(2) ES MifaOBERICE D&, =V AKUE b iPS
MR LY. SP-C (V—T 7 7 F ) EAMEDHE
ERMEOFEERHE LT, SP-CTrT—F~DHK
I BEFOEAIZL Y, &k iPSHIfaA S SP-C
PEAMEMIRD 2 BINAICEE T D H BRI LT, &
B EEMRCELTH, [iRAmEREERNSZ
Lok, iPS MIlEAOLFHERRTHD Z & 2R
L7,

D. &
fiti & & e NIREER O 3L ER R IX, MO IR3E
(HEANMEWORTIRTH D, ARIT EREAIMERE
EFEANEFZTER L2220 b 2RI R 258
TOLHEOWIINLEE 2D,

pii

E. fHif

BEVAVERTR B O iPS /v Z (L E BB LTz, RIS
iPS FEREH 5 AR DS LA YEIE LTSI L, 5% D
W7 = ) A TOBRMIISHT 2 FETH D,

F. #Fgesx
1. FisCEEX

e Suzuki T, Tomonaga M, Miyazaki Y, Nakao S,
Ohyashiki K, Matsumura I, Kohgo Y, Niitsu Y, Kojima
S, Ozawa K.. Japanese epidemiological survey with
consensus statement on Japanese guidelines for
treatment of iron overload in bone marrow failure
syndromes. Int J Hematol. 2008 Jul;88(1):30-5.

® Haruna A, Muro S, Nakano Y, Ohara T, Hoshino Y,
Ogawa E, Hirai T, Niimi A, Nishimura K, Chin K,
Mishima M. CT scan findings of emphysema predict
mortality in COPD. Chest 2010;138(3):635-40.

e Terada K, Muro S, Ohara T, Kudo M, Ogawa E,
Hoshino Y, Hirai T, Niimi A, Chin K, Mishima M.

Abnormal swallowing reflex and COPD exacerbations.

Chest 2010; 137(2): 326-32.

e Terada K, Muro S, Sato S, Ohara T, Haruna A,
Marumo S, Kinose D, Ogawa E, Hoshino Y, Niimi A,
Terada T, Mishima M. Impact of gastro-oesophageal
reflux disease symptoms on chronic obstructive
pulmonary disease exacerbation. Thorax.
2008;Nov;63(11):951-5.

e Hoshino Y, Mishima M. Redox-based therapeutics for
lung diseases. Antioxid Redox Signal. 2008; 10(4):
701-4.

2. FRER

oLARGT. HETH, WKEA BRER, &
BE" : BAERREEMBEIZR LI 54 PNH
FIBERIER T B — D PIG-A R 7 o — ZHRT
% 5 H69 [ AARMEFER « %490 B AR KT
SAFRBE,2007 4 10 A 11 B—13 B, HHik.

® Sugimori, C., Mochizuki, K., Yamazaki, H., Nakao,
S.:Donor-Cell Derived Aplastic Anemia (AA) witha
Small Population of CD55-CD59- Blood Cells after
Allogeneic Stem Cell Transplantation: Evidence forthe
Immune System Attack Against Normal Hematopoietic
Stem Cells in AA. Session Type: Poster Session,Board
#901-1II: The American Society of Hematology 49th
Annual Meeting, December8-11 , 2007.
Atlanta,Georgia,USA

o D. Kinose, E. Ogawa, M. Nishioka, Y. Hoshino, T. Hirai,
S. Muro, Mishima. NOD2 SNPs associated with
Crohn's disease were not found in Japanese COPD

patients. ATS 2011. New Orleans

G. MPMEHEOHEE - B&ERR (FELEL)
1. PSR L

. ERFERE  ZERL

. O R L

W DN



V. BIRBRROHITICET 5 —K&K



RBARDOTUTICE T 2 —EK

i
EERA | XA ML EBESKO | EOE 4 | A | MR | HRE| -
R 4

Morizane |Embryonic stem ce |H. Ulrich  |Perspectives o |Springer

I?a;,shiTJE.lka Il transplantation fo f Stem Cells KE | 2010 | 245254
r the treatment of
Parkinson’s disease.

Osafune K| /n vitro U. L. Experimenta |[Elsevier 2010 2571-
regeneration of |Lendahl 1 Cell 2577
kidney from Research
pluripotent
stem cells.

Osafune K|Stem cells in r |Michael S. |Regenerativ |Elsevier 2010 | 203-215

and egenerative pro |Goligorsky|e

Yamanaka |cesses; Induced nephrology

S pluripotent st
em cells.

BMy & iPSHERRET &2 B L ENT HEES | BA | 2010 | 368373
W BEAE i
DO

B |80 BR |E% KB |Annual hAES | BA | 2011 | 67-73
~D5bHEE .. TAE  |Review Bl |t

B, RRH | 2011
—
HERE
BREKRAL XA M4 RS B5 R—Y HARSE
PIHEER A F & RS BRARRE 54 623-629 2010
iPSHlifE & BistERA (
Bl BRIKEIRFOES
thEEEA EREDRE BEMERE | HAEMSMES 139 632-634 2010
DF LB & 5% IR
SN D IRHAFE)

EHE—. HE

fowl, WEEE | BBMEE,. RSV

BB, KEFNCPE, | REOY % LI R R dR

derrF, RE |HiEMREEX DN D /NRB R R 63 1803-1807 | 2010

. mpEscEE, | &OHEL 2 L 72DowndE

M, R BEEO16]

—. FUHEER
- A 7TV —hLED | BABRGE DM
R T - 34 20-28 2011
; iPSHRARIEREL T2 VY | HARALSH RS
LI 7 ALSIE R LB R JALSA 82 e
JBBEA, HE | RASENPSHIIREH | B AL FAIRME In Press i )
BA W R EPER B OMR FaE




Takeuchi M.,
Kimura S., Kuroda
J., Ashihara E.,
Kawatani M.,
Osada H.,
Umezawa K.,
Yasui E., Imoto
M., Tsuruo T.,
Yokota A., Tanaka
R.,NagaoR,,
Nakahata T.,
Fyjiyama Y.,
Mackawa T.

leukemic cells acquiring
stem-like characteristics in

Glyoxalase-1 is a novel
target against Ber-Abl”

a hypoxic environment.

