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Abstract

Verteporfin (VP), a benzoporphyrin derivative, is clinically used in photodynamic therapy for

neovascular macular degeneration. Recent studies indicate that VP may inhibit growth of

hepatoma cells without photoactivation hrough inhibition of YAP-TEAD complex. In this study,

we examined the effects of VP without light activation on human retinoblastoma cell lines.

Verteporfin but not vehicle control inhibited the growth, proliferation and viability of human

retinoblastoma cell lines (Y79 and WERI) in a dose-dependent manner and was associated with

downregulation of YAP-TEAD associated downstream proto-oncogenes such as c-myc, axl, and

surviving. In addition VP affected signals involved in cell migration and angiogenesis such as

CTGF, cyr61, and VEGF-A but was not associated with significant effect on the mTOR/

autophagy pathway. Of interest the pluripotency marker Oct4 were downregulated by Verteporfin

treatment. Our results indicate that the clinically used photosensitizer VP is a potent inhibitor of

cell growth in retinoblastoma cells, disrupting YAPTEAD signaling and pluripotential marker

OCT4. This study highlights for the first time the role of the YAP-TEAD pathway in

Retinoblastoma and suggests that VP may be a useful adjuvant therapeutic tool in treating Rb

patients.
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INTRODUCTION

Retinoblastoma is the most common primary malignant intraocular tumor in infants and

children. In the United States, it affects 12 per million children aged 0-4 years, representing

6.1% of all childhood cancers under the age of 5 years (Broaddus et al., 2009). Slightly more

than half of the patients have the sporadic or non-inherited form of the disease, which results

from the spontaneous inactivation of the retinoblastoma gene (RB1). Despite progress in the

treatment of retinoblastoma, significant problems remain unsolved and metastatic disease is

all too often fatal (Rodriguez-Galindo et al., 2003). Although several treatment modalities

are available for retinoblastoma, including local control of small to intermediate size tumors

with laser and/or cryotherapy sometimes in combination with radiation and/or

chemotherapy, or enucleation with or without systemic chemotherapy to control metastatic

disease, each of them has major drawbacks, especially in pediatric patients. For example,

conventional external beam radiation, which is used to control large tumors, has many

complications, including an increased incidence of secondary malignancies, such as

osteosarcoma. This complication occurs more frequently in patients with the hereditary-form

of retinoblastoma. The 30-year cumulative incidence of second malignancies is >35% for

patients who received external beam therapy vs 6% for those patients without radiation

(Roarty et al., 1988). Intra-atrerial chemotherapy is a more recent treatment option for

retinoblastoma, however variables that affect blood flow can greatly affect drug delivery and

therapy success (Marr et al., 2012) and can be complicated by retinal and choroidal

vasculopathy in up to 10% to 20% of patients (Bianciotto et al., 2012; Muen et al., 2012).

Direct intravitreal injection of melphalan has also been tested as an effective modality in

controlling active vitreous seeds, however there is concern for tumor dissemination

(Ghassemi and Shields, 2012; Munier et al., 2012). Systemic chemotherapy used for

treatment for intraocular retinoblastoma with subsequent consolidation with

photocoagulation, cryotherapy, or radiotherapy has a recurrence rate of 24% by 5 years

(Shields et al., 2002). This increases to 50% for patients with vitreous seeds (Shields et al.,

2003). The recent reports (Sussman et al., 2003; Schefler et al., 2007; Shields, 2009; Shields

et al., 2009) revealed success for local control approaching 90–100% for group A–C, but in

less than 50% for group D (new international classification). In addition, significant

morbidity with the chemotherapy has been described previously (Benz et al., 2000). One of

the drugs used for chemotherapy (etoposide) is thought to be associated with increased

incidence of acute myeloblastic leukemia although the actual cases implicated so far have

been low with ~20 cases reported (Nishimura et al., 2001). For these reasons, there is a

pressing need for alternative treatment modalities for retinoblastoma with better safety and

efficacy profiles.

