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) S HFRLIcH T 5B

ZHVLWEHBERZORR

BUEFEBOKREBETH 5 FEEECKTT 5 E
Bl E AW FEAREE LT, EF050H
WERE KT 5 HCOF B B% S5 (autologous
bone marrow cell infusion : ABM:) i | %,
Mo b BB ERBHMA (mesenchymal stem
cell : MSC) # 5 % DA MUAHLHE ShT v
3V 20—%, BUFARLIIRT 5 HBRIIEH
X IhEFTOEZA Grag 5D acute on chronic
liver failure (ACLF) \2x 3 2 8k o v =—m#
# A ¥ (granulocyte colony-stimulating factor :
G-CSF) &5 1EfmFRiREL L VI HRED
ATH2Y,

AETIEBLICEHMREE A28 A2
x$3 % B AR DA BERT TR R % O SRR T
5.

N BMAT2E2ERTILOOEBHR

—623-

G-CSF AL LR ]

FFREZSRE 63 B BRIRIFFEaR L & L Cit, 3¢
12 Gordon 5 D G-CSFTHE L -HD KM ML
CD34 Ml % MR Z 72 W IFE iR » o35 L
LIAMBETNVT I VEFER L EOHE, 7
V3 — VR EAE S 5 G-CSF #5- 23Rl
BRI RS o BB % AR HE X 72 & o Spahr 5 OHE
Eh5bbH —FH, BHFARL (ERICIEACLF)
9274 LAELEBBRRRAR & LT, 5ug/
kg G-CSF B F#5 (n=23) 12 X v A MiFhEk
R HFA CD34 Mgk Asséin L, FFEfE®E,
FFHERE & v o 72 A BHES R T 5 2 L Tk
27 ABOEGERIFECE Lo LOREE,
Garg HIFHE L TW5B Y. EBEME T, D-F
77 M IVHEERUFALET Y PETFTVAD
G-CSF #5-2°FF P9 CD 34 By MM i % 80 & 2 JF
MR 378 & 4R (FF PN Ki-67 Bt A3 8 m) 12
Xy, AFERLAGHHAFBEICERT S LO%H
EHH5Y. LarL—KFT, WEREANFRE
ES v PEFMIIHT S G-CSF BREANEEICIZ
BV Lol OBREDDHLEY, SHOBRE
DERIPF NS,

2EEMEREAVEHR |

EX O IFIBE{LRFEFE~ Y AFHEE T
O RER R EE M5 RS & U



H 28 JFHERTE - BT - IR OIERE & IS O E M

R LI FE D HESS L iR D JE SR

fdE &

Wi K% R ERER S

i U&IC

FRRRHERE IS, TFH 4 W ARG, TV I~ VB, ET7 VI — VBT (non-alcoholic ste-
atohepatitis, NASH), HOREFMNER. B, SRAHREL L. AEOER[MTHY LTS
NTVWELBIZETOMBEEEIZL T ENL2LBEBORETH S, T/ INLDIMILF
HBEBZERHF ) o M2 & 0 FFRAMEILIZFI &2 S b, BEILOBITICE S TS SIS
— R LDETAMBNT M) v 7 ZAIRENCLE L. FOMKGETH 5 KL T
AR PIRETCERESHEE 2 5, SO EHEEICEHT 2 IFEOHAZIET 5 L TYH,
AL IZEE 2 7 — < Th %o HE. FHRHEDOIEEEIGBW & 1EHEOME R B
LTHEBERTEY, 2OXR2HBT L2 L CHEMIEOLER EER PR LT 5,

PR IS B W TR S 21 5 FFEMR I, 2o TIRFFEMA Jto cells) & Eh
LI, 1BIEICHEBLHRICE > THR &N, T, I VAZERLY, a9—F v
REATEY AEROBMIZNEE EREIZOICI VEIENL L, BRYMIDBEANED
Bh SRV TH 5. HEMEILERICB W TEMBA R &E R, BMETEgTEmns s
[ a9 —47 b I a5 fiEYT Bmatrix metalloproteinase (MMP) 4 TSR 2 &, FFRR#HE
LFEIE R & e #eh 2 FIF 720 LA LSS, BROBBICAZET A &, 41 o CTHBMERE ST
TAHHERNP ORI RIEERIFLL v HERHILITROBREITVDIC R - 72 BERKIZEITTT
EHONEVH PN, TOMRICHEDL L FIZEBIIHZE T LENRH H, KR TIE, AEDOM
MRAELAT R DR L MEH T 5 & & IS, FHEEREORMBITAT TRRTNEMERESHBROREE
T ARRE BT, THHEME 0,

FFEMRO/NA 7 02— ERpHELRRE

1) KF2MBa oL

FF 2 MR PR R B ODisselEICHFA L. ERMEGTTIEMAR L2X Iy I 2 ADIFE
MiaTh b L L BT, TORVEEL [UEHEEZ - L CHEENBEMEROATTICHFS LTwb, L
PLERES, FFHREIE R KA - TR SNSRI FORIS 2213 5 L REICEYIVAD
IR % B v>, @ -smooth muscle actin ( @ SMA) 51 D i #HESFHIBB Rk O MY (myofibroblast-like
cells) ISR LT, BRI I—FUVEEZTIIICE S, ZOEMBOFEEILL2T—F
VA ERET HRERET L L Cplatelet-derived growth factor (PDGF) *# k3 Atrans-
forming growth factor-f (TGF-4) &b, BETE Iy EHA VOB EEIES
S TW5BEY, FORELNRFIZOVTIEINE TEL OBHTH o 724, WEIL R > THRIER
BT 5 I EDHBEINLS,

EHHHEEP LM LBHMBE 7S XATF 4927 - 74 v Va2 b TEETSL L, BHRORA L
EHIWCaSMAZRIL, a5 -7 VEERBERITI LIRS, TOHRIE, AEKIIBITELE
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MO EALZ T 5 ET V& LT, ML OB CHMRHEILER OB RAE 42 EIHB S
NTEze LLado, MHEAHEICL ) EEANTHEELL-EMBEERICLVEERLLLAE
MBI BEETFRETO 74 = VEBRENICHET T L, MERIREICE KL, o72%,
BEME IV 7zin vitro R TR ONIBIEER Zin vivo THRIET HBRIC, & D DITHETRE
HTHhh

