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Supplementary Figures and legends
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Supplementary Figure S1: Processing of STMN2 and UNC713A mRNAs in
neuroblastoma cells after 5 days of TDP-43 knockdown. (a) Scheme of
experimental design for treatment of SH-SY5Y with 25 pmol of TDP-43 or scramble
siRNAs during 5 days. (b-d) qRT-PCR was performed to quantify the RNA levels
of TDP-43 (b, blue), STMNZ transcripts with cryptic exon (c, red), STMNZ2 full-length
(c, light gray), UNC13A transcripts with cryptic exon (d, purple) and UNC13A full-
length (d, dark gray). Results from 3 independent experiments are included with
each dot representing biological replicates and bars representing mean + SEM.
Normal distribution of the data was tested using D’Agostino & Pearson test and an
unpaired t-test (parametric) or Mann-Whitney test (non-parametric) were performed
accordingly.
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Supplementary Figure S2: Expression of STMN2 and UNC713A mRNAs in
neuroblastoma cells. (a) Potential toxicity of knocking down TDP-43 was
evaluated using a CellTox green assay that measures cell-membrane integrity with
a fluorescent dye, in cells treated with 2.5 pmol or 25 pmol of siTDP43 for 5 days.
(b-d) RNA from SH-SY5Y cells CRISPR-edited to express an ALS-associated
mutation of TDP-43 (N352S) [8] was quantified to determine the transcript levels of
STMNZ2 full length (b, light gray), STMNZ2 transcripts with cryptic exon (b, red),
UNC13A full length (c, dark gray), UNC13A transcripts with cryptic exon (c, purple)
and TDP-43 (d, blue). Results from 3 or 4 independent experiments are included
with each dot representing replicates and bars representing mean £+ SEM. Normal
distribution of data was tested using D’Agostino & Pearson test and an unpaired t-
test (parametric) or Mann-Whitney test (non-parametric), or a Kruskal-Wallis,
followed by a Dunn’s Multiple comparisons post-hoc test (non-parametric) were
performed accordingly.
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Supplementary Figure S3: Levels of STMN2 and UNC13A transcripts in
different human cells with disrupted TDP-43. (a-c) STMN2 and UNC13A full-
length levels (transcripts per million, TPM) in (a) SH-SY5Y neuroblastoma cells
treated with siRNA against TDP-43 [8], (b) laser microdissected motor neurons from
patients with sporadic amyotrophic lateral sclerosis (SALS) [5], and (c) cortical
neurons FACs sorted for the presence (+) or absence (-) of nuclear TDP-43 [6].
Normal distribution of data was tested using D’Agostino & Pearson test and an
unpaired t-test (parametric) or Mann-Whitney test (non-parametric) were performed
accordingly.
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Supplementary Figure S4: TDP-43 binding to STMN2 and UNC13A transcripts.
(a-b) Gene browser track showing TDP-43 binding sites on STMNZ2 (a) and
UNC13A (b) pre-mRNAs determined by iCLIP for TDP-43 in human SH-SY5Y cells
[9]. Results from the ERR039854 iCLIP run are represented showing both the full
pre-mRNAs (left) and the region surrounding the STMNZ2 and UNC13A cryptic
exons (right).




