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BTN g CHEBOERE O, KR R OO INAE AT L L TR Y K
BENRKIMOEFEEOZEbE B LTSI L &R LT 2), Ziub b, 18F-FDG PET CT
72 5 ONZ functional MRI IEFREFAEORIBIZE V2T D2 ERE 2 L, FHMIICEAT
boHEEPhD,

1) Ze-Min Ling, Ying Tang, Ying—Qin Li, Hao—Xuan Luo, Lin-Lin Liu, et al.
Evaluation of Avulsion—Induced Neuropathology in Rat Spinal Cords with 18F-FDG
Micro-PET/CT. PLoS ONE 10(5), 2015

2) Kohei Matsubayashi, Narihito Nagoshi, Yuji Komaki, Kota Kojima, Munehisa

Shinozaki, et al. Assessing cortical plasticity after spinal cord injury by using
resting—state functional magnetic resonance imaging in awake adult mice. 8:14406,
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Figure 3. The connectivities between the MOp and the 55p, ORE and ACA. (a) The change in the strength of
the connectivity between the MOp and the 5Sp. (b) The change in the strength of the connectivity between the
MOP and the CP/ACA. () A schematic of the connections among the MOp and the 55p, ORB and ACA.

a MOp 23 IEB)FEI, SSp-11 ul (ZFH TR, L) ORFE L, Z OmEkE BRI
b Mop GEBENEIK) & ORB & FN—3 3 L fEl o0 @ (X180



a b

SSp-ul-CP connection SSp-1l-CP connection S8p-ul-ACA connection SSp-1-ACA connection
1 1 ] 1
0.9 0.9 09 0.9
0.8 08 0% 0.8 +
507 507 £07 0.7+

g
=

& E, E
Eoe Eos 2 Bog
£05 -
£ 04
S o3

0.2

0.1 7

E

=
=

W

Connes
= o = (=
e =
Pre I
W —
IW
TW
s 14w E—
e
(=3
Fre I
. *
W I
» 3
W
7W
¥ -
14W ——
Connectivity sb
e 2 o 2 o
(-3 —_ 5] L = "
Pre E—
W ——
3w ——
7w ——
*
14W _—|'
Connectivity strength
(=1 =3 (=] [=] o
= _— =3 e e o
W
IW —_|:
*
14w

® o p <001 *k:p <001

S5p : Primary somatosensory area
CP : Caudoputamen
ACA : Anterior cingulate area

Figure 4. The connectivity between the SSp and the CP/ACA. (a) The change in the strength of the connectivity
between the SSp and CP. (b) The ch:mgt in the strength of the connectivity between the S5p and ACA. (c) A
schematic of the connections between the SSp and CP/ACA.
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BESHICHT 2MBEAROFEL LT, EAERFICLIEFILLEEOBIERIEOR
EELRHIFonD, HABHEICLIZ2EXRNDOESZILFEME. ChETOHRETIEEE
BMICEVWCTESHBEFMEEARFMNBREICEIYVTDODASCEN—BHTHS 1),
BHEMEOEEFIFREMICETMT 2HZE LT, MRI, PET G EMNRESATLSH, &
BIEDFEHEDI=HIZCn D ERALHMEILEL, [takura 5 2) % Nori 5 3) (L invivo DE
BRICEWTRIEShT iPS HHRQEBELERILEZHETSILEHDIZNAAFLEIREY
AA A= VT EFERLTWS, CHITHEBERICD- LT v ERSL. £KRNT
REHSIEDILETAA—DUTEBHERAL CBIEMROIEFREHET 2HETHSH.
COVTFTIVDEEEICEYBMERROEFRNMRIBIECESLEERAL TS, COA
BEERNOEHBEZEMTEZSIFREHSIN, BRERATEERICALLON S /ME
MRS EEAICBESNATVEES3TH S,

1) Kobayashi Y. Okada Y. Itakura G. et al.

Pre-evaluated safe human iPSC-derived neural stem cells promote functional recovery
after spinal cord injury in common marmoset without tumorigenicity.

PLoS One. 2012; 7: e52787

2) Itakura G, Kawabata S, Ando M et al.
Fail-Safe System against Potential Tumorigenicity after Transplantation of iPSC

Derivatives
Stem Cell Reports. 2017; Vol. 8 673-684
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3) Nori S, Okada Y, Nishimura S et al.
Long-Term Safety Issues of iPSC-Based Cell Therapy in a Spinal Cord Injury
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Figure 2. Integrated iC9 Ablated iPSC-
NS/PC-Derived Tumors and Controlled
Adverse Events after Transplantation
(A-D, Left) Bioluminescence images of
representative mice at 0, 21, and 84 days
after transplantation of iC9-iPSC-NS/PCs.
Upper panel: an NOD/SCID mouse not
treated with CID (CID(—) group); lower
panel: an NOD/SCID mouse treated with CID
(CID(+) group).

