Hedgehog pathway dysregulation contributes to the pathogenesis of
human gastrointestinal stromal tumors via GLI-mediated activation
of KIT expression

Supplementary Material
Animal Studies

Transgenic mice carrying the activating KIT mutations Kit'**®* [1] and Kit“***F [2] were obtained
from breeders kindly provided by Dr. P. Besmer (Memorial Sloan-Kettering Cancer Center, New
York) and Dr. B. Rubin (Cleveland Clinic, Cleveland, OH), respectively. Mice were housed in a
barrier facility on a 12-hour light-dark cycle, and autoclaved laboratory rodent chow and water
were available ad libitum. The UCSD Institutional Animal Care and Use Committee approved all
experimental procedures. Animal studies were conducted in accordance with USPHS Policy on

Humane Care and Use of Laboratory Animals.

Comprehensive Genomic Profiling and Data Analysis

De-identified tumor samples (n=191) from 186 unique patients were selected from the
Foundation Medicine (FM), Inc. (Cambridge, MA) database consisting of patients from across
the world who underwent genomic profiling during the course of their clinical care. De-identified
tumor samples were selected from the database of patients who underwent FoundationOne®
analyses from October 2012 to May 2015. We retrospectively analyzed this prospectively
collected data under a UCSD IRB approved protocol (#141555X). The genomic profiling as

previously reported was performed on 191 tumor samples from 186 patients [3].

The GIST DNA was extracted from formalin-fixed paraffin embedded (FFPE) tumor specimens
taken from either primary or secondary tumor biopsies and submitted to a Clinical Laboratory

Improvement Act certified , New York Stage accredited, and College of American Pathologists-



accredited laboratory, Foundation Medicine, Inc. (FM), by healthcare providers from various
medical institutions or community hospitals. Comprehensive genomic profiling (CGP) was
performed on hybridization-captured, adaptor ligation-based libraries using DNA extracted from
four FFPE sections cut at 10 um from the tumors. All samples sent for DNA extraction contained
a minimum of 20% nuclei derived from tumor cells. The FoundationOne® assay is a next-
generation genomic assay that utilizes the Illumina HiSeq 2500 instrument (lllumina Inc., San
Diego, CA) to sequence against hybridization-captured, adaptor ligation-based libraries for
coding regions of 315 cancer-related genes plus introns from 28 genes frequently implicated in
cancer transformation. This assay simultaneously analyzes the extracted DNA for base
substitutions, short insertions and deletions, amplifications and homozygous deletions and gene
fusions and rearrangements as previously described [3]. The average sequencing depth for the
191 GIST was 585-fold and for the 19 GIST with Hedgehog-related alterations in PTCH1,

PTCH2, SMO, GLI1, and SUFU was 552-fold.

The genomic alterations were identified using Foundation Medicine’s workflow [3]. To maximize
sensitivity in heterogeneous GIST specimens, the test was validated to detect base
substitutions, as well as short insertions and deletions at 210% mutant allele frequency with
=299% sensitivity. The genomic alterations were further categorized (i.e., known somatic, likely
somatic, or variant of unknown significance, VUS) using public and custom annotation tools.
Furthermore, point mutations and small indels were annotated for their functional effect on the
protein (missense, nonsense, frameshift, etc.). In order to expand our understanding of the
potential deleterious effect of missense VUS’s, we mapped them to the dbNSFP database,
which pre-computed multiple scores for all possible base substitution in coding regions.[4, 5]
VUS’s that were predicted deleterious by at least 2 out of 4 prediction tools (SIFT, PolyPhen,
MutationTaster, and/or MutationAssessor) were included in further analyses. Any missense

VUS that did not meet this criterion was excluded. Copy number alterations, gene fusions, and



gene rearrangements were considered known/likely genomic alterations based upon their

detection with CGP

As the FM sequencing process does not include a matched germline, it is possible for an
inherited variant to be erroneously called somatic. Inherited variants are detected in the assay,
but not classified as such in the report. The Exome Aggregation Consortium (EXAC) Browser
(exac.broadinstitute.org) provides a reliable registry of all known human germline variations
down to a minor allele frequency of 10® [6]. We were able to match 495/1607 (30.8%) of the
short variants to the same residue, as well as with the same amino-acid substitution in the EXAC
database (version 0.3) using the protein annotation. Mutations present at a minor allele

frequency greater than 1% indicating potential germline variants were excluded from analysis.

