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Abstract 

 

Background: Photodynamic therapy with a photosensitizer such as protoporphyrin-IX, a light sensitive 

metabolite of heme synthesis, is a highly selective treatment for various carcinomas. In previous 

studies, we found a significant down regulation of the relevant enzyme ferrochelatase in 

gastrointestinal carcinomas leading to an accumulation of protoporphyrin-IX within the tumor cells. 

Recent studies showed that a novel anti-cancer drug, Alectinib, an orally available, highly selective, 

potent second-generation inhibitor of anaplastic lymphoma tyrosinkinase binds to ferrochelatase. 

Therefore, we were interested to see whether Alectinib treatment might lead to an accumulation of 

protoporphyrin IX.  

Methods: Tumor cells of different origin were cultured, treated with LED-light and Alectinib. Results 

were gained by flow cytochemistry, immunohistochemistry and western blotting. Apoptosis was 

determined by flow cytometric analysis of Annexin V-FITC stained cells. In addition, cells were 

counterstained with propidium iodide to distinguish early apoptotic cells and late apoptotic/necrotic 

cells. 

Results: Here, we report that photodynamic treatment of tumor cell lines of different origin in 

combination with Alectinib increased protoporphyrin-IX specific fluorescence and concomitantly cell 

death.  

Conclusions: The usage of Alectinib might be a crucial step for enhancing the effectiveness of 

photodynamic therapy. Further experiments will show whether photodynamic therapy in combination 

with Alectinib could be a new strategy for the treatment of e.g. peritoneal disseminated carcinomas. 

 

 

Keywords: Photodynamic therapy, protoporphyrin-IX, ferrochelatase, Alectinib, gastrointestinal 

carcinomas. 
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Background  

Photodynamic therapy is a promising alternative approach for improving cancer treatment. This 

approach has several advantages such as noninvasive treatment, repeatability without side effects, 

little or no scar after healing and short treatment times. However, treatment efficacy depends on 

accurate light delivery to the tumor and sufficient tissue oxygenation. Crucial for photodynamic 

therapy is the choice of a photosensitizer such as protoporphyrin IX (PpIX), a light sensitive metabolite 

of heme synthesis. After treatment with light, PpIX is able to transfer that energy to molecular oxygen, 

leading to generation of reactive oxygen species (ROS) responsible for cellular oxidation and 

subsequent necrotic and/or apoptotic cell death of tumor cells [1]. PpIX is under extensive study as a 

photosensitizer for tumor detection and photodynamic therapy [2]. On the one hand, generation of 

PpIX depends on a sufficient intracellular delivery of the precursor substance 5-aminolevulinic acid (5-

ALA). On the other hand, generation of PpIX can be increased by down-regulation of the activity of the 

ferrochelatase FECH (EC 4.99.1.1), since PpIX is converted into heme by insertion of iron by FECH 

localized within the inner mitochondrial membrane. 

In previous studies, we were able to demonstrate a significant down regulation of FECH in 

gastrointestinal carcinomas leading to the accumulation of PpIX within the tumor cells [3]. Later, we 

introduced the use of a siRNA-based probe that is capable of amplifying the specific endogenous 

fluorescence emission of PpIX within cancerous tissue by inhibition of FECH expression [4]. By 

measuring the thermal stability of proteins ligand binding in living cells, FECH was identified as a target 

of several kinase inhibitors in recent studies [5, 6]. One of them, Alectinib (CH5424802), is an orally 

available, highly selective, potent second-generation inhibitor of anaplastic lymphoma tyrosinkinase 

(ALK).  These results suggest that Alectinib is able to block the activity of FECH. Alectinib demonstrated 

a favorable safety profile and clinically meaningful response in patients with ALK-positive metastatic 

NSCLC and was granted accelerated approval by the United States Food and Drug Administration (FDA) 

on December 11, 2015 [7]. Alectinib has shown strong efficacy in the treatment of ALK-positive non-

small-cell lung cancer [8].  