UNC13A pre mRNA

Premature stop on

ACAAGCGAACUGACAAAUCUGCCGUGUCGGGUGCCAUCCGGC
UCCACAUCAGUGUGGAGAUCAAAGGCGAGGAGAAGGUGGCCC
CGUACCAUGUCCAGUACACCUGUCUGCAUGAGGUGAGGGUCAU
UGCUCGGCCCCUCCCAUGCCACUUCCACUCACCAUUCCUGCCUGC
CCAGCUCUUCCUCUUUCUGGCCACACCAUCCACACUCUCCUGGCC
CUCUGAGACUGCCCGCCAUGCCAUUCCCUUUACCUGGAAAACUCC
UCCCUAUCCAUCAAAGUCCAGAUUCAGGGUCACCUCCUCUGGGAA
GCCCACCUUGGCCUCCAGGUUGACUCUCACUACUCAUCAUCAGGU
UCUUCCUUCUAUUCCAGCCCUAACCACUCAGGAUUGGGCCGUUU
GUGUCUGGGUAUGUCUCUUCCAGCUGCCUGGGUUUCCUGGAAA
GAACUCUUAUCCCCAGGAACUAGUUUGUUGAAUAAAUGCUGG
UGAAUGAAUGAAUGAUUGAACAGAUGAAUGAGUGAUGAGUA
GAUAAAAGGAUGGAUGGAGAGAUGGGUGAGUACAUGGAUGGA
UAGAUGGAUGAGUUGGUGGGUAGAUUCGUGGCUAGAUGGAUGA
UGGAUGGAUGGACAGAUGGAUGGAUAUAUGAUUGAACUAUUGAA
AGUAUAGAUGUAUGGAUGGGUGAAUUUGGGGGUAAUUGUUAGA
UGAUGGAUGAGUAUAGAUGAAUGAUGGAUGGAUAACUUGAUGAG
UGGAUAGAUAGAUUGCUGGAUAGAUGAUUGACUGGGUGGAUAGA
UGAAAUGUUGGAUGAGCAGAUUAAGUUGUAUUGGAUGGGAUGG
AUGGAAGUGUGGUUGAGUUAUUAGAAGGAAGAUUGAGUAGAUA
GGUGAAUUUGUUGAUAGUCAGAUGGGUAGAUAGGUAGAUGGAU
GGAUGGAUGGAUGGAUGUAUAGGCAGAUGGACAAAUGGAUGAAU
GGGUGGGUGGAUGAAUGGAAGGAUGUGUGGUUGAACUAUUGCA
AGUAUUGAUAAUUGGGUUCAUAAUUUCUGAAUAUUUAGAUGGAU
GGUUGUGAGUGGCUGGUGGACAGACGAAAAAUGGAUGGUUGGA
UAAAUUGAUGGGUGGAUGGAUGGUUGGUUGUAUGAAAGAAUGA
AUGAUUGGGUAGGUGGAUUAAGUUGCGGAUCAAUGUAUGGGAU
GGAUGAAUGGAUGGAUGGAUGGAUGUGUGGUUGAAUUACUGAA
AGGUUGGAAGAGUGGAUGGGUGAAAUUUGGGGUAGUUAGAUGG
GUGGGUGUGUGGAUGGAUAAAAGAGUAGAUGAAUGAAUUAAUG
AAUAAACAGGCAGAUGGAUGAUGUAAGCUGCCCCAGACCCUGGG
ACCUCUGACCCCCGGCGACCCCUUGCACUCUCCAUGACACUUUCU
CUCCCAUGGUGGCAGAACCUGUUCCACUUCGUGACCGACGUGC
AGAACAAUGGGGUCGUGAAGAUCCCAGAUGCCAAGGGUGACG
AUGCCUGGAAGGUUUACUACGAUGAGACAGCCCAGGAGAUUG
UGGACGAGUUUGCCAUGCGCUACGGCGUCGAGUCCAUCUACC
AAGCCAUGAC

