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Structure and functions
of TDP-43 and Tau
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Tau protein:
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Lippens and Gigants, JBC, 2019:

Figure 1 Primary structure of the longest isoform of human Tau, with its different domains. Splice variants occur
through the omission of one or two N-terminal inserts or of the second repeat in the MTBR.
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1964. EM image of brain tissue, 1985: Reconstructed cross-section 2017: Cryo-EM structure of
first report of “paired helical of paired helical filament paired helical filament
filament" Kidd (1964) Crowther & Wischik (1985) Filzpatrick et al. (2017)

| h

Negative stamning electron microscopy image of brain tissue showed the first “Paired Helical Filaments™ (PHFs).
(Middle) Reconstructed cross-section of the paired helical filament. (Right) Atomic model of the same cross section
obtained by cryo-electron microscopy. Lippens and Gigants, JBC, 2019:



Tau was originally defined by its ability to bind and stabilize microtubules. Howe
ver, it Is now becoming evident that the functions of tau extend beyond its abilit
y to modulate microtubule dynamics. Tau plays a role in mediating axonal tran
sport, synaptic structure and function, and neuronal signaling pathways.

Binding of tau protein to the microtubules
IS maintained in equilibrium by coordin
Vesicle g ated actions of kinases and phosphat
( } ases. The phosphorylation of tau (pink ball
}, S) regulates its activity to bind to microtubul
i ; e, es and can affect axonal transport. Tau
WA protein may inhibit the plus-end-directed tr
P ansport of vesicles along microtubules by
Kinesin

Phosphotau

Tau

protein

Microtubule



TDP-43 protein:

N-termj[]al tail RRM domains C-terminal tail
’ NLS NES QN -
U | TN | GEI | R 0
i 342 366 414

414 amino acid nuclear protein
Ubiquitously expressed DNA-/RNA-binding protein
Encoded by the TARDBP gene on chromosome 1

Family of hnRNPs

Mostly nuclear (although up to ~ 30% of TDP-43 protein can be found in the cytoplasm



Physiological phosphorylation can affect TDP-43 oligomerization and cellularloca
lization

NLS _ 191 262
N ~ RRM1 RRM2
1 -terminus 106 76 -terminus 414

Heat shockl

Y155

T153 E

Wang et al, 2018, EMBO J

NTD oligomerization promotes TDP-43 Liquid/Liquid
Phase Separation, but that phosphorylation on the co
nserved Ser 48* prevents this.




TDP-43 likes to bind UG-repeated motifs in a sequence specific manner using both RRMs:

- RRM1 specifically recognizes one GU repeat and RRM2 recognizes also one UG repeat plus additional nucleotides that are not specifically recognized. Thus the emerging binding
consensus sequence is 5’-N(N)GUGN(N)UGN-3'.
- A unique feature of the TDP-43-RNA complex is the reversed binding of the UG-rich RNA with the 5’end being bound on RRM1 rather than RRM2 as normally seen in tandem RRMs.
- TDP-43 binding to UG-rich RNA also showed a very clear correlation between binding affinity and inhibitory splicing function for interaction on RRM1, but not for RRM2 in which alanine
mutations in the recognition sites on RRM2 has only little impact on the overall RNA binding affinity of TDP-43. Nevertheless, these interactions are of functional importance and required
for the splicing function of TDP-43. Thus the role of RRM2 could be to direct the UG-rich RNA path for productive TDP-43 dimerization on pre-mRNA target sites.

Lukavsky et al. 2013



TDP-43’s Hydrophobic stretch is important for regulating LLPS properties.

Gly-rich Hydrophobic Q/N-rich Gly-rich
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What does TDP-43 do?:
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Ratti and Buratti, J. Neurochem., 2016



Involvement In disease
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Stabilised Destabilised Tau Soluble Tau Neurofibrillary
Microtubules Microtubules  Monomers Oligomers Tangles

Tau
Hyperphos,

T

Inflammation
Cell
Death
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Microglial
Phagocytosis
Tau Propagation .: @ L-1p lnﬂammat;rv stimuli
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Pro-inflammatory mediators

