DE GRUYTER

Oncologie 2025; 27(3): 361-371 a

Review Article

Ling Qi, Jing-Wen Zhou, Yong-Chen Zhang, Xiao-Dong Ling, Ming-Xia Jiang, Li-Sha Li

and Yan-Jing Li*

The impact of JMJD5 on tumorigenesis: a literature

review

https://doi.org/10.1515/oncologie-2024-0443
Received September 3, 2024; accepted February 26, 2025;
published online April 2, 2025

Abstract: Cancer remains one of the leading causes of
global mortality, with dysregulated epigenetic regulators
playing pivotal roles in tumorigenesis. Among these, Jumonji
C domain-containing protein 5 (JMJD5/KDMS), an assigned
protein hydroxylase/histone demethylase, exhibits context-
dependent oncogenic or tumor-suppressive functions across
malignancies. While JMJDS5 is significantly overexpressed in
breast, colon, oral squamous cell carcinoma, prostate cancer,
and atypical meningiomas, its downregulation is observed
in liver and lung cancers, highlighting its paradoxical roles
in cancer biology. This review systematically examines
JMJD5’s multifaceted mechanisms in tumor progression,
including its regulation of apoptosis, modulation of glucose
metabolism, promotion of metastatic dissemination, and
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acceleration of cell cycle progression. We further discuss
the therapeutic implications of JM]JD5 targeting, empha-
sizing its potential as a novel epigenetic vulnerability for
precision oncology strategies.
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Introduction

The global incidence and mortality rates of cancer are rising
rapidly. Cancer is expected to become the main factor of
death around the world in the 21st century and the biggest
obstacle to improving lifespan [1]. Tumorigenesis involves
not only oncogenic mutations driving aberrant expression of
critical genes but also widespread epigenetic dysregulation.
This complexity underscores the urgent need for novel
therapeutic targets to advance precision oncology strategies.

The Jumonji C domain-containing (JM]D) protein family,
comprising 33 members in humans, plays pivotal roles in
epigenetic regulation through histone modification [2]. In
particular, JM]JD5, also called KDMS, has proteolytic enzyme,
and hydroxylase activities [2]. It plays a major role in various
cancers, such as lung, liver, prostate, colon, and oral [3-9].
The expression of JMJD5 in different types of cancer is shown
in Figure 1. Accordingly, here, we review the characteristics
of JMJD5 in cancer and the specific mechanisms involved so
as to explore new potential therapeutic targets for cancer
treatment.

Characteristics of JMJD5

Most members of the JMJD family contain a DNA-binding
domain, a Jumonji C (JmjC) domain, and a Jumonji N (JmjN)
domain [10]. According to the GeneCards database, JMJD5 is
localized to chromosome 16 (16p12.1). There are two subtypes
of JMJD5 in the human body, subtype 1 and subtype 2, which
contain 18,820 and 18,283 bases, respectively. The structure
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Figure 1: The expression of JMJD5 in different types of cancer (http://gepia.cancer-pku.cn/). (BLCA: Bladder Urothelial Carcinoma, BRCA: Breast invasive
carcinoma, CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma, COAD: Colon adenocarcinoma, ESCA: Esophageal carcinoma,
HNSC: Head and Neck squamous cell carcinoma, LGG: Brain Lower Grade Glioma, LIHC: Liver hepatocellular carcinoma, LUAD: Lung adenocarcinoma,
LUSC: Lung squamous cell carcinoma, PAAD: Pancreatic adenocarcinoma, PRAD: Prostate adenocarcinoma, STAD: Stomach adenocarcinoma, THCA:
Thyroid carcinoma, UCEC: Uterine Corpus Endometrial Carcinoma, UCS: Uterine Carcinosarcoma; T: tumor, N: normal).
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Figure 2: The protein of JMJD5 is shown as a cartoon. 3D arrangement of
JMJD5’s domain according to the protein structure obtained by AlphaFold
(https://alphafold.com/) prediction. There are two structural domains,
namely an N-terminal X domain and a C-terminal JmjC domain. These two
domains are connected by a long loop sequence named the linking loop.
The X domain flanks the protein surface of the JmjC domain and is
composed of several helices.

of the JMJD5 catalytic core comprises a JmjC domain,
followed by an N-terminal extension comprising a mixture
of helix and B-fold topology [10]. The protein structure of
JMJD5 is shown in Figure 2.

