corresponding covalent modifications. Among the several different types of enzymes, lysine-specific histone
methyltransferases catalyze reversible mono-, di-, and tri-methylation via an S-adenosyl-L-methionine (SAM)-dependent
mechanism @ [ Conversely, lysine-specific histone demethylases (KDMs) remove these methylation marks (!,
contributing to the plasticity of covalent histone modifications. Multiple functional domains are essential for KDM activity.
Most KDMs contain a catalytic Jumonji C (JmjC) domain that also functions as a binding pocket for catalytically necessary
cofactors . As a result, KDMs are divided into two classes according to the type of cofactor used in their catalytic
mechanisms, namely flavin adenine dinucleotide (FAD) [ or o-ketoglutarate (a-KG also called 2-oxoglutarate (2-OG))
with iron Fe(ll) 8. FAD-dependent enzymes form the KDM1 or Lys-specific demethylase (LSD) subfamily &, whereas o-
KG and Fe(ll)-dependent enzymes form JmjC containing demethylase B, Compared with the restricted catalytic activity
of KDM1 at mono- and dimethyl Lys residues, the second class of demethylases is capable of removing all three possible
methylation states of methylated Lys residues &, Of the 30 known KDMs, 28 of the enzymes belong to the JmjC-KDM
class [@, which is divided into five subfamilies: KDM2/7, KDM3, KDM4, KDM5, and KDM6.

Human KDM3 is also known as JMJD1 (Jumonji domain-containing 1) and JHDM2 (Jumonji C domain-containing histone
demethylase 2). The KDM3 subfamily encompasses four members (Figure 1): KDM3A, KDM3B, KDM3C, and KDM3D. Of
these proteins, the enzymatic activity of KDM3C remains controversial [9,10]. KDM3A and KMD3B catalyze the
demethylation of transcriptionally repressive mono- and di-methylated histone H3 lysine 9 (H3K9mel/me?2) in vitro and in
vivo with a preference for dimethylated residues, thereby mediating transcriptional activation 1911 KDM3D/hairless (HR)
protein demethylates H3K9me1 in vitro and in vivo, and it can also weakly demethylate H3K9me2 in vivo 22, The KDM3
proteins share a common domain architecture consisting of a JmjC domain at the C-terminus, a catalytic histone
demethylase domain X8 and non-catalytic C,HC, zinc (Zn) finger, and LXXLL (where L is leucine and X is any amino
acid) motifs for interacting with nuclear hormone receptors (NRs). The Zn-finger domain of KDM3A is involved in
determining substrate specificity LU byt its exact mechanism is unknown. Additionally, the JmjC and the Zn-finger
domains are required for forming a homodimer of KDM3A, which is important for its functions 14 Fyrther studies are
needed to determine whether other KDM3 proteins undergo homodimerization.
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Figure 1. Lysine-specific histone demethylase 3 (KDM3) demethylase protein structures. The KDM3A-D protein
architecture consists of a common C,HC4-type zinc-finger-like motif (red color) LXXLL motif (blue color) and one Jumoniji
C domain (JmjC) domain (orange color) in the C-terminal catalytic site. KDM3B contains a serine-rich region (yellow
color). KDM3D also possesses a nuclear matrix targeting signal (NMTS; green color) a nuclear localization signal (NLS;
gray color) and two $XX¢¢ motifs (purple color) that serve as thyroid hormone receptor interaction domains.

