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Pulrodemstat, a selective inhibitor of KDM1A, &=
suppresses head and neck squamous cell
carcinoma growth by triggering apoptosis

Cheng Jiang'", Xiaofeng Weng?', Yuging Chen®" and Junjun Yang*

Abstract

Background Chemotherapy is often ineffective as a first-line treatment for head and neck squamous cell carcinoma
(HNSCC), and a more precise and effective therapeutic option is urgently needed.

Methods High-throughput screening of a histone demethylase inhibitor library was performed to identify potential
drugs for treating HNSCC. The Cancer Genome Atlas (TCGA) and single-cell sequencing were used to evaluate the
potential diagnostic value and expression distribution of candidate drug targets. Colony formation, transwell assays,
and flow cytometry analyses were used to assess the antitumor function of the potential drugs. The CCK-8 assay was
used to compare the antitumor activity of the candidate drug and the traditional chemotherapy drug. Bioinformatic
analysis based on TCGA database was used for unveiling the upstream signaling.

Results Pulrodemstat, a selective KDM1A inhibitor that is ongoing clinical trial, stood out as the most effective
candidate anti-HNSCC drug based on the high-throughput screening. ICs, analysis revealed that Pulrodemstat
might possess stronger anti-tumor activity than 5-Fu. Additionally, Pulrodemstat dramatically suppressed HNSCC cell
proliferation and migration without inducing toxicity in normal cells. TCGA analysis revealed that KDM1A is positively
associated with tumor proliferation, DNA repair, and DNA replication in HNSCC. Consistent with these results,
Pulrodemstat substantially induced apoptosis in the HNSCC cells. Furthermore, TCGA analysis revealed that KDM1A
was aberrantly overexpressed in HNSCC, positively correlated with malignancy, and negatively associated with the
clinical outcomes of HNSCC patients. Notably, single-cell analysis indicated that KDM1A was mainly distributed in
the malignant cells of HNSCC samples, highlighting that Pulrodemstat may be a more precise therapeutic option for
HNSCC. In addition, methylation occupancies in the KDM1A promoter were substantially low in HNCC tumors, and
low methylation occupancies in the KDM1A promoter predicted poor clinical outcomes in HNSCC. These data are
consistent with the KDM1A expression in HNSCC. Moreover, TET3, a DNA demethylase, was strongly and positively
correlated with KDM1A expression.
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Conclusions Pulrodemstat is an effective therapeutic drug for HNSCC. Thus, the TET3/KDM1A axis may account for

the malignant phenotype of HNSCC.

Keywords Head and neck squamous cell carcinomas, Pulrodemstat, Lysine Specific Demethylase 1, DNA

demethylation, Tet Methylcytosine Dioxygenase 3

Background

Head and neck squamous cell carcinoma (HNSCC) is
one of the most malignant cancers and contributes to an
increasing number of deaths [1]. The traditional first-line
treatment for HNSCC is chemotherapy or radiotherapy
(RT). Although chemotherapy prolongs median over-
all survival, its non-selective killing function and drug
resistance limit its therapeutic efficacy [2]. Owing to the
increasing number of HNSCC patients, there is an urgent
need to explore novel, more precise drugs that will opti-
mize current treatments and prolong the survival rates of
HNSCC patients.

Epigenetic regulation, including post-translational his-
tone, DNA, RNA, and noncoding RNA modifications, is
essential for diverse biological processes [3]. Epigenetic
dysregulation is a hallmark of cancer [4]. Accumulating
evidence suggests that histone methylation erasers are
attractive therapeutic targets for various cancer types [5].
Among histone modifier, KDM1A had been reported to
facilitate tumor progression across human cancer types
[6]. KDM1A inhibitors exhibit strong antitumor func-
tions in both hematologic and solid tumors, and some
KDM1A inhibitors have been used in clinical trials [7].
In this regard, a high-throughput histone demethylase
inhibitor library screening was conducted to identify the
novel anti-HNSCC drugs.