(A-D, Middle) Quantitative analysis of
the photon counts derived from the grafted
iC9-iPSC-NS/PCs. Values are expressed as
means + SEM. *p < 0.05 according to one-
way ANOVA followed by the Tukey-Kramer
test.

(A-D, Right) Motor function in the hind
limbs was assessed by BMS scores. Values
are expressed as the means + SEM. *p < 0.05
according to one-way ANOVA followed by
the Tukey-Kramer test.

N indicates the number of mice (i.e., n=6
for each group).

Model: Oncogenic Transformation with Epithelial-Mesenchymal Transition

Stem Cell Reports. 2015; Vol. 4 360-373
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Figure 2. Tumor Formation during Long-Term Observation after 253G1-NS Transplantation

(A) Up to 103 days post-transplantation, motor function in the hind limbs was assessed weekly using the BMS score. Values are expressed
as the means = SEM (n =32 mice up to 47 days post-transplantation; thereafter, n = 22 mice until 103 days post-transplantation).

(B) Representative in vivo images of mice at 0, 14, 42, 70, and 103 days after 253G1-NS transplantation.

(C) Quantitative analysis of photon counts derived from grafted cells. Values are expressed as the means + SEM (n =20 mice up to 42 days
post-transplantation; thereafter, n = 14 mice until 103 days post-transplantation).

(D) Representative hematoxylin and eosin (H&E) image of a large tumor (700 um < ¢).
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1. E{&FE@ Diffusion tensor imaging (DTI) : DTI 3X@K 1)

Yung A, Mattucci S, Bohnet B, Liu J, Fournier G, Tetzlaff W, Kozlowski P, Oxland T.
Diffusion tensor imaging shows mechanism-specific differences in injury pattern and
progression in rat models of acute spinal cord injury.

Neuroimage. 2018 Oct 26;186:43-55. doi: 10.1016/j. neuroimage. 2018. 10. 067. [Epub
ahead of print]
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2. E&EF{E Diffusion tensor imaging (DTI) : DTI 3k 2)

Wang-Leandro A, Hobert MK, Kramer S, Rohn K, Stein VM, Tipold A.

The role of diffusion tensor imaging as an objective tool for the assessment of motor
function recovery after paraplegia in a naturally-occurring large animal model of
spinal cord injury

J Trans| Med. 2018 Sep 17;16(1):258. doi: 10.1186/s12967-018-1630-4

a 10 P b 10
*k
T T
0.8 I_I 0.8

06 _l_ J_ - 06 %1 l J_ -

04 T Al Al L} 04

Q

w
)

o

w
)

06 (10 mmr
HH
al
-
il
o v
Tl
I
< HH
il

SMEMEE AR (SC) (X, BE - EPHAEKERETZ5IZECI. HTLWVAERETS LT,
EEHERERIE (MFR) Z23HE I 2 FHMLE Y —IILOFREISLETH 5. hET > VILER (DTI)
(F. SCl DEAKRRATHD IV OBEFTFMZERAEICT D, ABIRIZE LT, MFR & DTI fE & DB
BENRESN-, BAM (FA) EHEZREK (ADC) OfEX. BIEMEIE T 17 LD H
BDAXTRHBESnT=, DT AIEEZEX, BEAL. B, BERETHA S, DTIRAIEE
# LKA 27 ROMEBEILEHE S hiz, MR, BISHO FAEX. BIRE Y E <. ADC &I,
BEMTEA, BREYEN>F-, BEMEKE FA{E, ADCIEL B ICEMA., B, BERE
TEDLYIFGEM o7z, DTI (&, SCI DBAERBEZERNLBHFAED-HICRIOEH
MGERKY—ILTHD,




3. E&EF{E Diffusion tensor imaging (DTI) : DTI 3k 3)

Jirjis MB, Valdez C, Vedantam A, Schmit BD, Kurpad SN.

Diffusion tensor imaging as a biomarker for assessing neuronal stem cell treatments
affecting areas distal to the site of spinal cord injury.

J Neurosurg Spine. 2017 Feb;26(2) :243-251. doi: 10.3171/2016. 5. SPINE151319. Epub
2016 Sep 30.
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4, E{&EE@ Diffusion tensor imaging (DTI) : DTI Xk 4)

Fujiyoshi K, Yamada M, Nakamura M, Yamane J, Katoh H, Kitamura K, Kawai K, Okada S,

Momoshima S, Toyama Y, Okano H.

