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Antitumor activity of LSD1 inhibitors in lung cancer
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ABSTRACT
Epigenetic machinery have become a major focus for new targeted cancer therapies. Our previous report
described the discovery and biological activity of a potent, selective, orally bioavailable, irreversible
inhibitor of Lysine Demethylase 1 (LSD1), GSK2879552. A proliferation screen of cell lines representing a
number of tumor types indicated that small cell lung carcinoma (SCLC) was sensitive to LSD1 inhibition.
The SCLC lines that undergo growth inhibition in response to GSK2879552 exhibit DNA hypomethylation
of a signature set of probes suggesting this may be used as a predictive biomarker of activity. This
targeted mechanism coupled with a novel predictive biomarker make LSD1 inhibition an exciting
potential therapy for SCLC.

KEYWORDS
Demethylase; DNA
methylation; epigenetic;
LSD1; SCLC

Lung cancer is one of the most prevalent cancers and has
extremely poor prognosis; it is the leading cause of cancer-
related death in the US with a 5-year survival rate of less than
20%. Small cell lung cancer (SCLC), accounting for approxi-
mately 15% of all lung cancers, is one of the most aggressive
subtypes and has a 5-year survival rate of less than 10%.1 SCLC
can be distinguished by its neuroendocrine features and is mor-
phologically distinct from non-small cell lung cancer (NSCLC).
SCLC has also been described as poorly differentiated with
rapid growth, and the majority of patients present at diagnosis
with extensive stage disease characterized by distant metasta-
ses.2 Although response to chemotherapy and radiotherapy is
observed in the majority of patients, most relapse within 6–12
months and are then resistant to further therapy.2 Despite
numerous clinical trials over the past several decades no major
advances have been made to alter the current therapeutic land-
scape for this disease.2

Epigenetic dysregulation has emerged as an important
mechanism in many cancer types, including SCLC.3 The
machinery that controls DNA and histone modifications has
become a major focus for targeted therapies.4 Our recent report
describes the discovery and biological activity of a cyclopropyl-
amine-containing inhibitor of the histone modifying enzyme,
lysine demethylase 1 (KDM1A, best known as LSD1).5

GSK2879552 is a potent, selective, orally bioavailable, mecha-
nism-based irreversible, small-molecule inactivator of LSD1.
The monoamine oxidase (MAO) family of enzymes that are
mechanistically related to LSD1 have been successfully inhib-
ited in the clinic by cyclopropylamine-containing small mole-
cules. This mechanism of enzyme inactivation was exploited in
the development of both GSK2879552 and an LSD1 inhibitor
developed by Oryzon Genomics (ORY-1001). Both GSK and
Oryzon’s compounds have undergone extensive preclinical val-
idation and are currently in Phase I clinical trials. Other LSD1

inhibitors, including additional cyclopropylamines as well as
compounds with distinct modes of action such as polyamines
and other reversible inhibitors, have been described; however,
most have not yet progressed to clinical development.6

LSD1 has emerged as an interesting cancer therapeutic tar-
get for several reasons. LSD1 is overexpressed in many human
cancers including lung, breast, prostate, and blood cancers.7

Loss of LSD1 expression decreases the growth of cancer cells
and LSD1 is required for normal differentiation in embryonic
as well as adult cells.7 The activity of LSD1 is essential for the
maintenance of pluripotency in embryonic stem cells.8 In the
adult setting, LSD1 is necessary for normal hematopoiesis, and
loss of LSD1 results in impaired maturation of hematopoietic
progenitors through a block in differentiation.9 The importance
of LSD1 in normal differentiation suggests that aberrant gene
expression resulting from dysregulation of LSD1 may result in
alterations in pathways associated with a stem-cell like pheno-
type. In acute myeloid leukemia (AML), LSD1 is most highly
expressed in less differentiated subtypes and knockdown or
inhibition of LSD1 has a pro-differentiation effect.7,10 Cells
without active LSD1 demonstrate increases in gene expression
signatures associated with differentiation, alterations in mye-
loid cell surface markers, and morphologic changes.10 Together,
studies in developmental systems and cancer cells indicate a
critical role for LSD1 in stem cell biology and highlight a poten-
tial tumor-promoting effect in cancer.