KDM3 proteins are deregulated in skin, hair, and cardiovascular diseases and multiple cancers, including breast, prostate,
and colon cancers, and lymphomas, and thus, they have emerged as potential broad-spectrum therapeutic targets. Each
of these KDM3 proteins plays differential yet redundant functions in both physiological and pathological processes (Figure
2). Among them, KDM3A was first cloned and characterized as a mouse male germ cell-specific transcript in 1991 2],
KDM3A demethylates H3K9mel/me2 [ to increase gene transcription and plays key roles in spermatogenesis 18],
energy metabolism 14, stem cell regulation 8, and sex determination 2. Moreover, increasing evidence has indicated
the key roles of KDM3A in promoting cancer progression. (1) KDM3A is frequently upregulated in multiple cancers and
elevated KDM3A levels are associated with worse cancer prognosis 2921, (2) Depletion of KDM3A significantly inhibits
colony formation (22231 cell proliferation 24123 and xenograft tumor formation (28127 (3) The depletion of KDM3A
substantially suppresses migration, invasion, and metastasis 28129 (4) KDM3A regulates oncogene expression by
binding NRs (e.g., AR (239 ER [BUBABS] HF.1q 24125 and modulating downstream signaling (e.g., Wnt/B-catenin

signaling 28134 and Hippo signaling 7).
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Figure 2. Schematic representation of the major functions of KDM3 in humans. The KDM3 family consists of four
proteins: KDM3A (orange) KDM3B (blue) KDM3C (red) and KDM3D (green). These proteins regulate gene expression
and chromatin dynamics by demethylating H3K9me1/2. KDM3 family proteins normally function in energy metabolism,
homeostasis, obesity, sex determination, hematopoiesis, hormone nuclear receptor signaling, spermatogenesis, and cell
signaling pathways. However, dysregulation in KDM3 expression or function promotes skin and hair defects and
tumorigenic processes such as cell survival under hypoxia, malfunction of tumor suppressor genes, induction of
oncogenes, development of chemoresistance, and metastasis in cancer patients.

| 2. Altered Expression and Functions of KDM3A in Cancer

Numerous studies demonstrated that abnormal KDM3 expression promotes the progression of cancer, as substantiated
by the number of published studies shown in Table 1. KDM3A and KDM3B are well known to be tightly related to cancer,
whereas KDM3C and KDM4D are relatively unstudied in cancer development. Among the four KDMs, this review focuses
on the relatively well-studied association between KDM3A and various cancers.



2.1. Prostate Cancer (PCa)

KDM3A is overexpressed in PCa [22[30I35] |y prostate adenocarcinoma, androgen-dependent signaling plays a key role in
tumorigenesis 229 | jgand bound androgen receptor (AR) translocates into the nucleus upon dimerization, recruiting
coactivators to androgen response elements (ARES) to regulate gene expression. As an AR coactivator, KDM3A is
significantly enriched in AREs, and it alters the expression of androgen response genes through demethylation (2939
Using gene set enrichment analysis, it was identified that overexpressed KDM3A posttranscriptionally activates androgen
signaling and cancer metabolic pathways, such as hypoxia and glycolytic pathways, thus upregulating oncogene
expression. Moreover, in an orthotopic prostate tumor model using CWR22Rv1 cells with permanently activated AR,
KDM3A knockdown disrupts tumor formation BY, highlighting the importance of KDM3A in androgen signaling and
carcinogenesis.

In addition to its role in the androgen signaling pathway, KDM3A also regulates alternative splicing of AR pre-mRNA,
generating AR variant-7 (AR-V7) B8 AR-V7 is one of the major mechanisms through which patients with PCa develop
resistance to androgen deprivation therapy, which blocks AR activity. However, in patients with castration-resistant PCa
(CRPC), AR activity is restored through alternative splicing. KDM3A facilitates the recruitment of spliceosome components
and binds to heterogeneous nuclear ribonucleoprotein F, a splicing regulator, to create constitutively active AR-V7.
Knockdown of KDM3A in Rvl and LN95 cells resulted in reduced protein and AR-V7 mRNA levels. In fact, tissue
microarray demonstrates that KDM3A promotes AR-V7 expression in certain human PCa tissues. In the KDM3A-
knockdown Rv1 xenograft prostate tumor model, tumor weight is decreased by 13-fold, whereas no tumor formation
occurs in castrated mice.