BT 5 XD, WREERTEN RRETH S, MELREORERS & ik U CIHRMEILRT

RAUETARICEELEMRBEEBICELITHIL20, TRV ACRALEEZONTE

=Ty L AN, ERNIFREEOUEERIIBWT, B L L7-EMBROH LI IEEER
WKRALEWVWIRENZEINZ (H1)¥, chTTH, EEEMBOFER & IFFHER L OHER
TIZ2oWTiE, BRI O S - o1k & L L Tperoxisome proliferator-activated recep-
tor y (PPAR-y) % EDOWBERTFIZL AHEARE SN TWAY 25, ZOW MDY vivoll B\
THHEHAINIZBERIIREV, L2 L2 o i IbOBE I - TIREEEICEAT L - 2/,
HEALHE 2 2L ZT Tu R WEEHORMB L H— L 3847, BEOBBILHEIHN T 5 K6
HEDEVE W), BHIEPET A O HMEZ FHRMEERBEICCHT 212, S HICFElZA =
XL DFRRAPLETH b,

U IVADFERETHL LT ) 4 VBRICHT 5 F AR Ddominant negative form % FFila4s 2
RIS SRy ATk, BRIIFRE & O ICHFMRRE s BAREAE LY, 7o, HiEEMzIC
BB THEBEIEINT Scytoglobin® Bz T2 RESH 77 7 A T3, diethylnitrosaminelZ & 51k
FERBHWERENIY s WINDL, TR E BBEONRBERZ BRI, L CEELRNRTH S,

2) 25— v ELEMEDheterogeneity

EHAL L2 FRMA ST 5 — 7 VA 2 U OB LRI B TR E2HE- T A 2
CWEERLA-EY TH LA, BHELANCL a5 - VELAMBOFEEIERERL LI o7
(1) 2OHTY, FARBIZIERT Hportal fibroblastsid. BERKEEFVICHREINABHS
W) FRMEOREL ERICBVWTEELREREZHEH L T AY, 35— VEAMILDhet-
erogeneitylCBAE LT, [#Ma5 -5 ¢ I88EEF (COLIALD) 7ut—%—Lt aSMAEET 7
OE—F—DFaTNV: LE—F =3I A% AR TIR, EEFS X UIESERIRIC X BT
DWFNIZB VT HCOLIAIEBE MR L « SMAKBHMIIIZEII—FE T, FNEFNERGHD
MR & MBI ANRAE L T2, BB HESF ML D heterogeneityid, ZFDFEIE L b
Bl TEELMEL ATV S,

VLA, BHBEMRNTS -7 U EREE L TIBELOERICEDL Y, &5 WIZEMILRHE
MEEHBBERDBEHICHRETEY LI MEPHKR N, LALLM, COLIALEETH 50w
ZCNEHAERAT A IBIT -7V a 28885 F (COLIA2) DNV H— - TUE—F—%
VY7 25 —EBREGFPRIZFICEK LAV R—F - 22 HOWTERELRL NICEREIENL
BT 2179 &, BEREEROIS— X VEAITENS 5503 EDbDOTRENTHo 27, &
TOEBRFFIEIRADD 575 BT CTIEBHETFERIRE LBl R L Y 4 A
VRTENA VEEETH L THENICHBELOERICEDLAS LTHEANE V,

FRrORIEIX, FEBESIT (endothelial-to-mesenchymal transition, EMT) {22\ T % 1EH
T& 5, HWiE, ME/LRFZGPRIFERRBOT I A, HEVWIIBERICER L 2EEMERT
PEFEEEC BV T REE LEMEOEMTOREENRE Size LALENS, 7V T
I URkeratin-19. H5VIE a-7 2 FTOTA Y EVSTFRICBIT A L AMRBICEREN L E
ZFO 7 uE— ¥ —% f\/zfate mapping studylZ & ), %L &b 2% BV EBRITEHE
LBRBICBWTEEMTOa I — 57 Y BE~NOEENESIHEE I NLY,
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fibrocytes
f\
241 @
\10 _ ‘\ ?
!
sk S /
PDGF, TGF-f ™ ~= 5=
SEALY e
]
Il’ ?
! } W“} M\
portal flbroblasts Hiﬁ#ﬂlﬂﬂ
i 3Fr§ﬁ&§ﬂﬂa

| R ERER >] RERE >

1 a5—%  EEMMOheterogeneity & iHHAL - BiEHALETRE

FieBiraas—4 v EEAMBTH L HEMIEME GBI o
il e LT, FEZEAOZHIR R MRS FA T Sportal fibro-
blasts®D A, T 4E T id & AT i 3 O fibrocytes JFEE MR e v L
IHEMIEDEMTOBES 2R S, L LS, F0OBROIFE
TidfibrocytesPEMTO MG IZMRBH 2V L EEW E T AERN S
Vo FRMELOWEBRIIB VTR, FHHEALL-EMIBE 7R -
VARKEAZ ETHRENRB EEZORTWEY, BETREFD -
TR HINIBITT B Z e HE s,

AT—F U EE EFBRODTFIHE

1) TGF-f/Smad3iZ & 5 35— 7 VB FEEDRE L £ Ol

TGF- B i E MO ERBRICBVWTHLONEEZE-TH Y, COERIXEMIROEHAL.
a5 — 4 VEETEEOMRE, MMPERO#E, MMPEZEK Ftissue inhibitor of metalloprotein-
ase (TIMP) OFBRELR E, 2 ICH5Y, K, B OToll-like receptor 4 (TLR4) %
AT BTGF-B ¥ 7 FIVOBEBFEAH S M SN0, THIZBEREE & IFRELZ R CBEAT
HHERBEIZ, A VATFO—VOBRBIICE AFRELLERICIEDLAZETHERIRTY
%)21)0