Verteporfin (VP) belongs to the porphyrin family, which contains aromatic heterocyclic

cyclic molecules composed of four modified pyrrole units which are interconnected at their

carbon atoms via methine bridges (Liu-Chittenden et al., 2012). Photodynamic therapy

(PDT) using verteporfin is a clinically approved, minimally invasive therapeutic procedure

that involves administration of a photosensitizing agent followed by irradiation at a

wavelength of 693nm corresponding to an absorbance band of the sensitizer (Agostinis et

al., 2011). In wet age related macular degeneration (AMD), liposomal VP (trade name
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Visudyne) accumulates in abnormal blood vessels, where it is activated by nonthermal laser

at 693nm generating reactive oxygen radicals. This results in local damage to the

endothelium as well as blockage, and potential elimination of the vessels. It has been

clinically used worldwide resulting in vision preservation in many patients (Miller et al.,

1999). VP has also been tested but not yet approved as a light-based therapeutic modality for

several human cancers (Pogue et al., 2003; Harbour, 2004; Isola et al., 2006; Celli et al.,

2011; MS et al., 2011). In human cancers PDT with visudyne may act not only at the cancer

vasculature but also directly on the cancer cells and act as a inducer of apoptosis or

autophagy (Kessel et al., 2006).

Yes Associated Protein (YAP) is or has been suggested to be a major candidate oncogene in

the human chromosome 11q22 amplicon, and mutations or abnormal expression of Hippo-

pathway components are associated with human tumorigenesis (Fernandez-L et al., 2012;

Liu et al., 2012; Mo et al., 2012). As a transcriptional coactivator, YAP has been reported to

bind to several DNA-binding transcription factors, and among the reported YAP binding

partners, the TEAD transcription factors are the best characterized (Vassilev, 2001). Recent

studies indicate that VP may disrupt YAP-TEAD complex and inhibit growth of

hepatocellular carcinoma without light activation (Liu-Chittenden et al., 2012).

Since YAP-TEAD pathway is usually not active in normal tissues, drugs disrupting this

interaction have the potential for increased cancer specificity with minimal healthy tissue

toxicity making them valuable novel potential therapeutic option. For this reason we

investigated the effects of non-light activated -VP on human retinoblastoma cells.

MATERIALS AND METHODS

Reagents

Verteporfin (Visudyne) was obtained from Novartis (Novartis, Basel, Switzerland).

Metformin, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and

ribonuclease-A were purchased from Sigma Aldrich (St.Louis, MO, USA). Propidium

iodide was purchased from Invitrogen (Carlsbad, CA, USA). The following primary

antibodies were purchased from Cell Signaling technology (Danvers, MA, USA) and used

diluted 1:1000 unless stated otherwise: c-myc, axl, phospho-S6 ribosomal protein

(Ser235/236), phospho-4EBP1 (Thr37/46), p21 Waf1/Cip1, p27Kip1, LC3B, phospho-p38

MAPK (Thr180/Tyr182) and p44/42 MAPK (Erk1/2), PCNA (1:2000), 4-Oct, survivin,

pAkt (S473) (1:2000), pAkt (T308). The following primary antibodies were purchased from

Epitomics (Burlingame, CA, USA): cyclin D1, D3, E1, E2, A2 and the following from Santa

Cruz (Dallas, Texas, USA): cyr61 (1:500), VEGFA (1:500), CTGF (1:500).

Cell culture

The human retinoblastoma cells Y79 and WERI (ATCC, Manassas, VA, USA) were grown

in RPMI 1640 medium (Invitrogen, Grand Island, NY, USA) supplemented with 15% fetal

bovine serum (FBS) (ATCC), penicillin (100μg/ml), streptomycin (100μg/ml), 2mM L-

glutamine, 10mM HEPES (all from Invitrogen). Cells were incubated at 37°C in a

humidified atmosphere of 95% air and 5% CO2 and split when the cells reached
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approximately 90% confluence. Cells were protected from light at any time (aluminium foil)

and all experiments were performed in darkness.

Assessment of growth curves and doubling time

The cells were seeded in 6-well plates at amount 4.5×105 cells per well. Verteporfin was

added (final concentrations 2μg/ml or 10μg/ml) and cells were incubated for 5 days. At days

3 and 5 cell number and viability were determined by the trypan blue (0.4%) dye exclusion

method. Growth curve was drawn. Experiment was performed 3 times with 2 wells per

condition each time.

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) assay: measurement of
cell growth and viability

Cell viability was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT) assay. MTT assay is used to measure the reduction of a tetrazolium compound by the

cellular mitochondria, producing an optically active soluble formazan.

