Supplementary Methods

Cell culture

Human MPM cell lines MSTO-211H (MSTO), H28, H2804 and H2052 were grown in RPMI 1640
(GIBCO) containing 10% fetal bovine serum (FBS; GIBCO). Cell lines were from ATCC and were either
used within 6 months of culturing or submitted for cell line authentication within 6 months of use through
cell line short tandem repeat (STR) profiling (Molecular Diagnostics Laboratory, Dana-Farber Cancer
Institute). Human HEK-293T/17 cells were used for production of lentiviruses and mesothelial LP9. TERT
cells [1] (kindly provided by Dr. M.R. Ramsey, BWH) were compared to MPM cell lines. LP9.TERT cells
were also transfected with a control vector (EV) or vector containing a truncated constitutively active from
of STAT3 (STAT3C [2]). In some experiments, cells were maintained in RPMI 1640 supplemented with
10% FBS and treated with STAT3 pathway inhibitors, including atovaquone (Selleckchem),
pyrimethamine (Selleckchem), nifuroxazide (Selleckchem), napabucacin (Selleckchem) or the JAK1/2

inhibitor ruxolitinib (Selleckchem).

Cell growth
Cell concentrations were determined by trypan blue (Sigma-Aldrich) exclusion and cell growth was

measured over time with the CellTiter-Glo Luminescent Cell Viability Assay Kit (Promega).

Targeted knockdown

Targeted knockdown was performed as described previously [3], using lentiviral constructs. Three
constructs, each containing shRNA against STAT3 (TRCN0000020843 (#43), TRCN0000329886 (#86)
and TRCNO0000329887 (#87); Sigma-Aldrich), were used and a lentiviral construct containing ShRNA
against GFP [4] (Addgene). Lentiviruses were generated by co-transfecting HEK293T cells with viral
packaging vectors pMD2.G and pCMVAS8.91, as well as shRNAs using the TransIT-293 transfection
reagent (Mirus). Cells were infected in the presence of polybrene (16 ug/mL; EMD Millipore) and 24h later

selected for three days in medium containing puromycin (1 pg/mL; Sigma-Aldrich).



Immunoblotting

Immunoblotting was performed as described previously using a standard chemiluminescence technique [5]
(for original images see Supplementary Figures S10). Rabbit polyclonal antibodies against phospho-
STAT3 (Tyr705) (#9131; Cell Signaling), mouse monoclonal antibodies against p-actin (12H8; Sigma-
Aldrich), STAT3 (124H6; Cell Signaling), FLAG (M2; Sigma-Aldrich), and rabbit monoclonal antibody

against calretinin (SP13; ThermoFisher) were used to measure protein expression.

Cell cycle analysis

Cells were fixed with 70% (v/v) ethanol and incubated on ice for 30 minutes. Fixed samples were stained
with propidium iodide solution (50 ug/mL propidium iodide, 1% NP40, 10% sodium citrate; Sigma-
Aldrich) at 4°C for at least 15 minutes. Cell cycle parameters were determined by flow cytometry. The

DNA analysis program ModFit LT (Verity Software House) was used to determine cell cycle distribution.

Analysis of CD90 and CD45 expression
Expression of CD90 (FITC labeled clone 5E10, BD Biosciences) and CD45 (PE labeled clone HI30, BD

Biosciences) on MPM cell lines was determined by flow cytometry using standard methods.

RNA sequencing (RNAseq) analysis

Total RNA was isolated from cells using TRIzol (Ambion by Life Technologies) followed by RNeasy
purification (RNeasy kit, Qiagen). Deep sequencing of RNA (RNAseq) and gene expression analyses were
performed at Genewiz (South Plainfield, NJ). Gene Set Enrichment Analysis (GSEA) [6,7] was performed
against signature databases (c2.cp.kegg.v6.2.symbols.gmt and h.all.v6.2. symbols.gmt). Pathview analysis

[8,9] was done using the online version of the program (https://pathview.uncc.edu/).



Quantitative RT-PCR

RNA was harvested using TRIzol (Ambion by Life Technologies) followed by RNeasy purification
(RNeasy kit, Qiagen). Complementary DNA (cDNA) was generated using the TagMan Reverse
Transcription Reagents (Applied Biosystems), and gqRT-PCR (quantitative reverse transcription polymerase
chain reaction) was performed using primers against CD276, CD40, CD70, TNFSF18, TNFSF9, ICOSL,
TNFSF4 (Supplementary Table S9). Data are expressed as mean fold change + standard deviation of at

least two independent experiments.

