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Supplementary Fig. $1

Genomic alterations and expression of common chemoresistance markers in PDX serial models.

(A, B) Genome-wide plots of the identified somatic variants and their adjusted variant allele frequency,
Adjusted VAF was calculated for each somatic variant by multiplying by the copy state of the genomic
region. (C, D) Western-blot analysis of protein extracts from untreated xenograft tissue lysates. Analyzed
PDX models are indicated. MDR1, MGMT and SLFN11 were detected and GAPDH was used as loading
control. Protein extracts from lysates of NCI-H1048 and DMS53 SCLC cell lines were used as positive
controls. (E, F, G) Heat map showing the mRNA abundance (transcripts per million, TPM) of known
components of the DNA mismatch repair (MMR) pathway (E), BRCAness signature associated factors(83)
(F) and markers of SCLC neuroendocrine status (CHGA, INSM1, NCAM1 and SYP1) or SCLC molecular
subtypes (ASCL1, NEUROD1, POU2F3 and YAP1) (G); NE indicates neuroendocrine status. We did not
observe any significative variation in the expression of genes involved in MMR, BRCAness pathway, NE
status or changes in molecular subtype in both resistant samples. (H) Western-blot analysis of protein
extracts from isolated tumor cells. Total protein PARylation (PAR) was detected and GAPDH was used as
loading control. Two treatment regimens were used: OT low (Olaparib 0.25uM + TMZ 35uM) and OT high
(Olaparib 0.5uM + TMZ 70uM). NT indicates not treated samples. (I) DNA damage assessment after y-
irradiation of tumor cells isolated from freshly dissected SCLC PDXs. Two y-irradiation regimens were used,
10 and 20 Gray (Gy), and NT indicates not treated samples. Quantification of the comet tail moment (% of
DNA in the tail multiplied by the distance between means of the head and tail distributions) is shown. Box-
plots represent interquartile ranges, horizontal lines denote the median and points indicate outliers.
Statistical significance calculated by two-tailed Mann—Whitney test. Two independent experiments were

performed and numbers of quantified comets from one representative experiment are shown.
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Supplementary Fig. S2

Single cell RNA sequencing analysis of PDXs" 1518-1 and PDX"™s 1518-3.

(A, B) tSNE plots displaying single-cell RNA-seq data of the indicated SCLC models. Each dot corresponds
to a single analyzed cell, and total number of analyzed cells is indicated. Seurat clustering is shown in B
using a resolution of 0.7. Data suggest that PDX®"s 1518-1 and PDX"® 1518-3 tumors are transcriptionally
distinct and none of the identified subpopulations are overlapping between models. (C) Gene set
enrichment analysis for Hallmark gene sets from MSigDB showing significant enrichment in the differential
gene expression result between PDXs"s 1518-1 and PDX"™s 1518-3. Bar lengths correspond to normalized
enrichment score (NES), with positive NES values indicating enrichment in PDX™* 1518-3 and negative
values indicating enrichment in PDX®¢"* 1518-1. p-adj values shown within each column denote significance

levels after p values correction with the Benjamini-Hochberg procedure.
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Supplementary Fig. S3

Cell cycle and OT-induced DNA damage analysis in PDX3¢"s 1518-1 and PDX™s 1518-3.

(A, B) BrdU, GEMININ and yH2AX were immunodetected on xenograft tissue sections of the indicated
models 4 hours post OT treatment. Nuclei were detected by DAPI, bars are 20um. White arrows indicate
GEMININ positive, BrdU negative tumor cells (G2/M phase); white arrowheads indicate GEMININ-BrdU
double positive tumor cells (S phase); white asterisks indicate GEMININ-BrdU double negative tumor cells
(G1 phase). (C, D) Bar graphs show the percentage of cells with < or > than 4 yH2AX foci in each cell cycle
phase as determined by GEMININ-BrdU-yH2AX staining 4 hours (C) or 24 hours (D) after OT treatment in

the indicated PDX models.
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Supplementary Fig. S4

Different acquired chemoresistance mechanism in PDX"s 1528-2.