EESI1Z, COLIA2EEFOTaE—F— LIZTGF-BIC L 2B R EX mET AHBEZ MR T
MO TRZE L., & N #TGF- S -responsive element (TbRE) & 74 L 72%, TbREIZ 13Splk
Smad3. & 5IZCBP/p300 coactivatordEE L. SNH ¥ y X7 MOME/ERIZ X Y COLIA2ERE
PREZELD, T, EHACRMBECREERNICY) VB L EN/ASmad3 ERICERT AL T
COLIA2EE N L THE N, HASmad3V BMELEBEOEM IR VES EFZ Xz Bl 2,
IEN-y Ol Y 7 F MR EWE TH 5 YB-1id. TbREIZHE A9 5Smad3 & CBP/p300 coactiva-
tor DMEEREMET S LT, TGF-B12 & 2COLIA2EE O RAEIN L THEPAISHIH L
729, YB-LBREIZERT 7/ v A VARG T 5 EITRELOERSHHE S NP, Zho0mRI
EOWCTYB-1DENBT 2 RE T 2 Fr RS FILEWHSCO25D FFE S iz ThEMWIELRED
REESICEOERLUZFBREE 7 RAICESTLE, MEN T VAT IF—EHEOEERKTE
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EHIT, RO IRIFEN L RO EREIE B ICHE S hi2?,

a5 =4 Y FHBCHBOBEREO AL 53, AMEHRECHBOBEIIBV T EELRE %
HoTWABHI NS, MEERA~RITTEIEHZ BT 2 10 RLEBD 2 a5 —F v OEE
MIAEEICER 28 - FHSEA2TRIVEL R L, EFIVAHAIRY -2 2HLZ L
T, 3575 VR v X0 YHSP47 siRNAD ZMIRLEIRAG 2 B A & TR O ENEYE
BTRank®,

2) BEEREMB ORI LSEENOBES & MREE~DORH

25— VERICHETAMEOESRICI LT, SEROMERIKRIZILEEN TS, BELE
MICT512o0FRIZ. BEBEICBW a5 -7 VL 0BT 2EELRMEE IS5 —ETH
BMMP-13725 8 #E L DS @R CI R 7T 5% — 5 ¢, BTkt LA
RAERICE D 2 &, B L THETAIER2RT S EICHh 5,

EHELX. EBRNITHREEOBBERICEVCTEHR O RMEIFABS~ L BB S oMz, MMP-
13, MMP-9ZERFER TS Z L THRIEMHBLFS T2 L 2HL LAY, ZOBG-CSF#
BET 5L, BHOEMEOBMEFEBANOEEFER L, MMP-OORIILE L & b ISR
DOUREBIMBEE SN BEASELBAORE R, FEEE Y ACHEEBEHEMEZERES LBIZ
LEDLND, TNOEWERDO T — ¥ IZE TV THEEEMITT 5 BRE MR OEAREA
ENNOEBROMEHETRHRAONTVEPN, F7- BEEERBMIZY Mm% A RTERMA® %
B LBEEICODABOBENTDONTE YN, ED X MBS E %2 %5+ 5 0ONHERNIZHD
BRPIZOVWTIEE SRV ETH 5,

S AROBER CTERRE

1) 4. BERECIEIFEE N TS0 ?

FTAE, FFHEALRRZE & MR ERRB ORAPEE T2 DT TERIC R o TE DI, WD
POBEANDH DL, HE1I, CHAE S PICBREBHH AT A2BREOERICLY, EWIFRIC
NASHVSWEBROERE 2L 2 N TFRINE L L. bENIBIT A2 FERZEICITR X 48
FHARNYT MIHEE 5TV B, NASHIZH LThH, B SMMEILEREZ T CERL 5V ITH
BEEERNIHR U TRMEOER 2 0 E S T TR o RECHEEOMIEE 7259 & 9 R EH|
DBEEPBREINTVE, Thbh, FEEERRI MFRY 4 VABROEES -7y FEER
5o

B2, TANVAMFRICNT B EEEO#EFE., FFREESTENZRETHLI EZAHL
72, ZRFEC, TNI-NVEFEEOEEEMNLZ SICBWTHEREKR TR U T FHREEDT
WHFEFEINLEBEIREV, HBICBI235 -7 VEBRARESTBEDONG Y ADEITHED
YoTBY, a5—F VARERESTLIERNZMYBRL &L o T, BT LLIFREETH -
THHBFAWICHET 5. 70, ERBEEISRELREETHo T, 377 Y OEREIHET 5,
HHVIEINREBYIHET LI LT, FMERAETRELZFRETDH S,

85 310 FFRRHERE L 2 3R R BB S EEORBESBIT o b, MFRHEIL~ —h =Tz <.

EHREBELPMRE BWFOHEEBWI AR 2 - 7299 JFEBERIS LR BRLEBETE
5P HEE OB FRE TH HH, EEFIIKH L CHENHR TERT 2 2 L IZHAEN TR, HEE
DL TLERELEIEZ VY, TFEELEEEOBRESCZOBRKERIIBVT, SHMOHHS
BRI — N RERZHREL, BEHEARICL WV EEDNREZHET A LT, K& LZ
EAEIBENRTVS, T HBFENLEEILORA T T, 35— VAR ESBOT L F 3y
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BIEFDIFHITH 5,

2) FFHHEREIREE DTV & B A
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Enhanced survival of mice infused with bone marrow-derived
as compared with adipose-derived mesenchymal stem cells
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Aim: Less invasive therapies using mesenchymal stem cells
(MSC) are being developed to treat patients with severe liver
cirrhosis. MSC constitute a promising cell source for regenera-
tive therapy and are frequently isolated from bone marrow
(BMSC) or adipose tissue (ASC). Therefore, this study assessed
the characteristics of these two cell types and their safety for cell
infusion.

Methods: In vitro, exhaustive genetic analysis was performed
using human (h)BMSC and hASC. Subsequently, the expression
of mRNA and protein was evaluated. In vivo, mouse (m)BMSC
or mASC was infused into serial mice via the peripheral vein,
and 24-h survival rate, prothrombin time and cause of death
were analyzed.