DNA demethylation facilitates oncogenes transcrip-
tion [8]. All DNA demethylases, including TET1, TET2,
and TET3, had been indicated to promote carcinogenesis
by removing silencing methylation markers distributed
in the CpG islands of a series of oncogenes [8]. More-
over, crosstalk between DNA demethylation and histone
demethylation has been established to promote tumor
development [9].

Here, we identified a novel anti-HNSCC drug, Pulro-
demstat, using high-throughput screening for histone
demethylase inhibitors. Functional analysis revealed
that Pulrodemstat possessed a more powerful antitu-
mor function than traditional chemotherapy drugs by
assessing colony formation and migration capacity. In
addition, KDM1A as the selective target of Pulrodem-
stat, was found to be highly expressed in tumor tissues
and positively associated with poor clinical outcomes of
HNSCC patients. Notably, our clinical relevance analysis
revealed that TET3 might be the culprit accounting for
the aberrantly increased KDM1A transcripts by remov-
ing the silenced DNA methylation markers of KDM1A
CpG islands.

Materials and methods

Cell culture

Cal-27 and SCC-9 were obtained from ATCC and cul-
tured in Dulbecco’s modified Eagle medium (DMEM,;
Gibco, Grand Island, NY, USA) containing 10% FBS
(Gemini). SCC-1 cells (Cat No.: CL-0907) were purchased
from Procell (Wuhan, China) and cultured in RPMI-1640
(Gibco) containing 10% fetal bovine serum (FBS). FaDu
cells (Cat No.: CL-0083) were obtained from Procell and
cultured in NEAA (Cat No.: PB180424; Procell)-contain-
ing MEM (Gibco) supplemented with 10% FBS. HetlA
cells were gifted by Shuang Han (Affiliated Hospital of
Jiangnan University). Cells were maintained at 37 °C in a
saturated humid atmosphere containing 95% air and 5%
CO,.

Lentivirus-mediated gene silencing

HEK293T cells were co-transfected with the shRNA in
order to produce the lentivirus. Following a 48-h trans-
fection period, the viral supernatant was collected, fil-
tered through a 0.45 um filter, and subsequently used to
infect target cells that had reached 80% confluence, with
protamine sulfate (8 pg mL™) present. The KDM1A shR-
NAs were kind gifts from Dr. Zhicheng Gong (Affiliated
Hospital of Jiangnan University, Jiangsu).

CCK-8 assay

After treatment, the medium was replaced with 100 puL
fresh medium containing 10 uL. CCK-8 reagent and then
incubated in 37 °C for 1 h. After incubation, cell viability
was determined by measuring the absorbance at 450 nm
using a microplate reader (Multiskan GO, Thermo Fisher
Scientific, Waltham, MA, USA).

Drug screening

Histone demethylase inhibitor library was purchased
from MedChemExpress (Shanghai, China), which was
pre-dissolved in DMSO (Sigma-Aldrich, St. Louis, MO,
USA) and stocked at —80 °C according to the product
data sheets.

Cal-27, SCC-9, and HetlA cells were seeded in a
96-well plate at 3000 cells per well and cultured for 24 h.
After 24 h, the media was replaced with the drug-con-
taining media comprising DMEM and 10 pM of each
inhibitor from the library and then cultured for another
96 h. Cell viability was determined using a CCK-8 assay
and visualized using a heatmap.
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IC5, calculation

Cal-27, SCC-9, Hetla, SCC-1 and FaDu cells were seeded
in a 96-well plate at 3000 cells per well. Next day, the
medium containing a gradient dose of Pulrodemstat (up
to 5 pM) was subjected to use for further culture in the
subsequent four days. After culturing for the indicated
times, the inhibition rates were calculated based on cell
viability determined using the CCK-8 assay.

5-FuICy,
The IC;, of 5-Fu in HNSCC cell lines were obtained from
the Genomics of Drug Sensitivity in Cancer database
(https://www.cancerrxgene.org/).

Colony formation assay

Cal-27 and SCC-9 cells were plated in a 6-well plate at
2000 cells per well. After incubation for 24 h, the cells
were treated with the indicated ICg, of Pulrodemstat for
1 week, and the medium containing Pulrodemstat was
added every 2 days. After culturing for the indicated time
periods, the cells were fixed with methanol for 10 min
and then stained with crystal violet.

