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ABSTRACT

DNA damage-inducing cancer therapy is common treatment for various tumor types. 
However, acquired or native resistance hampers the success of chemo- or radiotherapy. 
To maintain survival in the presence of severe DNA damage, cancer cells often abrogate 
activity of the p53 tumor suppressor or corrupt mechanisms of apoptosis. Here, we 
have performed RNAi screens to detect novel targets for sensitization in cancer cells 
of varying genetic backgrounds, including those lacking a functional p53- or caspase 
3-mediated response to DNA damage. A set of 62 siRNAs derived from a previous 
kinase/ phosphatase/ ubiquitinase/ transcription factor screen in ES cells that effectively 
sensitized ES cells to cisplatin, were analyzed in a panel of cancer cell lines. Four 
siRNAs were identified that sensitized all tested cancer cell lines. These targeted the 
protein kinase D subunit PRKCM, the E3 ubiquitin ligase ARIH1, the ribosomal protein 
Rpl7l1, and the dual-specific phosphatase DUSP15. DUSP15 has not been previously 
connected to the DNA damage response. In p53- and caspase-3 wild type cancer cells 
that show cisplatin-induced apoptosis, p38 MAPK activity was cisplatin-responsive and 
DUSP15 silencing caused enhanced p38 activity as determined by phosphorylation 
of the p38 pathway target Hsp27. In these cells, pharmacological inhibition of p38 
activity blocked DUSP15-mediated sensitization. Conversely, p53/caspase-3-deficient 
cells showed no cisplatin-regulated p38 activity and the observed DUSP15-mediated 
sensitization in those cells was not affected by p38 inhibition. These findings identify 
DUSP15 as a common target for cancer cell chemosensitization that can act through 
distinct, p38-dependent or independent mechanisms.
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INTRODUCTION

Chemo- and radio-cancer therapy often relies on DNA damage-induced killing of tumor 
cells. Typically, tumor cells have features that make them more susceptible to genotoxic 
stress, such as a generally high proliferation rate, as well as defective DNA damage 
repair and checkpoint signaling 1; 2; 3. However, native or acquired resistance frequently 
hampers successful patient cure 1. Many recent studies have aimed at identifying new 
drug targets to improve the efficacy of cancer therapy, preferably by exploiting cancer 
cell inherent deficiencies in DNA damage checkpoints and DNA repair 2.
	 Genotoxic stress can induce various cellular responses, including a halt of the 
cell cycle, DNA repair, but also induction of cell killing by apoptosis or senescence 4; 5. 
The outcome of DNA damage induction strongly depends on the cellular background. 
Often the functionality of a few key DNA damage response (DDR) signaling molecules 
is crucial in determining  cellular decision making in the presence of DNA damage. The 
transcription factor p53 that has been termed the “guardian of the genome” plays a 
crucial role in orchestrating the DNA damage response and has been suggested to be 
mutated or its function otherwise blocked in more than half of all human cancers 6; 7. p53 
is vital in executing many DNA damage-induced programs, including DNA repair, cell 
cycle arrest and apoptosis 7. The central role that p53 takes in executing DNA damage-
induced functions, entails that the cellular response to DNA damage differs strongly 
between p53-proficient and deficient cells. Indeed, lack of p53 expression has in many 
cases been linked to resistance of tumor cells towards DNA damage-inducing therapy. 
Furthermore, p53 mutations, which allow its expression, but change its functionality can 
lead to the p53 protein acquiring tumor progression-promoting properties 8.
	 Cell death by apoptosis is a well described route of cell killing induced by DNA 
damage 9; 10. However, also other forms of cell death such as autophagic cell death, 
necrosis, senescence and mitotic catastrophe can be important in cancer cell killing 
after DNA damage and can possibly be exploited for therapy responses 11. 
	 Finding therapeutic targets, whose silencing can kill cancer cells irrespective 
of classical p53-mediated apoptosis is a major challenge on the way to improve the 
effectiveness of cancer therapy. Interestingly, a number of recent reports indicated the 
potential to exploit the deficiency of tumor cells in p53 controlled DNA damage responses. 
Absence of p53 function makes tumor cells vulnerable to checkpoint inhibition (e.g. by 
inhibition of ATM or MK2), leading them to undergo mitotic catastrophe 12; 13; 14.
	 We have recently identified genes whose silencing leads to enhanced sensitivity 
to the genotoxic drug cisplatin in mouse embryonic stem (ES) cells that readily undergo 
apoptosis 15. In contrast to many cultured cell lines, ES cells do not require silencing 
of key tumor suppressor pathways (e.g. p53, p16, hTERT) in order to maintain growth 
in culture condition and therefore serve as a good model to study an intact DDR 15; 16. 
Interestingly, ES cells have certain characteristics that can be extrapolated to cancer 
cells and particularly cancer stem cells such as lack of a G1/S-checkpoint and high 
proliferation rate 17; 18. 
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Identified ES cell targets, were silenced in a panel of cancer cells of varying genetic 
background with respect to p53 and caspase-3 status that showed different levels of 
increased cisplatin resistance as compared to ES cells. This led to the identification of a 
small set of genes whose silencing preferentially or exclusively reduced cell survival in 
the presence of cisplatin. One of these targets, the dual specific phosphatase, DUSP15 
had not been previously implicated in the DDR and its silencing caused synthetic 
lethality in all lines. Interestingly, our data indicate that although identified as a common 
sensitizer, DUSP15 acts trough distinct, p38MAPK-mediated or independent pathways 
in different cancer cell types.