In terms of enzymatic activity, JMJD5 demethylates
histone H3 lysine 36 dimethylation (H3K36me2) [7]. JM]JD5
uses Fe** and a-KG as cofactors for specific demethylations.
Histone transferases and demethylases play important roles
in regulating fundamental cellular activities, such as the cell
cycle, growth, and apoptosis. Atypical histone modification is
associated with the development of cancer, which can be
considered to be a major target for new drugs [11, 12].
However, the JMJD5 H3K36me2 demethylation activity has
been contested by several laboratories that were unable
to reproduce it in vitro [2]. In addition, JMJD5 has dual
endopeptidase and exopeptidase activities for arginine-
methylated histone tails, including H2A, H3, and H4. Indi-
vidual amino acids, including serine, arginine, alanine,
threonine, proline, glycine, lysine, and glutamine residues,
are removed from the tails of H3 and H4 [13]. H3, H4, and
their arginine-methylated isoforms are significantly
elevated with the knockout of JMJD5 in vivo [13]. Moreover,
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JMJD5 is a hydroxylase that catalyzes the stereoselective C-3
hydroxylation of arginine residues in protein sequences
involved in chromatin stability (regulator of chromosome
condensation domain-containing protein 1) and translation
(ribosomal protein S6) [14]. The binding of JMJD5 to histone
octamer indicates that the core histone octamer may be a
potential substrate of JMJD5 as a protein hydroxylase [15].

Normal physiological roles of JMJD5

JM]JDS5 participates in a range of biological processes, including
embryogenesis [16, 17], circadian rhythm [18], osteoclasto-
genesis [19], etc. The embryos of JMJD5 deficient mice exhibi-
ted severe growth retardation, resulting in the death of the
embryos in the second trimester. The reason is that JMJD5 is
involved in the transcriptional regulation of p53 regulatory
gene subsets, and in JMJD5-deficient embryos, enhanced
recruitment of p53 may lead to abnormal activation of the p53
signal, resulting in embryo death [17, 20]. Circadian rhythms
are endogenous oscillations that adapt an organism’s behavior
and physiology to regular changes in its environment. The
study suggested JMJD5 and timing of CAB expression 1 (TOC1)
work together to regulate the Circadian rhythms [21].

Jones et al. demonstrated a short-period circadian
phenotype in JMJD5-mutated plants. They proved that JMJD5
may play an important role in both Arabidopsis and human
circadian systems, despite the evolutionary distance be-
tween plants and mammals [18]. Researchers showed that
down-regulated expression of JMJD5 leads to accelerated
osteoclast formation and induces several osteoclast-specific
genes such as Cathepsin K (CTSK) and dendritic cell-specific
transmembrane protein (DC-STAMP), suggesting that JMJD5
is a negative regulator of osteoclast differentiation [19].
Research has demonstrated that JMJD5 functions as a critical
disease-associated gene. Disease-causing variants such as
the intronic mutation and C123Y substitution have been
shown to disrupt JMJD5 mRNA splicing fidelity, destabilize
its protein structure, and impair its hydroxylase enzymatic
activity. These molecular alterations collectively contribute
to a syndromic developmental disorder characterized by
three cardinal manifestations: profound growth restriction,
severe neurocognitive impairment, and distinctive cranio-
facial dysmorphism [22].

Overview of JMJD5’s dual roles in

cancer progression

Many studies have shown that JMJD5 is a tumor promoter.
For example, JMJD5 can promote the development of lung
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cancer cells [3]. Meanwhile, in liver cancer, JMJD5 uses its
hydroxylase activity to promote hepatitis B virus replication,
favoring the development of hepatocellular carcinoma [5].
In addition, the level of JMJD5 in breast cancer is closely
related to clinical stage, histological grade, negative estrogen
receptor status, and lymph node metastasis, all of which
are poor prognostic factors [6]. JMJD5 also contributes to
the proliferation and metabolism of breast cancer cells [23].
Interestingly, Glycine max consumption inhibits the develop-
ment of breast cancer by downregulating the level of JMJD5
[24]. TMJD5 has also been reported to significantly increase the
proliferation and migration of colon, prostate, and oral cancer
cells [7-9]. In prostate cancer, there is an interaction between
JMJD5 and the androgen receptor (AR), which promotes the
expression of androgen-responsive genes even under condi-
tions of androgen deprivation. These genes, including ANCCA/
ATAD2 and EZH2, are regulated by JMJD5 and contribute
to the survival of prostate cancer cells in the absence of
hormones [8]. In atypical meningiomas, the recurrence rate
decreases when the expression of JMJD5 is low [25].

The latest research shows that most leukemias are
induced by the fusion of the mixed-lineage leukemia (MLL)
gene with multiple genes. MLL fusion benefits the recruit-
ment of TATA-binding protein and RNA polymerase II
(Pol II), which augments the expression level of target genes.
In eukaryotes, Pol II is controlled by nucleosomes at the
transcriptional initiation site. JMJDS5 replaces all arginine-
methylated histone tails, producing “tailless nucleosomes” at
the transcriptional starting point, which causes Pol II to
enter a productive elongation process [26, 27] and thereby
promote the development of leukemia. In addition, phos-
phorylation of the C-terminal domain of Pol II by Cyclin
Dependent Kinase 9 (CDK9) can promote the hinding of
the N-terminal domain of JMJD5 to the C-terminal domain
of Pol II [27].

