Supplementary Methods

Rat reflux-induced EAC model

Reflux-induced EAC was created by performing esophagogastroduodenal anastomosis (EGDA)
on 5 to 7-week-old male Sprague-Dawley rats, as we previously published (1). Animals were
randomized to treatment groups based on mean body weights, ensuring there were no statistically
significant differences at study initiation in body weights among the study groups. The EGDA procedure
creates chronic reflux of bile and acidic gastric contents into the lower esophagus, mimicking human
gastroesophageal reflux disease (GERD) or reflux-driven Barrett's esophagus, the only known
precursor lesion to EAC. Animals were sacrificed at 40 weeks after EGDA surgery. Organs were flash-
frozen in liquid nitrogen and stored at -80 °C until further processing. All animal procedures were
conducted in accordance with the protocol approved by the Institutional Laboratory Animal Care and
Use Committee at the Medical College of Wisconsin (AUA3095). All animals that completed the study
and confirmed to have a successful anastomosis were included in the analysis as previously detailed
(1). The sample size per treatment group was based on the previously conducted chemoprevention
study and was based on sufficient sample size required to determine a statistically significant difference
between the EGDA positive group and chemoprevention treated group at 40 weeks of study and to
measure the study outcomes (i.e., metabolomics, proteomics, transcriptional profiles, tumorgenicity
measures, serology measures, and microbiome profiles) as previously detailed (1).

RNA-sequencing of rat esophageal tissue and analysis

RNA was isolated from flash-frozen esophagi harvested from rats in two treatment groups (Water
or negative controls and Reflux or positive EAC controls) using homogenization and the Qiagen
RNeasy Fibrous Tissue Kit (Germantown, Maryland, USA). RNA concentration and integrity were
measured by Nanodrop and Agilent Nanochip (Santa Clara, CA, USA) analyses, respectively. Prior to
sample submission, the concentration of each sample was adjusted to 30 ng/uL and 20 uL per sample
was submitted to BGI Americas for RNA-sequencing (RNA-seq). All samples were confirmed to be of
sufficient quantity and integrity by BGI Americas (Cambridge, MA, USA) prior to beginning library
construction. The library was prepared with 100 bp paired-end reads using the lllumina HiSeq 4000
sequencing platform (San Diego, CA, USA). Quality control was performed on the raw sequencing
reads using FastQC (2). Then, isoform quantification was performed using kallisto (version 0.46.0) (3),
followed by differential isoform and gene expression analyses using sleuth (version 0.30.2) in R (version
4.5.2) (4). Kallisto transcriptome indices were constructed from Ensembl rat reference transcriptomes
(version 96) (5).

Transcriptomics analysis of TCGA data

Transcriptomic analysis of TCGA data was performed using computational resources and
services provided by Advanced Research Computing at the University of Michigan, Ann Arbor.
Controlled-access TCGA data were requested through the Database of Genotypes and Phenotypes
(dbGAP, accession number: phs000178). Primary sequence data (BAM files) of EAC samples (n = 88)
and normal esophageal tissues (n = 9) were identified and downloaded from the NCI Genomic Data
Commons (GDC) (6). Then, FASTQ files were extracted from downloaded BAM files using the samtools



(version 1.21) (7), followed by isoform quantification using kallisto (version 0.46.0) (3). Kallisto
transcriptome indices were constructed from the Ensembl human reference transcriptomes (version
96) (5). Differential isoform expression analysis was performed using sleuth (version 0.30.2) in R
(version 4.5.2) (4).

Quantification of gene and isoform expression of siRNA-treated EAC cells using qPCR

gPCR analysis of siRNA-treated EAC cells was performed using the Cells-to-Ct 1-Step
PowerSYBR Green Kit (ThermoFisher Scientific), following the manufacturer’s instructions. In short,
OE19 and OE33 cells were seeded at 6 000 cells/well in 12-well plates. Following an overnight
incubation, EAC cells were treated with 100nM of siRNA, prepared using Lipofectamine RNAIMAX
Reagent (ThermoFisher Scientific) and Opti-MEM medium (ThermoFisher Scientific). At 72h post-
transfection, cell lysates were collected using DNase/Lysis Solution. Then, 1-step RT-PCR was
performed using QuantStudio 3 Real-Time PCR (ThermoFisher Scientific). Relative isoform and gene
expression was determined using GAPDH as the housekeeping gene and normalized against non-
targeting control (NTC)-treated cells, using the AACq calculation method. Sequences of primers used
in gPCR are reported in Table S1.



Table S1. qRT-PCR primer sequences

Gene Isoform Primer sequence (5’ to 3’)
207 Forward: GACCAGATCCCGCTTTACCC
ATPOB Reverse: GCATTATCCTGGCTCGTGGT
208 Forward: GTGACTCTGCAAATAATGCCCT
Reverse: AGGCCAGCTCCACAAATTCAT
201 Forward: GGAGGGAGCACGTCACTTC
Reverse: CACTGCCGTTATGCGGATCG
HM13 291 Forward: GCCACTGACTTGCTATGGTC
Reverse: TCTGTCACTTCTCCCTTGGC
multiple Forward: TGTTGCCTTAGGGGAACGTG
Reverse: ATCCCGGCTGGTGATTGTTT
201 Forward: ATCACACCTGGTTCCCCTCAT
Reverse: GGGTCCTTCAGGTCATCTGGATTT
KIF16B 203 Forward: CCTGATGCCAGAGCCTGATG
Reverse: CAGAAGGACTAGCGACTGGC
205 Forward: AGAGATGCCACTGACACTTCC
Reverse: TTTGGTTCAAAATGGCCAGCAT
201 Forward: TCATGGACGAGTTCGGTTCG
Reverse: TCACTCTGGGTGAGGGTGAA
Forward: GTTCCTGCTATGGAAGGCGA
TTLL12 1204 Reverse: AAGCACAGGTTTTGGGGACA
multiple Forward: CTGAGATCTTCCGGGCCTTC
Reverse: CATGAGGTCGACGGCATACA




Table S2. Immunoblot primary antibody information.