Cell Death and
Defferentiation

17

1211-1220

2010

Kubota M, Adachi
S, Usami I, Okada
M, Kitoh T, Shiota
M, Taniguchi Y,
Tanizawa A,
Nanbu M,
Hamahata K,
Fujino H,
Matsubara K,
Wakazono Y,
Nakahata T.

Characterization of chronic

thrombocytopenic purpura

idiopathic

in Japanese children: a
retrospective multi-center
study.

Int J Hematol.

91

252-257

2010

M, Wakao S,
Nishikawa K,
Tanimura Y,
Makinoshima H,

Nabeshima Y,
Nakahata T,
Nabeshima Y,
Fujiyoshi Y,
Dezawa M.

Kuroda Y, Kitada

Goda M, Akashi H,
Inutsuka A, Niwa
A, Shigemoto T,

Unique multipotent cells in
adult human mesenchymal
cell populations.

Proc Natl Acad Sci U

SA.

107

8639-3643

2010

Kaichi S,
Hasegawa K,

N, Mima T,
Kawamura T,

Yamanaka S,

Takaya T, Yokoo

Morimoto T, Ono
K, Baba S, Doi H,

Nakahata T, Heike

Cell line-dependent differ
entiation of induced pluri
potent stem cells into car

diomyocytes in mice.

T.

Cardiovasc Res.

28

314-323

2010




Doi H, Kaichi
S, Yokoo N, Mi

Iwasa T, Baba S,

ved multipotent germline

Neonatal mouse testis-deri

Abe T, Iwata N,
Miyakawa T,
Nakamura Y,
Nakahata T, Heike
T.

i Biochem Biophys R
m T Kenas i S67 S8 o the cu | Boshem Boobvs s | gy || aong
ll;:r):a;a ;;I;ki}::tl;) chemic heart mouse mod '
T, Heike T. el
Matsuda K, Taira
C, Sakashita K, .
Saito S. Tanaka- Long-term survival after
v ; M nonintensive chemotherapy
anagisawa M, ) . .
Yanag isawa R in some juvenile
& * | myelomonocytic leukemia
Nakazawa Y, . . Blood 115 5429-5431 2010
Shiohara M patients with CBL
1 I ’ . .
Fukushima K. Oda mutations, and the possible
M. Hon da’T presence of healthy persons
Nakailata T K ', " with the mutations.
, Koike
K.
Kumada T,
Yamanaka Y, .
Kitano A. Shibata Ttyhl, a Ca(2+)-binding
M. Awa ; T. Kato protein localized to the
T’ Okava):a K’ Abe endoplasmic reticulum, is Dev Dyn. 239 2233-2245 2010
’T Osh'ma’N required for early
s L , .
Nakahata T. Heike embryonic development.
T.
Matsuse D, Kitada
M, Kohama M,
Nishik K
Ma;: ' a;v 2 I’{ Human umbilical cord-
inoshima H, .
Wakao S derived mesenchymal
akao
. . o stromal cells differentiate J Neuropathol Ex
Fujiyosh1 Y, Heike | . , P P 69 973-985 2010
T Nakahata T into functional Schwann Neurol.
’ " | cells that sustain peripheral
Akutsu H, .
Umeza?va A nerve regeneration.
Harigae H, Kira J,
Dezawa M.
Yamanaka Y,
Kitano A, Takao
K, Prasansuklab A,
Mushiroda T,
Yamazaki K, —
Kumada T. Shibata Inactivation of fibroblast
u i
’ wth factor bindi
M, Takaoka Y, grto_ 3 actorin l,nfy Mol Cell Neurosci. | 46 200212 | 2010
protein 3 causes anxiety-
A T,Kato T
waya @, Bato 1, related behaviors.




Kambe N, Satoh T,

Enhanced NF-kB activation

with an inflammasome
activator correlates with

Nakamura T,

extracellular signal
regulated kinase.

Toguchida J

Tanizaki H, activity of
Fujisawa A, Saito | autoinflammatory disease Arthritis Rheum 62 3123-3124 2010
MK, Nishikomori associated with NLRP3
R mutations outside of exon
3: comment on the article
by Jéru et al.
The inflammasome, an
Kambe N, innate immunity guardian,
Nakamura Y, Saito participates in skin Allergol Int 59 105-113 2010
M, Nishikomori R. | urticarial reactions and
contact hypersensitivity.
Jin ZB, Okamoto
S, Osakada F, Modeling retinal
Homma K, degeneration using patient-
e . PLoS ONE 6(2) E17084 2011
Assawachananont |specific induced pluripotent
J, Hirami Y, Iwata stem cells.
T, Takahashi M.
Small molecule inhibitors
Morizane A., Doi | of BMP and Activin/Nodal
D., Kikuchi T., | = signals promote highly J Neurosci Res 89 | 117-126 | 2011
Nishimura K., efficient neural induction
Takahashi J. from human pluripotent
stem cells.
Objective and quantitative
Saiki H., Hayashi evaluation of motor
T., Takahashi R, function in a monkey J Neurosci Methods 190 198-204 2010
Takahashi J. model of Parkinson’s
disease.
Uemura M., Refaat | Matrigel supports survival
M. M,, Shinoyama |and neuronal differentiation
M., Hayashi H., | of grafted embryonic stem J Neurosci Res 88 542-551 2010
Hashimoto N., cell-derived neural
Takahashi J. precursor cells.
JinY, Kato T, Furu Mesenchymal stem cells
M, Nasu A, Kajita .
L. cultured under hypoxia
Y, Mitsui H, Ueda , . .
M, Aoyama T, escape from éenescence via | Biochem Biophys Res 391(3) 14716 2010
down-regulation of p16 and Commun
Nakayama T,




