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Abstract

Background: Lysine-specific histone demethylase 1 (KDM1A/LSD1) regulates multiple 

cellular functions, including cellular proliferation, differentiation, and DNA repair. KDM1A is 

overexpressed in squamous cell carcinoma of the skin, and inhibition of KDM1A can suppress 

cutaneous carcinogenesis. Despite the role of KDM1A in skin and DNA repair, the effect of 

KDM1A inhibition on cellular ultraviolet (UV) response has not been studied.

Methods: The ability of KDM1A inhibitor bizine to modify cell death after UVA and UVB 

exposure was tested in normal human keratinocytes and melanocytes, HaCaT, and FaDu cell 

lines. KDM1A was also downregulated using shRNA and inhibited by phenelzine in HaCaT and 

FaDu cells to confirm the role of KDM1A in UVA response. In addition, cellular reactive oxygen 

species (ROS) changes were assessed by a lipid-soluble fluorescent indicator of lipid oxidation, 

and ROS related gene regulation using qPCR. During photodynamic therapy (PDT) studies HaCaT 

and FaDu cells were treated with aminolaevulinic acid (5-ALA) or HPPH (2-(1-Hexyloxyethyl)-2-

devinyl pyropheophorbide-a) sodium and irradiated with 0–8J/cm2 red LED light.

Results: KDM1A inhibition sensitized cells to UVA radiation-induced cell death but not to 

UVB. KDM1A inhibition increased ROS generation as detected by increased lipid peroxidation 

and the upregulation of ROS responsive genes. The effectiveness of both ALA and HPPH PDT 

significantly improved in vitro in HaCaT and FaDu cells after KDM1A inhibition.
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Conclusion: KDM1A is a regulator of cellular UV response, and KDM1A inhibition can 

improve PDT efficacy.

Summary Statement

Lysine-specific histone demethylase 1 (KDM1A/LSD1) regulates multiple cellular functions, 

including cellular proliferation and DNA repair, but its role in modifying ultraviolet light 

response has not been clear. We found that KDM1A inhibition increases lipid peroxidation and 

upregulated ROS responsive genes. Moreover, we observed that KDM1A inhibition enhanced the 

efficacy of photodynamic therapy with both delta-aminolaevulinic acid and the chlorin compound 

HPPH (2-(1-Hexyloxyethyl)-2-devinyl pyropheophorbide-a). These findings highlight the role of 

KDM1A as a regulator of cellular UV response and identified a potential novel therapeutic role for 

KDM1A inhibitors in improving the efficacy and selectivity of PDT.
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Introduction:

Ultraviolet radiation (UV) exposure is responsible for most skin cancers[1,2]. Terrestrial UV 

radiation is divided into two main regions based on wavelength and biological function[3]. 

UVB (280–315 nm) radiation primarily causes DNA damage including cyclobutane 

pyrimidine dimers and 6–4 photoproducts and penetrates superficially in the skin[4], while 

the longer wavelength UVA (315–400 nm) radiation penetrates deeper and exerts most of 

its biological role through inducing reactive oxygen species (ROS) such as singlet oxygen, 

hydrogen peroxide and superoxides[5–7]. When cells are exposed to UVA radiation, lipids 

are peroxidized and other macromolecules also suffer oxidative damage while cellular 

antioxidants try to mitigate ROS[8,9]. ROS can overwhelm cellular defenses and may also 

induce DNA damage (8-oxoguanine generation) followed by alteration in gene expression 

and mutations leading to cancer [8]. Ultimately, if the antioxidant system is completely 

overwhelmed and cellular macromolecule and organelle damage becomes irreparable, the 

toxic effects of ROS lead to cell death [10].

Photodynamic therapy (PDT) exploits the potential toxic effect of ROS for the treatment 

of cancer. PDT involves the administration of a photosensitizer which after exposure to an 

appropriate wavelength of light, interacts with triplet oxygen (3O2) to form singlet oxygen 

(1O2) and in lower quantities also generates other ROS like hydroxyl radicals (•OH) and 

superoxide (O2
•−) ions [11]. PDT induces ROS-mediated cell death [11]. PDT is frequently 

used for the treatment of skin cancers [12]. Aminolevulinic acid (5-ALA), a precursor in 

heme biosynthesis, was the first FDA-approved photosensitizer for PDT and is used for the 

treatment of precancerous skin lesions and early skin cancers[13]. Other photosensitizers 

including synthetic dyes phenothiazinium, squaraine and BODIPY (boron-dipyrromethene), 

