Journal of Environmental Pathology, Toxicology and Oncology, 44(1):31-36 (2025)

Histone-Lysine N-Methyliransferase 2D (KMT2D)
Impending Therapeutic Target for the Management of

Cancer: The Giant Rats Tail

Meshak Dhanashekaran Cecileya Jasmin,®* Narayanaswamy Radhakrishnan,?*
Venugopal Vinod Prabhu,® Kunnathur Murugesan Sakthivel, & Rasmi Rajan Radha®

aDepartment of Biochemistry, Saveetha Medical College and Hospital, Saveetha Institute of Medical and Technical
Sciences (Deemed to be University), Thandalam, Chennai, Tamil Nadu 602105, India; *"Department of Biochemistry,
Tagore Medical College and Hospital, Rathinamangalam, Melakottaiyur, Chennai, Tamil Nadu 600127, India; °PG
Department of Microbiology, PERI College of Arts and Science, Tambaram, Mannivakkam, Chennai, Tamil Nadu
600048, India; ‘Department of Biochemistry, PSG College of Arts & Science, Coimbatore, Tamil Nadu 614014, India;
¢Department of Biotechnology, PSG College of Arts & Science, Coimbatore, Tamil Nadu 614014, India

*Address all correspondence to: Dr. Narayanaswamy Radhakrishnan, Professor, Department of Biochemistry, Saveetha Medical College and
Hospital, Saveetha Institute of Medical and Technical Sciences (Deemed to be University), Thandalam, Chennai, Tamil Nadu- 602105, India;

Tel.: +91 7305327126, E-mail: nrkishnanr@gmail.com

ABSTRACT: The histone-lysine N-methyltransferase 2D (KMT2D), tumor suppressor gene which is the major com-
ponent of histone H3K4 mono-methyltransferase in mammals and has significant role in regulation of a gene which are
frequently mutated that lead to many different types of cancers that include non-Hodgkin lymphoma, medulloblastoma,
prostate carcinoma, renal carcinoma, bladder carcinoma and lung carcinoma. KMT2D gene epigenetic alterations in
histone methylation play a significant role for the initiation and progression of cancers from pre-cancerous lesions, yet its
complete function in oncogenesis remains unsolved. KMT2D deficiency - loss are thought of initial mediators of cancer
development and cell migration such as B-cell lymphoma, medulloblastoma, melanoma, pancreas and lung cancer. The
KMT2D loss has know to activate glycolytic genes that promote aggressive tumor progression. Therefore, the present
review serves to underline the update on recent research pertaining to KMT2D gene, that could be a potential therapeutic
target in downregulating glycolytic genes such as Pgkl, Ldha, Pgam1 and Gapdh; 2, epidermal growth factor receptor
tyrosine kinase (EGFR-TK) - ERBB2, RTK-RAS signaling, RAS activator genes Rgl1, Rasgrpl, Rasgrfl, Rasgrf2 and
Rapgef5 in suppressing the tumor progression that may represent novel targeted therapy for the management of cancer.
This review will facilitate to understand the gene expression that inhibits cancer progression and which could serve as a
potential molecular target in understanding cancer pathogenesis.
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I. INTRODUCTION

Histone-lysine N-methyltransferase 2D (KMT2D),
histone H3K4 mono-methyltransferase in mam-
mals located at chromosome region 12ql3.12,
which has an significant role in gene regulation,
development of diseases and promotes cancer de-
velopment.! H3K4 (methyl group on histone H3 ly-
sine 4 residue) where the cells active promoters and
enhancer are marked by tri-methylation H3K4 and
mono- and di-methylation of H3K4 respectively.?
In mammals there are six sets of H3K4 methyl-
transferases such as KMT2A, KMT2B, KMT2C,
KMT2D, KMT2F and KMT2G.! Sequence homol-
ogy studies of SET-containing enzymatic subunits

