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Abstract
Background/Aims: Inflammation is the body’s natural response to stress in the broadest sense. 
The regulatory mechanisms that control this process, some of which are still unclear, are needed 
to balance the immune response, but also when insufficient, can cause immunodeficiency 
resulting in infection, cancer, neurodegeneration or other serious disorders. In this study, we 
focused on defining the role of lysine-specific demethylase 1 (LSD1), an enzyme involved in 
modulating the methylation state of lysine, including histone and non-histone proteins, in 
shaping the inflammatory profile of endothelial cells. Methods: To determine the role of LSD1 
in the inflammatory response of ECs, cells were stimulated with lipopolysaccharide (100 ng/ml 
LPS) in the presence and absence of an LSD1 inhibitor (2-PCPA). A transcription model of LSD1 
deficient cells (HMEC-1 LSD1 KD) obtained by lentiviral shRNA transduction was also used. 
The indicated cellular models were analyzed by gene profiling, monitoring of p65 shuttling 
by Western blotting and immunofluorescence staining. Also chromatin immunoprecipitation 
(ChIP) was performed to identify the interactions between selected: IL-6/p65 and LSD1. 
Results: Analysis of both experimental models revealed an altered inflammatory response 
following both LSD1 inhibition and LSD1 silencing. We observed decreased U-937 monocytes 
recruitment to LPS-activated endothelial cells and decreased extracellular secretion of many 
proinflammatory cytokines, also confirmed at the transcript level by RT-qPCR. Monitoring of 
the LPS-induced p65 translocation revealed inhibition of the NF-κB subunit in LSD1 KD vs nonT 
as well as due to pretreatment of 2-PCPA cells. Gene profiling performed with RNA microarrays 
confirmed the obtained biochemical data at the transcript level. Conclusion: In conclusion, 
the conducted studies showed a proinflammatory profile of LSD1 activity in endothelial cells, 
revealed by the inhibition of the enzyme activity and confirmed at the transcriptional level by 
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the inhibition of its expression. Although we found significant changes in the modification 
of interactions between monocytes and endothelial cells as well as in cytokine/chemokine 
release and expression that were consistent with the altered NF-κB-p65 translocation into the 
nucleus, we did not identify a direct interaction between LSD1 and the transcription factor. 
Our finding may have important implications for prevention of cardiovascular diseases at their 
first stage - activation of the endothelium as well as for tumor cell biology, providing evidence 
for the use of LSD1 inhibitors to reduce the inflammatory response, which enhances tumor 
tissue remodeling, angiogenesis and metastasis.

Introduction

Inflammation is a set of closely related processes in response to injuries caused by various 
biological, chemical and physical stimuli and is a fundamental cellular process in innate and 
adaptive immunity [1, 2]. At each stage of inflammation, i.e. initiation, amplification and 
resolution, vascular endothelial cells play a dynamic role [3]. Human endothelial cells (ECs) 
are multifunctional cells that form the interface between blood, lymph flow, and the vessel 
wall and are capable of secreting/responding to a variety of biologically active mediators 
including: interleukins, chemokines, haemopoietins, growth factors, lipid mediators or nitric 
oxide to maintain body homeostasis [4]. Under physiological conditions, endothelial cells are 
at rest and their activity profile is strongly anti-inflammatory. Only the inflammatory factor 
converts the ECs phenotype to an active state, leading to a rapid and transient inflammatory 
response independent of de novo gene expression (type 1 activation) or provides a more 
sustained inflammatory response by inducing gene expression of various proinflammatory 
cytokines and adhesion molecules (type 2 activation) [3].

The NF-κB family of transcription factors plays a central role in the induced expression 
of inflammatory genes during the immune response, and proper regulation of these genes 
is a critical factor in maintaining immune homeostasis. The chromatin environment in the 
NF-κB binding sites determines the transcription activation of many proinflammatory genes 
and the dynamic change of the chromatin architecture in order to facilitate the binding of the 
transcription factor is a key regulatory mechanism [5].

Changes in the chromatin conformation and the regulation of the availability of 
transcription factors for promoters at the epigenetic level are conditioned, inter alia, 
by post-translational modifications (PTMs) of highly basic amino acids located at the 
N-terminus of histone proteins [6]. A focal point of PTMs strongly involved in shaping the 
chromatin conformation is the methylation status of lysine residues, regulated by a number 
of methyltransferases and demethylases including lysine-specific demethylase 1 (LSD1) 
that catalyze removal of the methyl groups from mono- and di-methylated lysine 4 and 9 of 
histone H3 (H3K4me1/me2 and H3K9me1/me2, respectively). LSD1 was the first discovered 
histone demethylase to be classified as a member of the amine oxidase superfamily, using 
flavin adenine dinucleotide (FAD) as a cofactor [7]. The transcriptional consequences of LSD1 
activity are difficult to predict due to incorporation of the enzyme into protein complexes 
such as NuRD or CoREST [8, 9]. The enzyme cannot proceed demethylation process by itself 
and depends on its interacting partners, e.g. MTA2 or RCOR1 in each respective complex. 
This protects LSD1 from proteasomal degradation, but also determines LSD1 activity profile, 
as an activator or repressor, e.g. the proximity of HDAC1 or HDAC2 in complex with LSD1 
may remove local histone acetyl groups which inhibit the demethylase activity of LSD1 [10, 
11].

Considerable efforts have been made to investigate the role of LSD1 in diverse biological 
processes and diseases. Increased levels of LSD1 have been found in many malignancies 
such as those of prostate, breast and neuroblastoma, and correlated with inferior prognosis 
in patients [12-14]. In parallel studies, a pivotal role of LSD1 in autophagy [15], cell motility 
and epithelial-to-mesenchymal transition was identified [16, 17]. Therefore the demethylase 
became a therapeutic target for anticancer therapy [18, 19]. It was also reported that LSD1 
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is involved in differentiation, stem cell proliferation and the maintenance of pluripotency 
[20-22] and neuronal development [23]. Our previous studies showed that LSD1 regulates 
proliferation of human endothelial cells, but is also involved in DNA repair processes [24]. 
Here, we focused on understanding the role of demethylase in the inflammatory response 
of endothelial cells, which is crucial in cardiovascular diseases, but also in many metabolic 
disorders, including cancer development and metastasis. Using the pharmacological 
and transcriptional model of LSD1 inhibition, we analyzed the consequences of impaired 
demethylase activity on the LPS-induced inflammatory response. In addition, we also looked 
at the behavior of NF-κB-p65 under the conditions tested, trying to determine potential 
interactions between the transcription factor and LSD1.

