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Abstract

Cell and gene therapy promises to provide an innovative and effective treatment even for the patients
who fail to be treated by the current standard therapy. In this review, we outlined the advances of cells
and gene therapy for cancer treatment, mainly focusing on the approaches that directly targeted the
tumor, genetic modification of T cells, and gene transfer to improve safety of cell therapies.
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Bz SN E L -MREnTFaE

HESHA 2 B B n TR0 & 5
72Ol2, WA TEARRERONS ¥ —%
I CEIRBIZIES ML 12 O AR T2 EA
L, BB RN ECTE LV AT LN
IS ENTE . FO—EBIZ CTIZHRER &
LOSHENEDTETWLYS, ZOHTHH
AL & 7R E 008 & 5 v
ANV AE W BIEFREICOWTIRRS,

BREEFERAVE
FEEMRIC Y 3 MilEETaE

BT L, TO®METFEWIZE > TH
Jage 2 85 5 2 SRk A EIZ 2R, F
TH, "NVRATANVAERF IV FF—F
LT (HSV-tk) & vy r7uavl (GCV) %
2B TR Y AT A5 b RIS IFZE &

ENES/

NTW5h, GCVIEANIVRA T A )V AJE G E
DS L LTRSS, A < BRIHY T
ENTWDEY, ZOP7 ANV ASEE L TOMEH
L, PADOEMLFIHFICHIDHINTE
720 NIVRATANVAEDT ) AHIZa— F&
N5 IV ¥ —t#faT HSV-k) 1, GCV
% GCV-triphosphate (Z i 97 5. Z @ GCV-
triphosphate ZEAUFALD DNA (2B D sA M,
chain terminator & L C DNA OffiE% &3 %
Z & T, HSV EISMIaOMIIastAhE S 5.
COE RIS L, HSV-tk % TSN E (T
BAL, GCV #4595 2 £I12 X - T, HSV-tk
LT & RO MRS ANE 2 IR IR S € 5 2
ENTRRE %Y (K1), HSV-tk ¥ AT LI3%
DOVERBER 22 & F IS ZMNEIAEH T 5 720,
WY 7N 5 — % Fl > TSI 2 s 75 A
TAHI LT, BEEO S GIEEMIIC O
FHEFN PRSI R A S D T EATE

X1 HSV-th ¥ AT 512 X B HBIICAERRE
Tfr 38 A 2472 HSV-tk 1%, GCV % GCV-monophosphase
(GCV-P) 12V »f{k L, & &I2 cellular phosphatase (2 & -
T GCV-triphosphase (GCV-PPP) (Zfiif S 1%, GCV-
triphosphate | chain terminator & L C DNA &% % fHE 9
5.
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4. ¥ 5121, GCV-triphosphate ASHIHLIARE &
AL CHR T Mgz sns 2 Lick
0, BEEEIIC L C b B RhR & S8 %
(bystander &)%) 7297, HSV-tk #{nT- 2585
FHE R S N7 22 o 72 S AR R I i N BB (2
xF L CHRIEDFE SN,

Z D HSV-th ¥ AT L% WD AE TR
FEILFEBH IR R N BEDS A CRER AR & L C
IBHE N T2, BIFEEISRE L7246 34
FRPRERERClL, HSV-th ¥ AT LADSAAMIAT LT
T T A NANRY & — % fEEPNCE S
% Z & THRIZTFEAZITV, GCV O HH%5-12
L0 HSVAR ¥ AT A &ML S ¢4 2 & Th
MESDEAARE S 7z, Lo Ledss, HSV-tk
T T T AINWANRY F — DD RS S
N7z 00, EFEOLERITED SN h -
720 FOREBEHELT, 77/ 74VA
N7 5 —DBFGFEIIBO TEH D DD, BA
ENTEET R THLZ &, T2,
HRIPUARDREEIZ LD, YA VAR ¥ —HE
DPIEEPSFRENTLE ) 2 EZ6NT
WAHY X521, HEOREFEREICL S
N7 5 —HE % Y 2 7260 (S IES N R T
GHEE Y, S 0 L CEshR %
B SEL 2 DR, 20720, EEIC
it B BInFIEEE L) BRI T 2720121,
PG HER, RN OR 4, O
FERBEFT) N — 3 AT DO WEET
H5b.

