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Suicide gene therapy with retroviral vector-producing cells was feasible as an adjuvant to the surgical resection of
recurrent glioblastoma, although any benefit appeared to be marginal. Further evaluation of the therapeutic strategy
with the vector-producing cells must incorporate improved delivery of vectors and transgenes to the target cells. We have
previously demonstrated the ability of vector-producing tumor cells engineered by the adenovirus-retrovirus hybrid vec-
tor to destroy satellite tumor cells, although therapeutic efficacy for aggressive tumor has to be further evaluated by the
systemic delivery of the vector-producing cells. Mesenchymal stem cells (MSCs) should be an effective delivery vehicle to
seek out tumor cells in vivo and transport cancer-killing gene or immune products with minimal rejection reaction by the
host. We developed vector-producing tumor-tracking cells to improve suicide cancer gene therapy. Nucleofection was at-
tempted to deliver retrovirus vector components into rodent MSCs. Athymic nude mice with subcutaneous 9L glioma
were received vector-producing MSCs through the left ventricular cavity. Optical bioluminescence imaging in vivo rev-
ealed accumulation of the MSCs into the subcutaneous 9L tumors but not Rat-1 transplants. Consequently, the vector-
producing MSCs significantly enhanced pro-drug killing of glioma cells compared to MSCs without ability to generate
progeny virus. Our study demonstrated the effective MSCs-mediated tumor transduction with progeny vector produc-
tion to improve suicide gene therapy. Although therapeutic benefit in the various orthotopic or metastatic tumor models
has to be further validated, this transduction strategy would eradicate evasive tumors in situ.

Key words——mesenchymal stem cell; gene therapy; virus vector

1. &I

BABEBTFORBEL TOWRWRE DM ML S

M ANTHE U & TR I8 R TR DR IREBR T O N
TSN, WEEHAREKRZIRIIESN TV
VW, BITETIE, BETFEACHKLIRTA I ANY
=AW NTWSA, EEENNEE TEET
BANBINENS AT LDEL SN TN, 20
728, ZERTHKRWIZERNIRHRE LR T8 AR DM
FNBHTH 5.
BaTES U, mEF S yiES o
HEE, BRABRA NI TO—PIREINTNDD,
BRI OMIIEZFET 2 HiEE L THRE
IETEEDNHFE I N, ZOHKELETIBEETIE
FENLRE M - MR EEIIIE Y > & — MR SE A E (TR
BIREIIIEER (T 187-8551 B ETHL /N EHi /NI BEHT 4-
1-1

e- m)ail' t-okada@ncnp.go.jp

TP, AEFELEDE 1304FERT > RPIASIOT
FHELIEZDDOZEFLICHRBRLEZBDTH 5.

EVWINARE 2T =REMND T b mniaR
SHRDIHIRF S N, WOk 2 U0 IR IR BRI R S 1
VAT SHEBERTE L TEEkA 72D DN E
ME X 417273, Herpes simplex virus thymidine kinase
gene (HSV-tk) &5 $H1AI ganciclovir (GCV)
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DEANRDBAR Y5 ThHo7=. 72720, D TEN
BELETEARIZODND 5T HIEESRNED S
NIIEFN B > 7= Z 1%, HSV-th Bz T DINA A
5 =R K BRI IR SR S AR N T A
ClfiRThrEEAOGNS. £z, HENITHE
U7 8 ImEONKMNEEI NS ZEH)NA X
YO —RO—REBEZSNTHBD, MEHEZE
MET2FEEHAGDOES 2 EITKD, 5%
RICHESEEFEZRAD I EBDFEEEDNS. 2
D=, BIaTRELEZPOE U IR EINBE
DEEHNEE> TVS.
BEELTORREE LT, HSV-tk BETDIEH
ZdEER U 728 1A HSV-tk BT DISHMBRE I N
TWa, 51T, FAKOHBEERTREELLT,
Escherichia coli cytosine deaminase (CD) E{ZTIZ
& % 5-Fluorocytosine (5-FC) 7» % 5-Fluorouracil
(5-FU) ~®iEMAL, thymidine phosphorylase (¢p)
& 5’-deoxy-5-fluorouridine (DFUR) & O#LAEDH
#, % L T cytochrome P450 &z T 12 & % cyclo-
phosphamide (CPA) DIEMALZED HIEND 5.
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2. REEMRFOEE
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fil70 s a—)LOEEDEFED, FHFROEE L %
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FIIAE O BRI HLA £ 5 720 B O F8 B AT AT AE
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Jw RORXRZEZ—afELL. MEZEZHAGDER
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J AV A DIERERE 2 F D TTER IR O 5 MR 1
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A ADEYFENR#EZ S E<FHALZHHROXY
& —E U TSI NS,