The aim of this paper was to find out whether pretreatment of tumor cells with Alectinib leads to an 

enhanced concentration of PpIX due to inhibition of FECH and how this affects the induction of cell 

death. We focused on induction of PpIX in the breast cancer cell line MDA-MB-231. First, we tried to 

determine quantitatively the effect of addition of 5-ALA (section II) and light treatment (section III) on 

PpIX accumulation and cell death (section IV). Then we used this data for assessment of the effect of 

Alectinib on PpIX accumulation in cancer cell lines of different origin. Here, we report that treatment 

of tumor cells with Alectinib increased PpIX-fluorescence and concomitantly cell death of tumor cells 

after photodynamic treatment. Thus, the usage of Alectinib might be a crucial step for improving 

photodynamic therapy of various tumor entities. 
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Results  

 

I Alectinib induces PpIX-Fluorescence in tumor cells 

Recent studies showed that a novel anti-cancer drug, Alectinib, is able to bind the FECH-enzyme. Thus, 

we suspect that Alectinib inhibits the activity of FECH within the heme metabolism. In an initial 

experiment, we examined how the treatment of cancer cells with Alectinib affects the generation of 

PpIX by fluorescence microscopy detection.  As a control treatment here, we examined Crizotinib which 

is another multiple tyrosine kinase inhibitor (TKI) of ALK and has also been approved for ALK-rearranged 

NSCLC [8]. Thus, the effects of both TKIs on generation of PpIX-fluorescence in human breast cancer 

cell line MDA-MB-231 were assessed Since both TKIs have been approved for treatment of NSCL also 

their effects on PpIX accumulation in the ALK positive NSCLC tumor cell lines H1299 and H460 [9] were 

examined. Briefly, cells were seeded into 6-well plates (2x105 cells/2 ml RPMI with 10% FCS, 1% 

Glutamine). Next day, cells were treated for 24 hours at 37°C in a cell incubator with 10 µM Alectinib 

or Crizotinib. Upon Alectinib or Crizotinib treatment, cells were incubated with 100 µM ALA/RPMI 

medium without phenol red for 3 hours. Then, cells were transferred into an Axiovert 200M Inverted 

Fluorescence Microscope equipped with a 545/30 nm (excitation), 620/60 nm (emission) filter set, and 

bright field microscopy pictures and PpIX-Fluorescence images were obtained by Openlab software 

(Improvision). Treatment with 10 µM Alectinib induced PpIX-fluorescence in the two NSCLC cell lines 

as well as in MDA-MB-231 breast cancer cells, while Crizotinib was not effective (Figure 1). Similarly, 

control treatment with 1 % DMSO in PBS was not effective. Thus, we were able to demonstrate that 

Alectinib in fact induces an accumulation of PpIX as detected by its specific fluorescence. These results 

are in accordance with data showing that only Alectinib but not Crizotinib binds to the FECH protein 

[5,6]. Interestingly, Alectinib but not Crizotinib acts also on PpIX accumulation in the ALK positive NSCLC 

tumor cell lines H1299 and H460. 

 

II Addition of aminolevulinic acid for induction of PpIX-Fluorescence in tumor cells  

The results of the initial experiment (I) encouraged us to study the effects of Alectinib in detail. On the 

one hand, generation of PpIX can be increased by down-regulation of the activity of FECH, on the other 

hand, generation of PpIX depends on a sufficient intracellular delivery of the precursor substance (5-

ALA). Therefore, it was necessary to assess the effect of Alectinib on PpIX-fluorescence with regard to 

a treatment of cells with various concentrations of 5-ALA. To this end, the human breast cancer cell 

line MDA-MB-231 was incubated with 10 µM Alectinib in 1 % DMSO for 24 hours at 37°C in a cell 

incubator. Since the generation of PpIX depends also on a sufficient intracellular concentration of the 

precursor 5-ALA, cells were pretreated with various concentrations of 5-ALA for 3 h. After another 

washing step, PpIX-fluorescence of the cells was directly assessed by flow cytometry with an excitation 
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of 405 nm and emission at 698 nm (Filter 695/40). Treatment with Alectinib dissolved in DMSO resulted 

in a higher PpIX-fluorescence compared to treatment with DMSO alone for concentrations of 5-ALA up 

to 250 µM. If cells were treated with higher concentrations of 5-ALA, there was no difference between 

Alectinib treatment and control with DMSO alone (Figure 2). Thus, ALA exceeds the effect of Alectinib 

on PpIX-fluorescence at higher concentrations. Therefore, for further experiments with Alectinib a 5-

ALA concentration of 150 µM was used and an Alectinib concentration of 10 µM. 