Materials and Methods

Cell culture and chemical substance
HMEC-1 (Human Microvascular Endothelial Cells-1) were obtained from the Centre for Disease Control 

and Prevention, Emory University (Atlanta, U.S.) and were cultured in MCDB 131 medium (Life Technologies, 
Carlsbad, California, U.S.) supplemented 10% heat-inactivated FBS (Life Technologies, Carlsbad, California, 
U.S.), 10 ng/ml EGF (Millipore, Burlington, Massachusetts, U.S.) and 10 mM glutamine (Invitrogen; Carlsbad, 
California, U.S.).

U-937 (ATCC, no. CRL-3253), human monocytic cell line was cultured in RPMI-1640 medium with 
10% heat-inactivated FBS (Life Technologies, Carlsbad, California, U.S.) according to standard suspension 
cell culture protocol.

Lipopolysaccharide (LPS) from Escherichia coli O55:B5 (Prod. No.: L4524, Sigma-Aldrich, St. Louis, MO, 
U.S.) have been used for the stimulation of inflammatory reaction of endothelial cells.

2-PCPA, tranylcypromine hydrochloride, was purchased from Cayman Chemicals (Ann Arbor, Michigan, 
U.S.). 2-PCPA is an irreversible monoamine oxidases (MOA) A and B inhibitor, which LSD1 is a family 
member. Inhibition of MOA A and B catalytic sites is clinically used in the treatment of depression, anxiety 
and Parkinson’s disease [10]. Although not as selective, tranylcypromine is irreversible mechanism-based 
inhibitor of LSD1 with an IC50 value of 20.7 µM and a Ki value of 242.7 µM that effectively inhibits histone 
demethylation in vivo [25].

shRNA silencing expression of LSD1 in HMEC-1
The silencing of lysine-specific demethylase 1 was performed in HMEC-1 using an lentivirial inducible 

shRNA system, Inducible DharmaconTM TRIPZTM (Dharmacon, Lafayette, U.S.) taking into account the 
manufacturer’s instructions. Silencing efficiency was checked by four LSD1 shRNA sequences (#RHS4696-
200767629, #RHS4696-200763212, #RHS4696-200695244, #RHS4696-200765304) purchased from 
Dharmacon, Lafayette, U.S. As a control for LSD1 DMT silencing, cells were transduced with an empty 
vector – nonTarget (non-silencing shRNA, #RHS4743; Dharmacon, Lafayette, U.S.). Upon addition of 1 µg/
ml doxycycline (DOX) to HMEC-1 to induce LSD1 silencing, expression of the targeted gene was estimated 
by quantitative PCR and Western blotting (WB).

HMEC-1 viability by resazurin reduction assay
HMEC-1 viability after 2-PCPA treatment was estimated as described previously using resazurin and 

taking advantage of the ability of live cells to reduce non-fluorescent substrate to fluorescent product, 
rezorufin [26]. Cells were seeded onto 96-well plates at a density of 1.5×104 cells/well. After 16-24 h 
cells were treated with the 2-PCPA at the indicated concentrations for 24 h. After incubation, cell culture 
medium containing the inhibitor was aspirated, wells were rinsed twice with PBS containing Ca2+/Mg2+, and 
incubated in reaction buffer: PBS containing Ca2+/Mg2+, 5.5 mM glucose and 0.0125 mg/ml resazurin. After 
2 h incubation fluorescence was measured at: λex= 530 nm, λem= 590 nm using a Fluoroscan Ascent Microplate 
Reader (Labsystem Inc.).
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Adhesion of monocytes to the activated endothelial cells
HMEC-1 were seeded onto 6-well plates at a density of 2×106 cells/well. After 16-24h, when the cells 

reached 100% of confluency, formed paving stones, the medium was changed to fresh one, containing 
100 μM 2-PCPA. After 2 h to the appropriate wells 100 ng/ml LPS was added and incubation was continued 
for next 4 h. Separately, U-937 cells were stained with Hoechst 33342 (1 μM), in dark, for 10 min and an 
excess of the fluorescent probe was removed by a series of RPMI medium washes. Then, incubation medium 
from ECs was removed and stained U-937 cells were added in fresh cell culture medium (1 mln monocytes 
per well). Incubation of monocytes with endothelial cells was performed at 37°C with agitation, in dark and 
lasted 1 h. After that time, the unbound monocytes were removed by aspiration. The monolayers of ECs 
were rinsed twice with PBS containing Ca2+/Mg2+. Finally, complexes of cells on the plate were fixed in 2% 
glutaraldehyde and stained monocytes were counted using fluorescence microscope Nikon.

Analysis of cytokine release from LPS-activated ECs
Test of cytokine and chemokine release by LPS-activated endothelial cells was performed as described 

previously [27] using Proteome Profiler Human Cytokine Array: Panel A and the XL option (R&D Systems, 
Mineapolis, US). Tests were performed on two experimental models: (i) pharmacological inhibition of 
LSD1 – where extracellular medium come from HMEC-1 activated by LPS (100 ng/ml, 4 h) and HMEC-1 
pre-treated for 2 h with 2-PCPA (100 μM) and 4 h LPS (100 ng/ml) (6 h total incubation). In addition, we 
looked at the impact of only 2-PCPA (100 μM, 6 h) on the HMEC-1 secretory profile; (ii) transcriptional 
silencing of LSD1 – HMEC-1: nonT and LSD1 KD were treated with LPS (100 ng/ml, 4 h). In both models 
cell culture supernatants were collected after incubations, centrifuged, diluted and mixed with a cocktail 
of biotinylated detection antibodies supplied by manufacturer. Then, samples were incubated overnight 
on the cytokine assay kit membrane. Following a wash to remove unbound material, streptavidin-HRP and 
chemiluminescent detection reagent was added to quantify the cytokines levels.

Protein extraction
Total protein cellular extract from endothelial cells was prepared by using M-PER solution (Thermo 

Fisher Scientific, Massachusetts, U.S.) according to manufacturer’s instruction.
Nuclear and cytosol protein fractions were isolated using the NE-PER Nuclear and Cytoplasmic 

Extraction Reagent (Thermo Fisher Scientific, Massachusetts, U.S.) according to the protocol supplied with 
a producer. The reagent volumes was calculated relative to the volume of packed HMEC-1. Halt™ Protease 
Inhibitor Cocktail (Thermo Scientific™, Massachusetts, U.S.) and Phosphatase Inhibitor Cocktail 2 (Sigma 
Aldrich, St. Louis, MO, U.S.) were added to the reagents at each stage of protein fraction isolation.

