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SUMMARY

Stimulation of CD95/Fas drives and maintains cancer stem cells (CSCs). We now report that this
involves activation of STAT1, induction of STAT1 regulated genes, and this process is inhibited by
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active caspases. STAT1 is enriched in CSCs in cancer cell lines, patient-derived human breast
cancer, and CD95M9M expressing glioblastoma neurospheres. CD95 stimulation of cancer cells
induced secretion of Type I interferons (IFNs) that bind to Type | IFN receptors, resulting in
activation of JAK kinases, activation of STAT1, and induction of a number of STAT1-regulated
genes that are part of a gene signature recently linked to therapy resistance in 5 primary human
cancers. Consequently, we identified Type | IFNs as drivers of cancer stemness. Knockdown or
knock-out of STAT1 resulted in a strongly reduced ability of CD95L or type | IFN to increase
cancer stemness. This identifies STAT1 as a key regulator of the CSC-inducing activity of CD95.
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INTRODUCTION

CD95 (APO-1/Fas) is an apoptosis-inducing death receptor but also has multiple
nonapoptotic and tumor promoting activities (Peter et al., 2015). Stimulation of CD95
increases migration of multiple cancer cells (Barnhart et al., 2004; Kleber et al., 2008).
CD95 acts as a general growth promoter for many cancers (Chen et al., 2010) and it is also a
driver and maintaining factor for cancer stem cells (CSCs) (Ceppi et al., 2014; Drachsler et
al., 2016; Teodorczyk et al., 2014). CD95 couples to multiple signaling pathways, which all
contribute to CD95’s nonapoptotic activities. These include MAP kinases, NF-xB, Scr
kinases, and PI3K (reviewed in (Peter et al., 2015)). Activation of all these pathways are
detectable within a few hours following CD95 stimulation. We recently demonstrated
persistent chronic stimulation of CD95 in tumor cells, as it would occur in a tumor /n vivo,
by CD95 ligand (CD95L) resulted in an increase in cells with stem cell characteristics
(Ceppi et al., 2014).

Signal transducer and activator of transcription 1 (STAT1) is an important regulator of the
interferon (IFN) pathway (Levy and Darnell, 2002). Upon activation of IFN or certain
cytokine receptors, STAT1 is phosphorylated by Janus-activated kinases (JAK) 1, JAK2 and
TYK2 resulting in its tyrosine phosphorylation, dimerization and translocation to the
nucleus either as a homodimer or heterodimer with STAT2 or STAT3 (Platanias, 2005)
where it activates a large number of IFN regulated genes. When stimulated by either IFNa
or IFNB, IFN type I receptors (IFNAR1 and IFNAR2) activate a complex comprised of
STAT1/STAT2 heterodimers together with IFN-regulatory factor (IRF) 9 (Platanias, 2005).
STATL1 is viewed as a tumor suppressor in breast cancer, which is supported by the
observation that STAT1 deficient mice spontaneously develop estrogen receptor a.-positive
luminal mammary carcinomas (Chan et al., 2012; Schneckenleithner et al., 2011). However,
multiple reports also suggest that STAT1 could be tumor promoting in various cancers
(Greenwood et al., 2012; Hix et al., 2013; Khodarev et al., 2010; Tymoszuk et al., 2014).
STAT1 has also been linked to both radiation resistance and resistance to DNA damaging
chemotherapy (Khodarev et al., 2007; Rickardson et al., 2005; Roberts et al., 2005; Tsai et
al., 2007).
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We have now identified STAT1 as a mediator of cancer stemness induced by CD95. Long-
term stimulation of CD95 resulted in production of type I IFNs, which activates STAT1
following binding to IFNAR1 and IFNAR?2, resulting in the upregulation of a number of IFN
response genes that were recently shown to contribute to therapy resistance in human
cancers. Consistently, treating either breast cancer cells or a squamous carcinoma cell line
with either CD95L or type | IFNs increased their stemness after causing phosphorylation of
STAT1, STAT2 and STAT3. Knockdown or knockout of STAT1 not only blunted the ability
of CD95L or type | IFN to mediate cancer stemness, but also completely blocked the
phosphorylation of STAT2 and STAT3. We have identified an IFNa./B-STAT1 signaling
pathway as a key driver of cancer stemness that is utilized by CD95 to mediate its tumor
promoting activities.

SILAC Analysis Identifies Proteins Upregulated after Long-Term Stimulation of CD95 and
Downregulated after Treatment with a CD95L-Derived shRNA

Our recent data demonstrated that long-term stimulation of CD95 in cancer cells increases
their stemness (Ceppi et al., 2014). This reprogramming process can take up to two weeks.
We reasoned that proteins upregulated in cells induced to become CSCs after long-term
stimulation of CD95 and downregulated in cells after treatment with a CD95L-derived
shRNA (which we previously demonstrated to reduce cancer stemness (Ceppi et al., 2014))
could be candidates to mediate the CSC-inducing activity of CD95. In order to identify such
proteins, we performed a stable isotope labeling by amino acids in cell culture (SILAC)
analysis. The labeled cells were treated with either isotype matched control Ab or anti-
APO-1 for 2 weeks or infected with either pLKO-scrambled or pLKO-shCD95L virus for 12
days. Figure S1A documents that the stimulation of the labeled cells with anti-APO-1
increased the number of CD44hi/CD24lo cells and the treatment with the CD95L-derived
shRNA caused a reduction of these cells.

For each treatment set (CD95 stimulated or shCD95L treatment), SILAC labeled cells were
subjected to mass spectrometry analysis. About 9000 individual peptides were identified to
be differentially regulated in the two treatment groups with 229 peptides being significantly
deregulated (FDR 5% and q values <0.05) in opposite directions in the cells stimulated
through CD95 or after knockdown of CD95L (Figure 1A). These peptides represented 103
unique proteins. 18 of these proteins were deregulated at least 1.5 fold in each of the two
treatment groups in opposite directions (Figure 1B). Interestingly, for 12 of the 18 proteins,
we found evidence in the literature of the gene being involved in either CSCs, metastasis, or
tumor promotion (proteins in red in Figure 1B). A highly and most significantly upregulated
protein in the cells stimulated through CD95 and also most significantly downregulated
protein in cells treated with ShCD95L was STAT1. This was validated by Western blotting
(Figure 1C).