 

III Induction of PpIX-fluorescence and cell apoptosis by treatment with light.  

After treatment with light, PpIX is able to transfer that energy to molecular oxygen, leading to 

generation of reactive oxygen species (ROS) responsible for cellular oxidation and subsequent 

apoptosis or necrosis of tumor cells [1]. Here, we were interested to see how a specific light treatment 

induced apoptosis induction in MDA-MB-231 breast cancer cells. To this end, exposure of cells to LED 

light of 405 nm was assessed. Cells were pretreated with 150 µM 5-ALA for 3 h. After washing, cells 

were exposed to a LED emitting light at a wavelength of 405 nm, which was operated at 25 mA leading 

to an intensity of 4 mW/cm2. Duration of light treatment was between 20 min. and 180 min within the 

cell incubator. After light treatment, apoptosis was determined by flow cytometric analysis of cells, 

stained for phosphatidylserine exposure by use of an Annexin V-FITC detection kit (BD Biosciences). 

Exposure of MDA-MB-231 breast cancer cells pretreated with 5-ALA to LED light led to an apoptosis 

rate of about 20 % apoptotic, Annexin V-FITC positive cells (Figure 3). A treatment of 60 min. turned 

out to be sufficient for this apoptosis rate. Therefore, this exposure time was used in further 

experiments. 

 

IV Induction of phosphatidylserine exposure by Alectinib and light treatment 

Now we asked how light treatment effects cell death induction by Alectinib. The breast cancer cell line 

MDA-MB-231 but also human NSCLC cancer cell lines NCI-H460 and NCI-H1299 were treated with 10 

µM Alectinib as above (II). After washing, cells were treated with 150 µM 5-ALA for 3 h. After another 

washing step, cells were exposed to a LED emitting light as above (III) and apoptosis was determined 

by flow cytometric analysis of Annexin V-FITC stained cells. ALA-treatment did not significantly change 

induction of apoptosis. In contrast, additional Alectinib treatment strongly induced phosphatidylserine 

exposure in all three human cancer cell lines.  Around 26% of the NCI-H460, 18% of NCI-H1299 and 

26% of the MDA-MB-231 cells were positive for Annexin V-FITC staining (Figure 4). Upon light exposure, 

however, cells showing a positive staining for Annexin V-FITC increased up to 42%, 30% and 35%, 

respectively (Figure 4, columns on the right side). Exposure of cells to LED light (405 nm) increased the 

effect of Alectinib significantly (p<0.05). Therefore, this combination of Alectinib treatment and 

exposure to a LED emitting light at a wavelength of 405 nm was used in further experiments.  
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V Induction of apoptosis by Alectinib in various cancer cell lines  

Cells of various cancer cell lines such as the breast carcinoma line MDA-MB-231, esophageal 

adenocarcinoma OE33, gastric carcinoma MKN28, colorectal carcinoma SW480, and NSCLCs NCI-H460 

and NCI-H1299 were treated as above (10 µM Alectinib, 150 µM 5-ALA for 3 h, and LED emitting light 

at a wavelength of 405 nm for one hour). Apoptosis was determined by flow cytometric analysis of 

Annexin V-FITC stained cells. In addition, cells were counterstained with propidium iodide (PI) to 

distinguish early apoptotic cells (Annexin V-positive/PI-negative) and late apoptotic/necrotic cells. 

Combined treatment of cells with Alectinib and LED light led to enhanced cell death in all cells (Figure 

5). However, the amount of early apoptotic cells and late apoptotic/necrotic cells varies between the 

different cell lines. We next examined the status of FECH of all cell lines upon treatment with Alectinib 

(Figure 5, right) by Western blotting using an antibody specific for FECH. As expected all cell lines 

strongly express FECH and Alectinib treatment did not lead to a change in FECH expression. 

Interestingly, FECH expression did not correlate with the sensitivity of the cells for cell death induction, 

indicating that kinetics of cell death induction by apoptotic or necrotic signaling pathways differ 

between cell lines. 