Cells were cultured in 48-well plates at density 60,000 cells per well in 300ul growth

medium. After 1 and 3 days of treatment with VP, MTT (5 mg/mL in PBS) was added to

each well at a 1/10 volume. Cells were incubated for 1hour at 37°C and resuspended in

DMSO. The absorbance at 595 nm was measured using a microplate reader. Data are

displayed as percentage of control.

Flow cytometry: assessment of cell cycle

Cellular DNA content was assessed by flow cytometry. Cells were seeded in 6-well plates at

density 500,000 cells per 2 ml growth medium and were treated with verteporfin (final

concentrations 2μg/ml or 10μg/ml) for 48h. After overnight fixation in 75% ethanol, cells

were resuspended in PBS with DNase-free RNase A at final concentration 0.3mg/ml and

propidium iodide at final concentration 1mg/ml. DNA content assessed on Becton

Dickinson LSRII flow cytometer. The sub-G1 peak that represented the nonviable cell

population was quantified . Results were analyzed with Diva Software.

Protein extraction and western blot analysis

Cells were incubated for 48 hours in the presence or absence of VP at concentrations 2μg/ml

and 10μg/ml. Control cells were treated with PBS. The samples were lysed in M-PER

Mammalian Protein Extraction Reagent (Thermo-Scientific, Rockford, IL USA)

supplemented with protease (according to manufacturer suggestions; Roche Applied

Science) and phosphatase inhibitor cocktails (dilution 1:50; Thermo-Scientific, Pierce

Protein Research Products). All cells and samples were protected from light at any time. Ten

micrograms of total amount of proteins was loaded onto a 4 – 12% Bis-Tris Gel (NuPAGE;

Invitrogen). The electrophoresis was performed using NuPAGE MOPS Running Buffer

(Invitrogen) and then samples were transferred onto a PVDF membrane (Millipore,

Billerica, MA, USA). After transfer, the membranes were stained with Comassie blue to

ensure equal loading, and then blocked 45min at room temperature in 5% wt/vol BSA

followed by incubation over night at 4C° with the listed above rabbit anti human primary

antibodies. Then the membranes were washed three times 1xTBS 0.1% Tween 20 and
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incubated for 45min at room temperature with the horseradish peroxidase-labeled secondary

anti-rabbit antibody at 1:50000 (Jackson ImmunoResearch, West Grove, PA, USA). The

immunoreactive bands were visualized with ECL exposured onto Fuji RX film

(Fujifilm,Tokyo, Japan). The results were quantified using ImageJ software.

Statistical analysis

Data are expressed as mean and standard error of the mean (SEM). Statistical significance

was evaluated using the one-way ANOVA test with Dunnett's modification for multiple

means comparison or t-test for two means. A p value of < 0.05 was considered to be

significant. Two-tailed tests were used for all comparisons.

RESULTS

Verteporfin inhibits cell growth and viability, and increases doubling time of human
retinoblastoma cell lines Y79 and WERI

In order to determine whether VP without light activation affects human retinoblastoma cell

growth and proliferation, we analyzed its effect on the human retinoblastoma cell line Y79

and WERI. Cell lines were treated with two different concentrations of VP (2 μg/ml and 10

μg/ml) or vehicle control (PBS). All cells were protected from light at any time. Five days of

VP treatment resulted in a decrease in cell colony sizes and a remarkable increase of single

dysmorphic cells in suspension. Cell growth and doubling time assessed by trypan blue

exclusion tests showed increase in doubling time in a dose-dependent manner in both cell

lines (Fig.1A,B). Similarly VP caused a statistically significant inhibition of cell growth and

cell viability as assessed by MTT assay in a time- and dose-dependent manner in both cell

lines (Fig.1C,D) .

VP effects on cell cycle phases

To examine the effects of VP on retinoblastoma cell cycle distribution and progression, we

treated Y79 cells with 2μg/ml and 10μg/ml of VP for 48h, and analyzed cell cycle for

nuclear DNA content by propidiumiodide staining and flow cytometry (Fig.2). VP treatment

at 2μg/ml had minimal effects on cell cycle phases (Fig.2B,D), whereas at 10μg/ml (Fig.