Primary Antibody Antibody Company Catalog Number | Dilution Factor
ATF-4 Cell Signaling Technology 11815 1:1000
ATF-6 Cell Signaling Technology 65880 1:1000

BAK Cell Signaling Technology 12105 1:1000
BiP Cell Signaling Technology 3177 1:1000
Chk1 Cell Signaling Technology 2360 1:1000
GADD34 Invitrogen PA1-139 1:1000
GAPDH Cell Signaling Technology 2118 1:25000
GAPDH Santa Cruz sc-32233 1:30000
HM13 Abcam ab247061 1:500
HSC70 Invitrogen PA5-27337 1:1000
HSP60 Cell Signaling Technology 12165 1:7500
IRE-1a Cell Signaling Technology 3294 1:1000
LAMP2A Abcam 18528 1:1000
LC3 Cell Signaling Technology 4108 1:1000
NDP52 Abcam 68588 1:1000
p-Chk1 Cell Signaling Technology 2348 1:1000
p-elF2a Cell Signaling Technology 3597 1:1000
PARP Cell Signaling Technology 9532 1:1000
PERK Cell Signaling Technology 5683 1:1000
PINK1 Cell Signaling Technology 6946 1:1000
p-JNK Cell Signaling Technology 4668 1:1000
Puromycin De"He)'/‘;Fr’ig‘:;taa'thﬁs'es PMY-2A4 1:1000
TTLL12 Novus Biologicals NBP2-02216 1:1000
TP53 Millipore Sigma OP43 1:1000
XBP-1 Cell Signaling Technology 40435 1:1000
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Figure S1. Common and unique patient survival-linked isoforms among comparisons. (A-D) Venn diagram and the
list of survival-linked isoforms shared or unique to each comparison. Each survival-linked isoform is listed by its gene
name and Ensembl transcript ID. Positive and negative hazard ratios for significantly altered isoform fractions are
detailed in Figure 2.
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Figure S2. Expression of TTLL12 and HM13 in a reflux-induced EAC rat model and in EAC samples
derived from a Cancer Genome Atlas Program (TCGA) cohort. Expression of (A) Ttll12-201 (B) HM13
ortholog, Mcts2, in rats with reflux-induced EAC (n=3) and water controls (n=3). Expression of (C) TTLL12-
201 and (D) HM13-201 in TCGA EAC (n = 88) and normal (n = 9) tissue samples. TPM, transcripts per
million.
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Figure S3. Isoform switching of TTLL12 is linked with patient survival. (A) Bar plot showing the gene-
level expression difference between BE.LGD and BE.HGD + EAC. (B) Survival plot of patients stratified
based on isoform usage of TTLL12-201, with the risk table. FDR, false discovery rate; IF, isoform
fraction.
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Figure S4. Expression of the TTLL12-201 isoform and the TTLL12 gene in human EAC cell lines
following TTLL12-201 siRNA knockdown. Expression levels were first normalized to GAPDH in each
condition and then normalized to EAC cells treated with non-targeting control (NTC).
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Figure S5. TTLL12 isoform-specific knockdown inhibits the migratory potential of OE33 cells. (A)
Migration assay results of OE33 cells treated with siRNA alone or in combination with
chemotherapy agents at 48h. (B) Migration assay results of OE33 cells treated with siRNA alone or
in combination with chemotherapy agents at 72h. NTC, non-targeting control; ns, non-significant; *,
P <0.05; ***, P < 0.001.
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Figure S6. Immunoblots of OE19 and OE33 cells following APR-246 treatment. Immunoblots of
CHK1 and phospho-CHK1 for (A) OE19 and (B) OE33 cells treated with APR-246 at 48h. ND, not
detected.
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Figure S7. Isoform switching of HM13 is linked with patient survival. (A) Bar plot showing the gene-
level expression difference between BE.LGD and BE.HGD + EAC. (B) Survival plot of patients stratified
based on isoform usage of HM13-201, with the risk table. FDR, false discovery rate; IF, isoform

fraction.
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Figure S8. HM13 isoform-specific knockdown inhibits the migratory potential of OE33 cells at 72h. Bar
plots showing the migration assay results of OE33 cells treated with siRNA alone or in combination with
chemotherapy agents. NTC, non-targeting control; ns, non-significant; *, P < 0.05; ***, P < 0.001.
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Figure S9. Isoform-specific knockdown of TTLL12 and HM13 in Het1A normal esophageal cells. (A)
Viability results of Het1A cells treated with each siRNA (n=6/group). (B) Representative fluorescent
images of Het1A cells treated with each siRNA at 48h. NTC, non-targeting control. Scale bar, 200 um.
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