 

VI Induction of apoptosis by Alectinib in a Bax/Bak double knockout line  

The next question was whether cell death is induced by the intrinsic mitochondrial Bax/Bak dependent 

pathway or if other cell death signaling pathways are involved in cell death induction by the combined 

treatment. Therefore, HCT116 wild-type (wt) cells and the isogenic double knockout subline HCT116-

Bax-/-/ Bak-/- cells were treated as above (10 µM Alectinib, 150 µM 5-ALA for 3 h, and LED emitting light 

at a wavelength of 405 nm for one hour). Knockout of Bax and Bak was confirmed by WB analysis, 

showing loss of expression in HCT116-Bax-/-/ Bak-/- cells (Fig. 6, right). Cells were stained with Annexin 

V-FITC/PI and analyzed by FACS.  Combined treatment of cells with Alectinib, 5-ALA and light led to 

enhanced cell death in HCT116 wt cells. Especially the number of Annexin V-positive/PI-negative (early 

apoptotic) cells is strongly increased (Figure 6), indicating induction of apoptosis upon treatment. 

Compared to wt cells the number of early apoptotic cells is strongly decreased in Bax/Bak deficient 

HCT116 cells. However, although Bax/Bak deficiency blocks induction of early apoptosis, the number 

of Annexin V-positive/PI-positive late apoptotic/necrotic cells increased from around 11% in the wt cell 

line to 19% in the HCT 116-Bax-/-/Bak-/- cell line upon treatment (figure 6, right column). The differential 

sensitivity of wt and Bax/Bak deficient cells is not due to altered FECH expression as WB analysis reveals 

comparable expression of FECH in both cell sublines (Fig. 6, right) demonstrating that sensitivity of 

cancer cells for cell death induction by Alectinib/light treatment essentially depends on the activity of 

various cell death signaling pathways.  
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Discussion 

 

A highly selective treatment for malignant cells is photodynamic treatment with 5-ALA. Beneficial 

effects of ALA-PDT have been demonstrated for various carcinomas, e.g. [12]. Recently, Hatakeyama et 

al. [13] showed that ALA-PDT using LED light is effective and useful for the treatment of colorectal 

carcinomas. Here, we were able to demonstrate that the efficiency of ALA-PDT could be enhanced by 

treatment of cancer cells with Alectinib, an orally available, highly selective, potent second-generation 

inhibitor of anaplastic lymphoma tyrosinkinase (ALK). Cancer cell lines of different origin such as the 

breast carcinoma line MDA-MB-231, esophageal adenocarcinoma OE33, gastric carcinoma MKN28, 

colorectal carcinoma SW480, and NSCLCs NCI-H460 and NCI-H1299 were examined. Combined 

treatment of cells with Alectinib and LED light led to enhanced cell death in all cells (Figure 5). 

Interestingly, since Alectinib promotes PpIX accumulation also in the ALK positive NSCLC tumor cell 

lines H1299 and H460, an additive treatment of NSCLC with ALA-PDT might enhance the beneficial 

therapeutic effect of Alectinib in these carcinomas. 

Another focus of our interest was to investigate whether cell death is induced by the intrinsic 

mitochondrial Bax/Bak dependent pathway or if other cell death signaling pathways are involved in cell 

death induction by the combined treatment. As the intrinsic apoptosis signaling pathway is blocked in 

Bax/Bak deficient cells, Annexin V-positive/PI-positive cells induced by combined treatment in these 

cells most likely represent necroptotic cells. These results indicate that upon loss of Bax and Bak 

alternative cell death signaling pathways are induced by combined treatment. Induction of Bax/Bak 

dependent apoptosis might by mediated by the BH3-only protein Puma, which has recently been 

demonstrated to be activated by ALA-PDT [10]. On the other hand, ROS, which is induced by ALA-PDT, 

participates in the regulation of necroptosis and enhances necrosome formation [11]. Therefore, ROS 

might induce necroptosis upon Alectinib, 5-ALA and light treatment as an alternative cell death 

pathway when induction of apoptosis is blocked. 

