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Differential translation of mRNA isoforms underlies oncogenic activation of cell
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Figure 1. Increased short/long ratio (SLR) of Aurora Kinase A (AURKA) alternative polyadenylation (APA) isoforms in triple-negative breast cancer
(TNBC). (A) AURKA transcript isoforms (USCS Genome Browser). AURKA gene is located on (-) strand. (B) Median and range of SLR values for AURKA
3'UTR obtained using APADetect. Mann-Whitney test; ****p<0.0001. (C), (D) RT-gPCR analysis of SLR of AURKA 3'UTR in TNBC cell lines (C) and patient
samples (D). SDHA used as reference gene. TN, tissue number. (E) Relapse-free survival rates of TNBC patients with high (highest 25%) or low (lowest

25%) AURKA SLRs. p-value determined by log-rank test.
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Figure 2. Aurora Kinase A (AURKA) shows 3'UTR isoform-dependent protein expression. (A) Top: UTR-dependent protein expression reporters.
Venus coding sequence (CDS) is flanked by AURKA 5'UTR and 3'UTR, WT or polyadenylation signal (PAS)-mutated. Bottom: representative snapshots
of transfected U20S cells. Scale bar 50 pm. (B) Mean and SEM of median Venus/mCherry mean fluorescence intensity (MFI) ratios from transfected
U20S cells from three biological replicates. n > 129 cells per condition. Ordinary one-way ANOVA with Tukeys multiple-comparisons test. (C) 3'RACE
of endogenous AURKA APA isoforms. (D) RT-gPCR of endogenous AURKA short/long ratio (SLR) in U20S cells. Long isoform abundance plotted as
fold change over total AURKA mRNA. 185 rRNA used as reference target. (E) Same as (B) but in MCF10A (left) and RPE1 (right) cells. n > 55 cells per
condition. Unpaired t-test. ns, not significant; *p<0.05; **p<0.01; ***p<0.001.
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Figure 2—figure supplement 1. Validation of bidirectional reporter. (A) R? (coefficient of determination) values to
indicate goodness of fit of a simple linear regression between mCherry and Venus single-cell mean fluorescence
intensity (MFI) values. Data relative to Figure 2B. (B) RT-gPCR of mCherry and Venus mRNAs from three RNA

extracts of U20S cells transfected with A reporter. Ct values are mean between three technical replicates of

the amplification reaction. (C) Quantification of mCherry and Venus MFI from U20S cells transfected with the A
reporter and imaged at the indicated time points. Mean and SEM (n = 8 cells) shown at each time point. (D) Single-
cell Venus/mCherry MFI values from U205 cells transfected with A reporter grouped by intervals of CDK2
activity (Figure 4A, right) and plotted as median and 95% ClI. n = 43 cells analyzed. Kruskal-Wallis with Dunnett’s
multiple-comparisons test; ns, not significant. (E) Mean and SEM of median Venus/mCherry MFI ratios from U20S
cells transfected with constructs containing long or short CDC6 3'UTR from three biological replicates. n > 119 cells
per condition. Unpaired t-test; ***p=0.0005.
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Figure 3. Aurora Kinase A (AURKA) alternative polyadenylation (APA) isoforms are translated with different efficiency. (A, B) RT-qPCR of reporter mRNAs
abundance (A) and decay rate (B) from transfected U20S cells. mCherry mRNA used as reference target. Ordinary one-way ANOVA with Tukey's
multiple-comparisons test; ns, not significant. (C) Decay rate of endogenous AURKA mRNA as in (B). 18S rRNA used as reference target. Abundance

of long isoform plotted as fold change over total AURKA mRNA. (D) Design of the nascent chain immunoprecipitation (NC IP) reporters and assay. (E)
Mean and SEM of median FlagVenus/mCherry mean fluorescence intensity (MFI) ratios from transfected U20S cells from two biological replicates. n >
160 cells per condition. Unpaired t-test; **p<0.005. (F), (G) Immunoblots of NC IP fractions using A (F) or Flag-A (G) reporter. mCherry used as negative
control. (H) RT-gPCR of eluted reporter mRNAs. Results representative of three biological replicates.
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Figure 4. Translation rate of Aurora Kinase A (AURKA) alternative polyadenylation (APA) isoforms follows different cell cycle periodicity. (A) Design