Isolation of Human Interstitial Cells of Cajal (ICC) by Fluorescence-activated Cell Sorting

(FACS)

Human gastric tissue representing 1-84 cm? area the greater curvature was pinned flat in a
dissection dish coated with Sylgard 184 silicone elastomer (Dow Corning, Midland, MI) and the
mucosa was removed by peeling. The tissues were cut into small pieces and incubated with
Human Fc Receptor Binding Inhibitor (20 pL/mL; eBioscience, Inc., San Diego, CA) and
allophycocyanin (APC)-conjugated mouse anti-human Kit antibody [1 pyg/mL in Ham’s F12
Nutrient Mixture (Thermo Fisher Scientific, Waltham, MA), containing 10% FBS; to label ICC in
situ; BioLegend, Inc., San Diego, CA; see detailed antibody information in Supplementary
Table S3) for up to 9 h at 4 °C on a rocker. The tissue was then transferred into collagenase-
containing enzyme solution [7] and incubated at room temperature for up to 9 hours with
shaking. After sedimentation by short centrifugation, the collagenase solution was replaced with

Ham’s F12 Nutrient Mixture containing 10% FBS and the tissue was dissociated by gentle



trituration using a series of 3-4 fire-polished glass pipettes of decreasing tip diameter [7]. The
cell suspension was then washed in PBS containing 10% FBS and filtered through a 500-pum
and then a 100-um nylon mesh filter (Corning Corp., Corning, NY) to obtain single-cell
suspensions. Red blood cells were lysed with ACK (Ammonium-Chloride-Potassium) Lysing
Buffer (5 mL, room temperature for 5 min; Thermo Fisher Scientific, Waltham, MA). After adding
10 mL PBS, the cell suspension was filtered through a 40-um nylon mesh filter (Corning Corp.,

Corning, NY), washed with PBS and counted.

Dead cells were labeled with Fixable Viability Dye APC-eFluor 780 (1 pL/mL, 4°C for 30 min;
eBioscience, Inc., San Diego, CA). After washing with Ham’s F12 Nutrient Mixture containing
10% FBS, cells were resuspended in 100 yL of the same medium and incubated on ice with
Human Fc Receptor Binding Inhibitor (20 pL, 30 min). Immunolabeling was performed on ice for
45 min with the antibodies listed in Supplementary Table S3: Hematopoietic (HP") cells were
identified with a cocktail of antibodies conjugated with phycoerythrin-cyanine 7 (PE-Cy7)
including anti-CD45 (PTPRC, protein tyrosine phosphatase, receptor type, C; to label all
leukocytes; BD Pharmingen, Becton, Dickinson and Company, Franklin Lakes, NJ), anti-
FCER1A (high affinity | receptor for Fc fragment of IgE, alpha polypeptide; to identify mast cells;
BioLegend, Inc., San Diego, CA), and anti-CD11B (ITGAM, integrin, alpha M; to label
monocytes/macrophages, neutrophils and eosinophils; BD Pharmingen, Becton, Dickinson and
Company, Franklin Lakes, NJ). Detection of ICC (HP'KIT'CD34™ cells) and NOT ICC (HPKIT-
CD34 cells) was facilitated by labeling with APC-anti-KIT (BioLegend, Inc., San Diego, CA) and
PE-anti-CD34 (BD Pharmingen, Becton, Dickinson and Company, Franklin Lakes, NJ)
antibodies. Additional aliquots of the same samples were labeled in an identical manner but with
isotype controls for the anti-KIT or the anti-CD34 or the anti-hematopoietic marker antibodies.
Our experimental design was also extensively verified by using single-stained and fluorescence-