Peritoneal dissemination represents a devastating form of colorectal or gastric cancer progression with 

a dismal prognosis. For gastric cancer, the 5-year survival rate of patients with peritoneal dissemination 

is only 2% [14]. Median survival for patients with peritoneal carcinomatosis of colorectal carcinomas is 

about 42 days only [15]. Diagnosing minimal peritoneal dissemination improves the prognosis because 

the patients undergo chemotherapy treatment earlier. Kondo et al. [16] observed better diagnostic 

accuracy using 5-ALA photodynamic diagnosis compared to conventional laparoscopy in patients with 

colorectal cancer. According to their investigations, 5-ALA photodynamic diagnosis is a promising 

candidate for diagnosing peritoneal dissemination in colorectal cancer.  
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Conclusions 

Photodynamic treatment of tumor cell lines of different origin in combination with Alectinib increased 

protoporphyrin-IX specific fluorescence and concomitantly cell death. Thus, the usage of Alectinib 

might be a crucial step for enhancing the effectiveness of photodynamic therapy. Since Alectinib 

promotes PpIX accumulation also in the ALK positive NSCLC tumor cell lines H1299 and H460, an 

additive treatment of NSCLC with ALA-PDT might enhance the beneficial therapeutic effect of Alectinib 

in these carcinomas. Moreover, further experiments in animal models with peritoneal metastases of 

gastrointestinal carcinomas will show whether a combination of photodynamic therapy with Alectinib 

treatment could be a new strategy for diagnosis or even treatment of peritoneal disseminated 

carcinomas. 

 

 

Abbreviations 

5-ALA, 5-Aminolevulinic acid 

ALA-PDT, Aminolevulinic acid-mediated photodynamic therapy  

ALK, anaplastic lymphoma tyrosinkinase  

FECH, Ferrochelatase (EC 4.99.1.1) 

FITC, Fluorescein isothiocyanate  

LED, Light Emitting Diode 

NSCLC, Non-small-cell lung carcinoma  

PI, Propidium iodide  

PpIX, Protoporphyrin-IX 

ROS, reactive oxygen species (ROS) 

WB analysis, western blot analysis 

Wt, wild-type cells 

TKI, multiple tyrosine kinase inhibitor 
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Methods 

 

Chemicals and reagents. BSA, 5-aminolevulinic acid (ALA), DMSO, and 4',6-Diamidino-2-phenylindole 

dihydrochloride hydrate (DAPI) were purchased from Sigma-Aldrich (Munich, Germany); RPMI cell 

culture medium, Dulbecco’s Modified Eagle’s Medium, fetal calf serum, phosphate buffered saline, 

antibiotics, Trypsin/EDTA and L-Glutamine from GIBCO (Eggenstein, Germany), and Accutase form 

BIOZOL (Eching, Germany). Alectinib, Crizotinib were bought from Absource Diagnostics GmbH 

(Munich, Germany) solved in DMSO (1mM stock solution) and stored at -20°C. ANNEXIN V-FITC 

APOPTOSIS DETECTION KIT was obtained from BD-Biosciences Pharmingen (Heidelberg, Germany). 

Fluorescent mounting antifading reagent was obtained from (DAKO, CA, USA).  

 

LED light source. A special light device has been constructed to allow illumination with light of defined 

spectral composition and calibrated intensity. A Light Emitting Diode (LED) UV5TZ-405-30 (Bivar Inc., 

Irvine, CA) was placed into the center of a 30 mm concave reflector. The LED emits light at a center 

wavelength of 405 nm. The half-width Δλ of the spectral profile is 35 nm. Illumination intensity (power 

per area) was measured with a “Solo 2” Laser Power and Energy Meter (Gentec-EO, Quebec, Canada) 

in the center of the illuminated area and in different distances. A desired intensity can be achieved by 

adjustment of the supply current. When the lamp is positioned directly on a TC 6 well plate for cell 

incubation (Sarstedt AG & Co., Nümbrecht, Germany) used in the experiments, the distance between 

LED and sample is 25 mm and intensity is 4 mW/cm2. 

 

Cell Culture. Human breast cancer cell lines MDA-MB-231 (Deutsche Sammlung für Mikroorganismen 

und Zellkulturen DSMZ, Braunschweig, Germany) and colorectal carcinoma cells SW480 (ATCC, 

Manassas, VA, USA) were maintained in RPMI (PAA Laboratories, Pasching, Austria) supplemented with 

10% FCS (PAA Laboratories), 2 mM Glutamine. Colorectal carcinoma cells SW480 (ATCC), gastric 

carcinoma cells MKN28 (ATCC), and NSCLC cancer cell lines NCI-H460 and NCI-H1299 were kept in 

DMEM low Glucose (Invitrogen, Karlsruhe Germany), 10% FCS, 2mM Glutamine. Esophageal 

adenocarcinoma cells OE33 (ATCC) were maintained in DMEM 1:1 mixture of low and high Glucose, 

10% FCS, 2mM Glutamine. Cells were incubated in a humidified atmosphere containing 5% CO2 at 37°C. 