(A) DNA damage assessment after y-irradiation of tumor cells isolated from freshly dissected SCLC PDXs.
Two y-irradiation regimens were used, 10 and 20 Gray (Gy), and NT indicates not treated samples.
Quantification of the comet tail moment (% of DNA in the tail multiplied by the distance between means of
the head and tail distributions) is shown. Box-plots represent interquartile ranges, horizontal lines denote
the median and points indicate outliers. Statistical significance calculated by two-tailed Mann—Whitney test.
Two independent experiments were performed and numbers of quantified comets from one representative
experiment are shown. (B, C) yH2AX (B) or Ki67 (C) were immunodetected on xenograft tissue sections
and nuclei were detected by DAPI. Bars, 10um. (D) CDT1 (G1 phase marker) and GEMININ (S-G2-M
phase marker) were immunodetected on tumor tissue sections of the indicated models and nuclei were
detected by DAPI (images not shown). Plots show the mean fluorescence intensity of both CDT1 and
GEMININ for each cell represented by a gray dot and percentage of cells in the specific cell cycle phase
are shown. (E, F) Bar graphs show the percentage of cells with < or > than 4 yH2AX foci in each cell cycle
phase as determined by GEMININ-BrdU-yH2AX staining 4 hours (E) or 24 hours (F) after OT treatment in

the indicated PDX models.
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Supplementary Fig. S5

Single cell RNA sequencing analysis of PDXse" 1528-1 and PDX"™s 1528-2.

(A) Tumor volume curves represent % initial tumor volume versus time (days) after a single cycle of OT
(OT treatment regimen is indicated). Tumor volume curves for untreated xenografts are in gray dashed
lines, curves for OT treated xenografts are in orange solid lines. 4 replicate xenografts are plotted for each
treatment. Grayed area represents the treatment cycle. (B-C and F-G) tSNE plots displaying single-cell
RNA-seq data of the indicated SCLC models. Each point corresponds to a single analyzed cell, and the
total number of analyzed cells is indicated. Seurat clustering is showed in C and G using resolutions of 0.7
and 1, respectively. Data suggest that PDX®¢" 1528-1 and PDX"™ 1528-2 tumors are transcriptionally
distinct and none of the identified subpopulations are overlapping between models. (D-E) tSNE plot showing
the predicted cell cycle phase of each analyzed cell from the two MGH1528 models. Each point represents
a tumor cell. Prediction was performed using the Seurat CellCycleScoring package, and percentage of cell
in each cell cycle phase are shown in E. (F-G) tSNE plots displaying single-cell RNA-seq data of the
indicated SCLC models. The data here suggest that the clustering of cells derived from these 4 serial

models is primarily driven by the patient of origin and resistance status (intertumoral heterogeneity).
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Supplementary Fig. S6

Expression of TLS pathway components in SCLC PDX®e"s and PDXes.

(A) Heat map showing the mRNA abundance (transcripts per million, TPM) of known translesion DNA
synthesis (TLS) components. The average “TLS z-score”, shown in the top row, was calculated as the
average of the z-scores obtained for each transcript of the signature for each model against the panel of
SCLC PDXs previously tested for OT sensitivity(25). (B) yH2AX and p21 were immunodetected on
xenograft tissue sections of the indicated PDX models and nuclei were detected by DAPI. Bars, 10um. (C)
Western-blot analysis of protein extracts from xenograft tissue lysates. p21 was detected in samples from
the indicated PDX models and GAPDH was used as loading control. (D) Plot shows quantification of p21
protein levels in the indicated samples by quantitative densitometry. Densitometry was performed on each
band, background was subtracted, and ratios of each protein to the GAPDH loading control were calculated.
The plot shows the results from three independent experiment. (E) Heat map showing the mRNA
abundance (transcripts per million, TPM) of CDKN1A (p21), MYC, MYCL and MYCN in the indicated PDX

models. The average “TLS z-score” shown in the top row is the same as in A.
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Supplementary Fig. S7

TLS inhibition synergize with OT treatment and increase its efficacy in SCLC cells isolated from PDXs.