2-[1-hexyloxyethyl]-2-devinyl pyropheophorbide-a (HPPH), transition metal complexes, and 

natural products such as hypericin and curcumin are also investigated for the treatment of 

cancer [14–17]. Since ROS generation is limited by the photosensitizer’s tissue and cellular 
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distribution, PDT is somewhat selective for tumors [18] and does not induce mutations in 

normal cells.[19] Combining PDT with chemotherapy or targeted therapy could enhance 

both selectivity and efficacy of treatment. One of the major limiting factors for PDT is the 

availability of oxygen for ROS generation [20]. Since ROS mediates the cellular and tissue 

effects of PDT, drugs that could hypersensitize cells to ROS or increase ROS production 

[14,21] could be employed to improve PDT efficacy.

KDM1A/LSD1 is a ubiquitously expressed transcriptional coregulator, which specifically 

demethylates mono- and di-methyl residues from H3 on lysine 4 [22]. KDM1A can also 

demethylate important non-histone proteins including p53, E2F1, DMNT and MYC [23] 

to regulate normal cellular processes. KDM1A has also been shown to modulate DNA 

repair. KDM1A is recruited to sites of DNA damage marked by phosphorylated histone 

H2AX[24] and associates with several factors (53BP1, BRACA1) involved in nucleotide 

excision repair (NER) [24–26]. KDM1A can also demethylate p53, which is essential to 

the DNA damage response, impairing its DNA binding ability and association with 53BP1 

[25]. Through its enzymatic activity in which hydrogen peroxide is generated [25], KDM1A 

recruits base excision repair (BER) enzymes, 8-oxoguanine-DNA glycosylase 1 (OGG1) and 

topoisomerase II (TOP2A) [27] to sites of oxidative DNA damage. In the skin, KDM1A 

has been described to be a regulator of differentiation[28] and more recently inhibition 

of KDM1A in the epidermis was suggested to prevent the initiation of squamous cell 

carcinoma[28]. Based on the role of KDM1A in oxidative DNA damage repair and skin 

carcinogenesis, in this study we explored KDM1A’s ability to modify UV response and 

identified KDM1A inhibitors as potential therapeutic agents for increasing PDT efficacy.

Materials and methods

Cell Culture

Cell lines used are HaCaT (human, adult, low calcium, high temperature keratinocytes 

cells, Addex Biosciences, USA), NHEK (normal human epidermal keratinocytes, neonatal, 

ATCC, USA), FaDu (human head and neck squamous cell carcinoma, ATCC, USA) and 

NHEM (normal human epidermal melanocytes, ATCC, USA). All cells were maintained 

in humidified 5% CO2 incubator at 37 degrees centigrade. HaCaT and FaDu cells were 

cultured in either DMEM (Corning, NY, USA) or supplemented with 1mM Glutagro 

supplement (Corning, NY, USA), 1% antibiotic solution (100 mg/L streptomycin, 100 U/ml 

penicillin) and 10% fetal bovine serum. NHEK and NHEM were grown in dermal cell basal 

medium (ATCC, USA) supplemented with components of keratinocyte growth kit (ATCC, 

USA) and melanocyte growth kit (ATCC, USA) respectively, according to manufacturer’s 

instructions.

UV irradiation

Cells were trypsinized and plated in 96 well (2500 cells per well) or 6 well plates (1*105 

cells per well). All drug treatments were performed 24 hours prior to UV exposure. 

Cells were then irradiated under a thin layer of 1X PBS with calcium and magnesium 

supplemented with 25mM glucose. The temperature was controlled by placing the plated 

cells on metal plates that were maintained at 4°C using a water recirculator, PolyScience 
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Refrigerated Recirculating Chiller. This ensured that the temperature of irradiated plates and 

control plates were at 22–25 °C. PBS was replaced with complete media after irradiation 

and death was measured using cell titer blue assay 24 hours post UV exposure. Terrestrial 

UV light was from the Oriel Solar Simulator (Newport Corporation) (Figure S1A). The 

UVA light source was composed of a bank of 4 UVA light tubes (F8T5 Black Light, 8-Watt 

UVA fluorescent bulb, Hitachi, Tokyo, Japan) with UV emission peak at 365nm. The UVA 

device emitted 82% in UVA (315–400nm) and 17.9% in the visible (>400nm) spectrum and 

negligible UVB and no UVC (Figure S1B). The UVB light source was a bank of 6 UVB 

light tubes (USHIO G8T5E 7.2W cat# 300318, Ushio America, Cypress, CA) with UV 

emission peak at 313nm. The UVB device emitted 51% in the UVB (280–315nm) and 47% 

in the UVA (315–400nm) spectrum and the device showed negligible visible or UVC light 

emission (Figure S1C). The UVA spectral component of the UVB device had no biologically 

relevant effect during the experiments. This is due to the approximately 1000-fold higher 

biological efficacy of the UVB component of the UV spectrum [4].