Isolation of histones was carried out according to the acid extraction protocol as described previously 
[28]. Cells were subjected to a lysis buffer (10 mM HEPES, 1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT and 
1.5 mM PMSF) and centrifuged (10,000 rpm, 20 min, 4°C). Then the samples acidified by incubation in 
lysis buffer containing 0,26 M sulphuric acid for 1 h, were vortexed every 15 min. After the incubation, 
the samples were centrifuged (13,000 rpm, 10 min, 4°C) and extraction of the proteins was performed by 
precipitation with acetone in -20°C. The obtained pellet of proteins was dissolved in buffer (20 mM TRIS pH 
8.0, 100 mM KCl, 5% Tween, 10% glicerol, 0.2 mM EDTA, 1 mM DTT, 1.5 mM PMSF). All the histone isolation 
steps were performed on ice and all the reagents were cooled before use.

Western blotting
10 μg or 20 μg protein were separated by sodium dodecyl sulphate polyacrylamide gel electrophoresis 

(SDS-PAGE) and transferred to a polyvinylidene difluoride membrane according to the manufacturer’s 
protocols (Bio-Rad, Poland). After incubation with 5% non-fat milk in TBST (10 mM Tris, pH 8.0, 150 mM 
NaCl, 0.5% Tween 20) for 60 min, the blotted membranes were washed three times with TBST and incubated 
with monoclonal antibodies overnight at 4 °C with agitation. The next day, after washing off the primary 
antibodies, membranes were incubated with horseradish peroxidase-conjugated anti-rabbit or anti-mouse 
secondary antibodies for 2 h at room temperature with agitation. The signal from the membrane was 
visualised using ECL (WESTAR ETA C 2.0, Cyanagen, Italy) and the Alliance Mini HD4 CCD digital imaging 
system (UVItec, Cambridge, United Kingdom) or using X-ray film and manual imaging. Values for proteins 
were normalised to the loading control, GAPDH or PCNA, depend on the experimental analysis.
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Antibodies. The list of primary and secondary antibodies used in the studies is presented in Table 1. 
This antibodies were diluted at 1:1,000 to 1:2,000 in 3% BSA solution.

Immunocytochemistry
Immunocytochemical detection of both total and phosphorylated form of p65 was performed with 

antibodies listed in the Table 1, using 8-well chamber slides dedicated to immunocytochemical staining, as 
described previously [24]. For the detection of total p65, ph-p65(Ser-536), cells were fixed for 45 min in 4% 
paraformaldehyde buffered with PBS. The cells were pre-treated in a blocking buffer (10% horse serum, 1% 
bovine serum albumin (BSA), 0.02% NaN3, PBS) for 1 h at room temperature to minimize the non-specific 
adsorption of antibodies to the coverslips and subsequently were incubated overnight at 4°C with primary 
antibodies (1:750). Cells were washed three times (5 min each) with PBS/0.2% Triton X-100 (PBT) prior 
to incubation with secondary antibodies (1:1,000) for 1 h at 37°C in the dark. Next, cells were washed 3 
times with PBT (5 min each) and then for 5 min in PBS. Coverslips were covered by cover glass under 4 μl 
of Vectashield mounting medium (Vector Laboratories) containing DAPI or propidium iodide. Observations 
were made using an AxioImager A1 fluorescence microscope (Zeiss, Jena, Germany) equipped with Cy3, 
GFP and DAPI filters. Negative control sections incubated with non-immune serum in place of primary 
antibodies were free from immunostaining (data not shown); these negative control sections DAPI signals 
but completely lacked fluorescence in the wavelength of Alexa Fluor 488-conjugated secondary antibodies. 
Image data were collected at exactly the same exposure time on an AxioCam MRc5 CCD camera (Zeiss, Jena, 
Germany).

Data collection. Quantitative image analysis was performed on unedited images, converted to 8-bit 
grayscale in Fiji – an Open Source platform [29] based on ImageJ software (NIH and LOCI, University of 
Wisconsin, United States). Post-analytic image processing was performed in Affinity Photo 18.5 and Affinity 
Designer 18.5 (Serif Europe Ltd, Nottingham, England), based on the microscope images of real samples.

RNA extraction, cDNA synthesis and RT-qPCR
Total RNA were isolated from cells using InviTrap Spin Cell RNA Mini Kit (Stratec Molecular, Germany) 

according to the manufacturer’s protocol. RNA concentration and purity was verified by optical density 
(OD) measurement on BioTek Eon™ Microplate Spectrophotometer.

cDNA synthesis was performed with PrimeScript RT Master Mix (Perfect Real Time, Takara; Japan) 
according to the manufacturer’s instruction provided with the kit.

Quantitative Real-Time PCR was performed using an Eco Real-Time PCR System (Illumina; San Diego, 
California, U.S.). The total reaction volume (10 μl) consisted of: 0.2 nM of forward and reverse primers, 
cDNA template, 5 µl Takara BioSYBR Green Master Mix, and DNAase/RNAase free water. The amplification 
conditions were as follow: an initial step of 95°C for 30 s, then 40 cycles of 95°C for 5 s, 60°C for 15 s. The 
gene-specific primers that have been used are presented in the Table 2. HPRT1 was used as a reference for 
gene expression normalization, performed according to the 2− ΔΔCt method [30].

Table 1. List of antibodies used in studies

 

 

κB p65
κB p65 (Ser536)
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Gene profiling of HMEC-1 after LSD1 silencing
Transcriptomic analysis of nonTarget/LSD1 KD HMEC-1, unstimulated and stimulated with LPS 

(100 ng/ml for 4 h), was performed in triplicate on mRNA. The RNA integrity (RIN >8) and purity were 
assessed by Bioanalyzer (Agilent Technologies, Waldbronn, Germany) for twelve samples. Concentration of 
every sample was evaluated using Qubit® RNA HS Assay Kit (Invitrogen™, Carlsbad, CA, USA). Microarray 
hybridization was performed using TargetAmp Nano-g Biotin-aRNA Labeling Kit for the Illumina System 
(Epicentre, Madison, Wisconsin, USA), followed by HumanHT-12 v4 Expression BeadChip Kit (Illumina Inc., 
San Diego, CA, USA). All steps were performed according to the manufacturer’s instructions. Fluorescence 
signal was recorded by iScan Reader (Illumina Inc., San Diego, CA, USA). Obtained fluorescence intensities 
were preprocessed using the GenomeStudio Software v. 2011.1 (Illumina Inc., San Diego, CA, USA) with 
Gene Expression module v. 1.9.0 and then the data was exported from GenomeStudio using Sample Probe 
Profile format. Exported data was then analysed using GeneSpring GX (v. 14.5) (Agilent Technologies Inc., 
Santa Clara, CA). Significance analysis of every probe was tested using One-way ANOVA with Student-
Newman-Keuls (SNK) post-hoc analysis with Benjamini-Hochberg multiple testing correction implemented 
in GeneSpring GX. To estimate the statistically significant expression differences between stimulated and 
unstimulated with LPS cells, the Moderated T-Test was used with Benjamini-Hochberg multiple testing 
correction after the fold-change (FC) threshold FC>1.5.