ZD &) MR A T 2720102, fiEs
o, BEEREMIAZ: &, Mz Ny & —F
YN = AT A ST E MY, R
Enilife (MSC) 1%, B iR ARIAALR A & HEE S
M, TNHEHFEWEEELE > S, adipocyte,
osteoblast, chondroblast ~D7LAE% F0.
R 2 &2, MSC I SSRERRAL R BB AR | 2 4
BICHEET A2 E A RO 720", RS
@ cellular carrier & L CMSC % F\ 2 172055
DHENTWE, v AMBAETIVORZET
1, AREETFASNEASNTT T/ 74 VAN
7 & —7% MSC IZ## L, MSC =~ AlZ&H
P53 % 2 & T, MSC 23l A A AR FF B2

BfETHZ L, MSCOHT T/ 7 A VAR
& — S FRARR R &, BRI 2 e S
BT F 7 HBGRIE T ORI & ) B
MADFIIEDSR SN, <7 ZAATE A
35 2 LS &N, IR oS 2
A a T AR L CEH 2TV A,

EEsEE 1V X%
AWEEFaE
EEARRYE™Y AV 2 2L, SEIRAY L R
NTOIRT A NVADPHEEINSD L9 IZHIEZ T
BEINT2T ANV Zied. BRgs L 72 Egix
2BV - BRT B 720, B I AV AKT
RPN ST ES I &g L, &
SICHEELEN D Z & THIIEEEAHIE S
b, 5121, IS O E R 2l sE
DHRTIE %L, BEORIEEE LIRS T

& TOPNESRIR O WIFE S 5",

20 HHATAIGEIZ, ™7 A1 L R Gei4 O i/ NG
Rt SMTLCR, 4 OEEHREL O
A OVAHHEES N, JEEHIRE O A THEIRIC
&G, BT DR A VAT ) AHREEN
T&7z BETE, 77/ 74 IVA, Hii~)u
RATANVA, LATAIWVAR, LAY TATAL)
A, T ZTIALNVAREDRHNSNTW
L. BEREIEBHIFL D AT A )V AKEEAT
bNDB LI, AN A IEDEIETD
RERTOE—F —OULER L, FREEED
LRI TN T AL, Ble LT, MEEERE
7T/ A VA dl1520 (Onyx-015) (X, €D
ANAT ) DD S 7 A )V ABENZWEDEH
31— 35 EIBBLTHARIELTEY, p53
HRIE L 7 BES AP T DA A )V AR T
I L) IZHEENT WA, EIRAIZHT
MEEAE % 5614 2 = LSSk 2D, kTl
I CIZHIEAE S B 2 PR & LT Onyx-015
DIEFENIEG- & AR ALFREO B 217 ) BiR
RERDHEIT S, FWEMEEZ IR L7z L5 &
NTWaBY, L2 L, Onyx-015 (ZBAZHGRIE S &
HERNRE LT, TETZEOMEHIKEI N
2L b5 9?, ZORGRERFER S )
S5KEZ T UOZFDOMOE 4 TIE, EHEEE L
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TOERBIZIZE STV,

AT L, BEBHIE A O EIRE 2% B AR
HOYFEL, HEORELTERET LI L
2 & BFE R PSR Hi L LT, #ir#l
JE S5 E ™ A )V A6 ST B % Talimogene
laherparepvec (T-vec) A BHFS S72%. T-vec
VIR R B AL A 7 £ L RS, SR
e % W L C GM-SCF 27 &85 L 9
27 ) AET A ETERENTEY, ik
PR N L TRV RIS E 2 R
ZEDHE SN, ZORREEZITC, T-vec
EHR O REFEIE L L CKRE FDA OKGEAS
AR XN TBY, FIIOKR L FHERADIGH A
BifEs T 5.