KDM3A interacts with and regulates the transcription of both AR and hypoxia-inducible factor 1a (HIF-1a) 24123 KDM3A
serves as a transcriptional coactivator of HIF1la and AR in the context of hypoxia. Hypoxia increases the occupancy of
HIF-1a and KMD3A on the gene encoding prostate-specific antigen (PSA), a secreted chymotrypsin-like serine protease A
that cleaves proteins that function in cell proliferation and metastasis. Chromatin immunoprecipitation (ChlP) assay results
confirmed that HIF-1a, together with AR, recruits endogenous KDM3A to PSA enhancers. Furthermore, the occurrence of
H3K9mel and H3K9me2, both of which are substrates of KDM3A, on PSA enhancers is reduced under hypoxia, further
supporting the idea that KMD3A promotes PCa progression through the epigenetic regulation of PSA by interacting with
HIF-1a.

In addition to AR and HIF-1a, c-Myc is posttranscriptionally controlled by KDM3A, leading to cancer proliferation and
survival U211 Overexpression of c-Myc is associated with poor prognosis and recurrence of PCa. Knockdown of KDM3A
significantly inhibits c-Myc and AR activities. Conversely, double depletion of KDM3A and AR fails to reduce c-Myc levels,
whereas KDM3A knockdown without changes of AR levels successfully decreases c-Myc mRNA transcription 21, KDM3A
also regulates HUWE1, an E3 ubiquitin ligase known to target Myc increases the stability of c-Myc 29, KDM3A inhibits
HUWEZ1/c-Myc interaction and prevents the HUWE1-dependent degradation of c-Myc, thus increasing c-Myc levels and
PCa cell proliferation. Furthermore, the expression levels of c-Myc are positively correlated with those of KDM3A in certain
PCa subset specimens. KDM3A depletion strongly inhibits PCa cell growth, so KDM3A can serve as a potential target in
the development of novel drugs for treating PCa.

2.2. Breast Cancer (BCa)

KDM3A is overexpressed in BCa tissues. The Cancer Genome Atlas (TCGA) human BCa database (n = 729) shows that
patients with BCa and high KDM3A expression have a three-fold higher risk of death than those with normal or low
KDM3A expression B4, Two-thirds of patients with BCa express ER and require ER-mediated transcriptional activation for
cancer survival 28, Similar to KDM4B, KDM3A is a well-known key ER coregulatory protein in ER signaling BHE32IS3],
KDMS3A acts as a positive regulator of ER, and its absence impairs ER recruitment to the cis-regulatory elements of the
target gene promoters. Global gene expression analysis demonstrated that KDM3A regulates approximately 42% of ER
target genes 2. KDM3A depletion using siRNA notably downregulates ER target genes GREB1 and pS2 regardless of
the presence of the ER ligand, B-estradiol (E2). The absence of KDM3A elevates H3K9me2 levels at both GREB1 and
pS2 estrogen response elements (ERES) even in the presence of E2, failing to remove the repressive marks of these loci.
Additionally, KDM3A knockdown abrogates the recruitment of ER to enhancer regions of ER target genes such as CCND1
(Cyclin D1), MYC, and XBP1, thereby highlighting the importance of KDM3A in ER signaling 229, Furthermore, BCa
cells expressing catalytically inactive KDM3A exhibit downregulation of cell cycle regulatory genes and increased
proliferation, confirming the role of KDM3A in BCa progression 221,



In addition to its single role as a coactivator, KDM3A also cooperates with KDM4B via an auto-regulatory loop to regulate
the functions of ER by facilitating the recruitment of other ER coactivating proteins and ER transcriptional complexes to
the EREs 23], Both KDM3A and KDM4B are enriched at EREs of ER target genes, such as pS2, GREB1, and CCND1.
Notably, the chromatin occupancy of KDM3A is depleted by the absence of KDM4B and vice versa, strongly suggesting
that these demethylases need each other to facilitate their association with chromatin. However, the mRNA and protein
levels of KDM3A and KDM4B exhibit different patterns. Although depletion of KDM4B downregulates KDM3A mRNA and
protein levels in certain BCa cells, KDM4B protein expression is not affected by KDM3B knockdown in BCa cells,
suggesting a regulatory mechanism in which KDM4B regulates KDM3A expression.