Chromatin immunoprecipitation (ChIP) and qPCR analysis
HMEC-1 were seeded onto 15 cm plates (1.5x107 cells). Next day, the cells were treated in growth 

medium with (i) 2-PCPA (100 µM) for 2 hours, then LPS was added (100 ng/ml) for 4 hours or (ii) cells were 
only stimulated with LPS (100 ng/ml, 4 hours).

Chromatin fixation and shearing. After the incubation cells were fixed with 1% formaldehyde (10 
minutes) followed by quenching in 125 mM glycine. Cells were washed with cold PBS and harvested by 
cell scraper using ice cold PBS with protease inhibitors (Thermo Fisher Scientific, Waltham, Massachusetts, 
United States). Then cells were resuspended in SDS Lysis Buffer (0.5% SDS, 10 mM EDTA, 50 mM Tris-
HCl pH 8.1, with protease inhibitors). Chromatin was sheared by sonication (Bioruptor; Diagenode, Liège, 
Belgium) to generate fragments of 200-500 bp (45 min of sonication using a 30 s “on and off” cycle scheme; 
high power). Samples were centrifuged for 10 minutes at 4°C at 13 000 g to separate the sheared chromatin 
from the cell debris. The sonication efficiency was checked by DNA electrophoresis.

ChIP reaction. 25 µg of DNA (sheared chromatin) was taken to immunoprecipitation reaction, depends 
on the type of analyzed antigen (2% of chromatin was saved for qPCR reaction as an input). The chromatin 
samples were diluted with ChIP dilution buffer (0.01% SDS, 1.1% Triton X-100, 1.2 mM EDTA, 16.7 mM 
Tris-HCl pH 8.1, 167 mM NaCl, protease inhibitors cocktail) and precleared with washed beads for 2 hours 
at 4°C. Simultaneously, Dynabeads® magnetic beads (Thermo Fisher Scientific, Waltham, Massachusetts, 
United States) were washed with low salt buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl 
pH 8.0, 150 mM NaCl) and preincubated with the appropriate antibodies (Table 1). The antibodies that 
did not bind to the beads were discarded and the purified chromatin was added to the beads. The samples 
were incubated overnight at 4°C, in slow rotation. Next day beads were washed sequentially with low-salt 

Table 2. Primers sequence using to mRNA qPCR

 

 

1β

α
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buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl pH 8.0, 150 mM NaCl), high-salt buffer 
(0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl pH 8.0, 500 mM NaCl), LiCl buffer (0.25 M LiCl, 
1% Tergitol, 1% deoxycholic acid, 1 mM EDTA, 10 mM Tris-HCl pH 8.0 buffer), TE buffer (10 mM Tris- HCl 
pH 8, 0,1 mM EDTA pH 8.0) and TE + 0.01% SDS, for 5 min in each solution. Immuno-complexes were eluted 
from the beads using elution buffer (20mM Tris-HCl pH 7.5, 5 mM EDTA, 50 mM NaCl, 1% SDS). To reverse 
the protein-DNA cross-linking and recover the DNA, proteinase K (20 mg/ml) was added to the samples and 
mild heating was performed (2 h at 65°C). Next, all the samples (including input) were purified by Qiagen 
MinElute Reaction Cleanup Kits (Qiagen, Hilden, Germany).

qPCR reaction. The ChIP samples were analyzed by Quantitative Real-Time PCR using Eco Real-Time 
PCR System (Illumina; San Diego, California, U.S.) and Takara BioSYBR Green Master Mix chemistry (Takara, 
Japan). The PCR reaction was as presented: an initial step of 30 s at 95°C, followed by 40 cycles of: 5 s at 
95°C, 15 s at 60°C. PCR primers (Table 3) were designed via PrimerBlast software. The presence of single 
product was confirmed by melting-curve analysis, and data were analyzed to obtain enrichments relative to 
input. IgG and no antibody control were included in the analysis as an internal controls for binding reaction 
specificity.

Statistical analysis
Statistical analyses, unless otherwise indicated, were performed by means of STATISTICA 13.1 PL 

software (StatSoft INC, Tulsa, Oklahoma). All data are expressed as mean ± SD. Statistical significance 
between 2 groups (control vs treated) was assessed by the Student’s t-test for independent samples or 
the Welch’s test for normal distributions and the Mann-Whitney test for abnormal distributions. One-way 
ANOVA with Tukey’s post-hoc test was used for more comparisons. A probability p<0.05 was considered 
as statistically significant. In turn, microarray results were analysed using GeneSpring GX v. 14.5 statistical 
tools described in the section above.

Results

Inhibition of LSD1 activity reduces inflammatory reaction in response to lipopolysaccharide 
(LPS) treatment and diminish recruitment of monocytes to endothelial cells
To provide reliable evidence about the role of lysine-specific demethylase 1 in the 

inflammatory reaction of human endothelial cells, in parallel we examined response of cells to 
the inflammatory factor (100 ng/ml lipopolysaccharide) in two models: (i) pharmacological 
inhibition of LSD1 and (ii) transcriptional silencing of the enzyme.

In the pharmacological model of LSD1 inhibition we used 2-PCPA (tranylcypromine 
chloride), an inhibitor of monoamine oxidases, of which LSD1 belongs. The inhibitor 
concentration (100 µM) was selected on the basis of cell viability assay (Fig. 1A) and changes 
in the methylation state of the LSD1 substrates: lysine K4 and K9 of histone H3, i.e. H3K4me2 
and H3K9me2 (Fig. 1C). At the level of inhibitor testing, we also analyzed its effect on LSD1 
protein expression and found no significant changes between control and inhibitor-treated 
samples (Fig. 1B).