Results: On polymerase chain reaction, western blotting,
enzyme-linked immunoassay and fluorescence-activated cell
sorting, tissue factor was found to be expressed at higher levels
in hASC than in hBMSC. Prothrombin time in mice infused with

mASC (>1205s) was markedly longer than that of untreated mice
(6.5+1.75s) and that of mice infused with BMSC (6.7 +0.85)
(P < 0.001), indicating that pro-coagulation activity was potently
enhanced after ASC infusion. The 24-h survival rates in the
mMASC- and mBMSC-infused groups were 46.4% (13/28) and
95.5% (21/22), respectively; in the former, the rate decreased
with increasing number of infused mASC. This cell number-
dependent effect was not observed with mBMSC. A histopatho-
logical analysis of mice that died immediately following mASC in-
fusion revealed multiple thrombi in the blood vessels of the
lungs.

Conclusion: These results indicate that BMSC are a superior
and safer cell source for regenerative therapy.

Key words: matrix metalloproteinase, mesenchymal stem cell,
pro-coagulation, tissue factor

INTRODUCTION

EGENERATIVE THERAPY IS a potential cure for organ

failure patients. We have previously reported on the
efficacy and safety of autologous bone marrow cell infu-
sion (ABMi) therapy,' which has shown promise as a ther-
apeutic strategy for treating liver cirrhosis.>> However,
current ABMi therapy requires the collection of bone mar-
row by aspiration under general anesthesia, so there are
strict criteria regarding the general health of patients. This
prompted us to develop a cell therapy approach using
mesenchymal stem cells (MSC) for liver regeneration,
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which have both healing and immunosuppressive proper-
ties.* MSC can be derived from bone marrow (BMSC) and
adipose tissue (ASC). Although they have similar features,
their full characterization can help to determine the opti-
mal source of MSC and the most effective cell type for
treating human diseases. The present study compares the
safety of infusions using BMSC and ASC. The results
showed an enhanced pro-coagulation activity associated
with ASC, indicating that BMSC are the more attractive op-
tion for cell therapy.

METHODS

Animals

57BL/6 WILD-TYPE MICE (SLC Japan, Shizuoka,
Japan) were used for experiments. All animal studies
were performed in accordance with the institutional
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guidelines set forth by the Animal Care Committee of
Yamaguchi University.

BMSC and ASC

Human (h)BMSC and hASC derived from six different do-
nors were purchased from Lonza (Basel, Switzerland):
BMSCI1 (22-year-old man; 1F4287), BMSC2 (21-year-old
man; 7F3915), BMSC3 (20-year-old man; 8F3520),
ASC1 (26-year-old woman; 1F3651), ASC2 (52-year-old
woman; 0F4505), and ASC3 (38-year-old woman;
1F3737). Cells were seeded in 10-cm culture dishes and
incubated overnight in a humidified incubator at 37°C
and 5% CQO,. The following day, the medium was replaced
to remove floating cells. Adherent cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Life Tech-
nologies, Carlsbad, CA, USA) supplemented with 10% fe-
tal blood serum (FBS) and penicillin/streptomycin {both
from Gibco, Grand Island, NY, USA) on non-coated dishes
(Becton Dickinson, Franklin Lakes, NJ, USA) until they
reached 80% confluence, and were then detached with
0.05% trypsin-ethylenediaminetetraacetic acid (tripsin-
EDTA; Life Technologies) and replated. Mouse (m)BMSC
derived from C57BL/6 wild-type mice were purchased
from Cyagen Biosciences (Santa Clara, CA, USA), and
mASC were obtained from the inguinal subcutaneous ad-
ipose tissue of C57BL/6 wild-type mice. Tissue was placed
in DMEM with 0.03% collagenase (Wako Pure Chemical
Industries, Osaka, Japan), resuspended and centrifuged at
500g4. The pellet was resuspended and cultured, and cells
from passage 2 or 3 were used for assays. The potential of
hBMSC, hASC, mBMSC and mASC to differentiate into
adipogenic, chondrogenic and osteogenic lineages was
confirmed by oil red O, alkaline phosphatase and Alcian
blue staining, respectively (Figs S1,3).

DNA-chip analysis

We compared DNA expression between hBMSC and hASC
using the DNA-chip system (Agilent Technology, Santa
Clara, CA, USA) and analyzed the expression pattern using
the IPA software system (Ingenuity Systems, Redwood
City, CA, USA).

Polymerase chain reaction (PCR) and
quantitative real-time (QRT)-PCR

Total RNA was extracted from hBMSC and hASC with
ISOGEN reagent (NipponGene, Tokyo, Japan) according
to the manufacturer’s instructions. Contaminating geno-
mic DNA was removed using a DNase kit and RNA was pu-
rified with the RNeasy MinElute Cleanup kit (both from
Qiagen, Tokyo, Japan), in accordance with the manufac-
turer’s protocols. First-strand cDNA was synthesized using

© 2015 The Japan Society of Hepatology
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the ReverTra Ace-a system (Toyobo, Osaka, Japan) from
500 ng of total RNA, in accordance with the manufacturer’s
instructions. Gene expression was evaluated by qRT-PCR
using Fast SYBR Green Master Mix (Applied Biosystems,
Foster City, CA, USA) and TaKaRa ExTaq DNA polymerase
(Takara Bio, Shiga, Japan) on a StepOnePlus Real-Time
PCR system (Applied Biosystems). Thermal cycling condi-
tions for PCR were 94°C for 1 min, followed by 35 cycles
of 94°C for 30, 60°C for 30s and 72°C for 30s; the con-
ditions for qRT-PCR were 95°C for 3 s and 60°C for 30s,
until the fluorescence signal exceeded the threshold. The
following primer sequences were used: human tissue
factor (TF), 5'-CAG ACA GCC CGG TAG AGT GT-3’
(forward) and 5’-CCA CAG CTC CAA TGA TGT AGA
A-3' (reverse); mouse TF, 5-TCC AGG AAA ACT AAC
CAA AAT AGC-3’ (forward) and 5-CCC ACA ATG ATG
AGT GIT TCT C-3’ (reverse); human -actin, 5'-CCA
ACC GCG AGA AGA TGA-3' (forward) and 5’-CCA GAG
GCG TAC AGG GAT AG-3’ (reverse); and mouse B-actin,
5-TGA CAG GAT GCA GAA GGA GA-3' (forward) and
5-GCT GGA AGG TGG ACA GTG AG-3’ (reverse). The
identity of MSC was confirmed by analyzing the expres-
sion of cluster of differentiation (CD) cell surface markers
using previously described primer sequences.”