KDM3A is responsible for the chemoresistance and stemness in BCa by removing Lys372mel on p53 and H3K9me2 [28]
and controlling homeobox protein Hox-Al (HOXAL) expression B, Methylation of p53 at Lys372 by SET9 histone lysine
N-methyltransferase activates p53, causing it to enter and localize in the nucleus, in which it activates its target genes 28],
KDM3A inhibits such activity of p53 by demethylating Lys372, thus hampering p53-mediated pro-apoptosis and resistance
to paclitaxel and cisplatin. Also, KDM3A directly associates with activated CDC42 kinase 1 (ACK1), a non-receptor
tyrosine kinase that functions in tumorigenesis, resistance, and metastasis and acts as an integrator of various signaling
pathways such as HER2 signaling. Further explanation of such pathway is stated in the review.

Many studies demonstrated that KDM3A is associated with the progression of BCa metastasis 2812932 hy removing
methylation marks on pro-invasive genes. KDM3A promotes the metastasis of BCa by interacting with a Brahma related
gene 1 (BRG1), a mammalian chromatin remodeling complex, on the Mucin 1 (MUC1) promoter to remove repressive
methylation marks and activate pro-invasive gene transcription 22, BRG1 contributes to BCa metastasis via tumor
necrosis factor-a (TNF-a) and interferon-gamma (IFN-y) induced transcription of MUC1, which is a pro-metastatic
oncoprotein that is aberrantly elevated in highly malignant BCa due to transcriptional upregulation. Such upregulation of
MUC1 is attributed to the interaction of KDM3A with and recruitment by BRG1 on the MUC1 promoter in a signal
transducer and activator of transcription 1 (STAT1)- and p65-dependent manner. Targeting KDM3A in patients with BCa
can be a powerful strategy to overcome drug resistance and therefore cancer recurrence.

2.3. Colon Cancer

Similar to the abnormally elevated expression of KDM3 in PCa, KDM3A is also overexpressed in colon cancer, and its
levels are increased in colorectal cancer (CRC) metastatic lesions (28134120141 According to TCGA data, KDM3A is
significantly overexpressed in colon adenocarcinomas, and its expression is correlated with reduced survival rates and
high rates of recurrence. KDM3A is present in both the cytoplasm and nucleus in CRC and head and neck cancers, but it
is rarely detected in the nuclear matrix and heterochromatin regions 2942 pownregulation of KDM3A in HCT116 CRC
cells inhibits the clonogenic activity of CRC cells B3] arrests cell cycle progression, suppresses CRC cell proliferation
and migration, and reduces xenograft tumor formation 2827 Moreover, as identified through transcriptome analysis,
KDMS3A downregulation stimulates p53- and transforming growth factor-1 (TGF-B1)-related tumor suppressor pathways
and inhibits c-Myc- and N-myc-driven oncogenic pathways.

Hyper-activated Wnt/B-catenin signaling is associated with CRC recurrence, development of drug resistance 28134 and
metastasis 244 Among KDM3 family proteins, KDM3A and KDM3B play crucial roles in activating the Wnt signaling
pathway 4. The absence of KDM3A or KDM3B inhibits the Wnt target genes AXIN2 and DKK1. Moreover, both KDM3A
and KDM3B directly interact and recruit B-catenin 28l in HCT116 CRC cells and specifically remove H3K9me2 from the
Wnt target gene promoters, controlling the tumorigenic ability of human colorectal CSCs [2884 Fyrthermore, the
expression levels of KDM3A positively correlate with B-catenin target genes in CRC specimens from TCGA data and
predictive of worse cancer outcomes.