Table 3. The list of primers used for ChIP assay

 

 

equence (5’ 3’)
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The response of endothelial cells to inhibited activity of lysine-specific demethylase 1 
was studied at several levels: (i) release of inflammatory mediators to the cell culture 
medium, and (ii) analysis their expression level, but also by (iii) checking the recruitment 
of lymphocytes to activated ECs. We found that 2 h pre-treatment of ECs by 100 µM 2-PCPA 
followed by 4 h incubation with (100 ng/ml LPS causes a decrease in secretion of IL-6 and 
IL-8 in comparison to cells treated only by 4 h with LPS (Fig. 2A, right panel, blue rings). 
Moreover, we noted a significant decrease in MIF level that is involved in the innate immune 
response and stimulating the secretion of, inter alia, IL-6, IL-1β. In addition, we found 
reduced secretion of MCP-1 (CCL2), RANTES (CCL5) and IP-10 (CXCL10), the chemokines 
that are involved in the recruitment of leukocytes to the foci of inflammation (Fig. 2A).

The decreased response to the inflammatory factor in ECs with decreased LSD1 activity, 
was confirmed by analysis of the interactions between endothelial cells and monocytes 
(Fig. 2D). Microscope observations of Hoechst 33342-stained lymphocytes showed that 
U-937 monocytes recruited to the ECs stimulated for 4 h with 100 ng/ml LPS (Fig. 2D: b, b’), 
however, this effect was almost completely inhibited in the ECs pre-incubated for 2 h with 
100 µM 2-PCPA (then the number of lymphocytes attached to the ECs oscillated at the level 
of control; Fig. 2D: a, a’; c, c’).

The immunodetection results have been successfully validated by qRT-PCR (Fig. 2C). 
Decreased expression of IL-6, IL-8, MCP-1, MIF and RANTES was found at the transcript level 
and also IL-1α and IL-1β, however was not identified in the dot-blot assay. At the same time 
we did not find any changes in the release of inflammatory mediators between control and 
cells stimulated for 6 h with 2-PCPA only (Fig. 2A, left panel), but at the mRNA level the 
inhibitor reduced the expression of cytokines: IL-6, IL-8, MCP-1 and IL-1β, other did not 
change (Fig. 2B).

Fig. 1. Consequences of the LSD1 HDM pharmacological inhibition on the viability of ECs, histone H3K4 and 
H3K9 methylation and LSD1 expression. (A) The viability curve of HMEC-1 after 24 hours of incubation with 
2-PCPA at the indicated concentrations using the resazurin reduction test. The percentages were calculated 
based on 6 000 cells per treatment. The presented results (means ± SD) are of 3 independent experiments. 
(B) Verification of the ability of 2-PCPA to inhibit LSD1 activity by estimate the level of dimethylated lysine 
K4 and K9 histone H3 in total protein extract from HMEC-1 using Western blotting. Total H3 was used as a 
loading control. (C) Study of the potential effect of the 2-PCPA on LSD1 expression in HMEC-1 using Western 
blotting. The measurement were made within 24 hours (detection every 6 hours) on total of 20 μg protein 
extract; The diagram on the right shows the quantification of the western blot signals detected by Alliance 
Mini HD4 CCD digital imaging system and normalised to the loading control, GAPDH. The experiment was 
repeated 3 times.
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Fig. 2. Pharmacological inhibition of LSD1 activity by 2-PCPA affects the expression and secretion of pro-
inflammatory cytokines in HMEC-1. (A) Representative dot-blot screening assay of extracellular pro- and 
anti-inflammatory cytokines released into the cell culture medium by HMEC-1 after treatment of cells with 
100 μM 2-PCPA for 6 h, 100 ng/ml LPS for 4 h, and after co-incubation with 2-PCPA/LPS: 2 h pre-treatment 
with 100 μM 2-PCPA continued by other 4 h in the presence of 100 ng/ml LPS. (B, C) Validation of changes 
in the inflammatory molecules release identified by immunoassay and at the transcript level by qRT-PCR. 
Presented data (mean ± SD) are the average of six independent experiments; *p<0.05, t-Student’s test, 
followed by Welch’s test or Mann-Whitney’s test depending on distribution and variance. (D) The effect of 
LSD1 inhibitor (100 μM) on the recruitment of U-937 lymphocytes to the 100 ng/ml LPS-activated ECs; a, b, 
c are the images of ECs in transmitted light, whereas: a’, b’, c’ the same ECs from the fluorescence microscope; 
The presented images are representative out of five independent repeats. Magnification 100x. Calculations 
of the attached lymphocytes are presented of the chart beside; Presented data (means ± SD) are the average 
from five independent experiments; *p<0.05, t-Student’s test, followed by Welch’s test.
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Silencing of LSD1 suggests proinflammatory profile of activity of the enzyme in endothelial 
cells
Transcriptional silencing of LSD1 was performed by the lentiviral transduction of 

HMEC-1. We used several LSD1 shRNA sequences and for the further analysis clone #T3 was 
chosen that characterized the highest level of LSD1 downregulation, up to 30% of control, 
means LSD1 KD vs nonT (Fig. 3A). Changes in the expression of the targeted gene were 
analysed at the level of transcript, protein and also functionally, as we checked the level of 
methylation of LSD1 substrates: H3K4me1 and H3K4me2 (Fig. 3A, B, C).

Proinflammatory properties of LSD1 that we observed in the pharmacological model of 
LSD1 inhibition (Fig. 2) we also confirmed on the transcriptional model of the demethylase 
silencing. Performing expanded dot-blot screening assay (Proteome Profiler Human XL 
Cytokine Array Kit) gave us more detailed overview into the involvement of LSD1 in the 
regulation of the inflammatory response in ECs. Looking at the release of cytokines from 
LPS-stimulated HMEC-1 LSD1 KD in comparison to HMEC-1 nonT, as IL-6, IL-8 or MIF 
(Fig. 4A right panel, blue rings; Fig. 4C), we found a coherent direction of changes with 
previous observations (Fig. 2). Moreover, enhanced release of other signalling molecules 
and chemotactic agents was observed from LPS-stimulated HMEC-1 LSD1 KD, e.g. MCP-3, 
LIF, CD40L, PTX3, PDGF-AA, IGFBP-2 (Fig. 4A right panel, blue rings). Changes identified in 
the secreted cytokines corresponded with their transcriptional level (Fig. 4C). At the same 
time, the immunoassay also showed increased extracellular amount of factors involved in 
regulation of capillaries formation and proliferation process, as angiogenin, CST3, Dkk-1, 
DPPIV, CD147 (Fig. 4A right panel, red rings).

