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Abstract 

Cellular senescence is treated as a potent tumor suppressive mechanism and used as a 

common therapeutic outcome in cancer treatment. Senescent cells have been shown to be 

resistant to extrinsic apoptosis mediated via TNF-related apoptosis inducing ligand (TRAIL). 

The use of recombinant TRAIL is an anti-cancer strategy currently in development, and a 

major question remains whether senescent cancer cells might also develop resistance to this 

treatment. In this study, we compared the sensitivity of senescent and proliferating breast 

cancer cells, as well as ovarian and lung cancer cells. Changes in sensitivity were partly 

dependent on the pre-existing resistance observed for each cell line prior to senescence 

induction. Specifically, therapy-induced senescence following doxorubicin treatment or 

ionizing radiation resulted in an increased expression of the pro-apoptotic TRAIL receptor 

Death Receptor 5 (DR5) on the one hand, as well as an increase in TRAIL decoy receptors 

DcR1, DcR2, and soluble decoy receptor osteoprotegerin (OPG) on the other hand. Indicative 

of a protective role for decoy receptors, a DR5 selective TRAIL variant (DHER) unable of 

binding to OPG or DR4, was found to be more effective in inducing apoptosis of senescent 

breast cancer cells compared to wild-type TRAIL. Our findings suggest agonistic stimulation 

of DR5 may be a therapeutic strategy for the elimination of therapy-induced senescent cancer 

cells.  
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Introduction 

Cellular senescence is a stable cell cycle arrest that arises in response to various stressors. 

Senescent cells undergo morphological, structural and functional changes influenced by 

multiple variables, including the type of stressor, the time elapsed, and tissue or cell type. 

Cellular senescence represents an important barrier to tumorigenesis by limiting the growth of 

oncogenic cells. Chemotherapy and radiation are widely used as anti-cancer therapies for their 

ability to induce apoptosis and therapy-induced senescence in cancer cells [1]. However, 

aberrant persistence of senescent cells and subsequent escape from apoptosis contributes to 

the adverse effects of chemotherapy and facilitates cancer relapse [2] by fueling the 

proliferation of bystander cells through an altered secretome known as the senescence-

associated secretory phenotype (SASP) [3].  

Prolonged persistence of senescent cells is partially the consequence of mechanisms that 

enhance their survival and resistance to cell death (reviewed in [4]). Senescent cells have been 

shown to be more resistant to apoptosis compared to normal proliferating cells, in response to 

damaging agents, such as UV radiation [5], oxidative stress [6], and cytotoxic drugs [7]. 

Similarly, a higher resistance of senescent cells to extrinsic apoptosis via death receptors has 

also been reported [8,9]. The tumor necrosis factor related apoptosis inducing ligand (TRAIL) 

signals extrinsic apoptosis via death receptors 4 and 5 (DR4/TRAIL-R1, and DR5/TRAIL-

R2). On the other hand, decoy receptors 1 and 2 (DcR1/ TRAIL-R3, and DcR2/TRAIL-R4) 

are homologous to death receptors but are incapable of transducing an apoptotic signal. 

Because DcR1 and DcR2 retain their ability to bind to TRAIL they compete for ligand 

binding and limit extrinsic apoptosis.   

Interestingly, upregulation of DcR1 [3,10,11] (Gene: TNFRSF10C), and DcR2 [12–16] (Gene: 

TNFRSF10D) is often reported in senescent cells. Additionally, the secretory phenotype of 

senescent cells also includes soluble DcRs such as osteoprotegerin (OPG) [3,17], capable of 

binding to TRAIL extracellularly and thus preventing death receptor stimulation. Despite 

senescence-associated increases in DcR1, DcR2, and OPG, a protective role in senescent cells 

is only reported for DcR2, where silencing of DcR2 increased susceptibility of TRAIL-

induced extrinsic apoptosis in senescent fibroblasts [8]. However, as non-transformed 

fibroblasts are generally resistant to TRAIL-induced apoptosis due to multiple redundant 

pathways [18], acquired resistance to extrinsic apoptosis in TRAIL-sensitive cell lines 

