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SUMMARY

Small cell lung cancer is initially highly responsive to cisplatin and etoposide but in almost every
case becomes rapidly chemoresistant, leading to death within one year. We modeled acquired
chemoresistance in vivo using a series of patient-derived xenografts to generate paired
chemosensitive and chemoresistant cancers. Multiple chemoresistant models demonstrated
suppression of SLFN11, a factor implicated in DNA damage repair deficiency. In vivo silencing of
SLFN11 was associated with marked deposition of H3K27me3, a histone modification placed by
EZH2, within the gene body of SLFN11, inducing local chromatin condensation and gene
silencing. Inclusion of an EZH2 inhibitor with standard cytotoxic therapies prevented emergence
of acquired resistance and augmented chemotherapeutic efficacy in both chemosensitive and
chemoresistant models of small cell lung cancer.
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INTRODUCTION

Small cell lung cancer (SCLC) affects an estimated 270,000 individuals per year worldwide
and is metastatic at the time of diagnosis in approximately two thirds of cases (Shepherd et
al., 2007; Torre et al., 2015). Metastatic SCLC is exceptionally lethal, associated with a
median survival of 9 to 10 months from the time of diagnosis and a 5-year survival of less
than 2% (Shepherd et al., 2007). Even when detected prior to metastasis, most patients with
localized disease will suffer disease recurrence and death within the first 2 years. More
effective treatment approaches to SCLC are desperately needed.

The standard first line treatment for metastatic SCLC consists of a platinum doublet,
cisplatin or carboplatin, generally paired with the topoisomerase Il inhibitor etoposide
(Kalemkerian et al., 2013). Standard approaches to recurrent SCLC include treatment with a
topoisomerase | inhibitor, topotecan or irinotecan (IRI). There are no approved therapies for
SCLC after progression on a second line regimen. De novo SCLC is remarkably sensitive to
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first line platinum doublet chemotherapy, with objective response rates of over 50% in
patients without substantial co-morbid conditions. These impressive responses are also
disappointingly transient: median progression-free survival in current trials remains less than
5 months (Belani et al., 2016). The response rates to second line topoisomerase | inhibitor
therapy are substantially lower, below 20% overall (Horita et al., 2015).

The molecular mechanisms responsible for the remarkable shift between de novo
chemosensitive disease and rapidly emergent chemoresistant disease in SCLC have not been
defined. Defining these mechanisms would both provide insights into the biology of SCLC
and inform clinical strategies to prevent or delay therapeutic resistance. More broadly,
characterizing mechanisms of acquired resistance in this cancer that undergoes a dramatic
shift between chemosensitivity and chemoresistance could have implications for
understanding acquired resistance to DNA damaging cytotoxic therapy in other
malignancies.

Here, we sought to discover mechanisms of acquired resistance to first line cisplatin and
etoposide therapy in SCLC by mimicking clinical practice as closely as possible through in
vivo treatment of a set of chemosensitive SCLC patient-derived xenograft (PDX) models.
We hypothesized that an approach to detect causal alterations against a high background of
tobacco carcinogen-induced passenger mutations would be to conduct a pair-wise
comparison of changes in individual tumor models prior to, and following, acquired
chemotherapy resistance (George et al., 2015; Rudin et al., 2012).

Modeling acquired resistance in vivo

Patients with SCLC are typically treated with a regimen of up to 6 cycles of chemotherapy,
each cycle consisting of cisplatin on day 1 and etoposide on days 1, 2, and 3, at near
maximally tolerated doses. To study mechanisms that may govern acquired chemoresistance
in vivo, we adopted an analogous approach of repeated chemotherapy cycles in tumor
bearing animals in order to select populations of tumor cells that could effectively grow
through chemotherapy (Figure 1A). We determined that we could safely administer 6-8
cycles of cisplatin and etoposide (C/E) on a weekly schedule in mice. We applied this
approach to 10 independent PDX models of SCLC, the majority of which were derived from
chemonaive patients (Table S1). We observed a spectrum of response; 2/10 models achieved
complete responses, while 8/10 showed a broad index of partial responses, ranging from
65% to 95% tumor growth inhibition, without any dose-limiting toxicity as measured by
animal weights (Figures 1B, SIA-S1C). To ensure that tumors progressing through multiple
cycles of chemotherapy would develop intrinsic chemoresistance, these tumors were
disaggregated, re-implanted into a second generation of mice, and selected again through
multiple cycles of chemotherapy (Figure 1C). To assess the extent of acquired
chemoresistance, progressing tumors re-implanted in a third generation of mice were again
randomized to chemotherapy or vehicle control arms. Comparing the chemonaive to the
chemoresistant state across all models, we observed a significant (p=0.0008) difference in
the median survival time, defined as time to reach a volumetric endpoint of 1,000 mm?3
(Figure 1D). Further, we observed a clear difference between the total cycles of C/E
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administered to naive versus resistant models (p=0.026, Figure 1E). This was not due to a
change in the time to randomization of these models (Figure 1F) or increased mitotic index
as measured by Ki67 staining (Figure 1G), but rather it reflects the ability of the
chemoresistant derivative tumors to grow through the selective pressure (Figures 1C and
S1).

Acquired chemoresistance is not associated with emergence of recurrent mutations

We hypothesized that the development of acquired resistance to chemotherapy in these
models could be caused by changes in their genetic landscapes. To investigate this, we
performed whole exome sequencing in the 10 paired models. We first confirmed by
examining more than 1,000 common single nucleotide polymorphisms (SNPs) that the
resistant models were derived from the parental models and did not arise from cross-
contamination with other cell lines, PDX, or spontaneous murine malignancies (Figure
S2A). In all cases, >90% of bases could be called based on a read depth of =15 (Figure
S2B). We observed the expected pattern of genetic alterations consistent with SCLC,
including frequent alterations in 7P53and RBI (Figure 2A). Importantly, in each case the
key genetic alterations identified in the chemonaive model were maintained through
acquisition of chemoresistance. We next sought to determine to what extent the total
mutational burden was shared between chemonaive and chemoresistant models. A focused
analysis on MSK-LX40 and MSK-LX95, two models with matched normal DNA, revealed
the expected mutational pattern enriched in C>A transversions, consistent with tobacco
smoke induced mutational signature (Alexandrov et al., 2013) (Figure 2B). The mutational
signatures of these tumors were relatively stable; however, both models acquired a minor
component of mutational Signature 3, which has been associated with impaired double-
strand break-repair by homologous recombination (Rosenthal et al., 2016). A majority of
called mutations were shared, while only a minority of mutations was private to either the
chemonaive or chemoresistant setting (Figure 2C). The number of private mutations was
greater in the chemoresistant setting, suggesting that additional mutations were acquired
during treatment. However, we were not able to identify recurrent acquired mutations across
independent tumor models; no putative causal mutations of acquired resistance were found
(Figure S2C), leading us to conclude that private mutations in the chemoresistant setting are
passengers, not direct drivers of chemoresistance. Consistent with apparent mutational
stability, we found copy number alterations to be concordant between chemonaive and
chemoresistant models and failed to identify any significant focal copy number alterations or
evidence of treatment induced genome doubling events that could be indicative of
chromosomal instability (Figure 2D). Without clear evidence of a genetic basis for the
chemoresistance phenotype, we focused subsequent analyses on potential epigenetic
mechanisms of acquired chemoresistance.

