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Supplementary Figure S1: Schematic illustration of the B-catenin dependent
Wnt signaling pathway and the mechanism that governs Wnt ligand secretion.
The binding of Wnt ligands to the FZD-LRP receptor disengages the 3-catenin
destruction complex leading to increased [3-catenin protein abundance. B-
catenin can translocate into the nucleus to bind to the TCF/LEF transcription
factors and recruit other coactivators to induce the expression of Wnt
responsive genes such as AXIN2 and NOTUM. Note that the palmitoleation of
the Wnt ligand by the PORCN enzyme (which is inhibited by the chemical
ETC-159) is required for its binding to WLS (to facilitate the secretion of the Wnt
ligand) and its interaction with the FZD receptor. The FZD receptor abundance
is down-regulated by the membrane-bound E3 ubiquitin ligase, RNF43/
ZNRNF3. RSPO ligand binds to the LGR receptor to form a complex that
sequesters the RNF43/ZNRNF3 enzyme and suppresses its activity.
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Supplementary Figure S1: Schematic illustration of the β-catenin dependent Wnt signaling pathway and the mechanism that governs Wnt ligand secretion. The binding of Wnt ligands to the FZD-LRP receptor disengages the β-catenin destruction complex leading to increased β-catenin protein abundance. β-catenin can translocate into the nucleus to bind to the TCF/LEF transcription factors and recruit other coactivators to induce the expression of Wnt responsive genes such as AXIN2 and NOTUM.  Note that the palmitoleation of the Wnt ligand by the PORCN enzyme (which is inhibited by the chemical ETC-159) is required for its binding to WLS (to facilitate the secretion of the Wnt ligand) and its interaction with the FZD receptor. The FZD receptor abundance is down-regulated by the membrane-bound E3 ubiquitin ligase, RNF43/ZNRNF3. RSPO ligand binds to the LGR receptor to form a complex that sequesters the RNF43/ZNRNF3 enzyme and suppresses its activity.
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CTNNBI
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HNRNPAI
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HNRNPM
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SRSF'1

SRSF'3

SRPK1

SRI Constitutive Exon 4 to Exon 6
SRI Exon 1 to Exon 3

SRI Exon 2 to Exon 3

CD46 Constitutive Exon 2
CD46 Exon 8 to Exon 10
RECQLS Constitutive Exon 7
RECQLS5 a Exon 7 to Exon 8.2
RECQL5y Exon 7 to Exon 8.3
RECQLS5 S Exon 9 to Exon 9

CTCTGACTTTGACCGACTCC
AGCTTCCAGACACGCTATCAT
CTGGCTCCAGAAGATCACAAAG
TCAGAGTCTCCTAAAGAGCCC
ATTGATGGGAGAGTAGTTGAGCC
GCGGCGACGGAGATCAAAA
CTTCATGGCGCAAGTCAAGAG
CCGCAGGGAACAACGATTG
TGGCAACAAGACGGAATTGGA
ATGGAGCGGAAAGTGCTTG
GGCATTGCTGGAGGATACAAAC

CCAGCTTCTACCTATAAGACTTCAACTC

ATGGCGTACCCGGGGCATC
ACCAACATTTGAAGCTATGGAGC

CGACTTCTTCCACTACAAAATCTCC
GTTTGTCGCCCATTGGAATATTGCC
GTCAGCTTCCTGATCAGGAAGGAAG
GTCAGCTTCCTGATCAGGAAGGAAG

CGCTGCCTGCCTGCGCCAAAG

TGACCCCACTCATGTCAAAC
CGGTACAACGAGCTGTTTCTAC
CATCCTCCCAGATCTCCTCAAA
ACCTTGTGTGGCCTTGCAT
AATTCCGCCAACAAACAGCTT
CTCATTCTGAGCAGGTCGTTC
CGAGGTGTTGAGTAGGAGGTG
GCCGTATTTGTAGAACACGTCCT
CAAAGCCGGGTGGGTTTCTA
GAGCCTCGGTGCTGAGTTT
CCCATTGTGCCAGACATATCTC
GTCCAGCTACAGCAGCAAAG
GTCCAGCTACAGCAGCAAAG
GCCATGTATGATTCCGATCACAA
CTGTCAAGTATTCCTTCCTCAGG
CTTCCTTCCTGATCAGGAAGCTGAC
CTTTGCTCCACATATAAAATAAGTCACTTACC
CTGACTACACCAAGCAGCCCTCAGACTC
GCTGAAGTCCCCGTAGCCCTTGCG