following senescence induction remains to be described.  
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TRAIL is believed to play an important role in tumor immune surveillance [19] and has been 

previously shown to be a promising anti-cancer therapeutic agent for its ability to induce 

apoptosis in a variety of tumor cells without affecting normal cells [18,20–22]. A recombinant 

human TRAIL (aa 114-281) has been mostly used and developed as a clinical anti-cancer 

drug [23,24]. Given the therapeutic implications of acquired resistance to extrinsic apoptosis 

in therapy-induced senescent cells, we decided to study changes in TRAIL sensitivity of 

breast cancer cells before and after senescence induction. Our findings suggest acquired 

resistance to extrinsic apoptosis is linked to an upregulation of decoy receptors and point to 

DR5 stimulation as a therapeutic option for the elimination of senescent cancer cells. 

 

Results 

Therapy-induced senescence in breast cancer cells 

Breast cancer cell lines with varying sensitivities to TRAIL were chosen: MDA-MB-231 

(high sensitivity), MDA-MB-436 (medium sensitivity), and MCF-7 (resistant).  Therapy-

induced senescence was created by doxorubicin treatment as previously described [25] (250 

nM, 24 hours). After doxorubicin removal (Day 1), cells were allowed to senesce for 7 

additional days before treatment with recombinant wild-type TRAIL (Day 8). As shown in 

Fig. 1, senescent breast cancer cells displayed typical markers of senescence such as 

enlarged morphology, tested positive for senescence-associated β-galactosidase (SA-β-gal), 

displayed less EdU incorporation, failed to form viable colonies, had increased SASP gene 

expression (IL-6, IL-8, MMP1) with the exception of MDA-MB-436 which lacked an 

increase of the SASP components IL-6 and IL-8, all cell lines showed increased cyclin-

dependent kinase inhibitor p21
Cip1

 (p21) and decreased Lamin B1 expression (LMNB1).  
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Figure 1. Therapy-induced senescence of doxorubicin treated breast cancer cells. (A) Breast cancer cells 

were treated with doxorubicin (250 nM) for 24 hours. After drug removal, fresh medium was added and cells 

were routinely inspected for morphological changes. (B) After 8 days in culture, cells were stained for SA-β-

galactosidase activity, revealing significant increases in doxorubicin treated cells compared to untreated cells. 

(C) Doxorubicin treated cells displayed lower levels of EdU incorporation, indicative of a senescence-

associated growth arrest. (D) Quantitative real-time PCR (qRT-PCR) analysis of mRNA isolated from 

doxorubicin treated cells or control cells (untreated, D0). Graphs are mean ± SD data from one experiment 
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performed in triplicate. The heatmap shows the fold change of mRNAs encoding the indicated protein relative 

to 2 reference genes (tubulin and vinculin). Mean and SD of pooled samples from at least n=2 independent 

experiments (Fig. S1).  

 

Heterogeneous response to TRAIL-induced extrinsic apoptosis is observed in therapy-

induced senescent cancer cells   

Senescent or proliferating breast cancer cells were re-seeded and treated with recombinant 

human TRAIL to induce extrinsic apoptosis. Increased resistance to TRAIL-induced extrinsic 

apoptosis was observed in senescent MDA-MB-231 cells compared to proliferating cells (Fig. 

2A and Fig. S2A). In contrast, increased sensitivity to TRAIL was observed in MDA-MB-436 

cells following senescence induction (Fig. 2B and Fig. S2B), while no change in sensitivity 

was observed in resistant MCF-7 cells (Fig. 2C and Fig. S2C). We further tested the 

sensitivity change to TRAIL in ovarian and lung cancer tumor types. Similarly, an increased 

sensitivity after senescence was observed in ovarian cancer cell A2780 and lung cancer cell 

H1650; no effect was observed in senescent H1299 cells (Fig. S3). Taken together, increased 

resistance to extrinsic apoptosis was not a common feature of therapy induced senescent 

cancer cells, unlike previously shown for senescent fibroblasts [12]. Instead, changes in 

sensitivity were heterogeneous. No changes in sensitivity in cell lines already resistant prior to 

therapy-induced senescence induction. Increased sensitivity in mild sensitive cell lines and 

decreased sensitivity was observed in high sensitive TNBC cell line MDA-MB-231. 