 
RESULTS

MCF7 and H1299 cells are resistant to cisplatin and show lack of p53-mediated 
apoptosis 
In previous studies we have carried out siRNA SMARTpool screens for all cellular 
kinases and phosphatases, as well (de-) ubiquitinases, (de-) sumoylases and 
transcription factors. This led to the identification of 236 cisplatin response modulators. 
Deconvolution screening confirmed 62 genes, whose knockdown sensitized mouse ES 
cells to cisplatin-induced killing 15 (von Stechow et al., submitted) (Fig 1A). Pathway 
analysis implicated those genes in DNA damage repair, cell cycle checkpoint regulation, 
and other cancer-relevant pathways (Fig S1). Mouse ES cells are sensitive to cisplatin, 
showing ~60% cell death after treatment with 10 μM cisplatin for 24 h (Fig 1B; Fig 
S2A). In order to assess if these RNAi screen hits were similarly implicated in regulating 
survival of more resistant (cancer) cells we analyzed cisplatin sensitivity of a number 
of cancer cell lines. These included the mouse breast cancer cell line 4T1, the human 
breast cancer cell line MCF7, the human non-small-cell lung cancer (NSCLC) cell line 
H1299 and the human liver cancer cell line HepG2. Cisplatin sensitivities varied but all 
cancer cells were considerably more resistant than ES cells (Fig 1B; Fig S2B-E). For the 
siRNA screens, MCF7 (reported to be caspase-3-deficient; 19; 20) and H1299 (reported to 
be p53-deficient; 21 were used.
	 We analyzed DNA damage-induced p53 accumulation and dependency of 
cisplatin-induced cell killing on p53 and caspase pathways in these cells. MCF7 cells 
showed an accumulation of active p53 after cisplatin treatment whereas, in agreement 
with earlier studies, no p53 was detected in H1299 NSCLC cells 21 (Fig 2A,B). Knockdown 
of p53 strongly protected ES cells against cisplatin-induced killing, led to a small but 
not significant protection in MCF7, but, in agreement with the absence of p53 protein 
levels, did not affect cisplatin-mediated killing of H1299 (Fig 2C-E). The minor effect of 
p53 knockdown in MCF7 cells, despite clear accumulation of active p53, indicates that 
alternative compensating pathways causing cell death must be activated by cisplatin 
in this cell type. To test the dependency of cell killing on caspase-mediated apoptosis 
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we co-treated cells with cisplatin and the pan-caspase inhibitor, ZVAD-fmk (ZVAD). 
While survival of ES cells in presence of cisplatin was rescued by ZVAD treatment, 
this effect was not observed in MCF7 or H1299 cells (Fig 2F-H). In agreement with 
lack of caspase-3-mediated apoptosis in both cell lines, appearance of an apoptotic 
subG1/G0-fraction was negligible in MCF7 and H1299 cells even after 48 h of cisplatin
 treatment (Fig S3A, B).