Statistical analysis. For statistical comparison between test and control groups, the Student's t-test was
used, unless related groups were analyzed, then the paired-sample t-test was applied. Changes were
calculated as the percent change relative to the control average. Error bars represent standard deviation
(SD) of at least four independent experiments. Error bars represent standard deviation of at least four
independent experiments, unless otherwise indicated. Each key experiment was replicated at least once or

confirmed by related methodologies, if feasible. Shown are representative experiments.
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Supplementary Figures
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Figure S1. Uncropped Western Blot images.
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Figure S2. Characterization of MPM primary-derived cell lines. The cell surface expression of A, CD90
(eBio5E10, FITC-conjugated mouse anti-human CD90 (Thy-1), eBioscience/ThermoFisher) and B, CD45
(HI30, PE-conjugated mouse anti-human CD45, BD Pharmingen) was determined in cell lines by flow
cytometry. C, protein expression of calretinin (SP13, ThermoFisher) was determined by immunaoblotting

and compared to expression of -actin.
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Figure S3. Cell growth and STAT3 phosphorylation in LP9 cells in response to EGF. Cell growth was
measured for three days in the absence or presence of EGF, as indicated (left). Protein expression of STATS3,

phospho-STAT3 (Tyr705) and B-actin was measured by immunoblotting (right).
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Figure S4. Cell growth of MPM cell lines in response to ruxolitinib. Cell growth was measured in a

three-day assay (n=4) in response to ruxolitinib, as indicated.
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Figure S5. Combination of cisplatin with atovaquone or pyrimethamine in MPM cell lines. The MPM
cell lines MSTO-211H (MSTQO), H2052, H28, and H2804, as well as the non-transformed mesothelial cell
line LP9, were treated with the indicated concentrations of atovaquone, nifuroxazide, or cisplatin for 72

hours, after which cell growth was measured (n=4).
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Figure S6. Cell growth of MPM primary-derived cells in response to atovaguone, pyrimethamine,

nifuroxazide and napabucasin. A-B, cells were isolated from MPM specimen (MS1-MS8) and cell

growth was measured in a three-day assay (n=4) in response to STAT3 pathway inhibitors, as indicated.
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Figure S7. Targeting the STAT3 pathway in preclinical models of MPM. A, LP9 and B, MSTO-211H
(MSTO) cells were treated for 4d with the indicated amounts of atovaquone, pyrimethamine, nifuroxazide
or vehicle. Changes in the percent ratio of viable and dead cells were determined in a microfluidic 3D

chamber (n=3). C, Mice implanted with MS4 tumor fragments were treated with 75mg/kg pyrimethamine

—o— Vehicle

or vehicle. Tumor volume and body weight were monitored.
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Figure S8. GSEA pathways downregulated by atovaquone and pyrimethamine. A, Enrichment plots
of Hallmark pathways and FDR values for different models treated for 24h with either atovaquone (30 uM)
or pyrimethamine (10 uM), as indicated. B, Significantly changed genes (fold change >2 or <0.5; p<0.05)

in atovaquone-treated H28 cells were analyzed for their enrichment in the ‘cell cycle’ pathway using
Pathview (upregulated genes - green, downregulated genes - red).
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Figure S9. GSEA pathways upregulated by atovaquone and pyrimethamine. A, Enrichment plots of
Hallmark pathways and FDR values for different models treated for 24h with either atovaquone (30 uM)
or pyrimethamine (10 uM), as indicated. B, Enriched genes within the Hallmark Inflammatory Response

pathway in M4 tumors treated with atovaquone or vehicle are shown (upregulated genes - blue,

downregulated genes - red).
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Figure S10. Atovaguone and pyrimethamine regulate the expression of STAT3 target genes. Cells
were treated with either atovaquone (30 uM) or pyrimethamine (10 uM) for 24h. A, The expression of the
STATS3 target genes MCL1 and BIRC5 was determined by RT-PCR in MPM cell lines (MSTO-211H
(MSTO), H28, H2804) (n=2), as indicated (*significant differences with p<0.05). B, Enrichment plots of
the HALLMARK IL6 JAK_STATS3 pathway and FDR values for H28 cells, as indicated.

