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Abstract

It is well-established that Lysine-specific demethylase 1 (LSDI, also known as KDM1A) roles as a lysine demethylase canoni-
cally acting on H3K4me1/2 and H3K9me1/2 for regulating gene expression. Though the discovery of non-histone substrates
methylated by LSD1 has largely expanded the functions of LSD1 as a typical demethylase, recent groundbreaking studies
unveiled its non-catalytic functions as a second life for this demethylase. We and others found that LSDI1 is implicated in
the interaction with a line of proteins to exhibit additional non-canonical functions in a demethylase-independent manner.
Here, we present an integrated overview of these recent literatures charging LSD1 with unforeseen functions to re-evaluate
and summarize its non-catalytic biological roles beyond the current understanding of its demethylase activity. Given LSD1
is reported to be ubiquitously overexpressed in a variety of tumors, it has been generally considered as an innovative target
for cancer therapy. We anticipate that these non-canonical functions of LSD1 will arouse the consideration that extending
the LSD1-based drug discovery to targeting LSD1 protein interactions non-catalytically, not only its demethylase activity,

may be a novel strategy for cancer prevention.
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Introduction

LSD1 (also known as KDM1A, BHC110 and AOF2),
as one of the members of flavin adenine dinucleotide-
dependent amine oxidase superfamily, is the first identi-
fied histone demethylase [1]. It was originally recognized
as a required constituent of the BRAF-HDAC (HDAC1/2)
transcriptional complex, enclosing the CoREST (REST
(RE1-silencing transcription factor) corepressor) [2]. By
coordinating with CoREST, LSD1 was revealed to specifi-
cally catalyze the demethylation of mono- and di-methyl-
ated, but not tri-methylated, histone 3 lysine 4 (H3K4mel,
H3K4me2) for transcriptional repression [1, 3]. Subse-
quent works realized that LSD1 also interacts with AR
(androgen receptor) in a ligand-dependent manner and
demethylates mono- and di-methylated H3K9 (H3K9mel,
H3K9me?2) to trigger target gene activation programs
[4-6]. In addition to histone substrates, studies demon-
strate that LSD1 also regulates the methylation dynamics
of a substantial number of cancer-relevant non-histone
proteins, such as tumor suppressor p53 [7], transcrip-
tion factor E2F1 [8], DNA methyltransferase 1 (Dnmtl)
[9], hypoxia-inducible factor-1 (HIF-1a) [10] and Signal
Transducer and Activator of Transcription 3 (STAT3) [11],
resulting in different functioning modulations.

Based on its demethylase enzymatic activity target-
ing both histones and non-histone proteins, it has been
increasingly described that LSD1 plays a pivotal role in
vast range of cellular processes, such as cell proliferation
[12], epithelial-to-mesenchymal transition (EMT) [13],
chromosome segregation [14], metabolism [15] stem cell
pluripotent regulation [16] and embryonic development
etc.[16], and its dysregulation is closely associated with
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Fig. 1 Structural domain overview of LSD1 and LSD2. Both LSD1
and LSD2 contain the catalytic amine oxidase-like domain (AOL),
two subdomains of LSD1 AOL domain are shown in green (FAD-
binding subdomain) and in reseda (substrate binding subdomain), and
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human cancer development [17]. While the demethylase
enzymatic activity of LSD1 has been studied in detail
and, until recent, most known LSD1 functions are owing
to its demethylase activity, the understanding of its bio-
chemical functions independent of demethylation is rela-
tively limited. Reports of function diversity in the most
recent years indicate that LSD1 might have additional
biological functions beyond catalyzing demethylation.
We and others found that, by interacting with FBXW?7
(F-box and WD repeat-containing protein 7) [18] or p62
[19], LSD1 accelerates their protein degradation, leading
to different biological consequences. And in collabora-
tion with ZNF217, LSD1 promotes prostate cancer cell
survival independently of its demethylase function and
of AR [20]. In this review, we will focus on the these
recent evidences that charging LSD1 with non-canonical
functions by protein and protein interactions independent
of its demethylase enzymatic activity and discussing its
translational significance in LSD1-based drug discovery
for cancer prevention.