Long-Term Stimulation of Breast Cancer Cells Induces STAT1

We decided to focus on STAT1, not only because STAT1 changes in the SILAC analysis
were the most statistically significant, but also because STAT1 has been shown to confer
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resistance to CD95 mediated apoptosis (Zimmerman et al., 2012). Furthermore, as a
transcription factor, it could be involved in regulating some of the other genes on the list.
Indeed, binding of STAT1 has been reported using STAT1 specific Chip-Seq analyses for 10
of the 18 genes identified in the SILAC analysis (Table S1). Finally, Western blot analysis
showed STAT1 to be the most highly induced protein after CD95 stimulation (Figure 1C and
data not shown).

STATL1 is an early response gene in IFN+y stimulated cells (Levy and Darnell, 2002). A
kinetic analysis over 6 days revealed that STAT1 upregulation was a fairly late event with no
change in protein amount detectable one day after CD95 stimulation (Figure 1D). STAT1
phosphorylation on tyrosine 701 (pY791STAT1) was clearly detectable at day one and a very
faint pSTAT1 band was detectable 12 hours after stimulation suggesting that tyrosine
phosphorylation of STAT1 preceded its upregulation. In addition to phosphorylation on
tyrosine 701, STAT1 also needs to be phosphorylated on serine 727 to achieve full
transcriptional activity (Wen et al., 1995). 4 days after CD95 stimulation, both pY701STAT1
and pS727STAT1 were detectable (Figure 1E).

Activation of STAT1 downstream of CD95 was not limited to the stimulation with very
small amounts of anti-APO-1 (Figure 1F) but was also observed in cells treated with a low
dose of a highly active leucine-zipper tagged (Lz)CD95L (Figure 1G). Lower doses of
LzCD95L resulted in a much larger increase in the appearance of pSTAT1 while induction
of STAT1 protein expression required higher LzCD95L concentrations. pSTAT1 and STAT1
expression was also induced by treating cells with vesicles enriched in membrane bound
CD95L (Figure 1H). Finally, we tested MCF-7 cells stably expressing a form of membrane
bound CD95L that resulted in their reprogramming (as evidenced by increased expression of
EMT and CSC markers (Ceppi et al., 2014) and an increase in ALDH1 activity (Figure
S1B)). STAT1 was more highly phosphorylated in the CD95L-expressing cells when
compared to control infected cells (Figure 11, left panel). The same was found in the mouse
colon cancer cell line CT26 stably expressing human membrane bound CD95L (CT26L)
(Figure 11, right panel). We previously showed that CT26L cells form spheres more readily
than the parental CT26 cells (Ceppi et al., 2014).

One of the most prominent activities of CD95 is to activate caspases. To test whether
caspase activation was required for a CD95-linked pathway that results in activation of
STAT1, we treated MCF-7 cells with anti-APO-1 and pretreated the cells with the
pancaspase inhibitor zZVAD-fmk (zZVAD) (Figure 1J). Inhibition of caspases did not impair
the ability of CD95 to activate STAT1, suggesting that caspases are not required for CD95 to
cause activation of STAT1. In fact, STAT1 phosphorylation was increased in zZVAD treated
CD95 stimulated cells. In addition, we determined that both STAT2 and STAT3 were also
tyrosine phosphorylated, and STAT2 (just like STAT1) showed higher expression after 4
days of CD95 stimulation (Figure 1J). In summary, the data demonstrate that chronic
stimulation of CD95 induces STAT1, STAT2 and STAT3 phosphorylation, followed by
upregulation of STAT1 and STAT2 proteins.
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Caspase-3 Blocks the Ability of CD95 to Activate STAT1

Phosphorylation and upregulation of STAT1 in CD95 stimulated cells was not limited to the
ER positive breast cancer cell line MCF-7. It was also observed in the triple negative breast
cancer cell line Hs578T (Figure S2A). Other breast cancer cell lines, including SK-BR-3 and
HCC70, also responded to CD95 stimulation with activation of STAT1 (Figure 2A). Also,
this phenomenon was not restricted to breast cancer cells as it was also found in the
melanoma cell line MDA-MB-435 (Figure 2A). Interestingly, no STAT1 phosphorylation or
upregulation was detected during CD95 stimulation of the ER positive breast cancer cell line
TA47D, even for up to 12 days (Figure S2B). However, in all cases (including T47D cells),
pretreatment with ZVVAD allowed for (a more) efficient phosphorylation of STAT1 after
CD95 stimulation, which in most cases resulted in an increase in STAT1 protein expression
(Figure 2A). This suggested caspase activation is suppressing STAT1 activation downstream
of CD95.

To test whether lack of caspase-3 shifted the CD95 signaling pathway towards STAT1
activation, we tested MCF-7 cells (which lack caspase-3 (Janicke et al., 1998)) reconstituted
to express caspase-3. Strikingly, in these MCF-7(C3) cells, both phosphorylation of STAT1
and STAT1 upregulation were completely blocked following treatment with either anti-
APO-1 or LzCD95L (Figure 2B and C). In contrast, when cells were directly treated with
interferon a (IFNa) to activate STAT1, caspase-3 expression did not have any effect (Figure
2D). The data suggest that when cancer cells acquire resistance to CD95-mediated apoptosis
(i.e. through inhibition of caspases), they may activate STAT1 when chronically stimulated
through CD95.

Identification of STAT1-Regulated Genes that Are Induced upon Activation of CD95

In order to identify genes induced in cancer cells upon prolonged stimulation of CD95, we
subjected MCF-7 cells stimulated through CD95 for 2 weeks to a gene array analysis (Table
S2). 88 (33.2%) of the 265 probes (231 genes) induced at least 1.5 (log2) fold upon CD95
stimulation were type | IFN-stimulated genes (ISG) reported to be upregulated in cells in
response to viral infection (Schoggins et al., 2011). Remarkably, of the ten mostly highly
upregulated genes, 7 were 1SGs (Table S2) consistent with STAT1 being involved in their
regulation.

The impression that CD95-induced genes were dominated by 1SGs was confirmed when we
subjected all genes that were up or downregulated at least 1.0 (log2) fold in MCF-7 cells
stimulated through CD95 (Figure S3A) to a Lincscloud analysis (lincscloud.org). A
connectivity analysis gave an indication of how many genes were coregulated in the MCF-7
data set between our CD95 stimulated MCF-7 cells and the Lincscloud data sets. Consistent
with stimulation of CD95 inducing an IFN response among the top 25 most similar analyses
15 of them (60%) involved treatment of mostly breast cancer cell lines with IFNs (Figure
S3B). Multiple gene signatures derived from cell lines representing other cancers treated
with IFNs were also detected with slightly lower significance (Figure S3C).