minus-one controls. The cells were then washed with PBS containing 5% FBS twice and



resuspended in 350 ul of PBS containing 5% FBS. Samples were analyzed using a Becton
Dickinson (BD Bioscience, Franklin Lakes, NJ) LSR II flow cytometer (see configuration in
Supplementary Table S4) and FlowJo software (Treestar, Ashland, OR) (see Supplementary
Figure S4 for gating scheme and representative projections). ICC, NOT ICC, and HP" cells
(including KIT" mast cells and other hematopoietic cells) were isolated by FACS using a Becton
Dickinson FACS Aria Il Cell Sorter configured to match the LSR Il cytometer (excitation
wavelengths of the lasers utilized: 488 nm and 635 nm). Sorting fidelity was analyzed by
microarray and real-time reverse-transcription PCR (qRT-PCR; Supplementary Figure S5).
Harvested cell counts are shown in Supplementary Table S5. Freshly dissociated,

unfractionated tunica muscularis tissues were processed as additional reference.

Two-step Real-time gRT-PCR

Human and mouse tumor tissues were homogenized in TRIzol reagent (Life Technologies,
Carlsbad, CA) with a tissue homogenizer for 1 min at maximum speed. Total RNA from these
homogenates or cell pellets was extracted using TRIzol reagent (Life Technologies) and reverse
transcribed into cDNA with iScript cDNA synthesis kit (Bio-Rad Laboratories, Hercules, CA)
according to the manufacturers’ instructions. Quantitative real-time PCR was conducted with
SsoFast EvaGreen Supermix (Bio-Rad Laboratories) on a CFX96 real-time system (Bio-Rad
Laboratories) using primers specific for genes of interest and the B-actin (ACTB) housekeeping
gene. Primers were designed using GenBank sequences or as previously described [8, 9].
Primer sequences for human and mouse genes assayed are listed in Supplementary Tables
S6 and S7, respectively. Samples were run in triplicate with the following PCR parameters:
denaturing at 95°C for 30-s followed by 40 cycles of 5-s denaturation at 95°C and 5-s
annealing—extension at the optimal annealing temperature for each primer. The CFX96 system

automatically generated threshold cycle (Ct) values after each run. Target gene levels in cells



are presented as a ratio to levels of ACTB according to the ACt method, or as a ratio to levels
detected in the corresponding control cells according to the AACt method [10]. These fold
changes were determined using point and interval estimates. Final PCR products were
analyzed by gel electrophoresis separated on a 2.0% agarose gel run in 1X Tris-acetate-EDTA

buffer.

Chromatin immunoprecipitation—real-time PCR (ChIP-gPCR)

GIST-T1 and GIST-882 cells were cultured with media containing 4 uM arsenic trioxide or
vehicle control for 48 h. The cells were treated with 1% formaldehyde (Thermo Scientific,
Waltham, MA) for 10 min at room temperature to cross-link DNA—protein complexes. The
reaction was quenched with 125 mM glycine for 5 min at room temperature. Cells were then
lysed for 10 min at 4 °C with a lysis buffer containing 10 mM Tris-HCI, pH 7.5, 10 mM NaCl, and
0.5% NP-40. Chromatin was first fragmented at 37 °C for 20 min with micrococcal nuclease at
2000 gel units/mL (New England Biolabs, Ipswich, MA) in a digestion buffer containing 20 mM
Tris-HCI, pH 7.5, 15 mM NacCl, 60 mM KCI, and 1 mM CacCl,. The digestion was stopped with a
reaction buffer containing 100 mM Tris-HCI, pH 8.1, 20 mM EDTA, 200 mM NacCl, 2% Triton X-
100, and 0.2% sodium deoxycholate. The chromatin was further fragmented for 15 cycles of 30
s on and 30 s off using a Bioruptor sonicator (Diagenode, Denville, NJ). Chromatin preparations
were incubated with anti-GLI3 antibody (Santa Cruz Biotechnology, Inc., Dallas, TX) overnight
at 4 °C and precipitated using Protein-G agarose beads (Roche Diagnostics, Indianapolis, IN).
After elution of DNA-protein complexes, crosslinks were reversed by overnight 65-°C heat
treatment, and proteins were degraded with proteinase K (Thermo Scientific) for 2 h at 37°C.
DNA was purified using Qiagen PCR Purification Kit (Valencia, CA). Enrichment of target DNA
relative to 1% of input DNA was analyzed by gqPCR using primers to amplify regions
surrounding the transcription start site (TSS) of KIT promoter. Primer sequences are the