Selection of siRNAs that sensitize two cisplatin-resistant cancer cell lines 
Next, we performed siRNA screens in H1299 and MCF7 to identify those hits from the ES 
cell screen that were confirmed as targets for sensitization. Cisplatin concentrations were 
chosen such that cell killing was ~25% using 25 μM for both lines and 24 h treatment 
for H1299 and 48 h treatment for MCF7 (Fig 1A,B; FigS 2B, C). Screening conditions 
were optimized using knockdown of Kif11 and GAPDH as transfection efficiency and 
knockdown controls, respectively. Two individual negative controls were used in the 
screening plates (Fig S4A, B).
	 siRNA screens were performed in duplicate (H1299) or triplicate ( MCF7) and 
hits were identified by ranking, based on the relative effect on survival (Suppl. Fig 4 C-F). 
We identified the top 25 sensitizing siRNAs in each cell line for both control and cisplatin 
treated conditions (Fig S4C-F; Fig 2I). 16 siRNAs were identified that sensitized both 
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MCF7 and H1299 cells  to cisplatin (Fig 2I). Of these, 8 siRNAs already reduced survival 
under control conditions and 8 siRNAs sensitized to cisplatin without significantly 
affecting basal cell survival in both cell lines simultaneously. DNA repair-related genes, 
such as the double strand break (DSB) repair factors, BRCA1 and BRCA2; the E1 
ubiquitin activating enzyme, Ube1, which has recently been linked to DSB repair; the 
replication stress- and homologous recombination-related protein NFKBIL2, as well as 
the single strand break repair-related E3 ligase, Rfdw3; were identified as regulators of 
survival or (e.g. BRCA2) restricted to regulation of cisplatin-sensitivity 22; 23; 24;25. General 
regulators of viability also included DNA methyltransferase 1-associated protein, DMAP1, 
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which functions as a transcriptional repressor but also associates with histone acetylase 
complexes required for recruitment of DNA repair factors 26; 27; Rpl7l1, a ribosomal 
protein, whose function has not yet been described; and protein kinase D subunit 
PRKD1 (PRKCM), which coordinates many cellular functions, such as proliferation or cell 
motility 28. Amongst the genes which sensitized both cell lines to cisplatin treatment 
we found the deubiquitinases USP5, which is involved in recycling of ubiquitin 
molecules 29; 30 and the E3 ubiquitin ligase ARIH1 31 as well as the dual specificity 
phosphatase, DUSP15 32 and others.