Transwell assay

An 8 um pore Boyden chamber (Corning Costar, 3422)
was used to assess in vitro migration capacity. Cells (200
uL, 1x10°) were plated in serum-free DMEM in the
upper chamber, and 500 pL of 10% FBS was added to
DMEM as a chemoattractant in the lower chamber. Cells
on the upper side were carefully discarded, and those
adhering to the underside of the membranes were fixed
in methanol and stained with crystal violet. The num-
ber of migrated cells was counted under a microscope
and five contiguous fields of each sample were examined
using a 20 X objective.

Page 3 of 10

Flow cytometry-based apoptosis analysis

Cells after being treated with DMSO or Pulrodemstat
were collected and then resuspended by 100 pL of FITC-
Annexin V and PI solution (MedChemExpress). Finally,
all cell samples were analyzed using an ACEA NovoCyte
(Agilent) and the data was analyzed by NovoExpress.

TCGA analysis

TCGA-based expression and correlation analyses were
performed using Gene Set Cancer Analysis (http://bioin
fo.life.hust.edu.cn/GSCA/#/expression).

Single cell analysis

Single-cell analyses (GSE150430 and GSE148673) were
performed using the Tumor Immune Single-cell Hub 2
(TISCH2, http://tisch.comp-genomics.org/home/).

Statistical analysis

Data were obtained from at least three independent
experiments. Student’s ¢-test was used to determine the
significance between groups. P<0.05 was considered sta-
tistically significant. Statistical analyses were performed
using GraphPad Prism 8 software.

Results

Histone demethylase inhibitor screening indicates
Pulrodemstat as a potent anti-HNSCC drug

To explore whether histone demethylase inhibitors could
serve as potent anti-HNSCC drugs, we screened histone
demethylase inhibitors in the HNSCC cell lines, Cal-27
and SCC-9, as well as in human esophageal normal cells,
HetlA. As represented in Fig. 1A, thirty-six preclinical
histone methylation “eraser” inhibitors were subjected
to screening and the anti-tumor capacity was evalu-
ated by cell viability. Based on this screening, the results
were visualized using a heatmap (Fig. 1B). Interestingly,
7 of the 36 exhibited strong antitumor capacity (Fig. 1B).
Notably, Corin, a dual inhibitor of HDAC1/KDM1A,
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Fig. 1 Pulrodemstat is a potent anti-HNSCC drug. (A) The workflow of histone demethylase inhibitor screening. (B) The inhibition rates of each inhibitor
in Cal-27, SCC-9 and Het1A cells were visualized by the Heatmap. The color intensity positively correlated with the inhibition rates
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Pulrodemstat, a KDM1A-specific inhibitor, and GSK-J4,
a JMJD3 inhibitor, remarkably suppressed HNSCC cell
viability without affecting normal cells (Fig. 1B). Col-
lectively, our study identified a novel and selective anti-
HNSCC drug from an epigenetic perspective.

Pulrodemstat suppresses HNSCC progression
Pulrodemstat, a KDM1A inhibitor, is in an ongoing Phase
IT clinical trial for both hematological and solid tumors
[10]. Hence, Pulrodemstat was selected for further stud-
ies. We determined the IC;, of Pulrodemstat in HNSCC
cell lines, Cal-27 and SCC-9, and found the ICg; of Pul-
rodemstat was only 2.42 and 0.52 pM which was much
lower than the median IC;, of 5-Fu, the first-line treat-
ment for HNSCC (Fig. 2A-D). Furthermore, the anti-
proliferative role of Pulrodemstat was confirmed in
additional HNSCC cell lines, including SCC-1 and FaDu
(Fig. S1A). Notably, the ICy, of Pulrodemstat in HetlA
cells was much higher than that in HNSCC cells (Fig.
S1B). Moreover, the clonogenic assay revealed that Pulro-
demstat selectively suppressed HNSCC cell growth with-
out affecting the growth of normal cells, as evidenced
by the drastically decreased colony formation capacity
of HNSCC cells, but not HetlA cells, under the same
dose of Pulrodemstat (Fig. 2E). Meanwhile, depletion
of KDMI1A drastically suppressed the clone formation
capacity of HNSCC cells (Fig. 2F, G). KDM1A-depleted
cells were then treated with Pulrodemstat (Fig. 2H).
Notably, Pulrodemstat failed to further suppress the
growth of KDMI1A-silenced HNSCC cells, highlighting
that KDM1A is the core target for Pulrodemstat to exert
its anti-HNSCC effects (Fig. 2I). These findings suggest
that Pulrodemstat may serve as a novel and selective
therapeutic option for HNSCC.