have demonstrated that KMT2C and KMT2D are
homologous to Trr (trithorax related), KMT2A and
KMT2B are homologous to Trx and KMT2F and
KMT2G are homologous to dSetl.* KMT2D have
significant role in regulation of the gene which are
frequently mutated that lead to cancer progres-
sion.! Epigenetic alterations of KMT2D histone
methylation and acetylation are important for the
initiation and progression of cancers from pre-can-
cerous lesions. KMT2D are an predominant ele-
ments on enhancer regions and has limited efficient
redundancy with KMT2C which has been proved
in human colon cancer cell line HCT 116 cells.*
KMT?2D is also known to binds to specific enhancer
region selectively that depends on the cell stage of
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differentiation with the help of TFs and the early
adipogenic TF CCAAT/enhancer-binding protein
B (C/EBPB).> KMT2D gene has direct function in
the development, differentiation and tumor sup-
pression through TFp53 (tumor protein p53).° It
was reported that KMT2D act as co activators of
TFp53 which are crucial for the gene expression of
pS3 target genes in response to doxorubicin drug
which are DNA damaging agents.® It has been well
documented that KMT2D could be a potent tumor
suppressor function as the animal study demon-
strated, the crossed KMT2D conditional KO mice
(Kmt2d™) in CD19" early B cells developed highly
proliferative B cell lymphomas.” The KMT2D mu-
tations are resulted from premature stop codons,
frame shift insertions and splice-site mutations that
generated truncated proteins products that are de-
ficient in part of the C-terminal protein domains.®
The authors reported that monoallelic truncating
mutations of KMT2D are also important causative
agents of rare congenital disease of Kabuki syn-
drome.” KMT2D deficiency is the part of initiator
forces for the initiation, cell migration and develop-
ment of cancers such as B-cell lymphoma, medul-
loblastoma, melanoma, pancreas and lung cancer.
Therefore this review could assist to understand the
regulation of gene expression that inhibit cancer
progression and serve as potential molecular target
in cancer pathogenesis.

Il. KMT2D DEFICIENCY AND KMT2D LOSS
PROMOTES CANCER PROGRESSION

KMT2D deficiency has been determined and doc-
umented through the measurement of proliferation
of KMT2D-deficient cells. A research study with
KMT2D*" isogenic cell lines showed compromised
ability of KMT2D™" cells to form colonies. Further-
more the KMT2D deficiency attenuates cell migra-
tion since KMT2D-regulates genes that have shown
to be linked to cancer cell migration and formation
of extracellular matrices by transwell assay.'®!!

The loss of function mutations have been known
to be a part of a striking forces for the progression
of many cancers like B-cell lymphoma, medullo-
blastoma, melanoma and lung cancers.!? The study
reveals, the loss of KMT2D function could alter the
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H3K4 methylation in vivo as the authors explained
with splenic B220" and germinal center (GC) B cells
derived and purified from mice in which the KMT2D
gene had been conditionally deleted via Cre-mediated
recombination. They documented that, compared
to wild-type KMT2D-deficient B cells has showed
low levels expression of H3K4mel, H3K4me2 and
H3K4me3. Therefore the study proved that KMT2D
functions as a non-redundant methyltransferase that
controls, methylation state.!%!!

The study examined KMT2D deficiency in
breast and colon cancer cell and the author reported
that KMT2D deficiency promotes arrest in the can-
cer cell proliferation.!! Guo et al. (2013) documented
the knockdown of KMT2D resulted in declined can-
cer cell proliferation in HeLa cells. Somatic gene
knockout approaches have been successful in gen-
erating a panel of isogenic KMT2D-deficient can-
cer cell lines which was designed to study KMT2D
deficiency in neoplastic cells. The heterozygous
KMT2D mutant-harboring cell lines are known as
KMT2D-deficient (KMT2D*"). The authors con-
clude the biological role of KMT2D subsequently
by measuring the proliferation of KMT2D-deficient
cells compared to parent KMT2D"" isogenic cell
lines. The author further reveals that slower prolif-
eration rate of KMT2D" cells to form colonies in
the experimental well plate’s assay.!!

KMT2D deficiency has been shown to upreg-
ulate ribosome biogenesis in human AML." The
authors substantiate the role of KMT2D deficiency
that upregulates the ribosome biogenesis in KMT2D
deficient leukemia cells. As transcriptomic profiles
of 142 AML patients in the TCGA-LAML cohort
was studied and it was reported that upregulated
genes in KMT2D low expression AML patients was
highly positively enriched in GO_ribosome bio-
genesis.'? KMT2D deficient acute myeloid leukemia
(AML) cells are sensitive to the inhibitor of ribo-
some biogenesis as the experimental mice bearing
shKmt2d AML with CX-5461 (an inhibitor of rRNA
synthesis). CX-5461 targets DNA polymerase 1
(Pol I) -mediated transcription. The treatment with
CX-5461 increases the life span of the experimental
animals which are transplanted with shKkmt2d AML
cells. Also the study reported that in CX-5461-
treated animals, there was a significant reduction
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in the shKmt2d leukemia cells in the treated ani-
mals’ peripheral blood.'>"* The authors prove that
CX-5461 is an efficient drug for treating Kmt2d-de-
ficient AML (ribosome biogenesis).’