Overview of the structure analysis into LSD1

The functional diversity of LSD1 is supported by its complex
structure which allows it to interact with a variety of cellu-
lar proteins. LSD1 is composed of 852 amino acids coding
3 major domains: (1) SWIRM (swi3p/Rsc8p/Moira, small
alpha-helical domain) in the N-terminal which is critical for
the protein—protein interactions and contributes to the steadi-
ness of the protein [21]; (2) The C-terminal contains an amine
oxidase-like (AOL) domain, which shares 20% sequence simi-
larity with FAD-dependent oxidase [22]; (3) The AOL domain
is separated into two halves by a large insertion that forms a

:
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a SWIRM domain (shown in red). Tower domain (shown in yellow)
and ZFs domain (shown in blue) are unique for LSD1 and LSD2,
respectively. The N-terminal flexible region and the C-terminal tail
are colored in gray
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central protruding Tower domain [22] (Fig. 1). LSD1 has a
homolog called LSD?2 (also known as KDM1B, AOF1), rep-
resenting the second member in the FAD-dependent AOL-
domain-containing demethylase protein family. LSD1 and
LSD2 share less than 31% sequence similarity and many
structural properties [23]. Both of them contain a catalytic
AOL domain and a SWIRM domain responsible for protein
interactions, which are all required for the catalytic action of
demethylation. However, the SWIRM domain of LSD2 shows
a slight difference with that of LSD1, which is involved in
interacting with glyoxylate reductase 1 (GLYR1) that posi-
tively regulates its demethylase activity [24]. Moreover, the
key difference between LSD1 and LSD?2 is that LSD2 does
not contain a Tower domain but comprises an N-terminal zinc-
finger (ZF-CW) domain. It was described that both of ZF-CW
domain and SWIRM are crucial for the demethylase activity
of LSD2 [25].

We mentioned that the AOL domain of LSD1 shares a
high similarity in sequence and catalytic mechanism with that
of other typical amine oxidases, however, it was buried by a
different structural architectures. Specifically, LSD1 contains
a flexible region in the N-terminal, which is a non-catalytic
domain involving in protein interactions and subject to post-
translational modifications (PTMs) [26, 27]. Moreover, the
SWIRM domain is located far away from both the FAD-
binding site and the catalytic center and it packs together with
AOQOL domain to form a functional structure interface which
may contribute to its involvement of divers protein interactions
[22]. Furthermore, AOL, was defined as the catalytic center
regulating the enzymatic activity and responsible for targeting
substrate proteins. Particularly, it is divided by Tower domain
into two lobes: (1) One forms a noncovalent FAD-binding
site, contains three fragments (residues 271-356, 559-657,
and 770-833), which is similar with other amine oxidases;
(2) The other forms a more open funnel-shaped active site for
substrate binding and recognition, comprises three fragments
(residues 357417, 523-558, and 658-769), allowing LSD1 to
pocket more surrounding residues near the target lysine, such
as accommodate a long basic histone tails by specifically inter-
acting with the first 20 amino acids of histone 3 (H3) (Fig. 1)
[22, 28]. This structural feature not only enhances the exquisite
specificity of this enzyme, but also provides the potential that
LSD1 may have other non-catalytic functions by specifically
binding with various proteins.

LSD1 roles as a demethylase targeting
both histones and non-histone proteins
Roles of LSD1 in histones demethylation

The primary substrates of LSD1 are mono- and di-meth-
ylated H3K4, which are known as important marks for

the activation of gene transcription. Together with several
co-factor proteins, LSD1 is assembled into different com-
plexes to demethylate H3K4me1/2 and shape chromatin into
a repressive conformation, thus negatively regulating gene
expression [1, 3] (Fig. 2). Laterally, H3K9 was also found to
be the substrate of LSD1, which leading to an opposite effect
that transcriptionally activate gene expression [4-6] (Fig. 2).
In most of the cases, the target specificity of LSD1 is depend
on its association with different partners. Specifically, when
it interacts with CoREST [2], CtBP (C-terminal-binding pro-
tein 1) [29] and NuRD (nucleosome remodeling and deacet-
ylase) [30] complexes, LSD1 demethylates H3K4me1/2 to
act as transcriptional co-repressor. On the contrary, when its
coactivators are AR and ER (estrogen receptor) nuclear hor-
mone receptors, LSD1 switches to demethylate H3K9me1/2,
thus facilitating gene transcription [5, 31, 32].