However, studies have shown that JMJD5 inhibits cancer
progression in lung and liver cancer. The expression of
JMJD5 was first found to be downregulated in lung cancer
cells [28]. Subsequent studies found that JMJD5 reduced the
metastasis of non-small cell lung cancer (NSCLC) [29]. Recent
studies have shown that JMJD5 negatively impacts the
stability of EGFR, and lower levels of JMJD5 are linked to
accelerated progression of NSCLC. At a mechanistic level,
JMJD5 collaborates with the E3 ligase HUWEL1 to enhance the
proteasomal degradation of both EGFR and its TKI-resistant
variants, thus restraining the growth of NSCLC. These results
imply that JMJD5 functions as a tumor suppressor in NSCLC
by targeting EGFR for destabilization through JMJD5 [30].
Similarly, JMJD5 prevents the reproduction of hepatocellular
carcinoma cells and inhibits the occurrence and develop-
ment of hepatocellular carcinoma cells [4].
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Figure 3: JMJD5 affects caspases in apoptosis. JMJD5 inhibited the
expression of caspase-9/3 by intrinsic apoptotic pathway and caspase-8/3
by extrinsic apoptotic pathway, thus inhibiting apoptosis in cancer. Note:
Bcl-2, B-cell leukemia/lymphoma 2; BAX, Bcl-2-associated X protein; FADD,
fas-associated protein with death domain; DR4, death receptor 4; TRAIL,
tumor necrosis factor-related apoptosis-inducing ligand. (inhibition (-|),
activation (—))

This evidence shows that JMJD5 plays a dual role in
cancer and indicates the need for analysis of the function of
JMJD5 in different situations. It is also clear that other roles
require examination.

The mechanisms of JMJD5 in cancer

JMJD5 plays an essential role in cancer. Next, we present the
current research on JMJD5 in cancer, highlighting its diverse
functions and emphasizing its potential mechanisms in
cancer.

JMJD5 and apoptosis

Apoptosis is a type of programmed cell death, which can
eliminate damaged cells in an orderly and effective manner
in the body. For the internal pathway, activation of Bcl-2-
associated X protein (BAX) can activate caspase-9 and
caspase-3, which can stimulate poly-ADP ribose polymerase
(PARP) cleavage and prompt apoptosis [31]. For the external
pathway, recruitment of fas-associated protein with death
domain (FADD) and caspase-8 is activated when tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL)
binds to pro-apoptotic membrane receptors, including death
receptor (DR)4 and DR5. Subsequently, caspase-3 is activated
and apoptosis is activated [32].

In atypical meningiomas, patients with low expression
of JMJD5 have a lower recurrence rate and longer survival
time. JMJD5 is highly expressed in samples with low
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expression of caspase-3. The apoptosis-related factor is
significantly related to the recurrence of atypical meningi-
omas. Therefore, JMJD5 may inhibit apoptosis by limiting the
expression of caspase-3, which affects the recurrence of
atypical meningiomas [25]. Similarly, in oral cancer, JMJD5
inhibits apoptosis through internal and external pathways
[9]. The expression of cleaved caspase-8/-9/-3 and PARP
increases in JMJD5 silenced cells. In addition, western blot
analysis shows that JMJD5 siRNA reduces the expression
of B-cell leukemia/lymphoma 2 (Bcl-2) and Bcl-xL while
up-regulating the amount of Bax. RT-qPCR research shows
that FADD, DR4, DR5, and TRAIL levels are significantly
activated after the JMJD5 gene is knocked out. In addition,
the caspase inhibitor can reverse the apoptosis induced by
JMJD5 gene knockout and substantially improve cell viability
at the same time [9]. Moreover, nuclear NF-kB is significantly
augmented by overexpression of JMJD5 [9]. Activation
of NFxB is widely accepted to play a significant part in
anti-apoptotic signaling. The NF-kB family increases the
expression of Bcl-xL, which can prevent apoptosis [33, 34].
This process can be seen in Figure 3.

The above evidence shows that JMJD5 exerts anti-
apoptotic effects to drive oncogenesis. Apoptosis serves as a
critical safeguard mechanism by eliminating potentially
malignant cells during precancerous lesion formation; its
dysregulation enables unchecked proliferation and confers
therapeutic resistance in established tumors [35]. The aber-
rant suppression of apoptotic signaling by JMJD5 un-
derscores its role as a molecular linchpin in cancer
progression. Targeting JMJD5-mediated apoptotic evasion
could therefore represent a promising strategy to restore
programmed cell death, disrupt tumor survival pathways,
and enhance chemosensitivity. Future translational studies
focusing on JMJD5 inhibition may unlock novel therapeutic
paradigms for precision cancer intervention.