Stathmin-2 pre mRNA

Cryptic/3’ splice Premature Distal
acceptor poly(A) site poly(A) site

AGCGAGUAAAACAGGCAGGUAUGUGAUACUGAGGAGGUGUACC
AAAAACUGACUGCUGUUAUUUUUCCCAUCUUCUAAGUCUGUCU
UUCUUUUCCAUUUAAAGAUACCUUUUUAAAUCUAAUCCAAUGU
GAUUUCAAUCUAGUUUUAUCAGAUUUCAACAAUUAUUGAGCAU
CUCCUUGUAGUGGUUUUCUGUUUAUUAGAAAAUCGAUGUUAAU
UUUAACGAAGUAAGAAGAAAUAUAUAAGUAUAAACUAAUUUUG
GGUAUCAUCAAAAGUGGAUUUUUUAAAUAUGCAUUGAUAGAAU
UAUUUUUUGAUUACAUUUUAUGUAAUUCUAAUCCAGCUAUAAA
AUAUUUAAUAGUGUCAUAUUACUGUGUUCCUCAAACUUUGAUG
UGCAUAUGAAUUACCUUUGAUUUUCAUUAAAAUGCAAAUUCUG
AUUCAAUACAUCUGGCUUGAGGCAGACAUUCUGUCUUCCGAAC
AAGCUCCCAGAUGAUGCUGAUUCUGACCACUAAACACAUCAGUU
UUAGGGAUAUUAACUUGUAAUAUACAGGUAUCCCUCCUGGUAA
GCUCUGGUAUUAUGUCUUAACAUUUUUAAAUCUAUGGUAAUCU
UUACAAAAUAUUUUACUUCCGAACUCAUAUACCUGGGGAUUUU
AUUACUCUGGGAAUUAUGUGUUCUGCCCCAUCACUCUCUCUUA
AUUGGAUUUUUAAAAUUAUAUUCAUAUUGCAGGACUCGGCAG
AAGACCUUCGAGAGAAAGGUAGAAAAUAAGAAUUUGGCUCU
CUGUGUGAGCAUGUGUGCGUGUGUGCGAGAGAGAGAGACA
GACAGCCUGCCUAAGAAGAAAUGAAUGUGAAUGCGGCUUGU
GGCACAGUUGACAAGGAUGAUAAAUCAAUAAUGCAAGCUUAC
UAUCAUUUAUGAAUAGCAAUACUGAAGAAAUUAAAACAAAAGA
UUGCUGUCUCAAUAUAUCUUAUAUUUAUUAUUUACCAAAUUAU
UCUAAGAGUAUUUCUUCCUGAAUACCAUGUGAGAAAAUUCUUA
AGAAUUUAUUGAGUAUGACUGUAUAUUUGAAAAGAGUGUUUUC
UUCUGCUUAUCUAAGCCAAUAAAGGAUCUUCAUUAUUCAAUUC
UAACUUUCUAAGGAAGUCAACCUACAGAUCAGAAAGAGGAUCU
UCAAGGAAUAGCAUCAAAGACAUAGUCAGGUCUCCCAUGCAGU
GACUGGCUGACCAUGCAGCCAUUACCACCUUUCUGGAAAUAUUA
UGCUGCAAAAAUGAUACAAUACACGAAAUAUCUCAAAUUAAAAA
AUAUAACAUUUCCCAAAUAGGGCACUAAAAACAUGAUCCCAAAU
AAAACUAGCUUCAGGGUUUGCAGAAUAUACUGUUACUCAACAC
AAAGUUGGACUAAGUCUCAAAGUUAGCCAUUCAGUUGUUGUUA
ACAGUUCAUUUCAGGGUCUCUCAGAAGCUGGGAAACUUUCCAU
UUUUGCAAUUUCUUGUACAUUGAAGGAAAGGAAGACACACUUA
AGACAGCAUUACAAAAGUAAUUCAUGUUUUAAAUGUUUAAUUC
UGGCAGUCGGGCAGGGCUCUCUGUA