of the translation rate imaging by rate of protein stabilization (TRIPS) reporters and assay (left) and CDK2 activity sensor (right). (B) Mean and SEM

of median sfGFP/mCherry mean fluorescence intensity (MFI) ratios from U20S cells transfected with TRIPS-A and imaged at O hr and 2 hr of 50 uM
trimethoprim (TMP) treatment, with or without 0.1 mg/ml cycloheximide (CHX), from three biological replicates. Baseline at 0 hr. n > 55 cells per
condition. (C) RT-gPCR of stGFP mRNA from U20S cells transfected with TRIPS-A, at O hr and 2 hr of 50 pM TMP treatment. mCherry mRNA used as
reference target. RNA extracts at O hr of treatment used as reference sample. (D) TRIPS (left) and C-TRIPS (right) assays in transfected U205 cells. n
> 200 cells per condition. Left: mean and SEM from three biological replicates. Right: median and 95% Cl of pooled data from left. Kruskal-Wallis with
Dunnett’s multiple-comparisons test. (E) RT-gPCR of endogenous AURKA mRNA in U20S cells. 18S rRNA used as reference target. Baseline at G,/S. (F)
Endogenous AURKA long isoform as in (E) plotted as percentage of total AURKA mRNA. (D) Left, (E, F) Ordinary one-way ANOVA with Tukey’s multiple-
comparisons test. ns, not significant; *p<0.05; **p<0.01; ***p<0.0005; ****p<0.0001.
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Figure 4—figure supplement 1. Validation of TRIPS assay. (A) Left: representative U20S cells transfected with TRIPS-S and imaged at O hr and 2 hr of
50 uM trimethoprim (TMP) treatment. Right: representative U20S“? cells. (B) TRIPS assay performed in U20S cells transfected with TRIPS-A and treated
with DMSO for 2 hr. Mean and SEM of median sfGFP/mCherry ratios from two biological replicates, with baseline at 0 hr. n = 95 cells analyzed. (C)
Graph using data from Figure 4D showing mean fluorescence intensity (MFI) of mCherry and sfGFP at O hr and 2 hr of TMP treatment. Mean and SEM
of median MFI values from three biological replicates. (D) TRIPS assay performed in transfected U20S cells and imaged at 0 hr and 2 hr of 50 uM TMP
treatment. Ratios between the median of single-cell sfGFP/mCherry ratios at 2 hr and that at 0 hr of TMP treatment were calculated for two biological
replicates and are shown as mean and s.e.mSEM. n > 343 cells analyzed per condition. (B-D) Unpaired t-test. ns, not significant; *p<0.05.
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Figure 5. Translational periodicity of long 3'UTR isoform is regulated by hsa-let-7a miRNA. (A) Complementarity of hsa-let-7a binding to Aurora

Kinase A (AURKA) 3'UTR. (B) Mean and SEM of median Venus/mCherry mean fluorescence intensity (MFI) ratios from U20S cells co-transfected with
250 nM hsa-let-7a or a negative control (NC) miRNA from three biological replicates. n > 182 cells per condition. Unpaired t-test. (C) Same as (B) but
co-transfecting 300 nM anti-let-7a or NC. n > 94 cells per condition. Unpaired t-test. (D) RT-gPCR of reporter mRNAs abundance from U20S cells
transfected as (B), at 8 hr of 10 pg/ml ActD. mCherry mRNA used as reference target. Ordinary one-way ANOVA with Tukey’s multiple-comparisons
test. (E) Translation rate imaging by rate of protein stabilization (TRIPS) (left) and C-TRIPS (right) assays in transfected U20S°*? cells. n > 162 cells per
condition Left: mean and SEM from three biological replicates. Ordinary one-way ANOVA with Dunnett’s multiple-comparisons test vs. NC. Right:
median and 95% Cl of pooled data from left. Kruskal-Wallis with Dunnett's multiple-comparisons test vs. NC of the respective phase. ns, not significant;
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.
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Figure 6. Increased Aurora Kinase A (AURKA) short/long ratio is sufficient to disrupt cell behavior. (A) Design of CRISPR editing. Nucleotide
substitutions in red. (B) 3'RACE of endogenous AURKA alternative polyadenylation (APA) isoforms. (C), (D) Western blot after G;/S enrichment (C) and
with or without 6 hr treatment with 0.1 mg/ml cycloheximide (CHX) (D). Blots representative of three biological replicates. (E) CCK8 assay. A nonparental
WT U20S cell line used as negative control. Ordinary one-way ANOVA with Dunnett's multiple-comparisons test vs. WT; **p<0.005; ***p<0.001. (F) Left:
representative images of cells grown in soft agar. Right: mean number of clones and SEM of three biological replicates. (G) Measurement of migration
rate. (F, G) Ordinary one-way ANOVA with Dunnett’s multiple-comparisons test vs. WT, *p<0.05; **p<0.01.
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Figure 6—figure supplement 1. Validation of mutated cell lines. (A) Sanger sequencing validation of the mutated dPAS element in two cell lines. (B)
Western blot showing similar Aurora Kinase A (AURKA) protein expression in unsynchronized WT or U20S cell lines that were not mutated following