Aoyama T,
Okamoto T,
Fukiage K, Otsuka
S, Furu M, Tto K,

Histone modifiers, YY1
and p300, regulate the
expression of cartilage-

JinY, Ueda M, . J Biol Chem 285(39) | 29842-50 2010
specific gene,
Nagayama S, . .
chondromodulin-I, in
Nakayama T, mesenchymal stem cells
Nakamura T, 4
Toguchida J
Hideyama T,
Yamashita T,
Suzu‘lf 1T, Induced loss of ADAR2
Tsuji S,
Higuchi M engenders slow death )
1guchi M, of motor neurons from Q/R J Neurosci 30 11917-25 2010
Seeburg PH, ) )
Takahashi R, site-unedited GluR2.
Misawa H,
Kwak S.
Murakami G,
Inoue H,
Tsukita K, | Chemical library screenin
AsaiyY, gidentifies a small
Amagai Y, molecule that . . 5
Aiba K, downregulates SOD1 J Biomol Screen in press 011
Shimogawa H, | transcription for drugs to
Uesugi M, treat ALS
Nakatsuji N,
Takahashi R
ggawa l\i’ The endoplasmic reticulu
KaIIII: (a)ﬁleo;f m stress sensor, ATF6
Hikawa R, | falphaj, pr().tec?ts against ] Biol Chem in press 2011
Nishi K, neurotoxin-induced
Mori K, dopaminergic neuronal
Takahashi R. death.
Neurodegenerative diseas
e . Experomental Cell R
Inoue H. e-specific induced pluripo P 316(16) | 2560-2564 2010
esearch
tent stem cell research.
Morishima
T, Watanabe
KI, Niwa A,
Fujino H, | Neutrophil differentiation
Matsubara H, | from human-induced pluri I Cell Physiol. 226 1283-1291 2011
Adachi S, potent stem cells
Suemori H,
Nakahata T,
Heike T




Fujiwara, M., Yan,
P., Otsuji, T.G.,
Narazaki, G.,
Uosaki, H.,
Fukushima, H.,
Kuwabhara, K.,
Harada, M.,
Matsuda, H.,
Matsuoka, S.,
Okita, K.,
Takahashi, K.,
Nakagawa, M.,
Ikeda, T., Sakata,
R., Mummery,
C.L., Nakatsuji, N.,
Yamanaka, S.,
Nakao, K., and
Yamashita, J K.

Induction and enhancement
of cardiac cell
differentiation from mouse
and human induced
pluripotent stem cells with
cyclosporin-a.

PLoS ONE

6(2)

€16734

2011

Takayama, N.,
Nishimura, S.,
Nakamura, S.,
Shimizu, T.,
Ohnishi, R., Endo,
H., Yamaguchi, T.,
Otsu, M.,
Nishimura, K.,
Nakanishi, M.,
Sawaguchi, A.,
Nagai, R.,
Takahashi, K.,
Yamanaka, S.,
Nakauchi, H., and
Eto, K.

Transient activation of c-
MYC expression is critical
for efficient platelet
generation from human
induced pluripotent stem
cells.

J Exp Med

20(207)

2817-2830

2010

Homma, K., Sone,
M., Taura, D.,
Yamabhara, K.,

Suzuki, Y.,
Takahashi, K.,
Sonoyama, T.,

Inuzuka, M.,
Fukunaga, Y.,
Tamura, N., Itoh,

H., Yamanaka, S.,

and Nakao, K.

Sirtl plays an important
role in mediating greater
functionality of human
ES/iPS-derived vascular
endothelial cells.

Atherosclerosis

212(1)

4247

2010




Tamaoki, N.,
Takahashi, K.,

Tanaka, T.,
ICh;ﬁk;’aE;dI:f)kl’ Dental Pulp Cells for
’ . Induced Pluripotent Stem J Dent Res 89(8) 773-778 2010
Kawaguchi, T., Cell Banking.
Tida, K., Kunisada,
T., Shibata, T.,
Yamanaka, S., and
Tezuka, K.
Haruna A, Muro S,
Nakano Y, Ohara
T, Hoshm(? Y, CT scan findings ‘of Chest 13803) 635-40 2010 Sep
Ogawa E, Hirai T, emphysema predict
Niimi A, mortality in COPD
Nishimura K, Chin
K, Mishima M
Terada K, Muro S,
82::;]; I:l:;il\:; Abnormal swallowing
N reflex and COPD Chest 137(2) 326-32 2010
Y, Hirai T, Niimi .
A, ChinK, exacerbations
Mishima M
Terada K, Muro S,
Sato S, Ohara T, Impact of gastro-
Haruna fl\’ Marumo | oesophageal reflux dis?ase J Tnvestig Allergol C
S, Kinose D, symptoms on chronic . 18(3) 202-6 2008
. . lin Immunol.
Ogawa E, Hoshino |  obstructive pulmonary
Y, Niimi A, Terada disease exacerbation.
T, Mishima M.
Hoshino Y, | Redox-based therapeutics | \ . .1 Redox Signal| 10(4) | 715-26 2008
Mishima M for lung diseases




V. BIFRBRROHTY - Hklt)



& BREERZEOES L AEDR
[EEMEREOH L VWiERE & SHRBEF S h 3 ARm%E]

iPS Hifg & BIA TR B
O B &
R

BXEMMESHE S
$139% -3 5
¥ o 22 (2010) ¥F6 A



EmEEEOEELAEnE

5

ﬁ

(ﬁﬁﬁ‘ﬁfﬁ@%ﬁ LLvameE SBFT NS amEmsR]

iPS Ml & 8 {3 S

HrABE R

F—0— RORBISEN IPS M8, BEMES, FETEFL, ME

Induced pluripotent stem cell (iPS &) @
LORS B 2 EERARITTIE, X2 XF 2k
BOBELSKRBIFRYIPSHMaEMITE 2
CETHD, ZoMilarfAvC BENHESD
IRBEFRAT, FrBERIEDOBSE 2 OB A
FENTWS, HEAETIE Duchenne Bif Y
AbOT7 4 -BEEHIFAEEL LT, EBSR
B9 iPS ML O ERLDS 2008 4E 6 B X h BAfE = 1
2. T DRk, B OEBBED S iPS HELAM 7
Sh, SEEELMFTIPIBE->TVAD.