Recently, it was found that the oncogenic role of KDM3A is regulated by acetylation on enhancers of Hippo target genes
(44l and PHF5A 24, KDM3A recruits p300 to Hippo target gene enhancers and facilitates the interaction between TEA
domain transcription factor 1 (TEAD1), a Hippo pathway transcription factor, and yes-associated protein 1 (YAP1) by
demethylating H3K9me1/2 on YAP1 enhancers 4. As activated in the Hippo pathway, upon starvation, PHF5A, a
component of U2 small nuclear ribonucleoproteins (snRNPs) of the spliceosome, is acetylated at Lys29 by p300 £, This
acetylation enhances the interaction of PHF5A with U2 snRNPs and stabilizes KDM3A mRNA by reducing the abnormal
retention of KDM3A intron 3, which carries a stop codon. Notably, PHF5A Lys29 acetylation and KDM3A upregulation are
correlated with the poor prognosis of CRC. Thus, PHF5A acetylation induces the stabilization of KMD3A mRNA and
enhances its expression, in which the protein consequently activates signaling pathways that promote CRC.



In addition to its role in activating Wnt/B-catenin and Hippo signaling pathways in colon cancers, KDM3A activates the
gene transcription of 15-lipoxygenase-1 (15-LOX-1), which is silenced in cancer cells 431, 15-L OX-1 regulates terminal cell
differentiation and inflammation by producing multiple inflammation-regulatory lipid signaling mediators. In CRC cells, 15-
LOX-1 is abnormally downregulated, but re-expression of 15-LOX-1 inhibits cell growth and restores its function in cell
differentiation and apoptosis. Overall, these findings support the indispensable function of KDM3A in colonic
tumorigenesis, thus illuminating its potential as a novel therapeutic target for inhibiting cancer growth.

2.4. Lung Cancer

KDMS3A is suggested to aid lung adenocarcinoma cells in evading the immune system of patients by upregulating
forkhead box P3 (Foxp3) expression in regulatory T cells (Tregs) 8. Foxp3 expression, controlled by activated Toll-like
receptor 4 (TLR4), enhances immunosuppressive functions of Tregs by inducing inhibitory cytokine secretion and facilitate
lung cancer cells to escape the immune system. Upregulation of TLR4 significantly increases the expression of KDM3A in
A549 lung adenocarcinoma cells, which subsequently controls Foxp3 transcription. Knockdown of KDM3A in normally
active TLR4 lung adenocarcinoma cells reduces Foxp3 expression and downstream cytokines such as TGF-B1 and
interleukin-35 (IL-35), as well as heme oxygenase 1. Furthermore, the colocalization of KDM3A and Foxp3 and
suppressed luciferase activity under the control of Foxp3 promoters upon KDM3A depletion further support that KDM3A
regulates Foxp3 transcription by directly binding to its promoter. Despite these results that support the role of KDM3A in
evading the immune system, further studies are needed to fully clarify its role in promoting lung adenocarcinoma growth.

As noted in breast cancers 24, KDM3A in lung cancer is also recruited to proliferation- and metastasis-related gene
promoters by BRG1 47, BRGL1 is pivotal for the expression of cyclin B1 and latent TGF binding protein 2 (LTBP2), the
upregulation of which is correlated with malignant lung cancer growth. In lung cancer, hypoxia induces BRGL1 to regulate
the proliferation and migration of lung cancer cells by activating cyclin B1 and LTBP2, whereas loss of BRG1 via siRNA
treatment decreases hypoxia-induced migration and proliferation. A series of ChIP assays indicated that hypoxia
increases the interaction with and recruitment of KDM3A by BRGL1 to proximal cyclin B1 and LTBP2 promoters. KDM3A
recruitment to these promoters is decreased when BRG1 expression is abrogated, confirming that KDM3A interacts with
BRG1 and controls the methylation status on these genes. Taken together, these data highlight the common role of
KDM3A in different cancers, further reinforcing its prominent role in tumorigenesis.

