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Spinal and Cranial Motor Nerve Roots in Amyotrophic Lateral Sclerosis
and X-linked Recessive Bulbospinal Muscular Atrophy:
Morphometric and Teased-fiber Study

G. Sobue', Y. Matsuoka', E. Mukai', T. Takayanagi', I. Sobue’, and Y. Hashizume*
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Amyotrophic Lateral Sclerosis

Lack of Central Chromatolytic Response of Motor Neurocytons
Corresponding to Active Axonal Degeneration

Gen Sobue, MD; Yoshio Hashizume, MD; Ko Sahashi, MD; Akira Takahashi, MD;

Eiichiro Mukai, MD; Yukihiko Matsuoka, MD; Masakuni Mukoyama, MD
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Degenerating compartment and functioning compartment of motor
neurons in ALS: Possible process of motor neuron loss

Gen Sobue, MD; Ko Sahashi, MD; Akira Takahashi, MD; Yukihiko Matsuoka, MD;
Tatsuo Muroga, MD; and Itsuro Sobue, MD
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ALTERATIONS OF LIPID AND PROTEIN COMPOSITION IN MYELIN
OF ACUTE EXPERIMENTAL ALLERGIC NEURITIS

GEN SOBUE and KINYA KOIZUMI Journal of the Neurological Sciences. 1980; 40(2-3): 229-239

THE ROLE OF MACROPHAGES IN DEMYELINATION IN
EXPERIMENTAL ALLERGIC NEURITIS

G. SOBUE!, S. YAMATO?, M. HIRAYAMA' Y. MATSUOKA', H. UEMATSU? and 1. SOBUE!
Journal of the Neurological Sciences. 1982; 56(1): 75-87

Sensory Ataxia
A Residual Disability of Guillain-Barré Syndrome

Gen Sobue, MD; Yasuhiro Senda, MD; Yukihiko Matsuoka, MD; Itsuro Sobue, MD Arch Neurol. 1983; 40(2): 86-89
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Schwann Cell Galactocerebroside Induced by Derivatives of
Adenosine 3’,5'-Monophosphate

Gen Sobue and David Pleasure

Abstract. Indirect immunofluorescence was used to show the presence of galacto-
cerebroside (galC), a lipid found in myelin, on the surface of about half of the
Schwann cells isolated from neonatal rat sciatic nerves and cultured for 1 day
without neurons. By day 4 in vitro, the Schwann cells had all lost their surface galC.
Three days after beginning treatment with 10~ molar 8-bromo-adenosine 3',5'-
monophosphate (8-bromo cyclic AMP) or N® 0% -dibutyryl adenosine 3',5'-mono-
phosphate (dibutyryl cyclic AMP), galC reappeared on the Schwann cells, and 2
days later 48 percent of the cultured Schwann cells showed surface galC. Tritium
from tritiated p-galactose was incorporated into galC by the 8-bromo cyclic AMP-
and dibutyryl cyclic AMP-treated cultures at a rate 15 times the control rate.
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Group B: 48-week placebo / 96-week leuprorelin (n = 15)
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-+ [l Group D: 48-week placebo / 96-week no treatment (n = 10)

102+
100+
98 -
96 -
94 -
92 -
90 -
88 -

86

0O 24 48 72 96 120 144
Weeks

AALSFRS-R

p < 0.001

p <0.05

Ann Neurol. 65:140-50, 2009



Ja—7OLY>VIISBMAEEDZEEARDBERNEEZBLSESD
2FF D) a—FaL ) aEEEITL-SBMAE & ZI+#&H] (D16)

BIESH ~ 07
3
o
Non treated D16 © 30-
e »n
- ©
K L 20
Q
: =
= 104
o
I’
. . © . ®. © 8 ‘
: : : 0
s 1 I
¥ TR 2 A All autopsies D16
o T (N=5)
~~ 40 -
ZRRE 9
Non treated -~ D16 T 30-
» 4 o
o
§ 20
« & S 10 ¢
& S
: 0

I |
All autopsies D16
(N=7)
Ann Neurol. 165: 140-150, 2009



SBMAIZX9 31 —FAaL Y88k (&E348) (N-204)
IASMITT - E 5 LR (B E B RER)

JASMITT EBFFE EEERAEHI JASMITTZE it EE B #%BS
@ dtimEks o
B A B @ HmiL k2 SN
@ BAERKSE } | 9\/
| BREmS @ FEXZE e s
>-‘="*‘E£Ml | AT, ® HFEREE AP &:{“\ ~~~~~~ {
BEEKY _ ® Tk Y,
mEFERNF F—HTRTAUR @ NHO4E#E R &=t zﬁﬁ\
=N

