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A) (B
27KkD h §
27k © Sl 2 L
2750 B ® i
M4, 7R scFv-FNP O U = A Z T awT 4 7.

(A) scFv-FNP 4a. (B) scFv—-FNP 4b. (C) scFv-FNP 5a.
(D) scFv-FNP 5b. (E) scFv-FNP 6a. (F) scFv-FNP 6b.
b EE®S 1, EEES 2., LEE .

1-4 scFv-FNP i s & AT
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TR L Vg L (M5), AMlaix ATL Mgk
Th b SIT fifa L OFE ATL Mifatk ThH 5 CEM
MR 2 U7z, i Dy BfE C IR I 43 A [EDIN L R
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5. FACS fg#t. (A) S1T MifIZ*ktd 2 scFv-FNP
4b OfEAE M, (B) SIT MAaIZxt7 5 scFv-FNP 5a,
5b DfEE M, (C) CEM #2595 scFv-FNP ba,
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scFv-FNP 5b %/l 2 7= CEM #jd.
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52 eIk o C MEIC FNP RiICEELENTEY,
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WaEEILND,



E

% B

B CHE L- NTA-= > 7 )L-His ¥ /&%

It L7z scFv-FNP 2 ATL fifa 28 BRI & Lz,
Stk REEOSRB TR ST/ RFE AW
scFv-FNP OB &, bz A7z ATL 22l -
Tu—7¢ L TUSHERS,

2% 3k

1. e, RBIEBRFEH LEIRAHME L,
2013.

2. S. Muraoka, et al. J. Biochem. 2009, 145(6),
799-810.

(U8

U Loi Lao, et al. J. AM. CHEM. SOC. 2006, 128,
14756-14757.

Chenjie Xu, et al. J. AM. CHEM. SOC. 2004, 126,
3392-3393

ERaREH

WroER &

Fm TR

oShinchi,H., Wakao,M., Nagata,N., Sakamoto,M.,
Mochizuki, E., Uematsu,T., Kuwabata,S., Suda,Y.,
Cadmium-Free Sugar-Chain-Immobilized
Fluorescent Nanoparticles Containing Low-Toxicity
ZnS-AgInS2 Cores for Probing Lectin and Cells,
Bioconj. Chem. 2014, 25, 286—-295

Mbanefo EC, Kikuchi M, Huy NT, Shuaibu MN,
Cherif MS, Yu C, Wakao M, Suda Y, Hirayama K.,

Characterization of a gene family encoding SEA

(sea-urchin sperm protein, enterokinase and
agrin)-domain proteins with lectin-like and
heme-binding  properties  from  Schistosoma

japonicum. PLoS Negl. Trop. Dis., 2014 Jan
9;8(1):e2644.

Hashimoto M, Obara K, Ozono M, Furuyashiki M,
Ikeda T, Suda Y, Fukase K, Fujimoto Y, Shigehisa
H., Separation and characterization of the
immunostimulatory components in unpolished rice
black vinegar (kurozu). J. Biosci. Bioeng., 2013

Dec;116(6):688-96

20

)

ho

®

Mbanefo EC, Kikuchi M, Huy NT, Shuaibu MN,
Cherif MS, Yu C, Wakao M, Suda Y, Hirayama

K.,Characterization of a gene family encoding SEA

(sea-urchin sperm protein, enterokinase and
agrin)-domain proteins with lectin-like and
heme-binding  properties  from  Schistosoma

japonicum. PLoS Negl. Trop. Dis., 2014 Jan
9;8(1):e2644.

Fujimoto Y, Mitsunobe K, Fujiwara S, Mori M,
Hashimoto M, Suda Y, Kusumoto S, Fukase K.,
Synthesis and biological activity of
phosphoglycolipids from Thermus thermophilus.
Org. Biomol. Chem., 2013 Aug 14;11(30):5034-41.
Kodama Y, Okamoto Y, Nishi J, Hashiguchi S,
Yamaki Y, Kurauchi K, Tanabe T, Shinkoda Y,
Nishikawa T, Suda Y, Kawano Y., Ramsay Hunt
syndrome in a girl with acute lymphoblastic
leukemia during maintenance therapy. J Pediatr

Hematol Oncol. 2013 Jul;35(5):e224-5.

FRERE

OFitit .z . AR, AEBE. AHEBE.

FHEFE, ARML, BMERAE, THEHEE®
SetET KT A RAVEE T 2 N EREEED
B 52 Wk Bo6, &, 5/1 8 14:00, =H
REFEREF ¥ /R BE2EL R 25 F£E B A
EFENNE2F%. 201345 A 18 AH-19
A

Yasuo immobilized

Suda
nano-particles for clinical diagnosis of HIV/Flu”

4, FBPS 2013

“Sugar-chain
June Tenth International

Symposium  on Frontiers in Biomedical

Polymers ,Vancouver, Canada, June 3-6, 2013

O RIEIL, Friiig o KB~ & TATEIR,
LA, BARKES, S, BMERE, FEH
B E (b EME T/ R 2 FO 7oA AR R AR
0-29 10:45~11:00, 6 A 21 A¥ER, BAT 3
TN Fuo—ifsEs F8EIFR T 25
F£6H198 OK) ~218 (&), ERERHER

REF



@ MmHEEA. EIE—, ALES, fIE—Z. F
A, BRUERY, KREEA, KAEFE, FEH
BEEET /BT 2 AWERF A 7oy
VORBEDN, 6 H20 ARR, F2 7HA
TNECFRERROS 20134 6 A 28 H
(&) ~30 B (B), dLEERE KFEREE
FHIER A

® oShinchi H, Yuki N, Ishida H, Hirata K, Wakao M,
Suda Y, 143-Quick and convenient diagnostic
method for Guillain-Barré syndrome using
sugar-chain immobilized fluorescent nano-particles,
June 24, Glyco22, Dalian, China, June23-28, 2013

® #FruEz, R, aEFE FHE- &
RHESL, BEEE., V7 Uy REHEE(
WS VRFERWEXT - N —E R
fi S, P-07 4, 8 A 6 BRKR, RA¥—
FE, B3 2EBAEEZRFR. T 2548
HboR (A) ~7H (K, REREEZRE - #

@ RFnEE, ATEF, MERAE, EREH,
BEREHEET, &F8H. NHEER, ETER,
HATEIR, ERFLR YA L2 (HEV) BE#EER
IZ2WT, ZOZFET AV AZRRE. BARY
A VAFERENES, 11 A 11 BHER, Pk 25
F£11 A 10 BH~12 B, HPEERSES

BHRAE, HEHE ST/ A FT 7/ no—%H
WIe T A N ADEBERELZEI S 2T 5, FEL
256 11 A 11 B, &REMNRFREE, A4 4
M, C42 FEEM (IERED)