Western blotting and enzyme-linked
immunosorbent assay (ELISA)

The hBMSC, hASC, mBMSC and mASC samples were
homogenized in 400 pL of cell lysis buffer consisting of
n-octyl-p-D-glucopyranoside dissolved in radioimmuno-
precipitation buffer to a final concentration of 20 mM.
Protein samples were mixed with an equal volume of load-
ing buffer consisting of 5% 2-mercaptoethanol and 95%
Laemmli sample buffer, heated at 100°C for 3 min, and
separated on a 12% polyacrylamide gel. Proteins were
transferred to an Immobilon-P transfer membrane
(Millipore, Billerica, MA, USA), which was blocked for
30min in blocking buffer (0.1% I-Block in phosphate-
buffered saline with Tween [PBST]) and was then washed
with PBST before incubation for 12-16 h at room temper-
ature with primary antibodies against TF (Abcam, Tokyo,
Japan) and B-actin (Becton Dickinson) in blocking buffer.
Membranes were incubated for 30 min at room tempera-
ture with appropriate secondary antibodies, and protein
bands were detected by enhanced chemiluminescence
(Thermo Fisher Scientific, Waltham, MA, USA) and autora-
diography according to the manufacturer’s instructions. TF
protein expression in hBMSC and hASC was quantified
using the Tissue Factor Human ELISA Kit (Abcam) accord-
ing to the manufacturer’s protocol. Samples were the same
as those used for western blot analysis.
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Fluorescence-activated cell sorting analysis

Adherent cells were dissociated with 0.05% trypsin-EDTA
and resuspended in DMEM containing 10% FBS. Cells
were washed with PBS (Life Technologies) and incubated
in PBS containing 10% Fc receptor blocking reagent
(MACS Miltenyi Biotec, Cologne, Germany) for 20 min
on ice, followed by labeling for 20 min on ice with
a monoclonal antibody against TF (R&D Systems,
Minneapolis, MN, USA); phycoerythrin-conjugated
antibodies against CD11b, CD44, CD45, CD90 (Beckman
Coulter, Brea, CA, USA), CD105 (eBioscience, San Diego,
CA, USA) or CD73 (R&D Systems); or an fluorescein
isothiocyanate-conjugated antibody against CD34 (BD
Biosciences, San Jose, CA, USA). Isotype-matched immu-
noglobulin G was used as controls. Flow cytometry was
performed using a Gallios system (Beckman Coulter).
Cells were also stained with propidium iodide (Sigma-
Aldrich, St Louis, MO, USA) to exclude dead cells from
the analyses. Each sample was evaluated at least three
times. Data were analyzed using Kaluza (Beckman Coulter)
or FloJo (Tree Star, Ashland, OR, USA) software.

Clotting assay

Adherent cells were dissociated with 0.01% trypsin-EDTA
diluted in PBS. After resuspension in DMEM, cells were
washed with ice-cold PBS and HBSA (20mM HEPES-
NaOH, pH?7.5; 100mM NaCl; 0.02% NaNj;; and
1 mg/mL bovine serum albumin). Cell suspensions were
frozen at ~80°C and thawed at 37°C. This lysis step was re-
peated over three cycles, and 100 uL of cell lysates were
transferred to a coagulometer cuvette and mixed with
100 uL. of pooled normal human plasma (George King
Bio-Medical, Overland Park, KS, USA), to which 100 pL
of 25 mM CaCl, was added. Clot formation time was mea-
sured from the moment of CaCl, addition using a KCI
Delta semiautomatic coagulation analyzer (Tcoag, Bray,
Ireland).

Prothrombin time

Blood was obtained from cell-infused mice; 3.2% Na
citrate was immediately added and the mixture was centri-
fuged at 2000 g for 15 min. Serum was stored at ~-80°C.
The procedure was performed using silicone-coated tubes
(Sarstedt, Tokyo, Japan), and prothrombin time was mea-
sured (Monolis, Tokyo, Japan) using the manufacturer’s
protocol.

Cell transplantation

Cultured mBMSC and mASC were dissociated into single
cell suspensions by trypsinization. Cells were resuspended

Survival of mice infused with BMSC or ASC 3

in PBS and 200 uL (3.0 x 10*~3.0 x 10° cells) were carefully
infused into the tail vein of syngenic C57BL/6 mice using a
27-G needle.

Statistical analysis

Significant differences were tested with Student’s t-test.
Differences were considered statistically significant at
P < 0.05. Data are presented as means + standard deviation
for triplicate experiments.

RESULTS

HERE WERE NO phenotypic differences between

hBMSC and hASC, namely, with respect to cell surface
marker and differentiation potential (Figs S1-S3), and the
similar morphology of the two types of cell can be seen on
differential interference contrast microscopy (Fig. 1a).

Expression of TF, which can trigger pro-coagulation and
induce thromboembolism,® was analyzed by DNA-Chip
in hBMSC and hASC. TF was expressed at higher levels in
hASC than in hBMSC in three donors (Fig. 1b); when the
change in expression over multiple cell passages was eval-
uated by qRT-PCR, the upregulation of TF transcript levels
in hASC persisted in cells from passages 2, 3 and 4 in all
donors (Fig. 1c). TF protein levels were also higher in hASC
than in hBMSC (Fig. 2a-c). In addition, coagulation time,
which varied as a function of the number of cells, was
shorter in hASC than in hBMSC (Fig. 3).