NA Ty BRI —ZHWEBRERTIRED
RERIET 2729, bbbk, HSV-tk X1
EGFP %89 5/\1 7Y v KX % — (Ad.LTR.
EGFP, Ad.LTR.TK) Z#HEL, NAIZBIT SiA
BN REMREL 7= (Fig.l). &2z, AoEH
RN ANECEHNELSIZ, EERORXI Y —%2H
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D env DFEIFIZ X > THINED env ZBMAEN LRI L T
LEW, TAIVANERELE< L2 ENWS BEND
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BHTHMmL < 2 < OEEHRICHEMMES &N
VSV-GZHW/iz a— Ry TR —%2FHL
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Fig. 1. In Situ Transduction of Target Cells with Trans-complementing Hybrid Adeno-retroviral Vectors
The adeno-retroviral hybrid vector containing the retroviral vector genome was constructed (Ad.LTR.EGFP or Ad.LTR.TK) . Co-transduction of primary tar-
get cells with adeno-retroviral hybrid vector together with vectors expressing packaging proteins of retroviruses (Ad.gag.pol, Ad.VSV-G) as well as an inducer

(Ad.rtTA) could integrate and amplify the transgene in situ.

7z. AALTR.EGFP &N =2 2T XI5 —%
G IR SRR IETL hO A I ART & —
EHEET D&, EFHBRFICHL T EGFP B5 M e
OEIENEMLZ. £k, BEXZY—-LLT
AdLTRIK ZHWT N = 7Ry 7 —E &
b ICEEMEIEARREIE D &, BAMiEos >
e (GCV) 1T 9 22N L /2.
S 51T, X— XU AK TEEIC AALTR.TK &)X
V=D N —ERGEESE, BRERT
DRI & GCV £ 512 O PUIEE %) O e 58 % i
Rl ZOBIZGCV 2H 5 LRBN>ZHOK T
B2 5 DNA 2t L, E&EM PCRIEICTHE
BLRTOIE—E#RANTHABE, LEOTAILA
DFELMT T 200 (535 O HEAHER I N, BE
I 51T, B MTREEN WY 5 EfE T 1 )L &
(AAV) Z2H8T 22T LZRFERTHD. %
7z, ROMbIIEEHIEC BT 2B TEASRZE E
T RERIERN Y & T8 — 5T Rl s T I T R
HPIREDOPERIZED, NATUy RRZ Y —DiE
BTFEANREILITWET DI ENAETHD &
BEALND., INSGDIATLAZIGHATSHZ EITX
0, ERRAYZNR D m OIREIE R T IEEE O RN
HEENS. 75 7 A )V AVT Hel i s & P O HLRE

WHEHEELURERERTOHBANITRETH D I &
5, NATUy BRI —DHEAREHKEL THHS
NTWBEEMNL N, Herpes simplex virus (HSV),
Epstein-Barr virus (EBV), Rwy 7 AT A )L A, 7
WIT 7 IANART Y T IAINRIBE, AT
TAIWAZRHALIENATY Y RRTEF =7 2
U AT LADRHEINTNDS,

3. MERHMREERSOMEAER

MR MAE (MSCs) X, &, K&, IEH, M
W, I, MR EfkA Rk &b d 5 L&
DEIMERENZB L TWS, ITF, SRIESBAL AR
HEIAL N DR S REMGHEIERATEE SN, Z
OB ZFAL, KT GVHD (graft versus host
disease, A KHiE EIEMISE) TEHEA DK IS
MEFIEL TETWS, 9 MSCs |2 HLA I8 —% L
75 < THMEAHE TR EEENME <, DOPET
BEERIG R OYEMR TR TH 5.