©@ BHEAE., £ 23 BEWST7+—F7L5 FX7
E - NTF RO & RE, FEHIZESL
NAFF T 7 7 ao—IC 8D 0 AV ARYE
ORIZWHERZE, TR 25 F 11 A 29 B, 7L
PN REZFE R >/ SA PR  E AR R R —
4P

H ®EMEHEOHE @ B&RI
FEFF

O PCT/JP2014/056073 (2014/3/7) . fafEMERHAH
TR EE SR PUE 2 3R T A A & D F

A MMERE. BREME, AEBE, MR ;
MRE‘AT 4 v 7 AL T v 7 BESRE
BANBREBRE, B KFEENE R K

AT EUS

O BT FUHFF 2,556,406 (2013/4/2) FESHD K> K
BEK, BLOZEOY T FEAEEEZHA WS
VR EDANTITIE ST EE AR R TR
B, ESRFEN BREERY

@ BAKTF 5278992 (2013/5/31) AL{RRSEYE &
FESH L OMAEER ORIEF L, EEBEEDE D
PEGURIUME DM H L., AEREEDBEDOR S Y
—= v 7k BLOEREEYE DO/ F —=
VIHE, TR I NS DFEEERT 5720
DF v b WMILATBIE AR FHIFIR SR, [E
SRFEN BREBRE, BHEEA

@ BA%RFFF 5339310 (2013/08/16) FEsHY K> R
BAEEK, BRIz H Y REAKRER W
VR E O MSIATEE AR IR
B, ESRFEEAN BRERT

@ HFFEFF 2,691,496 (2014/4/ ) A(KEEEY
B L L OMEERORIE L, ARy
B OFESRPUE OFM T IE, A RBEEYE O X
7)== 0k, BIXOVEKRBEEWE D/ $F
—= VK, YIS0 FERERT S
T2 DF v R PSIATBUE NBFE TR B,
R AR A

2. ERFEBK
mEE L,

3. F D
201149 H 14 H HARFETE

e CH I VigH ERERESNCFvy— HIH
EXPE TR A

20134 7H 17TH MBC =2 —XF U HE
(R C U A VAR, FMEREHE)

20134 11 A 13 B TBS N =& ik

201441 H 270 EHFHHE



(70 EER»GHRIT 28R EkivkE 201442828 m@EAARHH

B 50 775 M TA 7 Vs BIRERFEERONF v —
DIRHHE. TR~

20144 1 H 2780 @A HHE

(Ao o=y WRTFzvr BREDORV

Fx—. bELNOERLBET]

22



RAETBR N RE MBS (5B 3 TN AREEIEITER)

sriatREmE &

wrfl A T OEAMTBASE & fRAT

WrgEor s BAREIL KRB RZRFEREZRIIER - 2%

(BFEEE)

AR 2 ER LI B TR RO EHRLIT T, BARANBEEO S ASMIEKE AV TE O R L B
HERTOIVLEND D, LU RELESASHIAEOBSIINELICRETH ) RIEE TIOMER &
BB OB ENEEICHEREN TV D LDV, 20Xk 5 BREELZWRT 57O BRI
ETMIL7DEDE b iPS ZE OARANOHNTAZEZBIRLBEEETITNS 00 Ago#m
STHEOEBEMIALZERE L, BREFLTEZ, ZO0MAEZHANTLI OU LD BA MBS iPS #
fa%ZE L THINTHZ LI Lz, £/, iPSHEOBSIZIROMAZEZREIZ, FRY Turs I
JRFERRLE,

ABTEBER b IHIT, INETOPSHIBOFEEHRDOT — ¥
B IZ &Y BARANED BTl 5 28 AR BRI, EASTERCT B 208ERTHE R LI, iPSHRIRREE
ZEMIC LEBEFIREOERICIT. BAA e o L atpps . .

o3 0 745 A B RN B R\ T OBV A BT ARICEDD S = £ PR S, Rl (cb s
BYDUEND S, Box I TORFED URFAZ=V) ZmAR (RCAZ %) OFAbT
BRE L L THAADEMMIEEHEG) D EH OE NOF/LNIERHOMBRT A AW TERTFHRE
Blge 2 A L. BB E BT DT E R DDA R ZB 22, HERE TERERL OV HEET
%ﬁ%m@?i%ﬁff@ Lﬁ)b‘iﬁbkﬁ%’ﬁ%m Zunpaired t-testi” & > T, #LaFFRIICHIHE Lz, =
E@;@;ggﬁﬁﬁ;ﬁfﬁgﬁg@;ﬁﬁ 16 OB PSRRI 1T

Sty ThHAEMN DY EHOY Tu T I IET
PR B 7m0 EEMAOET A b 0 B &L HITHBEMARICEA L THERB L 72,

HE R iPS L DARANOBITHZ L%

Bie L7z, #Rx 2BEAERZF OB ARANBR C Hroems

iPS ORI ZFEE T 5 2 L TR EHEIICEA LT ZA . FD O BHOU & DDLX4
WIRTTNRDPRETE 2, ZOCT3/4, SOX2 & & b I U BHIIIC A L7z & =

B R % (0SD) | ¢-MYC, KLF4% L C4iPSHIRAA FHE

I B KB SRR G 2005 4EF 0 FEE B e T&, £/, KLF4Z M2 A Z Ltk »T, &7

S5 33 Ah e B 2340 22 - Y - >
B ST O W BEE A (DPSC) & IVE LT 5, 2013 SHEDHEO LRBBFE NI, T, BRI
- o RSN 3 A k= il 3PS Y
E12HETIc. 19300 Apoliastmn L s (O VT R7T I VIR OBRIRENPSHE O
. . 5 R |2 2 S \
A7 L7, £ohT, PSHBIRHICHT sFEaE R s CRRTE S C EDPSCEANCH

e E|IBREEICRF LT
biFZ2 0 0 MCoWT, WFRFEERT 5L L PP EIREICERLE.
NENEN e o
RYUANANY 5 BVIERIRID S ) M ALHA RO E 2 7 ) =2 7 L, LONZA

FRIZC TS % T R 2% B TIPS % & DMSCGM-CDAS, th s RICFIATE 52 &
Sl (BUEL 5 ASEE) . 2odcr. gAk  EODRELT £IC, Ml TR L7 B
AANODKI2 0% L. EICBHEFRETH D & THIEN fains. 7 DO BRAT L TR D FBRAY
TV BEBHLAR — B AREMER 3G ER T OPROESIA VARG S ERIA LT