Moreover, a neuron-specific isoform of LSD1, LSD1n,
was described to acquire a new substrate specificity target-
ing H4K20me2 methylation for transcription activation
of neuronal-regulated genes [33]. Through regulating the
methylation status of H3K4, H3K9 or H4K20me?2 in a con-
text-dependent manner, LSD1 serves as a master epigenetic
governor of transcription to control gene expression [34]
(Fig. 2).

LSD1 interacts with its cofactors to regulate gene
transcription.

In addition to interacting with corepressor COREST men-
tioned above, it was found that LSD1 could also bind with
SNAG domain family transcription repressors, such as
growth factor independence (GFI) proteins [35], SCRT]I,
SNAI2 (or known as Slug) [36] and Snail, via its substrate
binding and recognition cleft [37-39]. Given the SNAG
domain is a histone H3-mimicking motif exhibiting potent
binding affinity with chromatin-modifying enzymes like
LSD1, studies found that SNAG is required and sufficient for
functioning as a molecular hook in the interactions of LSD1
and its cofactors [35-38]. When the binding cleft of is occu-
pied by a SNAG domain, H3 tails will be outcompeted to the
catalytic activity of LSD1, leading various biological con-
sequences. In hematopoiesis, LSD1-CoREST was hooked
by SNAG to coordinate with GFI proteins, which mediates
transcriptional repression for controlling hematopoietic dif-
ferentiation [35]; and disruption of the LSD1-GFI interac-
tion by pharmacologic agents, such as OG86, largely inhibits
the transcriptional activity of GFI1, resulting in promoting
blast cell differentiation in acute myeloid leukemia (AML)
with MLL translocations [40]. Similarly, the SNAG domain
of Snaill resembles a histone H3-like structure for recruiting
LSD1-CoREST to its target gene promoters and resulting
in suppression of cell migration and invasion in metastasis
[37]. Also, it is worth highlighting that LSD1 also associated
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Fig.2 Substrate specificity and regulation of gene expression by
LSD1. a The binding of LSD1 to the CoREST, CtBP or NuRD com-
plex allows the demethylation of H3K4mel/2 and leads to the tran-
scriptional repression of target gene. b LSD1 catalyzes the demethyl-
ation of the repressive mark H3K9me2 when it interacts with the AR

with a plethora of IncRNAs, such as HOTAIR, TERRA,
SRA and other oncogenic IncRNAs, for transcriptional regu-
lation and leading to various phenotypes [41].

Roles of LSD1 in demethylating non-histone
proteins

Despite it is beyond the scope of this review to discuss the
demethylase activity of LSD1 in detail which has been
described in a line of review articles [34, 42, 43], it is
worth noting that the discovery of non-histone proteins as
substrates of this enzyme is of great significance. Beyond
histones, a large amount of non-histone proteins have been
identified as the substrates of LSD1. For example, the tumor
suppressor p53 is the first non-histone protein identified as
the substrate of LSD1 [7]. In this case, LSD1 was reported
to preferentially demethylate the demethylated K370 resi-
due of p53 in cancer cells, resulting in repressing p53

@ Springer

U

Active chromatin

~JUCI

Active chromatin
(Neuron specific)

or ERa, thus activating the target gene expression. ¢ LSD1n, a neu-
ronal-specific isoform, demethylates the repressive mark H4K20me2,
by interacting with CREB (cAMP-response element-binding protein)
and MEF2 (myocyte enhancer factor 2)

transcriptional activity [7]. In addition to affecting the pro-
tein function, LSD1 also demethylates several non-histone
proteins to regulate their protein stability, such as destabi-
lizes MYPT1 [44] and stabilizes E2F1 [45], and HIF-1a
[46]. Most recently, it was reported that Ago2 is demethyl-
ated by LSD1 upon the site of K726mel, which promotes
its protein stability and accumulates dsSRNA expression to
regulate tumor T cell response [47]. With the development
of proteomic analysis using mass spectrometry, more and
more methylation sites on various proteins is to be identi-
fied. In particular, we summarize the non-histone substrates
of LSD1 identified so far as presented in Table 1. Similar to
other PTMs such as phosphorylation and acetylation, lysine
methylation dynamic has emerged as another important
homeostasis in the regulation of cellular signal transduction
pathways.