HNSCC has a high invasive propensity and proclivity
for metastasis to the cervical lymph nodes, which ulti-
mately results in relapse and mortality [11, 12]. Aberrant
upregulation of KDM1A promotes cancer metastasis
[13-15]. Based on these findings, we hypothesized that
Pulrodemstat treatment suppresses the migration capac-
ity of HNSCC cells. Fortunately, we found that the
number of migrated cells remarkably decreased upon
Pulrodemstat treatment, as evidenced by the reduced
number of crystal violet-positive cells (Fig. 2], p<0.001).
Collectively, our findings suggest that the KDM1A inhib-
itor Pulrodemstat may be a novel selective therapeutic
option for patients with HNSCC.

Pulrodemstat induces apoptosis by disrupting the DNA
replication process

To further explore the molecular mechanism underly-
ing the inhibition of anti-HNSCC activity by KDM1A
repression, we performed a series of bioinformatics anal-
yses. Consistent with the observed phenotype, KDM1A
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expression was significantly and positively correlated
with proliferation-associated gene sets in HNSCC,
highlighting the pivotal role of KDM1A in maintain-
ing the rapid growth of HNSCC (Fig. 3A). Furthermore,
we found that HNSCC cells with high KDM1A expres-
sion might possess a strong DNA repair capacity and fast
DNA replication frequencies, which supports the rapid
proliferation of HNSCC cells, as indicated by the asso-
ciation between KDM1A expression and DNA repair and
replication (Fig. 3B, C). Impaired DNA repair and repli-
cation drives apoptosis [16]. Hence, we hypothesized that
Pulrodemstat treatment induces apoptosis in HNSCC
cell lines. As expected, Pulrodemstat treatment led to a
significant induction of apoptosis, as evidenced by a dras-
tic increase in the number of PI-positive cells (Fig. 3D).
Collectively, our data suggest that Pulrodemstat might
blunt DNA replication and repair to drive apoptosis and
repress HNSCC progression.

KDM1A serves as a potential predictive biomarker for
HNSCC

To assess the clinical relevance of KDM1A in HNSCC, we
employed TCGA and Single cell RNA-sequencing analy-
ses to achieve our aim. Consistent with previous reports
that KDM1A is aberrantly upregulated in human cancers
[13-15, 17], we found that KDM 1A transcript levels were
dramatically higher in HNSCC tumor tissues than in nor-
mal tissues (Fig. 4A). In addition, our data revealed that
KDM1A expression positively correlated with HNSCC
malignancy (Fig. 4B). Given that KDMI1A expression
levels are negatively correlated with clinical outcomes in
several human cancer types (ref), we analyzed the cor-
relation between KDMI1A expression and the clinical
outcomes of HNSCC and found that aberrantly elevated
KDM1A expression was associated with poor clini-
cal outcomes (Fig. 4C). Several KDM1A inhibitors have
been validated as highly selective therapeutic options for
human cancers (ref); however, the underlying mecha-
nism is largely unknown, especially for HNSCC. There-
fore, we analyzed the KDM1A expression distribution in
HNSCC tumor tissues using single-cell RNA sequencing.
Interestingly, KDM1A expression was mainly distributed
in malignant cells in HNSCC tumor tissues, highlighting
that Pulrodemstat might selectively act on malignant cells
to avoid potential side effects (Fig. 4D, E). In conclusion,
our data demonstrate that KDM1A could be an attractive
therapeutic target for HNSCC and Pulrodemstat might
be a selective and efficient novel drug for HNSCC.