KDM1A down regulation

KDM1A was downregulated using lentivirus made with plasmids GIPZ Control, KDM1A 

sh1 clone V3LHS_361041 and KDM1A sh6 clone V2LHS_34926 (Horizon Discovery, 

Waterbeach, UK). Viruses were prepared using the 293T cell line (Clontech, USA) 

with packaging plasmids (ΔR) and G-protein vesicular stomatitis virus (VSVG) using 

JetPrime transfection reagent (PolyPlus transfection, USA) according to the manufacturer’s 

instructions. For transduction cells were plated in 60- or 100-mm tissue culture dishes and 

allowed to achieve 60% confluence before adding viral supernatant in the presence of 8 

μg/ml polybrene for 24 hours (Sigma, St. Louis, MO). Cells were selected by treatment with 

puromycin (1ug/ml for FaDu cells and 2ug/ml for HaCaT) for 5 days.

Antioxidant and KDM1A inhibitor treatment

Cells were trypsinized and plated in 96 wells (2500 cells per well) or 6 well plates (1*105) 

cells per well). The pH of N-acetylcysteine (NAC) (Sigma, St. Louis, MO) stock solution 

was adjusted to 7.4 with sodium bicarbonate before adding to cells. NAC was added to 

cells at 2–10mM along with the KDM1A specific inhibitors, bizine or phenelzine (Axon 

MedChem, BV) for 18 hours prior to UVA exposure.

Cell Titer Blue assay

Cells were plated in 96 well plates at 2500–3000 cells per well and treated with KDM1A 

inhibitors, bizine or phenelzine the next day. After 24 hours of drug treatment cells were 

exposed to UVA or UVB. 24 hours after light exposure 6X Cell Titer Blue solution 

(Promega, Madison, WI, USA) was added into wells to a final 1X concentration and 

incubated for 3 hours at 3700B0C and 5% CO2. Fluorescence was measured using a 560 nm 

excitation/590 nm emission filter set. Wells with plain media were used as blank.

Lipid peroxidation assay

Cells were plated in 6-well plates at 1.5×105 per well. Next day cells were treated with 

bizine or phenelzine at the specified doses. 24 hours after drug treatment cells were 
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exposed to UVA light as usual. Immediately after irradiation, 1X PBS was replaced with 

1ml complete media after which BODIPY® 581/591 C11 reagent (Thermofisher Scientific, 

USA) was added to a final concentration of 10μM according to the manufacturer’s 

instructions.

Quantitative RT-PCR

Total RNA was isolated using RNeasy Mini Kit (Qiagen Inc, MD, USA) according 

to the manufacturer’s protocol. cDNA was synthesized from 500 ng total RNA using 

High-Capacity cDNA Reverse Transcription Kit (Thermofisher Scientific, USA) in a 20μl 

reaction according to the manufacturer’s protocol. Quantitative reverse-transcription PCR 

was performed using QS6 PCR System (Applied Biosystems, Carlsbad, CA) using SYBR 

Green Master Mix (Invitrogen) or TaqMan Universal Master Mix II (Applied Biosystems, 

Carlsbad, CA). All reactions were performed in triplicates, and the experiments were 

repeated at least twice. The results are presented as the mean of at least 2 experiments. 

Primers used for SYBR Green assays: HMOX-1 F- TTCTCCGATGGGTCCTTACACT 

R- GGCATAAAGCCCTACAGCAACT, KLF-9 F- CTCCGAAAAGAGGCACAAGT R- 

CGGGAGAACTTTTTAAGGCAGT, SDHA F- TGGGAACAAGAGGGCATCTG R- 

CCACCACTGCATCAAATTCATG and TaqMan: KDM1A (Thermofisher Scientific, USA) 

and PGK1 (Thermofisher Scientific, USA).