The safety of mBMSC versus mASC infusion was com-
pared in a mouse model. We previously reported that
not only MSC but also macrophages can be easily ex-
panded from murine bone marrow cells in culture dishes.”
Here, we found that mASC were able 1o differentiate into
adipocytes and osteocytes (Fig.S3). Consistent with the
findings in human cells, mBMSC and mASC had similar
expression profiles (Fig.S4), but TF mRNA was expressed
at higher levels in mASC than in mBMSC (Fig. S5).

Cell infusion analysis using mBMSC and mASC showed
that the survival rate at 24h after mASC infusion was
46.4% (Table 1), with most of the mice dying immediately
(i.e. within the first 10 min). The survival rate decreased
with increasing cell concentrations. In contrast, the 24-h
survival rate after mBMSC infusion was 95.5%, and there
was no effect of cell number on survival in this group
(Fig. 4).

The prothrombin time, a measure of blood dotting, was
assessed in blood obtained from mice that died immediately
after mASC injection, those that survived beyond 10 min
after mBMSC injection and untreated mice. There were no
differences in the prothrombin times of mBMSC-infused
and untreated mice (6.7+0.8s vs 6.5+1.7s; P=0.79);

© 2015 The Japan Society of Hepatology
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Figure 1 Microscopy of human bone marrow-derived mesenchymal stem cells (hBMSC) and human adipose-derived mesenchymal
stem cells (hASC), and tissue factor (TF) mRNA expression in hBMSC and hASC. (a) Similar morphology of the two types of cell can
be seen on differential interference contrast microscopy. Scale bar =200 pm. (b) TF mRNA expression relative to $-actin levels in hBMSC
and hASC from three donors for each cell type, as determined by quantitative reverse transcription polymerase chain reaction. TF was
expressed at higher levels in hASC than in hBMSC in the three donors. (¢) Quantitative analysis of results from (b) (mean + standard
deviation, n=3) in cells from passages 2, 3 and 4 (P2, P3 and P4, respectively). TF transcription in hASC was maintained at high levels
even after passage.
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Figure 2 Tissue factor (TF) protein expression in human bone marrow-derived mesenchymal stem cells (hBMSC) and human
adipose-derived mesenchymal stem cells (hASC). The 47-kDa TF protein was detected by (a) western blotting and (b) enzyme-
linked immunoassay in cells from three donors each. Data represent means + standard deviation. (c) TF protein expression on
the cell surface was analyzed by flow cytometry.
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Figure3 Coagulation time in human bone marrow-derived mes-
enchymal stem cells (hBMSC) and human adipose-derived mes-
enchymal stem cells (hASC) using citrated human plasma
{pooled). Concentrations ranging 1x10°-1x10° cells were
tested. Clotting assay was performed three times for each donor
(n=3 for each cell type); data represent means +standard
deviation.

Table 1 Survival rate 24 h after mBMSC or mASC infusion

Total No. of

mouse surviving Survival
No. of injected cells number  mice (24h)  rate (%)
3.0 x 10° mBMSC/mouse 22 21 95.5%
3.0 x 10> mASC/mouse 28 13 46.4%
PBS (same volume) 8 8 100%

ASC, adipose-derived mesenchymal stem cell; BMSC, bone marrow-
derived mesenchymal stem cell; PBS, phosphate-buffered saline.

however, the prothrombin time was markedly higher for
mASC-infused mice than for untreated mice (>120s vs 6.5
+1.7s; P<0.001), indicating that pro-coagulation activity
was enhanced by mASC infusion (Fig. 5). Histopathological
analysis of mice that died immediately following mASC
infusion revealed multiple thrombi in the blood vessels
of the lungs and liver, which were not observed in the
lungs and liver of mBMSC-infused mice (Fig. 6). These
results suggest that infusions carry greater risk with mASC
than with mBMSC.

DISCUSSION

HIS STUDY COMPARED MSC derived from bone
marrow and adipose tissue in terms of their general

Survival of mice infused with BMSC or ASC 5
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Figure 4 Survival rate in mice infused with mouse bone
marrow-derived mesenchymal stem cells (mBMSC) or mouse
adipose-derived mesenchymal stem cells (mASC). Survival rate
in mASC-infused mice declined markedly as a function of the
number of cells infused. On the other hand, mBMSC-infused
mice did not show changes in survival rate, regardless of the
number of cells infused.
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Figure 5 Prothrombin time after mouse bone marrow-derived
mesenchymal stem cell (mBMSC) and mouse adipose-derived
mesenchymal stem cell (mASC) infusion. Mice were infused
through the tail vein and blood dotting was measured in mice
that died immediately after mASC injection, those that survived
beyond 10 min after mBMSC injection and untreated mice. Pro-
thrombin time in the mASC group was markedly extended, as
compared with the other two groups. Data represent means
+ standard deviation. N.S., not significant.

characteristics and relative safety for use in infusions. Cell
surface marker expression and differentiation capacity
were similar in BMSC and ASC; however, TF was differen-
tially expressed and coagulation capacity also varied be-
tween the two cell types. Despite the absence of any
obvious phenotypic differences between hBMSC and

© 2015 The Japan Society of Hepatology
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Figure 6 Histopathological analysis of lung and liver tissues after mouse bone marrow-derived mesenchymal stem cell (mBMSC) and
mouse adipose-derived mesenchymal stem cell (mASC) infusion. Mice infused with mASC had thrombi in blood vessels (arrows), as
seen by hematoxylin-eosin staining of lung and liver tissue sections. In contrast, thrombus was not observed in mice infused with

mBMSC. Scale bar=100 pm.

hASC, TF gene expression was consistently observed in
hASC. In addition, TF protein levels were higher in ASC,
and were accompanied by a shorter coagulation time than
that of BMSC. These results indicate that ASC are distin-
guished by TF expression, which promotes clotting activ-
ity. The survival rate at 24 h was lower and prothrombin
time was extended in mASC-infused mice, which also died
at a higher rate after infusion. TF is known to stimulate the
downstream extrinsic coagulation pathway by forming a
compound with factor VII that activates factor VIL.® There-
fore, enhanced pro-coagulation activity by higher expres-
sion of TF on the ASC cellular membrane induced
multiple thrombi in the peripheral pulmonary and hepatic
tissue, inducing deadly multiple organ thromboembo-
lisms. Moreover, prothrombin time is thought to have in-
creased, as extrinsic coagulation factor is consumed in the
above process.