TET3 mediates the aberrant expression of KDM1A

Next, we elucidated the molecular mechanisms underly-
ing aberrant KDM1A expression in HNSCC. The DNA
methylation of CpG islands suppresses gene expression
(ref). Interestingly, we found that methylation occupancy
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in the CpG islands of KDM1A was significantly lower in
HNSCC tumor tissues than in normal tissues, indicat-
ing that the methylation status of CpG islands is involved
in the regulation of KDM1A expression in HNSCC
(Fig. 5A). Consistent with the relationship between
KDM1A expression and clinical outcomes in HNSCC, we
found that low methylation of KDM1A predicted poor
clinical outcomes, as evidenced by shortened overall and

progression-free survival times (Fig. 5B, C). In contrast,
the methylation levels of KDM1A negatively correlated
with its expression, suggesting that the aberrantly upreg-
ulated KDM1A levels in HNSCC might result from the
loss of methylated CpG islands (Fig. 5D). More impor-
tantly, we found that the DNA demethylase, TET3, was
positively associated with KDM1A expression, indicating
that TET3 may contribute to KDM1A aberrant induction
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by maintaining low methylation levels in the CpG islands
of KDM1A in HNSCC (Fig. 5E). This observation was
further confirmed in HetlA cells and the four HNSCC
cell lines (Fig. 5F). Pulrodemstat treatment did not affect
the expression levels of TET3, suggesting that KDM1A is
not involved in the regulation of TET3. Collectively, our
data revealed that TET3 may account for the aberrantly
high expression of KDM1A in HNSCC by silencing DNA
methylation markers.

Discussion

The number of patients with HNSCC is increasing annu-
ally, and the therapeutic regimen is still dominated by
nonselective chemotherapeutic agents, which are prone
to side effects and drug resistance [1]. Hence, there is an
urgent need for precise and effective drugs. Accumulat-
ing evidence suggests that epigenetic dysregulation is
a hallmark of cancer and several epigenetic modifier
inhibitors are currently undergoing clinical trials [3, 5].

Therefore, we performed high-throughput drug screen-
ing to identify novel anti-HNSCC drugs. Fortunately,
we found that Pulrodemstat, an ongoing phase II clini-
cal trial for both hematologic and solid tumors, exhibited
much stronger anti-HNSCC activity in vitro.
Pulrodemstat is an orally administered selective inhibi-
tor of KDM1A [18]. KDM1A participates in the regula-
tion of diverse biological processes through dynamic
regulation of H3K4me2 and H3K9me2 demethylation
[19]. In normal cell, KDM1A is reported to regulate neu-
ronal differentiation [20]. More importantly, KDM1A is
often found to be aberrantly upregulated across human
cancers and serves as an oncogene to promote tumor
progression, drug resistance and distant metastasis
across human cancers [13, 21-24]. Therefore, KDM1A is
an attractive therapeutic target for various cancer types
[25]. To date, several KDM1A inhibitors have been devel-
oped [26, 27]. Inspiring, some of them are now ongo-
ing clinical trials [7]. Of note, Pulrodemstat is the only
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KDM1A inhibitors in clinical trials for the treatment of
solid tumors, highlighting that our findings are promis-
ing for HNSCC therapy [28]. In addition, we found that
KDM1A was dramatically upregulated in HNSCC tissues
compared to normal tissues. Notably, scRNA sequenc-
ing revealed that KDM1A was mainly distributed in the
malignant cluster, indicating that Pulrodemstat may
be a powerful and selective therapeutic treatment for
HNSCC.