CytoTune-iPS(DNAVEC)% AT, iPSHIlE 2 35E L

23



e A BOBOIPSHILZ n— 2 BB, &
BT 2 b OIPSHIAIZRE R D7 ik & # e 7narb
mehERLE,

D.E%&
SN B1 e ST, ERERICEV TERBESR
We LTS ENTND, KR RZEICBVTRES
N7~ RDPSC XHICFAREICHERZZHLAN T 1
B A4 FHREDPSCE G CERIETHEE DRV
HYEZ Lo TIPS MIlAIZFFE R TH D 2 & RS
. iPSHINAZ W - B AEROERLICAR A K2
iPSHIA N 7 DR EZ B Z R OBOAEMRY) Y —
AL DH I EPRENT,
iPSHIIAIZAEEICBIET B LT 7 h—~ (REHE)
FRET ALV BRTIEINAMILTH Y | FHEIPS
M BT % 7 u— EMICIEER & 2R T
EEAHBT 5, 4%, BAERICHIREAERH
A NSk DiPSHING % . HLASE & e AZ (@ A BT 3 58
L. fSieResr S 5 FTREME DS W PSHIE A b OFEE
Fe B AT EE 2 R L CL BRI ORI
B E LIfEx RIBRTT VARSI T D2 2 & WA
BETHA I,

& 512, m-CRAN Y Z —DAIESCRE % B
ZAAOE 2 72 % D CRatT 2B oMo Y
— 2L LTHRELRBEOERN Ay 77V FE
FroiPSHias & kg LAz Hnwb Z & T,
m-CRAX 7 % — % JAW = v OB TIRIEICEHEE
BT DI ENARTHA I,

E
FABBRCAERZHLANT 8 % A 7REDPSCE &
¥C. DPSCIRY /) DB T~ DA IAD Z E D72
FHEEIL L > THEROFETHEI N b D L RF
DiPS FINAICEFEAIRETH D 2 & AR S, iPSHI
A % FA 72 B AR R R 0> 3E B IZ R AT R 72 iPSHE A /S
VI DOEEERBIRIBOFRRY Y —ALRDZ
EWREINT,

iPS M OFHENEOMEEELE S KT DHER
I iPS MIfA DRI AR BILICENL D L & b, BAE

24

BN OEGEEZHRAL. TRT 2H R FERICER
THAREMEN B D,

m-CRA 7 & —OFHESCEEMLEZ EEBEAD
Bz oIl Z O CREHT 2EROMIIBD Y —A & L
C. BEEEORBEMINHFE L7 iPS Mlgs &
Bio, HrxoOiaar s a bR LICEE L
MR OIS & & B ot Ao iPS fllfiah &Lk
L MEEAVNSZE S, m-CRA N7 Z—& A0
H L OBEETIRRICERT 2B A0 D,

F. REARER

G. FEREXK

1. FwICFER
Yamada, K., Ohno, T., Aoki, H., Semi, K., Watan
abe, A., Moritake, H., Shiozawa, S., Kunisada' T.,
Kobayashi, Y., Toguchida, J., Shimizw K., Hara, A.
and Yamada, Y. EWS/ATFI expression induces s
arcomas from neural crest-derived cells in mice. J.

Clin. Invest. 123, 600-610, 2013.

lida K, Takeda-Kawaguchi T, Hada M, Yuriguchi M,
Aoki H, Tamaoki N, Hatakeyama D, Kunisada T
Shibata T, Tezuka K. Hypoxia-enhanced derivation of
92,

iPSCs from human dental pulp cells. J Dent Res.
905-910, 2013.

H. S EE O HE - &R (FEEZEL,)
1. B s
Bl

2. ERFTEBE
L

3. =D
2L



BAGBRFIREMI S (58 3 YO0 A S BIEHT e F3E)

SHEBTERE &

NLZ Y A — < e 2 F VO 72 Je gt e i) A1 B A9 oD 2 B

WRgEsyHRE T AeiE KB TR AT SERT - iR

=
=

(WraeE g )

HOERRE, [EBEEEKE. FIOAAl - BEEBRBEETEREEZ A T 5 BN AEBMIZIT. BATREOEERIEN
ThO ., FOMRMBENTZE LIIREEMN ORI EILHHRS ABIBREORIHIZEN D L HIffS LTV 5,
UL, BABHIEOREEITRZEH L M- bERBENTZ VAT 7 X h—~ (HRBFE, GBM)
FEREEN 2B T2 NN AEME (mGIC) Z/ER L. Z ORI 7 HBREENORIE ZRA TV D,
AAEEIT, mGIC LWEEE £ TIZBIILZ e b GBM ZiEMiiasE (hGIC) #AWT., #HE GIC HE/
<A 71 RNA (miRNA) BHORIE & T 5 OMRERRIT 21T - 7=,

AMEEH

FEBIZFET AN A BRI, aiaae
7 - IBIGTEARE - IRERERIEE AT 5, 2
DT ) AT & R RN LIREIEM 2
RET 5D &, FESARIBEEDORIH
WCER D, B BITRBREN TR AEMAG
DIFRZ A, MiRepiila (NSC) &4
IF v Rat A NiREEEERE T2
VAT 57X b—<igfild (mGIC) D{EHR
W LTz, 2O mGICIE, 1 0% X—
R~ ZAWACBET 2 Z &LV e b
GBM & A UymBRAT A & /- 4 B IS S %
T %5, (Hide et al, Cancer Res. 2009;
Nishide et al, PLoS One 2009; Hide et al,
Stem Cells 2011),

ARFFETIE, FR GIC ~—Fh — - IRIFE
HORIEX BE9E LT, GIC JEEFREE
B 5 % #HH miRNA BEORIE LR AT,

B.WFEF

DNA A 7827 LA %H\T, mGIC,
hGIC B XL ONIE® NSC THRHE LTV
miRNA ORI R fENT 21T\, GIC THE
D3NS D miRNA B4 RIE L7, i L7z
B mIRNA [Z DWW T, FOBEIRBEIC LD
GIC ~D 2 (AaHEsE - HIfasE - EENEE -
JEBIRREE) & MEt L7,

AWFGEIE, B R FE B TR 2 ER,
HYEHR. & FREEZRAWZHEICET S

EEES OERREHETHEIT LT,

C MR
2 FE¥EOmMGIC, 3 FFEDKGIC, 2FED

t FGBMAfafk, & k&~ ANSCIZHH
L TV 5 miRNA DGR 2 iFHT 21T
HmiRNARE % [F7E L 7=, GBMIZH T B HEhE
BEE SN TORNGIC-miIRNATIZ DWW T
RET D TR R, N EEIHIR T &
LTHETAZEERA L, EIZ,
GIC-miRNA1 DIFERE F 23 fifast~ ~ U v
JAZADVET ) CTHIHEFTHDL LD
BN L, TRDDRERENS,
GIC-miRNA DR il 56 HLR E DFFE A HT R
GBMigRIE L B Z L &R LT,

D2

AHFE CIEGIC-miRNA1 % & 8 7= 84 D Hi
MEEZh RN TE ZmiRNAZRIE L TE
V. A%m-CRAICHAAT Z &2 X 0 i
PEEREZ AT HIRYOMEZT T/ U

CANVADRIHAFREL B DD, ETo,

25

AWFZETHIH U 7-miRNABE DM MLEEIC b H
DNTHLINE I DOBFHIFEFRIZEETH
Do



E #

AL GIC &t~ GBM # 7%z AT,
GBM 2B %72 GIC-miRNA ZRE L. €D
FAD=ALNERONT LT,

F. BREAKRE#R
G. FERRK
1. FwSCFE+R

GIC-miRNA1 abolishes tumorigenesis of

glioblastoma-initiating cells by inhibiting a

26

cellular matxix remodeling factor.
Yamashita et al, Submitted.