Hg. 1. Progression of tau pathdogy: Under physdogical condition s tau regulates microtu bule stabilisation. In tavopathies tau hyperphosphorylation triggers a loss inmicrotubule affinity.
Soluble tau aggregates into pathological soluble tau oligomers, ultimately forming pathological insoluhle neurofibrillary tangles (NFT'). Tau oligomersare sacreted into the extracellular
compartment contributing to the propagation of tau pathdogy into neighbouring neurons. Inflammatory stimuli, such as A3, stimulate microglial production of pro-inflammatory
mediators such as IL-15 leading to the up-regulation of kinases involved in tau phosp horylation and exacerbation of the pathology. However, inflammation can have beneficial effects
on tau pathology by inducing microglial phagocytosis of extracel lular tau species. Image adapted from National Institute of Ageing



Multiple etiological factors

AB 1T
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Why does TDP-43 aggregate?
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TDP-43 and Tau pathology
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Disorders of misfolded proteins

TDP-43 FUS

Protein
-

Phenotype PMNFA CBD IPA AD DLE PDD PD
N ) ! T
Pathology ALS-TDP-43 FILD-TDP-43 FILD-FUS  FTLD-Tau AP plagues Lewy bodies Prp=
and tau-MNFT plaqug
Genes TARDEF, PGRN FUS MAPT APF, P51, SNAC, Parkin, FRFN
CQORF7 2, and P52 LRRK2, PINK1,

and V(P and Dj-1



Molecular mechanisms
that contribute to FTD
pathology

% TDP-43
3 FUS 2
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l DNA damage. FUS, TDP-43, RBM45

Altered protein clearance. VCP, p62/SQSTM1,
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RNA toxicity. C9orf72 foci .
Lysosomal/endosomal system alterations.
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impaired cellular functionality and o e
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Mixed TDP-43 proteinopathy and tauopathy in frontotemporal lobar
degeneration: nine case series

Eun-Joo Kim'?- Jesse A. Brown' - Jersey Deng' - Ji-Hye L. Hwang' - Salvatore Spina’ - Zachary A. Miller' -
Mary G. DeMay' - Victor Valcour' - Anna Karydas' - Eliana Marisa Ramos>* - Giovanni Coppola®* - Bruce L. Miller' -
Howard J. Rosen' - William W. Seeley'~ - LeaT. Grinberg'~

Received: 12 July 2018 / Revised: 4 October 2018 / Accepted: 5 October 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Objectives To determine the clinical, anatomical, genetic and pathological features of dual frontotemporal lobar degenera-
tion (FTLD) pathology: FTLD-tau and FTLD-TDP-43 in a large clinicopathological cohort.

Methods We selected subjects with mixed FTLD-TDP and FTLD-tau from 247 FTLD cases from the University of Califor-
nia, San Francisco, Neurodegenerative Disease Brain Bank collected between 2000 and 2016 and compared their clinical,
anatomical, genetic, imaging and pathological signatures with those of subjects with pure FTLD.

Results We found nine cases (3.6%) with prominent FTLD-TDP and FTLD-tau. Six cases were sporadic, whereas one case
had a C9ORF72 expansion, another had a TARDBP A90V variant, and the other had an MAPT p.A152T variant. The sub-
types of FTLD-TDP and FTLD-tau varied. Mixed FTLD cases were older and tended to show a higher burden of Alzheimer
disease pathology (3/9, 33%). The neuroimaging signature of mixed cases, in general, included more widespread atrophy than
that of pure groups. Specifically, cases of mixed corticobasal degeneration (CBD) with FTLD-TDP showed more prominent
asymmetric left-sided atrophy than did those of pure CBD. However, the clinical phenotype of mixed cases was similar to
that seen in pure FTLD.

Conclusions Although patients with mixed FTLD-TDP and FTLD-tau are rare, in-depth clinical, pathological and genetic
investigations may shed light on the genetic and biochemical pathways that cause the accumulation of multiple proteinaceous
inclusions and inform therapeutic targets that may be beneficial to each one of these abnormal protein misfoldings.

Keywords Frontotemporal lobar degeneration - TAR-DNA binding protein-43 - Tau
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Acta Neuropathol (2013) 126:39-50
DOI 10.1007/s00401-013-1123-8

Robust cytoplasmic accumulation of phosphorylated TDP-43 in
transgenic models of tauopathy

Amy K. Clippinger - Simon D’Alton - Wen-Lang Lin - Tanla F. Gendron - John Howard - David R. Borchelt -
Ashley Cannon - Yarl Carlomagno - Paramita Chakrabarty - Casey Cook - Todd E. Golde - Yona Levltes -

Laura Ranum - Patrick J. Schulthels - Gulllan Xu - Leonard Petrucelll - Naruhlko Sahara - Dennis W. Dickson -