CRISPR editing (#1, #2).
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Appendix 1—figure 1. Assessment of DNA contamination of RNA extracts. (A) Lack of genomic DNA (gDNA)
contamination in RNA samples was assessed by PCR using Aurora Kinase A (AURKA)-specific primers. RNA
extracts from U20S cells electroporated with the indicated reporters (Figure 2A) were used as template for the
amplification reaction. An RNA extract from mock transfected U20S cells used as negative control. gDNA from
untransfected U20S cells used as positive control. (B) Lack of plasmid DNA contamination in RNA samples was
assessed by PCR using mCherry specific primers. RNA extracts from U20S cells electroporated with the indicated
reporters (Figure 2A) were used as template for the amplification reaction. An RNA extract from mock transfected
U20S cells and gDNA from untransfected U20S cells used as negative controls. pBI-mCherry plasmid (pBI-mCh)
used as positive control template.
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UCSC In-Silico PCR

mCherry_F No matches to ccgacatccccgactacttgaage caccttgtagatgaactcgecgtee
mCh erry R in Human Dec. 2013 (GRCh38/hg38)

’
3 UTR_F No matches to gcccgacaaccactacctgagcetac getcaaggatttcteccectgeac
3’UTR R |inHuman Dec. 2013 (GRCh38/hg38)

Ven US_F No matches to ctgaccctgaagcetgatct gcatggeggacttgaagaag in Human
Dec. 2013 (GRCh38/hg38)
Venus_R

RefSeq: NR_146146.1 Status: Validated
Description: RNA, 18S ribosomal RNA N2
18S F |Molecule type: rRNA
- >chr21:8438122+8438231 110bp CTCAACACGGGAAACCTCAC CGCTCCACCAACTAAGAACG
185 R CTCAACACGGGAAACCTCACccggcccggacacggacaggattgacagat

i tgatagctctttctcgattccgtgggtggtggtgcatggcCGTTCTTAGT
TGGTGGAGCG

SfGFP F | Nomatches to ggcectgtecttttaccagacaace catccatgecatgtgtaatcccage
o= in Human Dec. 2013 (GRCh38/hg38)
SfGFP_R

AU RKA TOta| F >chr20:56370206-56370317 112bp TGTAACAGAGGGAGCCAGGGACC TGATGAATTTGCTGTGATCCAGGGGTG
- - TGTAACAGAGGGAGCCAGGGACCtcatttcaagactgttgaagcataatc

AURKA Total R éézgzggzggzcaatgctcagagaagtacttgaaCACCCCTGGATCACA

>chr20:56369488-56369738 251bp GGCGAAGCCTGGTAAAGCTG GCCTCTTCTGTATCCCAAGCAAATCC
AU RKA Long F GGCGAAGCCTGGTAAAGCTGttggaatgagtatgtgattctttttaagta
= - tgaaaataaagatatatgtacagacttgtattttttctctggtggcattc
ctttaggaatgctgtgtgtctgtccggcaccccggtaggectgattgggt
AURKA Long R ttctagtcctccttaaccacttatctcccatatgagagtgtgaaaaatag
- - gaacacgtgctctacctccatttagGGATTTGCTTGGGATACAGAAGAGG
C

>chr20:56369717-56369878 162bp TGCTAGGCATGGTGTCTTCA AACAGCTTTACCAGGCTTCG
AU R KA S LR F TGCTAGGCATGGTGTCTTCAcaggaggcaaatccagagcctggctgtggg
- - gaaagtgaccactctgccctgaccccgatcagttaaggagctgtgcaata
AURKA SLR Short R accttcctagtacctgagtgagtgtgtaacttattgggttggCGAAGCCT
- - — | GGTAAAGCTGTT