2. FRER

Investigation of miRNAs involved in gliom
agenesis. Anticancer Drugs 2013, Stockhol

m Sweden, August 2013

H. MEMEREOHE - RERT (FE
zEte,)
1. ReRFHEE

7 F—< T EVER %% 9 D microR
NA HFEZEF2013-238279



AL 4

I
#H

WHERRDTITICE T 5 —RE

EFH K4

M A Mg

2D
A4

kit

HHRRH

HAREE | ~—

HERE

REHRA

L A BV

FRFEA

E

Ny

HAREF

Yuge K, Takahashi
T, Khai NC, Goto
K, Fujiwara T, Fuji
wara H, Kosai K

Intramuscular injection
of adenoviral hepatocyte
growth factor at a dist
al site ameliorates dextr
an sodium sulfate-induc|
ed colitis in mice.

Unt J Mol Me
d

33(5)

1064-1074

2014

Tanoue K, Wang
Y, Ikeda M , Mitsu
i K, Irie R , Setog

Survivin-responsive con|
ditionally replicating ad
enovirus kills rhabdomy

uchi T, Komiya S,
Natsugoe S, Kosai

osarcoma stem cells mo
re efficiently than their

K

progeny.

J Trans Med

2014

Irie-Maezono R. an|
d Tsuyama S

etion potency in gastric
parietal cells.

Immunohistochemical aOpen journal
nalysis of the acid secrlof Cell biolog

y

179-185

2013

Ijichi N, Shigekawa

T, Ikeda K, Miyaz
aki T, Horie-Inoue
K, Shimizu C, Saji
S, Aogi K, Tsuda
H, Osaki A, Saeki
T, Inoue S

Association of positive
EBAGY

immunoreactivity ~ with
unfavorable prognosis in
breast

cancer patients

treated with tamoxifen.

Clin Breast C
ancer

13(6)

465-70

2013

liichi N, Ikeda K,
Horie-Inoue K, Inou
e S

FOXP1 and estrogen si
gnaling in breast cance]
r.

Vitam Horm

2013

27




Nakamura S, Nagan
o S, Nagao H, Ishi
dou Y, Yokouchi
M, Abematsu M, Y]
amamoto T, Komiy|

a S, Setoguchi T

Arsenic trioxide prevent]
s osteosarcoma growth
by inhibition of GLI tr
anscription via DNA da
mage accumulation.

PLoS One

8(7)

69466

2013

Imamura K, Maeda
S, Kawamura I, M
atsuyama K, Shinoh
ara N, Yahiro Y, N
agano S, Setoguchi
T, Yokouchi M, Ish
idou Y, Komiya S.

Human Immunodeficien
cy Virus Type 1 Enhan
cer-binding Protein 3 Is
Essential for the Expre
ssion of Asparagine-link
ed Glycosylation 2 in t
he Regulation of Osteo
blast and Chondrocyte
Differentiation.

J Biol Chem

289(14)

9865-79

2014

Kakoi H, Maeda S,
Shinohara N, Mats
uyama K, Imamura
K, Kawamura I, Na
gano S, Setoguchi
T, Yokouchi M, Ish

idou Y, Komiya S

Bone Morphogenic Prot
ein (BMP) Signaling U
p-regulates Neutral Sphi
ngomyelinase 2 to Supp
ress Chondrocyte Matur
ation via the Akt Protei
n Signaling Pathway as
a Negative Feedback
Mechanism.

J Biol Chem

289(12)

8135-50

2014

Natsugoe S, Arigam
i T, Uenosono Y,
Yanagita S, Nakajo
A, Matsumoto M,
Okumura H, Kijima
Y, Sakoda M, Mat
aki Y, Uchikado Y,
Mori S, Maemura
K, Ishigami S

Lymph node micrometa
stasis in gastrointestinall
tract cancer--a clinical
aspect.

Int J Clin O
ncol

18(5)

752-61

2013

Uenosono Y, Ariga
mi T, Kozono T, Y
anagita S, Hagihara
T, Haraguchi N,

Matsushita D, Hirat
a M, Arima H, Fun
asako Y, Kijima Y,
Nakajo A, Okumur
a H, Ishigami S, H|
okita S, Ueno S, N
atsugoe S

Clinical significance of
circulating tumor cells i
n peripheral blood from
patients with_gastric ¢
ancer.

Cancer

119(22)

3984-91

2013

28




Shinchi H, Wakao

moto M, Mochizuki
E, Uematsu T, Ku
wabata S, Suda Y.

Cadmium-Free Sugar-C

M, Nagata N, Sakahain-Immobilized Fluore

scent Nanoparticles Con
taining Low-Toxicity Z
nS-AgInS2 Cores for Prf
obing Lectin and Cells.

Bioconj Chem

286—295

2014

Yamada K, Ohno

T, Aoki H, Semi

K, Watanabe A, M
oritake H, Shiozawa
S, Kunisada’ T, Ko
bayashi Y, Toguchi
da J, Shimizu K, H|
ara A. and Yamada
Y.

EWS/ATFI expression i
nduces sarcomas from
neural crest-derived cell
s in mice.

f

J. Clin. Inves

600-610

2013

lida K, Takeda-Kal
waguchi T, Hada
M, Yuriguchi M, A
oki H, Tamaoki N,
Hatakeyama D, K|
unisada T, Shibata
T, Tezuka K.

Hypoxia-enhanced deriv
ation of iPSCs from huy|
man dental pulp cells.