To identify the genes that are directly regulated by STAT1 we performed a STAT1-specific
ChlIP-Seq analysis of MCF-7 cells stimulated for 10 days with anti-APO-1 (Table S3). This
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identified 1095 sites that were occupied by STAT1 upon CD95 stimulation (>4 fold
enrichment over control treated cells), many of which have been described as STAT1 target
genes before.

Strong Correlation between CD95 Induced Genes in MCF-7 cells and Genes Upregulated in
the Radioresistant Squamous Cell Carcinoma Cell Line Nu61

Recent data suggest that STAT1 is upregulated in therapy-resistant cancer cells (Khodarev et
al., 2007; Pitroda et al., 2009; Rickardson et al., 2005; Tsai et al., 2007; Weichselbaum et al.,
2008). STAT1 was found to be upregulated in Nu61 cells, when compared to its parental
squamous cell carcinoma cell line SCC61. Nu61 was rendered resistant to gamma radiation
through 8 rounds of /n vivoradiation in mice (Khodarev et al., 2004). Nu61 cells were
reported to express a number of genes in a STAT 1-dependent way, which were shown to
contribute to their therapy resistance. The most prominent genes were part of an IFN
regulated gene signature of 36 IFN-related DNA damage resistance signature (IRDS) that
was recently described to be associated with both radiation resistance and general therapy
resistance in 5 human cancers (Weichselbaum et al., 2008). Strikingly 19 (52.8%) of the
IRDS genes were also upregulated in MCF-7 cells stimulated long-term through CD95
(Figure 3A). Of these genes STAT1, PLSCR1, USP18, and HERCS8 were identified as direct
STAT1 target genes in our STAT1-specific ChIP-Seq analysis (Figure 3B and C). The
upregulation of these genes following CD95 stimulation was confirmed by real-time PCR
(Figure 3D) and used in the following as general markers for CD95L and type I IFN induced
STAT1 activation. PLSCRL1 in particular tracked well with the induction of phosphorylated
STAT1 (see Figure 1F-H).

Because of the similarity of the set of IFN-induced genes found in both a long-term CD95
stimulated breast cancer cell line and a radioresistant squamous cell carcinoma cell line, we
wondered how similar the sets of genes were that were upregulated in these two very
different cellular systems. Of the 231 genes upregulated in the CD95 stimulated MCF-7
cells, 42 (18.1%) were also differentially expressed in Nu61 cells grown as tumors /in vivo
when compared to SCC61 cells (Figure 3E). Of these 42 genes, 37 (88.1%) were part of the
ISG signature of 389 genes (Schoggins et al., 2011). A gene set enrichment analysis of the
ISG genes revealed that in both CD95 stimulated MCF-7 cells and Nu61 compared to
SCC61 cells, ISG genes were some of the most highly upregulated genes (Figure 3F). These
data suggest that CD95 may trigger a general STAT1-dependent mechanism that contributes
to therapy resistance. Since long-term CD95 stimulation increases cancer stemness, which is
a well established mechanism for cancer cells to become less sensitive to therapy (Meacham
and Morrison, 2013), we wondered whether STAT1 activation would be involved in
increasing CSCs in both these cell systems.

STAT1 Expression and Its Phosphorylation Correlates with Cancer Stemness

To determine whether activation of STAT1 is associated with an increase in cancer stemness
upon CD95 stimulation, MCF-7 were treated for 6 days with either 1gG3 or anti-APO-1
(Figure 4A). Together with the phosphorylation of STAT1, cortactin (CTTN), another CD95-
regulated protein identified by the SILAC analysis (Figure 1B), was upregulated.
Interestingly, upregulation of the breast cancer stem cell markers SOX2, and CD44 as well
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as downregulation of CD24 was also observed (Figure 4A). These data are consistent with a
model in which STAT1 contributes to the acquisition of stemness in MCF-7 cells after long-
term stimulation of CD95. Consistently, in addition to STAT1, both the STAT1 target
PLSCR1 and SOX2 were upregulated in CSC-enriched 3rd generation spheres (Figure 4B).
To test whether activation of STAT1 was detected in other established models of increased
cancer stemness, we tested MCF-7 cells with inhibited miR-200c expression, which we
recently showed to increase cancer stemness (Ceppi et al., 2014). In MCF-7 cells, expressing
a miR-200c inhibitor reduced expression of CD24 (Figure 4C), enhanced STAT1
phosphorylation, and upregulated STAT1, PLSCR1 and SOX2 proteins (Figure 4D). STAT1
target genes PLSCR1, USP18 and HERCS, as well as the miR-200 target ZEB1 and SOX2
mMRNAs, were upregulated as well (Figure 4E). To determine whether these findings in
established cancer cell lines would also apply to primary breast cancer cells, we sorted
breast cancer cells from patient-derived tumor xenografted (PDX) mice for CD44 high and
CD44 low expression. Supporting the role of STAT1 as a CSC marker, CD44 high cells
expressed much higher STAT1, PLSCR1, HERC6, USP18, SOX2, ZEB1, and BMI1 mRNA
levels than CD44 low cells (Figure 4F). STAT1 protein was also more abundant in the CD44
high cells (Figure 4G). All these data suggest that STAT1 is activated in breast CSCs.
Recently, it was demonstrated that CD95 acts as a marker and driver of stemness in
glioblastoma of the mesenchymal subtype (Drachsler et al., 2016). In fact, it was shown that
CD95 expression was a better predictor of cancer stemness than the established CSC marker
CD133. To test whether CD95 high expressing GBM cells also showed evidence of
increased STAT1 signaling, we sorted a human GBM cell line of the mesenchymal subtype
grown in neurospheres into CD95 high (CD95hi) and CD95 low (CD95lo) populations and
harvested RNA from each. We subjected the RNA to a gPCR analysis (Figure 4H).
Compared to the unsorted and CD95Ilo cells CD95hi cells expressed much higher levels of
STAT1, the STAT1 marker genes PLSCR1, HERC6 and USP18, the general stem cell maker
BMI1, and ZEB1. These data are consistent with CD95 expression to correlate with cancer
stemness in GBM.

