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Establishment of surrogate markers and indicators for disease onset to maximize
the effect of novel disease-modifying therapies for TTR-FAP
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We investigated novel surrogate markers for early diagnosis, assessment of
the disease progression, and determination of treatment efficacy in patients with TTR-FAP. The
sudomotor testing used in this study can accurately and rapidly detect sweat gland dysfunction due
to amyloid neuropathy, and electrochemical skin conductance was shown to reflect histopathological
cutaneous denervation, neurophysiologic abnormalities, and clinical manifestations. Additionally, we

have identified multiple blood biomarkers that effectively capture organ damage during the initial
stages of amyloidosis. Notably, the sudomotor testing can identify small fiber damages not only in
TTR-FAP but also in AL amyloidosis and Sjoegren®s syndrome, etc. Thus, it is extremely useful for
the diagnosis of various peripheral neuropathy.



(hereditary transthyretin (ATTRV)
amyloidosis/ (transthyretin-
type familial amyloid polyneuropathy: TTR-FAP) TTR

1990 TTR
2013
2019 TTR small interfering
RNA (siRNA)
TTR gene editing disease modifying therapy (DMT)
DMT
(small fiber
neuropathy: SFN) SFN
5
(2015 2017 (B))
FAP (2018 2019 )
TTR-FAP
(3-4 )
(B) (2015 2017 ) (2018 2019
) 1)
TTR-FAP
(2)
(3) DMT
SFN
TTR-FAP TTR
( (ATTRwt) AL
SFN )
@
SUDOSCAN (Impeto
Medical, Paris, France)
@av )
Cl- Cl-
. Electrochemical Skin
Conductance (ESC) ( :microsiemens (uS))
hands ESC feet ESC
@
CASE-IV ( )
FAP Kumamoto clinical score
(©))
GDF-15
TTR
®

( 10cm ) 3mm PGP



9.5 Collagen-1Vv
(intraepidermal nerve fiber density: IENFD) (sweat
gland nerve fiber density: SGNFD)

TTR-FAP feetESC hands ESC (
1) V3OM V30M TTR-FAP hands
ESC feet ESC TTR-FAP
feet ESC
IENFD ( SNAP
) ( 2
feet ESC
TTR-FAP
SUDOSCAN 3
TTR-FAP
TTR
( ) feet ESC hands ESC
IENFD TTR
IENFD TTR
TTR-FAP feetESC TTR-FAP
siRNA DMT
feet ESC feet
ESC TTR-FAP
NF-L
pNF-H TTR-FAP
pNF-H
IENFD TTR
TTR
GDF-15
BNP T IVSTd(
)
GDF-15 BNP T TTR

p=-0.3607, p=0.0333

p=-0.5012, p=0.0022
.

2 @i

feet ESC (uS)

2 @ @5
‘ S S
100 L @ 40 L‘fj !0
50 J_ J_ g 20 _L i = ]Z ' s, & ;g |
. o ' sememzar 0000 ENEEz7
a 100 p=-0.6377, p= 0.0001 100 p=0.5829,p=0.0011
= 3
20 0 ﬁ 2
’ i’l’i%”-ﬁ B FEET U7 ATTRv &F ' l\t}‘”, B FHERET T ATTRv R F s = - - 3 E T ST -
T M :ﬂ%ﬁﬁﬂﬂﬁ (stéps) ) .]ENFD (munbers’nm;)
BI1: ATTRVIZE T 55 FHEEET [2: Feet ESC EBRER/ A5 A—42—LDEEE
TTR-FAP AL
ATTRwt AL
TTR-FAP feet ESC TTR
ATTRwt TTR-FAP
SFN
feet ESC feet ESC
TTR-FAP

SFN



8 8 0 3

Inoue Yasuteru Masuda Teruaki Misumi Yohei Ando Yukio Ueda Mitsuharu

762

Metformin attenuates vascular pathology by increasing expression of insulin-degrading enzyme in
a mixed model of cerebral amyloid angiopathy and type 2 diabetes mellitus