SLFN11 suppression and TWIST1 induction characterize distinct subsets of
chemoresistant disease

We hypothesized that there could be epigenetically driven recurrent changes in gene
expression in the setting of acquired chemoresistance. To pursue this hypothesis, we
performed RNA-sequencing (RNA-seq) on each of the 10 paired models. Principal
component analysis suggested that gene expression patterns were remarkably consistent
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between chemonaive and chemoresistant settings and could easily discriminate between
PDX models (Figures 3A and S3A). Due to the high degree of similarity between paired
models, we hypothesized that changes in the expression of a minority of genes, as opposed
to broad transcriptional changes, could drive chemoresistance. To identify recurrently
differentially expressed genes, we generated a meta p value for each gene based on the
degree of differential expression in each of the individual models (Figure 3B). Schlafen
family member 11 (SLFN11), a gene that we and others have reported as being critical to
sensitivity to DNA damaging agents (Barretina et al., 2012; Lok et al., 2016; Sousa et al.,
2015; Stewart et al., 2014; Tang et al., 2015; Zoppoli et al., 2012), was among the most
significantly downregulated genes. Cancer-testis antigens, a family of genes that are highly
sensitive to epigenetic perturbation (De Smet et al., 1999), were significantly upregulated, as
well as Twist family bHLH transcription factor 1 (7W/ST1), a gene previously described to
play an important role in acquired resistance to a variety of agents (Fischer et al., 2015;
Zheng et al., 2015). In addition to its role in therapeutic resistance, 7W/ST71 is a mediator of
epithelial-mesenchymal transition (EMT), metastasis, and stemness (Beck et al., 2015;
Schmidt et al., 2015; Yang et al., 2004; Yang et al., 2012). The potential mechanisms
identified are mutually exclusive and together are represented in 7 of 10 chemoresistance
models (Figures 3C-3E).

We extended these results by modeling acquired resistance to C/E in murine models of
SCLC (mSCLC), including two cell lines (Rb1/Trp53 null, DKO and Rb1/Rbl2/Trp53 null,
TKO) previously generated by others (Park et al., 2011) and one chemonaive allograft
directly isolated from a tumor and passaged exclusively in vivo (Rb1/Rbl2/Trp53 null, TKO-
A). Robust in vitro acquired resistance to etoposide was associated with a change in
phenotype, converting from a suspension, spheroid culture to an exclusively adherent culture
(Figure S3B). Using the same schedule of C/E to generate chemoresistant PDXs, we
generated a chemoresistant allograft (TKO-AR). Again, the schedule of C/E was well-
tolerated based on animals weights and provided significant tumor growth control in the
naive, but not resistant allograft (p=0.0026, Figure S3C). Principal component and
differential gene expression analysis suggested EMT-like changes in all three models tested,
with the first principal component strongly separating parental and resistant versions of the
models (Figures S3D-S3F).

Given the upregulation of 7W/ST1/ Twist1 in both human and mouse models of SCLC upon
acquired resistance, we assessed whether direct gain or loss could affect chemosensitivity.
We infected the parental and resistant versions of the allograft ex vivo with lentiviruses
expressing doxycycline-inducible murine 7iwistZ constructs and generated stable cell lines in
culture. Notably, conditional gain of WT or K145E DNA-binding mutant 7w7st (Maia et
al., 2012) did not robustly change the sensitivity to etoposide, in contrast to the shift we
observed ex vivo between naive and resistant allograft lines (ICgg naive TKO-A ~0.15 uM,
versus I1Cgq resistant TKO-AR ~3.0 uM; Figure S3G). Moreover, conditional suppression of
Twistll TWISTI by shRNA could neither rescue chemosensitivity in mouse or TWIST1HIGH
human SCLC cell lines nor influence other features of EMT observed in the resistant
mSCLC cell lines, such as downregulation of E-cadherin (Figures S3G-S3lI). Taken
together, these results suggest that, while increases in 7TW/ST1 may be associated with
acquired resistance to chemotherapy in SCLC, this gene does not directly promote the
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acquired resistance observed in our models. However, we cannot rule out the possibility an
event upstream of 7W/ST1 expression may play a more direct role in acquired
chemoresistance.

SLFN11 expression is decreased in cell lines and clinical samples from previously treated

patients

We then interrogated the role of SLFNI1 in the context of acquired chemoresistance, as it
had been previously implicated as a factor regulating DNA damage repair (Mu et al., 2016)
and was shown to correlate with responses to DNA damaging agents in vitro (Barretina et
al., 2012; Sousa et al., 2015) and in vivo (Tang et al., 2015). SLFN11 is bi-modally
expressed when examined across cancer cell lines within the Cancer Cell Line Encyclopedia
(CCLE), as well as within SCLC in both primary tumor (Lok et al., 2016) and cell lines
(Figure 4A). Many SCLC cell lines have been established and annotated with regards to
their primary source (Carney et al., 1985). Cell lines generated from treated patients have
lower levels of SLFN11expression relative to lines generated from untreated patients
(p=0.031; Figure 4B), which also held true when comparing chemonaive to chemoresistant
PDX models (p=0.003; Figure 4C). We observed similar results when examining SLFN11
protein expression by IHC using an H-score as the comparative metric, including either all
models or only models with detectable SLFN11 at baseline (Figures 4D and 4E). In 2
models where chemoresistance was associated with a substantial decrease in SLFN11
(Figure 4F), we confirmed quantitative decreases in SLFN11 expression at both the
transcript level by RNA-seq and protein level by quantitative Western blotting (Figures 4G
and S4A-S4C). Interestingly, an endpoint analysis of vehicle and C/E treatment groups from
chemonaive and chemoresistant cohorts in one model revealed a significant decrease in
SLFN11 in progressing tumors (p=0.029; Figure S4D).