We previously demonstrated the safety and effectiveness
of ABMi therapy;* we also showed the potential for BMSC
to improve liver fibrosis and functioning by carbon tetra-
chloride induction in non-obese diabetic/severe combined

© 2015 The Japan Society of Hepatology

immunodeficient mice. These results provide a basis for
the development of new types of cell therapy using
BMSC.%? Importantly, as the number of transplanted cells
may represent an improvement in the efficacy of cell-based
therapy, the present data clearly show that BMSC represent
a better candidate for this purpose.

In conclusion, the present findings demonstrate that
BMSC are a better option than ASC for peripheral vein in-
fusion and provide evidence supporting the use of BMSC
for cell therapy in mice.
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Status and Prospects of Liver Cirrhosis Treatment
by Using Bone Marrow-Derived Cells
and Mesenchymal Cells
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In 2003, we started autologous bone marrow cell infusion (ABMi) therapy for treating liver cirrhosis. ABMi
therapy uses 400 mL of autologous bone marrow obtained under general anesthesia and infused mononuclear cells
from the peripheral vein. The clinical study expanded and we treated liver cirrhosis induced by HCV and HBV
infection and alcohol consumption. We found that the ABMi therapy was effective for cirrhosis patients and now
we are treating patients with combined HIV and HCV infection and with metabolic syndrome-induced liver
cirrhosis. Currently, to substantiate our findings that liver cirrhosis can be successfully treated by the ABMi
therapy, we are conducting randomized multicenter clinical studies designated ‘‘Advanced medical technology
B” for HCV-related liver cirrhosis in Japan. On the basis of our clinical study, we developed a proof-of-concept
showing that infusion of bone marrow cells (BMCs) improved liver fibrosis and sequentially activated prolifer-
ation of hepatic progenitor cells and hepatocytes, further promoting restoration of liver functions. To treat patients
with severe forms of liver cirrhosis, we continued translational research to develop less invasive therapies by using
mesenchymal stem cells derived from bone marrow. We obtained a small quantity of BMCs under local anes-
thesia and expanded them into mesenchymal stem cells that will then be used for treating cirrhosis. In this review,
we present our strategy to apply the results of our laboratory research to clinical studies.

Introduction generation therapy based on cultured mesenchymal cells. In
this review, we report on the status of research studies in the

HE USE OF SOMATIC STEM CELLS in regenerative medi- ; . .
l & field and discuss future challenges in this area.

cine may help in the development of new treatments for
currently intractable diseases. Since November 2003, we

. Lo X . What is liver cirrhosis?
have conducted clinical studies in patients with decom- atis 0s

pensated liver cirrhosis and have supported the development
of a liver regeneration therapy using bone marrow cells
(BMCs) for autologous BMC infusion (ABMi) therapy, a
new treatment for liver failure. In addition, aiming to ex-
pand the application of the treatment, we are currently
conducting research and development studies of a liver re-

The liver is composed of a variety of cells such as he-
patocytes, cholangiocytes, stellate cells, Kupffer cells, and
endothelial cells. Although the liver is an organ with a high
regenerative capacity, sustained and chronic inflammation
results in the onset of liver fibrosis and the development of
cirrhosis when the hepatocytes surrounded by fibrous tissue
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can hardly proliferate, which markedly reduces regeneration
and promotes liver dysfunction and cirrhosis. In addition,
the risk of liver carcinogenesis increases with the advance of
liver cirrhosis. Globally, more than half of the cirrhosis
cases are attributable to hepatitis B and C virus (HBV and
HBC, respectively) infections; HCV infection is the most
common cause in Japan, where approximately 300,000 cir-
rhosis cases are currently diagnosed. There is, therefore, an
urgent need to develop new therapeutic strategies aimed at
replacing living donor liver transplantation, which is mostly
used for cirrhosis treatment in Japan, contrary to the Wes-
tern countries where livers from brain-dead donors are used.

Developing improved methods for the administration
of BMCs to treat liver fibrosis

A previous study confirmed the presence of Y-chromo-
somes in the liver tissues of a female leukemia patient who
had undergone transplantation of hematopoietic BMCs from
a male donor." This groundbreaking finding revealed the
existence of cross talk between BMCs and liver tissue, in-
dicating that BMCs were able to fuse with or transdiffer-
entiate into albumin-producing hepatocytes. These results
suggested that BMCs might represent a new cell source to
repair liver cirrhosis. To investigate the feasibility of the
ABMi therapy for cirrhosis patients, we developed a mouse
green fluorescent protein (GFP)/carbon tetrachloride (CCly)
model where mild cirrhosis induced by administration of
CCl, was treated by infusion of BMCs fluorescently labeled
with the GFP. Our results confirmed that in cirrhotic livers
with persistent liver damage, BMCs administered through
peripheral blood differentiated into Liv2-positive hepato-
blasts and albumin-producing hepatocytes; in addition, the
activation of the surrounding A6-positive hepatoblasts was
induced.>* Furthermore, we found that liver fibrosis could
be improved by the activity of donor-derived BMCs that
migrated into the fibrous area of the cirrhotic liver where
they expressed matrix metalloproteinase (MMP)-9, an en-
zyme capable of degrading the fibrotic tissue. As a result,
mice with BMC transplants showed liver regeneration and
significant improvement in liver function and survival rate.*
Currently, the beneficial effects of MMPs on hepatic fibrosis
and liver function are important in liver repair and regen-
eration, and there have been several reports indicating that
adenoviral delivery of MMPs into the liver ameliorated
experimental liver cirrhosis.>™ In addition, the analysis of
our GFP/CCl, model together with the data obtained from
human patients showed that the administered BMCs re-
presented a heterogeneous cell population.* Identification
of the cell types that are involved in liver regeneration and
repair will be an important step in the development of next-
generation treatments for cirrhosis. By now, it is established
that administration of these cells clearly improves fibrosis in
the cirrhotic liver and may stimulate proliferation of liver
progenitor cells and hepatocytes, ultimately leading to the
induction of liver regeneration (Fig. 1).