lll. KMT2D AS MOLECULAR TARGET FOR THE
MANAGEMENT OF CANCER

In human lung cancer, KMT2D alterations frequently
co-occur with alterations in the mutated genes71%
TP53 and 22% KRAS thus lung-specific loss of
KMT2D cooperates with Trp53 inactivation or KRAS
activation for lung tumorigenesis in mice."* The au-
thor reveals the lung-specific loss of Kmt2d promoted
KRAS-induced lung tumorigenesis (high pulmonary
parenchyma in KRAS;Kmt2d™" tumor animals). The
cell proliferation marker Ki-67 was also increased due
to KMT2D loss and shortened the life survival of the
experimental animals with KRAS pulmonary tumors.
Thus the author concludes that KMT2D loss, like
Trp53 loss, initiates lung squamous cell carcinoma
and lung adenocarcinoma (LUAD) tumorigenesis.'?

Interestingly the increased glycolysis in
KMT2D-defective lung cancer cells could be targeted
by small molecule inhibition since the KMT2D acts
as an epigenetic LUAD suppressor by positively reg-
ulating super-enhancers (Per2 super-enhancer) thus
increased the expression of tumor suppressor gene
Per2."* In KMT2D deficiency, the decrease in Per2
expression to upregulate glycolytic genes such as
ENOI1, PGK1, PGAM1, LDHA and CDKI1 thus the
author conclude that tumor-suppressive function of
KMT2D is dependent, at least in part, on the down-
regulation of glycolytic genes by Per2 and Per3."

In another study, the author reported that KMT2D
(lysine methyltransferase 2D) loss leads to enhancer
reprogramming on tumor suppressor genes including
insulin like growth factor binding protein 5- IGFBP5
that have important role in insulin growth factor recep-
tor -1 signaling pathway (serine/threonine kinase AKT)
for regulating glucose and lipid energy metabolism. !4

Cancer cells are dependent on the glycolysis
pathway since they act as a central node for rapid pro-
liferating cells for the aggressive tumor progression.'*
These study results implicate glycolysis inhibition as
a potential target in patients with melanoma.'*Further,
it is well understood that KMT2D loss, upregulated
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the expression of tumor-promoting glycolytic genes,
such as Enol, Pgkl, Pgaml, Ldha and Gapdh; 2.'3!4
KMT2D loss upregulate glycolysis via IGFBP5-reg-
ulated IGF signaling while promoting melanoma tu-
morigenesis.'”” Further the above findings provides
an valuable role for a better targeted for lung cancer
which is also substantiated by the development of
medulloblastoma in brain-specific KMT2D knockout
mice, and Kmt2d loss induces Ras signaling path-
ways, increasing expression of Ras activator genes
such as Rgll,and other Ras mediated genes.'*

In an experimental study the KMT2D loss, in-
creased the activation of receptor tyrosine kinases
(RTKSs)."” The study reveals that KMT2D loss lead to
increase in the KRAS signaling and EGFR phosphor-
ylation in lung squamous cell carcinoma (LUSC)."”
Thus deletion or loss of KMT2D could promote onco-
genic RTK-RAS signaling through activating EGFR
and ERBB2 in both murine and human LUSC." The
study further analyzed to target KMT2D through sig-
naling pathway. The data ensure that the SHP099 or
afatinib alone or in combination inhibits RTK-RAS
signaling in KMT2D KO LUSC. Treating KMT2D
KO LUSC cells in vitro with SHP099 or afatinib
alone strongly reduced phospho-ERK (pERK) levels
significantly thus combination therapy led to down-
regulated tumorprogression.'” KMT2D loss leads to
decrease the expression of receptor type protein ty-
rosine phosphatases (RPTPs), which in turn activate
oncogenic RTK-RAS signaling to promote tumori-
genesis in LUSC. The study substantiate that KMT2D
loss promotes activation of EGFR and ERBB2, due
to the repressed RPTP expression leads to the poten-
tiating of RTK-RAS signaling thus promote tumor
growth in LUSC. The study targets KM T2D-deficient
LUSC with SHP2 and pan-ERBB inhibitors thus re-
duces LUSC oncogenesis to enable potential thera-
peutic property. The authors conclude that SHP099
and afatinib possessed superior antitumor effect with
decrease of tumor volumes in LK2, a human LUSC
cell line with a KMT2D nonsense mutation.'”