Validation of common hits in two additional cancer cell lines
To further validate siRNAs that sensitized MCF7 and H1299, these were analyzed in 
4T1 and HepG2 cell lines (Fig 1A). In contrast to MCF7 and H1299, cisplatin treatment 
induced apoptosis in 4T1 and HepG2 cells based on i) rescue of cisplatin-induced cell 
killing by ZVAD-fmk co-treatment (Fig 3A,B), ii) appearance of a subG1/G0 population 
(Fig S3C,D), and iii) the accumulation of Annexin-V positive cells over time during 
cisplatin treatment (Fig 3A,B; Fig S5A,B). While induction of apoptosis was caspase-
dependent in both HepG2 and 4T1 cells, p53-silencing protected only HepG2 (Fig 3A,B). 
In agreement, HepG2 cells showed a strong accumulation of active p53 in response to 
cisplatin treatment while 4T1 cells expressed p53 but showed no response to cisplatin 
with respect to total or active p53 levels (Fig 3C, D; Fig S5C).
	 As with MCF7 and H1299 cells, effects of siRNAs were tested using cisplatin 
concentrations causing ~25% cell death (24 h treatment with 12.5 μM for 4T1; 30 μM for 
HepG2) (Fig 1B; Fig S2D,E). A large number of hits were confirmed in 4T1 but in HepG2 
only four siRNAs appeared to effectively enhance cisplatin-mediated killing (Fig 3E,F). 
Many of the hits identified in 4T1, similar to their role in H1299 and MCF7 (Fig 2I), already 
reduced survival under basic conditions (e.g. siRNAs targeting BRCA1, DMAP1, Rfdw3, 
Ube1, Rpl7l1) (data not shown). Moreover, while siRNA targeting USP5 was a specific 
cisplatin sensitizer in MCF7 and H1299 (Fig 2I), it already showed significant effects 
on basal survival of 4T1 cells (data not shown). The four cisplatin-sensitizing siRNAs 
identified in HepG2 (Fig 3F) did not affect basal HepG2 cell survival (data not shown). 
Altogether, this pipeline identified siRNAs targeting PRKCM, Rpl7l1, ARIH1, and DUSP15 
as cisplatin sensitizers. siRNA targeting ARIH1 or DUSP15 showed only mild reduction 
of viability in untreated conditions, whereas siRNA targeting Rpl7l1 and PRKCM already 
killed most cell lines in the absence of cisplatin. As we have recently identified ARIH1 as 
a mediator of DNA damage-induced translation arrest (von Stechow et al, submitted), 
here we decided to further study the function of DUSP15 in the cancer cell response to 
genotoxic stress. We stably expressed lentiviral DUSP15 shRNAs in all three cell lines 
and in each case selected the independent shRNAs that, after bulk-selection, caused 
a reduction in DUSP15 mRNA levels of ~70% (Suppl. Fig 6A-C). While the cisplatin-
mediated increase in the apoptotic subG1/G0-fraction of the cell cycle was enhanced 
in HepG2 cells carrying a stable knockdown for DUSP15, no induction of apoptosis was 
observed in MCF7 or H1299 cells (Fig 3G-I). 
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DUSP15 controls p38MAPK-dependent and independent pathways that regulate 
the response to cisplatin
DUSP15 belongs to the family of dual-specific phosphatases, which can remove 
phosphate moieties from Tyrosine as well as Serine/Theronine residues and have been 
implicated as a negative regulators of MAPK signaling 33. Recently, p38 MAPKdelta 
(MK13) was detected as a substrate for DUSP15 in an in vitro dephosphorylation 
assay 34. To investigate if p38 signaling was affected in response to cisplatin treatment, 
phosphorylation of Hsp27, a downstream target of the p38-mediated signaling cascade 
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was analyzed 35. While levels of p-Hsp27 were high and not responsive to cisplatin in 
MCF7 and H1299 cells, low basal levels were enhanced upon cisplatin treatment in 
HepG2 (Fig 4A-C). We wondered if silencing DUSP15 could lead to enhanced p38 
signaling in HepG2 cells. Interestingly, basal and cisplatin-induced p-Hsp27 levels were 
enhanced in HepG2 cells, carrying a stable knockdown for DUSP15 and this effect 
was blocked by treatment with the p38 inhibitor, SB-203580 36 (Fig 4D). No effect of 
DUSP15 shRNAs on p-HSP27 levels was observed in MCF7 or H1299 (data not shown). 
We next asked if inhibition of p38 signaling could also affect the increased cisplatin 
sensitivity caused by silencing of DUSP15. Although significant, sensitization to cisplatin 
in stable DUSP15 shRNA HepG2 cells was weak compared to the effect of transient 
siRNA-mediated silencing (Fig 3F; Fig 4E). Nevertheless, enhanced cell death and 
apoptosis observed in cisplatin-treated HepG2 cells in presence of either of the two 
DUSP15 shRNAs, was reversed by co-treatment with SB-203580 (Fig 4E,F). Lastly, 
SB-203580 failed to attenuate cisplatin-sensitization in H1299 cells (Fig 4G), where 
p38 activity appeared not to be modulated by cisplatin (Fig 4B) and where cisplatin-
induced reduction of cell numbers was not mediated by apoptosis (Fig 2H; Fig S3A). 
Taken together, despite the fact that DUSP15 is a potential target for synthetic lethality 
in the context of cisplatin in a variety of cell types, the underlying mechanisms of action 
can vary between effects on p38-mediated apoptosis signaling and p38-independent 
alternative mechanisms of cell death.