To assess whether SLFN11 expression was correlated with clinical response in patients with
SCLC, SLFN11 immunohistochemistry was performed on clinically annotated tumor
microarrays from untreated (Vanderbilt Medical Center; VMC) and previously treated (Case
Western Reserve University; CWRU) SCLC patients, with H-scores for each intact core
determined by a pathologist blinded to sample identity (Figure 4H). Immunostaining for
SLFN11 was low to nearly absent in lung squamous cell carcinoma and adenocarcinoma in
contrast to SCLC (Figure 41). SLFN11 expression was modestly associated with stage of
disease when viewed in aggregate, with SLFN11 greater in limited stage versus extensive
stage patients (p=0.0397; Figure 4J). Consistent with a role in determining chemosensitivity,
among all treated patients, SLFN11 expression was higher in tumors from patients who
responded to therapy versus those who did not (p=0.0192; Figure 4K). When evaluating
SLFN11 as a pretreatment predictor of response in untreated patients (Figure 4L) and as a
post-treatment correlate of response (Figure 4M), we found a trend for greater SLFN11
expression in patients categorized as treatment responsive; however, statistical significance
was not reached. Notably, among untreated patients, 83% (10/12) of patients with a SLFN11
H-score >75 responded to treatment (Figure 4L); using the same threshold among previously
treated patients, all 6 patients with an H-score >75 responded to treatment (Figure 4M).
However, applying a dichotomized H-score of 68.8 using Youden’s index (YYouden, 1950)
did not show a statistically significant difference in overall survival (p=0.884, Log-rank test;
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Figure S4E). Taken together, these data suggest that high SLFN11 expression in SCLC
confers greater sensitivity to chemotherapy but does not confer an overall survival benefit in
this clinical cohort.

EZH2 inhibition restores SLFN11 expression and chemosensitivity in vitro

A recent report suggested that SLFN11 expression is partly regulated by an epigenetic
silencing mechanism reversed by broad DNA methylation inhibitors such as 5-Azacitidine
(5-Aza) (Nogales et al., 2016). We chose to examine whether EZH2 (Enhancer of zeste
homology 2) could have a role in silencing SLFN11in SCLC for several reasons: 1) there is
evidence for an EZH2 binding site upstream of the first exon of SLFNI11 from cell line data
reported by the ENCODE project (Gerstein et al., 2012; Wang et al., 2013), 2) we have
shown EZHZ2 expression levels to be higher in SCLC than in any of the tumor types included
in TCGA (Poirier et al., 2015), and 3) others have shown that PRC2 target gene repression
correlates with shorter survival in primary SCLC (Sato et al., 2013). Overall, these lines of
evidence prompted us to examine whether chemical inhibitors targeting DNA or histone
methyltransferase enzymes could play a role in regulating SLFNI11 expression.

Using short term ex vivo culture, we exposed naive and resistant versions of select PDX
models to either 5-Aza or the EZH2 inhibitor EPZ011989 (abbreviated EPZ). After 7 days
of continuous daily exposure, we noted striking increases in SLFN11 expression in the EPZ-
treated cells versus DMSO or 5-Aza-treated cells, suggesting that SLFN11 expression may
be regulated at the level of histone methylation, rather than DNA methylation, in SCLC
(Figure 5A). Moreover, treatment with EPZ, but not 5-Aza, effectively restored ex vivo
etoposide sensitivity of the chemoresistant model to that of the chemonaive model, where ex
Vivo resistance was most pronounced for topoisomerase inhibitors and less for cisplatin
(Figures 5B and 5C). We next interrogated the kinetics of SLFN11 re-expression in the
SCLC cell line NCI-H82, which was derived from a previously treated patient and shows
minimal expression of SLFN11 protein. We monitored the re-expression of SLFN11 over a
21 day period in suspension culture, during which time cells were treated daily with 1 uM
EPZ for 10 days and then cultured in fresh media without compound for an additional 10
days. We noted striking re-expression of SLFN11 after ~7-10 days of drug exposure, with
concomitant suppression of H3K27me2/3, consistent with on-target inhibition of EZH2
(Figure 5D). Re-expression of SLFN11 was dose-dependent and stable under acute DNA
damage (Figure S5A). This re-expression was sustained even as global H3K27me2/3 levels
returned to baseline levels during a 10-day washout period (Figure 5D). In 7-day treatment
assays, we noted a dramatic increase in SLFN11 protein expression in cell lines with little to
no detectable SLFN11 (Figure 5E). This was in contrast to cell lines with high de novo
expression of SLFN11, in which no further increase above baseline was observed. The
extent to which SLFN11 protein levels were increased by EPZ was strongly correlated to an
increase in topotecan sensitivity across all cell lines tested (Pearson r=0.916; Figures 5F and
S5B). SLFN11 protein re-expression by EPZ was suppressible with sShRNAs targeting
SLFN11 (Figure S5C and S5D). SLFN11 expression could also be induced with GSK126, a
chemically distinct EZH2 inhibitor, although EPZ showed greater capacity for SLFN11 re-
expression when compared to GSK126, which had comparatively less robust H3K27me3
suppression in our experience (McCabe et al., 2012).
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A shift in global repressive histone methylation may have pleiotropic effects on gene
expression that manifest in a cell line specific manner (Jadhav et al., 2016). To directly
address whether re-expression of SLFN11 was sufficient to sensitize SCLC cell lines with
low levels of SLFN11 to DNA damaging agents, such as topotecan, we used a doxycycline-
inducible expression vector to express SLFN11 in NCI-H82 and NCI-H446. Both of these
cell lines were derived from previously treated patients and are highly resistant to etoposide.
Exogenous expression of SLFN11 was capable of sensitizing these cell lines to topotecan
relative to non-induced or empty vector controls (Figure 5G), although this effect was less
pronounced than that of the EPZ-mediated sensitization (Figure 5C). Consistent with this
observation, sShRNA-mediated suppression of SLFN11in NCI-H526, a cell line with high
baseline SLFN11 expression, modestly decreased sensitivity of this line to topotecan,
although we note that complete suppression of SLFN11 was not possible even with a potent
shRNA (Figure S5E). Remarkably, while EPZ-treatment shifted the sensitivity of NCI-H82
cells to topotecan by approximately one log, this was reversed by concurrent ShRNA
suppression of SLFN11 (Figures 5H and 51). While we did not note changes in markers of
acute DNA damage response (yH2A.X), we found that EPZ-treated cells showed increased
markers of programmed cell death (cleaved-PARP) upon acute topotecan exposure that were
reduced when suppressing SLFN11by shRNA (Figure 5J). Taken together, these data
strongly implicate SLFN11 as a determining factor in sensitivity to DNA damaging agents in
SCLC.