The crosstalk between DNA and histone demethylation
is an interesting regulatory model in dynamic biological
processes [29]. For example, TET3, a DNA demethylase,
has been reported to regulate neural commitment by
controlling the expression of the H3K27me3 demethyl-
ase KDM6B by removing methylation marks in its CpG
islands [9]. Interestingly, we found that the methylation
levels of KDM1A tended to be lower in HNSCC sam-
ples than in normal tissues, which was consistent with
the higher transcript levels of KDM1A. This suggests
that low DNA methylation status might be the culprit
for the aberrant upregulation of KDM1A and inspired
us to hypothesize that DNA demethylases may be the
upstream regulators of KDM1A. Consistent with our
hypothesis, TET3 was positively associated with KDM1A
expression levels in HNSCC samples.

Taken together, our investigation identified a promising
anti-HNSCC drug that may be more efficient and selec-
tive and demonstrated that Pulrodemstat suppressed
HNSCC progression by inducing apoptosis via disruption
of the DNA replication and repair process. In addition,
our analysis revealed an interesting regulatory network,
the crosstalk between DNA and histone demethylation,
in which TET3 may be responsible for the aberrant
upregulation of KDM1A.

Conclusion

In conclusion, our study deciphered Pulrodemstat is
a potent and selective anti-HNSCC drug. Pulrodem-
stat may blunt DNA repair and replication processes by
impairing the catalytic activity of KDM1A. Moreover,
KDM1A was aberrantly upregulated in HNSCC tissues
and negatively associated with clinical outcomes. Nota-
bly, single-cell analysis revealed that KDM1A was mainly
distributed in malignant cells, indicating the selective
potency of Pulrodemstat. Moreover, we found that TET3
may contribute to the high expression of KDM1A in
HNSCC tissues.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/540360-024-00807-w.

Supplementary Material 1 Fig. S1 Determination of the IC50 of Pulrodem-
stat. (A-C) FaDu (A), SCC-1 (B) and Het1a cells were treated with indicated
dosages of Pulrodemstat and then subjected to CCK-8 assay as indicated
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Supplementary Material 2 Fig. S2 Pulrodemstat fails to alter the expression
of TET3. Cal-27 cells were treated with gradient doses of Pulrodemstat,
followed by IB analysis as indicated

Acknowledgements

This study was supported by Wuxi People’s Hospital Affiliated to Nanjing
Medical University and The Affiliated Wuxi Maternity and Child Health Care
Hospital of Nanjing Medical University. Online analysis websites included
Single Cell Portal, TISCH2, and Gepia.

Author contributions

CJ. performed all in vitro experiments. The bioinformatics analysis was
performed by XW. J.Y. and Y.C. supervised the study. This manuscript was
written by J.Y. and revised by Y.C.

Funding
This study was supported by Wuxi People’s Hospital Affiliated to Nanjing
Medical University.

Data availability

The datasets generated and analyzed in the current study are listed in
the Materials section. Data supporting the findings of this research and
all resources used in this study can be requested from the corresponding
authors.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Clinical Laboratory, The Affiliated Wuxi People’s Hospital
of Nanjing Medical University, Wuxi, Jiangsu 214023, China

’Department of Clinical Laboratory, Taihu Sanatorium of Jiangsu Province,
Wuxi, Jiangsu 214086, China

3Children’s ENT Department, Wuxi Maternity and Child Health Care
Hospital, Affiliated Women's Hospital of Jiangnan University, Wuxi,
Jiangsu 214122, China

“Department of Laboratory Medicine, Jiangnan University Medical Center
(Wuxi No.2 People’s Hospital), Wuxi, Jiangsu 214000, China

Received: 23 April 2023 / Accepted: 22 October 2024
Published online: 20 November 2024

References

1. Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Grandis JR. Head
and neck squamous cell carcinoma. Nat Rev Dis Primers. 2020;6(1):92.

2. Gau M, Karabajakian A, Reverdy T, Neidhardt EM, Fayette J. Induction che-
motherapy in head and neck cancers: results and controversies. Oral Oncol.
2019;95:164-9.

3. Waddington CH. The epigenotype. Int J Epidemiol. 1942;2012(411):10-3.

4. Hanahan D. Hallmarks of Cancer: New dimensions. Cancer Discov.
2022;12(1):31-46.

5. ChengY,He C,Wang M, Ma X, Mo F, Yang S, Han J, Wei X. Targeting epigenetic
regulators for cancer therapy: mechanisms and advances in clinical trials.
Signal Transduct Target Ther. 2019;4:62.