Supplementary Figure S2: Table of primers used for in vitro validation of Wnt regulated gene

and isoform expression.
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Supplementary Figure S2: Table of primers used for in vitro validation of Wnt regulated gene and isoform expression.
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Supplementary Figure S3: Wnt score was calculated to sort the tumor types extracted from
The Cancer Genome Atlas (TCGA), as seen in main Figure 4. Tumors with high a Wnt score
indicate strong influence of Wnt/B-catenin signaling. The Wnt score was calculated based on
the gene expression of 10 well-established Wnt target genes (shown in the heatmap). The
rightmost and center heatmaps show the expression of these Wnt target genes in the colorectal
PDX (ColoPDX) dataset and the HPAF-II orthotopic dataset respectively. For these heatmaps,
red indicates high expression while blue indicates low expression. The expression of these Wnt
target genes decreases with ETC-159 treatment in both of the in vivo datasets. The leftmost
heatmap shows the gene expression fold change (of the tumors relative to the matched normal
samples) for the tumors shown in the TCGA dataset for the indicated Wnt target genes. A
positive fold change (shown in green) indicates that the expression of the gene is higher in the
tumors relative to the normals. A negative fold change (shown in purple) indicates that the
expression of the gene is higher in the normal samples relative to the tumors.
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Supplementary Figure S3: Wnt score was calculated to sort the tumor types extracted from The Cancer Genome Atlas (TCGA), as seen in main Figure 4. Tumors with high a Wnt score indicate strong influence of Wnt/β-catenin signaling. The Wnt score was calculated based on the gene expression of 10 well-established Wnt target genes (shown in the heatmap). The rightmost and center heatmaps show the expression of these Wnt target genes in the colorectal PDX (ColoPDX) dataset and the HPAF-II orthotopic dataset respectively. For these heatmaps, red indicates high expression while blue indicates low expression. The expression of these Wnt target genes decreases with ETC-159 treatment in both of the in vivo datasets. The leftmost heatmap shows the gene expression fold change (of the tumors relative to the matched normal samples) for the tumors shown in the TCGA dataset for the indicated Wnt target genes. A positive fold change (shown in green) indicates that the expression of the gene is higher in the tumors relative to the normals. A negative fold change (shown in purple) indicates that the expression of the gene is higher in the normal samples relative to the tumors.  
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Supplementary Figure S4: 148 splicing
regulators had consistent ETC-159 mediated
gene expression changes in the colorectal PDX
tumor model and at least one of the time points in
the HPAF-II orthotopic tumors treated with
ETC-159. The splicing regulators with similar
expression patterns (measured in log2 fold
changes (LFC)) in the colorectal PDX tumors and
HPAF-II orthotopic tumors treated with ETC-159
for (A) 8 hours, (B) 16 hours, (C) 32 hours, (D) 56
hours and (E) 7 days, are shown. Note that there
were no statistically significant changes in the
expression of the splicing regulators in tumors
treated with ETC-159 for 3 hours relative to the
untreated controls.
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Supplementary Figure S4: 148 splicing regulators had consistent ETC-159 mediated gene expression changes in the colorectal PDX tumor model and at least one of the time points in the HPAF-II orthotopic tumors treated with ETC-159. The splicing regulators with similar expression patterns (measured in log2 fold changes (LFC)) in the colorectal PDX tumors and HPAF-II orthotopic tumors treated with ETC-159 for (A) 8 hours, (B) 16 hours, (C) 32 hours, (D) 56 hours and (E) 7 days, are shown. Note that there were no statistically significant changes in the expression of the splicing regulators in tumors treated with ETC-159 for 3 hours relative to the untreated controls. 
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Supplementary Figure S5: Gene expression changes driven by the siRNA-mediated knockdown
of B-catenin using 6 biological replicates. HPAF-II cells were transfected with 25 nM of non-
targeting control (Dharmcon; D-001810-10) or two independent 3-catenin (siRNA #1:
GCGUUUGGCUGAACCAUCA,; siRNA #2: GGUACGAGCUGCUAUGUUC) siRNAs using the Dharmacon
Reagent according to the manufacturer’s protocol. After 3 days, RNA was extracted from the cells
using the RNeasy MiniKit (Qiagen) and quantitative PCR (qQPCR) was performed using the primers
listed in the table in Supplementary Figure S2. Both of the siRNAs for 3-catenin were able to
significantly suppress the gene expression of B-catenin and, consequently, the Wnt target genes,
AXIN2 and NOTUM. A two-tailed t-test was performed between the indicated samples. p > 0.05:
ns; p<0.05: % p=<0.01: *; p<0.001: ***; p < 0.0001: ****.
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Supplementary Figure S5: Gene expression changes driven by the siRNA-mediated knockdown of β-catenin using 6 biological replicates. HPAF-II cells were transfected with 25 nM of non-targeting control (Dharmcon; D-001810-10) or two independent β-catenin (siRNA #1: GCGUUUGGCUGAACCAUCA; siRNA #2: GGUACGAGCUGCUAUGUUC) siRNAs using the Dharmacon Reagent according to the manufacturer’s protocol. After 3 days, RNA was extracted from the cells using the RNeasy MiniKit (Qiagen) and quantitative PCR (qPCR) was performed using the primers listed in the table in Supplementary Figure S2. Both of the siRNAs for β-catenin were able to significantly suppress the gene expression of β-catenin and, consequently, the Wnt target genes, AXIN2 and NOTUM. A two-tailed t-test was performed between the indicated samples. p > 0.05: ns; p ≤ 0.05: *; p ≤ 0.01: **; p ≤ 0.001: ***; p ≤ 0.0001: ****.