2006 4, FEKFOWLPHIES id< ™ 2§
HMFHMII o 4 DOEER TBEF 5 M
AT %I LIZX b, embryonicstem cell (ES
AAR) & HNTOLEEI R VEED % b 2 iPS M
RADBILITEII L, RPICK S LW+ 5 2
=V BAE S I3 e b iPS IR ORI b RS
L7Az?,

iPS MfE L ES MlaR#k, 131z Ro Ao m
AEE 2 X ELMMBADE S LRE % P o4
RBaTH Y, EWRIE~OBER, FAEERPHE
NDEBRE, SEFEERAIMPHFESA TV S,
bihvhiud B 50, BERESE P.LICEE

R 2 &6 iPSHMRREERL, 2hixfvi
BREDHE, HBMN £ R LICHEL Ty
%Y.

iy

AR IPSHIE VLI LIk, &
BT END S 5% AWROERIHIE S
NG, W OPDBREMEFIGE L TH Az
1. BEADBH

iPS AL A & A2 ) B B 7 AL Ak 0 S 4 44E
s, TRERCLEBEIMESIE. BEK
W% L ST U 7 iPS MRS % AR AR B R 2k
Bk, AANBK, BEBEZ & o) AL LD M S
FNEME o B CIRERT 22 5 NE. i
5, BB, WL M S OMBIERTETS
A, KEOMEEE Y E RN 5 o & idC
sam@f,%@;aa%@%w&aﬁnaé
72
2 ﬁ%@%ﬁ& F DRGEE

BED SRR L7 iPS MUK A B & ) 1
WMESE B LA TENIE, BRI
BRANCIRNTC X 5 R H 5. MEA L B
H0PSHIEEFE U L 5 2L seT, &4k
BB OIS B L CHIET 52 Lk ), &
EFCEIZBSAFETHEBOKRIEIIBEL 2 LA
HMgsha,

25 HEE

SRR R

Induced Pluripotent Stem Cells and Genetic Diseases

Tatsutoshi Nakahata : Clinical Application Department, Center for iPS Cell Research and Application (CiRA), Kyoto

University
Wb A%

632

- 1PS MU ALIT E03%  (BR AL JH b I 5 30 P9 5 B R AT 22 57-BF )

BIEMES $1308 BIS/ERR2@I0E6 8



F 7, HAX]1 B{EFRE 45 Kostmann 4
BEHETEIFPERRD EPRERMEORY %,
SBDS B{=FR% %> Shwachman FEEH T
BEEAGWORE L EMREYSH T L L8
HMoh T2, BERORIEI L 2ODORE
BREEHTHOPFho> Tk, Thbd
BEILCEBRENIPSHREBEIIL, Z0OM
B2 & MAK (RFRER), #hiE, IICofbs e,
FOBRELIEFLEBTAHAEICXY, Fihk
MRZHELDDOMAENFHBEEN TS,

3. WBEFIVOBLE

iPS MBRFLHT X, 4T TEFVNHYOL Lo
TERBIIHLTH LWEF NV ERIET H EE L
Lia. 7oL 2, FHEMHEME (spinal
muscular atrophy ; SMA) & i B MIEEAL
#E (amyotrophic lateral sclerosis ; ALS) (3, #%
AR TR L TV B EE = 2 — 1 > ASEIREY IS
B, ERML, FOMHE KT, HEE
EL, RELREBLTELZEBETHS. HiZRW
EFNVEPN LN LG, FRIEREIGEA T
Wit IPS MR A S Z & T, SMA,
ALS BE O MM A & 5B IR A9 iPS Mg
ERZL, T iPSHIfEA S SMA, ALS B& &
FULEEFEY FE L2082 — 0 > Jk%
ARBIED BT I ENTCEDZ LIl 2
DEFh— o -0 CHREES LT, I hoo
REBOREMTS, BRBREORAY—bF4 »
ICUDTENTED LB o7

EBE &Zift, SMA % familial dysautonomia
(REYBEMERTE) BEr o/l s
iPSHIRE % AT, #rZENLBASE L /-HpLs
WS, REBERMOIPSHBIZST SIS
REBOFBREREOHRBICHIRTE 52 L 2895
IR E N7
4, BEEZBIATERBOREED

Duchenne Bl 2 b7 4 —EEHIT—H&IC
10 AICHET 2L RY, 208HLVWTAL
RBEPLEE LS. LEZTI10ROBE,
LT LCRETAB, EMTEBA

HEME $I139E - BIS/ Fae2(010)&F6 8

HMBah o PSR EZMY T2 L, ZOMEL»S
GAL S - BRGELE, whidkEIhiTo
BROMBLELRETHL ZEXFESR
5. 2D 10EME V) FHEZARIIHS T,
FOL ZDOFROIREL REOHHEBEE LT
HIENUEICRDILEIZONS, ZDEIR
FHEIEZSGETILEEILON R -2 ETH
h, iPSHIREY L DNk A 37 FTIREW
PEB STV,

5. BEHFOMREME > YR
FHROBMRBIIK o Tid, — KA, BIEERE
RERE L OB ERE 1T 721 BEATDHS
BEXESHLZHRE L Cr o BE COERKRRERIC
BHI ENEW. LIL, DIEBOHRIY
FTLOE MU TIRESLT, BEAIIEEN
L Th, BETRERLBERI ERTELZ
EHBLITLISHBEL 25, EBICEZRS SN
LDEBELOENG, BEOMBEOLIDE
o THBERBRPANRBRY 3513 MBI vid
TThHY, BRBERNIPSHEI»SHNET S
Wifgic ot &, Tofilat v CEMERERS
FERBRBREATHIFRIGBEAS L LTS,
6. ¥ L VNRIBTFABDFTREN
HEROBETHINE, REL-HOHEREEL
bl wERBRERBICHETFEEBEALT, &
BICHBERT L) HFETERBENTE
¥, BHIEY I EL wh o

iPS MfEIZIZITMIROE CHEREEZ D > Ty
BT, BENOGERL/IPS HBROUIET %
BELCT, EEah/icra— 2305 8IR0
THRTZENTEDL., TTIITTATIE &
RARMIRD E F < 2D S8 L 7 iPS #iiE
DRFEHETFEBEL, B S N7z iPS fifa s
517 & 7o B IR ATBRANNE % BV 7 RS R C,
PIRRIIMIR~ 7 RDAMAHE S NIz FH
WMEENTVEY. WROBIETFHMBIL IPS
ML o TITH ML o TW L D TlE R
WA EERIIEZ TV S,