We recently showed long-term stimulation through CD95 increases the ability of MCF-7
cells to grow in spheres (Ceppi et al., 2014), and we now show this involves activation of
STAT1. The data on increased STAT1 expression suggested that Nu61 cells would also have
increased stemness when compared to SCC61 cells. Not only did Nu61 cells have increased
expression of STAT1 and its target genes, they also showed increased expression of the stem
cell factors SOX2 and BMI1 (Figure S4A). In addition to increased STAT1 and PLCSC1
protein expression and increased STAT1 phosphorylation, they also expressed more SOX2
protein when compared to SCC61 cells (Figure S4B). Interestingly, Nu61 cells formed
spheres more readily when compared to SCC61 cells (Figure S4C). Also, similar to MCF-7
cells, growing SCC61 cells in spheres increased the amount of pSTAT1, STAT1, PLSCR1
and SOX2 (Figure S4D). In contrast, growing Nu61 cells under sphere forming conditions
did not further increase the expression of these proteins. Finally, we found that also in
SCC61 cells long-term stimulation of CD95 induced pSTAT1, STAT1 and PLSCR1
expression, suggesting that STAT1 was activated. Consistent with the sphere forming data
this had less of an effect on Nu61 cells (Figure S4E). Finally, CD95 stimulation of SCC61
increased their ability to form spheres (Figure S4F). Again, the CD95-mediated effect was
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much less pronounced in Nu61 cells. The data suggest that Nu61 cells are enriched in CSCs,
that STAT1 may be involved in the generation of CSCs, and that this can be induced by
long-term CD95 stimulation.

Type | IFNs Are Required for CD95 to Induce CSCs

Based on our data we hypothesized that CD95 stimulation upregulates IFNs, which leads to
STAT1 phosphorylation and subsequent upregulation of ISGs, through binding to IFN
receptors and activation of JAK kinases. To test this hypothesis we stimulated MCF-7 cells
for 4 days with either anti-APO-1 or LzCD95L and quantified IFNa and IFN-y in the cell
lysates and cell supernatants by ELISA (Figure 5A). Both treatments caused a robust
production and secretion of IFNa by the cells, whereas IFNy expression was barely
induced. The induction of IFNa was not inhibited by treating MCF-7 cells with the caspase
inhibitor ZVAD (Figure S5A) and therefore was not the result of dying cells releasing danger
signals. Because MCF-7 cells are devoid of caspase-3 this experiments excluded that the
activation of any other was required for CD95 driven production of type | IFNs.

To determine the contribution of type I IFNs to the STAT1 activating activity of CD95 we
pretreated CD95 stimulated cells with antibodies blocking either IFN a/p receptor 1 or 2
(IFNARZ1, IFNAR?2) or both (Figure 5B). The combination of both antibodies almost
completely blocked CD95L -induced phosphorylation of STAT1 and severely reduced
upregulation of STAT1 and its target PLSCRL. In addition, it also blocked the induction of
SOX2 expression, suggesting that type | IFNs may be mediating the stemness inducing
activity of CD95. Interestingly, while we detected a fraction of cells that expressed IFNAR1
or IFNAR2 with little CD95 expression, there were barely any cells that only expressed
CD95 (Figure S5B) suggesting that most cells stimulated through CD95 should be receptive
to type | IFN.

Type | IFNs Promote Cancer Stemness through Activation of STAT1

Type | IFNs have not been implicated in inducing cancer stemness. However, similar to
CD95 stimulation treatment of MCF-7 cells with universal IFNa or IFNB not only caused
phosphorylation of STAT1 and upregulation of STAT1 and PLSCR1 protein, but also
induced SOX2 expression (Figure 5C). Interestingly, the relative ratio of mMRNA induction of
STAT1 and its targets PLSCR1, HERC6 and USP18 was very similar between MCF-7 cells
treated with either IFNa/p or CD95L (Figure 5D). Most importantly, Type | IFN treatment
increased cancer stemness as monitored by increased ALDH1 activity (Figure 5E). It caused
a similar reduction in CD24 expression as in CD95 stimulated cells (Figure 5F) and
increased sphere formation (Figure 5G and H). Increased capacity to form spheres was also
seen when cells stimulated with either IFNa or anti-APO-1 or LzCD95L were plated at one
cell per well (Figure 51 and Figure S5C). This activity of type | IFN and CD95 stimulation
was dependent on the canonical JAK/STAT pathway as treatment with the JAK1/JAK2
inhibitor Ruxolitinib blocked the phosphorylation and upregulation of STAT1 and its target
PLSCR1 in CD95 and IFNa stimulated cells (Figure 5J and K), the reduction of CD24
expression (Figure 5F) and the ability to form spheres (Figure 5G, H). These data confirmed
that CD95 activates STAT1 through the canonical type | IFN pathway resulting in an
increase in cancer stemness and pointed at type | IFNs as a driver of cancer stemness. To test
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whether stimulation through CD95 or treatment with IFNs increase the tumor initiating
capacity of the cells, MCF-7 cells were treated for 9 days with either anti-APO-1 or IFNB
and injected into the fat pad of NGS mice at either 103 or 10 cells per injection (Figure 5L).
At 102 cells per mouse only the cells treated with either IFNp or anti-APO-1 formed tumors
after a week confirming that either stimulus increased the tumor initiating frequency of the
cells.

Many of these results, including the production of IFNa upon CD95 stimulation and the
activity of IFNa to drive cancer stemness, were also found with SCC61 (Figure S6). Nu61
already had a constitutively high expression of stem cell markers. These data suggest a type
I IFN-driven increase in cancer stemness.

STATL1 Is Part of the Stem Cell-Inducing Activity of CD95 and Contributes to the Stemness-
Inducing Activity of Type IFN

STAT1 has not been linked to CSCs before. To test whether STAT1 played a role in the CSC
inducing activity of CD95, STAT1 was knocked down using two shRNAs (Figure S7A).
Both shRNAs impaired the ability of CD95 stimulation to cause upregulation of CTTN and
downregulation of CD24 protein by Western blotting and reduced the number of CD95
induced CD44hi/CD24lo cells (Figure S7B). A similar result was obtained when cells were
treated with a sSiRNA pool targeting STAT1, which efficiently silenced STAT1 expression
(Figure S7C). Knockdown of STAT1 significantly reduced the ability of CD95 to induce
stemness as shown by CD44/CD24 surface staining (Figure S7D), ALDH1 activity (Figure
S7E), and sphere formation (Figure S7F). Interestingly, knockdown of STAT1 alone resulted
in a reduction of the ability of cells to form spheres. This was also found for both SCC61
and Nu61 cells (Figure S7G). However, it was more effective in Nu61 cells that express
STAT1 the most resulting in reduced SOX2 expression after STAT1 knockdown.