GSK2879552 was used to screen a panel of more than 150
cancer cell lines for effects on proliferation. These studies indi-
cated that AML and SCLC were uniquely sensitive to LSD1
inhibition. This growth inhibition was predominantly cytostatic
and not all SCLC cell lines tested were sensitive to the antiproli-
ferative effects of GSK2879552. Genomic analyses of SCLC cell
lines revealed a differential pattern of DNA methylation in sen-
sitive versus resistant lines. This potential biomarker was also
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found in primary SCLC samples and its utility in predicting
sensitivity to LSD1 inhibition was tested in patient-derived
xenograft (PDX) models. Only PDX models with the sensitiv-
ity-associated DNA methylation signature responded to LSD1
inhibition in vivo. Although a mechanistic link between the
methylation state of the signature probe set and drug sensitivity
will require additional study, the hypomethylation status of this
signature set of probes may allow the stratification of patients
that might respond to the inhibition of LSD1 by GSK2879552
and might provide a predictive biomarker for use in SCLC.

Unlike NSCLC, which has a number of known genetic altera-
tions that have been characterized as oncogenic drivers, the
molecular mechanisms that are critical for SCLC have remained
elusive. Despite many recent studies to characterize the genetic
and epigenetic alterations in SCLC, the identification and effi-
cacy of targeted therapies for this disease have continued to pose
a significant challenge in addressing this unmet medical need.1,2

SCLC is a neuroendocrine tumor and expresses molecular fea-
tures associated with this cell type. A change in neuroendocrine
marker expression in SCLC cells may therefore indicate an
altered cell state. A survey of neuroendocrine marker gene
expression in a panel of SCLC lines revealed that expression of
many genes was altered in response to LSD1 inhibition. Chroma-
tin immunoprecipitation (ChIP)-sequencing studies examining
localization of the LSD1 protein revealed that genes important
for neuron differentiation and cell development were among the

most strongly bound by LSD1, further underscoring a potential
role for LSD1 in differentiation of SCLC (Fig. 1). Together, the
cytostatic nature of growth inhibition by GSK2879552, the
altered expression of neuroendocrine markers in response to
inhibitor treatment, and genomic localization of LSD1 to differ-
entiation-associated genes indicate that GSK2879552 may affect
the neuroendocrine cell state of SCLC (Fig. 1). Overall, the mode
of action of LSD1 inactivation in SCLC appears to reflect a mech-
anism similar to the observed pro-differentiation effect in leuke-
mia upon loss or inhibition of LSD1.10 Pro-differentiation agents
have not been tested to date in SCLC, therefore GSK2879552
provides an interesting mechanism of action in a tumor type in
which targeted therapies have so far largely failed.1,2

GSK2879552 is a small molecule inhibitor of LSD1 with
excellent physicochemical properties that demonstrates efficacy
in preclinical models of SCLC. The irreversible mechanism of
GSK2879552 may provide a significant advantage given that
maximal gene expression responses and efficacy require dura-
ble inhibition.5 Inactivation of LSD1 provides a targeted mech-
anism of antitumor activity in SCLC, potentially through
promotion of differentiation of this tumor type in a manner
similar to a reported mechanism in leukemia cells.10 A DNA
hypomethylation signature may allow stratification of patients
to reveal those that might respond, therefore GSK2879552 may
represent a targeted therapy with a predictive biomarker strat-
egy for SCLC patients.

Figure 1. Putative mechanism of action of LSD1 inhibitors. GSK2879552 inhibits the demethylation of histones by LSD1, leading to changes in the expression of neuroen-
docrine marker genes. Alterations in gene expression may give rise to in vitro and in vivo growth inhibition of small cell lung cancer cells.5
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