Using lower concentrations of TRAIL in senescent MDA-MB-231 cells induced by ionizing 

radiation (10 Gy) the decreased sensitivity was confirmed (Fig. 2D). Furthermore, complete 

rescue of cell viability was observed upon TRAIL treatment in the presence of the caspase 

inhibitor Q-VD-Oph (QVD), while no effect was observed using the necroptosis inhibitor 

Necrostatin 1 (Nec-1), suggesting the effects observed in senescent cells upon TRAIL 

addition are caspase dependent apoptotic cell death (Fig. 2E).  
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Figure 2. Sensitivity of senescent breast cancer cells to TRAIL-induced apoptosis. Doxorubicin-induced 

senescent or untreated cells (normal) were incubated with human recombinant TRAIL for 24 hours. A dose 

dependent decrease in cell viability was observed upon cell treatment in TRAIL sensitive cells (MDA-MB-231 

(A), MDA-MB-436 (B)) but not in TRAIL resistant MCF-7 cells (C). Increased resistance to TRAIL induced 

apoptosis was also observed in senescent MDA-MB-231 compared to ‗normal‘ MDA-MB-231 in both 

doxorubicin-induced and ionizing radiation-induced senescence (D). TRAIL induced apoptosis was completely 

rescued by the caspase inhibitor Q-VD-OPh (QVD), while no effect was observed using the necroptosis inhibitor 

Necrostatin 1 (Nec-1) (E). Graphs are mean ± SD data from one experiment performed in triplicate. Data from 

another independent experiment can be found in Fig. S2. 

 

Both pro-apoptotic and anti-apoptotic TRAIL receptors were upregulated in senescent 

breast cancer cells 

The decreased sensitivity of senescent MDA-MB-231 was only apparent at low 

concentrations of TRAIL, where we hypothesized increased levels of decoy receptors or 

secreted OPG, could reduce apoptosis by competing for TRAIL binding. In order to explain 

the differences in sensitivities upon senescence induction, we further looked at the mRNA 

levels of known TRAIL receptors (DR4, DR5, DcR1, DcR2 and OPG) in MDA-MB-231 and 

MDA-MB-436 cell lines. Interestingly, upregulation of DcR1/2 and OPG, as well as DR5 but 

not DR4, was observed across the different cell lines upon senescence induction, although to 
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varying degrees (Fig. 3A and Fig. S4). Equally, at the protein level, FACS analysis revealed 

increased surface levels of DR5 but not DR4 in therapy-induced senescent breast cancer cells 

(Fig. 3C), as well as increased secretion of OPG measured in the supernatant of the therapy-

induced senescent cell lines (Fig. 3B). Therefore, both pro-apoptotic and anti-apoptotic 

receptors were upregulated in senescent breast cancer cells MDA-MB-231 and MDA-MB-

436. 

  

Figure 3. Increased expression of selected TRAIL receptors upon senescence induction of breast cancer 

cells. (A) The mRNA levels of TRAIL death and decoy receptors were analyzed by qPCR. The changes were 

also assessed at the protein level using B) ELISA for the soluble TRAIL receptor OPG and C) flow cytometry 

for DR4/5 receptors. The heatmap shows the fold change of mRNAs encoding the indicated protein relative to 2 
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reference genes (tubulin and GAPDH). The graph of OPG secretion is mean ± SD data from one independent 

experiment performed in duplicate, which is still needed to repeat. The graph of FACS analysis is representative 

data from one of three experiments. 

 

DR5 selective TRAIL variant (DHER) enhances apoptosis of senescent breast cancer 

cells  

Based on these findings, we hypothesized that treatment with a DR5-selective TRAIL variant 

would result in improved cell death of senescent cancer cells. Previously, the Computational 

Protein Design (CPD) method has been successfully used to generate DR5-selective variant 

TRAIL D269H/E195R (DHER), which selectively binds to DR5, but has impaired binding to 

DR4, DcR1 and OPG [26,27]. Accordingly, as shown in Figs. 4A, B, D and E, treatment with 

TRAIL variant (DHER) resulted in increased cytotoxicity against therapy-induced senescent 

breast cancer cells MDA-MB-231 and MDA-MB-436. Furthermore, caspase-3/7 activity was 

found to be increased by the treatment of TRAIL variant DHER compared to wild type 

TRAIL, indicating that cytotoxicity is caused by caspase-dependent apoptotic pathways (Figs. 