Benolt Glasson - Jada Lewls
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RU TDP-43/actin

Tg NT

Fig. 5 Higher molecular weight species of TDP-43 is elevated in
the soluble fraction of rTg4510 compared to non-transgenic mice.
(a) 10-month-old rTg4510 (Tg) and non-transgenic (NT) mice have
equivalent expression of full-length TDP-43 protein (arrow). (a, b)
rTg4510 mice have increased levels of high molecular weight TDP-
43 protein (line, TDP-43 HMW) in the soluble fraction compared to
NT mice (p = 0.03, unpaired t-test). B-Actin was used as a loading
control. RU stands for relative units
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Fig. 2 Tau pathology generally precedes the cytoplasmic accumula-
tion of phosphorylated TDP-43 in the JNPL3 mouse model of tauopa-
thy. Serial sections of spinal cord tissue from (a, d) 3.5, (b, €) 8.5 and
(¢, ) 10-month-old JNPL3 mice was immunostained for (a—c) TDP-
43 phosphorylated at S409/410 and (d-f) tau phosphorylated at S202/
T205 (AT8 antibody). JNPL3 mice at 3.5 months of age show (a)
normal nuclear localization of pTDP-43 and (d) minimal tau pathol-
ogy. (b) pTDP-43 remains localized in the neuronal nuclei as (e) tau
pathology slowly accumulates in the spinal cord of 8.5-month-old
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NS O e S S R e
> .y ! . ol * ’
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AT8 Tau

JNPL3 lacking a motor phenotype. (c) Serial sectioning of a JNPL3
mouse with motor phenotype shows neurons with cytoplasmic relo-
calization of pTDP-43 (¢, arrows) that also show prominent tau
pathology (f, arrows). In addition. normal nuclear localization of
pTDP-43 (c, asterisk) can be seen in cells with prominent tau pathol-
ogy (I, asterisk). A healthy neuron without (¢, square) cytoplasmic
pTDP-43 or (f, square) tau pathology can also be seen. The central
canal (cc) has been noted. The bar indicates 100 pm
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Transactive response DNA-binding protein 43 (TDP-43)
regulates alternative splicing of tau exon 10: Implications for

the pathogenesis of tauopathies
Received for publication, February 27, 2017, and in revised form, May 8, 2017 Pubbished, Papers in Press, May 9, 2017, DO 10.1074/bc M1 17.783498
Jianlan Gu***, Feng Chen'*, Khalid Igbal®, Cheng-Xin Gong**, Xinglong Wang', and Fei Liu™*’

Normal Disease
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Figure 6. The proposed mechanism by which TDP-43 regulates tau
expression. TDP-43 acts on intron 9 and promotes tau exon 10 inclusion in
physiological condition. In the disease condition, truncations or mutations
lead to its cytoplasmic aggregation and nuclear depletion. Loss of function of
TDP-43 (as a result of the nuclear depletion) leads to suppression of tau exon
10 inclusion and 4R-tau expression, which consequently may contribute to
the neurofibrillary pathology.



Importance of studying
mutations



)08- first reports of disease-associated mutations in TDP-43

TDP-43 Mutations in Familial and Sporadic Amyotrophic Lateral Sclerosis

Jemeen Sreedharan '* Ian P. Blair,3 4% Vineeta B. Tripathi,l* Xun Hu,l Caroline Vance,1 Boris Rogelj,1 Steven Ackerley,l'2

Jennifer C. Durnall ? Kelly L. Williams.> Emanuele Buratti,® Francisco Baralle ’ J acqueline de Belleroche ® J. Douglas Mitchell,’
P. Nigel Leigh,l Ammar Al-Chalabi,' Christopher C. Miller,'? Garth Nicholson,**%* Christopher E. Shaw'*{
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Buratti E., Adv. Genetics 2016



This mutation was recently

S375G Is a rare variant recently reported in databasdestified in a very early-onse
And has been classified as, neutral, possibly benign.