 
DISCUSSION

Different modes of cisplatin-induced cell killing
ES cells, 4T1 mouse breast cancer cells, and HepG2 human liver cancer cells treated 
with cisplatin display a subG1/G0-fraction in cell cycle profiles and show Annexin 
V-mediated binding to phsophatidyl serine moved to the outer membrane leaflet 15. 
Both events are not necessarily restricted to apoptotic cells, but potentially also to 
necrotic cells. We verify caspase-mediated apoptosis in both cell lines but the absence 
of either of these responses in H1299 and MCF7 human cancer cell lines indicates 
that alternative mechanisms underlie reduced viability after cisplatin treatment. The 
capability of the caspase-3-deficient breast cancer cell line MCF7 to undergo apoptosis 
has been debated. Despite reports that MCF7 cells can initiate apoptosis via caspase-9, 
7 and 6 dependent routes the actual amount of apoptotic cells observed in these studies 
remained uncertain 19. Moreover, other reports argue for a strict dependency of apoptosis 
on caspase-3 20 and indicate alternative mechanisms of killing in MCF7 including 
mitotic catastrophe or autophagic cell death induction 37; 38. Recent studies showed that 
apoptosis induction in H1299 cells by γ-irradiation or antineoplastic agents such as 
roscovitine or resveratrol is dependent on the function of wt p53 39; 40; 41. Guanghui et al. 
showed, that p53 next to inducing apoptosis also counteracts autophagy, which acts as 
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a pro-survival mechanism in irradiated H1299 cells 39. Interestingly, despite the fact that 
in our study 4T1 cells do not accumulate active p53 after cisplatin treatment and are not 
protected against cisplatin-induced apoptosis by p53 knockdown, the sensitivity of this 
cell type is much higher than that of H1299 cells, more closely resembling mouse ES 
cells. This suggests that next to p53 function, other important factors, will determine the 
cellular response to cisplatin. Our data clearly argue against apoptotic (or necrotic) cell 
death being induced in H1299 and MCF7 cells and the mechanism of cisplatin-induced 
cell killing in these cells, may involve senescence, mitotic catastrophe, or autophagy.

Common DNA damage sensitizers 
Despite differences in sensitivity and genetic background a few genes sensitize all 
tested cell lines, either cisplatin specifically, or already under basic condition. The 
protein kinase D subunit PRKCM is involved in many cancer relevant processes, 
ranging from proliferation and cell motility to epithelial to mesenchymal transition (EMT), 
and aberrant expression of this protein has been reported for different types of tumors 
(e.g. prostate or breast cancer) 28. Overexpression of PRKCM was shown to increase 
the proliferation of MCF7 cells in a manner that depends on MEK/ ERK signaling 
cascades 42. While knockdown of PRKCM already affects basic survival, some of 
the reported functions might be important for survival in response to DNA damage, 
including DNA synthesis and chromatin remodeling, but also detoxification of oxidative 
stress (which frequently arises as a secondary effect of genotoxic perturbation) 28; 43. 	
	 Furthermore, knockdown of the ribosomal protein Rpl7l1 consistently kills cells 
in control or cisplatin treated conditions. While the function of the ribosomal protein 
Rpl7l1 has not yet been described, in general ribosomal proteins have been linked 
to induction p53 signaling in different cases 44. However, the fact, that knockdown of 
Rpl7l1 can sensitize the p53 mutant breast cancer cell line 4T1 and the p53-deficient 
cell line H1299 argues against a mechanism of action for Rpl7l1, which directly involves 
p53. Moreover, knockdown of Rpl7l1 does not affect p53 levels or cisplatin-induced 
p53 accumulation in ES cells (data not shown). Despite the lack of knowledge about 
Rpl7l1 functionality, the strong effect on viability after knockdown indicates a vital role 
in upholding normal cellular processes. This is undermined by a recent study, which 
identified Rpl7l1 as a factor necessary for mammalian blastocyste formation 45. 
	 Two siRNAs show selectively enhanced killing in the presence of cisplatin, the 
E3 ubiquitin ligase, ARIH1 and the dual specific phosphatase, DUSP15. ARIH1 has 
been identified by us in a separate study, where we have shown that ARIH1 silencing 
sensitizes through interfering with DNA damage-induced translation arrest (von Stechow 
et al, submitted).
	 DUSP15 (also known as VHY) is characterized by a DUSP catalytic domain, and 
is most closely related to DUSP22 (VHX) 33. Similar to DUSP22, also DUSP15 can be 
myristilated, which is a signal for relocation from the cytoplasm to the plasmamembrane 32. 
Although DUSP15 expression had been originally described to be restricted to testis, 
it was recently implicated in oligodendrocyte differentiation, a process that has been 
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linked to multiple sclerosis 32; 34. Next to MAPK signaling-related factors, including p38 
MAPKdelta (MK13) and the transcription factor ATF2, also PDGFR and SNX6 were 
identified as potential DUSP15 substrates, in an in vitro dephosphorylation assay 34.
	 MAPK signaling has been linked to the response to cisplatin on various levels 
and outcomes have been shown to depend strongly on the cellular context, including 
both pro- and antiapoptotic functions for all signaling routes, including p38, JNK and 
MEK/ ERK 46. In our study, knockdown of DUSP15 affects p38 signaling in HepG2 cells, 
which initiate p53- and caspase-dependent apoptosis after cisplatin treatment, but not 
in the “non-apoptotic” cell lines H1299 and MCF7. Whether this is a common theme will 
require testing a broader panel of cancer cell lines in which this mechanism of cisplatin-
induced cell death is intact. Since p53 has been described as a downstream target of 
p38 signaling 47, the effect of DUSP15 knockdown on apoptosis induction in HepG2 
cells may be p53-dependent. 
	 However, an alternative mechanism of DUSP15 knockdown-mediated 
sensitization seems to be involved for H1299 and MCF7 cells, it remains to be studied 
how DUSP15 silencing sensitizes other cancer cell types that have corrupted p53 and/
or caspase pathways. The identification of other DUSP15 substrates described above, 
point to possible modes of action in this respect.