As the immunoassay results show, the secretory profile of HMEC-1 that were transduced 
with lentiviral particles: nonT as well as LSD1 KD (Fig. 4A left panel) is different from cells 
that have not been exposed to viruses (Fig. 2A left panel). This dot blots analysis shows 
that viral transfection of cells induces inflammatory response, and is stronger in LSD1 KD 
than control cells (nonT), (Fig. 4A left panel). At the transcriptional level, the same as in 
case of HMEC-1 treated with 2-PCPA, downregulation of selected proinflammatory cytokines 
was found, i.e. MIF, MCP-3 (Fig. 4B), the other, as IL-6 and IL-8 were not affected by the 
LSD1 silencing. On the other hand, upregulation of RANTES and PTX3 has been detected, the 
molecules indicated in the literature also as the biomarkers of vascular inflammation, (Fig. 
4B), however, both molecules were downregulated in response to LPS treatment (Fig. 4C).

Fig. 3. Demonstration of the effectiveness of various shRNA sequences for silencing LSD1 expression and 
enzymatic activity of protein. Silencing expression of LSD1 protein using various silencing sequences dedi-
cated to LSD1 measurement on transcriptional level (qRT-PCR) (A) and protein level using Western blotting 
(B). (C) Evaluation of H3K4 methylation level in transfectant 3 LSD1 KD; Chemiluminescence signal was 
detected by Alliance Mini HD4 CCD digital imaging system from 2 μg of histone protein extract.
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Fig. 4. Consequences of transcriptional LSD1 silencing on the inflammatory profile of ECs during the LPS-
induced inflammatory response. (A) Representative dot-blot screening assay of the inflammatory molecules 
released into the cell culture medium by LSD1 KD HMEC-1 and control cells (nonTarget, nonT) after 4 h 
treatment with 100 ng/ml LPS. Changes in the level of the molecules were marked: in red (for upregula-
tion) and in blue (for downregulation) vs white (control). The presented images are representative of three 
independent experiments. (B, C) Validation of changes in the inflammatory molecules release, identified by 
immunoassay, at the transcript level by qRT-PCR. Presented data (mean ± SD) are the average of four inde-
pendent experiments; *p<0.05, t-Student’s test, followed by Welch’s test or Mann-Whitney’s test depending 
on distribution and variance.
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Transcriptional consequences of LSD1 gene expression silencing
The prepared LSD1 knockdown cells were analysed at the transcript level. Performed 

RNA microarray analysis of the nonT/LSD1 KD HMEC-1 by using GeneSpring GX (v. 14.5) 
gave us an opportunity to look more broadly at the role of LSD1 in regulation of endothelial 
cell metabolism (Fig. 5). Given the fold change of 1.5 and -1.5 (Fig. 5A), we distinguished 
111 genes, which expression shifted due to LSD1 silencing, including 52 genes upregulated 
genes (FC>1.5) and 59 downregulated genes (FC<-1.5) (Fig. 5B). PANTHER software (v. 
16.0) analysis showed that the altered genes are involved in multiple biological/metabolic 
processes, including pathways: (i) directly related to immune reactions (inflammation 
CC/CXC-mediated reactions, interleukin signalling pathway, oxidative stress response, 
endothelin signalling pathway), (ii) indirectly related to immune reactions (heterotrimeric 
G-protein signaling pathway, PLP biogenesis, THF/serine glycine biosynthesis, 2-AG 
biosynthesis) and others as transducer activity (mAChR2 and R4 signaling pathways, 
mGluRs pathway, Β1, β2-adrenergic receptors signaling pathway) (Fig. 5C). According to our 
expectations stimulation of cells with 100 ng/ml LPS resulted in stronger response given 
by nonT in comparison to the LSD1 KD (Fig. 5B), 542 vs 494; respectively. Analysis of more 
than 10,000 genes revealed further inflammatory profile genes, previously not seen in other 
tests, which expression decreased by more than 20% in LSD1 knockdown cells due to LPS 
treatment, i.a. CXCL10, CCL20, IFNB1, SOD2. Grouping of gene lists after cleavage of FC>1.5 
presented in Venn Diagram (Fig. 5D) showed that after silencing of the LSD1 due to LPS 
stimulation, no additional NF-κB-dependent proinflammatory genes are expressed which is 
in accordance with our previous findings.

Changes in the LSD1 expression and activity alters the classical activation of the NF-κB 
pathway
Based on the identified changes in the response of LSD1-deficient HMEC-1 to the 

inflammatory stimuli, we analysed the effect of demethylase downregulation on NF-
κB activation, known as responding to endotoxins. To this end, we evaluated the level of 
total p65 and its phosphorylated form at the position of transactivation domain, Ser-536, 
associated with nuclear localization and transcriptional activity. Using both pharmacological 
and transcriptional model we monitored administration of the protein to the nucleus by 
(i) Western blotting as well as (ii) immunofluorescence staining.

Using nuclear and cytosol protein fractions we found that treatment of endothelial cells 
with LPS results in an increase of active and total p65 in the nucleus within the first hour and 
remains constant at a high level for the next 3 hours (6Ai). Similar data we obtained on the 
transcriptional model (control cells, i.e. nonTarget), and the biggest changes were observed 
within first hour of cells treatment with endotoxin (Fig. 6Bi). Inhibition of LSD1 by 100 µM 
2-PCPA resulted in significant reduction in the p65 translocation into the nucleus, which in 
case of ph-p65 was maintained at the level of control (Fig. 6Aii). At the same time, no change 
in the p65 level was noted in the cytosol, at any time point (although 10 µg of cytosolic 
extract was used for WB) (Fig. 6Aiv). Translocation of ph-p65 to the nucleus in the LSD1 KD 
(Fig. 6Bii), corresponded to the inhibitor treatment model, however the changes were not as 
significant (Fig. 6Bii).

Based on the WB results, to better observe the dynamics of changes in p65 translocation, 
we narrowed the time to an hour only for the immunocytochemical tests (Fig. 7, Fig. 8, Fig. 9). 
The administration of p65 was imaged (Fig. 8E, 8F and Fig. 9E, 9F), followed by measurement 
of fluorescence signal intensity from the antigens by using ImageJ software. The analysis 
based on generation of the linear height maps reflecting to the activity of the p65 (Fig. 7C, 
7C’).