HCT116 wild-type cells and the isogenic double knockout subline HCT116-Bax−/−/Bak−/− were kindly 

provided by Dr. R. J. Youle, NIH (Bethesda, MD)[17]. Cells were grown in DMEM supplemented with 

10% FCS, 100,000 units/liter penicillin, and 0.1 g/liter streptomycin at 37 °C with 5% CO2 in a humidified 

atmosphere. Media and culture reagents were from Invitrogen unless stated otherwise. Upon reaching 

approximately 85% confluence, cells were detached with Accutase (Sigma-Aldrich, Germany) in PBS 

containing 0.5 mM EDTA, sub cultured in new flasks and used for the assays. 
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Cell treatment procedures. Cancer cells were seeded into 6-well plates (2x105 cells/2 ml). The next 

day, in some of the experiments, cells with were treated with Alectinib for 24 hours at 37°C in a cell 

incubator. Then, cells were treated with ALA for 3 h. After washing, cells were exposed to a LED emitting 

light at a wavelength of 405 nm. Subsequently, cells were kept for 18 h at 37°C in a cell incubator. 

Apoptosis was determined using an Annexin V-FITC detection kit (BD Biosciences) according to the 

manufacturer’s instructions. For flow cytometric analysis, at least 10,000 cells were evaluated using a 

FACSCalibur or LSRFORTESSA (BD Biosciences). Cell cycle distribution and pre-G1 fraction were 

determined in a quantitative way using the CellQUEST™ program. Annexin V positive –PI negative cells 

are counted as early apoptotic cells. All experiments were done at least in triplicates. 

 
Immunoblotting. After trypsination, cells were washed twice with ice-cold PBS and lysed in 10 mM 

Tris-HCl pH 7.5, 137 mM NaCl, 1% Triton X-100, 2 mM EDTA, 1 mM pepstatin, 1 mM leupeptin, and 100 

µM phenylmethyl sulfonylfluoride (PMSF). Protein concentration was determined using the Thermo 

Scientific Pierce BCA Protein Assay Kit (Life Technologies GmbH) and equal amounts of protein (20 μg 

per lane) were separated by SDS-PAGE. After electrophoresis proteins were transferred onto 0.2 μm 

nitrocellulose membranes by semi-dry blotting using a Bio-Rad Trans-blot SD transfer cell. Membranes 

were blocked in blocking buffer (5% BSA, 0.1% Tween-20 in PBS) for 1 h, followed by an overnight 

incubation with primary antibodies in blocking buffer at 4°C. Primary antibodies used were anti-Bak 

mAb (clone TC102) from Calbiochem (Merck KGaA, Darmstadt, Germany), anti-Bax mAb (clone YTH-

2D2) from Trevigen (Gaithersburg, USA) and mouse anti-FECH (A-3) from Santa Cruz Biotechnology 

(Heidelberg, Germany). Secondary antibodies coupled to horseradish peroxidase (from Promega, 

Mannheim, Germany) and Pierce ECL Western Blotting Substrate reagents were used to detect proteins 

by chemoluminescence. 

 

Microscopy. Cancer cells were seeded into 6-well plates (2x105 cells/2 ml), treated for 24 hours with 

10 µM Crizotinib or Alectinib. Thereafter, cells were incubated with 100 µM ALA for 4 hours. Microscopy 

images were then taken using an Axiovert 200 inverse fluorescence microscope (Carl Zeiss, Inc.) 

equipped with a Hamamatsu ORCA-ER digital camera using the Openlab software (Improvision). 