JMJD5 and cell cycle progression

The cell cycle is a complex hiological action involving a great
deal of regulatory proteins, these proteins guide the cell
through a certain sequence of proceedings, culminating
in mitosis [36]. The cell cycle is frequently abnormally
regulated in tumors and JMJD5 adjusts the cell cycle in
cancer by regulating p53/p21, microtubules, and cyclin A.

JMJD5 affects the cell cycle by regulating p53 and p21

p53 is the most important tumor suppressor. It participates
in a mixture of cellular responses, including apoptosis, cell
growth, and metabolism [37], and can trigger DNA repair
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and cell cycle arrest [38]. Once cells are subjected to varying
degrees of cellular damage, such as DNA damage and
carcinogenic stress, p53 is rapidly activated by p53 phos-
phorylation. p53 is also mainly responsible for adjusting the
expression of p21. The p21 gene contains two p53-binding
genomic regions, which are respectively located upstream of
the first exon and intron [39].

The p53 gene in embryos is significantly up-regulated
when the expression of JMJD5 decreases. JMJD5 regulates the
transcriptional activity of p53 by binding to the p53 DNA-
binding domain. The quantity of p53 in cells increases when
cancer cells are treated with adriamycin (a DNA-damaging
substance) [3]. Moreover, JMJD5 prevents the recruitment of
P53 to its target gene p21 in normal embryonic cells. There-
fore, as shown in Figure 4, JMJD5 is considered to be a new
P53 signal regulator that positively regulates the cell cycle
and cell proliferation by inhibiting p53 [20]. Similarly, JMJD5
negatively regulates p53 in human oral cancer and lung
cancer cells and thereby regulates the cell cycle and growth
under normal and DNA-damaged conditions [3, 9]. Notably,
the hepatitis B virus X protein (HBx) is critically implicated
in hepatocellular carcinoma (HCC) pathogenesis by directly
binding to and disrupting p53’s transcriptional activity,
thereby promoting tumorigenesis [40]. Intriguingly, JM]JD5
enhances HBx expression through epigenetic regulation [5],
creating a feedforward loop that amplifies p53 suppression.
This JMJD5-HBx-p53 regulatory axis may represent a
targetable vulnerability in HCC, warranting further inves-
tigation into its therapeutic potential.
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Figure 4: JM)D5 controls the cell cycle. ]MJD5 regulates the acetyl-
a-tubulin and detyrosinated-a-tubulin, MAP1B protein to regulate
microtubule stabilization and promote cell cycle development.
Furthermore, JMJD5 up-regulates the expression of cell cycle protein A1
and negatively regulates the expression of p53, which in turn stimulates
the cell cycle. Note: MAPs, microtubule-associated proteins. (inhibition
(-]), activation (—)).
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In mouse embryonic fibroblasts, p21 gene knockout can
partially avoid the cell growth inhibition and pluripotency
deficiency caused by a decrease in JM]D5, indicating that a
fall in JMJD5 levels leads to growth retardation and plurip-
otency deficiency through upregulation of p21 [41]. The
results show that the interaction between these two mole-
cules is crucial for maintaining the cell cycle and a plurip-
otent state. In addition, further studies have found that the
decreased expression of JMJD5 might increase p21 by
increasing genomic H3K36me2, rather than through the p53-
p21 pathway [17]. Interestingly, another study reached the
opposite conclusion: in hepatocellular carcinoma, JMJD5
directly binds to the promoter of p21 to activate p21, and this
process is also independent of p53 [4]. This shows that, in
different cases, the binding of JMJDS5 to different sites of p21
will lead to differences in the regulation of p21, which should
be studied in detail in subsequent research work.

The above evidence reveals a paradoxical regulatory
role of JMJD5 in hepatocellular carcinoma: while it broadly
suppresses p21 and p53 expression, it directly activates p21in
this specific context. This duality underscores the need for
rigorous mechanistic studies to resolve whether JMJD5
functions as a transcriptional activator or repressor of p21,
potentially governed by context-dependent mechanisms
(e.g., cell type-specific signaling or tumor microenviron-
mental factors). Future investigations should prioritize sys-
tematic interrogation of JMJD5’s effects on p21/p53 networks
across diverse cancer types, experimental models, and dis-
ease stages. Such efforts will clarify its context-specific reg-
ulatory logic and inform strategies to exploit JMJD5-p21/p53
axis modulation for targeted therapies.