J Dent Res

92

905-910

2013

29




INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 33: 1064-1074, 2014

Intramuscular injection of adenoviral hepatocyte growth factor
at a distal site ameliorates dextran sodium
sulfate-induced colitis in mice
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Abstract. Inflammatory bowel disease (IBD) severely affects
the quality of life of patients. At present, there is no clinical
solution for this condition; therefore, there is a need for inno-
vative therapies for IBD. Hepatocyte growth factor (HGF)
exerts various biological activities in various organs. However,
a clinically applicable and effective HGF-based therapy for
IBD has yet to be developed. In this study, we examined the
therapeutic effect of injecting an adenoviral vector encoding
the human HGF gene (Ad.HGF) into the hindlimbs of mice
with dextran sodium sulfate (DSS)-induced colitis. Plasma
levels of circulating human HGF (hHGF) were measured in
injected mice. The results showed that weight loss and colon
shortening were significantly lower in Ad.HGF-infected mice
as compared to control (Ad.LacZ-infected) colitic mice.
Additionally, inflammation and crypt scores were significantly
reduced in the entire length of the colon, particularly in the
distal section. This therapeutic effect was associated with
increased cell proliferation and an antiapoptotic effect, as well

as a reduction in the number of CD4* cells and a decreased -

CD4/CDS ratio. The levels of inflammatory, as well as Thl
and Th2 cytokines were higher in Ad.HGF-infected mice
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as compared to the control colitic mice. Thus, systemically
circulating hHGF protein, produced by an adenovirally
transduced hHGF gene introduced at distal sites in the limbs,
significantly ameliorated DSS-induced colitis by promoting
cell proliferation (i.e., regeneration), preventing apoptosis,
and immunomodulation. Owing to its clinical feasibility and
potent therapeutic effects, this method may be developed into
a clinical therapy for treating IBD.

Introduction

The breakdown of normal mucosal immunity causes the
development of inflammatory bowel disease (IBD), which can
be classified as Crohn's disease (CD) and ulcerative colitis
(UC) (1).IBD is a chronically relapsing and remitting condition
of unknown origin that exhibits various features of immuno-
logical inflammation and affects at least 1 in 1,000 people in
western countries. IBD is characterized by inflammation in
the intestine, and is associated with diarrhea, occult blood,
abdominal pain, weight loss, anemia and leukocytosis. IBD
primarily affects young adults, and the disease initially mani-
fests in childhood in 15-25% of cases. Therefore, IBD patients
often develop severe symptoms that decrease their quality of
life (2). Consequently, there is a need for innovative therapies
for IBD.

Current treatments for IBD focus on suppressing inflamma-
tion or modulating the immune response using corticosteroids,
mercaptopurines, 5-ASA, or monoclonal antibodies against
inflammatory cytokines. e.g., the anti-tumor necrosis factor
(TNF)-a antibody infliximab (3). However, despite the wide
variety of pharmacologic options for patients with IBD, consis-
tent cures and prolonged remissions have yet to be achieved.

Hepatocyte growth factor (HGF) was originally identi-
fied (4-7) and cloned (8.,9) as a potent mitogen for hepatocytes,
but has since been established as a multifunctional cytokine
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that exhibits mitogenic, motogenic, morphologic, angio-
genic, antiapoptotic and organotrophic effects in a variety of
tissues (10). HGF is upregulated in inflamed colonic mucosal
tissue in patients with CD or UC (11-13), and plasma HGF levels
are elevated in animal models of acute colitis (14). In vitro,
HGF modulates intestinal epithelial cell proliferation and
migration (15), thereby enhancing epithelial cell restitution,
which is the initial step of gastrointestinal wound healing. In
addition, administration of recombinant human HGF (hHGF)
protein reduces the severity of colitis and accelerates colonic
mucosal repair in models of TNBS-induced and DSS-induced
colitis (16-19), as well as in HLA-B27 transgenic rats with
colitis (20). Mukoyama ez al (21) showed that the intrarectal
administration of an adenoviral (Ad) vector carrying the
HGF gene prevented TNBS-induced colitis. Additionally,
Hanawa et al (22) demonstrated the attenuation of mouse DSS
colitis by naked gene transfer of rat HGF into the liver, and
Kanbe er al (23) reported the amelioration of mucosal damage
in DSS colitis by the intrarectal administration of the naked
HGF gene. In their study, Kanayama et a/ (24) demonstrated
the promotion of colonic epithelial regeneration by HGF gene
transfer through electroporation. Findings by those authors
suggest that HGF is potentially an important new treatment
modality for promoting the repair of intestinal mucosa in
patients with IBD.

In the majority of previous studies, HGF was provided in
the form of recombinant hHGF protein. However, due to the
rapid clearance of the HGF protein, large doses and frequent
administration of recombinant hHGF were required. Naked
gene transfer is a simple and easy method, but the efficiency of
gene transduction is extremely low, possibly leading to insuffi-
cient clinical effectiveness in human patients. By contrast, the
intrarectal administration of an Ad carrying the HGF gene is
considered to be extremely stressful for patients. Therefore, in
this study we injected an Ad carrying the hHGF gene in single
rounds of injections into both hindlimbs of mice 1 day after
administration of DSS. We then investigated the therapeutic
effects and mechanisms of systemically circulating HGF
protein, produced by a gene introduced into the limbs, in the
DSS-induced acute colitis model.

Materials and methods

Recombinant Ad. The Ad expressing hHGF under the tran-
scriptional control of the cytomegalovirus immediate-early
enhancer and a modified chicken p-actin promoter (Ad.HGF)
was generated as described previously (25). The Ad.HGF
and the control Ad expressing the LacZ gene (Ad.LacZ) were
amplified in HEK-293 cells, purified twice on CsCl gradients,
and desalted as described previously (26-29).

Animal studies. Six- to 7T-week-old female BALB/c mice
weighing 17-20 g (Japan SLC, Inc., Hamamatsu, Japan) were
housed in cages in a temperature-controlled environment
under a 12-h light-dark cycle with free access to food and
water. The animal studies were performed in accordance with
the National Institutes of Health guidelines, as specified by the
Animal Care Facility at Gifu University School of Medicine.
To induce dextran sodium sulfate (DSS) colitis, the mice
were provided with distilled drinking water containing 5% (w/v)

1065

DSS (MW, 36,000-50,000; ICN Biomedicals Inc., Aurora,

-OH, USA) for 7 days. Subsequently, colitis was maintained by

feeding the mice 1% DSS (30-32) in the drinking water.

One day after the administration of DSS, Ad. HGF was
injected into both hindlimbs of each mouse for a total dose
of 1x10" particles/mouse (i.e., 5x10" particles each into the
left and right thigh muscles) (n=8). Ad.LacZ was injected in
a similar manner into control mice (n=8). These groups were
followed until day 15 (i.e.. 8 days after the end of the 7-day
period of 5% DSS administration). To evaluate the severity of
colitis, body weight was examined on a daily basis. On day 15,
all the mice were sacrificed by inhaled anesthetics, and colon
samples were collected for examination. In other experiments,
on day 5 of 5% DSS administration, 5-bromo-2'-deoxyuridine
(BrdU, 100 mg/kg) was administered intraperitoneally to mice
(n=8) infected with Ad.HGF or Ad.LacZ, and the animals
were sacrificed by inhaled anesthetics 2 h later. These samples
were used for analyses of HGF signal transduction, cell prolif-
eration, apoptosis, cytokines and lymphocyte surface markers.
The concentration of exogenous hHGF in serum was analyzed
using the same dose (i.e., 1x10'" particles/mouse) of Ad.LacZ
or Ad.HGF in intact mice (n=16).