2021

Neuroscience Letters

136136 136136

DOl
10.1016/j .neulet.2021.136136

Matsushita Hiroaki Isoguchi Aito Okada Masamitsu Masuda Teruaki Misumi Yohei Tsutsui 7
Chiharu Yamaguchi Narumi Ichiki Yuko Sawashita Jinko Ueda Mitsuharu Mizuguchi Mineyuki

Ando Yukio

Glavonoid, a possible supplement for prevention of ATTR amyloidosis 2021

Heliyon

08101 e08101

DOl
10.1016/j .heliyon.2021.e08101

Nakashima Naoya Takashio Seiji Morioka Mami Nishi Masato Hirakawa Kyoko Hanatani 24

Shinsuke Masuda Teruaki Ueda Mitsuharu Tsujita Kenichi

Preclinical diagnosis of wild-type transthyretin amyloid cardiomyopathy in a patient undergoing 2021

carpal tunnel release

Journal of Cardiology Cases 250 253
DOl

10.1016/j . jccase.2021.04.012

Ikura Hidehiko Kitakata Hiroki Endo Jin Moriyama Hidenori Sano Motoaki Tsujikawa Hanako 65

Sawano Mitsuaki Masuda Teruaki Ohki Takahiro Ueda Mitsuharu Kosaki Kenjiro Fukuda Keiichi

Three patients of transthyretin amyloidosis in a Japanese family with amyloidogenic 2022

transthyretin Thr49Ser (p.Thr69Ser) variant

European Journal of Medical Genetics

104451 104451

DOl
10.1016/j .ejmg.2022.104451




Okada Masamitsu Misumi Yohei Masuda Teruaki Takashio Seiji Tasaki Masayoshi Matsushita 8

Hiroaki Ueda Akihiko Inoue Yasuteru Nomura Toshiya Nakajima Makoto Yamashita Taro

Shinriki Satoru Matsui Hirotaka Tsujita Kenichi Ando Yukio Ueda Mitsuharu

Plasma growth differentiation factor 15: a novel tool to detect early changes of hereditary 2020

transthyretin amyloidosis

ESC Heart Failure 1178 1185
DOl

10.1002/ehf2.13176

Matsushita Hiroaki Isoguchi Aito Okada Masamitsu Masuda Teruaki Misumi Yohei Ichiki Yuko 25

Ueda Mitsuharu Ando Yukio

Amyloid fibril formation is suppressed in microgravity 2021

Biochemistry and Biophysics Reports

100875 100875

DOl
10.1016/j .bbrep.2020.100875

Tasaki Masayoshi Okada Masamitsu Yanagisawa Akihiro Nomura Toshiya Matsushita Hiroaki Ueda 28

Akihiko Inoue Yasuteru Masuda Teruaki Misumi Yohei Yamashita Taro Nakamura Takayuki

Miyamoto Takeshi Obayashi Konen Ando Yukio Ueda Mitsuharu

Apolipoprotein Al amyloid deposits in the ligamentum flavum in patients with lumbar spinal 2020

canal stenosis

Amyloid 16
DOl

10.1080/13506129.2020.1858404

Ma Yihong Ueda Mitsuharu Ueda Akihiko Shinriki Satoru Nagatoshi Akihito Isoguchi Aito 415

Okada Masamitsu Tasaki Masayoshi Nomura Toshiya Inoue Yasuteru Masuda Teruaki Misumi

Yohei Yamashita Taro Matsui Hirotaka Ando Yukio

Novel dot-blot assay for detection of vascular Notch3 aggregates in patients with CADASIL 2020

Journal of the Neurological Sciences

116931 116931

DOl
10.1016/j . jns.2020.116931




ATTRv

162

2022

ATTR

2021

ATTRv

32

2021

26

2021




SUDOSCAN

62

2021

-SUDOSCAN

31

2020

Sudoscan

61

2020

: Sudoscan

50

2020




SUDOSCAN

39

2021

2022

126

9% |,

2020

136

21

(Ueda Mitsuharu)

(60452885)

(17401)




(Ando Yukio)

(20253742) (37303)
(Obayashi Konen)
(90361899) (17401)