6. Abdel-Magid AF. Lysine-Specific Demethylase 1 (LSD1) inhibitors as
potential treatment for different types of cancers. ACS Med Chem Lett.
2017;8(11):1134-5.

7. FangY,Liao G, Yu B.LSD1/KDM1A inhibitors in clinical trials: advances and
prospects. J Hematol Oncol. 2019;12(1):129.


https://doi.org/10.1186/s40360-024-00807-w
https://doi.org/10.1186/s40360-024-00807-w

Jiang et al. BMC Pharmacology and Toxicology

(2024) 25:89

Bray JK, Dawlaty MM, Verma A, Maitra A. Roles and regulations of TET
enzymes in solid tumors. Trends Cancer. 2021;7(7):635-46.

Montibus B, Cercy J, Bouschet T, Charras A, Maupetit-Mehouas S, Nury D,
Gonthier-Gueret C, Chauveau S, Allegre N, Chariau C, et al. TET3 controls the
expression of the H3K27me3 demethylase Kdméb during neural commit-
ment. Cell Mol Life Sci. 2021;78(2):757-68.

Hollebecque A, Salvagni S, Plummer R, Isambert N, Niccoli P, Capdevila J,
Curigliano G, Moreno V, Martin-Romano P, Baudin E, et al. Phase | study of
Lysine-Specific Demethylase 1 inhibitor, CC-90011, in patients with Advanced
Solid Tumors and Relapsed/Refractory Non-hodgkin Lymphoma. Clin Cancer
Res. 2021,27(2):438-46.

Zhang M, Hoyle RG, Ma Z, Sun B, Cai W, Cai H, Xie N, Zhang Y, Hou J, Liu

X, et al. FOSL1 promotes metastasis of head and neck squamous cell
carcinoma through super-enhancer-driven transcription program. Mol Ther.
2021;29(8):2583-600.

Ho AS, Kim S, Tighiouart M, Gudino C, Mita A, Scher KS, Laury A, Prasad R,
Shiao SL, Van Eyk JE, et al. Metastatic lymph node burden and survival in oral
Cavity Cancer.J Clin Oncol. 2017;35(31):3601-9.

Gong Z, Li A, Ding J, Li Q Zhang L, LiY, Meng Z, Chen F, Huang J, Zhou

D, et al. OTUD7B deubiquitinates LSD1 to govern its binding Partner
specificity, Homeostasis, and breast Cancer metastasis. Adv Sci (Weinh).
2021,8(15):2004504.

LiuJ,Feng J, Li L, Lin L, Ji J, Lin C, Liu L, Zhang N, Duan D, Li Z, et al. Arginine
methylation-dependent LSD1 stability promotes invasion and metastasis of
breast cancer. EMBO Rep. 2020;21(2):e48597.

Ding J, Zhang ZM, Xia Y, Liao GQ, Pan Y, Liu S, Zhang Y, Yan ZS. LSD1-mediated
epigenetic modification contributes to proliferation and metastasis of colon
cancer. Br J Cancer. 2013;109(4):994-1003.

Carlsson MJ, Vollmer AS, Demuth P, Heylmann D, Reich D, Quarz C, Rasen-
berger B, Nikolova T, Hofmann TG, Christmann M, et al. p53 triggers mito-
chondrial apoptosis following DNA damage-dependent replication stress by
the hepatotoxin methyleugenol. Cell Death Dis. 2022;13(11):1009.

Zhang X, Wang X, Wu T, Yin W, Yan J, Sun'Y, Zhao D. Therapeutic potential of
targeting LSD1/ KDM1A in cancers. Pharmacol Res. 2022;175:105958.
Kanouni T, Severin C, Cho RW, Yuen NY, Xu J, Shi L, Lai C, Del Rosario JR,
Stansfield RK, Lawton LN, et al. Discovery of CC-90011: a potent and selective
reversible inhibitor of Lysine Specific Demethylase 1 (LSD1). J Med Chem.
2020,63(23):14522-9.