4C and 4F).  
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Figure 4. Effect of DR5 selective TRAIL variant (DHER) on inducing apoptosis of senescent breast cancer 

cells. Doxorubicin-induced senescent were incubated with human recombinant wild type TRAIL or TRAIL 

DHER for 24 hours. TRAIL DHER showed increased cytotoxicity compared to wild type TRAIL in (A) MDA-

MB-231 and (D) MDA-MB-436 cells. A real-time detection of cell death (PI incorporation) with Incucyte 

confirmed the increased cell death caused by TRAIL DHER in (B) MDA-MB-231 and (E) MDA-MB-436 cells. 

Caspase-3/7 activity was also found to be increased by the treatment of TRAIL variant DHER compared to wild 

type TRAIL in both (C) MDA-MB-231 and (F) MDA-MB-436 cells. Graphs A and D are mean ± SD data from 

three experiments performed in triplicate; graphs B, C, E and F  are mean ± SD from one experiment performed 

in triplicate. 

 

TRAIL-induced apoptosis in a senescent 3D Spheroid Model  

To mimic the actual tumor microenvironment, we decided to use a 3D spheroid model for the 

TRAIL sensitive cell lines MDA-MB-231 and MDA-MB-436. 3D spheroids were generated 

by seeding the cells into ultra-low attachment plates and incubated for 7 days. As shown in 

Fig. 5A, after treatment with doxorubicin (250 nM), the sizes of both MDA-MB-231 and 

MDA-MB-436 spheroids remained unchanged indicating senescence, while the untreated 

spheroids remained proliferative-capable and grew in size over time. After TRAIL treatment, 

the edges of the spheroids became loose and irregular, while the inner layers appeared to lose 

integrity as apoptotic cells detached from one another. We further tested for differences in 3D 

cell viability between proliferating and senescent spheroids (Figs. 5A-C). For MDA-MB-231 

spheroids, increased resistance to TRAIL-induced extrinsic apoptosis was observed in 

senescent spheroids compared to proliferating spheroids, similar to our observations in 2D 

monolayer cultures. In comparison, increased sensitivity was confirmed in senescent MDA-

MB-436 spheroids compared to proliferating, similar to 2D monolayers. Importantly, 

treatment with TRAIL DHER resulted in increased cytotoxicity in both MDA-MB-231 and 

MDA-MB-436 senescent spheroids, compared to treatment with wild type TRAIL. In 

accordance, TRAIL DHER showed an advantage over wild type TRAIL in caspase 3/7 

activation in both MDA-MB-231 and MDA-MB-436 senescent spheroids (Figs. 5D and 5E).  
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Figure 5. TRAIL-induced extrinsic apoptosis in 3D Spheroid Models. (A) 3D spheroids of MDA-MB-231 

and MDA-MB-436 were constructed. After treated with doxorubicin (250 nM), the sizes of both MDA-MB-231 

and MDA-MB-436 spheroids remained unchanged while the untreated spheroids continued to grow and became 

enlarged over time. TRAIL DHER resulted in increased cytotoxicity in both (B) MDA-MB-231 and (C) MDA-

MB-436 senescent spheroids, compared to treatment with wild type TRAIL. TRAIL DHER also showed an 

advantage over wild type TRAIL in caspase 3/7 activation in both (D) MDA-MB-231 and (E) MDA-MB-436 

senescent spheroids. Graphs are mean ± SD data from one experiment performed in triplicate. 

 

Discussion  

Breast cancer has the highest incidence and mortality rate of all cancers in women [28]. 

Triple-negative breast cancers are particularly aggressive forms of breast cancers that are 

extremely challenging to treat. Neoadjuvant (preoperative) chemotherapy, such as 

doxorubicin, continues to be used for the treatment of breast cancers around the world [29]. 