Q@ EMEFMKF
BEEBXF
@ #FKF




JASMITTZE B L8 ER (BE34H)

216 assessed for eligibility

E 12 excluded

204 randomly assigned

4

102 assigned to leuprorelin

102 assigned to placebo

2 refused to participate

3 refused to participate

100 received leuprorelin

99 received placebo

2 withdrew
from treatment
||
||

v

1 withdrew
from treatment
|
| |

v

100 in intention-to-treat analysis 99

in intention-to-treat analysis

(98 on treatment at week 48) (98 on treatment at week 48)




JASMITT —_EEREBKEEBROFER D

(48weeks)

IHERER/ N LRB R (FRHEETR)

FEEEHY (P=0.049)

F E 5T REEITORR - AEELGL
RE UL UL W : -2 HEEHL
(¥ [E1EE T # (50% LL EB&SY)) £ fEHI THOEEHT (P=0.063)
gf&%wﬁi‘;’ypn’fy&@{*r%ﬁmﬂﬂw EEE5Y (P<0.001)
&l S 5F 4
IHE m;&CK EE£HY (P=0.006)
ALSFRS-R HEE%L (P=0.537)
& 5\l 2 47
FE IR FARS MEHEEER/ N1 D LR B = FEZEZHY (P=0.009)
105K i
B Bl i 7 _ :
Bsmp | BRERANUDLREE HEEEHY (P=0.013)
9L K jili

Lancet Neurol. 9:875-84, 2010



IASMITT: —_EERAROER O
MHEEFR/ N LIRBEDERIHNZEIE

2 REHI FEJR A 104E 3R %
—=— placebo group (n=96)
—— leuprorelin group (n=98) —=— placebo group (n=35)
4 - —— leuprorelin group (n=43)
0} 1 o —
1 p=0063 OF e
-4} B -4 }
4
-8 -8
sl L
i -16 _
baseline week 24 week 48 baseline week 24 week 48

| Lesson WP TERERVBMICAREIMET SCLNEE

Lancet Neurol. 9: 875-84, 2010

)| B BENHISDABENM AT ILYNAT—HEOABEMAETELDATLS




BN JIASMITTER ER
FERIDSBMAEE (T BH)a—70LY) U ER (n=104)

B AN JASMITT-2 SE BRI

1t
BAERS
BBREE 24—
ATEXE
EEHBHHE R PR
AEBREEESR
(BEEE AR )
JASMITTEBE B
BRI 8—
A—E—I R4
EHEMEER  REMESR EHEESR
ey BB BB BB
B4 EEEA || REEE EXEH
IRB IRB IRB
CRC CRC CRC

BEHERIX
B4t

A—E—I XX &1t
T—RIRTAb
AERHAEMT

EE

ABRERES
EARYLYT
AXFvaoal

JREREREDE

IR7—ILT)IL#HA S
RRRE

BTEERTERES

HREZEMFTEEER

FBA0 JASMITT-2 SE i E R ES

@ BAERKXE
@ FEKXF {
@ HREREHAE 4 | )

® AHEXE 6 34
3 ANV
e 5’%) *\
Lt V@
S <8 Yo
S SRS
) x} &L v

\\\\\



ShiEH T FRGRIALIRENDERER



BREREIE A ZEMEIE (SBMA) DE R DA RETRH L= FIEM E B R seeds
ORAERERRZRETESLD QEMET I THELGHRZRLI-LOD (8FEE)

FEARDZIEITHILE
° Ja—aLy)y
Nat Med. 9:768-73, 2003
/ FERARD /D FRIT
- < A2 ARNA (miR-196a)
ERARD 7 (R Nat Med. 18:1136-41, 2012
A—ko7o—
Peonefrin ZEARD N fE{E A
Hum Mol Genet. 24: JO577Yy—L
314-29, 2015 17-AAG
- Nat Med. 11:1088-95, 2005
EERARD 7 R A
ASC-19 FEARD D R{TAHE
Nat Med. 33:135-51, 2007 FaFFI—L
17-DMAG
cJUN/CGRP-1$]1%l PNAS. 102:16801-6, 2005
FSR) TR
Nat Med. 18:1531-8, 2012




A7 ORNAIZ L BBE

miR-196a&miR-196b[Emutant ARODMRNAEZE B D FKIREZHIFIL .