EZH2 silences SLFN11 expression in SCLC

To further define the mechanistic relationship between EZH2 and SLFN11 expression, we
sought to explore the effects of EZH2 inhibition on local chromatin structure in the vicinity
of the SLFN11 locus. We examined the efficacy of EPZ in 4 PDX models at two dose
schedules over a treatment period of 3 weeks (Table S2). This schedule slowed tumor growth
modestly in 3 of 4 models tested (Figure S6A), and EPZ was well tolerated in animals based
on weight measurements when administered at 250 mg/kg orally, twice a day (PO bid)
(Figure S6B). This analysis included a chemorefractory model, JHU-LX44, that was omitted
from the analysis of chemosensitive models (Figure S6C). Our ability to observe single
agent efficacy in vivo may have been limited by the duration we were able to treat animals
relative to the time required to remodel the epigenome, which is thought to require weeks to
months (LaFave et al., 2015). We further assessed the contribution of time-dependence for
efficacy in vivo by re-engrafting equivalent viable cell numbers from tumors that had
previously been treated for 21 days with or without EPZ and then re-treating tumors with
vehicle or a secondary round of EPZ as soon as tumors became palpable (Figure S6D).
These results suggest that prolonged exposure of SCLC tumors to EZH2 inhibition may have
a greater effect on decreasing proliferative capacity; however, continuous treatment led to
weight loss that approached protocol limits.

To demonstrate the ability of EPZ to modulate the SCLC chemoresistant epigenome, we
performed chromatin immunoprecipitation followed by sequencing (ChlP-seq) from flash
frozen tissue collected from chemonaive or chemoresistant SCRX-Lu149 tumors treated for
21 days with vehicle or EPZ. ChlP-seq was performed on three targets: EZH2, H3K27me3,
and H3K27Ac (Figure 6A). While total EZH2 levels were not significantly altered in any
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condition, we observed increased global H3K27me3 in the chemoresistant setting that could
be abolished by EPZ, as well as decreased global H3K27Ac in the chemoresistant setting
that could be rescued by EPZ. Global H3K27Ac levels were increased by EPZ in both the
chemonaive and chemoresistant settings with concomitant loss of H3K27me3. The global
reduction of H3K27Ac in the chemoresistant setting prompted us to explore differential
intensities within genomic regions termed super-enhancers (Loven et al., 2013; Pott and
Lieb, 2015), thought to be critical for SCLC proliferation (Christensen et al., 2014; Lin et
al., 2012). We observed differential signal intensities in such regions, consistent with global
loss of H3K27Ac in the chemoresistant setting, which could be restored with EPZ. However,
selective loss or rescue of discrete super-enhancer regions was not observed (Figure 6B).

Focusing specifically on the SLFN11 locus, ChlP-seq data demonstrate focally concentrated
EZH2 and H3K27me3 in the immediate vicinity of the transcription start site (TSS) in
vehicle-treated tumors, with spreading of H3K27me3 across the gene body in the context of
acquired chemoresistance (Figure 6C). Coordinate with the increase in H3K27me3 across
the gene body in the chemoresistant versions, there is almost complete loss of H3K27Ac, a
mark associated with transcriptionally active chromatin, at the TSS of SLFN11, which we
confirmed by ChIP-qPCR (p<0.0001; Figure S6E). Interestingly, EPZ treatment increased
the density of EZH2 bound near the SLFN11 TSS and largely erased H3K27me3 throughout
the gene body of SLFN11. Levels of H3K27me3 near the TSS remained largely unchanged.
We further confirmed gene body erasure of H3K27me3 within exons 2-7 of SLFN11by
exon-by-exon ChIP-gPCR (Figure S6F). EPZ treatment also resulted in an increase in levels
of H3K27Ac near the SLFN11TSS and throughout the gene body. These data suggest that
re-expression of this EZH2 target gene via chemical inhibition may also require cooperative
histone modifications to promote gene expression. While we observed rescue of SLFNI1in
PDX models that downregulated the gene upon acquiring resistance to C/E, expression was
not rescued in models that expressed low to undetectable levels of SLFN11 at baseline
(Figure S6G).

Pharmacologic EZH2 inhibition prevents emergence of chemoresistance and augments
chemoresponse in vivo

The downregulation of SLFN11in acquired chemoresistance and its apparent regulation by
EZH2 suggest a model in which EZH2 is induced by cytotoxic chemotherapy, resulting in
deposition of repressive chromatin marks in the SLFN11 gene body, decreasing expression
and promoting chemoresistance. To test this hypothesis and evaluate time-dependent
changes in EZH2 activity, we performed DNA damage time course experiments in NCI-
H446, following exposure to topotecan in the presence or absence of EPZ. Over the course
of 48 hr following DNA damage, we noted a progressive increase in EZH2, as well as
H3K27me3, that was suppressed by EPZ (Figure 7A). Further, we could demonstrate that
the effect on H3K27me3 was a function of EZH2, as shRNA suppression of £ZH2during a
similar DNA damage time course abolished any increase in H3K27me3 and the
accompanying loss of H3K27me2 (Figure 7B). These data support a global methylation
event where di-methylated H3K27 is converted to the tri-methylated state. The effect of
DNA damage increasing global H3K27me3 levels was not cell line specific (Figure S7A),
demonstrated dose-dependence (Figure S7B), and was more pronounced for topotecan when
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compared to either cisplatin or etoposide on an equimolar basis (Figure S7C). These shifts in
EZH2 activity and resultant H3K27me3 were also observed in vivo, using a single dose-
chase approach in tumor-bearing animals treated with IRI and quantitatively evaluating time-
dependent changes in several H3 methyl marks, demonstrating specificity for the induction
of H3K27me3, with contemporaneous decreases in H3K27me2 (Figure 7C).