Finally, we deleted two regions in STAT1 using CRISPR/Cas9 gene editing. We either
deleted part of the gene in exon 3/4 containing the start codon (E deletion in Figure 6A-C)
or a piece of DNA within the region in exon 23/24 that contains the two phosphorylation
sites (Y701 and S727, P deletion in Figure 6A—C). Both deletions resulted in cells lacking
any detectable STAT1 protein (Figure 6D). Long-term stimulation of CD95 with either
LzCD95L (Figure 6E) or anti-APO-1 (data not shown) demonstrated that the STAT1
knockout cells had a severely reduced ability to unable to respond to CD95 stimulation with
upregulation of the STAT1 target PLSCR1 protein (Figure 6D) or any of the STAT1
activation marker mRNAs (Figure S8A). This defect was not due to reduced CD95
expression as evidenced by both Western blot analysis (data not shown) and surface staining
for CD95 (Figure S8B).

Interestingly, cells lacking STAT1 could also no longer phosphorylate STAT2 or STAT3,
suggesting that activation of these STAT proteins required the presence of STAT1 in CD95
stimulated cells. In addition, STAT2 protein was reduced in cells lacking STAT1 as STAT2
was reported to be a STAT1 target gene by ChIP-Seq analysis (Satoh and Tabunoki, 2013).
Consistent with STAT1 playing an important role in the stemness-inducing activity of CD95
STAT1 deficient cells stimulated through CD95 were less able to downregulate CD24
(Figure 6E).
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To determine the contribution of STAT1 to the tumor promoting activity of CD95 /n vivo, we
treated two Cas9 expressing wt MCF-7 clones or two STAT1 k.o. P deletion clones with
anti-APO-1 for 9 days and injected the pooled cells (C1/C2 or P6/P10) into the fat pad of
female NSG mice. We chose to stimulate CD95 with anti-APO-1, which does not crossreact
with mouse CD95, to ensure that endogenous CD95 would not be stimulated in the mice
after injection of MCF-7 cells likely decorated with the antibody. CD44/CD24 staining of
the two cell pools two days before injection demonstrated that the STAT1 k.o. cells were less
efficiently reprogrammed by CD95 stimulation when compared to the pool of wt cells
(Figure 6F). One week after injection, the mice that received the wt cells, prestimulated
through CD95, had tumors about three times the size of control tumors (Figure 6G). This
increase was still significant two weeks after injection but less pronounced, presumably due
to the waning of the effect of CD95 stimulation. The fact that the viability of the wt cells
stimulated through CD95 was lower at the time of injection than the control treated cells
(Figure 6H), but the cells gave rise to larger tumors suggests that not general cell viability
but increased tumor initiating capacity was the cause for the increased tumor size in the mice
harboring CD95 stimulated wt cells. This was in contrast to the STAT1 k.o. cells. Here,
CD95 stimulation did not increase tumor growth, although growth of the k.o. cells was
higher than that of the wt cells. The increased growth of the k.o. cells was not due to a
decrease in CD95 mediated apoptosis sensitivity of the k.o. clones (Figure S8C) but the
STAT17/~ cell pool exhibited a significantly higher growth rate /7 vitro than the pool of wt
clones (Figure 6H). This was confirmed by performing TUNEL staining on the tumors. Less
than 1% TUNEL positive cells were detected in any of the conditions (data not shown).
Although we could not continuously stimulate MCF-7 cells /n vivo, MCF-7 control and
STAT1 k.o. clones stimulated for 6 days with either anti-APO-1 or LzCD95L showed an
increased ability to form spheres from single cells; this activity that was strongly reduced in
the STAT1 k.o. cells (Figure 61). In summary, the data suggest that STAT1 is a factor that
contributes to cancer stemness induced by CD95 and that STAT1 may generally have stem
cell promoting activities.

Using the STAT1 k.o. cells, we tested whether the activity of type | IFN to increase cancer
stemness was also dependent on STAT1. Parental MCF-7 cells, the two wt Cas9 expressing
clones C1, C2 and the two STAT1-/- clones P6 and P10 were treated with IFNp for 6 days
and analyzed by Western blotting (Figure S9A). Similar to the stimulation with CD95L the
direct stimulation with IFNP resulted in robust phosphorylation of STAT1, STAT2 and
STAT3 and upregulation of STAT1 and STAT2. Again, in the absence of STAT1 neither
STAT1 nor STAT3 could be phosphorylated suggesting that in MCF-7 cells activation of
both STAT2 and STAT3 are dependent on the presence of STAT1. Importantly, however,
downregulation of CD24 and the ability to from spheres from single cells was severely
impaired in the STAT1 k.o. cells (Figure S9B and S9C).

To confirm that it was the STAT1 deficiency in the k.o. cells that impaired the ability of the
cells to respond to either CD95 stimulation or IFN treatment two of the STAT17/~ clones (P6
and P10) were reconstituted with lentiviral STAT1. These STAT1 reconstituted cells
regained the ability to phosphorylate STAT1 and STAT3 and upregulate STAT1 and PLSCR1
in response to either LzCD95L (Figure 7A) or IFNB (Figure 7B). Both reconstituted clones
responded with a more pronounced downregulation of CD24 when stimulated (Figure 7C).
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The P6 clone which had lost the ability to respond to either CD95L or IFNB completely was
able to activate STAT1 in response to both stimuli (Figure 7D) and these STAT1
reconstituted cells formed spheres more efficiently when plated as single cells per well
(Figure 7E) suggesting that they regained the ability to respond to CD95L and IFNs with
increased stemness. In summary, our data identify type | IFN as part of a cell autonomous
pathway to induce CSCs when cancer cells are stimulated through CD95 and identify type
IFNs as novel driver of cancer stemness.

DISCUSSION

CD95 possesses tumor promoting activities (Peter et al., 2015). We recently demonstrated
that chronic stimulation of CD95 increases and maintains cancer stemness (Ceppi et al.,
2014). We now demonstrate that this activity greatly depends on the activation of a STAT1-
dependent type I IFN pathway and identify type | IFNs as drivers of cancer stemness.

Short-term stimulation (8 hours) of CD95 expressing MCF-7 cells, rendered apoptosis-
resistant by overexpressing Bcl-x, previously resulted in the identification of a gene
signature that was consistent with activation of the transcription factor NF-xB (Barnhart et
al., 2004). In fact, a re-analysis of these data revealed that of the 56 gene probes that showed
a signal change of >1.5 fold in two independent analyses, 33 (58.9%) were known NF-xB
regulated genes (Table S4). This analysis also identified 5 known IFN regulated genes,
including TNFAIP3 (A20), IRF1, CEBPD, BCL3, and JUNB. These data suggest that early
after CD95 stimulation NF-xB is activated. However, upon long-term stimulation CD95, the
NF-kB signature of induced genes switches to an IFN signature of genes. Experiments are
ongoing to determine whether NF-xB activation is involved in the induction of ISGs
downstream of CD95.