AR mRNAD M fiR%E{RHET S

miRNADEE

MRNA Microarray
analysis

Male SBMA mouse

(fold)
0 1 2 3 4

miR-196a

miR-196b

miR-496

miR-323

miR-29b*

P <0.05

AR mMRNALAREREBE D HB A

a-tubulin e e

AR-24Q
NC 196a NC 196b
AR IR s D -

*

*

AR mRNA levels

AR.-

a-tubulin | g— -— a—

0.5

*
[

| —| —
T 1
2
< 05
o
£
n<: 0
AR-97Q
NC 196a NC 196b

-

*
—

|

o

AR mRNA levels

5

AR mRNA® 7> fiZ{R &

RNA stability assay

AR-24Q

0 30 60 120 0 30 60 120
Time (min) Time (min)
AR-97Q AR-97Q

0.5

0 30 60 120 0 30 60 120
Time (min) Time (min)
0O NC ® miR-196a 0O NC A miR-196b

Nat Med. 18: 1136-41, 2012



miR-196a and miR-196bl= &5
AR MRNAR EMREBOHESNS S FAH=X L

human AR
cDNA

e B

(CAG) 24 or 97

miR-1964a, -196b

@ 3

\ 4

AR mRNN i ->-<--.




CELF2(ZmiR-196aimiR-196b D)X F I BN TH S

5' ... GCAAAUGCUACCUAWU... CELF2 3' UTR

3' GGGUUGUUGUACUUU GAUGGAU miR-196a
3' GGGUUGUUGUccuuu GAUGGAU miR-196b

Complementary sequence

Quantitative RT-PCR Western blotting

* *

NC 196a NC 196b
CELF2 imme—  wmmpa—

a-tubulin . S

-_—
|

CELF2 mRNA levels
o
o 3]

NC 196a NC 196b

*P<0.05



CELF2I/ZAR mRNANREMZ{RESES

RNA stability assay

AR-24Q AR-97Q

n 1 - *k n 1 1 *x

T o

> >

2 o

S 05 TG T S 05 TNy T

(14 14

£ £

(14 14

< O/ < O

o 1 2 4 0o 1 2 4
Time (h) Time (h)
0 Mock 4 CELF2 0 Mock 4 CELF2

N Quantitative RT-PCR Western blotting
E *% *%
2 — AR-24Q AR-97Q
% 7 Mock CELF2 Mock CELF2
S —
E AR @D .
<, | a-tubulin SN ——

0 .
Mock CELF2 Mock CELF2
**p < 0.01. AR-24Q AR-97Q Nat Med. 18: 1136-41, 2012



CELF2(ZAR mRNAD I XY 1IzBI1+5
CUGCUGCUGHERS ICEEMICERT 5

Wild-type AR-0Q ACUG-AR-24Q ACUG-AR-97Q
,’_ . e ‘/ A7)
a ! o
O 1 1 : !
S Lo 1 (CAG)¥
8 . (CAG) zero CAG repeat o o [ (CAG)* O & (CAG)
o 2 \ / S 2 S 2
9 o 9 o 9 o
o 2. S » S >
—° o— CUGCUGCUG —C o— —O o—

Quantitative RT-PCR

AR-0Q ACUG-AR-24Q ACUG-AR-97Q
» *%
E ]
o j 5 5
<
2
E j i .
E o 0 0
¢ Mock CELF2 Mock CELF2 Mock CELF2
Western blotting
Mock CELF2 Mock CELF2 Mock CELF2
AR = @l - - -
a-tubulin E——— A — e

**p < 0.01
Nat Med. 18: 1136-41, 2012



miR-196a&miR-196b (3 CELF2%
silenced A &IZELYAR mMRNAD N fRZE{RAHET S

AR mRNA
stability
S
N 3
2 »
& 9
AR mRNA S 4
miR-1964a, -196b AR mRNA
' .,

CUGCUGCUG
DVIOVYI

AR mRNA degradation

CELF2DD KON TE S FZE L TmiRNADEIK R EL TIZ,
SEERRIIRIB TH o= —FEDgainPHFEM IR —FDIBIRRELTEILITLNS M ?