Enzyme-linked immunosorbent assay. The plasma concen-
tration of hHGF following adenoviral intramuscular gene

“transduction (IMGT) was measured in mice at each time

point (n=4) using the Quantikine human HGF Immunoassay
kit (R&D Systems, Inc., Minneapolis. MN, USA). TNF-a,
interleukin (IL)-1P, IL-6, interferon (IFN)-y, IL-2, IL-4 and
IL-5 levels in the colons of colitic mice were measured using
commercially available enzyme-linked immunosorbent assay
(ELISA) kits (BioSource International, Inc., Camarillo, CA,
USA) according to the manufacturer's instructions.

Immunoprecipitation and c-Met receptor phosphoryla-
tion assay. The phosphorylation and activation of the c-Met
receptor in colon tissues were detected by immunoprecipita-
tion, as described previously (33.34). In brief, 1 g of colon tissue
was homogenized in 4 ml of lysis buffer [1% Triton X-100,
150 mM NaCl, 50 mM Tris-HCI (pH 7.6), 10% glycerol, | mM
vanadate, and 1 mM phenylmethylsulfonyl fluoride] with a
protease-inhibitor cocktail (Sigma-Aldrich, Tokyo, Japan).
Following centrifugation, the supernatant was incubated with
0.5 pg/ml anti-mouse c-Met antibody (sc-162; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) for 4 h, and then sequen-
tially incubated with 5 il of protein G-Sepharose beads for 3 h.
After washing, proteins bound to the beads were dissolved in
sample buffer and subjected to SDS-PAGE. Phosphorylated
c-Met was immunoblotted using the anti-phosphotyrosine anti-
body PY20 (Transduction Laboratories, Lexington, K'Y, USA).

Histopathological analysis. After each mouse was sacrificed,
the intestine was dissected from the anus to the cecum and
rinsed with physiological saline. The colon length was
measured, and the colon sample was divided into three
sections (cecum, proximal colon and distal colon), with the
cecum being separated first, and then the remaining part of the
colon being divided into two equal segments (proximal colon
and distal colon). The cecum, proximal colon and distal colon
were opened longitudinally, and the proximal and distal colon
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Figure 1. Tyrosine phosphorylation of c-Met in the colon epithelium. Colonic
mucosal tissue of dextran sodium sulfate (DSS)-treated mice injected with
Ad.LacZ (n=4) or Ad.HGF (n=4) was solubilized in Iysis buffer. Lysates were
immunoprecipitated with anti-c-Met antibody and blotted with (A) anti-
phosphotyrosine antibody or (B) anti-c-Met antibody. Each lane represents
the colonic tissue lysate of individual animals. Adenoviral human hepatocyte
growth factor (hHGF) intramuscular gene transduction (IMGT) led to the
strong stimulation of c-Met phosphorylation in colonic mucosal tissue.

were equally divided longitudinally and transversely. Thus, the
cecum was divided into two sections, and the proximal and
distal colon were divided into four sections. The colon tissues
were fixed in 10% formalin and embedded in paraffin, and
4-pm sections were cut and stained with hematoxylin and eosin
(H&E) to determine the inflammation and crypt scores (35).
Briefly, the sections were graded on a scale of 0-3 to indicate
the severity of inflammation: 0, none; 1, mucosa; 2, mucosa
and submucosa; and 3, transverse, and on a scale of 0-4 to indi-
cate the severity of crypt damage: 0, none; 1, basal 1/3 damage;
2,basal 2/3 damage; 3: loss of the entire crypt with the surface
epithelium remaining intact; and 4, loss of the entire crypt and
surface epithelium. The changes were also scored with regard
to the extent of tissue involvement, measured as a percentage:
i) 1-25%, ii) 26-50%, iii) 51-75%, and iv) 76-100%. Each
section was then separately scored for each feature by taking
the product of the severity score and the score for the extent of
tissue involvement. Thus, the inflammation score ranged from
0 to 12, and the crypt score ranged from 0 to 16. Apoptotic
cells were detected using a light microscope (Olympus., Tokyo,
Japan) and the terminal deoxynucleotidyltransferase-mediated
deoxyuridine triphosphate biotin nick end-labeling (TUNEL)
assay (ApopTag kit; Intergen Co., Purchase, NY, USA), as
described previously (25,33.36). To detect proliferating cells,
BrdU incorporation was measured using a staining kit (Zymed
Laboratories, Inc., South San Francisco, CA. USA) according
to the manufacturer's instructions.

Endothelial cells, CD4* T lymphocytes, and CD8*
Tlymphocytes were detected in sifu using an anti-vWF antibody
(Dako Cytomation Co., Ltd., Kyoto, Japan), anti-CD4 antibody
and anti-CDS8 antibody (both from Zymed Laboratories, Inc.),
respectively, as described previously (25,36).

Statistical analysis. Values provided are the means = SEM
values. The significance of differences was evaluated using
the Student's t-test.

Results

Intramuscular injection of Ad.HGF produces circulating
plasma hHGF, leading to ¢-Met activation in the colonic
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Figure 2. Adenoviral human hepatocyte growth factor (hHGF) intramuscular
gene transduction (IMGT) ameliorated weight loss. Mice were given distilled
drinking water containing 5% dextran sodium sulfate (DSS) for 7 days and
1% DSS for 8§ days, ad libitum. One day after DSS administration, Ad.HGF
(closed circles; n=8) was injected into both hindlimb muscles of 8 mice. As a
control, Ad.LacZ (open circles: n=8) was injected into both hindlimb muscles
of another group of 8 mice. Ad.HGF injection significantly prevented weight
loss in colitic mice. "P<0.05.

mucosa. DSS-induced colitis was induced in 6- to 7-week-old
female BALB/c mice. One day after DSS administration,
Ad.HGF was administered in a single procedure involving
injections into both hindlimbs (total dose, 1x10" parti-
cles/mouse; as mentioned in Materials and methods). In the
hHGF-overexpressing mice, the plasma levels of hHGF were
1.140+101, 634+341 and 33.9+15.8 pg/ml at 2, 4 and 6 days
after injection, respectively. No hHGF was detected in the
Ad.LacZ-treated mice at any time point, demonstrating that
this method accurately detected only hHGF protein expressed
from the hHGF transgene, without a cross-reaction resulting in
detection of the endogenous mouse HGF protein. These results
indicate that hHGF expression was effectively induced by the
intramuscular injection of Ad.HGF, leading to the presence of
hHGEF in the plasma of the mice.

The biological effects of HGF are mediated by its receptor
c-Met, which is capable of activating multiple intracellular
transducers and signaling pathways. Therefore, we exam-
ined c-Met tyrosine phosphorylation in the colonic mucosal
epithelium by western blotting (Fig. 1). Phosphorylated c-Met
was detected at low or moderate levels in the injured colonic
mucosa of mice treated with Ad.LacZ, presumably as a result
of a DSS-induced increase in endogenous HGF in response to
colonic mucosal injury (14). By contrast, the injured colonic
mucosa of mice treated with Ad.HGF exhibited high levels of
c-Met tyrosine phosphorylation.