The obtained data confirmed our previous findings from WB experiments, means lack 
of statistically significant changes in the p65 level and its phosphorylated form in the cytosol 
(Fig. 8C and Fig. 9C), whereas an increase of both, p65 total and ph-p65 level in the nuclear 
compartment due to LPS treatment, attenuated by inhibition/silencing of LSD1 (Fig. 8A, 8B 
and Fig. 9A, 9B).
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Fig. 5. Microarray analysis of gene expression in the nonT/LSD1 KD HMEC-1 stimulated with LPS. 
(A) A heat map generated in GeneSpring GX v. 14.5 showing all 1.5 fold regulated genes in the nonT and 
LSD1 KD untreated and treated with 100 ng/ml LPS, relative to nonT/LPS(-). Colour range relative to con-
trol samples is located on the right side of the panel. (B) Digital summary of microarray analysis after one-
way ANOVA test, presenting changes in expression of genes (up and down regulated); FC>1.5. (C) Gene 
expression analysis in KD + LPS (Log 2 fold change vs nT) and their classification into biological processes 
presented on the PANTHER Go-Slim chart, generated by PANTHER Classification System v. 16.0. (D) Venn 
Diagram of the intersections of gene list from microarray analysis. (E) Graph plotting the expression levels 
(Log 2 fold change vs nT) of NF-κB-dependent inflammatory pathway genes in LPS-stimulated LSD1 knock-
out cells. The chart presents only those genes where the scale of changes nonT/LSD1 KD (Log 2 fold change 
vs nT) ≥ 20%. n = 3,*p<0.05, t-Student’s test, followed by Welch’s test or Mann-Whitney’s test depending on 
distribution and variance.
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To sum up, in response to the inflammatory factor in the endothelial cells nuclear 
recruitment of the NF-κB transcription factor occurs without significant loss in the cytosolic 
protein pool and LSD1 supports this process. However, pharmacological inhibition of LSD1 
involving 2-PCPA had a stronger effect on the attenuation of the inflammatory response 
than LSD1 transcriptional inhibition, which was manifested by a significant reduction in 
proinflammatory cytokine expression due to the strong inhibition of NF-κB-p65 transcription 
factor transport from cytoplasm to the nucleus where it exhibits its transcriptional activity.

LSD1 alters inflammatory response of ECs but does not interact directly with NF-κB-p65
Based on the identified differences in administration of p65 and its phosphorylated 

form due to altered lysine specific demethylase 1 activity (Fig. 6, 8, 9), we analysed the direct 
interaction of the demethylase with NF-κB-p65 using chromatin immunoprecipitation 
assay (ChIP). We found that LPS increases LSD1 association with the IL-6 promoter, in both 
analysed promotor regions (Fig. 10A) and that 2-PCPA abolishes this effect. Although these 
data are in line with gene expression profile of IL-6 in the tested experimental conditions 
(Fig. 2B) and IL-6 is downstream NF-κB-p65 signalling pathway, we did not find direct 
interaction between LSD1 and NF-κB-p65 promoter (Fig. 10B). LSD1 binding to the NF-
κB-p65 promoter region: -994 bp to -872 bp occurred unspecific as comparable to the IgG 

Fig. 6. Monitoring of shuttling of 
NF-κB-p65 and its phosphorylated 
form (ph-Ser536-p65), between 
cytosol and nucleus in HMEC-1 
stimulated with lipopolysaccha-
ride in the models of decreased 
LSD1 activity: (A) pharmaco-
logically, by pre-treatment with 
2-PCPA, and (B) transcriptionally  
by specific shRNA transfection. 
Cells were treated, at the indicated 
times, with 100 ng/ml LPS and 
100 μM 2-PCPA (depends on the 
experimental model), then nuclear 
and cytosol fractions were iso-
lated and used for analysis of  p65 
level and ph-Ser536-p65 in both 
fractions. 20 μg of nuclear extract 
and 10 μg of cytosol extract were 
taken for the analysis, and PCNA or 
GAPDH were used as a loading 
control, respectively. Representa-
tive blots of three independent ex-
periments are presented.
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control and NoAb control. In other two analysed regions: -793 bp to -643 bp and -388 bp 
to -300 bp, apart from the H3 positive control, we did not get any amplification products 
indicative of LSD1 interaction with the NF-κB-p65 promoter.

Discussion

Analysis of LSD1 biochemistry in physiological and pathological states have revealed 
that it is an orchestra protein, significantly involved in the regulation of cellular metabolism, 
based on its methyl group eraser activity and broad substrate specificity, which includes 
histone proteins (H3K4/9me) but also DNMT1, p53, STAT3, and E2F1, all of which play an 
important role in controlling the gene expression machinery [31]. The demethylase plays 
a particular role in cancer medicine as overexpression of LSD1 has been found in many 
types of cancer [18, 32, 33]. In consequence of detailed studies and identified effects on e.g. 
epithelial-mesenchymal transition (EMT), cell proliferation and differentiation or malignant 
transformation, the protein has become the target of anticancer therapies. Quite a few LSD1 
inhibitors, including 2-PCPA, GSK-2879552, IMG-7289, INCB059872 and CC-90011, have 
been reported to date as currently undergoing clinical assessment, against solid tumours as 
small lung cancer cells (SCLC) but also against leukemias as acute myeloid leukemia (AML) 
[34]. While more and more is known about LSD1 with regard to cancer biology, numerous 
studies reveal that the physiological effects of demethylase differ from those of pathological 
conditions.

In the presented studies we focused on determining the role of LSD1 in the inflammatory 
response of endothelial cells, which is known to lead to the development of cardiovascular 
disease if excessive and prolonged. Analysis performed on a chemical (by 2-PCPA) and 
transcriptional (by shRNA) enzyme inactivation model, showed that LSD1 exhibits 
proinflammatory profile of activity in human microvascular cells. This finding was confirmed 
at several levels by: (i) release of cytokines/chemokines, (ii) lymphocytes adhesion to the 
activated endothelial cells, (iii) NF-κB-p65 translocation, as well as (iv) gene profiling of 
LSD1 knockout cells.