Forneris F, Binda C, Battaglioli E, Mattevi A. LSD1: oxidative chemistry

for multifaceted functions in chromatin regulation. Trends Biochem Sci.
2008,33(4):181-9.

21.

22.

23.

24.

25.

26.

27.

29.

Page 10 of 10

Rusconi F, Grillo B, Toffolo E, Mattevi A, Battaglioli E. NeuroLSD1: splicing-
generated epigenetic enhancer of neuroplasticity. Trends Neurosci.
2017;40(1):28-38.

Nguyen EM, Taniguchi H, Chan JM, Zhan YA, Chen X, Qiu J, de Stanchina E,
Allaj V, Shah NS, Uddin F, et al. Targeting lysine-specific demethylase 1 rescues
major histocompatibility Complex Class | Antigen Presentation and over-
comes programmed death-ligand 1 Blockade Resistance in SCLC. J Thorac
Oncol. 2022;17(8):1014-31.

Sheng W, Liu Y, Chakraborty D, Debo B, Shi Y. Simultaneous inhibition of LSD1
and TGFbeta enables eradication of poorly immunogenic tumors with Anti-
PD-1 treatment. Cancer Discov. 2021;11(8):1970-81.

Li H, Wu BK, Kanchwala M, Cai J, Wang L, Xing C, Zheng Y, Pan D. YAP/

TAZ drives cell proliferation and tumour growth via a polyamine-elF5A
hypusination-LSD1 axis. Nat Cell Biol. 2022;24(3):373-83.

Faletti S, Osti D, Ceccacci E, Richichi C, Costanza B, Nicosia L, Noberini R,
Marotta G, Furia L, Faretta MR, et al. LSD1-directed therapy affects glio-
blastoma tumorigenicity by deregulating the protective ATF4-dependent
integrated stress response. Sci Transl Med. 2021;13(623):eabf7036.

Fang, Liao G, Yu B. Targeting histone lysine demethylase LSD1/KDM1A as a
New Avenue for Cancer Therapy. Curr Top Med Chem. 2019;19(11):889-91.
Mullard A. Merck & Co. pays US$1.35 billion for LSD1 inhibitors. Nat Rev Drug
Discov. 2023;22(1):6.

Zheng YC, Liu YJ, Gao Y, Wang B, Liu HM. An Update of Lysine Specific
Demethylase 1 inhibitor: a patent review (2016-2020). Recent Pat Anticancer
Drug Discov. 2022;17(1):9-25.

Hollebecque A, Salvagni S, Plummer R, Niccoli P, Capdevila J, Curigliano G,
Moreno V, de Braud F, de Villambrosia SG, Martin-Romano P, et al. Clini-

cal activity of CC-90011, an oral, potent, and reversible LSD1 inhibitor, in
advanced malignancies. Cancer. 2022;128(17):3185-95.

LiY, Chen X, Lu C.The interplay between DNA and histone meth-

ylation: molecular mechanisms and disease implications. EMBO Rep.
2021,22(5):e51803.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Pulrodemstat, a selective inhibitor of KDM1A, suppresses head and neck squamous cell carcinoma growth by triggering apoptosis
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Cell culture
	﻿Lentivirus-mediated gene silencing
	﻿CCK-8 assay
	﻿Drug screening
	﻿IC﻿50﻿ calculation
	﻿5-Fu IC﻿50﻿
	﻿Colony formation assay
	﻿Transwell assay
	﻿Flow cytometry-based apoptosis analysis
	﻿TCGA analysis
	﻿Single cell analysis
	﻿Statistical analysis

	﻿Results
	﻿Histone demethylase inhibitor screening indicates Pulrodemstat as a potent anti-HNSCC drug
	﻿Pulrodemstat suppresses HNSCC progression
	﻿Pulrodemstat induces apoptosis by disrupting the DNA replication process
	﻿KDM1A serves as a potential predictive biomarker for HNSCC
	﻿TET3 mediates the aberrant expression of KDM1A

	﻿Discussion
	﻿Conclusion
	﻿References