SUPPLEMENTARY FIGURE S6

APSI (Untreated — ETC-159 treated)

A [ JmmE  Gene: SLC39A14
-0.15 -0.075 0 0.075 0.15

Feature ID: ENSG00000104635:E022
00211 ~000 - 006 1 006 | 00% | +oGA SpliceSeq ID: 140283

3h 8h 16h 32h 56h 7d , 56h
HPAFII Orthotopic Dataset CPDX

70 | =3

1 2 3 4 5 6 7 8 9 10 1 12

B APSI (Untreated - ETC-159 treated)

| Gene: CD44

-0.2 =-0.1 0 0.1 0.2

002 | 005 | -000 | -003 | oo ENSG00000026508:E053 (CD44v5)

oot | oot | 001 | -008 | 000 ENSG00000026508:E059 (CD44v6)

0.02 | 0.02 | -0.00 | -0.06 | 0.00 ENSG00000026508:E060 (CD44v6)

3h 8h 16h 32h 56h 7d

56h
HPAFII Orthotopic Dataset CPDX

Variable Exons

\ |
i:r vi v2 || v3 || va v7 vo ¢|

1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15 16 17 18
C APSI (Untreated — ETC-159 treated)
-0.55 -0.275 0 0.275 0.55 Gene: UNG

Feature ID: ENSG00000076248:E005

008 f -0.15 | =024 TCGA SpliceSeq ID: 24278

'3h 8h 16h 32h 56h 7d , 56h
HPAFII Orthotopic Dataset CPDX
FAM72A . .
Binding Site Active Site
1 |
N N
] [ 1]




Supplementary Figure S6: Schematic illustrations of the gene structure and the effect of ETC-159
treatment on the variable exon expression induced in the two in vivo tumor models (shown in the
heatmap). The heatmaps show the magnitude of the variable exon expression (measure in APSI).
A positive APSI value (shown in red) suggests that Wnt signaling promotes the expression of the
variable exon while a negative APSI value (shown in blue) suggests that Wnt signaling suppresses
the expression of the variable exon. (A) Wnt signaling induces the expression of mutually exclusive
exon 6 of SLC39A14. This splicing event and its association with Wnt signaling have been
previously established. (B) Wnt signaling induces the expression of CD44 isoforms that include
variable exons 5 and 6. This splicing event and its association with Wnt signaling have been
previously established. (C) Wnt signaling suppresses transcription of UNG originating at a promoter
proximal to exon 2.1. The connection between Wnt signaling and this alternative promoter usage
event in UNG was not previously established.
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Supplementary Figure S6: Schematic illustrations of the gene structure and the effect of ETC-159 treatment on the variable exon expression induced in the two in vivo tumor models (shown in the heatmap). The heatmaps show the magnitude of the variable exon expression (measure in ∆PSI). A positive ∆PSI value (shown in red) suggests that Wnt signaling promotes the expression of the variable exon while a negative ∆PSI value (shown in blue) suggests that Wnt signaling suppresses the expression of the variable exon. (A) Wnt signaling induces the expression of mutually exclusive exon 6 of SLC39A14. This splicing event and its association with Wnt signaling have been previously established. (B) Wnt signaling induces the expression of CD44 isoforms that include variable exons 5 and 6. This splicing event and its association with Wnt signaling have been previously established. (C) Wnt signaling suppresses transcription of UNG originating at a promoter proximal to exon 2.1. The connection between Wnt signaling and this alternative promoter usage event in UNG was not previously established.
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Supplementary Figure S7: A tabulation of the isoform expression changes that were
detected in our analysis from the two in vivo human tumor models and the analysis
by Shinde and colleagues with a GSK3 double-knockout model in mouse embryonic