>chr20:56369585-56369878 294bp TGCTAGGCATGGTGTCTTCA AGAAACCCAATCAGGCCTAC
AU RKA SLR F TGCTAGGCATGGTGTCTTCAcaggaggcaaatccagagcctggctgtggg

- - gaaagtgaccactctgccctgaccccgatcagttaaggagctgtgcaata
AURKA SLR LO ng R accttcctagtacctgagtgagtgtgtaacttattgggttggcgaagcect

— — — ggtaaagctgttggaatgagtatgtgattctttttaagtatgaaaataaa
gatatatgtacagacttgtattttttctctggtggcattcctttaggaat
gctgtgtgtctgtccggcaccccgGTAGGCCTGATTGGGTTTCT

SDH A._F No matches to tgggaacaagagggcatctg ccaccactgcatcaaattca in
SDHA R Human Dec. 2013 (GRCh38/hg38)

Appendix 1—figure 2. Predicted targets on human genome of primer pairs used in this study. Analysis performed using UCSC In-Silico PCR tool
(https://genome.ucsc.edu/cgi-bin/hgPcr). Genomic PCR product of SDHA primer pairs is above >850 bp length set for the in silico search.
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Appendix 1—figure 3. Validation of primer pairs used in RT-qPCR. Standard curve, melt curve, and amplification

plot of amplification reactions of serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate
amplicon size. NTC, non-template control.
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Appendix 1—figure 4. Validation of primer pairs used in RT-qPCR. Standard curve, melt curve, and amplification
plot of amplification reactions of serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate

amplicon size. NTC, non-template control.
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Appendix 1—figure 5. Validation of primer pairs used in RT-qPCR. Standard curve, melt curve, and amplification
plot of amplification reactions of serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate
amplicon size. The target was also amplified from RNA extracts of cells transfected with the pBI-mCherry construct
as neg. control (MCh). NTC, non-template control.
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Appendix 1—figure 6. Validation of primer pairs used in RT-qPCR. Standard curve, melt curve, and amplification
plot of amplification reactions of serial dilutions (1:5) are shown. NTC, non-template control.
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Appendix 1—figure 7. Validation of primer pairs used in RT-gPCR. Standard curve, melt curve, and amplification
plot of amplification reactions of serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate

amplicon size. NTC, non-template control.
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Appendix 1—figure 8. Validation of primer pairs used in RT-gPCR. Standard curve, melt curve, and amplification
plot of amplification reactions of serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate

amplicon size. NTC, non-template control.

Cacioppo et al. eLife 2023;12:RP87253. DOI: https://doi.org/10.7554/eLife.87253

18 of 21



ELlfe Research article Cell Biology | Chromosomes and Gene Expression

Standard Curve Melt Curve
s
80 Slope: -3.49 Y-Inter: 20.937 p2. 0.999 Eff%: 93.434 i
s 2| | @ NC Hi
2701 ® 115 [t
!
205 @ 12 |
20| 15
10
»s Undiluted (U/D)
20
& 2as
240 P
25 =
2301 g
25 2
o
20{ i
28
210 | i
04 ! t
o om o 03 @ @ T IR " il
Quantity |
Anpificaion Plot
200 ” 5
278 @ nic \\
~
250] | @ 1128 mx i
— @ 125 FT j}SEANEER
- 15 w0 0 0 o w0 wo o
5109
Undiluted (U/D) Temperature ("C)
175
£ 150
128
100 NTC 1.5
ors 300bp. b
2511
- 200bp. P
028
000 —
L T e % « w B = & B 3 % = % % % & =
Cyce

Appendix 1—figure 9. Validation of primer pairs used in RT-gPCR. Standard curve, melt curve, and amplification
plot of amplification reactions of serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate
amplicon size. NTC, non-template control.
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Appendix 1—figure 10. Validation of primer pairs used in RT-qgPCR. Standard curve, melt curve, and amplification plot of amplification reactions of

serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate amplicon size. NTC, non-template control.
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Appendix 1—figure 11. Validation of primer pairs used in RT-qgPCR. Standard curve, melt curve, and amplification plot of amplification reactions of

serial dilutions (1:5) are shown. Sample reactions were loaded on gel to validate amplicon size. NTC, non-template control.
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