However, chemotherapeutics are not only able to eliminate cancer cells but are also capable of 

inducing cellular senescence at lower doses, which may exacerbate side effects by promoting 

the proliferation of non-responder cells through the SASP [2]. On the other hand, senescent 

cancer cells might be a risk of escaping growth arrest because of their genomic instability and 

MDA-MB-231 

D3 D6 D13 D14 + TRAIL (WT) D14 + TRAIL (DHER) 



Chapter 6 

116 
 

the possibility to accumulate further mutations [30]. Therefore, the elimination of therapy-

induced senescent cancer cells may be desired. TRAIL can induce extrinsic apoptosis of a 

variety of cancer cells, however, the sensitivity of senescent cancer cells to TRAIL remains 

unclear.  In this study, we compared the sensitivity of senescent breast cancer cells to TRAIL-

induced apoptosis, prior to and after senescence induction. 

Upon senescence induction, we observed a heterogeneous response to TRAIL-induced 

apoptosis. For MDA-MB-231 cells, increased resistance was observed at low concentrations 

of recombinant TRAIL, where we hypothesized the influence of decoy receptors is substantial. 

In contrast, increased sensitivity was observed in senescent MDA-MB-436 cells compared to 

their proliferating counterparts.  No changes in resistance were observed in MCF-7 cells. 

Within the cell lines tested, MDA-MB-231 cells showed the highest secretion of OPG 

following senescence induction, an increase that is also previously described for the 

secretome of radiation-induced senescent tumor cells [17], and that may partly explain a 

decreased sensitivity to TRAIL induced apoptosis. This also explains the increased 

susceptibility for the DR5 specific TRAIL variant (DHER), which can bypass OPG binding 

but is still capable of stimulating DR5. An increased resistance to TRAIL induced apoptosis 

was observed in the 3D spheroid model in terms of viability, despite absolute caspase activity 

appearing higher in senescent cells. In MDA-MB-436 cells, an upregulation of DR5 was 

observed following doxorubicin treatment, which partly explains its increased sensitivity to 

TRAIL-induced apoptosis. Lastly, MCF-7 cells do not have functional caspase 3, and 

therefore the lack of changes in sensitivity may be partly explained by this deficiency in the 

apoptotic signaling pathway.  

By comparing the sensitivity of senescent and proliferating breast cancer cells, we conclude 

that changes in sensitivity to TRAIL-induced extrinsic apoptosis are heterogeneous in 

senescent cancer cells. We also found that therapy-induced senescence resulted in an 

increased expression of death receptor 5 (DR5), as well as an increase in TRAIL decoy 

receptors DcR1, DcR2, and OPG. A DR5-selective TRAIL variant (DHER) was more 

effective in inducing apoptosis of senescent breast cancer cells compared to wild-type TRAIL, 

both in 2D and 3D spheroid models. The increased activity of TRAIL DHER compared to 

wild type TRAIL suggests selective DR5 stimulation may become a viable strategy for the 

elimination of therapy-induced senescent cancer cells.  
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Materials and methods 

Cell lines and reagents 

Human breast cancer cell lines MDA-MB-231, MDA-MB-436 and MCF-7, human ovarian 

cancer cell lines A2780, human lung cancer cell lines (H1299, H1650) were all obtained from 

American Type Culture Collection (ATCC, Wesel, Germany). The cells were cultured in 

DMEM (MDA-MB-231, MDA-MB-436, MCF-7) or RPMI-1640 (A2780) containing 2 mM 

penicillin/streptomycin supplemented with 10% fetal bovine serum (Costar Europe, 

Badhoevedorp, The Netherlands) at 37 °C with 5% CO2.  

 

Induction of senescence 

For doxorubicin-induced senescence, cells were seeded at a density of 2×10
6
 cells per T75 

flask overnight and then treated with doxorubicin at a concentration of 250 nM for 24 h. The 

medium was replaced by the fresh medium with 10% FBS every 2 days. Cells were harvested 

on day 8 after treatment. For ionizing radiation-induced senescence, cells were subjected to 10 

gray (Gy) of ionizing gamma irradiation.  The medium was refreshed every 2 days, and cells 

were harvested on day 8 after irradiation. 