JMJDS5 affects the cell cycle by regulating microtubule
stability

Microtubules are dynamic filamentous cytoskeleton pro-
teins, which perform an essential role in cancer cell multi-
plication, signal transduction, and metastasis [42]. Defects in
the assembly or properties of microtubules can lead to
cancer and are associated with cancer cell proliferation,
chemotherapy resistance, and poor patient prognosis [43].
Microtubules play a part in the correct execution of cell
mitosis. Microtubules and their auxiliary proteins form the
mitotic spindle during mitosis. It separates the chromosomes
and can be said to be the most essential process in all
eukaryotic cells [44]. During mitosis, the kinetochore must
establish microtubule attachment and maintain those
attachments while the microtubule grows and shrinks [45].
When the expression of microtubules is changed, the
abnormality of the mitotic spindle and the subsequent
abnormal cell cycle leads to cancer [46].
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In cancer treatment, small changes in microtubule
dynamics can also participate in the spindle checkpoint,
which prevents cell cycle development during mitosis and
ultimately leads to cancer cell apoptosis. Compounds that
inhibit microtubule assembly such as vinca alkaloids and
taxanes are critical chemotherapeutic agents for the therapy
of cancer [47]. Abnormal mitotic spindles and prolonged
mitosis develop when JMJDS5 is knocked down. In addition,
microtubules are more sensitive to nocodazole-induced
depolymerization when the cells express lower levels of
JMJD5, whereas the overexpression of JMJD5 enhances
microtubule resistance to nocodazole. Cells with less
expression of JMJD5 are more sensitive to the cytotoxicity
of low concentrations of vincristine and colchicines, which
are microtubule-targeting anti-cancer drugs [48]. These
consequences indicate JMJD5 may play a crucial part in
controlling mitosis by regulating the stability of spindle
microtubules, with the following specific mechanisms.

First of all, in eukaryotes, the precise assembly of mitotic
spindles guarantees correct chromosome separation during
mitosis. Chromosome instability caused by mitotic abnor-
malities is one of the principal features of various cancers.
JMJD5 may directly bind to the spindle microtubule [49],
which increases the stability of the spindle and cytoskeletal
microtubule [48, 49]. Secondly, acetylation and detyrosina-
tion of tubulin are indicators of microtubule stabilization.
Cells with JMJD5 deletion show significant decreases in the
levels of tubulin acetylation and detyrosination on the
mitotic spindle. This result indicates that the portion of
JMJD5 located in the cytoplasm promotes the acetylation and
detyrosination of a-tubulin [48, 49] and thereby promotes
microtubule stability. Finally, microtubule-associated pro-
teins (MAPs) regulate the dynamics and stability of micro-
tubules [50]. Studies have shown that overexpression of
JMJD5 increases the stability of microtubules by increasing
the level of MAP1B [48]. This phenomenon is illustrated in
Figure 4.

Collectively, JMJD5 emerges as a promising biomarker for
predicting the responsiveness of cancer cells to microtubule-
targeting agents. Further studies are warranted to investigate
whether pharmacological inhibition of JMJD5 can potentiate
the clinical efficacy of microtubule-targeting therapies.

JMJD5 affects the cell cycle by regulating cyclin A protein

In breast cancer, the expression of cyclin A, one of the
transition regulators of G1/S and G2/M, is up-regulated in
response to JMJD5 overexpression [7]. JM]JD5 is recruited to
the H3K36me2 of the cyclin A coding region and demet-
hylates it, resulting in increased transcriptional activity
and cell cycle progression (Figure 4) [7]. Because JM]D5
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can shuttle between the nucleus and cytoplasm under the
conclusive situation [51], how does JM]D5 translocate into
the nucleus and affect the expression of cyclin A?

Experimental studies have shown that a conventional
signal-dependent nuclear protein — a nuclear localization
signal (NLS) - is essential for the transfer of JMJD5 into the
nucleus. Importin a/b and transportin-1 are proteins that
carry cargo. We believe that importin a/b and transportin-1
also play an essential role in the nuclear translocation of
JMJDS. Research has shown that interference with importin
a/b and transportin-11leads to a considerable decrease in the
nuclear location of JMJD5 [51]. In this case, the study found
that cyclin A was up-regulated when NLS was overex-
pressed. Still, no significant change was found in cyclin A
without NLS, which indicated that NLS also affects the
expression of cyclin A [51, 52].