These data support the hypothesis that EZH2 activity is an important determinant of
acquired chemotherapy resistance in SCLC. To examine the efficacy of EPZ with cytotoxic
regimens in vivo, we chose two clinically translatable scenarios: 1) combining EPZ with
standard of care in the first line setting for SLFN11 expressing (SLFN11H!GH) chemonaive
models and, 2) combining EPZ with a standard second line agent in the chemoresistant
setting, in which the silencing of SLFN11 has been established. Addition of EPZ to 6 cycles
of C/E strongly enhanced disease control in the chemonaive setting in both JHU-LX102 and
SCRX-Lu149 relative to either EPZ or C/E alone without increasing animal weight loss
(Figures 7D, 7E, S7D and S7E). To examine the benefit of EZH2 inhibition in tumors
actively progressing on C/E, after three cycles we randomized 5 of 10 animals in the C/E
arm to receive EPZ in combination with three additional cycles of C/E. Remarkably, the
addition of EPZ potently induced tumor regression relative to C/E alone during the
remaining 3 cycles, supporting a role for EZH2 in promoting chemoresistance (Figures 7D
and 7E).

We next assessed the efficacy of IRI, a topoisomerase | poison administered in the setting of
relapsed SCLC, with or without EPZ, in chemoresistant JHU-LX102 and SCRX-Lu149.
Importantly, we observed strong cross-resistance to IRI, but not ionizing radiation, in the
chemoresistant setting, further supporting the mechanism of acquired resistance operant in
these models had specificity to the selection agents used (cisplatin and/or etoposide)
(Figures S7F and S7G). The addition of EPZ to IRI in the chemoresistant setting resulted in
potent combinatorial activity that could control disease to a greater extent than either agent
alone through 6 weekly cycles of treatment without increasing animal weight loss (Figures
7F, 7G, S7H and S7I).

To further assess active repression and de-repression of SLFN11 in vivo, we used
chemonaive and chemoresistant versions of JHU-LX102, randomizing size-matched tumors
(~400 mm3) to 3 cycles of chemotherapy + EPZ. Strikingly, we noted quantitative
suppression of SLFN11 in tumors after as few as 3 cycles of C/E in the chemonaive setting,
with further suppression after 3 cycles of IRI in the chemoresistant setting (Figure 7H).
Critically, EZH2 inhibition could rescue SLFN11 to baseline levels in the chemoresistant
setting, even in the presence of concurrent chemotherapy (chemonaive vehicle vs.
chemoresistant EPZ/IRI).

In combining EPZ with IRI in the chemonaive setting, we could completely ablate hind
flank tumors through 6 cycles of combination (complete response in 5/5 animals; Figures 71
and 7J). Moreover, the activity of the combination was greater, even when administered for a
shorter duration of time (3 cycles), than the equivalent schedule of IRl administered for 6
cycles. However, we did not observe additional benefit when initiating adjuvant EPZ as a
single agent at the point of maximal consolidative effect of single agent IRI (post cycle 3), as
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this was inferior to 3 additional cycles of IRI at the point of comparison. When comparing
the responses of a SLFN11HICH t0 a SLFN11-OW model, both chemonaive models
displayed sensitivity to IRI, but only in the SLFN11H!GH model is the combined activity of
EPZ and IRI strikingly different (Figures S7J and S7K). Moreover, while all SLFN11H!GH
JHU-LX102 tumors in the combination arm were ablated after 6 cycles, tumors eventually
recurred yet still maintained comparable sensitivity to the combination (Figure S7K).
Recurrent tumors appeared similar to untreated tumors, not displaying differentiation away
from their proliferative, neuroendocrine features (Figures S7L). Body weight and repeat
blood chemistry monitoring during 2 weeks of treatment revealed no significant toxicity of
the combination as compared to single agents (Figure S7M and Table S3). Further, gross
necropsy also suggested no apparent major organ toxicities (Figure S7N). Taken together,
combining a clinical stage EZH2 inhibitor with a topoisomerase | poison is well-tolerated
and highly effective in SLFN11-expressing SCLC.

DISCUSSION

SCLC has been singled out by the US National Cancer Institute (NCI) as a designated
“recalcitrant” cancer based on incidence rate, exceptionally high lethality, and the lack of
substantial therapeutic progress made over several decades. By mimicking the clinical
experience of repeated cycles of cisplatin and etoposide exposure in PDXs, we have
generated a set of paired models representing initial chemosensitive and subsequent
chemoresistant disease. We used these models to define two mutually exclusive mechanistic
classes of acquired resistance, including an EMT shift associated with 7W/ST1 upregulation
and epigenetically mediated suppression of SLFN11. Finally, we have identified a
therapeutically tractable vulnerability in SCLC: dependence on EZH2’s activity for the
development of acquired chemoresistance.

We found that consistent gene expression and epigenetic changes, not mutations, are
associated with acquired chemoresistance across independent SCLC models and indeed are
reflected in primary human tumor samples. In a set of 10 PDX models, 7W/S71 induction
was observed in three; this pathway was additionally reflected in multiple murine models of
SCLC. While initial data point to 7W/ST1 as a biomarker rather than a driver of resistance
per se, further exploration of therapeutic vulnerabilities associated with an EMT signature in
this set of tumors is warranted. In 4 of the 10 PDX models, acquired resistance was
associated with specific suppression of SLFNI11. Most notably, our data point to SLFN11
suppression as a primary contributor to acquired chemotherapy resistance in SCLC — one
that can be prevented and/or actively remodeled through targeting EZH2.

We have demonstrated here that SLFN11 suppression during selection for acquired
resistance in SCLC is associated with a global increase in H3K27me3 with modest
reductions in global H3K27Ac and that SLFN11 gene expression can be restored and/or
maintained by pharmacological inhibition of EZH2, even in the presence of DNA damaging
agents. While we have shown that SLFN11 is both necessary and sufficient for sensitivity to
DNA damaging agents in SCLC, we recognize that EZH2 inhibition alters expression of
many genes. We anticipate that factors beyond SLFN11 will be identified that contribute to
the ability of EZH2 inhibition to restore chemosensitivity in SCLC. Defining the relative
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contributions of SLFN11 versus other EZH2-modified factors remains an area for future
investigation.

Several potent and selective EZH2 inhibitors are now in different stages of clinical
development, including phase 1l (Epizyme) and phase | (Constellation, GSK) trials in
multiple solid tumor and hematological indications. Epizyme recently updated the phase |
experience and ongoing phase Il experience for their lead inhibitor tazemetostat (EPZ-6438)
(Ribrag et al. and, Morschhauser et al., ASH Lymphoma 2016), which is a closely related
structural homolog of the tool compound inhibitor EPZ011989 described in this paper
(Fillmore et al., 2015). The safety profile of tazemetostat in 82 patients with non-Hodgkin
lymphoma on the ongoing phase Il study was favorable, with the most frequent treatment-
related adverse events being grade 1 or 2 nausea and asthenia. Myelosuppression was
observed infrequently with only 11% and 6% of patients experiencing grade =3
thrombocytopenia and grade >3 neutropenia, respectively, suggesting tazemetostat may be
safely combined with cytotoxic chemotherapy in SCLC. Importantly, the work presented
here suggests that targeted EZH2 inhibitors should be anticipated to have minimal single
agent activity in SCLC, and that evaluation of relevant combination therapies should be
considered early in clinical development of these agents in SCLC. Clinical trials testing the
therapeutic strategies defined here are now being designed with these considerations in
mind.