In vivo tracing of neural tracts in the intact and injured spinal cord of marmosets

by diffusion tensor tractography.
J Neurosci. 2007 Oct 31;27(44) :11991-8.
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OFHBEGHR, MEBHEBROEBEIXLEBZNRE (BIHWET V)

BYWERETNVOBTHEEROEESHEFTME L CEREEFZNREORE TS
KENRTWD, Ty b~ AFRBERMIBHEIEROME LTH, Z0a Ak
BT aHENRINTWD (Fid : BRAEHEHN 1) -3)),

SCHR 1)

MERE : Cell. 2012 Sep 14;150(6) :1264-73

2 A4 k)L : Long—distance growth and connectivity of neural stem cells after severe
spinal cord injury.

2% :Lu P, Wang Y, Graham L, McHale K, Gao M, Wu D, Brock J, Blesch A, Rosenzweig
ES, Havton LA, Zheng B, Conner JM, Marsala M, Tuszynski MH.
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B Electrophysiology (re-transection)
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C Electrophysiology (kynurenic acid)
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Grafted Kynurenic Acid "™
Response at T6 Applied at T3

Data are represented as mean + SEM. (B) Electrophysiological transmission across the T3
complete lesion site: (i) In intact animals, stimulation at C7 evoked a short latency (~3.0
msec), large amplitude response at T6. (i) Transection of the cord at T3 completely
abolished this response. (iii) In 4 of 6 lesion/grafte[d animals, recovery of an evoked
response of prolonged latency (~5.5 msec) was observed. (iv) Re-transection of the spinal
cord at T3, just rostral to the graft (green arrow), abolished the recovered evoked response.
(C) Kynurenic acid (50 mM). a blocker of excitatory synapses. was applied to the graft to
determine whether excitatory transmission across synapses in the graft was required to
detect responses at T6. Indeed, kynurenic acid application substantially reduced the
amplitude but not the latency of the evoked response. Also see Figure S6.



XHER 2)
MEGE : Stem Cell Reports. 2016 Jan 12; 6(1): 1-8.

H A k)b :  Grafted human iPS cell-derived oligodendrocyte precursor cells contribute
to robust remyelination of demyelinated axons after spinal cord injury

Z¥ . Kawabata S, Takano M, Numasawa—Kuroiwa Y, Itakura G, Kobayashi Y, Nishiyama
Y, Sugai K, Nishimura S, Iwai H, Isoda M, Shibata S, Kohyama J, Iwanami A, Toyama
Y, Matsumoto M, Nakamura M, Okano H.

VanaURE

FVITF Rt A baifEigz 2 < &M (human iPS cell derived
oligodendrocyte precursor cellenriched neural stem/progenitor cells, UL F
hiPS-OPC-enriched NS/PCs) % HEEIZ SCI ~ 7 AITHAHH L7 fE 5L, BRI A FBE¥ LIC
WHELTWDLZeBbhrotc, BAit: 12 BH TESFEEM MEP) 2 HW CEKAERS
IRAZIT 7oL ZAH, a2y Fr—/LRED 50% T MEP S & i L, & TOBME~ 7 2 T MEP
WA FRETH o7z, MEP R OWTIEHBMEL Y bar be— A THEICRLS, B
FMABROAY IF 2 Rut A PRI Y UHEOHIINCH LS LTV D Z L3RR ST,
(Figure2)
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(D) Electrophysiological analyses at 12 weeks after transplantation.
Although MEP waves were detected in all transplanted mice, no
waves were detected in 50% of control mice. The graph shows the
latency of the MEP in transplanted mice and control mice in which
waves were observed. The latency was significantly shorter in
the transplantation group than in the control group. Values are
means + SEM (control group, n = 5; transplantation group, n = 5;
*p < 0.05).



SCHER 3)
M2k . Proc Natl Acad Sci U S A. 2011 Oct 4;108(40)

X A K)V : Grafted human—-induced pluripotent stem—cell-derived neurospheres promote
motor functional recovery after spinal cord injury in mice.

#3# . Nori S, Okada Y, Yasuda A, Tsuji O, Takahashi Y, Kobayashi Y, Fujiyoshi K,
Koike M, Uchiyama Y, Ikeda E, Toyama Y, Yamanaka S, Nakamura M, Okano H

T~V
SCI @ 112 H#IZER A IS HT 21T - 72 MEP 3213 hiPSC-NS BED K4y (17 D H 5 14)
TR S, MBEEECIEIRE SN oT,

?I).’)p/\lz -

control hiPSC-NS

SCl. Graph shows stride length. Values are means + SEM. (D) Electrophysi-
ological analysis performed 112 d after SCI. MEP waves were detected in
most of the hiPSC-NS group (14 out of 17), whereas they were not detected
in the control group (0 out of 15). **P < 0.01. Behavioral analyses were
assessed by two observers who were blind to the treatment.
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m¥ -1 ;)L : Electrophysiological evidence of functional improvement in the corticospinal tract after laminoplasty
in patients with cervical compressive myelopathy: clinical article.