following: TSS1 for the region encompassing the TSS (F: GGATCCCATCGCAGCTACCG; R:



CCTGTCTGGACG CGAAGCAG); and TSS2 for the region immediately upstream of the TSS
(F: GCCACGC CGACCAATAGGAA; R: AAAGGCTGAGCCCGGTTTCG) and TSS3 for the
region downstream of the TSS (F: CGAATCCGGGGTTCTTCGGG; R:

AAAGCCACCCCAAACTCGCA).

Transient Transfection by Electroporation

Using the Amaxa® Cell Line Nucleofector® Kit V (Lonza, Cologne, Germany), GIST882 cells
were electroporated (n=3) using 2 million cells per condition per assay according to
manufacturer’s instructions. The following siRNA oligos selected from siGENOME SMARTpool
(GE Dharmacon, Lafayette, CO, USA) were electroporated for knockdown experiments (2 uM
each): GLI1 (M-003896-00-0005), GLI2 (M-006468-02-0005) and GLI3 (M-011043-01-0005).
Scrambled oligos (SIGENOME non-targeting siRNA pool #2) were used as a negative control. In
vitro overexpression was generated by electroporating with either 4 pg of GLI3® plasmid DNA or
a pGIPZ lentiviral empty vector (Open Biosystems, Huntsville, AL) [11]. Cells were incubated for

48 hours before assessing the outcome of transfections (n=3).

Western Blotting

Cells were lysed with RIPA buffer (Cell Signaling Technology, Inc., Danvers, MA) containing
Halt Protease Inhibitor Cocktail (Pierce, Thermo Fisher). Cell lysate concentration was
determined using a DC protein assay (Bio-Rad). 50 ug lysates were separated on a 4-12%
NuPAGE BIS-Tris gel (Life Technologies), and transferred using I-Blot dry blotting system (Life
Technologies). The PVDF membrane was blocked with 5% (w/v) BSA in TBST buffer (i.e. Tris-
buffered saline and 0.1% (v/v) Tween-20) for 1 h at room temperature. Then the membrane was
incubated overnight at 4°C with antibodies against GLI3 protein (1:1000, Santa Cruz

Biotechnology) or B-actin protein (1:1000, Cell Signaling). After washing 4 times with TBST



buffer at room temperature for 5 minutes each, the membrane was incubated at room
temperature for 1 h with a secondary antibody HRP-conjugated goat anti-rabbit 19G (1:10,000 in
TBST buffer with 5% (w/v) nonfat milk, Thermo Scientific) followed by additional 4 TBST
washes. Protein signals were detected using the Pierce ECL Western Blotting Substrate

(Thermo Scientific).