The status of the ABMi therapy

Based on the results of our basic research, we initiated
clinical studies involving liver cirrhosis patients ranging
from 18 to 70 years (all the participants provided informed
consent).
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The participants were patients with total bilirubin levels
of 3mg/dL or lower, platelet counts of 50,000/uL or higher,
and not showing hepatocellular carcinoma as detected using
MRI and CT scans. Bone marrow fluid (400 mL) was col-
lected under general anesthesia; the cells were washed, and
the mononuclear cell components were harvested. The
end product was administered through a peripheral vein, and
follow-up observations were subsequently conducted.® This
clinical study, initiated at Yamaguchi University in 2003,
was, to our knowledge, the first in the world to show that
cirrhosis and liver function in patients could be improved
without severe adverse effects.® Where possible, the biopsy
specimens were analyzed, revealing proliferative PCNA-
positive hepatocytes in the liver. The results confirmed that
the BMC administration induced proliferation of endoge-
nous hepatocytes. Meanwhile, in a joint research project
involving Yamaguchi and Yonsei Universities, the ABMi
therapy was conducted in 10 patients with Child—Pugh B
cirrhosis, and significant improvements in the liver function
and in the Child-Pugh score were observed. The therapeutic
effect was maintained for 12 months. Liver biopsies per-
formed over time confirmed activation of the liver progen-
itor cell fraction. An additional 20 patients have received the
ABMi therapy in Yonsei University.” In another collabora-
tive effort between Yamagata and Yamaguchi Universities,
the ABMi therapy was conducted in six patients with al-
coholic cirrhosis and a significant improvement in the
Child-Pugh score was observed, revealing the benefits of
the ABMi therapy in treatment of alcoholic cirrhosis. This
clinical study also demonstrated the activation of the bone
marrow after the ABMi therapy confirmed by scintigra-
phy.'? Furthermore, a multicenter clinical study on the
ABMi therapy was conducted in five HIV/HCV coinfected
cirrhotic patients, and in three patients with cirrhosis due to
nonalcoholic steatohepatitis (Fig. 2). A comparison of lab-
oratory and clinical research data showed that the BMC
administration caused rapid changes in the blood levels of
granulocyte colony stimulating factor and interleukin-1p.""
This phenomenon may be attributable to BMCs, which are
normally absent in the body, so their rapid administration
can induce changes in the host cytokine dynamics. We have
previously shown successful treatment based on the ad-
ministration of autologous BMCs providing a proof-of-
concept for the ABMi treatment of liver cirrhosis. This
treatment aimed at activation of the hepatic progenitor cells
and induction of hepatocellular growth through peripheral
administration of BMCs, which should result in improve-
ment of fibrosis in cirrhotic livers (Fig. 2).

Our analysis has shown that patients treated with a com-
bination of splenectomy and administration of autologous
BMCs showed an improved liver function because splenec-
tomy enhanced the repopulation of peripherally administered
BM(Cs into the cirrhotic liver.'? Recently, a study on the dy-
namics of radiolabeled mesenchymal cells in humans showed
that immediately after administration, the cells settled pri-
marily in the lungs, then in the spleen, and finally in the liver.
This is consistent with our findings that splenectomy pro-
moted establishment of a large number of BMCs in the liver."?

A clinical study was conducted in China when 527 patients
with liver failure due to HBV received the same medical
treatment, and among them, a group of 53 patients received
BMC:s through the hepatic artery, with 105 designated as the
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FIG. 1. Mechanism of sequential activation of liver pro-
genitor cells and hepatocytes and improvement of liver fi-
brosis by BMCs (macrophages and mesenchymal cells).

control group. The analyses showed that the BMC treatment
had no side effects. Furthermore, when the patients were di-
vided into early-stage (2-3 weeks) and late-stage (192 weeks)
observation groups, improvement of liver function was seen
in the early-stage group. In addition, long-term observations
suggest that the BMC administration did not increase the
incidence of hepatocellular carcinoma.'® These results are
consistent with our findings that frequent administration of
BMCs reduces liver carcinogenesis rather than increasing it.">

TIMELINE OF ABMi THERA

TERAI ET AL.

Currently, to substantiate our findings that liver cirrhosis can
be successfully treated with transplantation of autologous
BMCs, we are conducting randomized multicenter clinical
studies designated *“Advanced medical technology B in Japan.

Extending the applications of the ABMi treatment:
development of therapeutic methods using
the next-generation cultured cells

The current method of the ABMi-based therapy consists
of administering 400 mL of the bone marrow aspirate under
general anesthesia. However, general anesthesia is often
inadvisable for individuals with liver failure, which makes
the ABMi therapy unsuitable for most patients. The problem
can be solved when small volumes of bone marrow aspirates
are collected under local anesthesia, and fractions of the
cells most effective in liver repair and regeneration are ex-
panded and administered to the patients.'® Figure 3 is a
schematic representation of the therapeutic method we are
currently developing, which is based on using the cultured
BMCs for regenerative treatment of liver cirrhosis. In this
method, ~30mL of bone marrow aspirate is collected un-
der local anesthesia in an outpatient setting and is cultured
for about 20 days; the safety is checked before administra-
tion to the patient. The development of this therapeutic
method and the initiation of the relevant clinical studies are
urgently needed, because they will provide treatment options
for the patients who thus far have been limited in their
choices. A clinical study conducted by Mohamadnejad et al.
showed that autologous BMCs harvested from four patients

FIG. 2. Timeline of the autologous bone marrow cell infusion (ABM:) therapy and clinical findings.
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