 

Senescence-associated β-galactosidase staining 

The senescence-associated β-galactosidase Staining was performed as previously described 

[31]. Cells were seeded in a 24-well plate at a concentration of 20,000 cells/ml overnight. 

Then, the cells were fixed in a mixture of glutaraldehyde (0.2%, v/v) and formaldehyde (2%, 

v/v) for 5 min and stained with an X-Gal solution pH 6.0 (Biovision). The number of positive-

blue stained cells was counted under a light microscope and compared to the total number of 

cells in each view.  Biological replicates were stained in triplicate, and counting was made in 

blind. 

 

EdU incorporation assay 
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Cells were seeded in a 24-well plate at a concentration of 20,000 cells/ml overnight. After 

incubation with EdU for 24h, cells were fixed and stained using a commercial kit (Click-iT 

EdU Alexa Fluor 488 Imaging kit; Thermo Fisher Scientific). Visualization was made by 

using a Leica DM 6000 fluorescent microscope. 

 

Clonogenic survival assay 

Cells were seeded in the 6-well plates at a concentration of 5000 cells/ml in 2 ml medium and 

cultured for six days. The medium was then removed and cells were washed twice with PBS. 

Then, cells were fixed with 4% formaldehyde (Sigma-Aldrich, Saint Louis, USA) for 5 min 

and stained with a 0.5% (w/v) crystal violet (Sigma-Aldrich, Saint Louis, USA) solution for 

15 minutes. The quantification was made by using the ImageJ software. Experiments were 

performed in triplicate and repeated at least three times.  

 

RNA isolation and quantitative reverse transcriptase PCR 

Total mRNA was isolated using Maxwell LEV simply RNA Cells/Tissue Kit (Promega, 

Madison, WI, USA) according to the instruction described. The concentrations of mRNA 

were measured by NanoDrop ND-100 spectrophotometer (Thermo Fisher Scientific, Waltham, 

MA, USA). cDNA was obtained through a reverse transcription reaction using Reverse 

Transcription Kit (Promega, Madison, WI, USA). A panel of SASP factors consisting of 

mouse p21, IL6, IL-8, MMP1, LMNB1, and a panel of TRAIL-receptor genes including DR4, 

DR5, DcR1, DcR2, OPG was detected by qRT-PCR using either commercially available 

Taqman (Applied Biosystems) or SensiMix SYBR kit (Bioline). mRNA levels of α-tubulin 

and GAPDH were measured and used as a reference for data normalization. The specific 

primer sequences are shown in Table S1. 

 

Cell viability assay (MTS assay) 

Cells were seeded at a density of 10,000 cells per well in a 96-well plate overnight. rhTRAIL 

WT or DHER with the different concentrations ranging from 1- 90 ng/ml was added, with or 

without the apoptosis inhibitor Q-VD-Oph (Sigma Aldrich, SML0063-1MG) and the 
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necroptosis inhibitor Necrostatin-1 (Cayman Chemical, Michigan, USA). After 24 h 

incubation, 20 µl of MTS (Promega, Madison, WI, USA) reagent was added. Cell viability 

was determined after 1-2 h of incubation by measuring the absorption at 490 nm using a 

microplate reader (BMG LABTECH, De Meern, Utrecht, The Netherlands). 

 

3D spheroid viability assay  

3D spheroids were constructed as described before [32]. Cells were seeded at a density of 

1000 cells per well in an ultra-low attachment 96-well plate (Corning Incorporated, 

Kennebunk, ME, USA). Plates were centrifuged at 1000 rpm for 5 min to form the 3D 

spheroid. After 7 days of incubation, spheroids were constructed and ready for performing 

experiments. The viability of 3D spheroids was determined using the 3D CellTiter-Glo
®
 kit 

(Promega). Spheroids were first treated with rhTRAIL WT or DHER with concentrations of 

2.5 and 5 ng/ml for 24 h and transferred to a new 96-well plate with white walls. 100 µl of 

luminescence reagent was added to each well according to the manufacturer‘s instructions. 

After 30 min incubation at room temperature, the luminescence values were measured using a 

Synergy™H1 plate reader (BioTek, Winooski, VT, USA). 