ALS onset is influenced by the burden of rare variants in known
ALS genes

Janet Cady, BS', Peggy Allred, DPT2, Taha Bali, MD', Alan Pestronk, MD'. Alison Goate,
PhD'.34, Timothy M. Miller, MD, PhD'4, Rob Mitra, PhD>, John Ravits, MD®, Matthew B.
Harms, MD'-4, and Robert H. Baloh, MD, PhD?2
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375G can affect the nuclear localization of TDP-43
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When expressed in HelLa cells S375G is more toxic than nearby disease-assotiats
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The Serine In position 375 could represent an important phosphorylation site both
and in vivo

Identification of casein kinase-1 phosphorylation sites on TDP-43 M adass S pe ctro m et ri Ccdana Iys i =

Fuyuki Kametani**, Takashi Nonaka?, Takehiro Suzuki €, Tetsuaki Arai®, Naoshi Dohmae ¢,

Haruhiko Akiyama®, Masato Hasegawa * Of accu mU Iated TDP-43 in
2 “ . amyotrophic lateral sclerosis brains

MSEYIRVTED ENDEPIEIPS EDDGTVLLST VTAQFPGACG LRYRNPVSQC MRGVRLVEGI

* * *
Fuyuki Kametani?, Tomokazu Obi?, Takeo Shishido?, Hiroyasu Akatsu®, Shigeo Murayama®,
80 100 120 Yuko Saito®, Mari Yoshida® & Masato Hasegawa®
LHAPDAGWGN LVYVVNYPKD NKRKMDETDA SSAVKVKRAV QKTSDLIVLG LPWKTTEQDL
» e X 1 30 60 1 30 60
MSEYIRVTEDENDEPIEIPSEDDGTVLLSTVTAQFPGACGLRYRNPVSQCMRGVRLVEGI MSEYIRVTEDENDEPIEIPSEDDGTVLLETVIAQF PGACGLAYRNPVSQCMRGVRLVEGT
140 160 180 4
KEYFSTFGEV LMVQVKKDLK TGHSKGFGFV RFTEYETQVK VMSQRHMIDG RWCDCKLPNS % 120 90 20
LEAPDAGWGNLVYVVNY PEDNKREMDETDASSAVEVERAVOKTSDLIVLGLPWKTTEQDL LHEAPDAGHGNLVYVVRY PXDNKREMDE TDAS SAVEVERAVOKTSDLIVLGLPWXTTEQDL
. : a % 2
; A t
200 220 240 150 180 > 150 180
KQSQDEPLRS RKVFVGRCTE DMTEDELREF FSQYGDVMDV FIPKPFRAFA FVTFADDQIA “"5"mmmmmmmnmm’fm"’m“"cxt"‘ el R e
* —_— — -—
210 240 210 240
KOSQDEPLRSRXVFVGRCTEDMTEDELREFFSQYGDVMOVF I PXPFRAFAFVTFADDQIA KQSQDEPLRSREVFVGRCTEDMTEDELREFFSQYCDVMDVFI PEPFRAFAFVTFADDQIA
260 280 300 ‘4 o .
QSLCGEDLII KGISVHISNA EPKHNSNRQL ERSGRFGGNP GGFGNQGGFG NSRGGGAGLG T— g | —F - g .
* * * * QSLCGEDLIIKGISVHI SRA-!PHL“SHROLIRSGRM!;PGGYG"OCGPGI;SRGGGAGW QSLCGEDLIIKGISVHISNAEPRKHNSNROLERSGRFGONPCCFGNQGGFORSRCGGGAGLG
_E‘, . “ P . ? - P
320 340 360 330 > 360 330 < 360
NNQGSNMGGG MNFGAFSINP AMMAAAQAAL QSSWGMMGML ASQQNQSGPS GNNQNQGNMQ NNOGSNMGGGINFGAFS INPAMMAARQAALQS SWGMHGMLASQONQSGPSGNNONQGNMO  NNQGSNMGGGHMNFGAFS INPAMMAAAQAALOS SWGHNGHLASQONOSGPSGNNONQGNMQ
= - & - ses neg o* ; . 00‘ . > o . sanes wg sss peo o* p* oo - *Pp 00 O .
e —— 39l - 414 350 - 314 N
380 400 R.EP!OAYGSGN.\'S‘SSNSGMIWGSASHAGSGSGFNGGPCSSKDSXSSM REPNQAFGSCRNSYS ’SNSCM:GWCSAS.\D«CSCSGF‘SCCYGSS@SKSSCNG
p] * PP_PP * pPo 2 Pp* pp.~% popp
REPNQ. NNSYSGSNSG AAIGWGSASN AGSGSGFNGG FGSSMDSKSS GWGM — 2
* o * * -k - kW
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A S375E phosphomimic shows a very prominent cytoplasmic localization in 50%

Minigene pTB CFTR exon 9 C155T
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Molecular modelling confirms this possibility:
WT

Time |S375G

Time zero After 50 ns Superposition

S375E

Time zero After 50 ns Superposition
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This is confirmed at the distance level between the beta strands:
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TDP-43’s region from residues S375 to S395 is important to regulate
nuclear-cytoplasmic shuttling through reversible phosphorylation.