Adenoviral \HGF IMGT prevents weight loss in DSS-induced
colitis mice. DSS-induced colitis is characterized by bloody
stools and severe weight loss (30). In mice treated with
Ad.LacZ, we observed persistent liquid stool and waste with
subsequent severe weight loss. By contrast, colitic mice that
received a single round of injections of Ad.HGF exhibited
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Figure 3. Adenoviral human hepatocyte growth factor (hHGF) intramuscular gene transduction (IMGT) reduced inflammation in the colon and prevented
colon shortening in dextran sodium sulfate (DSS)-induced colitis. Colon lengths were measured from the colocecal junction to the anal verge on day 15
(Ad.LacZ, n=8; Ad.HGF, n=8). (A) Ad.HGF treatment prevented shortening of the colon in mice with DSS-induced colitis. "P<0.05. Representative colon
pictures from the Ad.LacZ- and Ad.HGF-injected groups are shown in (B). The scale bar indicates 1 cm.

significant reductions in liquid stool and gross bleeding from
the rectum (data not shown). Fig. 2 shows the mean weight
change, and that the body weights of Ad.HGF-treated mice
were significantly higher than those of the Ad.LacZ-treated
mice. In the Ad.LacZ-treated control mice, weight loss
occurred 6-7 days after the initiation of DSS administration.
Ad.HGF treatment significantly prevented this weight loss.

Adenoviral hHGF IMGT reduces colitis-induced intestinal
shortening and pathological scores. Shortening of the colon
correlates well with histologic changes, and colon length
is therefore frequently used as a morphologic parameter to
indicate the degree of inflammation (35). The colon lengths of
mice treated with Ad.LacZ and Ad.HGF were 72.0+10.6 and
82.0+4.7 mm, respectively (Fig. 3A). In contrast to the colons in
the Ad. HGF-treated group, the colons in the Ad.LacZ-treated
group were short and severely inflamed, with evident hemor-
rhages (Fig. 3B).

To validate this finding, we evaluated the effect of Ad.HGF
on DSS-induced colonic mucosal injury in mice by histo-
logical analysis at day 15. In the cecum and proximal part of
the colon (i.e., towards the end of the cecum), the inflamma-
tion and crypt scores appeared to be decreased by Ad.HGF
administration although this difference was not statistically
significant (Figs. 4A and B, 5A and B). By contrast, treatment
with Ad.HGF significantly decreased the inflammation and
crypt scores in the distal part (i.e., towards the anus) and in the
colon overall (Figs. 4C and D, 5C and D).

Kinetics of inflammation in colitic mice. To elucidate the
mechanism underlying the therapeutic effect of hHGF, we
studied the expression of TNF-a and IL-1f in the colon and
evaluated the inflammation and crypt scores at days 4, 7, 10 and
14 of the experimental colitis model (Fig. 6). The expression
of TNF-a and IL-1f3 peaked as early as day 4 (Fig. 6A and B).
The inflammation and crypt scores peaked as early as day 7
(Fig. 6C and D). Given that the plasma concentration of hHGF
protein peaked on day 2 and decreased thereafter, colon tissue
were sampled and hHGF functions were analyzed on day 5.

Adenoviral hHHGF IMGT suppresses apoptosis and enhances
regeneration of the colonic epithelium. In DSS-induced

colitis, loss of colonic mucosal epithelial cells is closely
associated with apoptosis (37,38). To evaluate the role of
Ad.HGF in preventing apoptosis in colonic epithelial cells,
we performed the TUNEL assay to detect apoptotic cells
(Fig. 7A). Ad.HGF-treated colitic mice had significantly
(2.1-fold) fewer TUNEL-positive cells per high-power field
(HPF) than Ad.LacZ-treated colitic mice.

To determine whether Ad.HGF-injection stimulated the
proliferation of colonic epithelial cells, we measured the DNA
labeling index in the colonic mucosal epithelium. As shown
in Fig. 7B, the average number of BrdU-positive cells in the
colonic mucosal epithelium was significantly (1.8-fold) higher
in Ad.HGF-treated as compared to Ad.LacZ-treated mice,
suggesting that hHGF stimulates proliferation in the colonic
epithelial cells of colitic mice. These results suggested that
adenoviral hHGF IMGT promoted survival and regeneration
of the colonic mucosal epithelium in mice with DSS-induced
colitis. HGF is known to promote angiogenesis (10). Therefore,
we hypothesized that the angiogenic effect of HGF may
contribute to the repair of the damaged colonic epithelium.
However, when we analyzed angiogenesis in the distal part of
the colon by anti-vWF immunohistochemistry, the number of
blood vessels in the colon did not differ significantly between
Ad.HGF-treated mice and controls, although a few more vessels
appeared to be present in Ad.HGF-treated animals (Fig. 7C).

Effects of adenoviral RHGF IMGT on immunoreactive cells
and inflammatory cytokines in DSS-induced colitis. To deter-
mine whether IMGT of hHGF affected the immune system
of DSS-treated mice, we directly detected immune cells in
the colon. Adenoviral hHGF IMGT decreased the number of
CD4* T cells and the CD4/CDS ratio, but not the number of
CDS8* T cells (Fig. 8).

The inflammatory cytokine cascade plays an important
role in the pathogenesis of DSS-induced colitis. Therefore, we
analyzed the cytokine profile of the entire colon by ELISA.
In general, we observed upregulation of pro-inflammatory
cytokines (TNF-a, IL-13 and IL-6) in the colitic mice (39,40).
The expression levels of TNF-«, IL-1p3 and IL-6 were further
increased by hHGF IMGT (Fig. 9).

We also examined the effect of hHGF IMGT on Thl
(IFN-v and IL-2) and Th2 (IL-4 and IL-5) cytokine expres-
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Figure 4. Adenoviral human hepatocyte growth factor (hRHGF) intramuscular gene transduction (IMGT) decreased colon inflammation in dextran sodium
sulfate (DSS)-induced colitis. (A) Cecum, (B) proximal, (C) distal, and (D) total colon samples from the anal ring were used for histological evaluation.
Colonic tissues taken on day 15 were stained with hematoxylin and eosin (representative histopathological images are shown on the right) (original magnifica-
tion, x100). Histological scoring of the severity of inflammation was performed in a blind manner (graph on the left). Infiltration of inflammatory cells was
significantly reduced in the adenoviral HGF treatment group. ‘P<0.05 and “"P<0.01.

sion in the colons of colitic mice. IFN-vy, IL-2 and IL-4 were
upregulated by hHGF treatment (Fig. 10).