RIEFAL N D MSCs DERITIE, SFEDOT TS
A OEGNRBINTNDA, 2AlL, “never-
healing wounds” & Eb 5 & D ITHI A T RIEZ 1k
S2THBD, MSCs WEMLHWHETHS.? 2D
FHEEZFALT, &% - BEEOEWEE 2 ERY
ELTEGHBRGITRDERNENENHGFINS.
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& 51T MSCs IZIZ MBI DB tENid 5 2 &
HMESNTHD,Y WEFEOBEICOAEHEEA
5015, MSCs i3, H#CIENDEA, MR,
fiti, “E/K, BAME, BErin, HRRm7s &Rk & IRk
SIBIARETH 57, ¥ —H— MBI ETRE
ZENHHLENTNS, FTHERIT, LRNES
WWEODRLERIT A ZENTES2D, BHEH
MSCs DYV —ZXELTEETHS. LHL MSCs i
HHEE R TT el o TTEIC 1ERRE LN EEY
T, Ml bRMEFMRR E Skl THE
W, 2Ok, HFE MSCs Ik 2HEAERZL K&
IHLEOITE, INsERREICHEEL THIET 2
BN EETHS. bbb, CD271 Bk
MSCs mEmWiEsHREZ /R L, NDZoLie)) & R EE
LTWbZEZ2MHREL TWwb (Kasahara et al., ¥
FatEfE ). S SICEMMBITmT, ERICEFEICE
TS 0, AL GE 2 BRI S Wk E TR
TLHMOBIENEENS.

72721, MSCs OREMENTERITHEL S NDIT
TNV, £z, HEEHIEE MSCs & OAHAEH
ICRD, JEEOHIHAE I AR 2 2 LA U
LA b IN TV S, AN AMEZ AWz
AECIY, SO ICIZ R E R ITR N D
DD, MSCs 2373 Al DirtE HE 2 — il 1 1T (e 3
% EWND R[REENER S Nz, Y EE ML & OHAE
ERICE > TMSCs 5D 1 > (CCLS) @
PEAEDAEB I N KGR, TG O E LA R S
NEZEDRBINTNS., 5T, MSCs 05453
WE N5 Angl (angiopoietin-1), VEGF (vascular
endothelial growth factor) % PDGF (platelet-der-
ived growth factor) 7% & DK TAAHEANIEM L,
MEHREERT EVWDAIREEbEMINL. 2K
U, MAFHOZEIEEOREEICI D KRE< i
0, ZTOERAERFCZEEEDORDDIZTDNTIE,
SO IR 2 R o 7T U TR 5720,

4. DBABRE~NDH

MSCs D NDOEEMEZFA L, B TFIEAH
MSCs ZFIfH L7zkk 2 IR AIBEN B Z 5N 5. §
HAEDH HMifdE VWD AU v h&ELT, 251
Btk THEBROEDIRENIRETHD I &
P, BEY NI EOREZRTINICES TSI L
THIRGSN\DEZEZRM I LRNWHTES
IENET 6N, BWETIVTIE, REEEEL

T IFN-B10 % IL-12'0 % FE 39 2 & {5 7 &4 MSCs
OHEE SRR E I N, FHIZ, NK4Z2Hn
TMmEHEZNHTL2MOMEABREEINTY
%12 %7, MSCs H 513 DNA 85 OEHEENE
< BAHRIEIZ B IEPEN R W E WS HEDH D,
CD %8 MSCs ZF|fl L /- HEE TIHEEOET )L
MREINTNnE. P

