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Epigenetic mechanisms are known to play a key role in cancer progression. Specifically, histone methylation
involves reversible post-translational modification of histones that govern chromatin structure remodelling, genomic
imprinting, gene expression, DNA damage repair, and meiotic crossover recombination, among other chromatin-
based activities. Demethylases are enzymes that catalyse the demethylation of their substrate using a flavin
adenine dinucleotide-dependent amine oxidation process. Lysine-specific demethylase 1 (LSD1) and its homolog,
lysine-specific demethylase 2 (LSD2), are overexpressed in a variety of human cancer types and, thus, regulate

tumour progression.
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| 1. Introduction

According to the World Health Organization (WHO), cancer is a group of diseases that can develop in almost any
organ or tissue when a group of abnormal cells grows uncontrollably beyond its normal limits, and can then invade
other tissues (metastasis). In 2020, there were more than 19 million new cancer cases and almost 10 million
deaths due to cancer, making this disease the second cause of death worldwide. Furthermore, up to 30% of these

deaths are due to gastrointestinal cancers 112],

Understanding the mechanisms of cancer is key to developing efficient and specific treatments. Acquisition of
cancer hallmarks largely depends on alterations in the genomes of neoplastic cells, including genome mutations,

as well as epigenetic mechanisms which affect gene expression El4],

Epigenetics is commonly defined as the heritable changes in gene expression or chromosomal stability by DNA
methylation, histone covalent modification (methylation, acetylation, ubiquitination...), or non-coding RNAs without
a change in DNA sequence. Epigenetics plays a central role in cancer by altering proto-oncogenes and tumour
suppressor transcription 2. For a long time, methylation marks in histones were thought to be irreversible until the
discovery of histone demethylases (€. There are two families of histone demethylases: the larger Jumonji domain
family and the smaller flavin-dependent lysine-specific demethylase (LSD) family formed by lysine-specific
demethylase 1 (LSD1) and lysine-specific demethylase 2 (LSD2) .

LSD1 (also referred to as KDM1A/BHC110/AOF2) was the first human histone demethylase identified (2004). The
LSD1 homolog, LSD2 (also referred to as KDM1B/AOF1), was identified the same year through a domain

homology search of genomic databases and became the second human histone demethylase identified B8],
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Both enzymes are characterized by the presence of an amine oxidase-like domain and a Swi3p, Rsc8p, and Moira
(SWIRM) domain, which are unique to chromatin-associated proteins. Other than these two domains, LSD1 and
LSD2 exhibit different structural architectures facilitating their association with different protein complexes and

different genomic loci (.

There are three structural domains present in LSD1 that are well conserved including the c-terminal amino
oxidase-like (AOL) domain, the SWI3/RSC8/MOIRA (SWIRM) domain, and the flexible n-terminal region. The
catalytic region of LSD1 resides on the AOL domain, which contains two lobes where one lobe connects with
SWIRM, which further contains the follistatin domain (FSD)-binding site carrying oxidation, and the second lobe
functions as a substrate recognition site. Therefore, the lobes form the catalytic centre displaying demethylation
activity in the cavity. AOL domain also protrudes a Tower domain accompanying alpha-helices, which forms an
interaction site with repressor element 1 (RE1) silencing transcription factor (REST) corepressor (COREST)
complex and is critical for H3K4 demethylase activity of LSD1. The extra-nucleosomal DNA can bind with the AOL
domain along with the CoREST complex. The nuclear localization of LSD1 depends on the flexible n-terminal
region of LSD1, which is not responsible for its demethylase activity. LSD1 has a specialized SWIRM domain

incapable of binding to DNA and acts as an interaction site of LSD1 with its interacting partners Sl

LSD2 also referred to as AOF1 and KDM1B is a homolog of LSD1 possessing FAD-dependent amino-oxidase
activity with no specificity towards non-histone substrates and specifically demethylates H3K4mel1/2 along with
H3K9mez2 in the regions of the promoter genes associated with NF-kB proteins. The protruding TOWER domain is
absent in LSD2 and it displays both AOL and SWIRM domains. Both LSD1 and LSD1 are known to exhibit FAD-
demethylation activity, however, these proteins have other functions in cells including gene enhancer, promoter-
binding, transcriptional repression, and activation properties. LSD2 changes the methylation dynamics of key
transcriptional proteins such as NSD3, Cyclin T1, and Poly Il and is known to interact with these transcriptionally

activated genes via their coding regions as it assists in the regulation of the elongation process of transcription [©IZ]
[8i91.

| 2. LSD2 in Gastric Cancer

ADPGK antisense RNA 1 (ADPGK-AS1) promotes GC development through upregulation of LSD2 by sponging
miR-3196, making it a potential new prognostic biomarker and therapeutic target for GC patients, and ADPGK-AS1
is dramatically overexpressed in GC cell lines compared to normal gastric epithelial cell lines 19, Furthermore, GC
patients with high ADPGK-AS1 levels had a poorer overall survival rate than GC patients with low ADPGK-AS1
levels 1. Inhibition of ADPGKAS1 markedly accelerated GC cell apoptosis 22 and downregulated LSD2 protein
levels, and this phenotype was partially rescued by inhibition of miR3196 3. Similarly, upon LSD2 overexpression,
cell proliferation due to inhibition of ADPGKAS1 was mostly restored and the facilitating effect of inhibition of
ADPGKAS1 on apoptosis was partially abolished 123l Increased expression of ADPGKAS1 and LSD2 may be
directly related to the PI3K/AKT/mTOR signalling pathway in GC tissues 19 In addition, ADPGKAS1
downregulates p53 through the regulation of LSD2 141,
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| 3. LSD2 in Liver Cancer