EXPERIMENTAL PROCEDURES

Patient-derived xenografts

All animal experiments were approved by the Memorial Sloan Kettering Cancer Center
(MSKCC) Animal Care and Use Committee. Primary tumors and whole blood samples
collected for generation of patient-derived xenograft (PDX) models were obtained with
informed consent from patients under protocols approved by MSKCC and JHMI
Institutional Review Boards (IRB). Subcutaneous flank tumors were generated as previously
described (Daniel et al., 2009). A list of PDX model details can be found in Table S1.

DNA/RNA sequence alignment

Statistics

Raw reads were aligned to custom human/mouse hybrid references as previously described
(Schneeberger et al., 2016). Briefly, hybrid indexes were generated using a FASTA file
consisting of all human GRCh38 and mouse GRCm38.p3 reference contigs and in the case
of RNA-seq, assisted by the human GENCODE gene set release 20 transcript model.
Downstream analysis was performed with reads mapping to human reference contigs.

Sample sizes per in vivo groups were at a minimum of 5 per condition, unless specified
within the text for purposes of endpoint analysis. Power calculations and sample size
estimates were not performed. Student’s t-tests, one-way ANOVA, Pearson’s correlation and
log-rank tests were performed using GraphPad Prism version 6.00 for Mac. GraphPad
Software, La Jolla California USA, www.graphpad.com. For in vitro / ex vivo dose-response
curves, best fit ICgq values are were reported from normalized datasets using the equation,
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“log(inhibitor) versus response — variable slope” with an ordinary fitting method. At least
three data points per dose were used, with experiments being performed at least twice. Error
bars for SD or SEM are shown. Where indicated in Figures, degrees of p value significance
are as follows: <0.05*, <0.005**, <0.0005***, and <0.0001****,

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. EZH2 drives acquired resistance to chemotherapy in small cell lung cancer

(SCLC)

. DNA damage induces EZH2 activity and H3K27me3 deposition genome-

wide in SCLC

. SLFN11isan EZH2 target gene in SCLC

. Combining an EZH2 inhibitor with standard of care controls SCLC in vivo
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Significance

Small cell lung cancer is among the most lethal human malignancies. Typical progression
of this disease is characterized by a rapid shift between initial chemoresponsive and
subsequent chemoresistant states. The mechanisms responsible for acquired therapeutic
resistance in small cell lung cancer have not been defined. Using patient-derived tumor
xenografts to closely model clinical acquired resistance, this work: (1) defines a
mechanism of chemoresistance operant across multiple, independent cancers, (2)
identifies an epigenetic regulator controlling the mechanism of acquired resistance, and
(3) establishes a therapeutic strategy to both prevent and treat acquired resistance in vivo.
These observations have immediate clinical implications, describing an approach that
may lead to durable and effective treatment for patients with this disease.
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Figure 1. Modeling acquired resistance C/E in SCLC
(A) Model generation and workflow. Tumor-bearing animals were administered weekly

cycles of cisplatin/etoposide (C/E) or vehicle through three sequential engraftments to
generate chemoresistant models.

(B) Responses to C/E across 10 SCLC PDX models. Change in tumor volume (Tv change)
compared to volumes at treatment initiation (baseline). Data shown as individual bars for
vehicle (black) and C/E-treated (grey) at vehicle volumetric endpoint; n=5 per group.

(C) Tumor growth kinetics of representative models JHU-LX102 and SCRX-Lu149.
Average tumor volumes during the initial C/E challenge, vehicle (black dotted line) and
treated (grey solid line). X-axis ticks indicate day 1 of weekly C/E cycle. Dashed vertical
lines and x-axis days indicate time on study treated tumors were collected and re-engrafted
into secondary treated cohorts (pink solid line) and then tertiary (red; vehicle-dotted, C/E-
solid line) cohorts. Survival analysis of chemonaive and chemoresistant cohorts performed
using a log-rank (Mantle-Cox) test. Chemosensitivity conversion status indicated above p
value; PR=partial response, PD=progressive disease.

(D) Median survival time for chemonaive and chemoresistant pairs. Median survival times
were calculated from survival curves of treated (naive-grey; resistant-red) cohorts. P value is
for paired t-test; n=10 per group (1 data point per model). Median + SD.

(E) Cycles of C/E administered to naive and resistant cohorts. P value for paired t-test; n=10
per group. Mean £ SD.

(F) Time to randomization in naive and resistant cohorts. Paired t-test; n.s., nonsignificant;
n=10 per group. Mean = SD.

(G) Ki67 IHC positive cells in tumors from naive and resistant cohorts. Three independent
tumor cores were evaluated per model; n=30 per group. Paired t-test; n.s., non-significant.
See also Figure S1 and Table S1.
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Figure 2. Genomic characterization of paired chemonaive and chemoresistant SCLC PDX

models

(A) Mutational analysis of paired naive and resistant PDX models by whole exome
sequencing. Shown are identifiable mutations by class among the most frequently mutated

genes in primary SCLC (George et al., 2015).

(B) Analysis of mutational profiles and their associated COSMIC mutational signatures in

two paired chemonaive and chemoresistant (-R) PDX models.

(C) Private versus shared mutations between paired chemonaive and chemoresistant PDX
models. Colors indicate mutations variant allele frequencies (VAF) called as unique to the
naive (grey) or resistant (red) tumor, with shared mutations in white.
(D) Copy number variation (CNV) in somatic chromosomes for paired chemonaive and

chemoresistant models.
See also Figure S2.
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Figure 3. Paired RNA-seq identifies conserved changes in SLFN11 and TWIST1
(A) Principal Component (PC) Analysis of RNA-seq data from chemonaive (circles) and

chemoresistant (downward triangles) replicate samples from 10 paired models.

(B) Empirical cumulative distribution function (ECDF) of combined p values of
differentially down or upregulated genes. The top ten significantly downregulated (left) or
upregulated (right) genes that occur in at least 3 of 10 models with a fold change >1.5 are
indicated.