Collectively, by regulating the methylation dynamics of
both histones and non-histone proteins as mentioned above,
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Table 1 Non-histone substrates of LSD1 demethylation

Substrate Sites Effects References

p53 K370Me2 Represses transcription activity — [7]

DNMT1 KI142Mel2 Stabilization [72]
E2F1 K185Mel  Stabilization [45]
MYPT1 K442Mel Destabilization [44]
STAT3  K140Me2 Promotes transcription activity — [11]
ERa K266Mel  Promotes transcription activity — [73]
HIF-la  K391Me2 Stabilization [46]
MTAL K532Me2  Switches to its coactivator [74]

function
AGO2 K726Mel  Stabilization [47]

LSD1 is involved in the control of various cellular processes,
including cell proliferation [12], EMT [13], stemness, dif-
ferentiation, cell motility, autophagy, senescence, etc.[43],
and its dysregulation is closely associated with embryonic
development [16], human cancer development and other
diseases [17].

Non-canonical functions of LSD1 beyond its
demethylase activity

The best-characterized and fully validated function of LSD1
is serving as a transcriptional governor by targeting histones
for demethylation. The discovery of non-histone proteins
as demethylation substrates unveils a wider range of func-
tions on LSD1 and largely associates its relevant to human
cancer. Beyond its demethylase activity, recently, LSD1 was
reported to interact with a couple of cellular proteins, in
a non-canonical manner independent of its demethylation
activity, leading to different biological consequence. We will
discuss these researches in the following contents.

LSD1 destabilizes FBXW7 and abrogates FBXW7
functions by promoting FBXW?7 self-ubiquitylation

As mentioned above, the demethylation of non-histone pro-
teins driven by LSD1 enzymatic activity can either posi-
tively (e.g. Dnmtl, E2F1) or negatively (e.g. Myptl) regu-
late protein stability. Most recently, we found that LSDI1
also negatively regulates the protein stability of FBXW7
in a demethylase-independent manner [48]. FBXW7 is an
F-box protein acting as substrate recognition subunit of SCF
(SKP1-CULI-F-box protein) E3 ubiquitin ligase complex.
By targeting a line of critical human oncoproteins, such as
Cyclin E, c-JUN, ¢c-MYC, NOTCH-1 and MCL-1, for ubig-
uitylation and proteasome degradation, FBXW?7 functions
as a typical tumor suppressor [49]. In most of the cases,
FBXW?7 recognizes and binds with its substrates upon

the phosphorylation of an evolutionarily conserved motif
termed as CPD (Cdc4 phosphodegron), followed by subse-
quent polyubiquitylational degradation [50]. In our study,
we identified LSDI1 serves as a pseudo-substrate of FBXW7,
which was neither for targeted degradation nor for altered
function of LSD1, rather unexpectedly triggering FBXW7
self-ubiquitylation and subsequent degradation [48] (Fig. 3).
Specifically, LSD1 directly binds to the CPD-binding sites
of FBXW7 via its C-terminal region (AA415-852), which
competitively attenuated the binding ability of FBXW7
on its bona fide substrates, such as c-MYC, cyclin E and
NOTCH-1 (51). More importantly, LSD1 with both wild-
type form and enzymatic-dead mutant LSD1-K661A were
able to reduce the protein level and half-life of FBXW7,
which cannot be blocked by LSDI1 inhibitors, compound
6b [31], or GSK2879552 [32]. In contrast, two LSD1-bind-
ing dead mutants LSD1-M1 or LSD1-M2 had no effect on
FBXWT7 levels. Therefore, it proves that LSD1-FBXW7
binding destabilizes FBXW7 in a manner dependent of the
CPD-binding sites contained in LSD1, but independent of
the demethylase activity of LSD1. Mechanistic study indi-
cated that LSD1 particularly disrupts FBXW7 dimerization
and accelerates the self-ubiquitylation of FBXW7 with mon-
omeric form, followed by the rapid degradation through both
proteasome and p62-mediated lysosomal pathways. Similar
with the effect on FBXW?7 degradation, LSD1 also abrogates
FBXW?7 functions in growth suppression, NHEJ (nonho-
mologous end-joining) repair and radiation protection in a
demethylase-independent manner [48].