Nat Med. 18:1136-41, 2012




SBMAET LY RIZHITHAAV (miR-196a) FIH

ChAT merged

N injection
N _
AN L

@ AAV

. 3 . 3
Injection

Male SBMA mouse

Thoracic spinal anterior horn

miR-196alESBMAETILY IO ADEREBRREZNET S

Rotarod task (s) Survival rate
200 1
150 0.8 - L‘-\_\_
0.6 -
100
0.4 -
50 0.2 .
0 . T 0 T . .
5 10 15 20 5 10 15 20
Time (weeks) Time (weeks)

Nat Med. 18: 1136-41, 2012



miR-196a levels

=T IILR O RADE:

miR-196al3SBMA-

Quantitative RT-PCR

- [} (1]
3 1 <
5 1 = ! 1
o
] 205 E 0.5
E <
0 o £ 0
Mock 196a 5 Mock 196a 8 Mock 196a
>
=
Western blotting
Mock 196a o
Stackinggel = 1 T
mutant AR Oy e
w X% =
[-14] - =] 0 5
e ™
X o 32
8 ‘g 3 0
Monomeric - v £~ Mock 196a
mutant AR N S— 5%
CELF2 - — Legc |
223
a-tubulin - sE50°
Sg2 o0
=~ Mock 196a

*¥p <0.01, ***p <0.001.

Mock

196a

5 2

Immunohistochemistry

HEWET D

1C2 (anti-polyglutamine)

Spinal cord Skeletal muscle
e [ & . ' fa
g . = -~ 4 P 5 £ - # .4
14 > = R
”~\ : . (‘. .- . 'U' ;! )
o 2 (VWY
- y !
> ” ‘. ot . A P
& - 7 / . >
4 ; Ld . - s q' - s - , -
4 ¢ "\ %5 (I o * r~ 4
, A VR L ] ® y ’ 8,
& > # \ .-
- $ A &
5 *y o
N\ ‘ - ~ L .
- . - 1
< - § 4 i L
¥ * : " .-. ~ 2 - o
R VN il
- < = 2 py y F,
% >
o - Bt L4
"; ., ® ’
i % ‘. - " ‘e ” ! :
. e ¥ e e
v s - » - .

miIRNADSHEEMHEBET LM THRERLE=RLOHOHE

Nat Med. 18: 1136-41, 2012



Signal value of CGRP1

30

20

10

CGRP1{IHIFIC kB A HE

SRAERE S FELTDHCGRPID FEIE

SBMAET LTI XD GeneChipl= LD BIEFFHIRMEHT

Gene Title

97Q/24Q_P

97Q/Lm_P

amiloride binding protein 1 (amine oxidase, copper-
containing)

7

16.47752818

betacellulin, epidermal growth factor family member

3.666666667|

cDNA sequence BC006662

1.836734694

calcitonin/calcitonin-related polypeptide, alpha

1.714609287

testis-specific protein, Y-encoded-like 1

1.647321429

prolyl endopeptidase

1.555555556

ubiquitin specific protease 22

1.520325203

interleukin enhancer binding factor 2

1.512195122|

lipoprotein lipase

0.61627907|

expressed sequence AW060766

0.431372549

0 day neonate thymus cDNA

0.363636364|

crystallin, gamma S

0.148008317|

Wt ] 24Q

. p=0.03

B 97Q
p=0.003

B

Pre-onset

Early

Advanced

Lm_P_MLm_E_M Lm_A_|24Q_P_|24Q_E_|24Q_A_|97Q_P_|97Q_E_|97Q_A_

0.00849
642

0.04
0.44
4.78
2.27
0.17
2.49
1.58
1.09
3.97
0.13

0.05

0.00556
a77

0.03
0.35
3.45
2.22
0.13
2.65
1.78
0.72

3.6
0.12

0.09

0.2
3.05
2.29
0.73
3.82
0.12

0.01

0.14

0.11
0.9
15.14
3.69
0.28
3.74
2.48
0.53
1.98
0.04

0.00888
0499

0.03

0.07
0.79
18.29
3.65
0.24
3.46
2.22
0.55
2.53
0.07

0.00665
647

CGRP1 (SBMAY 7 X, &)

AT s \ :
’ ; [s7a]
___CGRP1(SBMARHE, H8f)
Control !:.\ '; SBMARHE > X
AR FEgEY

-

| » 4 - ..