(C) Individual gene expression changes in SLFN11 (top panel) and TW/ST1 (bottom panel)
counts per million (CPM) by RNA-seq. Models with downregulated SLFN11 and
upregulated 7W/ST1 are indicated by blue and red backlighting, respectively. Individual
data points per tumor shown with a horizontal line for the mean.

(D) Volcano plots demonstrating downregulation of SLFN11in the chemoresistant setting.
Horizontal lines indicate a Beta (B)-statistic cutoff of 5; vertical lines indicate a fold change
cutoff of 2.

(E) Volcano plots demonstrating upregulation of 7W/ST1 in the resistant setting. Horizontal
lines indicate a Best (B)-statistic cutoff of 5; vertical lines indicate a fold change cutoff of 2.
See also Figure S3.
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Figure 4. SLFN11 is downregulated at the transcript and protein level in SCLC following
exposure to chemotherapy

(A) Density histograms of SLFN11 gene expression across the Cancer Cell Line
Encyclopedia (CCLE) dataset and SCLC cell lines within CCLE. Cell lines in CCLE are
shown as density distributions of those that express little to no SLFN11 (grey) versus the
broad distribution of SLFN11 levels in other lines (green). SCLC cell lines are shown in red
(lower panel).

(B) Comparison of SLFN11expression in SCLC cell lines derived from untreated or treated
patients; p=0.031, Fisher’s exact test. Treatment history available in (Polley et al., 2016).
(C) SLFN11 gene expression in all chemonaive and chemoresistant PDX models. Three
replicates per model, per condition are plotted; n=30 per group. Mean + SD. P value for
paired Student’s t-test.

(D) SLFN11 IHC scoring metric (H-score) compared between all chemonaive and
chemoresistant PDX models. Three independent core samples per model, per condition;
n=30 per group. Mean £ SD. P value from Mann-Whitney test.

(E) H-score comparison including only models with detectable SLFN11 by IHC (IHC
positivity =1+ and one core with H-score >20; 5/10 PDX models included). P value from
Mann-Whitney test.

(F) Representative SLFN11 IHC and H&E sections from two models (SCRX-Lu149 and
JHU-LX102) in the chemonaive and chemoresistant cohorts. Scale bars 100 pum.

(G) Concordance between SLFN11 gene expression by RNA-seq and SLFN11 protein
expression by quantitative Western blot. Relative fluorescence units (RFU).

(H) Representative IHC staining for SLFN11 in clinically-annotated SCLC TMAs.
VMC=Vanderbilt Medical Center, CWRU=Case Western Reserve University. Scale bars
(200 pm) for entire 1 mm cores.
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(1) SLFN11 expression by IHC in SCLC, lung adenocarcinoma (LUAD) and squamous cell
carcinoma (LUSC). 60/215 untreated VMC and 12/22 treated CWRU cores were evaluable
for comparison. 7 LUAD and 7 LUSC samples were evaluated. P values from unpaired two-
tailed t-tests.

(J) Comparison of SLFN11 H-score by stage of patient from pooled analysis of VMC and
CWRU TMAs. P values from unpaired t-tests

(K) Comparison of SLFN11 H-score by response of patients from both cohorts. Responses
include complete or partial response, where no response includes progressive or stable
disease. P values from unpaired t-tests

(L) Comparison of SLFN11 H-score by response of patients from the untreated cohort. P
values from unpaired t-tests

(M) Comparison of SLFN11 H-score by response of patients from the previously treated
cohort. P values from unpaired t-tests

See also Figure S4.
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Figure 5. Chemical EZH2 inhibition rescues SLFN11 expression and sensitizes SCLC to DNA
damage

(A) Chemonaive and chemoresistant PDX models JHU-L X102 and SCRX-Lu149 cultured
ex vivo and treated for 7 days with 1 uM of 5-azacitidine (5-Aza) or EPZ daily and then
assayed by Western blot.

(B) Viability of chemonaive and chemoresistant JHU-L X102 upon treatment with etoposide
and cisplatin for 72 hr. n=3/data point; mean viability + SEM.

(C) Viability for etoposide (left) and topotecan (right) treated chemoresistant JHU-L X102
with or without co-treatment with 5-Aza or EPZ. Cells were treated as in (A) for 7 days
before re-plating and exposing to either etoposide or topotecan for 72 hr as above. n=3/data
point; mean viability + SEM.

(D) NCI-H82 cells treated daily for 10 days with 1 uM EPZ then washed and released into
fresh media for 10 days. Media was changed every other day. Samples collected every day
for 21 days and assayed by Western blot. Relative fluorescence units (RFU) for SLFN11 and
H3K27me3 shown.
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(E) SCLC cell lines cultured with 1 uM EPZ for 7 days, refreshing compound every day and
media every other day prior to collection of samples and Western blot.

(F) Correlation of SLFN11 expression upon chemical EZH2 inhibition to sensitivity to
topotecan. Pearson correlation r=0.916. Red lines represent 95% confidence intervals.

(G) Conditional re-expression of SLFN11 and topotecan sensitivity in NCI-H82 (top) and
NCI-H446 (bottom). Cells were transduced and expression was induced with doxycycline
(DOX) at 1 pg/mL added every other day for 4 days before re-plating for 72 hr with
topotecan. n=3/data point; mean viability + SEM.

(H) NCI-H82 cells were transduced with DOX-inducible shRNA against SLFN11and
exposed to DMSO, 1 uM EPZ or EPZ/DOX for 7 days before exposure to 1 UM topotecan
for 1 hr. Cells then released into fresh media and collected at time points for Western blot.
cl=cleaved

(1) Effect of topotecan on NCI-H82 cells expressing sShRNA against SLFN11 after 7 days of
treatment with DMSO, 1 uM EPZ or 1 uM EPZ and EPZ/DOX. Following treatment, cells
were exposed to the indicated amounts of topotecan for 72 hr. n=3/data point; mean viability
+ SEM

(J) Cleaved-PARP relative fluorescence units (RFU) from (H). RFU normalized to
undamaged controls following 7 days of treatment (0 hr for DMSO, EPZ, or EPZ/DOX). See
also Figure S5.
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Figure 6. Epigenetic changes acquired in chemoresistance are reversible with chemical EZH2
inhibition in vivo
(A) Cluster analysis of ChlP-seq results from four SCRX-Lu149 tumor groups: chemonaive
or chemoresistant treated with either vehicle or 250 mg/kg EPZ PO bid for 21 days.
Chromatin was pooled from three independent tumor samples per arm prior to IP.