Collectively, FBXW7 is a novel binding partner of LSD1
which serves as a pseudo-substrate triggering FBXW?7 self-
ubiquitylation and degradation. This study established a
novel demethylase-independent oncogenic mechanism of
LSDI via targeting FBXW7.

LSD1 protects ERRa from proteasome-dependent
degradation in a demethylation-independent
manner

Estrogen-related receptor o (ERRa) is an orphan nuclear
receptor without natural ligand, acts as a transcriptional
regulator [51]. Carnesecchi et al. first reported that ERRa
physically bind with LSD1 to induce the H3K9 demethyla-
tion activity of LSD1, thus transcriptionally repressing the
expression of several target genes to regulate cell migration
[52].

A later study from this group further revealed that
LSDl1 is able to, independently of its demethylase activity,
stabilizes ERRa via protecting ERRa from proteasome-
dependent degradation [53]. The authors first found that
the high protein expression of LSD1 in cancer is correlated
to the elevation of its mRNA level in the comparisons of
breast cancer vs normal tissues, while the mRNA level
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Fig.3 Non-canonical functions of LSD1 beyond its demethylase
activity: (1) LSD1 destabilizes FBXW7 by promoting FBXW?7 self-
ubiquitylation. (2) LSDI protects ERRa from proteasome-dependent
degradation, and ERRa enhances the H3K9 demethylation activity of

of ERRa was not significantly altered in cancer samples.
Next, they found that genetic or pharmacologic inactiva-
tion of LSDI1 results in decreased ERRa protein stabi-
lization. Mechanistic study showed that LSD1-mediated
regulation does not occur in the mRNA level, but is a
post-transcriptional event, since siRNA-mediated LSD1
depletion promotes the ubiquitylation of ERRa and short-
ens its protein half-life. More importantly, the enzymatic-
dead mutant LSD1-K661A also actively binds with ERRa
and exhibits similar stabilizing effect on it, indicating that
the enzymatic activity of LSD1 is not involved in ERR«
stabilization.

Collectively, this study build up a positive feedback
loop between ERRa and LSD1: on the one hand, ERR«
enhances the H3K9 demethylation activity of LSD1; On
the other hand, LSD1 is able to stabilize ERRa independ-
ent of its demethylation activity (Fig. 3). However, how
does LSD1 non-catalytical interfere with ERRa degrada-
tion remains elusive, further works is needed to elucidate
the involved mechanism.
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LSD1. (3) LSDI destabilizes p62 and inhibits autophagy in gyneco-
logic cancers. (4) LSD1 collaborates with ZNF217 to activate a lethal
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LSD1 destabilizes p62 and inhibits autophagy
in gynecologic cancers

p62, also termed as sequestasome 1 (SQSTM1), is a
key component of autophagic machinery that promotes
autophagy activation [54]. Owing to the presence of sev-
eral functional domains, p62 has been reported to interact
with different proteins [55]. Recently, a study reported that
LSD1 is capable of destabilizing p62 and inhibits autophagy
in gynecologic cancers [19] (Fig. 3). In this study, LSD1
was observed to highly express in tumors compared to the
surrounding normal tissues detected from the ovarian and
endometrial cancer tissue arrays. And LSD1 inactivation
obviously activates autophagy, while the protein levels
of p62 were increased in cancer cells. As it is known that
p62 is an autophagy substrate digested in autophagosomes
during a completed autophagic process, the observation of
accumulated p62 in a LSD1-induced autophagy process sug-
gests the potential regulation axis between LSD1 and p62.
Indeed, it was found that LSD1 directly binds to N-terminal
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PB1 domain of p62 via C-terminal AOL domain. However,
this binding is unable to demethylate p62, but resulting in
promoting the ubiquitylation of p62 and the following pro-
teasomal degradation. Biologically, LSD1 inhibition sup-
presses the cell growth by inducing apoptosis in uterine
serous carcinoma ARK?2 cells, which is magnified by p62
knockdown. And the combination of LSD1 inhibitor with
autophagy inhibitor shows a synergistic effect on cancer cell
death.