Gly-rich Hydrophobic Q/N-rich Gly-rich
WT
Time zero After 50 ns Superposition
Small sequences in the last \/<‘!\ =
Gly-rich domain can also - My —
fold to form beta-sheets. f
/
] S375E
Phos_phorylatlon Ca:n Time zero After 50 ns Superposition
transiently affect this
. _ ‘ ’ q
process, co_ntrqllmg TDP-43 ‘\ \\..YF_”D N\ %
localization in cellular % ) i ) NG
Sw | '/ o\
nucleus/cytoplasm J ) ;



Importance of studying the
surrounding environment
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ALS Is a very heterogenous disease, both regarding the clinical onset and the
progression.

Clinical onset Progression

a Spinal b Bulbar Progressive d  Primary lateral
onset onse muscular atrophy erosis

f

50—
40— ::;"‘-_;“\%\\ S —

=\§n~_a_-h

ALSFRS

syndrome

[
t scl
gic g Flail arm h Flail leg
syndrome
‘Vi | @

e Pseudopolyneuritic  f Hemiple;
ALS ALS

B LMN
M UMN

I I I I [ I I I I I I I I I I I I I I I I I I I 1
B i<~ of motor involvement in different ALS phenotypes. Red indicates 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84
LMN involvement, blue indicates UMN involvement. Darker shading indicates more-
severe involvement. a | In spinal-onset ALS, patchy UMN and LMN involvement

Time from first visit (months)

Swinnen and Robberecht, 2014



RNA binding proteins are particularly abundant within the neuronal body, axons, and synapses:

Transcription

TAF15, EWS, FUS (ALS/FTD)

NOVA (POMA)
PABPN1 (OPMD)
Alternative splicing * MBNL1/2 (DM)
MBNL1/2, CUGBP (DM) ./\.Aﬁmame polyadenylation
TDP43, FUS, TAF15, hnRNPA1, M
AN

hnRNPA2/B1, EWS (ALS/FTD)
NOVA (POMA)

SMN (SMA)

RBFOX (Epilepsy, Ataxia)

FMRP, DGCR8, DROSHA (FXS, FXTAS)
hnRNPA2/B1, hnRNPA1 (ALS/FTD)
MBNL1/2 (DM)

PARK7 (PD)

Translation

\

A
9 é" 5 hnRNPA2/B1, TDP43, FUS,
TAF15, EWS (ALS/FTD)

Localization, transport
AA4,  and sequestration

FMRP (FXS, FXTAS)
ATXN2 (SCA2, ALS)
SMN (SMA)

G,

Degradation and turnover

CELF4, HuR/ELAVL1 (Epilepsy, PD)
MATR3 (ALS)

AAR  Nussbacher et al., Trends in
Neuroscience, 2015

TRENDS in Neurosciences




What happens in patients?, in FTLD-TDP the expression of these proteins can vary a lot both between
and among healthy controls and diseased patients (work in collaboration with Leo Petrucelli and

Mercedes Prudencio at the Mayo Clinic, Jacksonville):
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Most of the major hnRNP proteins in human cells are conserved in Drosophila

HAP//SAF-B

—

O e P U

Crecic and Swanson, 1991

Human gene Fly gene symbol ID RNAi
hnRNP U -/CG30122 106984 KK
2912 GD
hnRNP K BI/CG13425
105271 KK
hnRNP D Sqd/CG16901 32395 GD
16040 GD
DAZAP1 Hrb27¢/CG10377 16041 GD
101555KK
47828 GD
hnRNP C -/CG42458
108072 KK
27752 GD
hnRNP F/H Glo/CG6946
110653 KK
33011 GD
hnRNP R/Q Syp/CG17838 33012 GD
110542 KK
44658 GD
hnRNP M Rump/CG9373 44659 GD
1000001KK
33735 GD
hnRNP I Heph/CG31000
110749 KK
hnRNP A3 Hrb87F/CG12749 100732 KK
28117 GD
hnRNP L Sm/CG9218