By testing STAT1 k.o. MCF-7 cells, we found that in cells treated with either CD95L or type
I IFN, STAT1 not only drives its own expression but also the expression of STAT2; this is
consistent with STAT2 being a STAT1 regulated gene (Satoh and Tabunoki, 2013). Both
STAT2 and STAT3 were phosphorylated in CD95L or IFNP treated cells. Remarkably, in
complete STAT1 MCF-7 k.o. cells, neither CD95L nor IFNB could cause any detectable
phosphorylation of STAT3. This activity was fully restored upon reexpression of STAT1.
These observations can be explained by assuming that both STAT2 and STAT3 need to
heterodimerize with STAT1 to undergo phosphorylation.

Based on our data, we propose the following model to explain some of the tumor promoting
activities of CD95 (Figure 7F). Upon short-term exposure to CD95L, cancer cells have at
least two ways to respond: If they are sensitive to CD95-mediated apoptosis, they will
undergo canonical caspase-mediated apoptosis. However, most cancer cells are resistant to
CD95-mediated apoptosis. When these cells are stimulated, they activate nonapoptotic
signaling pathways including NF-xB, which increases motility and invasiveness (Barnhart et
al., 2004). Upon chronic stimulation, as one would expect in a physiologically relevant
situation of slowly growing tumors with infiltrating immune cells, and especially under
conditions of reduced caspase activity, type | IFNs are secreted and bind to type I IFN
receptors, activating JAK kinases and causing activation of STAT1, either as a heterodimer
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with STAT?2 or alternatively with STAT3. This in turn results in the induction of a number of
ISGs, including members of the ISRE signature of genes that contribute to the increase in
therapy resistance of cancer presumably through an increase in stemness.

It was recently suggested that cells produce IFNB when undergoing caspase-inhibited
apoptosis (White et al., 2014). CD95 mediated apoptosis is dependent on activation of
caspases (Peter and Krammer, 1998). Our findings that in all tested cells (including the
caspase-3 deficient MCF-7 cells), stimulation of CD95 resulted in a more profound
activation of STAT1 when caspases were inhibited combined with our observation that under
such conditions cells do not show any signs of cell death now suggests that cell death is not
required for CD95 to engage a Type | IFN pathway. The response of cells to IFN
downstream of CD95 is not due to dying cells. Interestingly, however, while inhibiting
caspases allowed for a more efficient activation of STAT1 (see Figures 1J and 2A) it did not
increase the amount of IFN produced (see Figure S5A). This suggests that a caspase other
than caspase-3 inhibits activation of STAT1 independent of the release of IFNs (not shown in
Figure 7F).

In addition to STAT1, there were three genes significantly upregulated at the mRNA and
protein level in CD95-stimulated MCF-7 cells that were found to be regulated by STAT1 in
the ChIP-Seq analysis and also upregulated in Nu61 versus SCC61: 1) Phospholipid
scramblase 1 (PLSCR1) is a member of a family of membrane proteins that has been
proposed to contribute to the reorganization of plasma membrane phospholipids (Zhou et al.,
1997). It functionally contributes to cytokine-regulated cell proliferation and differentiation,
and it is required for normal myelopoiesis. Stem cell factor and G-CSF were reported to
induce marked increases in PLSCR1 levels (Zhou et al., 2002) and blocking PLSCR1
impairs tumorigenesis of colorectal carcinomas (Fan et al., 2012). 2) USP18/UBP43 is an
ubiquitin-specific protease that removes 1SG15 from ISGylated IFN target proteins, and
mice lacking USP18 are hypersensitive to IFN (Malakhova et al., 2003), suggesting that
USP18 acts to dampen the IFN response. It has been shown to serve as a negative prognostic
marker for bladder cancer (Kim et al., 2014). 3) HERC6 belongs to the HERC family of
ubiquitin ligases. These three genes were also more highly expressed in cells with increased
stemness, either in MCF-7 cells after repressing miR-200c, SKBR3 or SCC61 cells when
grown under sphere forming conditions, in CD44 high primary PDX mouse-derived breast
cancer cells, and in glioblastoma cells of the mesenchymal subtype grown as neurospheres
and sorted for CD95. Finally, they were highly upregulated in MCF-7 and SCC61 cells
treated with type | IFN. We have used these three genes throughout our work as markers of
STAT1 activation. It remains to be tested which STAT1 regulated genes are required for the
stemness-inducing activity of CD95 and IFN signaling.

While acute IFNa treatment promotes the proliferation of dormant hematopoietic stem cells
in vivo (Essers et al., 2009), neither STAT1 nor any of the three target genes have been
directly connected to cancer stemness. STAT1 has been described as a cell autonomous
tumor suppressor of mouse mammary gland tumorigenesis, and globally STAT1 deficient
mice spontaneously develop ER positive luminal breast cancer (Chan et al., 2012; Klover et
al., 2010; Schneckenleithner et al., 2011). In contrast to these reports, recent studies have
identified STAT1 as a tumor promoter for a number of human cancers and it serves as an
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adverse prognostic marker (Greenwood et al., 2012; Hix et al., 2013; Khodarev et al., 2010;
Kovacic et al., 2006; Tymoszuk et al., 2014). In addition, a link between STAT1 and therapy
resistance has been uncovered (Khodarev et al., 2004; Khodarev et al., 2007; Rickardson et
al., 2005; Weichselbaum et al., 2008). Interestingly, one report demonstrated that STAT1
signaling contributes to radioresistance in breast cancer-initiating cells (Zhan et al., 2011).

The findings reported here are unlikely limited to breast cancer or squamous cell carcinoma.
CD95 was recently described as a marker and driver of cancer stemness in GBM (Drachsler
et al., 2016). Our data on the increased expression of STAT1 and STAT1 targets and the stem
cell marker BMI1 in CD95hi GBM cells when compared to CD95lo cells suggests that
STAT1 may also be involved in maintaining stemness of mesenchymal subtype of glioma
cancer cells.