Collectively, these findings establish JMJD5 and NLS as
critical regulators of cyclin A activation, operating through
mechanisms essential for cell cycle progression. This work
not only delineates a functional nexus between JMJD5/NLS
and cyclin A but also provides a mechanistic framework to
investigate unexplored pathways through which JMJD5 may
orchestrate cyclin A dynamics - including post-translational
modifications, protein complex assembly, or cross-talk
with checkpoint signaling. Future studies should leverage
this foundation to dissect context-dependent regulatory
networks and evaluate therapeutic strategies targeting
JMJD5-driven cell cycle dysregulation.

JMJD5 and glucose metabolism

A prominent feature of tumor cells is metabolic changes,
known as aerobic glycolysis or the Warburg effect [53]. This
process includes increased glucose uptake and the conver-
sion of intracellular glucose into pyruvate via glycolysis and
subsequently into lactic acid. A fundamental substance in
this process is pyruvate kinase M2 (PKM2), which de-
phosphorylates phosphoenolpyruvate (PEP) into pyruvate
[53]. Previous work [23] showed that the glucose uptake and
lactic acid secretion of JMJD5 knockout cells were signifi-
cantly decreased under normoxic or hypoxic conditions,
which indicates that JMJD5 is involved in Warburg
metabolism.

The specific mechanism is that JMJD5 binds to PKM2,
which transfers PKM2 to the nucleus [8]. JM]D5 promotes the
transformation of the cytoplasmic tetramer PKM2 into a
dimer or heterodimer in the nucleus, which enables PKM2 to
play an essential role in the Warburg effect. In addition, the
JMJD5/PKM2 complex is co-recruited to hypoxia response
elements as a co-activator of hypoxia inducible factor-la
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Figure 5: JMJD5 regulates metabolism in
cancer. JMJD5 promotes the Warburg effect by

) me AL, ' LDH‘\:] Iig : stimulating the activity of PKM2, and the
Hypoxia Prruvi S’ combination of JMJD5 and PKM2 jointly
' CHs encourages the activity of HIF-1a, further
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1 expression of VEGF. Note: PKM2, pyruvate
f‘poxg kinase M2; HIF-1a, hypoxia inducible factor-1a;
b VEGF, vascular endothelial growth factor. LDH
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(HIF-1a) [8, 23]. HIF-1 is a heterodimer protein composed
of two subunits, namely HIF-la and HIF-1B. HIF-1 is the
transporter of the glucose transporter-1 (GLUT-1). The
upregulation of HIF-1 significantly promotes the transport of
glucose to the cytoplasm [54]. In addition, HIF-1 can promote
the expression of vascular endothelial growth factor (VEGF)
and the activation of VEGF receptors, thereby favoring
continuous angiogenesis, tumor progression, and metastasis
[55]. This process is described in Figure 5.

In glioblastoma multimodal, Zinc finger CCHC type and
RNA binding motif 1 (ZCRB1) and circRNA HEAT repeat
containing 5B (circHEATR5B) overexpression inhibit aero-
bic glycolysis and proliferation in cells. Overexpression of
ZCRB1promotes the formation of circHEATR5B. In addition,
circHEATR5B encodes a novel protein HEATR5B-881laa,
which directly interacts with JMJD5 and reduces its stability
by phosphorylating S361. Knockout of JMJD5 reduces PKM2
dimerization and inhibits glycolysis and proliferation of
glioblastoma multimodal cells [56]. In addition, research
indicates that low expression levels of JM]JD5 are associated
with elevated TP53-inducible glycolysis and apoptosis
regulator (TIGAR) levels and poor prognosis in lung cancer
patients [57]. JMJD5 emerges as a key regulator of tumor
glucose metabolism by targeting the p53/TIGAR metabolic
pathway. Studies have found that knocking down JMJD5
significantly enhances the expression of TIGAR in p53 wild-
type NSCLC cells, which may further inhibit glycolysis and
promote the pentose phosphate pathway [57]. In pancreatic
cancer, JMJD5 deletion promotes the proliferation of
pancreatic cancer cells and induces the transformation of
cell metabolism from oxidative phosphorylation to glycol-
ysis. JMJD5 negatively regulates the expression of c-Myc,
the main regulator of cancer metabolism, leading to the
reduction of c-Myc targeted gene expression. Research
shows that the reduction of JMJD5 expression promotes cell
proliferation and glycolysis of pancreatic cancer cells in a
c-Myc dependent manner [58].

transporter.

Collectively, these findings position JMJD5 as a central
orchestrator of tumor metabolic reprogramming. Mecha-
nistically, JMJD5 drives nuclear translocation and stabiliza-
tion of PKM2, amplifying the Warburg effect — a hallmark of
cancer metabolism characterized by aerobic glycolysis.
Furthermore, JMJD5 forms a functional interplay with PKM2
to synergistically activate HIF-1a, thereby fueling metabolic
adaptation, neovascularization, and tumor progression.
Beyond this, JMJD5 becomes a key regulator of tumor glucose
metabolism by targeting the p53/TIGAR metabolic pathway.
Furthermore, the present study indicated that JMJD5 regu-
lates glycolytic metabolism in pancreatic cancer cells in a
c-Myc-dependent manner. These multilayered mechanisms
underscore JMJD5’s potential as a therapeutic vulnerability
for disrupting metabolic dependencies in malignancies.