633



7. ASHEEEA DA

BRIT, SKETIE QT ERAEEEE D iPS Ml
SEABEACTT N T A, QT HEREMRE L 8
DRUEDS A4S, YA TICE o TER
TEHENPRLLD, ¥4 T RhdL DD
WERWHRREITOLEYFDHD. LIaH o
FI RIS IEF IR A RAE T, BN L
FEEPRASHIA 5 Z B D Z EHIME L TW
5. TIT, QT ERIEGRFEOBZEDOER » H1F
WU iPSHIIE % in vitro TUWHIZ AL X 4,
CoMEE AV TEBAMRBRSITHOh Ty
5 SETCHEETIT>CEL-ANKEREY, iPS
A TRETEL LS b2 Lk,

- Fszslelte

EEPERE TIPS L (WML L7-#ila % B
Unfbs¥a 2 8T, REBHFRNLBRLLER
TELWHEMIEEER 6N 5. HEkET
T TICHBOBHA B L <, #fEtEs
TGS S TS BRI iPS M A 2
S, EEBOBERETCHE OB T 720
A TVED, BHTHRE S LIS BYE
FenY iPS MAE = H v 2 WP AT E X h7,

634

BN LBHPEVIETOR TS, iPSHllE%
Hu7-piggidaf EZ SR B oEicii 2 kx5
A, Bz EEETRET WA HOT
Wh, RO GOSEREAWEL v,

1) Takahashi K, Yamanaka S : Induction of pluripotent
stem cells from mouse embryonic and adult fibroblast
cultures by defined factors. Cell 2006 ; 126 : 663~
676.

2) Takahashi K, Tanabe K, Ohnuki M, et & : Induction
of pluripotent stem cells from adult human fibroblasts
by defined factors. Cell 2007 ; 131 : 861-872.

3) WHERERE  BRBAERA IPS MUY, & oBE 2009 ; 14
(9) : 78-83.

4) Ebert AD, YuJ, Rose FF Jr, et al : Induced pluripotent
stem cells from a spinal muscular atrophy patient.
Nature 2009 ; 457 : 277-280.

5) Lee G, Papapetrou EP, Kim H, et af : Modelling patho-
genesis and treatment of familial dysautonomia using
patient-specific iPSCs. Nature 2009 ; 461 : 402-406.

6) Hanna J, Wernig M, Markoulaki S, et al : Treatment
of sickle cell anemia mouse model with iPS$ cells gen-
erated from autologous skin. Science 2007 ; 318 :
1920-1923.

7) Park IH, Arora N, Huo H, et af : Disease-specific in-
duced pluripotent stem cells. Cell 2008 ; 134 - 877-
886.

BEMEE 2100555 3 8/FM22(2010)%6 8



Letters to the Editor

TasLe 2 Details of response to sequential treatments where applicable (n=10)

Severity of
No. disease First treatment Second treatment Third treatment
1 Severe Amlodopine X Nifedipine N - -
2 Moderate Amlodopine X GTN X - -
3 Moderate Amlodopine X GTN X - -
4 Severe Nifedipine X Amlodopine X - -
5 Severe Nifedipine X Amlodopine X GTN "
6 Moderate Nifedipine X GTN X -
7 Severe GTN X Amlodopine X Nifedipine of
8 Moderate Nifedipine X GTN J - -
9 Severe Amlodopine X Nifedipine 5% GTN X
10 Moderate Amlodopine s GTN & - -
x: no response/inadequate response; ,/: response.
Overall, GTN patches were effective in 55% of the trea- References

ted patients. Efficacy was better than that of nifedipine
and amlodipine (33 vs 25% response rate, respectively),
but small numbers and retrospective analysis does not
allow statistical comparison. Response was similar in
primary and secondary RP. Children with severe RP had
a better response to nifedipine and amlodopine than
children with moderate disease. The sub-group with
severe disease was more likely to be using a disease-
modifying drug, which may have had an impact.
However, numbers are too small for any conclusion to
be drawn from this.

Application of GTN patches allows removal if adverse
events occur. Together with absence of tablets, this may
make treatment with GTN attractive in paediatric practice.
All patients received Deponit GTN patches. Alternative
brands may not have adequate skin adhesion when
cut into quarters for this off-license use.

GTN patches, nifedipine and amlodipine offer sympto-
matic relief for patients with moderate primary/secondary
RP. Further studies, including head-to-head trials, are
needed to determine if one agent is superior. Meanwhile,
GTN patches offer an alternative to oral calcium channel
blockers for symptomatic relief of paediatric RP.

Rheumatology key message

° GTN patches are an efficacious treatment option in
paediatric RP.
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A case of early-onset sarcoidosis with a six-base
deletion in the NOD2 gene

Sir, We present the first case of early-onset sarcoidosis
(EOS, MIM no. 609464) with a six-base deletion in the
NOD2 gene, resulting in the replacement of one amino
acid and the deletion of two additional amino acids. All
previous mutations reported for EOS and Blau syndrome
(BS, MIM no. 186580) were single-base substitutions that
resulted in the replacement of a single amino acid [1-3].

The patient was a Japanese male born after an
uncomplicated pregnancy and delivery. His family had
no symptoms of skin lesions, arthritis or uveitis. At
5 years of age, he was diagnosed with bilateral severe
uveitis. He became blind in both eyes during adolescence.
He had swollen ankles without pain during childhood,

www.rheumatology.oxfordjournals.org
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and developed arthritis in his both knees and ankles at
15 years of age. At 30 years, a skin rash had developed
on his extremities after his first BCG vaccination. The skin
lesions were scaly erythematous plaques with multiple
lichenoid papules and some pigmentation. At the same
age, camptodactyly without obvious synovial cysts of
the hands was observed, and the deformity in all fingers
developed by 35 years. At 41 years, he had low-grade
fever for 1 year. He had no pulmonary lesions. His labora-
tory investigations showed normal white blood cell count,
mildly elevated CRP (1.0 mg/dl) and ESR (20 mm/h).
A skin biopsy from his left forearm revealed non-caseating
granulomas without lymphocyte infiltration. There were no
indications of infection by Mycobacterium.