2C,D) led to a small but statistically significant increase inY79 cells in G0/G1 phase from

66% to 70.9% (p<0.001), and a resultant decrease in S-phase and G2/M phase (13.3% to

10.7% and 18% to 14.3% respectively, p<0.05). The cell cycle effects were associated with

a time and dose dependent decrease mostly in cyclins D3, E1, E2 and A2 (Fig.2 E) as

measured by western blot.

Mitogen-activated protein kinases (MAPKs) play a major role in the regulation of cell cycle

and apoptosis (Brancho et al., 2003), and activation of p38 MAPK is associated with an

inhibition of tumor growth. VP treatment induced expression of p38 MAPK in a dose-

dependent manner (Suppl Fig1) suggesting that activation of p38 MAPK may be important

for the inhibition of cell proliferation of retinoblastoma cell line Y79 by VP.
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VP affects YAP-TEAD proto-oncogene pathway in retinoblastoma cells

We next examined whether VP treatment results in alterations in genes regulated by TEAD.

The protein c-Myc is a major proto-oncogene is activated by the HIPPO pathway and is

controlled by YAP/TEAD interactions. It is found in many cancers and is highly amplified

in retinoblastoma. Axl is another protooncogene regulated by the Yap/TEAD complex. It is

a tyrosine receptor kinase and is another oncogene known to be associated with many

cancers including CLL, colon, breast and ocular melanoma and regulated by the YAP/

TEAD complex. Survivin, also called baculoviral inhibitor of apoptosis repeat-containing 5

or BIRC5 is a member of the inhibitor of apoptosis (IAP) family. The survivin protein

functions to inhibit caspase activation, thereby leading to negative regulation of apoptosis or

programmed cell death and is seen to be upregualted in many cancers including

Retinoblastoma. Indeed cells treated with VP (2 μg/ml and 10μg/ml) for 6, 24 and 48h

showed a dose-dependent downregulation of all these proto-oncogenes in retinoblastoma

(Fig 3 A).

VP affects YAP-TEAD signaling pathway □in retinoblastoma cells involved in
angiogenesis and migration (CYR 61, CTGF and VEGF )

Besides oncogenes, YAP/TEAD controls the expression of molecules involved in

angiogenesis and cell migration such as CYR61(CCN1) and CTGF(CCN2). Cysteine-rich

angiogenic inducer 61(CYR61) or CCN family member 1 (CCN1) is critical for blood vessel

formation and vascular integrity, has potent angiogenic activity upon endothelial cells and

induces neovascularization. Connective tissue growth factor (CTGF), also known as CCN2

has important roles in cell adhesion, migration, proliferation and angiogenesis. In addition

VEGF expression has been shown in the past that may be also controlled by TEAD via

interaction with the Vestigial-like (Vgll) transcription coactivators (Teng et al., 2010).

Retinoblastoma cells treated with VP (both 2 and 10 μg / ml ) showed a time and dose

dependent decrease in the expression of all these proteins as examined by western blot

analysis (Fig. 4).

VP down-regulates pluripotency marker OCT-4 in retinoblastoma cells

In contrast to normal cells, pluripotency cell marker OCT-4 is expressed in cancer cells and

in particular in cancer stem cell subpopulation. Given the fact that YAP-TEAD is highly

active and required during early development we wanted to examine the effects of VP on the

pluripotency marker OCT-4. Rb cells treated with VP In our experiments VP led to a

reduction of OCT4 in a dose and time dependent manner (Fig 5) suggesting that VP can act

as a tool in suppressing cancer stem cells.

VP effects on the mTOR and autophagy pathway in retinoblastoma cells

Recently it has been determined that YAP may mediate partial crosstalk between the Hippo

and PI(3)K– TOR pathways and activates the mammalian target of rapamycin (mTOR), a

major regulator of cell growth (Tumaneng et al., 2012). In addition mTOR is a critical

regulator of autophagy induction, with activated mTOR suppressing autophagy, and

negative regulation of mTOR promoting it. To determine whether VP treatment of Y79 cells

was associated with inhibition of the mTOR pathway and activation of autophagy, we
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examined the phosphorylation status of direct downstream targets of mTOR, ribosomal

protein S6, 4EBP1 and Akt and the autophagic marker LC3 by western blot. Analysis of

cells treated with VP showed minimal effects on the mTor pathway suggesting (Suppl Fig 2)