We acknowledge that the study of cancer stem cells is complex (Medema, 2013) and it is not
entirely clear what role CD95 and type I IFN play in promoting all aspects of CSCs.
However, the combination of monitoring proper surface markers, expressed CSC driving
genes, single cell sphere formation assays and /7 vivo tumor initiation assays used in this
study all point toward a strong and novel cell autonomous function of both CD95 and type |
IFNs in increasing cancer stemness. This explains some interesting earlier reports that
connected STAT1 with therapy resistance in human cancers. One remarkable finding is that
we found an 88% overlap in gene expression between the 42 shared genes expressed in a
breast cancer cell line stimulated /n vitrothrough CD95 and a squamous carcinoma cell line
rendered radioresistant /n vivo, and the 389 genes that were originally identified as antiviral
ISGs (Schoggins et al., 2011). Furthermore, the expression of a subgroup of only 36 of these
genes (the IRDS) distinguishes 5 different human cancers (head & neck, lung, breast,
prostate cancer, and high grade glioma) patients into groups of poor and favorable prognosis
(Weichselbaum et al., 2008). Most remarkably, for breast cancer the IRDS was found to
serve as a therapy (both radiation and adjuvant chemotherapy) predictive marker for relapse
while the expression of the IRDS in patients without any treatment was not predictive of
outcome. Our data now suggest that the IRDS could be the result of chronic stimulation of
CD95 on the cancer cells.

EXPERIMENTAL PROCEDURES

General Methods

Long-term stimulation of cancer cells through CD95, knock down of CD95L using shRNAsS,
sphere forming assays, CD44/CD24 surface staining, Western blot analyses, quantitative real
time PCR were done as previously described (Ceppi et al., 2014).

SILAC Analysis

For SILAC labeling, MCF-7 cells were grown in media with 13C6-L-lysine and 13C6-L-
arginine (heavy) in the treatment group or with regular lysine and arginine (light) in the
control group. All reagents were from Pierce® (SILAC Protein Quantitation Kit, Fisher
Scientific). Cells were labeled with the heavy amino acids for 5 doublings until more than
98% of amino acids in the cells had been replaced by heavy amino acids as assessed by mass
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spec analysis (data not shown). The light labeled and heavy labeled cells were treated with
either anti-APO-1 or isotype control antibody for 12 days or infected with pLKO-scrambled
or pLKO-shCD95L virus for 10 days, respectively. After treatment (six biological replicates
per condition), 2x10 labeled cells were lysed with 8M urea, 20mM HEPES, pH8, and
sonicated three times (30 second per cycle with 30 second of resting time) on ice. Lysates
were centrifuged at 12,000g for 15 min, and the samples were diluted to 4M urea by adding
20mM HEPES, pH8. After protein quantification, lysates were kept frozen at -80C until
mass-spec analysis.

CRISPR/Cas9 Deletion of STAT1

Two regions in STAT1, one covering parts of exon 3 and 4 and one parts of exon 23 and 24
were deleted in MCF7 cells using two guideRNAs. Deletions in single cell clones were
verified by genomic PCR using external primer pairs and by DNA sequencing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. STAT1 IsPhosphorylated and Upregulated after Long-Term Stimulation of CD95
(A) Venn diagram showing the overlap of the number of peptides detected by SILAC to be

upregulated in MCF-7 cells stimulated with anti-APO-1 for 14 days or following treatment
with the CD95L derived shRNA shL3 for 12 days.

(B) List of all proteins from A that were deregulated at least 1.5 fold in opposite directions
in either analysis. Proteins in red have been associated with either CSCs or tumor metastasis
(see supplement for references. * These proteins were found to be regulated by STAT1 in a
ChlIP-Seq analysis (see Table S3).

(C) Western blot validation of STAT1. Quantification of bands normalized to actin is given.
(D) Western blot analysis of MCF-7 cells treated with control 1IgG3 (=) or anti-APO-1 (+)
for the indicated times. Quantification of bands normalized to actin is given.

(E-H) Western blot analysis of MCF-7 cells treated with 1gG3, anti-APO-1, LzCD95L, or
membrane bound CD95L (mCD95L) for 4 days. For F-H quantification of bands normalized
to actin is given.

(1) Western blot analysis of MCF-7 (left) or CT26 (right) cells stably expressing membrane
bound human CD95L.

(J) Western blot analysis of MCF-7 cells treated with either 1gG3 or anti-APO-1 with or
without pretreatment with zZVAD-fmk. Quantification of bands normalized to actin is given.
See also Figure S1 and Table S1.
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Figure 2. Caspase 3 Inhibits Activation of STAT 1 Following Stimulation of CD95
(A) Western blot analysis of 6 cancer cell lines after a 4 day stimulation through CD95 with

or without treatment with zZVAD. Quantification of bands normalized to actin is given.
(B-D) Western blot analysis of MCF-7 cells reconstituted to express caspase-3 (C3), or
control vector (Vec) treated with either anti-APO-1 (+) (compared to 1gG3 (-) (B), LzCD95L
(C) or IFNa (D).

See also Figure S2.
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Figure 3. Genes Upregulated in Long-Term Stimulated MCF-7 Cells Largely Overlap with IFN
Response Genes Overexpressed in the Radioresistant Variant of SCC61, Nu61

(A) Venn diagram showing the overlap between the IFN-related DNA damage resistance
signature (IRDS) (Weichselbaum et al., 2008) and the genes upregulated in MCF-7 cells
after 14 days of stimulation with anti-APO-1 (see Table S2). Genes in red were identified as
direct targets of STAT1 using ChlP-Seq analysis (see C).

(B) Western blot of the samples (stimulated for 4 days) that were used for the ChIP-Seq
analysis. (C) Read distribution and genomic localization around the promotor of three genes
that were found to be induced in CD95 stimulated cells and identified as direct STAT1
targets.

(D) Validation of the upregulation of identified STAT1 regulated genes and of ZEB1 by real-
time PCR in MCF-7 cells treated with anti-APO-1 for two days.

(E) Top, Venn diagram with the overlap between the CD95 stimulated genes and the genes
that were differentially expressed between Nu61 and SCC61 when grown as tumors in mice
(two independent experiments). Boftom, \Venn diagram showing the overlap between the 42
genes identified above and the ISG genes.

(F) GSEA enrichment plot showing significant enrichment of up-regulated 1SG genes in the
data set of CD95 induced genes in MCF-7 cells and the two data sets containing the genes
differentially expressed in two /in vivo experiments between Nu61 and SCC61 tumors. p-
value *<0.05, **<0.001; ***<0.0001.