The clinical symptoms and pathological findings on
the biopsied skin indicated that the patient suffered from
EOS. It has been reported that EOS and BS have
a common genetic aetiology due to mutations in the
NOD2 gene that cause constitutive Nuclear Factor
(NF)-«B activation [4, 5]. Thus we analysed the NOD2
gene from the patient to look for mutations that might
correlate with the pathology of EOS. A written informed
consent was obtained from the patient and his families,
according to the protocol of the institutional review board
of Kyoto University Hospital and in accordance with the
Declaration of Helsinki. Genomic sequencing analysis of
the patient’'s NOD2 gene showed the presence of
a heterozygous deletion of six bases in exon 4, which
resulted in c.1493_1498delAACTGT, p.E498V, 499-
500del (Fig. 1A). The mutation was novel and was not
identified in 100 normal controls. A genome alignment of
NOD2 among several species showed that E498, L499
and L500 are conserved from zebrafish to human
(Fig. 1B). These data strongly suggested that the identified
deletion of six bases in the NOD2 gene is not a single
nucleotide polymorphism (SNP), but is probably respon-
sible for EOS in the patient.

Previous studies report that NOD2 mutations causing
EOS/BS show constitutive activation of NF-«B [6-8].
Therefore, we investigated the level of NF-«B activity
associated with the new mutation identified here.
First, we confirmed the level of mMRNA expression of the
mutated allele by subcloning analysis of NOD2-cDNA,
which showed that the mutated allele was expressed as
well as the wild type allele (data not shown). We then
evaluated the ability of the NOD2 mutant to constitutively
activate NF-xB by using an in vitro reporter system in
HEK293T cells transfected with both NOD2 mutants and
NF-«B reporter plasmids (Fig. 1C). The deletion mutant
demonstrated almost five times more NF-«B activity
than wild type without muramyl dipeptide (MDP)
stimulation. Western blot analysis confirmed that NOD2
mutant protein expression was similar to that of wild
type (Fig. 1C). Thus, like other mutations of NOD2 identi-
fied previously, the deletion mutant identified here also
showed constitutive activation of NF-«B.

The mechanism underlying EOS/BS has not been totally
understood, although two pathways downstream from
NOD2 have been identified: NF-«B activation through

www.rheumatology.oxfordjournals.org

receptor-interacting protein (RIP) like interacting
caspase-like apoptosis regulatory protein kinase (RICK)
and MAP kinase activation through the caspase recruit-
ment domain 9 (CARD9) [9]. We previously tested
10 NOD2 missense mutations that have been identified
in our cohort of EOS/BS patients in Japan, and all of
them demonstrated constitutive activation of NF-«B [3].
By analysing this newly identified deletion mutant, we
have further confirmed the importance of constitutive
activation of NF-«B by mutated NOD2 for the patho-
genesis of EOS/BS. We would like to emphasize the

Fic. 1 (A) Summary of the mutations identified in our
patient. (B) NOD2 protein alignment among different
species on the mutated amino acids. (C) NF-«B reporter
assay using the NOD2 deletion mutant. In vitro NF-«<B
reporter assays were performed as previously described
[1, 8, 6, 7]. Mock vector, wild type NOD2 (WT) and three
NOD2 variants (R334W, C495Y, H496L) derived from
EOS/BS patients, were used as controls. Values represent
the mean of normalized data (mock without MDP = 1)

of triplicate cultures, and error bars indicate s.n. Shown
is one representative result of three independent
experiments. Protein expression levels of NOD2 mutants
analysed by western blotting are shown in the bottom
panel.
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usefulness of the NF-«B reporter assay with mutant NOD2
for observing its role in EOS/BS, although the MAP kinase
activation pathway and other possible pathways need
to be evaluated to more completely understand the
pathogenesis of the NOD2 mutation in EOS/BS.

We have identified the first deletion mutation in the
NOD2 gene responsible for EOS/BS, and the mutant
showed constitutive activation of NF-«B, which is one of
the key features that lead to the pathogenesis of EOS/BS.

Rheumatology key message

> A six-base deletion in NOD2 gene causes EOS.
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Comment on: Hepatotoxicity rates do not differ in
patients with rheumatoid arthritis and psoriasis
treated with methotrexate

Sir, We read with interest the recent article by Amital et al.
[1] that compared hepatotoxicity rates in PsA and RA
patients treated with MTX based on the evaluation of stan-
dard liver function tests. The authors conclude that the
incidence of hepatotoxicity does not differ between the
two disease groups after adjusting for the cumulative
dose of MTX.

Several studies in MTX-treated psoriasis patients have
reported that isolated abnormalities of liver enzymes (i.e.
alkaline phosphatase, aspartate aminotransferase and
alanine aminotransferase) were poor predictors of the
severity of liver histopathology. The authors state that
the combined sensitivity of aspartate aminotransferase,
alanine aminotransferase and bilirubin for detecting an
abnormal liver biopsy has been rated at 0.86 based on a
previous study [2]. This figure implies that 14% of those
with normal liver function tests will have undetected hepa-
tic disease. Larger studies have suggested that 30-50%
of the psoriasis patients on MTX have normal standard
liver function test results despite histology showing fibro-
sis and cirrhosis [3]. The lack of correlation between liver
enzymes and hepatic fibrosis and cirrhosis has been the
major factor leading to the recommendation that liver
biopsies be done to monitor potential hepatotoxicity. In
this study, the liver function tests were performed with
varying frequency which could allow abnormal liver func-
tion tests to be missed. The authors acknowledge that the
rates of other hepatotoxic agents such as alcohol use
and the occurrence of other hepatic comorbidities were
not known. We believe that these are significant
confounding variables, which make the interpretation of
the results of this study difficult. The British Association
of Dermatologists recommends serial monitoring

www.rheumatology.oxfordjournals.org
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Generation of skeletal muscle stem/progenitor cells
from murine induced pluripotent stem cells
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ABSTRACT Induced pluripotent stem (iPS) cells,
which are a type of pluripotent stem cell generated from
reprogrammed somatic cells, are expected to have poten-
tial for patient-oriented disease investigation, drug screen-
ing, toxicity tests, and transplantation therapies. Here, we
demonstrated that murine iPS cells have the potential to
develop in vitro into skeletal muscle stem/progenitor
cells, which are almost equivalent to murine embryonic
stem cells. Cells with strong in vitro myogenic potential
effectively were enriched by fluorescence-activated cell
sorting using the antisatellite cell antibody SM/C-2.6.
Furthermore, on transplantation into mdx mice, SM/C-
2.6 cells exerted sustained myogenic lineage differenti-
ation in injured muscles, while providing long-lived mus-
cle stem cell support. Our data suggest that iPS cells have
the potential to be used in clinical treatment of muscular
dystrophies.—Mizuno, Y., Chang, H., Umeda, K., Niwa,
A., Iwasa, T., Awaya, T., Fukada, S., Yamamoto, H.,
Yamanaka, S., Nakahata, T., Heike, T. Generation of
skeletal muscle stem/progenitor cells from murine in-
duced pluripotent stem cells. FASEB J. 24, 2245-2253
(2010). www.fasebj.org

