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Transmembrane protein 168 mutation reduces cardiomyocyte
cell surface expression of Navl.b5 through aB-crystallin
intracellular dynamics
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Transmembrane protein 168 mutation reduces cardiomyocyte cell
surface expression of Nav1.5 through aB-crystallin intracellular
3R> | dynamics

(45 Transmembrane protein 168 i&oB-2 U A& U L O#BaPNE)
BERIRE L CUABMIEIE Eizdit 2 Navl.s ORIRANT5)

<ER> (Purpose)

Transmembrane protein 168 (TMEM168) was found to be localized on the nuclear
membrane. A heterozygous mutation (¢.1616G>A, p.R539Q) in TMEM168 was identified
with whole exome sequencing in the Brugada syndrome (BrS) patient family. BrS is a
non-struciural heart disease that often provokes fatal ventricular arhythmias, such as
ventricular tachycardiaffibrillation. To investigate the mechanisms by which the TMEM168
mutation induced the cardiac phenotype, the knock-in (KI) mice with the mutation
(1616G>A) were generated by the CRISPR-Cas9 genome editing technology. The Kl
mice exhibited ventricular tachycardia by pharmacological stimulation. The expression of
Nav1.5, an a subunit of the Na* channel, and inward Na* current were reduced in the
cardiomyocytes isolated from the Kl mice. Nav1.5 is encoded by the SCNSA gene, and
mutations of the gene are often chserved in patients with BrS. The Nav1.5 reduction in
Tmem168 mutant-Kl cardiomyocytes was mediated by the increased association of
Nedd4-2 E3 ubiquitin ligase with Nay1.5, and the subsequent protein degradation of
Nav1.5. However, the detailed molecular mechanisms by which the Tmem168 mutant
increased the association between Nedd4-2 and Nav1.5 remain unclear. To elucidate the
mechanisms, we focused on a small heat shock protein, aB-crystallin, which can bind to
Nav1.5 and Nedd4-2 and interfere with the association of both proteins. The purpose of
this study is to reveal how Tmem168 mutant enhanced the Nav1.5-Nedd4-2 interaction
by regulating the molecular asscciation among Nav1.5, Nedd4-2 and aB-crystallin,
compared with wild-type (WT) Tmem168.

<HE:> (Method)

Immunohistochemistry of the frozen heart samples from Tmem168 mutant-Kl and control
mice was performed to examine the co-ocalization of aB-crystallin, Nedd4-2 and Nay1.5.
Co-immunoprecipitation experiments using the lysates from the mice heart was
performed to examine the mode of association of aB-crystallin with Tmem168 WT or
mutant. Cultured HL-1 cardiomyocytes were also used to test the association. Subcellutar
fractionation experiment was performed to investigate the association in more detail.
aB-crystallin was knocked down in HL-1 ceils to further elucidaie the

WH2) 1. WCNEEESD, ABEOHRD - 7k R - BR - fEaoIRCERL, 2TFE
ETHATETHITTDHL,
2. OROAITIEEIA LW &,



Alialdm 2 GRETL « SRoOEER)

aB-crystallin-regulated expression of Nav1.5 on the cell surface of cardiomyocytes. A
proteasome inhibitor, MG-132, was administered in HL-1 cells for elucidation of the
stability of Nav1.5 expression by ubiquifin-proteasome system. The intermolecular
docking analysis between the region (aa 526-543) of either Tmem168 WT or mutant
and the HSP domain of aB crystalin was conducted using the Molecular Operating
Environment (MOE).

<#EFR> (Results)

After confiming the reduction of Nav1.5 and the enhancement of Nav1.5-Nedd4-2
interaction on the cell surface of cardiomyocytes in the Tmem168 mutant-KI heart, it was
found that the cell surface localization of aB-crystaliin was remarkably inhibited in the
Tmem168 mutant-KI heart. Instead, aB-crystalin was highly accumulated in the
perinuclear region where it co-localized with Tmem168 mutant. In HL-1 cells transfected
with  human TMEM168 mutant or WT, aB-crystalin was preferentially
co-immunoprecipitated with TMEM168 mutant in the nuclear subfraction. This was
confirmed in the mouse heart samples in which the immunoprecipitation of aB-crystallin
with Tmem168 mutant was significantly higher than that with Tmem168 WT. The
melecular docking simulation using MOE software suggest that the additional generation
of a-helix by TMEM168 mutation can increase the hydrogen bonds between
aB-crystallin and TMEM168 mutant. Next, aB-crystallin was knocked down in HL-1 cells,
and it was confimed that the amount of Nav1.5 was decreased on the cell surface.
MG-132 treatment rescued the reduction of Nay1.5 expression induced by knockdown of
uB-crystallin, suggesting that the Nedd4-2-mediated protein degradation is the main
cause of Nay1.5 expression regulation through aB-crystallin.

<#HZ> (Discussion)

In this study, the applicant identified that altered intracellular localization of aB-crystallin
due to TMEM168 mutation affected the balance of molecular interactions among Nav1.5,
Nedd4-2, and aB-crystalin. This alteration resulted in the enhancement of the
association between Nav1.5 and Nedd4-2, which led to increased ubiguitination and
degradation of Nay1.5. For clinical applications, the applicant would propose the repair of
the abnomal molecular interactions by several procedures and/or recovery of Nav1.5
reduction by the inhibition of Nedd4-2 function in the heart. The applicant assumes that
this study may give rise to clew for potential therapy for BrS patients with the TMEM168
mutation.

<#£3%> (Conclusion)

TMEM168 mutation reduces the cell surface expression of Nay1.5 by increasing the
interaction of TMEM168 mutant and aB-crystaliin, leading fo the enhancement of
Nav1.5-Nedd4-2 interaction. This may play a role in the pathogenesis of BrS.
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[FIRRGE 7 — AV ILAROREC, TMEMIGSEIRF D1616G>A%RIZ L » COFHRal: 33
T ANayLBREAMET LTWAZ & 2 RH U T Y Shimizu et al, 2020), AHFZLIF D4
FEE L TOERICE > THL N L,

1) TMEM168/ v 7 A LAKDLAFHIB TIIER A2 DR o tb= T, Neddd-2 & Naol.5
OILEAEOEISHEML T3,

2) aB2 VA F Y 2 ETMEMI168DHEtEOEIS A IE B UL bh~ KT A5 ¢
LT, FEITMEMI68DZERIZE » T aBZ VA Z U v OEE~DFEMENT 5,

3) HEK293T#HHIRZ A\ VOBRIBERERIC L o TaBY U AF U L OTMEM168~0k
ERERII Lo THEIT S,

4) HLAIMiETaBZ VAZ VY v 7 AKDIZ L Y Nayl.b & Nedd4-20E5 &
Nay 5D BT A T 3,

5) «BZ Y AF VU KDIZXBNal 6BHTT 07 3/ —bBFC L2 TLAF 2—&
o,

ARSI, TNAH FIEFERERE CRR SIS RAET ATMEMI68 5 V3 7 B 7R B3
MBI AT M) AF v RNV OFRBIC B 52 A0 FRELER O LT
HY, EEKERE L TRSOHFICEE LR ER L& AR LT ShE-0
T, E-HEDORGUET 5 D b LN,
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