108351 KK
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In collaboration with the Neurology group we have started a search for hnRNP modifiers of TDP-43
pathology:

_ | . -
7 4 \ Crossing with fly strains that can be
» silenced for all major hnRNPs
\ ,/ conserved between flies and humans
= \
Human gene Fly gene symbol ID RNAi
iFIies expressing 50% norr S
(hap|0| nSUffI hnRNP U -/CG30122 106984 KK
Loss-of-function fly hRNP K BUCG13425 o A
. i -
ﬁFIIeS eXpreSSIn?hl 2 A) nor S hnRNP D Sqd/CG16901 32395 GD
ypomor
P - -
oD Validation of
DAZAPI1 Hrb27¢/CG10377 16041 GD o I
B fur_lctlon_a .
Gain-of-function fly ;Iies overexpressing wild- e —— P—_— 47828 GD relationsh
108072 KK
(hypomor 27752 GD
hnRNP F/H Glo/CG6946
- 110653 KK
33011 GD
A hnRNP R/Q Syp/CG17838 33012 GD
110542 KK
44658 GD
hnRNP M Rump/CG9373 44659 GD
1000001KK
hnRNP I Heph/CG31000 Pt
110749 KK
hnRNP A3 Hrb87F/CG12749 100732 KK
28117 GD
hnRNP L Sm/CG9218
108351 KK
—

Validate the effect of individual transcript to mod_




International Centre for Genetic = Developing
Engineering and Biotechnology = Knowledge

In addition to a small
group of phenotype
enhancers we were able
to find a group of strong
suppressors (Hrb27c,
CG42458, Glo and Syp)
which silencing, rescued
almost completely TBPH
phenotype (Fig. 1 E-H, M)
and a group of mild
suppressors (Herb87F,
Sm, Heph and Rump) that
recovered only partially
TBPH defects (Fig. I-L, M)

Appocher et al. 2017

ENHANCERS STRONG SUPPRESSORS

GFP CG30122RNA BRmA

L4

Herb27c™4  CG42458R" Glo™w Syp™i

GMR-Gak, TBPH

GMR-Gal4

MILD SUPPRESSORS

Herb87F ™A SmRNA HephRa Rump™ STRONG MILD
= ' M ENHANCERS SUPPRESSORS SUPPRESSORS
i :
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Can the human homologues of these proteins affect human TDP-43 functions as well?.

TNIK Fi INIK
silUC + - - - - silUC ‘ . " o "
siTDP-43 - + - - - siTDP-43 - 4 4 " s
sDAZAP1 - - + - - sDAZAP1 . - ‘ .
shnRNP Q - - - ’ - shnRNP Q - - - ¢ -
shnRNPR . g - = * shnRNP R - - - - ‘

% Exon Inclusion

% Exon Inclusion
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This has also been seen for several other examples of TDP43-controlled genes.

Activity on central exon or Rescue of TDP-43

pre-mRNA splicing events hnRNPs tested: pseudoexon splicing depletion effects:
TDP-43 =  Strong enhancer - NA
- DAZAP1 Silencer - YES
LR S 5 hnRNP Q = Enhancer - NO
(SKAR) —>
hnRNPR | =3  No effect — NO
TDP-43 — Strong silencer - NA
DAZAP1 Enhancer — YES
STAG2 = -
hnRNPQ | =3  No effect > NO
hnRNPR | =3  No effect -> NO
TDP-43 -3  Strong silencer - NA
TNIK - DAZAP1 — Enhancer — YES
hnRNPQ | - Enhancer - YES
hnRNPR | = Strong silencer —> NO
TDP-43 -> Strong silencer -> NA
DAZAP1 =%  No effect —» YES
MADD —3 hnRNPQ | = No effect -> NO
hnRNPR | =2  No effect -> NO




DAZAP1 does not bind to TDP-43.

WB: anti-DAZAP1

WB: anti-hnRNP H

WB: anti-TDP-43

IP: anti-Flag

Input (5%)

é’”

. I | ——
.