CONCLUSION

Using siRNA screening we were able to identify genes, whose knockdown sensitizes 
pluripotent stem cells as well as a number of cancer cell lines with varying genetic 
backgrounds, induced modes of cell killing and cisplatin sensitivities. This panel of 
genes included a dual specific phosphatase DUSP15, which was shown to act via p38 
signaling in p53 and caspase-3 wt cancer cells, but not other cancer cell lines in which 
cisplatin-induced killing was independent of p53-mediated apoptosis. 

 
MATERIALS & METHODS

Cell culture and materials
HM1 mouse ES cells derived from OLA/129 genetic background (provided by Dr. 
Klaus Willecke, University of Bonn GE) were maintained under feeder free conditions 
in GMEM medium containing 5x105 U mouse recombinant leukemia inhibitory factor 
(LIF; PAA). All other cell lines were purchased from ATCC. MCF7 human breast cancer 
cells, 4T1 mouse breast cancer cells and H1299 human non-small-cell lung cancer 
cells were maintained in RPMI medium. HepG2 human liver cancer cells were kept in 
DMEM. All media contained 10% FBS and 25 U/ml penicillin, and 25 µg/ml streptomycin. 
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All cell lines, including stable shRNA expressing derivatives, were confirmed to be 
mycoplasma-free using the Mycosensor kit from Stratagene. For stable gene silencing, 
cells were transduced using lentiviral TRC shRNA vectors at MOI 1 (LentiExpressTM; 
Sigma-Aldrich; Dr. Rob Hoeben and Mr Martijn Rabelink, University Hospital, Leiden NL) 
according to the manufacturers’ procedures and bulk selected in medium containing 
2.5 μg/ml puromycin. Control vector expressed shRNA targeting TurboGFP.
	 The DNA cross-linker cisplatin (Cis-PtCl2(NH3)2) (provided by the Pharmacy 
unit of University Hospital, Leiden NL). The pan-caspase inhibitor z-Val-Ala-DL-Asp-
fluoromethylketone (z-VAD-fmk) was purchased from Bachem. The p38 inhibitor 
SB203580 was from Cell signaling. Antibodies against p53 and phospho-p53 were 
purchased from Novacostra and Cell signaling, respectively. Antibody against tubulin 
was obtained from Sigma. Antibodies against p-Hsp27 and Hsp27 were from Cell 
signaling. 

RNAi experiments
siRNAs were purchased from ThermoFisher Scientific. For cancer cell line siRNA screens, 
customized libraries containing 62 siRNA smartpools cisplatin response modulators 
from mouse ES cells were used. At least two negative controls were used in RNAi 
screens. Kif11 siRNA was used as transfection efficiency control. The siRNA screens 
were performed on a Biomek FX (Beckman Coulter) liquid handling system. 50nM siRNA 
was transfected in 96 well plates using Dharmafect1 transfection reagent (ThermoFisher 
Scientific). The medium was refreshed after 24 h and cells were exposed to indicated 
compounds or vehicle controls 64 h post-transfection for 24 h for 4T1, HepG2 and 
H1299 cells and for 48 h in MCF7 cells. As readout, a cell viability assay using ATPlite 
1Step kit (Perkin Elmer) was performed according to the manufacturer’s instructions 
followed by luminescence measurement using a plate reader for 4T1 cells and H1299 
cells. Hoechst staining and cell count was performed for HepG2 cells and MCF7 cells. 

RNAi screen data analysis
To rank the results, relative amount of killing were determined and hits were ranked by 
effect on survival and significance. The top 25 hits in each cell line were overlaid in 
Venn-Diagrams and common hits were identified. 