Immunoblotting

Protein extracts were prepared by lysing cells using 1x lysis buffer (1% SDS, 0.01% 

Tris-HCl). Protein concentration was estimated using Pierce™ BCA Protein Assay Kit 

(Thermofisher Scientific, Frederick, MD, USA). Equal amounts of protein were run 

on 4–20% gradient precast gels and transferred to PVDF membrane. Membranes were 

blocked with 5% milk and incubated with primary antibodies overnight and one hour with 

secondary antibodies after which blots were developed using Biorad ChemiDoc™ Imaging 

Systems (Biorad, Hercules, CA, USA. All antibodies were purchased from Cell Signaling 

Technologies, Danvers, MA, USA KDM1A (cat no: 2184, final dilution 1:1000) and Lamin 

A/C (cat no: 2032, final dilution: 1:3000).

Photodynamic therapy

Cells were plated at 2500 cells per well in 96 well plates. 24 hours after cells were plated, 

they were treated with bizine and the photosensitizer (as below) overnight after which plates 

were exposed to red LED light (Aktilite-CL128, Galderma, Lausanne, Switzerland; peak 

wavelength: 630nm; fluence: 70mW/cm2). The Aktilite emission spectrum was collected 

using a fiber-coupled isotropic probes (IP85; Medlight SA) at the surface of a well-plate 

connected to a light dosimetry system [29]. The absorption spectrum of HPPH (diluted to 

10 μM in PBS containing 10% FBS) was collected using the UV-vis (Cary-60, Agilent 

Technology). The extinction coefficient was calculated as the absorption divided by the 

product of the concentration and path length. A total of five emission spectra were collected 

over a 58-second exposure. The average of these spectra is plotted in Fig S3. Depending 

on the photosensitizer, protocol was modified as follows. For ALA treatment the cells were 

treated with 2 or 4mM 5-ALA (5-Aminolevulinic acid hydrochloride Sigma, St. Louis, 
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MO) diluted in media containing 1% FBS. Cells were treated with bizine for 18 hours 

and then incubated with 5-ALA for 4 hours. 5-ALA was washed out of the plates and 

replaced with 100μl of phenol red free media and exposed to red light and cell viability was 

measured 24 hours post light exposure. During HPPH treatment the cells were treated with 

both bizine and 0.25–1μM of HPPH (2-[1-hexyloxyethyl]-2-devinyl pyropheophorbide-a 

Medkoo, Morrisville, NC, USA) diluted in complete phenol red free media for 18 hours. 

Next plates were exposed to red light from Aktilite (Figure S3) and cell viability was 

measured 24 hours post light exposure using cell titer blue assay.

Statistical methods

Representative graphs are presented from multiple experiments assessing the UVA, UVB 

and PDT effects. Depicted bars represent mean values (n=2–3). Mann-Whitney-U or T-tests 

were used when appropriate, and p<0.05 was considered statistically significant.

Results:

KDM1A inhibition modifies UV response and sensitizes cells to UVA light

To understand the ability of KDM1A to modify UV response, we first assessed whether 

KDM1A inhibition modified cell death after exposure to solar simulated UV light using 

a KDM1A specific inhibitor, bizine [30] in HaCaT keratinocytes. Out of the six doses of 

solar simulated UV and bizine treatment only two points showed a significant increase 

in cell viability.” (Figure 1A). Solar UV light is a combination of UVA and UVB. UVA 

and UVB have different cellular effects[4], therefore after treatment with predetermined 

non-toxic doses of bizine (Table S1) we tested the effect of UVA and UVB separately in 

a panel of cells including normal keratinocytes, melanocytes and squamous cell carcinoma 

cells. KDM1A inhibition significantly reduced cell viability in all tested cell lines after UVA 

exposure but not after UVB exposure (Figure 1B, C). KDM1A inhibition using 2 different 

chemical inhibitors of KDM1A sensitized keratinocytes (NHEKn and HaCaT) and head and 

neck squamous cell carcinoma cells (FaDu) to UVA radiation in a dose dependent manner 

(Figure 1D–F). We also downregulated KDM1A using lentivirus expressing 2 different 

shRNA (sh1 and sh6) specific to KDM1A, in FaDu and HaCaT cells. Reduction in KDM1A 

mRNA and protein expression was validated using RT-qPCR and western blot (Figure 1G, 

I). These cells were then exposed to UVA radiation. Both FaDu and HaCaT cells with down 

regulated KDM1A showed significant dose dependent decrease in cell viability after UVA 

exposure (Figure 1H, J)

KDM1A inhibition increases in total cellular ROS

KDM1A activity was previously found to be modified by reactive oxygen species (ROS) 