Supplementary Figure S5: TDP-43 binding motifs in STMN2 and UNC13A
transcripts. Sequence of UNC73A (a) and STMNZ2 (b) pre-mRNAs, with the
regions of TDP-43 binding identified by iCLIP [4, 9]. UG-rich motifs are highlighted
in blue, and the sequence predicted to be bound by TDP-43 is underlined [4].
Cryptic exons are bolden in purple (UNC13A, a) and red (STMNZ2, b). Exons 20 and
21 of UNC13A transcript are bolded in gray (a).
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Supplementary Figure S6: Detection of STMN2 and UNC13A cryptic exons in
the amygdala and entorhinal cortex of post-mortem tissue from Alzheimer’s
disease patients. (a) Percentage of control or Alzheimer’s disease patients in
which STMNZ2 cryptic exon was detected by qRT-PCR in different brain regions:
amygdala (Amyg.), entorhinal cortex (Ent. Cx), frontal cortex (Fro. Cx), occipital
cortex (Ocp. Cx) and cerebellum (Cereb.). Numbers of positive cases/total cases
tested are indicated. Tissues were considered to have cryptic exons when an
amplification curve was detected by gqRT-PCR in all 3 triplicates. (b-c) Levels of
truncated STMN2 RNA (red) measured by qRT-PCR in post-mortem frozen
amygdala (b) or enthorinal cortex (¢) from control (Con) and patients with
Alzheimer’s disease (AD). (d-e) Levels of UNC13A cryptic exon (purple) measured
by qRT-PCR in the amygdala (d) and entorhinal cortex (e). Data represent mean +
SEM, each dot represents results from individual patients. Normal distribution of
data was tested using D’Agostino & Pearson test and an unpaired t-test
(parametric) or Mann-Whitney test (non-parametric) were performed accordingly.
(F) gRT-PCR cycle in which the levels of STMNZ cryptic exon (red), UNC13A cryptic
exon (purple) or GAPDH transcript (loading control, gray) reach the detection limit
(Ct, cycle threshold), which inversely correlates with abundance of the target
transcript in the amygdala of controls or Alzheimer’s disease patients.
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Supplementary Figure S7: TDP-43 pathology burden in different brain
regions. Example micrographs of post-mortem brain tissue from Alzheimer’s
dementia patients 31 (left) and 32 (right) in the amygdala (a), entorhinal cortex (b)
and frontal cortex (c), after immunohistochemical detection of phosphorylated TDP-
43 (pTDP43). Scale bar is 100um on the left images and 50um on the insets.
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Supplementary Figure S8: RNA-seq analysis of STMN2 and UNC13A mRNAs
in frontal pole and superior temporal gyrus. (a-b) STMNZ cryptic exon (a) and
full-length (b), and UNC13A full-length (c) levels determined by RNA-seq analysis
of the frontal pole and superior temporal gyrus from controls and Alzheimer’s
disease patients (data from Mount Sinai/JJ Peters VA Medical Center Brain Bank
(MSBB-AD) [10]).




MSBB-AD RNA-seq - Parahippocampal Gyrus
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Supplementary Figure S9: RNA-seq analysis of STMN2 and UNC13A mRNAs
in parahippocampal gyrus with different Braak stages. (a-b) STMNZ2 (a) and
UNC13A (b) full-length RNA levels determined by RNA-seq analysis of
parahippocampal gyrus from controls (Braak stages 0-1l) and Alzheimer’s disease
patients classified according to their Braak stage (data from Mount Sinai/JJ Peters
VA Medical Center Brain Bank (MSBB-AD) [10]).
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Mayo Clinic RNA-seq - Temporal Cortex
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Supplementary Figure S10: RNA-seq analysis of STMN2 and UNC713A mRNAs
in Alzheimer’s disease patients with Braak stages V and VI. (a-c) STMN2
cryptic exon (a), and full-length STMNZ2 (b) and UNC13A (c) transcript levels
determined by RNA-seq analysis of temporal cortex from Alzheimer’s disease
patients with Braak stages V and VI. Brains with (+) and without (-) TDP-43
pathology were compared (data from Mayo Clinic [1, 2, 11]).
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Supplementary Tables

Supplementary Table 1 — Probes and primers information.

Target Application PrT:er/Pr Sequence (5°-3’) Ref.
Stathmin-2 RT-PCR Primer Fw GCCTCTTGCTCTTTCTCTAGCACG [8]
Cryptic Exon Primer Rv TTTCTCTCGAAGGTCTTCTG [8]
Primer Fw AGCTGTCCATGCTGTCACTG [3, 8]
Stathmin-2 gPCR Primer Rv GGTGGCTTCAAGATCAGCTC [3, 8]
Probe ATTTGCTTCACTTCCATATCATCGTAAGTATAGATG [3]
Stathmin-2 Primer Fw CTTTCTCTAGCACGGTCCCAC [3]
Cryptic Exon gPCR Primer Rv ATGCTCACACAGAGAGCCAAATTC [3]
Probe CTCTCGAAGGTCTTCTGCCG [3]
Primer Fw GTGGAGATGGCTGATGGCTAC
hnRNP L aPCR Primer Rv GCTCATCGCAGATCTCAAAGAAG
UNC13A qPCR Primer Fw GGACGTGTGGTACAACCTGG [7]
(Exons 19-20) Primer Rv GTGTACTGGACATGGTACGGG [7]
UNC13A Primer Fw CAGTGACTCCATGCACAGTTA
(Exons 9-10) aPCR Primer Rv TCAGCTGAGAGCTTCCCT
Primer Fw TGGATGGAGAGATGGAACCT [7]
CrL;r':lticc::g)f\on aPCR & RT-PCR Primer Rv GGGCTGTCTCATCGTAGTAAAC [7]
gPCR Probe TTGGCATCTGGGATCTTCACGACC
Primer Fw GAAGGTGAAGGTCGGAGTC [3, 8]
GAPDH aPCR & RT-PCR Primer Rv GAAGATGGTGATGGGATTTC [3, 8]
gPCR Probe CAAGCTTCCCGTTCTCAGCC [3]

Supplementary Table 2 — Patient Information.