DISCUSSION

Verteporfin has been widely and safely used as a photosensitizer in PDT for neovascular

macular degeneration as well as treatment of several human tumors, after it is activated by

laser light to eliminate abnormal blood vessels (Miller et al 1999). In the present study, we

demonstrate that verteporfin has a potential to induce growth inhibition, apoptosis, and

G0/G1-phase cell cycle arrest in human retinoblastoma cells in vitro without any light

activation by interfering with the YAP-TEAD growth pathway. There is a long history of

clinical use of Photodynamic therapy using VP yet injury of RPE or retina damage is not

seen in the area other than light is exposed. (Husain et al, 1999). Recently, evidence was

acquired that VP may also have a direct inhibitory effect on the growth of cancer cells

without light activation but via disruption of YAP-TEAD complex and prevention of YAP-

induced oncogenic growth (Liu-Chittenden et al., 2012). Yes Associated Protein (YAP) has

been implicated as the candidate oncogene in the human chromosome 11q22 amplicon, and

mutations or abnormal expression of Hippo pathway components are associated with human

tumorigenesis (Fernandez-L et al., 2012; Liu et al., 2012; Mo et al., 2012). As a

transcriptional coactivator, YAP has been reported to bind to several DNA-binding

transcription factors and among the reported YAP binding partners, the TEAD transcription

factors are the best characterized (Vassilev, 2001). TEAD proteins are transcription factors

that are crucial for cell development, but also play a role in cancers. Several TEAD-

interacting coactivators are known including YAP and Vgll proteins. Vgll proteins

upregulate the expression genes such as VEGFA (Teng et al., 2010) an important pro-

angiogenic factor involved in cancer progression (Bellou et al., 2013).

Recent studies have shown that TEADs and their coactivators aid in the progression of

various cancers, including glioblastoma, liver and ovarian cancers (Pobbati and Hong,

2013). They facilitate cancer progression through expression of genes promoting cancer cell

proliferation, which are upregulated by YAP, such as c-myc, surviving and Axl(Xu et al.,

2011; Pobbati and Hong, 2013). The c-myc oncoprotein is a transcription factor, with many

of its target genes encoding proteins that initiate and maintain the transformed state and is

upregulated when Rb function is lost (Prochownik, 2004). Axl (from the Greek word

“anexelekto” or uncontrolled) is a receptor tyrosine kinase has recently been identified as a

critical factor driving tumor cell invasion and migration in mesothelioma and to correlate

with metastasis and poor prognosis in breast and ovarian cancer ( O'Bryan et al, 1991; Chen

et al., 2013). Survivin is a member of the inhibitor-of-apoptosis proteins family. It is

expressed during embryonic and fetal development and by many different cancer cell types

(Coumar et al., 2013). Survivin has also been found in Rb pateints and its levels correlated

with disease stage and response to treatment (Coumar, 2013). All these proto-oncogenes

were downregulated by VP treatment in a dose and time dependent manner in

retinoblastoma cells.
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Another set of proteins regulated by YAP/TEAD involve factors that govern cell migration

and angiogenesis such as CYR61(CCN1) and CTGF(CCN2). Cysteine-rich 61 (Cyr61), one

of the tissue growth factors in the CCN family (Cyr61/CTGF/NOV), is highly expressed in

various cancer tissues and cell lines, including breast cancer, endometrial cancer, MCF-7

cells, SKOV-3 cells, gastric cancer cells, benign prostatic hyperplasia, gliomas, and

melanomas (Lee et al., 2012). Connective tissue growth factor (CTGF), also known as

CCN2 has important roles in cell adhesion, migration, proliferation and angiogenesis and

was recently shown that the PDZ binding motif of YAP is required for its co-activation of

TEAD-mediated CTGF transcription and oncogenic cell transforming activity (Shimomura

et al, 2014). In addition VEGF expression has been shown in the past that may be also

controlled by TEAD via interaction with the Vestigial-like (Vgll) transcription coactivators

(Teng et al., 2010). Indeed treatment of retinoblastoma Y79 cells with VP has demonstrated

time and dose dependent down-regulation of all these proteins that are regulated by YAP-

TEAD interaction.