Apoptosis analysis
Cells were exposed for indicated times and cisplatin concentrations for apoptosis 
analysis. Floating and attached cells were pooled and fixed in 80% ethanol overnight. 
Cells were stained using PBS EDTA containing 7.5 mM propidium iodine and 40 mg/
ml RNAseA and measured by flow cytometry (FACSCanto II; Becton Dickinson). The 
amount of cells in the different cell cycle fractions or in sub G0/G1 for apoptotic cells 
was calculated using BD FACSDiva software. Alternatively, apoptosis was determined 
using live imaging of Annexin V-labeling, as described previously 48.
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Western blot analysis
Extracts were prepared in TSE containing protein inhibitor cocktail and separated by 
SDS-PAGE on polyacrylamide gels, transferred to PVDF membranes, and membranes 
were blocked using 5% BSA. Following incubation with primary and secondary 
antibodies signal was detected using a Typhoon™ 9400 from GE Healthcare.

Immunofluorescence
HM1 mouse ES cells and 4T1 breast cancer cells were seeded in 96 well μclear 
plates from Greiner. Subsequently, they were treated with cisplatin and fixed using 4% 
formaldehyde for 10 min. After extensive washing and permeabilization with 0.05% 
TritonX, cells were stained with p-p53 antibody, followed by counterstaining with DAPI 
and appropriate secondary fluorescent antibody

qPCR
RNA was extracted using RNeasy Plus Mini Kit from Qiagen. cDNA was made from 50 ng 
total RNA with RevertAid H minus First strand cDNA synthesis kit (Fermentas) and real-
time qPCR was subsequently performed in triplicate using SYBR green PCR (Applied 
Biosystems) on a 7900HT fast real-time PCR system (Applied Biosystems). The following 
qPCR primer sets were used: GAPDH, forward (fw) AGCCACATCGCTCAGACACC 
reverse (rev) ACCCGTTGACTCCGACCTT; DUSP15 (fw). CACTGCTTTGCAGGCATCTC 
(rev) GCCCCGTCACAGTCATCAC. Data were collected and analyzed using SDS2.3 
software (Applied Biosystems). Relative mRNA levels after correction for GAPDH control 
mRNA were expressed using 2^(-∆∆Ct) method.
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Figure S1. IPA pathway analysis on 62 ES cell sensitizers. 

SUPPLEMENTARY MATERIALS
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Figure S2. Cell lines vary in cisplatin sensitivity. Cell survival in HM1, H1299, MCF7, HepG2  and 4T1 cells treated with indicated cisplatin 

concentrations for 24 h or 48 h. Line graphs indicate means and SEMs of at least three independent experiments. 
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cycle in (A) H1299 cells (treated for 48 h) (B) MCF7 cells (treated for 48 h) (C) 4T1 cells (treated for 24 h) (D) HepG2 (treated for 24 h) cells 

in the presence of indicated cisplatin concentrations. 
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Figure S4. RNAi screens in H1299 and MCF7 cells. (A, B) Normalized cell viability in MCF7 (A) and H1299 (B) cells treated with two different 

control siRNAs and siRNA targeting Kif11, indicating transfection efficiency; WB for GAPDH and tubulin loading control in MCF7 and H1299 cells 

treated with only transfection reagent (mock) or siRNA targeting GFP or GAPDH indicating knockdown efficiency (C-F) Cell viability in H1299 (C, D) 

and MCF7 (normalized to negative controls, siRNA with the highest relative survival is set to 1) (E, F) cells under PBS and 25 μM cisplatin treated 

conditions, in presence of indicated siRNAs, ranked for their effect on cell survival. Dotted line indicates top 25 sensitizing siRNAs. 
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Cancer cell rnai screens identify  the dual specific phosphatase dus15
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Figure S5. Mode of killing in HepG2 and 4T1 cells. (A, B) Anexin-labeling of apoptotic cells after treatment with indicated cisplatin concentrations 

in (A) HepG2 and (B) 4T1 cells. (C) Immunostaining for p-p53 in HM1 and 4T1 cells after treatment with the indicated concentrations of cisplatin 

Figure S6. DUSP15 knockdown in different cancer cell lines. (A-C) mRNA expression of DUSP15 normalized to GAPDH after stable expression 

of shRNA of shcontrol and at least 2 shDUSP15 knockdown cell lines in MCF7 (A) Hepg2 (B) and H1299 (C) cells. 