2.5. Other Cancers

How KDM3A functions in tumorigenesis of other cancers can be found in this review. KDM3A induces proliferation and

cancer growth in following cancers, but not limited to: liver cancer, bladder cancer, neuroblastoma, pancreatic cancer,
ovarian cancer, and multiple myeloma.

| 3. KDM3 Inhibitors as Emerging Epigenetic Cancer Agents

Deregulation of KDM3 catalytic activity and expression is increasingly associated with the progression of various cancers.
Indeed, extensive histone methylation modifications imply chemoresistance 281481 patient relapse [222L[26]31][341[49]  5nq
poor prognosis 29211441 K DM3 proteins, particularly KDM3A, can act as oncoproteins, making them potential therapeutic
targets for cancer treatment. KDM inhibitors can be categorized into four classes based on their catalytic mechanisms &
0-KG/2-OG cofactor mimics, metal cofactor disruptors, competitive substrate inhibitors, and substrate- and cofactor-
independent inhibitors. The development of potent selective inhibitors for KDM is going through an active investigation,
but only a few KDM3 inhibitors have been reported and they are pan-KDM inhibitors that are not selective for KDM3
subfamily. Recently, a few KDM3 modulators were reported as KDM3 JmjC domain binding molecules (Figure 3).



Figure 3. Chemical structures of KDM3 inhibitors and modulators: (a) cofactor mimics; (b) KDM3
JmjC domain-binding molecules.

3.1. a-KG/2-OG Cofactor Mimics: Metal-chelated Inhibitors

a-KG/2-OG is required for the demethylation of all JmjC-KDMs [4EIE] Most KDM inhibitors are of the first class that
includes broad-spectrum a-KG/2-OG cofactor inhibitors. These inhibitors competitively bind Fe(ll) (ferrous iron) molecules
at the active catalytic site and inhibit all major regions of the JmjC-KDM proteins through the enzymes’ conserved Fe(ll)
and a-KG/2-0OG sites BUB2 Most a-KG/2-OG cofactor inhibitors are a-KG/2-OG competitors, including the oxayly acid-
derivative N-oxalylglycine (NOG) B3l 2 4-pyridinedicarboxylates (2,4-PDCA) [BABAIBIIEE  hydroxamate 4, and
hydroxyquinoline (HQ) derivatives BZ (Figure 3A). NOG was first identified as a 2-OG oxygenase inhibitor, and it is a
closely related analog of a-KG/2-OG 58, Hopkinson et al. investigated the comparative inhibition profiles for NOG, 2,4-
PDCA, 5-carboxy-8-hydroxyquinoline (I0X1), and 4-carboxy-8-hydroxyquinoline (4C8HQ) for 14 active 2-OG oxygenases,
including KDM3A 4, by in vitro assays. All four of the tested compounds inhibited every 2-OG oxygenases. However, the
degree of inhibition for KDM3A varies substantially across the four inhibitors. Among the four inhibitors tested, IOX1 was
the most potent inhibitor as it displayed ICsq values at 1 mM or lower against the KDM3A. 10X1 causes iron translocation
in protein’s active-site metal position in respective to the position when the inhibitor is not present. This iron translocation
may contribute to the variance in the efficiency of 10X1 and 4C8HQ, a regioisomer of 10X1 B2 Although a-KG/2-OG
cofactor analogs have proven to be broad-spectrum inhibitors, these compounds apparently lack the selectivity for each 2-
OG oxygenase, including KDM and have poor cell penetration because of their structures.

3.2. Metal Cofactor Disruptor

KDM'’s catalytic activity can be inhibited by interfering with iron cofactor binding using metal cofactor disruptors such as
non-iron metals and organic molecules. Non-iron metals including nickel inhibit the catalytic activity of KDM3A by
replacing the Fe(ll) ion in the iron-binding pocket at the catalytic site to block the hydroxylation process 4. The ICg, of
nickel ions for KDM3A is 25 uyM. However, many proteins contain nickel ion-binding sites and thus, the selectivity of iron-
ejecting compounds for KDM3A requires further study.