This study reveals that LSD1 destabilizes p62 and inhib-
its autophagy in gynecologic malignant cells, in a manner
without demethylating p62. However, the specific mecha-
nism involved in LSD1-induced p62 degradation remains
less clear.

LSD1 collaborates with ZNF217 to activate a lethal
prostate cancer gene network

It is well established that LSD1 regulates the transcriptional
activities of AR by demethylating H3K9, by doing so, LSD1
plays a pivotal role in AR-associated disease especially in
prostate cancer where AR is highly expressed [5, 32, 56, 57].
Most recently, Sehrawat et al. showed that LSD1 promotes
the survival of castration-resistant prostate cancer cells inde-
pendently of its demethylase function and of the AR [58]
(Fig. 3). Indeed, the authors found that LSD1 increases the
expression of the gene network enriched in lethal prostate
cancer, which contributes to LSD1-promoted cell survival
in cancer cells. Most importantly, this effect is independent
on the demethylase enzymatic activity of LSD1, which is
demonstrated by the unchanged H3K4me2 and H3K9me2
marks following LSD1 silencing and by rescue of LSD1-
deficient cells with an enzymatic-dead LSD1 mutant. Rather,
LSDI activates this lethal prostate cancer gene network in
a manner of non-catalytically interacting with its binding
protein ZNF217. Another important finding is that LSD1's
effect even occurs in those prostate cancer cells grown in
the absence of androgens, resistant to the AR antagonist
enzalutamide, or those without AR expression. Therefore,
it is rational that LSD1 may be an effective target in both
AR+ and AR- prostate cancer, where cellular reprogram-
ming drives resistance to androgen-deprivation therapy.

As expected, treatment with enzymatic inhibitors of
LSDI1, such as GSK2879552, GSK-LSD1, and RN1 [59,
60], exert no survival suppression effect on those cell mod-
els sensitive to LSD1 silencing. However, treatment with
SP-2509, a reversible inhibitor acting as a non-MAO (mono-
amine oxidase) inactivator which blocks key demethylase-
independent functions of LSD1 [61, 62], potently suppresses
tumor growth in the models detected. The molecular docking
studies indicate that SP-2509 particularly binds to the H3
pocket within LSD1, which may interrupt the binding of
LSDI1-ZNF217. It suggests that protein—protein interactions

beyond demethylation activity may be key mediators of non-
canonical functions of LSD1 in this study.

Collectively, this study defines non-canonical and AR-
independent functions of LSD1 in prostate cancer, and con-
siders that antagonizing its protein—protein binding ability
may be a novel strategy in cancer therapy.

Targeting demethylase-independent roles
of LSD1 as potential cancer therapies

Growing studies indicate that LSD1 is actively involved in
human tumorigenesis, and its ubiquitously overexpressed
expression is proven to correlate with the poor prognosis of
various cancers [63—67]. Accordingly, LSD1 is emerging as
a promising anticancer target and a line of LSD1 inhibitors
are currently in clinical trial studies, such as ORY-1001,
GSK-2879552, RG6016, INCB059872, IMG-7289 and
CC-90011 [68, 69]. However, most of these inhibitors were
based on blocking its demethylase activity.

As characterized above, LSD1 is endowed with non-
canonical functions independent of its demethylase activity,
it is reasonable to expect that this will innovatively provide
novel directions and prospective sites for LSD1-based drug
design by targeting LSD1-involved protein interactions, not
only confined to the current limitation on its demethylase
activity. For example, for those human cancers with LSD1
overexpression, targeting LSD1 protein for degradation by
PROTAC technique [70], rather than inhibiting its enzymatic
activity, may be a novel strategy to reactivate FBXW7 to
prevent tumor development. And blockage of non-canoni-
cal functions of LSD1 through allosteric inhibition such as
SP-2509 or protein degradation may be a potential approach
to control prostate cancer or re-sensitize tumors to andro-
gen deprivation. Additionally, searching for compounds
that typically disrupt interaction of LSDI-SNAG domain
might yield potent therapeutic efficacy in those malignancies
consequent upon the activity of SNAG domain transcrip-
tion repressors. Interestingly, it was reported that OG86, an
inhibitor disrupting LSD1-SNAG domain, potently induces
differentiation in AML, which particularly results from phys-
ical separation of LSD1 from GFI1, rather than inhibiting
the demethylase activity of LSD1. Therefore, pharmacologic
displacement of LSD1 from its various cofactors might be
another promising mechanism for drug development target-
ing non-catalytic LSD1.