Discussion

This study evaluated the therapeutic potential of the intra-
muscular injection of HGF-expressing Ad for treating IBD,
using a mouse model of DSS-induced colitis. The therapeutic
strategy of adenoviral HGF IMGT, in which hHGF protein
was produced at distal sites (hindlimbs) and systemically
delivered to the target organ (the injured colon epithelium),
functioned well. Epithelial cell injury in DSS-induced colitis
was potently prevented by this method, which is clinically

feasible, less invasive, and does not suffer from the draw-
backs associated with the direct treatment of colitic tissues.
Although previous studies (16-18) have shown that HGF
exerts protective effects in bowel disease, the regimens tested
involved high levels of recombinant HGF protein (>100 pg/kg)
and repeated injections.

Recent advances in molecular techniques have provided
several strategies for in vivo gene delivery, including naked
plasmid DNA, liposomes encapsulating DNA, and viral
vectors (41,42). For instance, Hanawa et al (22) reported that
administration of the naked HGF gene into the liver attenu-
ated acute colitis in mice, and Kanbe er al/ (23) showed that
intrarectal administration of a plasmid carrying the HGF gene
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Figure 5. Adenoviral human hepatocyte growth factor (hHGF) intramuscular gene transduction (IMGT) prevented crypt destruction in dextran sodium sul-
fate (DSS)-induced colitis. (A) Cecum, (B) proximal, (C) distal, and (D) total colon samples from the anal ring were used for histological evaluation. Colonic
tissues taken on day 15 were stained with hematoxylin and eosin (representative histopathological images are shown on the right; original magnification,
x100). Histological scoring of the severity of crypt damage was performed in a blind manner (graph on the left). Crypt damage was significantly reduced in the

adenoviral hHGF treatment group. "P<0.05.

ameliorated DSS-induced colitis in mice. Kanayama er al (24)
found that colonic epithelial regeneration is promoted by HGE
gene transfer via electroporation. Oh et al (43) reported that
HVJ liposomes encapsulating the hHGF gene ameliorated
TNBS-induced colitis in mice, and that intrarectal admini-
stration of an Ad carrying the HGF gene improved colonic
damage in TNBS-induced colitis (21). However, each type of
gene therapy system used thus far has some associated limita-
tions and concerns, particularly from the viewpoints of clinical
applicability, feasibility and safety (41,42).

In this study, we assessed for the first time the therapeutic
potential of a unique method of adenoviral hHGF IMGT for
treating IBDs. In accordance with the results obtained in
our previous studies of a mouse model of myocardial infarc-

tion (25,36), we successfully detected circulating hHGF in the
plasma of colitic mice after adenoviral hHGF IMGT. In the
colons of colitic mice that received adenoviral hHGF IMGT,
the c-Met/HGF receptor was highly phosphorylated on tyro-
sine, demonstrating the functional efficacy of the adenoviral
hHGF IMGT system. Furthermore, hHGF IMGT stimulated
proliferation and inhibited apoptosis in the disrupted intestinal
epithelial barrier. These results indicate that our hRHGF IMGT
system induces protection and regeneration in the colon,
suggesting that it would be useful in clinical treatments for
bowel diseases.

The effects of HGF on carcinogenesis remain unclear.
Some studies suggest that HGF may promote the growth and
metastasis of some cancer types, probably via the stimulation
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of cancer cell growth and angiogenesis (44.,45). By contrast,
carcinogenesis or malignant phenotypes in other cancer types
are potently inhibited by overexpressed HGF (33). The effects
of HGF on IBDs are also unclear. In general, tumor devel-
opment may be caused by long-term exposure of cells to an
abnormally overexpressed growth factor. In our therapeutic
system, the duration of hHGF secretion after single rounds
of intramuscular injection was relatively short; therefore,
we consider the risk of cancer occurrence to be very low.
In addition, a previous study demonstrated the efficacy of
repeated administration of Ad into muscles, suggesting that
this approach may yield sustained and elevated therapeutic
efficiency: neutralizing antibodies against adenovirus should
hinder only Ad circulating in the bloodstream, but not
Ad administered into the muscle (46). These findings are
encouraging with regard to the potential safety and clinical
applicability of this approach.

With regard to the therapeutic mechanism, previous
studies have reported that administration of recombinant HGF
protein (16) and vector encoding HGF gene (43) ameliorate
TNBS-induced colitis and reduced inflammation, decreasing

the levels of inflammatory cytokines such as TNF-a. In parti-
cular, Oh er al (43) showed that administration of a plasmid
carrying the HGF gene reduced the invasion of CD4* cells and
neutrophils and suppressed the expression of Thl cytokines
such as IL-12, IL-1p and IFN-y in a TNBS-induced colitis
model. Hanawa et al (22) showed that administration of an HGF
gene-containing plasmid in the liver by intravenous injection
suppressed the mRNA levels of IFN-y, IL-18 and TNF-a, and
increased the mRNA levels of anti-inflammatory cytokines
such as IL-10. Jeschke et al (47) found that recombinant HGF
reduced burn-related damage to the small intestine. The serum
levels of TNF-a, IL-1P and IL-6 were higher in the HGF-treated
group than in the control group. However, Jeschke er al (47) did
not explain why the levels of these cytokines were increased
by HGF. Our data indicate that the number of CD4* cells
decreased, but the levels of TNF-«, IL-1f and IL-6, as well
as those of Thl and Th2 cytokines such as IL-2, IFN-y and
IL-4, were elevated in the Ad.HGF-treated group. We hypoth-
esize that the reasons for the differences between our findings
and those of previous studies may involve differences among
mouse strains, our use of intramuscular gene administration
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Figure 9. Effects of adenoviral human hepatocyte growth factor (hHGF) intramuscular gene transduction (IMGT) on inflammatory cytokines in dextran
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Figure 10. Effects of adenoviral human hepatocyte growth factor (hHGF) intramuscular gene transduction (IMGT) on Thl and Th2 cytokines in dextran
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mediated by an Ad, and our selection of the early phase of DSS
colitis for analysis of inflammation and cytokine expression.
Futamatsu ef al (48) reported that HGF suppressed T-cell
proliferation and IFN-y production and increased IL-4 and
1L.-10 secretion from CD4* T cells in vitro, and also reduced
the severity of experimental autoimmune myocarditis in vivo

by inducing Th2 cytokines and suppressing apoptosis of

cardiomyocytes. Kuroiwa er al (49) demonstrated that

HGF gene delivery inhibited Th2 immune responses and
ameliorated lupus nephritis, autoimmune sialadenitis, and
cholangitis in chronic GVHD mice. Another study indicated
that treatment with HGF potently suppressed dendritic cell
functions such as antigen-presenting capacity, both in vitro
and in vivo, thus downregulating antigen-induced Thl and
Th2 immune responses in a mouse model of allergic airway
inflammation (50). HGF has been suggested to suppress