JMJD5 and epithelial-to-mesenchymal
transition

Epithelial-to-mesenchymal transition (EMT) is the pivotal
procedure in tumor metastasis. The EMT involves a dynamic
reorganization of cellular architecture from epithelial to
mesenchymal states, resulting in enhanced migratory
and invasive capabilities [59]. One sign of EMT is the
downregulation of E-cadherin [60]. Snail is a well-known
transcriptional suppressor that can inhibit E-cadherin and
induce EMT [61]. Snail is a target gene of JMJD5. JMJD5 can
bind to the Snail promoter and activate its transcription.
The expression of Snail is up-regulated when the expression
of JMJD5 is elevated, which promotes tumor cell metastasis
[6]. For example, JMJD5 is important in maintaining cell
migration and invasion in breast cancer [6] and oral cancer
[9]. JMJD5 can reduce the expression of E-cadherin in oral
squamous cell carcinoma cells and trigger cancer cell
metastasis.
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Cancer cell metastasis is the main factor contributing to
poor prognosis. The interruption of the metastatic pathway
has preclinical and clinical prospects for cancer patients
with metastatic disease. A variety of drugs have been shown
to prevent metastasis and serve as targets for therapeutic
development. It can be seen from the above that JMJD5 plays
a crucial role in cancer metastasis. Adoption of JMJD5 as a
target to control the metastasis of cancer cells will be of
major significance to the treatment of tumors.

Drugs that reduce the effects of
JM)D5

The disorder of JMJD5 plays an essential role in tumorigen-
esis. Silibinin is a commonly used anti-hepatotoxic drug,
which has shown anti-cancer effects in many kinds of can-
cers [62]. In oral squamous cell carcinoma, JMJD5 is highly
expressed and is significantly related to tumor size, cervical
lymph node metastasis, and clinical stage [62]. Metastasis-
associated protein 1 (MTA1) can regulate the expression of
JMJD5 and is positively correlated with JMJD5. Silibinin
suppressed oral cancer cell proliferation through down-
regulation of JMJD5 and MTA1 [62]. However, the signaling
pathway through which silibinin represses JMJD5 and MTA1
in oral cancer cells is still unclear, and it can be explored in
future studies. Allyl isothiocyanate is a natural dietary
chemotherapy drug and epigenetic regulator and is a
promising candidate drug for enhancing cancer treatment.
In oral squamous cell carcinoma, the expression of JMJD5
and cyclin Al is significantly increased, and Allyl isothiocy-
anate can downregulate the expression of JMJD5 and cyclin
Al. Allyl isothiocyanate induces G2/M cell cycle arrest and
apoptosis by regulating the G2/M related proteins JM]JD5 and
cyclin Al in oral cancer cells, thereby inhibiting tumor
growth [63].

Since JM]JDS5 regulates microtubule stability, the micro-
tubules in JMJD5-deficient cells are more easily damaged by
nocodazole-induced depolymerization, and overexpression
of JMJD5 enhances the resilience of microtubules to noco-
dazole [48]. Studies have shown that cells lacking JMJD5 are
more vulnerable to the cytotoxic effects of low concentra-
tions of vinblastine or colchicine. When cells were treated
with vinblastine or colchicine, the cell viability and the level
of cleaved PARP in JMJD5-deficient cells were higher than
that in control cells, and apoptotic cells were significantly
increased. These results indicate that the absence of JMJD5
substantially increases the susceptibility of cancer cells to
microtubule-destabilizing agents [48]. These results prove
that JMJD5 may be a potential biomarker that can anticipate
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the sensitivity of cancer patients to microtubule-targeted
drugs. Thus, the effect of nocodazole, vinblastine, or colchi-
cine on cancer may be achieved by reducing JM]JD5. We need
further studies to determine whether the pharmacological
inhibition of JMJD5 combined with microtubule targeting
agents will enhance the chemotherapy response. Tumber
et al. found that most broad-spectrum 2-oxoglutarate (20G)
oxygenase inhibitors can inhibit JMJD5, namely N-oxalyl-
glycine, pyridine-2,4-dicarboxylic acid (2,4-PDCA), and
ebselen. KDM4 subfamily specific inhibitor JMJD histone
demethylase inhibitor III also effectively inhibits JMJD5.
However, many clinically used 20G oxygenase inhibitors
(such as roxadustat) do not inhibit JMJD5 [64]. Brewitz et al.
reported that 5-aminoalkyl-substituted 2,4-PDCA derivatives
are effective JMJD5 inhibitors, exhibiting better selectivity
for JMJD5 than other 20G oxygenases [65].