Conclusions and perspectives
LSD1 has been long known as an eraser enzyme regulating

the methylation dynamics of both histones and non-histone
proteins, and its biological roles has been attributed to this
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demethylase activity. The biological functions about its
demethylase-independent activity is relatively unexplored.
In this present review, we focus on summarizing recent find-
ings about the non-canonical functions of LSD1 beyond its
demethylase activity. We first overview LSD1’s structural
complexity which is the backbone supporting its diverse
functions. With the variety of the non-catalytic domains
and the lobed feature of its catalytic core, LSD1 has been
shown to possess potent ability for different protein—pro-
tein interactions. Then, we briefly describe the canonical
functions of LSD1 serving as a demethylase targeting both
histones and non-histone proteins and its interacting cofac-
tors. Particularly, we devote a large chunk of efforts to sum-
marize those findings about the non-canonical functions of
LSDI beyond its demethylase activity. First, LSD1 roles as
a FBXW7 pseudo-substrate, which triggers FBXW7 self-
ubiquitylation and degradation and thus negatively regulates
FBXWT7 functions in growth suppression, NHEJ repair and
radiation protection [18, 71]. Second, LSD1 was shown to
protect ERRa from proteasome-dependent degradation in a
demethylation-independent manner. Third, LSD1 is able to
non-catalytically destabilize p62 and inhibit autophagy in
gynecologic cancers. Last but not least, ZNF217 was identi-
fied to role as a binding partner of LSD1, the collaboration
of LSD1 and ZNF217 promotes survival of castration-resist-
ant prostate cancer cells by activating a lethal prostate cancer
gene network, independently of the demethylase activity of
LSDI1 and of the AR. Overall, these studies largely extend
the biological roles and establish novel oncogenic mecha-
nisms of LSD1 via interacting different proteins independent
of its demethylase activity. Lastly, we discuss the transla-
tional significance of non-catalytic roles of LSDI1 in cancer
therapies.

However, there are still some questions to be fully
addressed for these non-catalytical protein interactions. For
example, what is the specific mechanism for that LSD1-
FBXW?7 binding disrupts FBXW7 dimerization? Further
structural analysis is needed to verify that whether there is a
conformational change induced by LSD1-FBXW7 binding,
or any other mechanisms involved. Also, it remains unknown
the reason that why FBXW7 fail to promote the ubiquityla-
tion of LSD1 which contains a typical CPD bind site. For
the LSD1-ERRa interaction, why does enzymatic inhibi-
tion of LSD1 by pharmaceutical compounds also destabilize
ERRa in the case of that LSD1-induced ERRa stabilization
does not depend on LSD1 demethylase activity? Though
the authors claim that compounds might merely act as a
disruptor of ERRa—LSD1 physical contacts, rather than as
inhibitors of LSD1 activity [53], further investigation is still
needed to explain this contradictory and exclude the pos-
sibility that ERRa may be modulated by LSD1-involved
methylation dynamic. Another questions is that how does
LSD1-ERRa interaction impair the protein stability of

@ Springer

ERR« without the demethylation reaction? The author dis-
cussed that LSD1 may act as steric hindrance, which shuts
down the accessibility of contacting domain within ERR«
for ubiquitin ligase [53]. However, the ubiquitin ligase
responsible for ERRa degradation is still unknown. None-
theless, though there are still many questions and challenges
existed, we believe that more and more proteins will be
identified as LSD1's binding partners, and the non-catalytic
functions of LSD1 is emerging to endow this enzyme with
a second life beyond its demethylase activity.
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