LA P t L T T
ko o s W s -

Nat Med. 2012, 18:1531-8




CGRP1[Z & AEE(FINK pathwayl= &> TiHEC S

CGRP1[Ep-c-lunZiEhNd 3 CGRP1DKDIZLp-c-lunZEFH AT 3
SIRNA
Mock  CGRP1 P=0047 Control  CGRP1 gy o
: =15 ) g Y]
p-c-Jun . . i ‘ p-c-Jun - ‘ﬁg
SZ10] o2 i
2L0s5{ [ ?‘;?
a-tubulin (R : 3 a-tubulin WD W 2 -
0 Control CGRP1
Mock CGRP1 TSRNA

CGRP1[Z &5 m#FEHE 1 XINKBHE A (SP-600125)IZ L YIFIETh 5

Cell viability LDH assay
P <0.001 P<0.05 P<0.1

< -

. q_—l P<0.01 127 | I

| | 1.0 1= ——

€8 7 T 0.8
S 06 1 206
< 0.4 - % 04+
0.2 - 0.2 -
0 0

CGRP1 - + + CGRP1 - - 4

5P-600125 - - + SP-600125 - +

B) CGRP1 neurotoxicity[ZINK pathwaylZ k> TEEESh S



SBMAV I ADCGRP1/ v I 7 MicEDBELDNNET S
(SBMAVY ™2 X ECGRP1 KOVY I RD#HTSHEEER)

CGRP1/YIF7INic&B
ERERIEIR D E
sec §n=16\
180 Rota N=16
120 CGRP1 -/-
%0 1 cGRP1 +/+
0
5 10 15 20 25 30
wks
‘1 Survival rate
0.8 .
0.6 .
0.4 -
0.2 .
0
10 20 30
wks /

CGRP1/YI7 I hIc&EdD
RIEFTRDOWE
/ CGRP1+/+ CGRP1-/- \
ChAT expression p-c-Jun expression
AR-97Q AR-97Q
CGRP1" CGRP1 - ~ CGRP1” CGRP1
o &8 . *- b
- gy b 1& ¥
- . L‘ % : .
AR-97Q AR—97Q
CGRP1  +/+ —/- CGRP1  +/+ —/-
chat S . pcun (N

T coun

Skeletal muscle (HE staining)

AR-97Q
CGRP1-*+

AR-24Q
CGRP1™*

CGRP1*"*

Nat Med. 18:1531-8, 2012



(SBMAT ™ R)
-..\.‘ . —
e £n=22 Naratriptan|Zd&4CGRP1. p-c-Jun/p-INKD HI#
SBMAVN ) A
180 Rotarod ( IR)
CGRP1() & INKiE B O I
120 - 18uM e N ~
Control Naratriptan Control Naratriptan
Control - 1.8uM o BN :*; -~ Sh o ~ g \
i G2 > W X o et -
0 5 10 15 20 25 x)ks :r i 'f.‘_ .‘5 ." i ! @ ® 90- . ‘i > 2
B Westernblotting of spinal cord (Th)
1.0 4 Survival rate = 5 Control Naratriptan
0.8 % . p-c-tun [ —]
0.6 18uM Clun g —
0.4 Control g ; p-JINK2/3 ‘; -
: P-JNK1 [ =

0.2 - B ouRe 0 Control Naratriptan o-tub . —

0 0 10 20 30 wks NS AN J

-

CGRP1#I#IFl (naratriptan) [Z X AR EEHNF

Naratriptan|Z & SR IREIR D=

=) CGRP1TIHI

il (naratriptan) (IC& A8 D AT RETE

Nat Med. 2012, 18:1531-8



Gordon Research Conference
Triplet Repeat DisordersD 2R L (CAGIRDEADYH I T1) M
24 (1 [E DB, FIEIA DIBFFER

CAG Triplet Repeat Disorders Keynote Session: Moving Forward in Treatment
Basic Science to Therapeutics

Chair: Blair Leavitt (University of British Columbia)
June 23-28, 2013 8:15 pm — 9:15 pm Keynote Talk: Gen Sobue (Nagoya University, Japan)
Waterville Valley Resort  “Molecular targeted therapy for spinal and bulbar muscular atrophy”
Waterville Valley, NH 9:10 pm - 9:30 pm Discussion

oL

>




SBMAD 73 FIRHAE Dseedséb TV AL—3F )L H—F

T
H
Seeds (ﬂ;ﬁ;g zg $F14H FE240 3 HE

J2—TALYY —— — = =D =D D

Cell cycle .
S > >

£HBEY BEROEEN

FEDEN?

CGRPIFHE  wody sl

eRAay/ > >
UPS;E1E1E

| EFOFSVAL—LaF LRREESEDHEZN? |




ALS
Riluzole
Gabapentin
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ALS Functional Rating Scale
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ALS Functional Rating Scale
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ALS Functional Rating Scale
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Four — parameter logistic model:

pi =48
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%MCMC2(p1=0.1,p2=0.1,p3=0.1,
b1=1,b2=1,b3=1,b4=1,b5=5,b6=20,b7=30,b8=60,se
ed=1495);/*finalmodel 131016*/
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