MITF is a driver oncogene and potential therapeutic target in kidney angiomyolipoma tumors through transcriptional regulation of CYR61
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Supplemental Material and Methods 
Mouse studies
All experiments involving mice were approved by the Brigham and Women’s Hospital Institutional Animal Care and Use Committee. Six-week-old, female, athymic nude mice (Nude-Foxn1nu) were purchased from Harlan Laboratories (6903M). CTRL, 621-101(Ctrl), MITF.OE, MITF.KO, MITF.KO+CRYR61.OE cells, were prepared in 100 μl solution comprised of 70% DPBS and 30% Matrigel. Suspensions of 3 × 106 cells were then injected subcutaneously into the left and right flanks of mice. Tumor volumes were measured three times per week using calipers (Volume = Length × Width2/2), along with body weight. Upon harvesting tumors, tumors were cut into half, with one half fixed in formalin overnight and then in 70% ethanol for histopathology analysis, and the other half snap frozen in liquid nitrogen for preparation of lysates


Metabolomic profiling
Cells were grown to ~50% confluence in complete growth media in six-well plates in biological triplicates. The following day, after rinses with HBSS, metabolites were extracted with 80% methanol, and analyzed by targeted GC-MS via selected reaction monitoring (SRM), with polarity switching on a 5500 QTRAP triple quadrupole mass spectrometer (AB/SCIEX) coupled to a Prominence UFLC HPLC system (Shimadzu) using amide HILIC chromatography (Waters) at pH 9.2, as previously described[1]. Two hundred fifty-nine endogenous water-soluble metabolites were measured at steady state. The results were processed and analyzed using MetaboAnalyst v2.0 (http://www.metaboanalyst.ca/MetaboAnalyst/).

H3K27ac and MITF ChIP-seq analysis of kidney angiomyolipomas
50-100mg pulverized tissue from frozen angiomyolipoma was subject to fixation for 10min with 1% formaldehyde in 1ml 1xPBS (pH 7.4; Gibco, 10010-023), followed by 10 min quenching with 50μl of 0.125M glycine. The fixed tissue was rinsed twice with cold 1x PBS complete (1xPBS + 1x PIC + 5mM sodium butyrate), then spun down at 14,000g for 30 sec and the supernatant was aspirated. Frozen cross-linked cells were either stored at -80°C or were processed immediately.
 Crosslinked cells were lysed with lysis buffer (0.1% SDS+1x TX-100, 10mM Tris-HCl pH=8, 1mM EDTA pH=8, 0.1% Sodium Deoxycholate, 0.25% sarkosyl and 0.3mM NaCl), and sonicated in 1ml milliTUBE using a Covaris E210 machine for 20 min (sonication conditions: 10% Duty, PIP 175, Cycle, 200 cycles/burst).
After sonication, insoluble fragments were pelleted at 14,000g and a fraction of material (10-50μl) was subject to DNA isolation by treatment with 1μl of 10mg/ml RNAse (Roche, 11579681001) for 30 min at 37oC, then incubaton with 5μl of 20mg/ml Proteinase K (Roche, 3115879) for 6-16 hours at 65oC, and purification using a Qiagen PCR Purification kit (Cat. No 28104; Qiagen, Germany; 28104). The purified sheared DNA was subject to Agilent Bioanalyzer analysis (5067-4626, Agilent Technologies, Germany) to confirm that the DNA fragments had a desirable size of 200-1000bp. 
An amount of 5mg and at least 15mg of sheared chromatin was incubated with 1 μl Η3Κ27ac antibody (C15410196, Diagenode) or 10μl of MITF antibody (Sigma, HPA003259), respectively and Protein G Agarose beads columns with (cat. no 53039, Active Motif) rotation at +4°C overnight. For H37ac ChIP, the beads were washed 6 times with 900μl of cold RIPA buffer (50mM Hepes pH 7.6, 1mM EDTA, 0.7% NaDeoxycholate, 1% NP40, 0.5M LiCl), whereas for MITF chip-seq, the beads were washed using 3 cold buffers: 2x in RIPA 0 buffer (0.1%SDS, 1% triton x-100, 10mM Tris-HCl (pH 7.4), 1mM EDTA (pH 8),, 0.1% sodium deoxycholate);  2x in RIPA 0.3 buffer buffer (0.1%SDS, 1% triton x-100, 10mM Tris-HCl (pH 7.4), 1mM EDTA (pH 8),, 0.1% sodium deoxycholate, 0.3M Nacl) and LiCl buffer (250mM LiCl, 0.5% NP40, 0.5% Sodium deoxycholate, 1mM EDTA (pH8), 10mM Tris-HCl (pH 7.4)) . After washes, the bound protein and cross-linked DNA was eluted in pre-warmed 100μl elution buffer (1% SDS/0.1M NaCO3 in dH20). DNA was isolated from the immunoprecipitate as above. ChIP libraries for sequencing were generated using the Rubicon ThruPLEX DNA-seq Quick Protocol (R400406, Takara Bio USA) and sequenced on the HiSeq 2500 instrument, with a median of 25 million reads obtained per sample. ROSE analysis for super enhancer calling/H3K27ac density measurement was performed using the default parameters in Python 2.7.3, R 2.15.3, and SAMtools 0.1.18, (http://younglab.wi.mit.edu/super_enhancer_code.html),  as described previously [2, 3].