 

Statistical analysis 

Experimental data were presented as the mean ± standard deviation (SD). Statistical analyses were 

performed using the GraphPad Prism 5. Student t test was used for data analysis between two 

groups. P-values of less than 0.05 were considered statistically significant. 
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Figure and Table Legends  
 

Fig 1 Fluorescence of NSCLC and breast cancer cells after treatment with Alectinib. 
NSCLC cells H460, H1299 and MDA-MB-231 breast cancer cells were treated for 24 hours with 10 µM 
Crizotinib (middle rows) or Alectinib (lower rows) in 6 well plates. Thereafter, cells were incubated with 
100 µM ALA for 4 hours. Bright field microscopy pictures (left columns) and PpIX-Fluorescence (right 
columns) were assessed in parallel using Axiovert 200M Inverted Fluorescence Microscope. Treatment 
with Alectinib induced PpIX-fluorescence in the cancer cells, while Crizotinib was not effective. 
 

Fig 2 Addition of ALA increased Alectinib-stimulated PpIX-fluorescence breast cancer cells.  
Human breast cancer cell lines MDA-MB-231 were incubated with 10 µM Alectinib for 24 hours. 
Subsequently, cells were treated with ALA (X-axis) for 3 h. PpIX-fluorescence (Y-axis, arbitrary units) of 
the cells was directly assessed by flow cytometry with an excitation of 405 nm and emission at 698 nm 
(Filter 695/40). Treatment with Alectinib (dashed line) dissolved in DMSO resulted in a higher PpIX-
fluorescence compared to treatment with DMSO alone (solid line) for concentrations of ALA up to 250 
µM. Depicted is the median of three measurements.  
 

Fig 3 Induction of phosphatidylserine exposure in breast cancer cells due to LED light treatment. 
Light induction of apoptosis in MDA-MB-231 breast cancer cells pretreated with 250 µM ALA. LED lamp 
emitting light at a wavelength of 405 nm was operated at 25 mA leading to an intensity of 4 mW/cm2. 
Duration of light treatment was between 20 min. and 180 min. (X-axis). Apoptosis was determined 
using an Annexin V-FITC detection kit by flow cytometry. Exposure of ALA-pretreated MDA-MB-231 
breast cancer cells to LED light led to a rate of about 20 % apoptotic cells. 
 

Fig 4 Light treatment increased Alectinib-induced phosphatidylserine exposure of NSCLC and breast 
cancer cells.  
NSCLC cells H460, H1299 and MDA-MB-231 breast cancer cells were / or were not treated with 10 µM 
Alectinib, 150 µM ALA, and exposure to a LED lamp emitting light at a wavelength of 405 nm (X-axis). 
Phosphatidylserine exposure (Y-axis) was determined using an Annexin V-FITC detection kit by flow 
cytometry. Light treatment (black columns) increased the effect of Alectinib (right side of each figure) 
significantly. 
 

Fig 5 Apoptosis induction by Alectinib and light treatment in carcinoma cell lines. 
A) Cells of various cancer cell lines such as the breast carcinoma line MDA-MB-231, esophageal 
adenocarcinoma OE33, gastric carcinoma MKN28, colorectal carcinoma SW480 and NSCLC cells H460, 
H1299 were treated with DMSO alone or with 10 µM Alectinib/DMSO, 150 µM ALA, and LED light. Cells 
were stained using an Annexin V-FITC detection kit, counterstained by PI and apoptotic cells were 
determined by flow cytometry. Annexin V-positive/PI-negative cells were considered as early apoptotic 
cells, Annexin V-positive/PI-positive cells were late apoptotic/necrotic cells. Combined treatment of 
cells with Alectinib, ALA and LED light led to enhanced cell death in all the cell lines. B) WB analysis 

reveals that all cell lines strongly express FECH and that FECH expression levels were not changed by 
Alectinib treatment. 
 

Fig 6 Apoptosis Induction by Alectinib and light treatment in HCT116 Bax-/- / Bak-/-. 
HCT116 wild-type (WT) cells and isogenic double knockout subline HCT116-Bax-/-/Bak-/- cells were 
treated with DMSO alone or 10 µM Alectinib/DMSO, 150 µM, and LED light. Combined treatment of 
cells with Alectinib and light induced cell death in both cell lines, but number of Annexin V-positive/PI-
negative was significantly reduced and number of Annexin V-positive/PI-positive increased in the 
double knockout cells in comparison to HCT116 WT. WB analysis (right side) confirmed loss of Bax and 

Bak expression in HCT116 double knock out cells and shows that FECH expression in HCT116-wt cells 
and isogenic HCT116-Bax-/-/Bak-/- cells is comparable. 