Pharmacological GLI1/2 Inhibition and Cell Viability Assay

GIST-T1, GIST882 and GIST48IM cells were treated for 48h with 10 uM GANT61 (Cayman
Chemical, Ann Arbor, MI), 4 uM arsenic trioxide (ATO, Sigma-Aldrich), 10 uM imatinib
(Chemietek, Indianapolis, IN) or 10 uM sorafenib (Chemietek). Control experiments have
indicated that high levels (>0.1%) of dimethyl sulfoxide (DMSO, Sigma-Aldrich, St. Louis, MO)
induce cell death in GIST cells (data not shown). Hence, cells treated with 0.1% DMSO only
were used as controls for testing compounds that were dissolved in DMSO. KIT expression was
assessed by gRT-PCR as described above. In the dose-response studies, GIST-T1, GIST882
and GIST48IM cells were seeded in 96-well plates and treated in triplicate with 10 uM-169 pM
ATO or imatinib for 72, 120 h and 120 h, respectively. Methyl-tetrazolium (MTT) assay was
employed to determine cell viability by adding MTT reagent, 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (Sigma-Aldrich), and then incubating for 4 h at 37°C. DMSO was
used to dissolve the purple formazan product. The 96-well plate was read to determine
absorbance at 570 nm. The background absorbance was determined from wells with culturing

media only; and wells containing control cells were set as 100% viability.
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Supplementary Figure S1. Expression of Hedgehog signaling components in tumors
harvested from two different GIST-bearing transgenic mouse strains. A, We studied
Kit/5%®* [1] and Kit“®**¥* [2] knock-in transgenic mice that develop cecal GIST. Total RNA was
extracted from GIST (n=3 mice/model). qRT-PCR analysis was performed for Hedgehog
signaling components. mMRNA expression was quantified by the ACt method using ACTB as
reference. B, Agarose gel electrophoresis of two-step gRT-PCR products from two different
mice shows expression of Hedgehog signaling components.
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Supplementary Figure S2. Differential expression of Hedgehog signaling-related genes
detected by microarray analysis in human gastric KIT-mutant GIST, purified human ICC
and their source tissue (unfractionated gastric tunica muscularis). The list of Hedgehog-
signaling-related genes was assembled by searching the Affymetrix Human Genome U133 Plus
2.0 microarray annotation file (na33) for gene ontology terms containing “smoothened”
(biological process) and “Hedgehog” (molecular function). Differential gene expression was
determined as described in the Materials and Methods. Unique gene lists were created by
identifying the probe sets with the lowest Benjamini-Hochberg false discovery rate (BH FDR) Q
values. A. ICC (n=6) compared to source tissues (n=4). B. KIT-mutant gastric GIST from the
National Center for Biotechnology Information Gene Expression Omnibus Series GSE17743
[12] (n=15) compared to tissue samples (n=4). Horizontal lines indicate threshold for significant
log, fold changes; red fill indicates Q<0.05 from BH FDR. Differential expression with log, fold
change <-1 or >1 and Q<0.05 was considered significant.
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Supplementary Figure S3. GLI3 binding to the KIT promoter detected by chromatin
immunoprecipitation is increased by treatment with the GLI1/2 inhibitor arsenic trioxide
(ATO). GIST-T1 and GIST882 cells were treated with 4 yM ATO or vehicle control for 48 hours.
Chromatin fragments immunoprecipitated by anti-GLI3 antibodies were amplified by real-time
PCR to analyze GLI3 binding to the KIT promoter region. A. GLI3 binding to TSS1, the region
encompassing the transcription start site (TSS). B. GLI3 binding to TSS2, the region
immediately upstream of the TSS. C. GLI3 binding to TSS3, the region immediately downstream
of the TSS. GLI3 binding to the TSS2 region of the KIT promoter was increased 2.5-fold with
ATO treatment in GIST882 cells (S3B,*P<0.02). In other regions and in GIST-T1 cells, GLI3
binding showed trends towards increased promoter binding with ATO treatment.
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Supplementary Figure S4. Purification of ICC, NOT ICC and hematopoietic cells from the
human gastric tunica muscularis by FACS. A, Gating sequence. Dead cells were marked
and excluded from further analysis with the Fixable Viability Dye allophycocyanin (APC)-eFluor
780 (FVD"). Hematopoietic (HP") cells were identified with a cocktail of antibodies conjugated
with phycoerythrin-cyanine 7 (PE-Cy7) including anti-CD45 (PTPRC, protein tyrosine
phosphatase, receptor type, C; to label all leukocytes), anti-FCER1A (high affinity | receptor for
Fc fragment of IgE, alpha polypeptide; to identify mast cells, FceR1a), and anti-CD11B (ITGAM,
integrin, alpha M; to label monocytes/macrophages, neutrophils and eosinophils). Detection of
ICC (defined as HPKIT'CD34 cells) and NOT ICC (defined as HP KIT"CD34" cells) was
facilitated by labeling with APC-anti-KIT and PE-anti-CD34 antibodies. MC, mast cells; oHP”,
other hematopoietic cells (excluding mast cells). Boxed labels indicate sorted (ICC, NOT ICC,
HP") and unsorted cells (Tissue) used in the microarray studies. B, Representative projections
illustrating key cell populations identified by circled numbers in A. Population boundaries were
drawn along lines representing identical event distribution probabilities in contour plots.
Numbers in the two-dimensional projections indicate the proportion of cells within the specified
clusters as percentages of the total cell count in the projection. ©: Detection of cells with light



