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Elucidation of the mechanism of gain-of-toxic function by abnormal subcellular
localization of cerebral small vessel disease-related mutant TREX1

Kato, Taisuke
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From quantitative analysis of double-stranded DNA break (DSB) foci, we found
that the RVCL-associated TREX1 mutant protein induces DSB, and that this toxicity depends on the
exonuclease activity and nuclear localization of TREX1. Furthermore, we found that this DNA toxicity
is unique to RVCL mutations, as it is not induced in other autoimmune disease-associated TREX1
mutants. We found that persistent expression of this RVCL mutant TREX1 in normal human fibroblasts
induced cellular senescence. Furthermore, we found that cellular senescence-associated secretory

phenotype (SASP) was simultaneously induced in the senescent cells induced by expression of
RVCL-mutant TREX1.

TREX1 RVCL DNA DNA SASP



(Retinal vasculopathy with cerebral
leukodystrophy: RVCL)

35~45 10 RVCL
1 TREX1 3
TREX1 RVCL TREX1
TREX1 RVCL
(Aicardi-Goutiéres syndrome: AGS) (familial chilblain
lupus: FCL) (Systemic lupus erythematosus:
SLE) AGS SLE FCL
RVCL 1 AGS
SLE FCL RVCL
AGS SLE RVCL

2)AGS SLE FCL TREX1
AGS TREX1mRNA

TREX1
SLE FCL
RVCL
3) DNA Typel
interferons AGS SLE FCL DNA
DNA Typel interferons (IFNs)
RVCL
SLE FCL AGS RVCL
RVCL
(Immunity. 2015;43(3):463-74.) TREX1 C
C RVCL
RVCL
RVCL TREX
TREX1
TREX1
AGS AGS
AGS RVCL
AGS SLE FCL
RVCL RVCL
RVCL TREX1
RVCL “ RVCL
TREX1 DNA DNA
TREX1
RVCL 4 AGS 2 SLE 3 FCL 2
TREX1 Flp-In T-REx system T-Rex 293
RVCL V235fs (Nuclear export signal)
R62A (A Exo.)
Dox 48 (10 mM Tris-HCI, 150 mM NaCl, 0.5% NP-40, 2%
SDS, protease inhibitor, Phosphatase inhibitor)
BCA SDS
SuperSep™ Ace (Wako) PVDF PVDF

Blocking Reagent for Can Get Signal (TOYOBO) Can Get signal



1st solution  (TOYOBO) 4 Can Get
signal 2nd solution (TOYOBO) 1 rabbit
anti-phospho-ATM (Ser1981) antibody (abcam) rabbit anti-ATM antibody (abcam) mouse
anti-myc antibody (Millipore) rabbit anti-phospho-chkl antibody (Ser345) (cell
signaling) rabbit anti-phospho-chk2 antibody (Thr68) (cell signaling) mouse anit-chkl
antibody (cell signaling) rabbit anti-chk2 antibody (cell signaling) rabbit anti-
TREX1 antibody (abcam) goat-anti-mouse 1gG antibody (Dako) goat-
anti-Rabbit IgG antibody (Dako)

293 Premix WST-1 Cell Proliferation Assay System (Takara)

2days, 4days, 6days, 8days
IMR-90 Click-i1T EdU Imaging Kits (Thermo Fisher Scientific)

2days, 4days, 6days, 8days

4-Well Culture Slide (CORNING) 1.0 x 10* /well
Dox 48 4 15 0.2
Triton X-100 15 5 BSA PBS
1

mouse anti-y H2AX antibody (abcam) rabbit anti-53BP1

antibody (Novus) anti-mouse 1gG antibody Alexa Fluor488 (Thermo

Fisher Scientific), anti-rabbit 1gG antibody Alexa Fluor568 (Thermo Fisher Scientific)
Hoechst 33342 (Thermo Fisher Scientific)

prolong Gold (Thermo Fisher Scientific) (Carl
Zeiss LCM710) KEYENCE BZ-X700
DNA
Imaris (Bitplane) 53BP1 y H2AX
TREX1 ToxiLight™
LONZA 2days, 4days,
6days, 8days
clonogenic assay Clonogenic assay
293 6-well dish 10 14
SIRNA TREX1
SIRNA Integrated DNA Technologies Dicer-Substrate siRNA
Negative control Dicer-Substrate siRNA
24 well 60 RNAIMAX (Thermo Fisher
Scientific) SiRNA (10 nmole) 3 3 1
SIRNA 2 SIRNA
3
TREX1
Tet-On 3G Inducible Takara
RVCL V235fs TREX1 IMR-90
B
B senescence-associated (3 -galactosidase; Saf Gal
staining Cell signaling senescence (3 -Galactosidase Staining Kit
mRNA
IMR-90 TREX1 Direct-zol RNA Purification Kits(Zymo
Research) RNA I ple p21 SASP

(Senescence-associated secretory phenotype) droplet digital



PCR

IBM SPSS Statistics Dunnett

DNA (bSB foci)
TREX1
DNA DSB foci [1: ZRETREXIFEIR & ATEMETREX1 X IBK O DNABRE AR
RVCL TREX1 WT RVCL SLE AGS FCL
DSB
- &
foci 1 @
TREX1 =
RVCL 243HDNARIE : DSB
TREX1
& 100
DNA g 80 3
n 5
2 60 B
E] 2 3
= 40 2
RVCL TREX1 % o g 2
DNA 3. :.
RVCL WT RVCL  AGS SLE  FCL = cont: GRNA _guAZ  gupd
TREX1 2 : RVCLZRTREXIRIRIC & 3 RIE(LIBI~ DR HE
293 I Toxilight Dox- s WST Dox- Wr | RVEL  Ass | SLE FCL
RVCL TREX1 [ Toxilight 284 Dox+ —o- WST Dox+ : .._".~_ 3 ;L :
WT TREX1 ." L
2 - : SZI AExo.RVCL NES-RVCL
NES/ i
Do, Doy Dyt Dafe Dol P 40
RVCL TREX1 RVCL TREX1 S :ﬁﬂ
A’: :~; u“ 80 0 colony
z 0| IS I l
NES J ©f T
(b Ex0.) R TS e o @l
be*"'e"‘"
RVCL TREX1
DSB foci NES
2 RVCL TREX1
RVCL TREX1
Y . R - iy 2]
IlR-90 RVCL  TREXI 43 : RVCLERTREX1FEIRIC & 2 EEHMla~0flfaELFEE
SABGalite MEEv—H— Mg DEIE
wT RVEL 1 Owr 20
101 W RvcL
SA-f3 Gal 2 ;ED
A6 =120
TREX1 e | E ie S e
2 40
SA-B Gal » e e e
¥ ﬂcv\\'s Dayd  Dpaya Day8s
pl6/p21 SASP 3
RVCL TREX1 SASP




Hasan M et al. Cytosolic Nuclease TREX1 Regulates Oligosaccharyltransferase Activity
Independent of Nuclease Activity to Suppress Immune Activation Immunity.
2015;43(3):463-74.



RVCL-associated mutant TREX1 induces cell growth arrest

60

2019

Nuclear export and reduced enzyme activity of TREX1 improve cell growth arrest due to RVCL mutation
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