(B) Scatter plots of super-enhancer signal intensity. Spearman’s rank correlation coefficient
and p value are calculated for each comparison. Dotted black lines are locally-weighted
polynomial regressions. Solid red lines indicate unity.

(C) SLFN11ChIP-seq gene tracks for the indicated sample treatment arms. Y-axes limits are

scaled to drosophila spike-in for each sample for peak height comparisons. The SLFN11
gene model is oriented right-to-left along the x-axis as indicated.

See also Figure S6 and Table S2.

Cancer Cell. Author manuscript; available in PMC 2018 February 13.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gardner et al. Page 26
A B C
g DMSO +EPZ +DMSO  +DOX 0128 45 dayspostiRl 25 —omes
Z 02 62448720 2 6 244872 hrposttopotecan 0 6 24 48 0 & 24 48 hr postiopotecan >0 oo cleaved-PARP H3K36me3
S - EZH2 R—— EZH2 15 @H3K27mes3 = = EZH2 = H3K4me3
Actin ———————— Actin 2 o cop OHBK27MEB+DOX o s e e o e Actin 215
—~  H3K27me3 S GFP o 10 O @HaKaIme2 e H3K27me?2 ' ,
= H3 == H3K27me2 0.5 me — === H3K27me3 1.0V
=) 5 & 5 _ H3K27me3 0.0 S======""H3K36me3
& s ODMSO : H3 "1 10100 IS H3K4me3 0.5
=1 3 1 @EPZ011989 . ———— 0123456
% 0 E 0 Time post-damage (hr) B H3 Tim Rl d
N oo 10 100 o 10 100 8ipostiRl i)
ja o
D Time post-damage (hr) E
T 18 | —6— Vehicles Z 150 I S B — Vehicles
E 12 i o CE £ 125 L g © CE
~ 1 . ] 1 1
e 1 i ~0— Addon EPZ 2 100 : $ oo §§ ~0— Addon EPZ
3 750 | o~ EPZ 3 75 rE IR o-EPZ
£ = ; —0—EPZ + CIE % 50 g : || 3 —0—EPZ + CIE
5 2 M 5 = | o 00K
2
c T T T T T T 1 G T T T =T T T T 1
20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 0
Day post-engraftment Days post-engraftment
F H I p=0.0251
"E 1 i i E E i —e—\/ehicles ncgemlcnainv:es Chemoresistant _ Kz-:og;"" Vehicles
g 128090 1 1 1 1 O-EPZ 5 o b e ——==—=siFnit g ®o o OIRI+3cycles
= 1 bl A o IR - E P © EPZ maintenance
£ i H | ool P - — MipewHm — @ IRI+6 cycles
2 bl | A ——EPZIRl e ————— E—— OEPZIRI: 3cycles
i i ] i o
5 5 i e —— — = —— H3K27me2 - © EPZ/IRI + 6 cycles
§ &4 | - ~ — — H3K27me3
= o T T . v v !
20 30 40 50 60 70 80 SHOS—— -100-
p=0.23 .
G Days post-engraftment o1 ) J J
p=0.0006""" T 12! R
s , oo powor Bl L4 B A
E vehicies: p=0.043" p=0.0092"" 108 2 et i !'
E 125 o-EPZ —_ — L 2 7 P
S 100 o R 3 (.
§ 7s —e—EPZ/RI : ; 545
E I 2! £
[ 50 -
g 25 Qe e e Q@ 7 =\ koo :
| \ene (¢} qene \ ° e‘;ﬂ\ 30 40 50 60 70
O = 6cycles [ |
Seycles 1]

Days post-engraftment

Days post-engraftment

Figure 7. EZH2 is an actionable target in combination with standard of care in SLFN11HIGH
SCLC

(A) NCI-H446 cells exposed to 1 uM topotecan for 1 hr £ 1 pM EPZ. Cells were then
washed and collected at time points for Western blot. Quantified EZH2 and H3K27me3
fluorescence units (RFU) over time.

(B) NCI-H446 cells transduced with £ZH2shRNA treated + 1 pg/mL doxycycline (DOX)
for 48 hr before adding 1 UM topotecan, as in (A). On right, quantified H3K27me3 and
H3K27me2 (RFU) over time.

(C) Size-matched chemonaive JHU-LX102 tumor-bearing mice (~400mm?3) treated IP with
100 mg/kg IRI and tumors collected at the indicated time points post-dose for Western blot.
(D) SLFN11H!GH chemonaive JHU-LX102 tumor volume responses. Dashed vertical lines
indicate day 1 of a weekly C/E cycle. Dotted line indicates 5 of the 10 animals within C/E
group now randomized to receive EPZ with 3 additional cycles of C/E. Grey areas indicate
the dosing periods for EPZ (250 mg/kg PO bid). n=5 per arm (n=10 in C/E arm through 3
cycles, before adding on EPZ). Tumor volume mean + SEM.
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(E) Results for chemonaive SCRX-Lu149 treated as in (D). Tumor volume mean + SEM

(F) Chemoresistant JHU-L X102 tumor volume responses. Dashed vertical lines indicate day
1 of a cycle. 6 weekly cycles of IRl = EPZ or single agent EPZ. n=5 per arm. Tumor volume
mean + SEM.

(G) Results for mice engrafted with chemoresistant SCRX-Lu149 as in (F). n=5 per arm.
Tumor volume mean + SEM.

(H) Western blot analysis for SLFN11 suppression and rescue in chemonaive (grey bar; n=6)
or chemoresistant (red bar; n=12) JHU-L X102 treated as labeled and collected at day 21.
Tumors size matched (~400 mm?3) per cohort. SLFN11 (RFU) quantified below; n=3/arm.
Three cycles of each indicated treatment arm were administered before collecting tumors.
values from paired t-tests.

(I) Change in tumor volume (Tv) from volumes at treatment initiation (baseline) in
chemonaive JHU-L X102 treated with 3 or 6 weekly cycles of 100 mg/kg IRI and/or EPZ.
Comparison at 6 weeks post-treatment (day 72). n=5/arm. Dots indicate Tv change of
individual tumors and bars indicate average + SEM. P values from paired t-tests.

(J) Chemonaive JHU-LX102 response (n=5 per arm) to 3 or 6 weekly cycles of 100 mg/kg
IRI and/or EPZ.. Horizontal dashed lines indicate starting (green) and ending (red) tumor
volumes. Group duration along x-axis. Vertical dashed lines indicate a weekly cycle of IRI.
Tumor volume mean + SEM.

See also Figure S7 and Table S3.
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