Figures

Figure 1

Fluorescence of NSCLC and breast cancer cells after treatment with Alectinib. NSCLC cells H460, H1299
and MDA-MB-231 breast cancer cells were treated for 24 hours with 10 μM Crizotinib (middle rows) or
Alectinib (lower rows) in 6 well plates. Thereafter, cells were incubated with 100 μM ALA for 4 hours.
Bright �eld microscopy pictures (left columns) and PpIX-Fluorescence (right columns) were assessed in
parallel using Axiovert 200M Inverted Fluorescence Microscope. Treatment with Alectinib induced PpIX-
�uorescence in the cancer cells, while Crizotinib was not effective.



Figure 2

Addition of ALA increased Alectinib-stimulated PpIX-�uorescence breast cancer cells. Human breast
cancer cell lines MDA-MB-231 were incubated with 10 μM Alectinib for 24 hours. Subsequently, cells were
treated with ALA (X-axis) for 3 h. PpIX-�uorescence (Y-axis, arbitrary units) of the cells was directly
assessed by �ow cytometry with an excitation of 405 nm and emission at 698 nm (Filter 695/40).
Treatment with Alectinib (dashed line) dissolved in DMSO resulted in a higher PpIX-�uorescence
compared to treatment with DMSO alone (solid line) for concentrations of ALA up to 250 μM. Depicted is
the median of three measurements.



Figure 3

Induction of phosphatidylserine exposure in breast cancer cells due to LED light treatment. Light
induction of apoptosis in MDA-MB-231 breast cancer cells pretreated with 250 μM ALA. LED lamp
emitting light at a wavelength of 405 nm was operated at 25 mA leading to an intensity of 4 mW/cm2.
Duration of light treatment was between 20 min. and 180 min. (X-axis). Apoptosis was determined using
an Annexin V-FITC detection kit by �ow cytometry. Exposure of ALA-pretreated MDA-MB-231 breast
cancer cells to LED light led to a rate of about 20 % apoptotic cells.

Figure 4

Light treatment increased Alectinib-induced phosphatidylserine exposure of NSCLC and breast cancer
cells. NSCLC cells H460, H1299 and MDA-MB-231 breast cancer cells were / or were not treated with 10
μM Alectinib, 150 μM ALA, and exposure to a LED lamp emitting light at a wavelength of 405 nm (X-axis).
Phosphatidylserine exposure (Y-axis) was determined using an Annexin V-FITC detection kit by �ow
cytometry. Light treatment (black columns) increased the effect of Alectinib (right side of each �gure)
signi�cantly.



Figure 5

Apoptosis induction by Alectinib and light treatment in carcinoma cell lines. A) Cells of various cancer cell
lines such as the breast carcinoma line MDA-MB-231, esophageal adenocarcinoma OE33, gastric
carcinoma MKN28, colorectal carcinoma SW480 and NSCLC cells H460, H1299 were treated with DMSO
alone or with 10 μM Alectinib/DMSO, 150 μM ALA, and LED light. Cells were stained using an Annexin V-
FITC detection kit, counterstained by PI and apoptotic cells were determined by �ow cytometry. Annexin
V-positive/PI-negative cells were considered as early apoptotic cells, Annexin V-positive/PI-positive cells
were late apoptotic/necrotic cells. Combined treatment of cells with Alectinib, ALA and LED light led to
enhanced cell death in all the cell lines. B) WB analysis reveals that all cell lines strongly express FECH
and that FECH expression levels were not changed by Alectinib treatment.



Figure 6

Apoptosis Induction by Alectinib and light treatment in HCT116 Bax-/- / Bak-/-. HCT116 wild-type (WT)
cells and isogenic double knockout subline HCT116-Bax-/-/Bak-/- cells were treated with DMSO alone or
10 μM Alectinib/DMSO, 150 μM, and LED light. Combined treatment of cells with Alectinib and light
induced cell death in both cell lines, but number of Annexin V-positive/PI-negative was signi�cantly
reduced and number of Annexin V-positive/PI-positive increased in the double knockout cells in
comparison to HCT116 WT. WB analysis (right side) con�rmed loss of Bax and Bak expression in
HCT116 double knock out cells and shows that FECH expression in HCT116-wt cells and isogenic
HCT116-Bax-/-/Bak-/- cells is comparable.
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