Subject Condition Age at Sex Braak
death Stage
Cnt1 Control 56 Female 0
Cnt2 Control 76 Female [
Cnt3 Control 64 Female N/A
Cnt4 Control 85 Male I
Cnt5 Control 73 Male 0
Cnt6 Control 68 Female I
Cnt7 Control 63 Male 0
Cnt8 Control >90 Female Il
Cnt9 Control 77 Female I
Cnt 10 Control >90 Male I
Cnt 11 Control >90 Male I
Cnt12 Control 62 Male 0
Cnt 13 Control 78 Male 0
Cnt 14 Control 59 Male 0
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. . Age at Braak
Subject Condition death Sex Stage
Cnt 15 Control >90 Male I
AD 1 Alzheimer's disease 63 Male VI
AD 2 Alzheimer's disease 61 Female VI
AD 3 Alzheimer's disease 73 Female VI
AD 4 Alzheimer's disease 58 Female VI
AD 5 Alzheimer's disease 77 Female VI
AD 6 Alzheimer's disease 77 Male VI
AD 7 Alzheimer's disease 66 Female VI
AD 8 Alzheimer's disease >90 Male VI
AD 9 Alzheimer's disease 78 Female VI
AD 10 Alzheimer's disease 70 Male VI
AD 11 Alzheimer's disease 66 Female VI
AD 12 Alzheimer's disease 54 Female VI
AD 13 Alzheimer's disease 70 Female VI
AD 14 Alzheimer's disease 96 Female V
AD 15 Alzheimer's disease 70 Male VI
AD 16 Alzheimer's disease 73 Female VI
AD 17 Alzheimer's disease 74 Male \%
AD 18 Alzheimer's disease 83 Female VI
AD 19 Alzheimer's disease 80 Male VI
AD 20 Alzheimer's disease 61 Female VI
AD 21 Alzheimer's disease 73 Female VI
AD 22 Alzheimer's disease >90 Female V
AD 23 Alzheimer's disease 80 Male V
AD 24 Alzheimer's disease 82 Male V
AD 25 Alzheimer's disease 74 Female VI
AD 26 Alzheimer's disease 72 Female VI
AD 27 Alzheimer's disease 97 Female \%
AD 28 Alzheimer's disease 74 Male VI
AD 29 Alzheimer's disease 75 Male VI
AD 30 Alzheimer's disease 86 Female Vi
AD 31 Alzheimer's disease 72 Female VI
AD 32 Alzheimer's disease 87 Female VI
AD 33 Alzheimer's disease >90 Male Vi
AD 34 Alzheimer's disease 65 Male VI
AD 35 Alzheimer's disease 76 Female VI
AD 36 Alzheimer's disease 88 Female Vi
AD 37 Alzheimer's disease >=90 Male VI
AD 38 Alzheimer's disease >=90 Male V
AD 39 Alzheimer's disease 86 Male Vi
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Supplementary Table 3 — Postmortem tissue analysis of TDP-43-

associated pathological changes.