MSCs ZFIH L 7= 2315 OREH LD R & ihE
SH 272D, BEHBN TRREZH#ERIE2 T
KOEREZ IS ICEDLIHINNEREEZ 5N
%, JEEBNTYA I EEESE, Y1V AESD
JEERfEE 2RI 9 2F1EE LT, MSCs &k
E U THIFRBEIERI Y A )L A % 512 552 S 1 5 il &
MHWEINTND. W 2L, REEETEREN
WCHBSE, BRNENEZE2720I121F, MSCs
NI EEAME < 7D T F B 2 L\ HERr
THIATLANEENS.
551X 2 EEMHEANOEMEIC, EEMT
D TR IR R T OB 2155 1201213,
MSCs & +H & LA IV AEEMENERHTH 2
LRI D, (kOB TFEMMEOEE, B
HHOEEDENMENZD, MEZ2BELTH, +
SROEL TR Z BT 5 2 I3RE#TH
% [Fig. 2(A)]. ZHITHL T, HEHMAN TR
5 — A LUFT DA APEARMIEZ R L 7285
H1213, EfiGE< BWBRFEADRIHEFEIN
% [Fig. 2(B)]. X7z, HIBENONAMALOMERE
IZ MSCs S Fifflifln & U CEEREE 2 5721 T
WbZEMHH, MSCs HEITIHEEBELRTHREANY
Y —aEEIELIEIFBEITENTHS. Db
N, N5 —pEARI MSCs 2l Wiz Auicxtd
8L WG RIS 2 2 2 U (RedFtiiEs), 38
PEET OHEIE SRR A A= 2 T 2T, HEGE
BFHREBENDIH O HEMEZBREEL 2. 19 Lu-
ciferase WL hOTA N AR Y —TF X3 R,
gag-pol TS5 A I REUNVSV-G BT 5 X3
K %, Nucleofection %12 T SD 5 v b & # H 3k
MSCs 1238 At, #EEAICHE BE2HmL, U1
WAEABEDOHR 2T L=, £/, MSCs NODiE
&1 A 24 FEfE#%, & FICOL Mifle & B L /=
X— R ZDLELERENICE S T8 AN ZEA
U, AR A= 2 7@ E AW TER CTOEMRT
FEHERRICEM L 2. TORE, EETEA
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Fig. 2. Improved in Situ Vector Production Strategy

Long-term extensive expression

A. Gene-modified MSCs: Although gene-modified MSCs have tumor-seeking property, local expression of the therapeutic protein is up to the presence of the
MSCs. B. Vector-producing MSCs: Progeny virus produced by the MSCs can transduce target cells in situ to amplify the therapeutic genes, which would be followed

by long-term extensive expression, even when MSCs fade away.

24 IR K D, BIZERSMAD 5 XY & — D353k
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ISR E NS,

5. fREZ
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I 5ITHEDIE, K DIREWIEESIEDOZER N HE &
20, EIVEFIBIEND I ENHBEIND. B
ZETIIHARRECKERIGENE &> TWD A, KEH
IR LB TRERBESZEN0THD, H
AP E D HE 2 I U 7z B IR A B O R DY 5 12 301 75
N5,

MSCs X7 & —FEERN & U THW SRR
Blig & UC, BRELRTREDINCD, RERED

I 57 AL PR 1512 & B 2 B IIRE A O R Y
EN5. MSCs DEGHEMIEE N Z —FEEITHED
BEETFHEESNRZ S E<FAL, WEROBELETIRE
DRI R ZRESLET 2T ENEENS. FF
ROERISAIZENT, Stk aatzEEEdT
5701213, EEMLE OMEER 22TV
TR 2 & E&BIT, BHEEEEFREDR EATHEE
RIETH S, £/, MSCs DNEAET B TFHNY
7 —ELT, BEMEDEN AAV R Y —DIEA D
Hrsxn s, pwBEOL ~ OUAIVA LRI,
AAV ZPEASEMMANTIHMEIE 52013 TR
BT D0, BRGSO R EARIITHLA ENE N
O, 2HEEL GG OERNNLB R EE A5
&, MO THEARBEKRTH S, REBLETOHRIIC
BLTIE, XV —R2DTRIZEDET, PEHEA
ELTER N BT EFIVEBE R ERZ H WA
FEETHRIVERIEDAEEEZA NS, 7T /U
AIVANRT H =D, R OEREF &
UTRARORBFENASNTHBD, X7 &K
PENCHEFN 2R ET D ENARTH S, 2T
LTAAV AR —IZBWTIE, XY =4 ) AR
BRERNSEX N BMiEZTRY 2T Iz 2
TTWBHZENS, AAVARYZ Y —DREBEICEDYE
THEETDEEWIRNIFEFTE 5.9

MSCs % W 72 GRS B R S Tl L S e B
DEFEFONEND, G5, FRAXBRARITP—T
R I N D Z &Ik D, BRYRE LS
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