In liver cancer, the Huh7 and Hep3b HCC cell lines exhibit upregulated LSD2 according to a comprehensive study
designed to identify the targets involved in epigenetic alterations of these cells 22, In another study involving HCC
cell lines for sorafenib resistance, the expression of LSD2 did not change and LSD1 was found to be a regulator of
drug resistance in which LSD2 depletion resulted in no apparent change in drug sensitivity 26, Apart from these
aforementioned studies, there is a dearth of data on LSD2 in the context of liver cancer and it is a potential subject

of future research which needs to be explored.

| 4. Pancreatic Cancer

LSD1 seems to be involved in the progression of pancreatic cancer as it is a target for various long non-coding
RNAs involved in this process 7. Lian et al. 18] identified that HOXA cluster antisense RNA 2 (HOXA-AS2) exerts
an oncogene function via interaction with LSD1. HOXA-AS2 is upregulated in pancreatic cancer tissue, promoting
pancreatic cancer cell proliferation and reducing apoptotic rates in vitro (PANC-1 and BxPC-3 cell lines), and plays
an important role in pancreatic cancer cells tumorigenesis in vivo (xenograft assays using BxPC-3 cells into
BALB/c mice). Using RNA-protein interaction prediction, it was found that HOXA-AS2 binds with LSD1 and EZH2.
RNA immunoprecipitation assays performed using LSD1 antibodies prove that HOXA-AS2 does, in fact, bind to
LSD1 in BxPC-3 cells. Moreover, a positive correlation between LSD1 mRNA levels and HOXA-AS2 expression
has been observed thanks to data on pancreatic cancer gene expression (GSE15471) obtained from the Gene
Expression Omnibus database (GEO). Altogether, these results suggest that LSD1 functions as an oncogene in
pancreatic cancer cells as it is involved in a INcCRNA-HOXA-AS2/EZH2/LSD1 complex which promotes cell

proliferation 18],

HOXA-AS2 is not the only IncRNA that has been associated with LSD1 in pancreatic cancer cells. Double
homeobox A pseudogene 10 (DUXAP10)-derived IncCRNA also plays an important role in pancreatic cancer cells.
This IncRNA is upregulated in human pancreatic cancer tissues and is associated with poor prognosis/advanced
tumour-node-metastasis (TNM) stages. According to Lian et al., DUXAP10 positively correlates with cell
proliferation pathways, reduces apoptotic rates, enables higher cell migration and invasion rates in vitro (PANC-1
and BxPC-3 cell lines) and also inhibits pancreatic cancer cell tumorigenesis in vivo (xenograft assays using BxPC-
3 into BALB/c mice). Since IncRNAs are known to interact with RNA binding proteins, researchers performed an
RNA protein interaction prediction assay, concluding that DUXAP10 interacts with LSD1 and EZH2. This interaction
was verified via RNA immunoprecipitation assays performed using LSD1 antibodies in BxPC-3 cells. Furthermore,
a positive correlation was found between DUXAP10 expression and LSD1 mRNA levels. The reduction in BXPC-3
cell viability when treated with si-DUXAP10 and si-LSD1 is greater than when treated only with si-LSD1. Thus,

LSD1 seems to play an important role in pancreatic cancer cell proliferation as it binds to DUXAP10 12,

Regarding LSD2, Wang et al. proposed that it may be involved in the development of pancreatic cancer. An
increased LSD2 expression in pancreatic cancer cells has been established by immunohistochemistry using an

antibody against LSD2 in cancer tissue samples compared with their respective matching paracancerous tissue
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samples, as well as by immunoblotting using human pancreatic cancer cell lines (BXxPC-3, CFPAC-1, PANC-,
SW1990) and a normal human pancreatic duct epithelial cell line (HDPE6-C7). This increase in LSD2 expression is
accompanied by suppression of cell proliferation and increase in apoptosis. When the pancreatic cancer cell lines
PANC-1 and SW1990 are treated with shLSD2 resulting in LSD2 knockdown cells, in vitro cell growth is
significantly reduced and apoptosis increases. Moreover, caspase 3 and caspase 7 levels and activity are
increased in PANC-1 and SW1990 knockdown cells. Thus, LSD2 expression is an important determinant of

apoptosis in these cell lines 29,

| 5. LSD2 in Colorectal Cancer

Similar to LSD1, LSDZ2 is upregulated in human CRC cells, both in vitro and in vivo. High levels of LSD2 promote
cell proliferation, DNA synthesis, colony formation rate and colony size. Data show that LSD2 induces cell cycle
progression and reduces apoptosis by reducing apoptosis inhibitor Bcl-2 levels and increasing cleaved caspase 3,
cleaved caspase 9 and apoptosis sensor BAX levels. Moreover, LSD2 downregulates p53 expression through
H3K4me2 demethylation in the p53 promoter region, thus driving the cell cycle through p53-p21-Rb. In fact, LSD2

is associated with a decrease in p53 and p21 protein levels and an increase of Rb protein levels 141,

This entry is adapted from 10.3390/biom12030462
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