However, it binds to all these TDP-43 controlled transcripts.
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Performing RNAseq analysis to find the co-targets and affected pathways of TDP-43 and DAZAP1

in SH-SY-5Y cells:

TDP-43

DAZAP1

Total # pathways hits: 433 Total # pathways hits: 889

43%

49% 51%

Brain /
[l Neurodegeneration -
Related pathways

57%

Total genes analyzed

Downregulated (<0.7 vs siLuc):

siTDP-43
siDAZAP1

siTDP-43/siDAZAP1 common

17147 Total genes analyzed 17147
Upregulated (>1.3 vs siLuc):

1173 siTDP-43 2360

3244 siDAZAP1 4327

484 siTDP-43/siDAZAP1 common 215

Other
pathways

Pathways enrichment of common
Downregulated genes (<0.7 vs siLuc)

Pathways enrichment of common
Upregulated genes (>1.3 vs silLuc)

Total # mapped Total # pathways Total # mapped[Total # pathways
genes: 309 hits: 165 genes: 918 hits: 337
Genes related withi » Genes related with: 2
Inflammation 48 29.1 Inflammatio 95 28.2
INeurodegenerative diseases 12 7.3 Neurodegenerative diseas 40 11.9
Nervous system| 29 17.6 Nervous systej 35 10.4




hnRNP Q and R proteins share considerable similarity with the fly Syp protein

A Drosophila melanogaster
410
CG17838/Syncrip N vl el e I -C 529aa
(isoform F)
NLS1 NLS2
Human hnRNP Q/R
€ 58553 Identity: 42.9%
hnRNPQ2 N-==gurey RRM1 | RRM2 RRM3 I -I Similarity: 53.1%
NLS1 NLS2
(A 302-336)
12 130 162 u 409 560
Identity: 45.9%
hnRNP Q3 N-==flVN¥)) RRM1 | RRM2 | RRM3 I -I -C 623 aa Similarity: 57.1%
NLS1 NLS2

(A 549-623)
hnRNP Q1 N -C 561aa Identity: 47.1%
D REM1 RpM2  BeM3 I - Similarity: 59.6%

NLS1 /\

VKGVEAGPDLLQ

153 165 447 567 579 633

Identity: 46%
h RNPR
n N- RRM1 | RRM2 , RRM3 A—W-C 633aa  gimjlarity: 58.2%

NLS




However, these two proteins show marked diferences in cellular subdistribution

DAPI

DAPI

hnRNP Q

hnRNP R

MERGE

MERGE

N C
75__ - “Q2/3 = 75 KDa
. # |-Q1=66KDa
58-4
a-hnRNP Q
a-p34 [ -84 KDa
a-tubulin W 55 <Da
100t
|-R1 =80 KDa
75-- |-R2 =75 KDa
58--
a-hnRNP R
a—p84 —_ -84 KDa
a-tubulin W |55 KDa




RNAseq analysis of hnRNP Q and hnRNP R in SH-SY5Y cells

O
4
o
62/74 kDa a-hnRNP R
a-Tub
hnRNP Q hnRNP R
Total gene analyzed 17147 Total gene analyzed 17147

DEGs (30% cut-off vs siLUC; pValue <0.05):

Upregulated
Downregulated

1380 (49%)
1439 (51%)

DEGs (30% cut-off vs siLUC; pValue <0.05):

Upregulated
Downregulated

957 (63%)
560 (37%)




Top reqgulated DEGs that relate to neurodegeneration do not correspond:

ENSEMBL Gene Symbol Description RNAseq
ENSGO00000232810 TNF TNF, tumor necrosis factor 24.52
ENSG000000903 39 ICAM1 ICAMA1, intercellular adhesion molecule 1 17.45
ENSG00000181195 PENK PENK, proenkephalin 15.96
ENSG00000049249 TNFRSF9 TNFRSF9, tumor necrosis factor receptor superfamily, member 9 9.87
ENSG000001368 26 KLF4 KLF4, Kruppel-like factor 4 (gut) 8.28
ENSG00000102271 KLHL4 KLHLA4, kelch-like family member 4 7.95
ENSG000001857 37 NRG3 NRG3, neuregulin 3 5.57
ENSG000001679 64 RAB26 RAB26, RAB26, member RAS oncogene family 0.18
ENSG000001472 56 ARHGAP36 ARHGAP36, Rho GTPase activating protein 36 0.14
ENSG000001695 51 CT55 CT55, cancer/testis antigen 55 0.12