 

Caspase activity assay (2D, 3D) 

Caspase 8 and 3/7 activities were determined using Caspase-Glo 8 and Caspase-Glo 3/7 kits 

(Promega). Briefly, cells were seeded in a 96-well plate with white walls at a density of 

30,000 cells/ml overnight. Subsequently, rhTRAIL WT or DHER (2.5 or 5 ng/ml) was added. 

After 8 h incubation, 100 µl of the reagent was added to each well according to the 

manufacturer‘s protocol, and luminescence was recorded  after30 min by using a 

Synergy™H1 plate reader (BioTek, Winooski, VT, USA). For the 3D spheroids, the 

spheroids were transferred to a new 96-well plate with white walls before adding the Caspase-

Glo reagents.  

 

TRAIL receptors expression analysis 
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Total numbers of 5×10
5
 cells per sample were harvested and incubated with primary 

antibodies for DR4 (Abcam, Cambridge, UK), DR5 (EXBIO Praha, Nad Safinou, Czech 

Republic) DcR1 (Abcam, Cambridge, UK) or DcR2 (Abcam, Cambridge, UK) on ice for 1 h, 

respectively. Subsequently, cells were washed and incubated with R-Phycoerythrin (PE) 

conjugated goat anti-rabbit antibody (Southern Biotech, Birmingham, AL, USA) or 

Fluorescein (FITC) conjugated donkey anti-mouse antibody (Jackson ImmunoResearch 

Europe, Cambridge, UK) on ice for 1 h. The receptor expression was detected using a FACS 

Calibur flow cytometer (BD Bioscience, Franklin Lakes, NJ, USA) and data was analyzed 

with the FlowJo V10 software (BD Bioscience, Franklin Lakes, NJ, USA).  

 

ELISA 

ELISA kit to detect OPG was from R&D systems and was used according to the 

manufacturer‘s instructions. For doxorubicin-treated cells, media were collected in 1, 4 and 8 

days after treatment. ELISA results were normalized to total cell numbers on the day of 

collection.  

 

Incucyte 
®

 ZOOM time-resolved assays 

Cells were maintained at 37°C with 5% CO2 atmosphere and imaged using an IncuCyte
®

 

ZOOM (Essen BioScience) with a 4× magnification. For real-time caspase 3/7 activity 

measurements, cells were treated with rhTRAIL WT or DHER in the presence of CellEvent™ 

Caspase-3/7 Green Detection Reagent (Thermo scientific). The confluence and the fluorescent 

signal from each well were recorded by the IncuCyte
®
 ZOOM every 2 h. For cell death 

determination propidium iodide was added with rhTRAIL WT or DHER, and the red 

fluorescent signal for each well was recorded using the IncuCyte
®
 ZOOM.     
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DcR - Decoy Receptor 

CPD - Computational Protein Design 

SASP - senescence-associated secretory phenotype 

SA-β-gal - senescence-associated β-galactosidase 

IL-6/8 - Interleukin-6/8 

MMP1 - matrix metallopeptidase 1 

LMNB1 - Lamin B1 

QVD - Q-VD-OPh 

Nec-1 - Necrostatin 1 

Doxo - Doxorubicin 

IR - Ionizing Irradiation 
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Supplementary 

Supplemental Table S1. List of the primers sets used for qRT-PCR 

Name 

 

Strand 

 

Sequence 

 