Key Words: Duchenne muscular dystrophy « Pax7 * long-term
engrafiment * mo teratoma formation * high engraftment effi-
ciency

TO MAINTAIN HOMEOSTASIS, SKELETAL muscle fibers are
continuously regenerated by activated satellite cells (1),
the muscle-specific stem cells that differentiate into myo-
blasts and form myotubes to replace the myofibers dam-
aged by exercise and daily activities (2). The muscular
dystrophies are inherited myogenic disorders of variable
distribution and severity that are characterized by progres-
sive muscle wasting and weakness (3). In many forms of
muscular dystrophy, the common molecular defect of the
encoded proteins, which are involved in muscular struc-
tural integrity, is observed in both immature satellite cells
and mature myofibers (4). Duchenne muscular dystrophy
(DMD), which is the best-described and most serious
form of muscular dystrophy, results from mutations in the
Xinked dystrophin gene (5). Dystrophin and its associ-
ated proteins are commonly known to be indispensable

0892-6638/10/0024-2245 © FASEB

for the functioning of the intracellular actin cytoskeleton,
as are laminins in the extracellular matrix of muscle
fibers, which protect myofibers from contraction-induced
damage (6). Loss of dystrophin causes the rapid and
continuous damage of muscles, which leads to the exhaus-
tion of both skeletal muscles and satellite cells, even
though muscular regeneration occurs at a higher fre-
quency in DMD patients than in nonaffected individuals
(7). Despite extensive efforts to establish pharmacological
agents that halt the clinical course of DMD, the disease
still results in high mortality in patients during late
adolescence.

Skeletal muscle stem/progenitor cell transplantation is
considered to be one of the most promising therapies for
the muscular dystrophies. In fact, a recent report has
shown that the transplanted satellite cells can engraft as
myofibers with normal dystrophin expression in the mus-
cles of mdx mice, a mouse model of DMD (8, 9). Most of
the clinical trials involving allogeneic transplantation of
DMD, however, have not obtained satisfactory results due
to immune rejection, rapid death, and limited migration
of transplanted myoblasts (10).

Embryonic stem (ES) cells have considerable advan-
tages over somatic stem cells as a cell source of trans-
plantation due to their capacity for unlimited prolifer-
ation in an undifferentiated state over a prolonged
period, and their ability to differentiate into various
lineages of cells in the same way as observed in vivo
(11). Recently, mouse and human induced pluripotent
stem (iPS) cells have been established by introducing 3
or 4 pluripotency-associated genes into somatic cells
(12-21). Like ES cells, these reprogrammed somatic
cells possess properties of self-renewal and pluripo-
tency, and yield germline adult chimeras. Furthermore,
the iPS cell technology enables us to generate individ-
ualized stem cells, which is expected to contribute to
patient-oriented disease studies, drug screenings, toxic-
ity tests, and transplantation therapies (22, 23).
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We demonstrated previously that long-lived muscle stem
cells can successfully be induced from murine ES (mES)
cells in wvitro by plating embryoid bodies (EBs) onto
Matrigelcoated plates (24). These ES cell-derived Pax7 *
cells can be enriched effectively by the SM/C-2.6 anti-
body, an anti-satellite cell antibody (25), and possess a
potential to differentiate into myofibers both in vitro and
in vivo. Here, we demonstrated that by using our induc-
tion system, SM/G-2.6" myogenic lineages were induced
successfully from murine iPS (miPS) cells. This system
enabled quantitative assays of mature and immature skel-
etal muscular lineage cells both in vitro and in vive and
may serve as a useful experimental tool for the treatment
of various muscular dystrophies.

MATERIALS AND METHODS
Cell lines

A 4factor miPS cell line reprogrammed by the introduction of
Oct3/4, Sox2, Kif4, and ¢-Myc (clone 38D2), and a 34actor iPS cell
line that lacks ¢-Myc (clone 256H-18), were established from murine
embryonic fibroblasts. These fibroblasts carried the Nanog-GFP-
IRESPuro” reporter and the tailtip fibroblasts of adult Discosomasp.
red fluorescent protein (DsRed)-transgenic mice, respectively, and
were maintained as described previously (13, 14). The enhanced
green fluorescent protein (GFP)-transfected ES cell line D3, a kind
gift from Dr. Masaru Okabe (Osaka University, Osaka, Japan), was
maintained as reported elsewhere (24, 26).

In vitro differentiation of ES cells and iPS cells into a
muscle cell lineage

Differentiation of mES and miPS cells was based on a previously
established protocol (24). Briefly, in order to eliminate feeder
cells, undifferentiated mES and miP$ cells were treated with
0.5% trypsin/ethylenediaminetetraacetic acid (Life Technolo-
gies, Inc., Grand Island, NY, USA; http://www.invitrogen.com)
and transferred onto tissue culture dishes (Falcon; BD Bio-
sciences, San Diego, CA, USA; http:/ /www.bdbiosciences.com)
coated with 0.1% gelatin (Sigma-Aldrich, St. Louis, MO, USA;
http:/ /www.sigmaaldrich.com) in maintenance medium sup-
plemented with 5000 U/ml leukemia inhibitory factor (LIF), at
a concentration of 5 X 10% cells/cm?. For embryoid body (EB)
formation, mES and miP$ cells were cultured in hanging drops
for 3 d at a density of 800 cells/20 ul differentiation medium,
consisting of Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal calf serum (FCS), 5% horse serum
(Sigma), 0.1 mM 2-mercaptoethanol, 0.1 mM nonessential amino
acid, and 50 pg/ml penicillin/streptomycin. EBs were then trans-
ferred to a suspension culture in the differentiation medium for an
additional 3 d. Finally, each EB was plated onto 48well tissue
culture plates (Falcon) coated with Matrigel Basement Membrane
Matrix (BD Bioscience, Bedford, MA, USA; http://
www.bdbiosciences.com). The medium was changed every 5 d.