(A-C) Graphs show cell viability in the presence of different concentrations of TLSy, (A-B) or JH-RE-06 (C).
Drug concentration and tested cell types are indicated. Data represent the mean percentages of survival
from at least two independent experiments. (D) Cell survival assay with PDX™ 1518-3 cells treated with
OT at indicated concentrations, in the presence of JH-RE-06 (blue curve) or without JH-RE-06 (black
curve). Synergy data obtained using JH-RE-06 1uM and 2uM were uninformative because of high

sensitivity to JH-RE-06 single agent.
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Supplementary Fig. S8

TLS inhibition synergize with OT treatment and increase its efficacy in SCLC established cell lines.

(A) Explanatory legend for the AUC (area under the curve) values used to create the heatmap showed in
Fig. 7C. (B) Explanatory legend for the AAUC (A area under the curve) values used to create the heatmap
showed in Fig. 7D. (C-H) Cell survival assays with either U20S (C), DMS114 (D), NCI-H2029 (E), NCI-
H526 (F), NCI-H841 (G) or DMS53 cells (H) treated with OT at indicated concentrations, in the presence of
TLSpp (gray, blue, orange, and red curves) or without TLSy, (black curve). Left panels show cell viability
when treated with fixed concentration of olaparib and increasing concentration of TMZ. Right panels show
cell viability when treated with fixed concentration of TMZ and increasing concentration of olaparib. Data
represent the mean percentages of survival from at least two independent experiments. Statistical analysis
was calculated with one-way ANOVA Tukey multiple comparisons and all P values are described in the

section “Statistical methods”.
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Supplementary Fig. S9

OT + TLSpp combination treatment is effective in multiple SCLC cell lines and in 1512-1A.

(A) Graphs show the sensitivity to TLSpp single agent (left) or OT + TLSp, combination (center and right) in
SCLC cell lines indicated in Figure 7C-D and their neuroendocrine status. Statistical significance calculated
by two-tailed Mann—Whitney test and p values are indicated in the figure. (B) Graph showing the correlation
between sensitivity to OT and to OT + TLSpp in SCLC cell lines indicated in Figure 7C-D. Pearson correlation
coefficients (r) and p values are indicated in the figure. (C) Kaplan Meier survival plot corresponding to
experiment shown in Figure 7E-F. (D) Cell viability in the presence of different concentrations of TLSpp.
Drug concentration is indicated data represent the mean percentages of survival from at least two
independent experiments. (E) Cell survival assay with 1512-1A cells treated with OT at indicated
concentrations, in the presence of TLSpp (blue, orange, and red curves) or without TLSy, (black curve). Left
panel shows cell viability when treated with fixed concentration of olaparib and increasing concentration of
TMZ. Right panel shows cell viability when treated with fixed concentration of TMZ and increasing
concentration of olaparib. Data represent the mean percentages of survival from at least two independent
experiments. Statistical analysis was calculated with one-way ANOVA Tukey multiple comparisons and all
P values are described in the section “Statistical methods”. (F-G) Solid curves represent mean % initial
tumor volume versus time (days) after either a single cycle (days 1-5) of TLSpp (100 mpk gd), OT (Ola 50
mpk bid + TMZ 25 mpk qd), or TLSp, + OT (F) or two cycles interspersed by three weeks of no treatment
(G). Dashed curves represent tumor volume curve + SEM. Number of replicate xenografts per regimen as
represented parenthetically. Grayed area represents the treatment cycles. (H) Model for acquired
chemoresistance mechanisms in SCLC. The presence of a subpopulation of cells in either GO or G1 that
can better tolerate DNA damage together with the increase activity of bypass polymerases, give an
advantage to resistant tumors allowing them to survive after OT treatment. At the same time, damage
bypass activity increases genome instability, and could provide additional mechanisms to avoid cell death

after chemotherapy. This provides one likely, but not exclusive, mechanism for chemoresistance in SCLC.
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