IL-8 hIL8 #72 -F  5‘-GAGCACTCCATAAGGCACAAA-3‘ 

  hIL8 #72 -R  5‘-ATGGTTCCTTCCGGTGGT-3‘ 

IL-6 hIL6 #45 -F  5‘-CAGGAGCCCAGCTATGAACT-3‘ 

  hIL6 #45 -R  5‘-GAAGGCAGCAGGCAACAC-3‘ 

MMP1 hMMP1 #7 -F  5‘-GCTAACCTTTGATGCTATAACTACGA-3‘ 

  hMMP1 #7 -R  5‘-TTTGTGCGCATGTAGAATCTG-3‘ 

LMNB1 hLMNB1 #3 -F 5‘-GTGCTGCGAGCAGGAGAC-3‘ 

  hLMNB1 #3 -R 5‘-CCATTAAGATCAGATTCCTTCTTAGC-3‘ 

p16 hp16 #67 -F  5‘-GAGCAGCATGGAGCCTTC-3‘ 

  hp16 #67 -R  5‘-CGTAACTATTCGGTGCGTTG-3‘ 

p21 hp21 #32 -F  5‘-TCACTGTCTTGTACCCTTGTGC-3‘ 

  hp21 #32 -R  5‘-GGCGTTTGGAGTGGTAGAAA-3‘ 

Vinculin hVinculin1 #28 -F  5‘-GATGAAGCTCGCAAATGGTC-3‘ 

  hVinculin1 #28 -R  5‘-TCTGCCTCAGCTACAACACCT-3‘  

Tubulin hTubulin #40 -F  5‘-CTTCGTCTCCGCCATCAG-3‘ 

  hTubulin #40 -R  5‘-CGTGTTCCAGGCAGTAGAGC-3‘ 

DR4 Forward 5‘-CAGAACGTCCTGGAGCCTGTAAC-3‘ 

 Reverse 5‘-ATGTCCATTGCCTGATTCTTTGTG-3‘ 

DR5 Forward 5‘-TGCAGCCGTAGTCTTGATTG-3‘ 

 Reverse 5‘-GCACCAAGTCTGCAAAGTCA-3‘ 

DcR1 Forward 5‘-CACCAACGCTTCCAACAATGAACC-3‘ 

 Reverse 5‘-TCCGGAAGGTGCCTTCTTTACACT-3‘ 

DcR2 Forward 5‘-CTTTTCCGGCGGCGTTCATGTCCTTC-3‘ 

 Reverse 5‘-GTTTCTTCCAGGCTGCTTCCCTTTGTAG-3‘ 

OPG Forward 5‘-CCTGGCACCAAAGTAAACGC-3‘ 

 Reverse 5‘-TGCTCGAAGGTGAGGTTAGC-3‘ 

GAPDH Forward 5‘-ACCCAGAAGACTGTGGATGG-3‘ 

 Reverse 5‘-TCTAGACGGCAGGTCAGGTC-3‘ 

 

 

Supplemental Fig. 1 SASP expression 
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Supplemental Fig. 1 SASP expression changes in mRNA levels after doxorubicin treatment. Quantitative 

real-time PCR (qRT-PCR) analysis of mRNA isolated from doxorubicin treated cells or control cells (untreated, 
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D0) in (A) MDA-MB-231, (B) MDA-MB-436 and (C) MCF-7 cells. The values shown are represented as mean 

± SD from two independent experiments performed in triplicates. 

 

Supplemental Fig. 2 

 

Supplemental Fig. 2. Sensitivity of senescent breast cancer cells to TRAIL-induced apoptosis. Doxorubicin-

induced senescent or untreated cells (normal) were incubated with human recombinant TRAIL for 24 hours. A 

dose dependent decrease in cell viability was observed upon cell treatment in TRAIL sensitive cells (MDA-MB-

231 (A), MDA-MB-436 (B)) but not in TRAIL resistant MCF-7 cells (C). Graphs are mean ± SD from one 

experiment performed in triplicate. 

 

Supplemental Fig. 3 MTS 

 

Supplemental Fig. 3. Sensitivity of senescent cancer cells to TRAIL-induced apoptosis. Doxorubicin-

induced senescent or untreated cells (normal) were incubated with human recombinant TRAIL for 24 hours. (A) 
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A2780 cell line, (B) H1650 cell line and (C) H1299 cell line. Graphs are mean ± SD from one experiment 

performed in triplicate. 

 

Supplemental Fig. 3 Receptor expression in mRNA level 

 

Supplemental Fig. 3 Receptor expression in mRNA level. Quantitative real-time PCR (qRT-PCR) analysis of 

mRNA isolated from doxorubicin treated cells or control cells (untreated, D0) in (A) MDA-MB-231, (B) MDA-

MB-436 and (C) MCF-7 cells. The values shown are represented as mean ± SD  from two independent 

experiments performed in triplicates. 
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