Recently it has been determined that YAP mediates crosstalk between the Hippo and

PI(3)K–TOR pathways and that YAP activates the mammalian target of rapamycin

(mTOR), a major regulator of cell growth (Tumaneng et al., 2012). The phosphatidylinositol

3-kinase (PI3K)/AKT signaling pathway plays a central role in regulation of tumor cell

proliferation, transcription, apoptosis, cell migration, survival and angiogenesis (Cicenas,

2008; Ewald et al., 2013; Pal and Quinn, 2013; Saini et al., 2013). mTOR activity has been

shown to regulate autophagy (Sarbassov et al., 2005) a process that maintains cellular

homeostasis by ensuring the lysosomal degradation of long-lived proteins and organelles. It

was initially believed to promote cell survival and the generation of nutrients and energy,

but later studies demonstrated that persistent stress can also promote autophagic cell death

(Kondo et al., 2005). In our study, VP treatment of human retinoblastoma Y79 cells had

minimal effects on the mTOR and autophagy pathway (Suppl Fig S2).

Activation of p38 MAPK has been implicated in the inhibition of tumor growth (Brancho et

al., 2003; Gu et al., 2012). Consistent with these reports, the anti-proliferative action of VP

on retinoblastoma Y79 cells reported in this study was associated with an activation of p38

MAPK (Suppl Fig 1). Contribution of MAPKs in cell proliferation and apoptosis has been

extensively documented. As demonstrated previously, p38 MAPK activation induces

apoptosis in certain cells, including acute lymphomblastic leukemia and hepatoma cells

(Sengupta et al., 2007), and induces the mitochondrial apoptotic pathway (García-Fernández

et al., 2002). Inhibition of mTOR also activates the MAPK pathway throughout S6K1

signaling (Carracedo et al., 2008). We therefore suggest that p38 may mediate VP's effect on

retinoblastoma cells.

Although p21 is thought of as a tumor suppressor, we observed a down-regulation of p21 by

VP in retinoblastoma Y79 cells (Suppl.Fig.3). This paradoxical down-regulation of p21 was

also reported in our previous study of AICAR and metformin effects on retinoblastoma cells

(Theodoropoulou et al., 2010; 2013)(unpublished data). Evidence suggesting an oncogenic

function of p21 was also reported in some other tumors, including lymphoma and

esophageal squamous cell carcinoma with p53 gene mutations; in these studies, p21

promoted tumor growth by inhibiting apoptosis and/or promoting cell proliferation (Gartel,
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2009). In another study, mitogenic stimuli resulted in transient p21 induction during G1-S

progression (Gartel and Radhakrishnan, 2005). Together, these data suggest that p21 may

function as an oncogene in human retinoblastoma cells.

An interesting new finding of our study was the effect of VP on downregualting

pluripotency marker Oct-4. Adult human differentiated cells loose the pluripotency marker

Oct-4 expression and only normal adult stem cells and cancer stem cells maintain expression

of Oct-4 (Trosko, 2006). A strategy to target cancer stem cells is to suppress their Oct-4

gene in order to cause the cells to differentiate (Trosko, 2006). Retinoblasotma cells are

known to express stemm cell like side population and express OCT4 (Seigel , 2007; Hu,

2012). Our findings suggest that YAP/TEAD may be involved in pluripotency and suggest

VP as a novel therapeutic tool in suppressing cancer stem cells.

Although advances in therapy for retinoblastoma have led to significant increases in the life

expectancy of patients, significant problems still remain, such as the increased incidence of

secondary malignancies after radiation and significant morbidity with current

chemotherapeutic agents. This underscores the need for the development of new targets and

less toxic therapies. Here, we showed for the first time, that verteporfin can inhibit growth

and proliferation of human retinoblastoma cells without any light activation in vitro by

interfering with the YAP/TEAD pathway. There is a long history of clinical use of

Photodynamic therapy using VP yet atrophy of RPE is not seen in the area other than light is

exposed (Husain et al. 1999). In addition in retina most cells (neurosensory and

neuroepithelial ) are non-proliferating and as such have reduced YAPTEAD activity and

thus are less affected by YAP-TEAD inhibitors. In a separate study of ours (MS in

preparation) we have shown that confluent RPE cells and proliferating endothelial cells are

more resistant to VP with LD50 several times higher than proliferating cancer cell lines