Collectively, our findings demonstrate that silibinin sup-
presses the proliferation and metastatic potential of oral
cancer cells through JMJD5 expression modulation. Further-
more, microtubule-targeting agents such as nocodazole,
vinblastine, and colchicine exhibit anti-tumor effects via
JMJD5 downregulation. These collective observations position
JM]JD5 as a tractable therapeutic target, underscoring the need
for future investigations to prioritize the systematic identifi-
cation and characterization of novel JMJD5 inhibitors. Such
efforts will facilitate the translation of JMJD5-targeting stra-
tegies into clinical oncology practice.

Conclusions

Numerous studies have implicated JMJD5 as a driver of
tumorigenesis in a variety of different cancers. JMJD5 plays
an indispensable role in the occurrence and progression of
cancer by affecting apoptosis, the cell cycle, glucose meta-
bolism, and metastasis (Table 1). Indeed, because JMJD5 is an
enzyme, small-molecule inhibitors could be developed
to boost cancer therapy. Recent research has shown that
silibinin suppressed oral cancer cell proliferation through
downregulation of JMJD5 and MTA1, but the specific
signaling pathway involved remains to be identified [62].
Allyl isothiocyanate induces G2/M cell cycle arrest and
apoptosis by regulating the G2/M related proteins JMJD5 and
cyclin Al in oral cancer cells, thereby inhibiting tumor
growth [63]. Thus, JMJD5 is a pharmaceutical target for the
treatment of cancer. In addition, there are still a consider-
able number of unsolved mysteries concerning JMJD5, such
as the functions of JMJD5 in gastric cancer and esophageal
cancer and its other roles in the nucleus or cytoplasm.
Further work is necessary to determine the roles of JMJD5 in
tumors.
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Table 1: Different mechanisms of JMJD5 in cancer.
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The role of JMJD5 in cancer Mediums The way of adjustment Types of cancer References
JMJD5 promotes cancer Snai1 JMJD5 activates the expression of snail1 and reduces the (a) Breast cancer [6, 9]
metastasis and invasion E-cadherin expression of E-cadherin (b) Oral cancer
JMJD5 regulates apoptosis (a) BCL-2, BCL-  JMJD5 increases Bcl-2, Bcl-xl, NF-kB and decrease Bax, DR4,  (a) Atypical [9, 25]
x|, Bax DR5 and TRAIL meningiomas
(b) TRAIL, DR4, (b) Oral cancer
DR5,
JMJD5 regulates glucose PKM2 (a) JMJD5 transfers PKM2 into nucleus which promotes the  (a) Lung cancer [8, 23, 56-58]
metabolism Warburg effect
ZCRB1 (b) ZCRB1 interacts with JMJD5 and reduces its stability (b) Glioblastoma
multimodal
TIGAR (c) JMJD5 inhibits TIGAR in p53 wild-type NSCLC cells (c) Pancreatic cancer
c-Myc d) JMJD5 negatively regulates c-Myc expression
JMJD5 regulates cell cycle (a) P53, P21 (a) JMJD5 inhibits p53 and p21 (a) Oral cancer [3,7,9, 48, 49]
(b) Cyclin A1 (b) JMJDS up-regulates cyclin A1 by demethylation of
H3K36me2 located in the cyclin A1 coding region
(c) a-tubulin (c) JIMJD5 promotes the acetylation and detyrosination of (b) Lung cancer
a-tubulin
(d) MAP1B (d) JMJD5 increases the stability of microtubules by increasing

the level of MAP1B

BCL, B-cell ymphoma; Bax, Bcl-2-associated X protein; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; DR, death receptor 4; PKM, pyruvate
kinase muscle; ZCRB1, zinc finger CCHC type and RNA binding motif 1; TIGAR, TP53-inducible glycolysis and apoptosis regulator; MAP1B, microtubule-

associated protein 1B.

Collectively, the emerging role of JMJD5 in oncogenesis
positions it as a promising therapeutic target for cancer
intervention strategies. While preclinical evidence supports
the translational potential of JMJD5 inhibition, rigorous
preclinical and clinical validation remains imperative to
establish its therapeutic efficacy and safety profile.
Furthermore, systematic investigations are required to fully
elucidate the physiological functions of JMJD5 and its onco-
genic mechanisms across diverse cancer types. Such foun-
dational research will accelerate the development of JM]JD5-
targeted therapies, which may ultimately integrate into
mainstream clinical oncology paradigms in the foreseeable
future.
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