Immunostaining

Immunofluorescence and immunocytochemical analyses were
performed as described previously (24). Primary antibodies
(Abs) used in this study included mouse anti-Pax3, mouse
anti-Pax7 (R&D Systems, Minneapolis, MN, USA; http://
www.rndsystems.com), rabbit anti-Myf5 (Santa Cruz Biotechnol-
ogy, Inc., Santa Cruz, CA, USA; http:/ /www.scbt.com), mouse
anti-MyoD1, mouse anti-myogenin (Dako, Carpinteria, CA,
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USA; http://www.dako.com), mouse anti-myosin heavy chain
(MHC) (Zymed Laboratories, San Francisco, CA, USA; http://
www.invitrogen.com), rabbit anti-DsRed (Clontech Laboratories
Inc., Palo Alto, CA, USA; http://www.clontech.com), rat anti-
laminin«2 (4H8-2; Alexis Biochemicals, San Diego, CA, USA;
http:/ /www.axxora.com), and mouse anti-dystrophin (MANDRAL;
Sigma). The secondary Abs used in this study were Cy3-
conjugated anti-mouse, anti-rabbit, or antirat IgG (Jackson
ImmunoResearch Laboratories Inc., West Grove, PA, USA;
http:/ /www jacksonimmuno.com), fluorescein isothiocyanate
(FITC)-conjugated ant-mouse or anti-rat IgG (Jackson Immuno-
Research), and Alexa 633-conjugated anti-rat IgG (Molecular
Probes, Eugene, OR, USA; http// probes.invitrogen.com). Vec-
tastain ABC Kit and DAB substrate Kit (Vector Laboratories,
Burlingame, CA, USA; http://www.vectotlabs.com) was used for
diaminobenzidine (DAB) staining. Hoechst 33342 (Molecular
Probes) was used for nuclear staining. For the in vivo myogenic
differentation assay, the engrafted muscles were isolated and
frozen in liquid nitrogen-cooled isopentane (25). The Vector®
M.OM.™ Immunodetection Kit (Vector Laboratories) was
used to prevent nonspecific secondary antibody from binding to
Fc receptors in the frozen sections. The samples were then
examined using a fluorescent microscope (FluoView System;
Olympus, Tokyo, Japan; hitp:/ /www.olympus-global.com) or an
ASMDW system (Leica Microsystems GmbH, Wetzlar, Germany;
hitp:/ /www.leica.com). Photographs were acquired with an Axio-
Cam (Carl Zeiss Vision GmbH, Hallbergmoos, Germany; http://
www.zeiss.com) or an ASMDW system (Leica Microsystems
GmbH). DAB and HE staining were performed as previously
reported (27).

RT-PCR analysis

RNA isolation and RT-PCR were performed according to
previously established protocols (24). The oligonucleotide
primers for Pax3, Pax7, Myfs, MyoD, Myogenin, and GAPDH
were described elsewhere (24).

Flow-cytometric (FCM) analysis and cell sorting

Staining procedures, FCM analysis, and cell sorting were
performed as described previously (24). On d 20, EBs were
collected and treated with enzyme-free Hank’s-based Cell
Dissociation Buffer (Invitrogen, Carlsbad, CA, USA;
http://invitrogen.com) for 30 min at 37°C, and gently
dissociated into single cells. The resultant cells were
stained with biotin-conjugated or rat SM/C-2.6 antibody
(25) and then with allophycocyanin (APC)-conjugated
streptavidin or anti-rat IgG (Becton Dickinson Labware,
San Jose, CA, USA; hitp://www.bd.com). The primary Abs
used for FCM analysis included mouse anti-CD34 (Becton
Dickinson), mouse anti-CD56 (Biolegend, San Diego, CA,
USA,; http://www.biolegend.com), mouse anti-M-cadherin
(Calbiochem, San Diego, CA, USA; http://www.calbiochem.com),
mouse anti-c-Met, and mouse anti-integrin a7 (R&D Systems).
The secondary Abs used in this study were PE- or FITC-
conjugated ant-mouse IgG (Becton Dickinson). Dead cells were
excluded by propidium iodide (PI) (Sigma) or 4’,6-diamidino-
2-phenylindole (DAPI; Sigma) staining. Samples were analyzed
using a FACSCalibur apparatus and the Cell Quest software (Bec-
ton Dickinson). Cell sorting with the SM/C-2.6 Ab was performed
using a FACSVantage flow cytometer (Becton Dickinson).

Intramuscular cell transplantation
Male mdx mice (Central Laboratories for Experimental Animals,

Kanagawa, Japan; http://www.cleaJapan.com}, aged 6-8 wk,
which originated from the CH7BL/10 strain, were used as
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20 X200 (a, b); X40 (c); X 100 (d—f). Scale bars = 200 pm. D) Proportion of wells exhibiting mES
(solid bar) and miPS (open bar) cell-derived myogenic differentiation. Data are presented as
0 ES S means = sD of 3 independent experiments. N.S., not significant.
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Figure 2. Myogenic marker analysis in mES and miPS cell-derived cultures. A, B) Sequential RT-PCR analysis of skeletal
myogenesis-related genes. Data for D3 mES cells (A) and 38D2 miPS cells (B). For semiquantitative comparison, samples were
normalized by dilution to produce equivalent signals for GAPDH. C-N) Skeletal myofibers were observed in cultures, which were
positive for anti-Pax3 (C, 1), anti-Pax7 (D, J), anti-Myf5 (E, K), anti-MyoD (F, L), anti-myogenin (G, M), and anti-MHC (H, N)
Abs on d 20 of differentiation. Data for D3 mES cells (C-H) and 38D2 miPS cells (I-M). mES and miPS cell-derived cultures
were analyzed using Cy3. Nuclei were costained with Hoechst 33342 (blue). Original view: X200. Scale bars = 100 pm.
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