Atovaquone Pyrimethamine Nifuroxazide

LP9 NR NR 22.96 uM
MSTO 20.28 pM 1.22 uM 3.22 pM
H2052 25.96 uM 0.44 pM 1.72 uM
H28 21.88 uM 0.27 uM 2.9 uM
H2804 10.91 pM 2.96 pM 2.6 uM

Table S2. ICso values for STAT3 pathway inhibitors. The ICsp values for atovaquone, pyrimethamine
and nifuroxazide were determined in MPM cell lines (MSTO-211H (MSTO), H2052, H28, H2804) and

LP9 control cells, as indicated. In some experiments the 1Cso was not reached (NR) within the tested drug

concentration of up to 30 uM.
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up H28-Atov H28-Pyr
MES NOM p-val FDR g-val NES NOM p-val FDR g-val
HALLMARK_P53_PATHWAY 2.2 0.000 0.000 2.45 0.000 0.000
HALLMARK_TNFA_SIGNALING_VIA_NFKB 1.88 0.000 0.001 2.18 0.000 0.000
HALLMARK_INFLAMMATORY _RESPONSE 1.34 0.050 0.112 1.96 0.000 0.000
HALLMAREK_COAGULATION 135 0.042 0.121 149 0.019 0.033
HALLMARK_MYOGENESIS 141 0.018 0.105 1.63 0.000 0.009
DOWN
HALLMARK_G2M_CHECKPOINT -2.95 0.000 0.000 2.48 0.000 0.000
HALLMARK_E2F_TARGETS -3.03 0.000 0.000 -1.29 0.032 0.097
HALLMARK_MITOTIC_SPINDLE -1.58 0.000 0.016 -1.62 0.000 0.000
HALLMAREK_SPERMATOGENESIS -1.48 0.010 0.037 -1.52 0.000 0.023
HALLMARK_ANDROGEN_RESPONSE -1.78 0.000 0.005 -1.25 0.103 0.104
HALLMAREK_PEROXISOME -1.21 0.116 0.232 nfa nfa nfa
up MSTO-Atov MSTO-Pyr
NES NOM p-val FDR g-val NES NOM p-val FDR g-val
HALLMARK_P53_PATHWAY 1.84 0.000 0.006 2.11 0.000 0.000
HALLMARK_TNFA_SIGNALING_VIA_NFKB 1.85 0.000 0.009 1.63 0.000 0.031
HALLMARK_INFLAMMATORY_RESPONSE 113 0.209 0.336 1.26 0.076 0.244
HALLMARK_COAGULATION 1.1 0.281 0.351 1.35 0.068 0.177
HALLMARK_MYOGENESIS 1.47 0.012 0.064 0.86 0.793 0.855
DOWN
HALLMARK_G2M_CHECKPOINT -3.74 0.000 0.000 -3.17 0.000 0.000
HALLMARK_E2F_TARGETS -3.88 0.000 0.000 -3.22 0.000 0.000
HALLMARK_MITOTIC_SPINDLE -2.48 0.000 0.000 -1.68 0.000 0.007
HALLMARK_SPERMATOGENESIS -2.13 0.000 0.000 -1.66 0.003 0.007
HALLMARK_ANDROGEMN_RESPONSE -1.26 0.100 0.145 -1.52 0.009 0.018
HALLMARK_PEROXISOME -1.49 0.006 0.024 -1.76 0.000 0.003
up M54-Tumar
NES NOM p-val FDR g-val
HALLMARK_P53_PATHWAY 157 0.000 0.031
HALLMARK_TNFA_SIGNALING_VIA_NFKB 1.74 0.002 0.007
HALLMARK_INFLAMMATORY_RESPONSE 1.56 0.005 0.027
HALLMAREK_COAGULATION 1.72 0.000 0.009 | FDR g-val<0.250
HALLMARK_MYOGENESIS 1.5 0.005 0.044
DOWN
HALLMARK_G2M_CHECKPOINT -1.92 0.000 0.002
HALLMARK_E2F_TARGETS -1.95 0.000 0.004
HALLMARK_MITOTIC_SPINDLE -1.25 0.062 0.243
HALLMARK_SPERMATOGENESIS -1.58 0.009 0.048
HALLMARK_ANDROGEM_RESPONSE -1.48 0.010 0.080
HALLMARK_PEROXISOME -1.33 0.063 0.151

Table S8. Common up- and down-regulated GSEA pathways. Common GSEA pathways (FDR g-
value <0.250, green) were identified in MSTO-211H (MSTO) and H28 cells treated for 24h with

pyrimethamine (10 uM) or atovaquone (30 uM) as well as in atovaquone treated MS4 tumors.
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