ENSEMBL Gene Symbol Description RNAseq
ENSG00000164326 CARTPT CARTPT, CART prepropeptide 24.59
ENSG00000125740 FOSB FOSB, FBJ murine osteosarcoma viral oncogene homolog B 10.96
ENSG00000101384 JAG1 JAGH1, jagged 1 5.70
ENSG00000105376 ICAM5 ICAMS, intercellular adhesion molecule 5, telencephalin 4.34
ENSG00000140254 DUOXA1 DUOXAA1, dual oxidase maturation factor 1 3.91
ENSG00000100292 HMOX1 HMOX1, heme oxygenase (decycling) 1 3.36
ENSG00000169282 KCNAB1 | KCNAB1, potassium voltage-gated channel, shaker-related subfamily, beta member 1 0.31
ENSG00000102575 ACP5 ACP5, acid phosphatase 5, tartrate resistant 0.25
ENSG00000125775 SDCBP2 SDCBP2, syndecan binding protein (syntenin) 2 0.18
ENSG00000115380 EFEMP1 EFEMP1, EGF containing fibulin-like extracellular matrix protein 1 0.18
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Venn diagram comparing the number of transcripts altered in TDP-43, DAZAPL, hnRNP Q, and hnRNP R
depleted SH-SY5Y cells.

DAZAP-1 hnRNP Q




Pathways of genes co-regulated only by TDP-43, DAZAP1 and hnRNPQ. The classification of the 214
genes whose expression is co-regulated in TDP-43, DAZAPL, hnRNP Q, but not hnRNP R depleted SH-
SY5Y cells according to the Gene Ontology categorization. systems .

TDP-43/DAZAP1/hnRNPQ

Pathways
co-regulated genes

Neurological functions @ 54
Immune-related ® 28
Apoptosis-related O 23
Other pathways ® 109
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Volcano plots of differentially expressed genes (DEGS) following depletion of TDP-43, DAZAP1, hnRNP

-Log10(Pvalue)

-Log10(Pvalue)

Q and hnRNP R in SH-SY5Y cells. The immune connection

TDP-43

10
!

p=0.0!

o -

Log2FoldChange (siLUC vs siTDP-43)

@ Up-regulated
® Down-regulated
@ Not DEGs

hnRNP Q
\J
LR ] a
e o
* -
® °
. NRG3
. 1
e ® PENK..
- G "
. - : 'b.. :
Ty nohLd AT o
° L Je
LR o 0 .é
RAB26.,° @ e

® Up-regulated
® Down-regulated
# Not DEGs

Log2FoldChange (siLUC vs sihnRNP Q)

o
o~
S
~
® Up-regulated .
® Down-regulated .
o Not DEGs =]
.
e 4
w
0,05
o
T T T T T T
6 10 -5 0 5 10
Log2FoldChange {siLUC vs siDAZAP-1)
hnRNP R
] r ) .
. <
o, os® HMOX1
*
o e
- b4 }“ L&
H
3 e
® Up-regulated ° CARTPT,_
@ Down-regulated T e
| o notoeos &
l" ACPS5,
°
. \ °.. e .
L
EFEMP1 ep ® _DUOXAL
\ o o _IAGI FOsB
7 SDCBP2.__
i
oe °
L g ICAMS
- KCNABL o o
L )
T T T T T
4 2 0 2 4

Log2FoldChange (siLUC vs sihnRNP R)



Another important
hit in these 214 s
common genes Is =

representeq
IGE-2 that 1 RNAseq Fold Change

been previqrensemsL Gene Symbol | TDP-43 | DAZAP1 | hnRNP Q
shown to in

survivability
MNs from A|ENSG00000143469 SYT14 1.4 1.4 0.7
degeneratic
vitro. In our list,
SYT13 was not
present, however,
there Is another
member of this
family SYT14.

ENSG00000167244 IGF-2 0.4 0.2 0.4

E HbLI:.GFP + SOD1Astro HOOGFP+ SOD1AStra+SYT13 F HLS.:GFP +Glu




Conclusions

1) Tau and TDP-43 share a common type of disease (FTD) although they are very different
proteins. The challenge in future times will be to identify the common pathways af
fected by these two proteins

2) Apparently benign variants can alter basic TDP-43 basic properties such as the balance
between nuclear and cytoplasmic localisation. In particular, through their study we have |
dentified a specific region of TDP-43 (S375-395) that may be important to physiologically c
ontrol this process.

3) Post-translational modifications can reversibly affect the behaviour of TDP-43 intracellular
ly

4) The functionality of TDP-43 can be robustly modified by the surrouding RBP proteins pre
sent In the cell.

5) Comparing the transcriptomic profiles of hnRNP proteins that can rescue TDP-43 toxicity
may allow to identify the common targets.
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