stem cells.
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Supplementary Figure S7: A tabulation of the isoform expression changes that were detected in our analysis from the two in vivo human tumor models and the analysis by Shinde and colleagues with a GSK3 double-knockout model in mouse embryonic stem cells.  
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Supplementary Figure S8: A tabulation of the 35 isoform expression changes from 30
genes that were shared between the pancreatic and colorectal cancers from the RNA-seq

datasets. This list was generated with the filters shown in main Figure 3A (|PSlI|

210% &

adjusted p-value < 0.1). The magnitude of the differential variable exon usage (measured
in APSI) is shown in the table. The data that did not pass the aforementioned filters have
been shaded out. More detailed information about these Wnt regulated isoform expression
changes can be found in Supplementary Table 2.
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Supplementary Figure S8: A tabulation of the 35 isoform expression changes from 30 genes that were shared between the pancreatic and colorectal cancers from the RNA-seq datasets. This list was generated with the filters shown in main Figure 3A (|PSI| ≥ 10% & adjusted p-value ≤ 0.1). The magnitude of the differential variable exon usage (measured in ∆PSI) is shown in the table. The data that did not pass the aforementioned filters have been shaded out. More detailed information about these Wnt regulated isoform expression changes can be found in Supplementary Table 2.   
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Supplementary Figure S9: Genes involved in Wnt regulated variable exon usage
have important biological functions. Gene Ontology (GO) analysis of the genes that
were found to be differentially spliced in at least one time point in either the HPAF-II
orthotopic or colorectal PDX (ColoPDX) tumor models. Genes associated with two of
the categories in the GO analysis are shown in the heatmaps below together with the
magnitude of splicing change (APSI) or the ETC-159 treated time points relative to
the untreated controls. (A) Molecular function GO. (B) Cellular component GO.
Hierarchical clustering was applied to each heatmap.
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Supplementary Figure S9: Genes involved in Wnt regulated variable exon usage have important biological functions. Gene Ontology (GO) analysis of the genes that were found to be differentially spliced in at least one time point in either the HPAF-II orthotopic or colorectal PDX (ColoPDX) tumor models. Genes associated with two of the categories in the GO analysis are shown in the heatmaps below together with the magnitude of splicing change (∆PSI) or the ETC-159 treated time points relative to the untreated controls.  (A) Molecular function GO. (B) Cellular component GO. Hierarchical clustering was applied to each heatmap.
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Supplementary Figure S10: Genomic maps of the splicing Quantitative Trait Loci
(sQTLs) and their associated exons for (A) the alternative promoter usage of SR/ exon
2, (B) exon skipping of CD46 exon 8 and (C) alternative termination of RECQL5 exon
8.3. Genomic coordinates show the relative position of all the exons in the gene
(highlighted in grey with the variable exon highlighted in red) and the sQTLs. The R2
values indicate the magnitude of the splicing (in terms of PSI values) that can be
explained by the sQTL. The larger the R2 value, the stronger the association between
the sQTL and the variable exon expression. sQTLs that overlap with known
transcriptional regulator (in the case of SR/ exon 2 (A)) and RNA-binding protein (for
CD46 exon 8 (B) and RECQLS5 exon 8.3 (C)) binding sites have been labelled.
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Supplementary Figure S10: Genomic maps of the splicing Quantitative Trait Loci (sQTLs) and their associated exons for (A) the alternative promoter usage of SRI exon 2, (B) exon skipping of CD46 exon 8 and (C) alternative termination of RECQL5 exon 8.3. Genomic coordinates show the relative position of all the exons in the gene (highlighted in grey with the variable exon highlighted in red) and the sQTLs. The R2 values indicate the magnitude of the splicing (in terms of PSI values) that can be explained by the sQTL. The larger the R2 value, the stronger the association between the sQTL and the variable exon expression. sQTLs that overlap with known transcriptional regulator (in the case of SRI exon 2 (A)) and RNA-binding protein (for CD46 exon 8 (B) and RECQL5 exon 8.3 (C)) binding sites have been labelled.
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