(12-35 micro molar vs 4-5 micromolar). VP may thus have a potential as novel, non-

chemotherapeutic treatment option for retinoblastoma. Future animal studies are needed to

assess its potential use and effectiveness in humans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Non Standard Abbreviations

VP Verteporfin

RB Retinoblastoma

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)

PDT Photodynamic therapy

MAPK Mitogen-activated protein kinases

Vgll Vestigial-like (Vgll)
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HIGHLIGHTS

A. VERTEPORFIN (VP) WITHOUT PHOTO-ACTIVATION INHIBITS

RETINOBLASTOMA CELL LINES

B. VERTEPORFIN DOWN-REGULATES YAP-TEAD CONTROLLED

PROTOONCOGES MYC,AXL AND SURVIVIN

C. VERTEPORFIN DOWN-REGULATES YAP-TEAD CONTROLLED CELL

MIGRATION AND ANGIOGENESIS FACTORS CYR61,CTGF AND VEGF-

A

D. VERTEPORFIN DOWN-REGULATES PLURIPOTENCY FACTOR OCT4
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Figure 1. Verteporfin (VP) inhibits growth of retinoblastoma cells Y79 and WERI without light
activation
Y79 and WERI retinoblastoma cells were left untreated (PBS control) or treated with VP for

five days; control (blue), VP concentration 2μg/ml (red) and 10μg/ml (green).

(A,B) VP treatment resulted in an inhibition of cell growth and a decrease of the cell number

of Y79 and WERI cells in a dose-dependent manner. The doubling time was increased.

(C,D) VP treatment resulted in a significant, time- and dose-dependent inhibition of Y79

and WERI cell growth and viability as determined by MTT assays. The results are expressed

as percentage of growth (%) relative to control values. Results are average of three

independent experiments. Data are presented as mean +/− SEM (n=9, *p<0.05, ***

p<0.001).
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Figure 2. Verteporfin (VP) blocks cell cycle progression in retinoblastoma cells
(A) Y79 retinoblastoma cells left untreated (PBS control) (B) treated with 2μg/ml or (C)
10μg/ml VP for 48h, were analyzed regarding their cell cycle phases for nuclear DNA

content by propidium-iodide staining and flow cytometry. (D) Quantification of results

shows, that VP treatment at a high concentration of 10μg/ml resulted in a significant

increase of Y79 cells in G0/G1 phase, a significant decrease of cells in S-phase and a

significant decrease of cells in G2/M phase. Representative data from three independent

experiments are shown (n=6 per condition, *p<0.05, *** p<0.001). Data are presented as

mean +/− SEM (n=6). (E) Verteporfin (VP) affects the levels of cyclins in retinoblastoma

cells. Y79 retinoblastoma cells were treated with vehicle control (letter C above first blot) or

with VP 2μg/ml (L) or 10μg/ml (H), for 6, 24 and 48 hours as indicated, while being

protected from light any time. Western blots of cyclins D1, D3, E1, E2, A2ares shown. Data

are representative out of at least two independent experiments.
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Figure 3. VP affects YAP-TEAD proto-oncogene pathway in retinoblastoma cells
Y79 retinoblastoma cells were treated with vehicle (letter C) or with VP 2μg/ml (L) or

10μg/ml (H) for 6, 24 and 48hours. Protein expression of c-Myc, Axl, and surviving was

assessed by Western Blot. Data are representative out of at least two independent

experiments.
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Figure 4. Verteporfin (VP) affects YAP-TEAD signaling pathway in retinoblastoma cells
involved in angiogenesis and migration (CYR 61, CTGF and VEGF )
Y79 retinoblastoma cells were treated with vehicle (letter C) or with VP 2μg/ml (L) or

10μg/ml (H) for 6, 24 and 48hours. Protein expression of Cyr61,CTGF and VEGF-A was

assessed by Western Blot. Data are representative out of at least two independent

experiments.
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Figure 5. Verteporfin down-regulates pluripotency marker OCT-4 in retinoblastoma cells
Y79 retinoblastoma cells were treated with vehicle (letter C) or with VP 2μg/ml (L) or

10μg/ml (H) for 6, 24 and 48hours. OCT-4 expression was assessed by Western Blot. Data

are representative out of at least two independent experiments.
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