See also Figure S3 and Tables S2 and S3.
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Figure 4. STAT1 IsPhosphorylated and Upregulated in Cancer Cellswith Enriched Stemness
(A) Western blot analysis of MCF-7 cells treated with either IgG3 or anti-APO-1 for 6 days.

(B) Western blot analysis of MCF-7 cells grown under adherence or as first or third
generation mammospheres. Quantification of bands normalized to actin is given.

(C) CD44/CD24 surface staining of MCF-7 cells infected with either a miR-Zip control
vector (Zip-Ctr) or the miR-Zip-200c inhibitor.

(D) Western blot analysis of the cells in C. Quantification of bands normalized to actin is
given.

(E) Real-time PCR analysis of STAT1, STAT1 target genes and the miR-200 targets ZEB1
and SOX2 of the cells in D.

(F) Real time PCR analysis of PDX mouse derived primary human breast cancer cells sorted
for high or low CD44 expression.

(G) Identification of STAT1 protein derived peptides by mass spec analysis of the cells in F.
(H) Real time PCR analysis of GSC20 GBM cells sorted for high or low CD95 expression.
p-value *<0.05, **<0.001; ***<0.0001; ns, not significant.

See also Figure S4.
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Figure5. CD95 Stimulation Induces Type | |FNswhich Have Stem Cell Driving Activities
(A) ELISA quantification of IFNa and IFN+y produced by MCF-7 cells treated with either

1gG3, anti-APO-1, or LzCD95L for 2 days.

(B) Western blot analysis of MCF-7 cells treated with LzCD95L for 4 days in the presence
of neutralizing anti-IFNAR1 and/or IFNAR?2 antibodies. Quantification of bands normalized
to actin is given.

(C) Western blot analysis of MCF-7 cells control treated or treated with IFNa or IFN for 4
days. Quantification of bands normalized to actin is given.

(D) Real-time PCR quantification of MRNAs of STAT1 regulated genes in MCF-7 cells
treated with either IFNa., IFNB (top) or LzCD95L (bottom).

(E) Quantification of ADLH1 activity in MCF-7 cells treated for 6 days with IFNa.

(F) CD24 surface staining of MCF-7 cells treated with 1gG3, anti-APO-1, or IFNp for 6
days in the absence or presence of Ruxolitinib.
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(G, H) Sphere formation of MCF-7 cells after treatment with either IgG3 or anti-APO-1 (G)
or IFNa (H) for 6 days in the absence or presence of Ruxolitinib.

(1) Single cell sphere formation assay of MCF-7 cells after treatment with either 1gG or anti-
APO-1 or IFNp for 6 days.

(J, K) Western blot analysis of MCF-7 cells treated with either 1gG3 or anti-APO-1 (J), or
IFNa (K) for 4 days and DMSO solvent control or Ruxolitinib.

(L) Tumor initiation frequency in NSG mice injected with MCF-7 cells, treated with either
IgG3, anti-APO-1 or IFN for 9 days. 103 cells were injected into the left 4" mammary duct
or 10% cells the right 4th duct and tumor initiation was monitored by VIS imaging 7 days
after tumor cell injection. p-value *<0.05, **<0.001; ***<0.0001; ns, not significant.

See also Figures S5 and S6.
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Figure 6. STAT1IsaKey Factor in the Signaling Pathway that Connects CD95 to Cancer
Stemness

(A) Schematic of the STAT1 protein and the two sites deleted by CRISPR/Cas9 gene editing.
(B) PCR confirmation of homozygous deletions at the two sites in STAT1 in three isolated
clones (labeled in red).

(C) Genomic localization of the two CRIPSR/Cas9 deletions in the human STAT1 gene
(Human Dec. 2013 (GRCh38/hg38) assembly). The PAM sites in the guide (g)RNAs are
underlined. gRNAs in green target the sense and in blue the antisense strand.
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(D) Western blot analysis of MCF-7 cells, Cas9 transfected wt clones and STAT1 k.o. clones
either control treated or treated with LzCD95L for 4 days.

(E) CD24 surface staining of the clones treated as in D.

(F) CD44/CD24 surface staining of cell pools of clones C1 and C2 and P6 and P10 (now
expressing a luciferase plasmid for the /n vivo experiment in H) after 7 days of treatment
with either 1gG3 or anti-APO-1.

(G) Bioluminescence of tumors in NSG mice one week and two weeks after injection of the
cells analyzed in F into the fat pad.

(H) Growth of the pooled cells after 9 days of treatment with either IgG3 or anti-APO-1. p-
value was calculated using ANOVA.

(1) Percent of wells with spheres after plating MCF-7 cells (treated with LzCD95L for 6
days) at one cell per well in 96-well plates. p-value *<0.05; ns, not significant.

See also Figures S7-S9.
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Figure 7. Reconstitution of STAT1 into STAT1 Knock-Out Cells Reconnects CD95 to the
IFN/JAK/STAT 1 Signaling Pathway

(A,B) Western blot analysis of parental MCF-7 cells, two STAT1 k.o. clones (P6 and P10)
infected with either a control virus (Vector) or a STAT1 expression virus cultured without (-)
or with (+) LzCD95L (A) or IFNB (B) for 4 days.

(C) CD24 surface staining of STAT1 k.o. clones infected with pLenti vector or pLenti-
STAT1 either untreated and treated with either LzCD95L or IFNP. for six days.

(D) Real-time PCR analysis of mRNAs in parental MCF-7 cells, clone P6 cells infected with
and empty (Vector) or with a STAT1 expressing lentivirus after a six day treatment with

Cell Rep. Author manuscript; available in PMC 2017 June 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Qadir et al.

Page 26

either LzCD95 or IFN. p-value *<0.05, **<0.001; ***<0.0001; ns, not significant. P-
values of parental cells were compared to Ctr. P-values of STAT1 reconstituted cells are
compared to Vector expressing cells.

(E) Percent of wells with spheres after plating MCF-7-STAT1 k.o0. P6 cells expressing Vector
or STAT1 (treated with either IFNP or LzCD95L for 6 days) at one cell per well in 96-well
plates.

(F) Model on the activity of CD95 to mediate cancer stemness through activating a type |
IFN/JAK/STAT1 pathway. The JAK/STAT1 signaling pathway and its targeted genes is
depicted in a simplified form as it is not known whether all canonical components are
involved in the newly described CSC driving activity. zZVAD, zZVAD-fmk; Ruxo, Ruxolinitib.
ISG, IFN sensitive genes; IRDS, interferon-related DNA damage resistance signature. For
details see text.
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