Fig. 7. Visualization of the tech-
nique for measurement the im-
munofluorescence intensity signal 
after immunocytochemical detec-
tion of p65 in HMEC-1. (A, B) The 
merged images of cells were dou-
ble-stained with AlexaFluor 488 
and DAPI. (A’, B’) The green dashed 
lines at the grayscale images mark 
the pathway used to prepare the 
line plots (C, C’) that show the 
intensity (activity) of p65 at any 
given point along the line. The 
white arrows at (A’, B’ and D, D’) as 
well as the red arrows at C, C’ mark 
the perimeter between the cell nu-
cleus and the cytoplasm. Images 
at D and D’ are linear height maps 
generated in ImageJ based on the 
activity of the p65, where higher 
activity is shown as a peak or raise 
in height. Scale bars of the images 
for A, A’, B, B’ are 25 μm.
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The role of LSD1 in vascular biology is not fully elaborated and the literature data 
characterizing the demethylase activity depends on the cell/tissue origin. Our results are 
in line with the findings obtained on the LSD1-knockout mice rheumatoid arthritis model, 
where it was shown that altered LSD1 activity can ameliorate the severity of the disease 
[35]. LSD1-knockout mice effectively reduced rheumatoid arthritis development, especially 
decreased the joint injury and inflammatory response by abolishing LSD1 expression [35]. 
Further analysis suggested upstream regulation of LSD1 expression and in consequence 
proinflammatory cytokines by miRNA-155 in rheumatoid synovial cells [36]. Also in 

Fig. 8. Immunofluorescent analysis of NF-κB-p65 and its phosphorylated form (ph-Ser536-p65) localisa-
tion in the cytosol (A, C) and nuclear (B, D) compartments in HMEC-1 stimulated with lipopolysaccharide 
and pharmacologically inhibited LSD1 activity. Quantification of the fluorescence intensity signal from anti-
p65 (i, ii) and anti-ph-Ser536-p65 (iii, iv) was performed on at least 100 cells in two independent experi-
ments. (E, F) Visualization of p65 (E) and ph-p65 (F) in HMEC-1 nonT/LSD1 KD after 30 min stimulation 
with LPS, both without and with an inhibitor (100 μM 2-PCPA, 2 h) pre-treatment. Scale bars on the pre-
sented representative images are equal to 10 μm.
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estrogen-dependent breast cancer cell line MDA-MB231 inhibition of LSD1 by 2-PCPA 
resulted in decreased expression of proinflammatory cytokines [37]. Renal inflammation 
that contributes to the progression of hepatitis B virus-associated glomerulonephritis (HBV-
GN) has been also recently connected with LSD1 activity, as significantly upregulated level 
of the enzyme was found in the renal tissue. Increased expression of LSD1 was positively 
correlated with inflammation [38]. Analysis performed on in vitro model of human renal 
tubular epithelial cell line (HK-2) revealed that LSD1 may promote the production of 
proinflammatory mediators induced by epigenetic upregulation toll-like receptor 4 (TLR4) 

Fig. 9. Immunofluorescent analysis of NF-κB-p65 and its phosphorylated form (ph-Ser536-p65) localisa-
tion in the cytosol (A, C) and nuclear (B, D) compartments in HMEC-1 (nonT/LSD1 KD) stimulated with 
lipopolysaccharide and transcriptionally silenced LSD1. Quantification of the fluorescence intensity signal 
from anti-p65 (i, ii) and anti-ph-Ser536-p65 (iii, iv) was performed on at least 100 cells in two independ-
ent experiments. (E, F) Visualization of p65 (E) and ph-p65 (F) in HMEC-1 nonT/LSD1 KD after 15-30 min 
stimulation with LPS. Scale bars on the presented representative images are equal to 10 μm.
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expression, thus contributing to activation NF-κB and JNK pathway. Importantly, the LSD1 
inhibitor, 2-PCPA, inhibited the TLR4-NF-κB/JNK signaling axis and ameliorated nephritis 
in transgenic mice [38]. This NF-κB dependent proinflammatory profile of LSD1 activity, 
observed by Yang and co-workers, is compatible with our endothelial research model. 
Pharmacological (by 2-PCPA) and transcriptional (by shRNA) enzyme inhibition resulted 
in changes in the compartmental localization of the active form of p65 (ph-Ser536) and the 
total form in HMEC-1 during LPS stimulation. In both cases, downregulation of the LSD1 
activity limited p65 translocation to the nucleus which we confirmed by Western blotting 
and immunocytochemical staining.

Contrary to this data, studies performed on the human ovarian tumours by Konovalov 
and co-workers revealed that LSD1 overexpression identified in stage IIIC and high-grade 
ovarian tumors correlated with a transcriptomic signature of down-regulated genes involved 
in the immune/inflammatory response [32]. However, the tumor cell based on studies 
present an opposite data. In oral squamous cell carcinoma inhibition of LSD1 with GSK-LSD1 
attenuated NF-κB signaling, which was implicated with inflammatory signalling pathways 
and checkpoint regulation [39, 40]. Kim et al. went further, claiming that phosphorylation 
of LSD1 is a key epigenetic factor for the amplification of the inflammatory response. They 
found that following excessive inflammatory stimuli, LSD1 is a substrate for PKCα and 
functions as a demethylase of p65 leading to enhanced p65 protein stability [41]. Liang and 
co-workers reached the same conclusions using vascular smooth muscle cell model (VSMC). 
They have proven that LSD1 potentiate LPS-induced VSMC inflammation by activating NF-
κB by p65 demethylation [42]. In our experimental model we could not find the evidence for 
direct interaction of LSD1 with NF-κB-p65, although we confirmed binding of the enzyme to 
the IL-6, an NF-κB activated cytokine.

Taken together, the data obtained from both models, chemical and transcriptional, 
reveal that lysine-specific demethylase 1 increases NF-κB-dependent inflammation in 
human endothelial cells. Thus, LSD1 may be a therapeutic target for inhibiting an increased 
inflammatory response to pathogens or for treating cardiovascular diseases.

Fig. 10. Analysis of LSD1 protein interaction with gene promoters of (A) IL6 and (B) p65 in the vicinity 
of the TSS by chromatin immunoprecipitation assay. The approximate position of the amplicons for each 
genomic sequence is reported above the graph. Presented data (means ± SD) are the average from three 
independent experiments; **p<0.05, t-Student’s test, followed by Welch’s test or Mann-Whitney’s test de-
pending on distribution and variance.
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DOX (doxycycline); ECs (endothelial cells); EGF (epidermal growth factor); HDM (histone 
demethylase); HMEC-1 (human microvascular endothelial cells-1); IP-10/CXCL10 
(Interferon gamma-induced protein 10/C-X-C motif chemokine ligand 10); LSD1 (lysine-
specific demethylase 1); MCP-1 (monocyte chemoattractant protein-1); MIF (macrophage 
migration inhibitory factor); PCNA (proliferating cell nuclear antigen); RANTES (regulated 
on activation normal T-cell expressed and secreted).
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