Whole transcriptome RNA sequencing 
RNA-seq was performed on duplicate samples of EV, MITF.KO and MITF.OE 621-101 cells. Briefly, total RNA was extracted using the RNeasy mini kit (Qiagen, Germany) and analyzed on Agilent 2100 Bioanalyzer for integrity. High quality of 1μgr mRNA (RIN>8) was subject to cDNA library construction by standard methods (Illumina platform); 2x75 bp paired-end reads and ~50 million reads were generated for each sample.  Prior sequencing, dsDNA libraries were quantified by Qubit fluorometer, Agilent TapeStation 2200, and RT-qPCR using the Kapa Biosystems library quantification kit. RNA-seq analysis was conducted at the Molecular Biology Core Facilities, Dana-Farber Cancer Institute. Quality trimming on raw sequence reads was performed using Cutadapt prior to sequence mapping (http://journal.embnet.org/index.php/embnetjournal/article/view/200). 
Sequence reads were aligned to the UCSC hg19 human genome build using the STAR aligning program [4]. A two-pass alignment was performed and only those reads mapping uniquely to the human genome were maintained for further analysis. RNA-seq QC analysis was performed using the VIPER snakemake pipeline (PMID: 29649993). Quantification of all genes and their isoforms was performed using FPKM normalized values by applying Cufflinks v2.2.1. Differentially expressed genes were identified for FDR<0.05, using the DESeq2 R package [5].  Cufflinks data are provided in Supplementary Table 3. 
RNA-seq analysis was also performed in 18 kidney angiomyolipomas and the expression data from this cohort were integrated to public available expression data from 10 additional kidney angiomyolipomas under the accession code phs001357.v1.p1(Martin et al., 2017).

Immunohistochemistry (IHC)
IHC staining was performed on 5-micron paraffin embedded tissue sections. Sections were incubated in 3 washes of Histoclear (National Diagnostics, #HS-200) for 5 min each, followed by 2 washes in 100% ethanol and 2 washes in 95% ethanol for 10 min each, then 2 washes in ddH2O for 5 min each. Antigen retrieval was performed by boiling in cooking pressure for 10 min in 10mM sodium citrate pH 6.0, followed by washing in ddH2O, then 3% hydrogen peroxide for 10min, then ddH2O again. Then, blocking of primary antibody reaction was performed in 1X TBS/0.1% Tween-20 and 5% normal goat serum (5425, Cell Signaling Technology) for 1 hr at room temperature. The following primary antibodies were diluted in Signal Stain Antibody Diluent (CST #8112) and incubated overnight at 4oC: Ki67 (ab16667, Abcam), MITF (MA5-14154, ThermoFisher Scientific and 34CA5, Leica), CYR61 (PA1-16579, ThermoFisher Scientific), ID2 (PA5-87554, ThermoFisher Scientific). Slides were washed 3 x 5 min in 1X TBST and incubated in Signal Stain Boost IHC Detection Reagent (8114, Cell Signaling Technology) for 30 min at room temperature, followed by 3x5 min washes in 1X TBST. Signal was detected using the AEC Peroxidase (HRP) Substrate Kit (SK-4200, Vector Laboratories) according to manufacturer’s instructions. Slides were counterstained with hematoxylin (Sigma). Coverslips were mounted with Permount Mounting solution (SP-100, Fisher). 

Statistical analysis
Data are expressed as mean ± standard error of the mean (SEM) of at least three independent experiments. An unpaired, two-tailed student t test was used to determine the differences between groups (* p < 0.05; **  p < 0.01; ***  p < 0.001). ANOVA test was used for the analysis of tumor measurements among treated mice groups.
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Supplemental Figure Legends
Supplementary Figure 1. IHC for MITF in kidney angiomyolipoma and LAM.  Top row, three angiomyolipoma; bottom row, three lymphangioleiomyomatosis (LAM) lung samples; all from different patients. 

Supplementary Figure 2. Reduction in CYR61 and ID2 expression in 621-101 cells in which siRNA was used to knock down MITF levels. Error bars represent ± SEM of four wells from a representative experiment (4 independent experiments performed) (* p < 0.05; *** p < 0.001).

Supplementary Figure 3. RNA-seq data showing ID2 (A) and CYR61 (B) expression in 28 kidney angiomyolipoma compared to GTEx human normal tissues (~8,500 samples from 30 normal tissue types, v6p release). Gene expression is shown in FPKM values.

Supplemental Tables
Supplementary Table 1. TSC1/TSC2 mutation findings in angiomyoliopoma subject to H3K27ac and MITF ChIP-Seq.
Supplementary Table 2. Metabolomic data for EV.KO and MITF.KO cell lines, with normalized values and ratios.  Three replicates are indicated, with raw total ion current (TIC) values (B-G), normalized TIC values (H-M), medians (N-O) and ratios (P-Q).
Supplementary Table 3. RNA Seq Cuff-count values for three modified 621-101 cell lines: EV, MITF.KO and MITF.OE. Duplicate samples were analyzed for each cell line. 
Supplementary Table 4. Gene set enrichment analysis of RNA-Seq data for MITF.OE cells in comparison to control cells (EV), considering the top 500 genes with greatest change in expression. Pathway ID, Description, set size, enrichment score, NES, p value, p value adjusted, and q values are shown.
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