IV. KMT2D MUTATION IN LUNG CARCINOMA

KMT2D having the greatest prevalence of alterations.
Missense mutations, nonsense mutations, silent muta-
tions, frame shift insertions and deletion and in-frame
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deletions are reported in cancers such as intestine can-
cer, skin cancer, and stomach cancer. KMT2D, 48.7%
were truncating mutations, which was reported to be
the highest of all the epigenetic modifiers examined so
far.!* Epigenetic alterations in histone methylation have
a significant role for the cancer initiation, progression
from precancerous lesions to invasive cancer progres-
sion.'?! KMT2D altered mutation has been observed
in many cancers, including non-Hodgkin lymphoma
(9.96%), medulloblastoma (15.62%), and pancre-
atic carcinoma (6.1%), renal solid tumor (10.18%),
bladder (29.07%), glioblastoma (8.13%), breast car-
cinoma (5.79%), ovarian carcinoma (7.25%) and in
lung carcinoma — non small cell lung cancer (NSCLC)
(10.11%).'72! Histone methylation modifiers and other
epigenetic modifiers was also reported to be often mu-
tated in lung adenocarcinoma 40%-50% in LUAD
and lung squamous cell carcinoma 25%-30% lung
adenocarcinoma and lung squamous cell carcinoma
(LUSC) respectively although only limited research
study on KMT2D mutations on lung cancer are ex-
isted.”> KMT2D, gene whose mutation are associated
with significantly abridge the survival in NSCLC and
KMT2D mutation was more common in women.'®
The author identifies 41 mutations of KMT2D from
the 34 tumor samples and majority was missense mu-
tations with multiple missense mutations (A2925V,
A4425V, L.2245V) in a single tumor was identified
and reported.'® The study reveals that 30 mutations of
KMT2D in 21 tumor samples and the majority were
the missence mutation similar to NSCLC. It was in-
terestingly to know the KMT2D function as tumor
suppressor which get mutated among the lung cancer
patients, other 44 genes that are co-mutated along with
KMT2D genes (AKT3, CCND2, KEAPI, NF1, and
BRAF)"® The research further reveals that KMT2D al-
terations frequently co-occur with mutated genes TP53
and KRAS in human lung cancer.” The study further
reveals that around 71% of KMT2D alterations co-oc-
cur with TP53 alterations in lung tumors and about
22% of KMT2D alterations with KRAS alterations
among LUAD.

The KMT2D loss upregulated glycolysis to pro-
mote aggressive growth of human lung cancer cells,
therefore inhibition of glycolysis that could be a bet-
ter target to impede the lung cancer cell growth.!> The
study tested with multiple inhibitors among human
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LUAD cells and human LUAD cell lines bearing
KMT2D-truncating mutations (H1568, with a non-
sense mutation E758; DV-90. The author reported
that glucose uptake, lactate excretion, and glycoly-
sis was higher in the KMT2D-mutant cell lines then
KMT2D-WT cell lines.”® The study further reveals
that 2-deoxy-D-glucose (2-DG), a hexokinase in-
hibitor and POMHEX, an enolase inhibitor agents
inhibited the confluency of the KMT2D-mutant
cell lines to a significant extent then compared with
KMT2D-WT cell lines thus increased in the glycol-
ysis in KMT2D-mutant LUAD tumors could be po-
tentially targeted by the glycolysis inhibitor 2-DG in
lung cancer."** Taken together, KMT2D mutation
status could deserve its own separate molecular clas-
sification in NSCLC as it is an emerging therapeutic
potential of targeting epigenetic modifiers in cancer.

V. CONCLUSION

Together, in this review, there exist significant re-
cords to substantiated the functional and molecular
role of KMT2D a tumor suppressor gene, expression
system in a different cancer models and these study
propose that targeting KMT2D could be a potential
therapeutic target in downregulating signaling path-
ways and glycolysis in suppressing the tumor pro-
gression that could be a novel therapeutic target for
the treatment of cancers. Further investigation are
necessary to understand the key role of KMT2D as
tumor suppressor and targeting KMT2D in cancer
cells for its role in cell signaling and glycolytic path-
way for the suppression of tumor progression across
a range of cancers. This review will facilitate to un-
derstand the gene expression and gene products that
inhibits cancer progression and could be a potential
molecular target in preventing cancer deaths.
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