scatter properties characteristic of single live cells (LS™). ®: Exclusion of dead cells identified by
their uptake of FVD APC-eFluor 780 (FVD"). @: Separation of cells of hematopoietic origin
(CD45'FceR1a’CD11b" leukocytes; HP™) from other components of the gastric muscles (HP").
®: Detection of CD34~ cells in the HP population. @: Separation of KIT* ICC from KIT~ NOT
ICC in the HP"C34 population. ®: Separation of KIT* MC from the oHP" population and from
HP KIT" cells containing ICC. Dot plot overlay of a sample stained with all antibodies indicated
above and a corresponding sample that was labeled with a full set of isotype control antibodies.
Note high number and strong KIT immunoreactivity of MC and their separation from ICC.
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Supplementary Figure S5. Validation of cell sorting by microarray and real-time
guantitative reverse transcription-PCR (qRT-PCR) analysis. A, Analysis of FACS-sorted
ICC, NOT ICC and hematopoietic cells (HP), as well as unfractionated gastric tunica muscularis
tissues (Tissue) by Affymetrix, Inc. (Santa Clara, CA) Human Genome U133 Plus 2.0
microarrays. ICC-related genes were identified based on the literature [13-26]. Expression
values were determined using the MAS5 algorithm in  the  Bioconductor
(https://www.bioconductor.org/) affy package [27]. Significance of expression was determined
by Wilcoxon signed-rank test. Heat maps were assembled using probe set expression values
with the lowest P value and analyzed by hierarchical clustering. All arrays passed hybridization
quality control including background, scale factor, and 3'/5’ ratios. ICC microarrays appeared in
two clusters possibly reflecting regional heterogeneity of ICC [13, 14, 28]. Sample-to-sample
variability may have also reflected amplification bias due to low input. Therefore, we further
analyzed expression of key ICC genes (ETV1, KIT, ANO1, PRKCQ, and TRPM?7) relative to the
average expression in the Tissue samples. In each sample at least 2 of these genes were
overexpressed >1.5-fold. Most consistent increased expression was detected in ANO1 (5/6),
PRKCQ (4/6) and ETV1 (4/6; >1.36). Relative KIT expression was lower probably reflecting the
presence of KIT"" mast cells in the Tissue samples (see Supplementary Figure 4B, panel ®).
Therefore, we compared KIT expression by gRT-PCR in ICC samples where sufficient cDNA
was available using NOT ICC as reference (B). These results indicated strong KIT expression
relative to the samples depleted of ICC and mast cells.
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