[31] but the expression of KDM1A after UVA radiation exposure is unknown. To determine 

whether KDM1A expression is regulated by UVA radiation, HaCaT and FaDu cells were 

exposed to UVA light. KDM1A expression was not modified by UVA radiation in either 

cell line and bizine treatment had no significant effect on KDM1A protein levels (Figure 

2 A and B). Since KDM1A can generate hydrogen peroxide locally to facilitate increased 

transcription of genes [25] and KDM1A expression was not modified by UVA exposure 

we tested whether KDM1A inhibition could modify total ROS levels in our system. We 
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measured changes in ROS levels using fluorescent dye BODIPY® 581/591 C11 to measure 

lipid peroxidation in HaCaT and FaDu cells. Bizine increased lipid peroxidation after UVA 

exposure in a dose dependent manner but not at baseline (Figure 2 C and D). We also 

looked at the expression of several genes commonly regulated by ROS increase after 

KDM1A inhibition with bizine and UVA exposure in HaCaT cells. Kruppel-like factor 

9 (KLF-9), heme oxygenase 1 (HMOX-1) and Phorbol-12-myristate-13-acetate-induced 

protein 1 (NOXA) mRNA expression was quantified using RT-qPCR. KLF-9, HMOX-1 

and NOXA were all upregulated only after UVA exposure in bizine treated cells but not at 

baseline (Figure 2 E–G). Also, treatment with antioxidant N-acetyl cysteine rescued HaCaT 

and FaDu cells from bizine induced UVA sensitivity (Figure 2 H and I)

KDM1A inhibition enhances the efficacy of photodynamic therapy

KDM1A has been shown to be highly expressed in cancer which has been linked to 

poor prognosis in patients [33,34]. Inhibition of KDM1A has also been shown to repress 

development of squamous cell carcinoma in the skin[28] and from GEODatasets [35,36] 

we found that KDM1A was overexpressed in patients with basal cell carcinoma and 

squamous cell carcinoma in skin and esophagus (Figure S2A,B). PDT treatment is used 

for the treatment of skin cancers [35,36]. During photodynamic therapy (PDT), when a 

photosensitizer is exposed to light, ROS is released causing cellular damage and cell death. 

We showed that KDM1A inhibition increases ROS after UVA irradiation. The combination 

of PDT and KDM1A inhibition could enhance the efficacy and selectivity of the therapy. 

Therefore, we tested the combination of KDM1A inhibitor with PDT. Bizine treated HaCaT 

and FaDu cells were subjected to PDT with 5-ALA as the photosensitizer. Both cell lines 

showed increased sensitivity to 5-ALA PDT after KDM1A inhibition (Figure 3A and B). 

To rule out a photosensitizer specific effect, HaCaT and FaDu cells were treated with bizine 

and subjected to PDT using HPPH as photosensitizer. Bizine also enhanced cell sensitivity 

to HPPH PDT (Figure 3C and D).

Discussion

KDM1A is involved in multiple cellular processes including DNA damage repair, 

transcriptional regulation and cellular differentiation[24,37,38]. In this paper we focused 

on a novel role for KDM1A in modifying UVA response. We show that both chemical and 

genetic inhibition of KDM1A can sensitize cells to UVA radiation (Figure 1B, D–J) through 

the amplification of ROS as determined by increased lipid peroxidation (Figure 2 C, D) and 

upregulation of ROS responsive genes (Figure 2E–G). This is an acute effect, with the ROS 

amplification detected within 30 min of exposure to UVA radiation. Due to the rapidity of 

response and the effects of KDM1A being mitigated by NAC treatment (Figure 2H, I) the 

toxic effects of KDM1A inhibition after UVA exposure appears to be directly mediated by 

ROS. These findings suggested that KDM1A inhibitors may modify PDT efficacy.

PDT treatment is a controllable non-invasive treatment used for precancers and early 

carcinomas in the skin and head and neck cancers[39,40]. Although PDT is effective it 

is not completely selective. Combining PDT with chemotherapy or targeted therapy could 

enhance its effectiveness and selectivity[21,41,42]. We show that the KDM1A inhibitor, 
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bizine significantly increases the efficacy of both 5-ALA and HPPH PDT in vitro (Figure 3). 

During UVA radiation ROS is amplified throughout the cell while in PDT ROS generation 

is localized at the photosensitizer [40]. Although, UVA radiation and PDT have different 

cellular effects we can still enhance PDT using bizine. This also shows the detected increase 

in ROS after UVA radiation exposure in KDM1A inhibited cells is not a by-product of 

cell death but the cause of it, which is an important distinction to make when combining 

any treatment with PDT. KDM1A inhibition has been found to repress invasion and cancer 

growth in a model of cutaneous squamous cell carcinoma[28]. The upregulation of KDM1A 

in SCC (Figure S2) and the role of KDM1A in inhibiting SCC growth suggests that KDM1A 

inhibitors beyond enhancing PDT efficacy, may also enhance the selectivity of PDT.