3.3. KDM3 Modulators: KDM3 JmjC Domain-binding Molecules

Recently, Xu et al. reported new KDM3 modulators from a library of 149,519 natural products and 33,765 Chinese
medicine components via virtual screening using the JmjC domain 84, which is a potential functional domain of KDM3 19,
Among these compounds, JMJD1C Jumonji domain inhibitor 4 (JDI-4), JDI-12, and JDI-16 were identified via surface
plasmon resonance analysis as potential KDM3B and KDM3C JmjC domain-binding molecules (Figure 3B). In vitro
demethylation assays revealed that JDI-4 reverses H3K9mel demethylation catalyzed by recombinant KDM3B, which is
57% similar to the JmjC domain of KDM3C. In vivo demethylation assays illustrated that JDI-4 and JDI-12 globally
increase H3K9mel levels. However, Xu et al. did not test the effect of JDIs on the inhibitory activity of other KDMs,
including KDM3A. To draw conclusions regarding the biological activity of new inhibitors, it needs to be confirmed that
their observed cellular effects are attributable to the inhibition of each KDM3 enzyme rather than non-specific effects or
off-target activity, thus whether JDIs can function as novel KDM3-selective inhibitors requires further examination.



| 4. Conclusion

The latest research in epigenetics and epigenomics uncovered that epigenetic dysregulation is one of the essential
causes of tumorigenesis. DNA methylation inhibitors have already been used for cancer treatment €364l |n addition to
DNA methylation, interest in abnormal histone methylation and its implication in cancer has been growing. Given the
number of links of KDM3A to tumorigenesis and metastasis, KDM3A stands as arising promising therapeutic target in
cancer treatment. Indeed, the structure of some JmjC catalytic domains reveals that they are druggable because they are
suitable to embrace small-molecule inhibitors BI85 pan-KDM inhibitors have been invented through rational drug
design and been found in compound screens (e.g., JIB-04) BZ. Despite the increasing number of KDM inhibitors in
development, only a few drugs have produced satisfactory results and exhibited sufficient specificity for consideration as
principal structures for drug development. Consequently, no currently reported compounds are selective for KDM3
subfamily members or their isoforms. Several reasons challenge the development of KDM3-selective inhibitors.

First, most, if not all, KDM3 crystal structures are undetermined. The lack of a critical residue in the Zn finger domain that
specifically recognizes histone substrates at KDM3A makes it more difficult to develop specific inhibitors for KDM3A 19
61 |n contrast to the paucity of structural information regarding KDM3, structural information on KDM4A I3 Kpm4D
66 KpmsA 87 KDM5B 681, KDM6A 82 and KDM8 9 has been reported and selective inhibitors based on their
structures have been developed [JIELIG8IEA0 Thys, the structure of KDM3 proteins needs to be elucidated to better
understand its molecular mechanisms and facilitate the development of potent, and selective KDM3 inhibitors.

Second, most inhibitors are cofactors or substrate mimics with poorly understood mechanisms of action for specific
KDM3s. Also, other inhibitors identified to date target the broad catalytic machinery of KDM and therefore have low
specificity for KDM3. Thus, more research is needed to understand the biochemical selectivity of KDM3 to develop
specific inhibitors. It is currently known that KDM3A homodimerizes through an association of its catalytic domains and
demethylates H3K9 via a two-step process. The two active sites of the homodimer are pivotal for its enzymatic activity 141,
This catalytic mechanism is unlike that of other H3K9 demethylases such as KDM7B/PHF8 and KIAA1718 [, These
findings hint at the growing possibility of developing small molecules that specifically inhibit KDM3A. Third, no conclusive
data have validated the efficacy of KDM inhibitors against specific cancer types. These issues have prevented KDM
inhibitors from progressing beyond basic research to clinical research and medical applications. Consequently, further
studies are essential to discover promising inhibitors that can selectively inhibit specific KDMs including KDM3A, in vision
of treating diseases not limited to cancers.
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