55 . J Neurosurg Spine. 2014 Aug;21(2):210-6.
-%% Nakanishi K, Tanaka N, Kamei N, Ohta R, Fujioka Y, Hiramatsu T, Ujigo S, Ochi M.
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Fie. 1. Motor evoked potential waveforms recorded from the ADM (A) and AH (B) on both sides. ms = msec.
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TABLE 1: Summary of MEP latency, PCT, and CMCT values in the ADM and AH before and 1 year after cervical laminoplasty*
MEP Latency PCT CMCT
ADM AH ADM AH ADM AH
Parameter Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt
before surgery
no. of patients 42 41 40 40 42 4 4 41 42 41 40 40
min value 19.5 19.3 36.3 371 120 1210 21.8 215 5.2 46 13.6 13.0
max value 403 359 671 59.3 187 176 320 317 216 203 385 305
Jneanalde........... 280.....280...... 449.....440... . 46 WA PASHORR<IY 0 N 7 S N S - B
SD 45 43 6.1 52 15 14 23 25 39 37 48 39
atFU
no. of patients 42 4 42 42 42 4 42 42
min value 18.5 19.8 34.8 36.0 1.0 121 219 20.8
max value 366 329 56.4 55.0 189 194 324 31.2
neanvale 2t
P SD . X : 4 - : : -
P p value 0231 0722 0.856  0.655 | |0.010§ 0.000f 0.000% 0.002t
£ N
4 ) CMCT REERCERE  PRESRCERE
D [ rmEm=a—ny
e
-
PCT
T EH=21—02 #H

ﬁ%@m%% _ 9 l) “/ 7‘§¥ﬁ® t I\ TABLE 2: Summary of CMCT values in and recovery ratios for
right and left ADMs and AHs
" ADM AH
*‘D% . ey - L Parameter Longer Shorter  Longer Shorter
)1(_.Iam|nolasty1fr\]1§ 1H#D0EET HRICCMCTD/NZ e
5 f)‘\ﬂi—F L TI'I'\TEJ'] before surgery
18 Co no. of patients 42 42 40 40
2 : CMCT®D /T X —% HMilTaifii DJOAICHERE U T Wi, min value 67 46 137 130
3 :ADMIZHFTE CMCTH S DHERH JOARERIC max value 216 203 385 305
AL T W e, meanvave 27 103 204 M7
SD 39 33 45 3.8
atFU
i7#&  no. of patients 42 4 42 42
- . min value 5.0 52 1.6 1.8
b= B max value 19.2 154 294 239
iTRIii % T LMPEOCMCTZ &5t L Tc & C 2JOADKE mean value A7 S I8
L(—_*EEQ LTW 7'-:0 SD 35 26 38 32
. o N = | 0.000* __0.008 0.000* _0.078
DD REFWEDNBELTNTEHD. CMCTISREEE  ych ooy i :
REFMmI2BMEY—ILTH S, no. of patients 42 40 4 40
min value 0.61 0.63 0.53 077
max value 1.52 1.28 164 1.26
mean value 0.861 0.90 0.94 0.97
SD 0.19 0.1 0.23 0.1




BREOBIE=5") Y JF#HiERE b

355 ¢ J Neurosurg Spine. 2015 Dec;23(6):707-14.
4 KJL . Electrophysiological assessments of the motor pathway in diabetic patients with compressive

cervical myelopathy.
Z2  Nakanishi K, Tanaka N, Kamei N, Hiramatsu T, Ujigo S, Sumiyoshi N, Rikita T, Takazawa A, Ochi M.
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Sciatic nerve

Figure 1. Diagram of electromyogram electrode placement:
a stimulate electrode was placed on the nerve segment of
beyond the distal coaptation (D), between the 2 coaptations
(i.e., the grafting segment) (M), proximal to the proximal
coaptation (P), respectively; a receiving electrode was

placed on the gastrocnemius muscle belly to record the Figure 2. Electromyogram recording of the sciatic nerve (4
response; a ground electrode was placed on the skin sham-surgery, (B) control, and (C) experimental groups at
around the wound. 20 weeks after grafting surgery.
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cerebral spinal fluid for the treatment of patients with chronic spinal cord injury: safety and possible outcome.
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