A limitation of our work is that our studies were performed in vitro on cultured cells, and 

the effects of KDM1A inhibition and PDT may be different in vivo and in the clinical 

setting. Both KDM1A and PDT can modify the immune response [43–45], which cannot 

be assessed with in vitro studies. In actinic keratosis and squamous cell carcinoma, PDT 

has been described to activate local inflammatory responses stimulating tumor specific 

cytotoxic T-cells [46] and enhanced immunogenicity of stromal cells[47]. In some cancer 

models, inhibition of KDM1A has been shown to abrogate PD-1 expression of tumor 

infiltrating lymphocytes increasing tumor cell clearance[48,49]. It has been recently shown 

that KDM1A inhibition in combination with checkpoint inhibitors could also be effective in 

treating melanoma[50]. The above evidence for PDT and KDM1A in immune modulation 

suggests that in vivo KDM1A inhibition beyond enhancing PDT efficacy may also favorably 

modify PDT induced immune modulation.

We have identified a novel role for KDM1A in the UVA response. KDM1A inhibition 

resulted in greatly increased ROS and upregulation of ROS responsive genes. Our study has 

established a pioneering use for KDM1A inhibitors in enhancing the efficacy of PDT and in 

the future could be employed to elicit positive outcomes after PDT treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
KDM1A inhibition modifies UV response: (A) HaCaT (immortalized keratinocytes) cells 

were treated with predetermined nontoxic doses of KDM1A inhibitor bizine (75–150μM) 

and exposed to solar simulated UV light (B,C) A panel of epithelial, melanocytic normal 

and cancer cells treated for 24 hours with vehicle or bizine (doses in Table S1) and then 

exposed to UVA-1 or UVB radiation. Cell viability was assessed 24 hours post irradiation 

KDM1A inhibition sensitizes cells to UVA radiation (D,E,F) Normal human keratinocytes 

(NHEKn), FaDu (squamous cell carcinoma) and HaCaT cells were treated with treated 

KDM1A inhibitor bizine and phenelzine and exposed to UVA light (G,I) mRNA expression 

by RT-qPCR and western blot for KDM1A downregulation using shRNA, sh1 and sh6 in 

HaCaT and FaDu cells (H,J) Effect of KDM1A downregulation on UVA irradiation. Cell 

viability is expressed as a percentage of control and was assessed using cell titer blue assay. 

Bars represent mean ± SD (n=3)
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Figure 2: 
KDM1A expression is not regulated by UVA radiation: (A, B) KDM1A protein level 

expression compared to normalizer Lamin A/C expression in bizine treated HaCat and FaDu 

after UVA exposure at doses which in parallel experiments induced significant decrease 

in cell viability. C-Control, B-Bizine KDM1A inhibition increases lipid peroxidation 
and mRNA expression of antioxidant enzymes after UVA irradiation : (C, D) Lipid 

peroxidation by estimating red to green shift in BODIPY® 581/591 C11 measured in HaCaT 

and FaDu cells treated with bizine and exposed to UVA radiation (E-G) ROS responsive 

genes KLF-9, HMOX-1 and NOXA expression compared to PGK1 after KDM1A inhibition 

using bizine UVA exposure. RNA was harvested 4 hours after the addition UVA exposure 
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in HaCaT cells NAC salvaged cells from KDM1A inhibition induced death (H,I) HaCaT 

and FaDu cells were treated with NAC, bizine or NAC and bizine for 18 hours before 

exposure to either 2 doses of UVA. Cell viability is expressed as a percentage of control 

and was assessed using cell titer blue assay. (G-I). Cell viability is expressed as a percentage 

of control and was assessed using cell titer blue assay. Bars represent mean ± SD (n=3). *: 

p<0.05
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Figure 3. 
Effect of KDM1A inhibition on 5-ALA and HPPH PDT: (A, B) HaCaT and FaDu cells 

were treated with bizine and 5-ALA and exposed to red light (635nm) (C, D) HaCaT and 

FaDu cells treated with bizine and HPPH and exposed to red light (635nm). Cell viability 

is expressed as a percentage of control and was assessed using cell titer blue assay. Bars 

represent mean ± SD (n=3) *:p<0.05
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