. Frontal Ocp.
Amygdala Entorhinal Cortex Cortex | Co rtF:ex Cereb.
Subject| Condition 'I;I:an4: oTDP43 ST(I:VIENZ UNgé 3A ST(I:VIENZ UNgé 3A ST(I:VIENZ ST(I:VIENZ ST(I:VIENZ
Cnt 1 Control 0 No 0 0 0 0 NA NA NA
Cnt2 Control 0 No 0 0 0 0 NA NA NA
Cnt3 Control 0 No 0 0 0 0 NA NA NA
Cnt4 Control 0 No 0 0 0 0 NA NA NA
Cnt5 Control 0 No 0 0 0 0 NA NA NA
Cnt6 Control 0 No 0 0 0 0 NA NA NA
Cnt7 Control 0 No 0 0 0 0 NA NA NA
Cnt8 Control 0 No 0 0 0 0 0 0 0
Cnt9 Control 0 No 0 0 0 0 0 0 0
Cnt 10 Control 0 No 0 0 0 0 0 0 0
Cnt 11 Control 0 No 0 0 0 0 0 0 0
Cnt12 Control 0 No 0 1 0 0 NA NA NA
Cnt13 Control 0 No 0 1 0 0 NA NA NA
Cnt14 Control 0 No 0 1 0 0 NA NA NA
Cnt15 Control 0 No NA NA NA NA 0 0 NA
AD 1 Alzheimer 0 No 0 0 0 0 NA NA NA
AD 2 Alzheimer 0 No 0 0 0 0 NA NA NA
AD 3 Alzheimer 0 No 0 0 0 0 NA NA NA
AD 4 Alzheimer 0 No 0 0 0 0 0 0 0
AD 5 Alzheimer 0 No 0 0 0 0 0 0 0
AD 6 Alzheimer 0 No 0 0 0 0 0 0 0
AD 7 Alzheimer 0 No 0 0 0 0 0 0 0
AD 8 Alzheimer 0 No 0 0 0 0 0 0 0
AD 9 Alzheimer 0 No 0 0 NA NA NA NA NA
AD 10 Alzheimer 0 No 0 0 NA NA NA NA NA
AD 11 Alzheimer 0 No 0 0 NA NA NA NA NA
AD 12 Alzheimer 0 No 0 0 NA NA NA NA NA
AD 13 Alzheimer 0 No 0 0 NA NA NA NA NA
AD 14 Alzheimer 0 No 0 1 0 0 NA NA NA
AD 15 Alzheimer 0 No 0 1 NA NA NA NA NA
AD 16 Alzheimer 0 No 1 1 0 1 1 1 1
AD 17 Alzheimer 0 No 1 1 1 0 0 0 0
AD 18 Alzheimer NA Yes 0 0 0 0 NA NA NA
AD 19 Alzheimer ] Yes 0 0 0 0 0 0 0
AD 20 Alzheimer I Yes 0 0 0 0 0 0 0
AD 21 Alzheimer I Yes 1 0 NA NA NA NA NA
AD 22 Alzheimer Il Yes 1 0 1 1 0 0 0
AD 23 Alzheimer ] Yes 1 0 1 1 0 0 0
AD 24 Alzheimer NA Yes 1 1 0 1 NA NA NA
AD 25 Alzheimer NA Yes 1 1 1 1 NA NA NA
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. Frontal Ocp.
Amygdala Entorhinal Cortex Cortex | Co rtF:ex Cereb.
Subject| Condition 'I:an4: oTDP43 ST(I:VIENZ UNgé 3A ST(I:VIENZ UNgé 3A ST(I:VIENZ ST(I:VIENZ ST(I:VIENZ
AD 26 Alzheimer Il Yes 1 1 1 1 NA NA NA
AD 27 Alzheimer NA Yes 1 1 1 1 NA NA NA
AD 28 Alzheimer Il Yes 1 1 1 0 0 0 0
AD 29 Alzheimer Il Yes 1 1 1 1 0 0 1
AD 30 Alzheimer Il Yes 1 1 1 1 0 0 1
AD 31 Alzheimer ] Yes 1 1 1 1 0 0 0
AD 32 Alzheimer ] Yes 1 1 1 1 0 0 0
AD 33 Alzheimer Il Yes 1 1 1 1 0 0 0
AD 34 Alzheimer Il Yes 1 1 1 1 0 0 0
AD 35 Alzheimer NA Yes 1 1 NA NA NA NA NA
AD 36 Alzheimer I Yes 1 1 NA NA NA NA NA
AD 37 Alzheimer NA Yes 1 1 NA NA NA NA NA
AD 38 Alzheimer NA Yes 1 1 NA NA NA NA NA
AD 39 Alzheimer NA Yes NA NA NA NA 0 0 0
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