T #RICH T 5 EBEFHE

EBRFREX A T2BE T filafEE

MABETIE, S0 2 g
Mekel2 & 0, PEEHINELE FOREREIC X -
THRETE 2 WIKIEEE oo T h. DABED
R St & IR ¥ 5 72012, HileEEr:
THifE (CTL) A5 T Mifez4 4k (TCR) (2
X L CHEIEFEZ N2, EIRHDDFERIC
NEESHAG A CTLIZRRa% S, PUEEERIE % 564#
THEV)BIRTUEF X T ZHERTHIA
(chimeric antigen receptor T-cell; CAR-T) &%
MTAEBSE SN C & 72%, CAR-T 1L, TEEHUR
ZHFRE 7 21— F VPR o W 28 R IR
PH (Vo) CHEH (Vi) ZEFNEE SEPUE
(single chain Fv; scFv) % N #uuflliZ, TCR #
Ak CD3 AN K 2 £ »CTdh 5 ($1 (CD3 L)
% C AN, —ARFHOIREETHA S H 7% 2
FHEHTH S (X2). CAR-T ML, WS
O FEHARE A BTG class TOZHL & X
HERAARIC, scFv THEBPUR 2 ik T 2 L 2D v
7 Vi CD3 ¢ &4 L C THlBAIZ(mE S 1,
THBEATEEALT 5. E 512, FAITTHMEKE
T Mg LS FTdh % CD28 X CD137 (4-
1BB) DILFEH R (55 2 X CAR), T ille
HEGEAF- IL-15 ORIFFEIHY 7 & OSEAN 2
5, CAR-T MBOTUEEAIRA L ) g s
TWh,

ENES/

Q-

- spacer

—
co-stimulatory molecule
(4-1BB, CD28)

CD3T

2 F*7 THfgsEmAk (552 R CAR)

CAR-T Mifg & i\ 7225 A6 1L 9 TIZERIR
SRS LOnHEN TS, CD19REHEB ) ~
ISERRIESS 2 RS L L7255 3 AR BR T,
PFERMEY MR R EE 0 LT, BE X
D& 5H L Tl e #RICL 72 1T CD19 3
By CAR {8 A L, K53, g s 47 1T
BEARNICEE SN, &5 %%1)7: 5 61&FT
BRTONTFEWANERIPRO N EHES
NTWwaY, F7-, CAR-THfgEDE I, Mg
JRRE 72 AL DR 5T, DSAMEHPURE % 1
HETHIELMEETH L0, xR AN
\Zx0f LC CAR-T Mg 2 253 5 2 &5 C
&5, FEBIZ, NEEEEIEESGORETH
B PRSI B A R RS, AR S i 2SR
BT L HERE T 5 disialoganglioside
2 (GD2) #1EHy & L7z GD2-CAR-T Mifafssns
BRIRIGH STV 5. BEAISED 5\ I35
PErSEE S 2 xS & LR T, B
# T HINE & 0 VB S 1172 GD2-CAR-T iR A
SN, THEIERZE 2 A3 B IS ERAAE 11 B0
) B3N EEEHSHFEON e MEEINT
WY ZhPAHZH, ERBB2 (HER2/neu)
F40 CAR-T Ml KIS A, IBEFEZ: &), CD20
FEELN CAR-T Mifa (B Mt »o8hf) 70 L,
i 4 OFERIIZRT LT CAR-T A AMERL, ERR
RIS SN TB Y™, ZoiRIRN
TW5h,
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FEE e O e iRE %
B LU EEFRE

FREO &9 12 TR & F v 7 M R TR
FRIAR DDA ZH ) HFEE LTRECH
FEINTVLbDD, % DEGHIEIHT S
JE IS5 o BRI X 0, 2 OPUES RN ALK
WMENLWREMEAF LT D, T0R0, K
B T & L CHER S0 B | e Pt d 5 720
DES% LR TUENRAAOLNDL L) Ik o
T&7-

HEW%WT%%%@E@—W & LT, TEEHALA
5@ TGF B 42 & B REHIEHAH T 51 5.
SN, n’*ﬂff&qj TGF B %453 L, JEEHL
Tl &tk L C & 72 CTL OBl b x B
L, #lfEE T HIE (regulatory T cell; Treg) %
LS €%, TGF B3, THNELICFEBIT 2
TGF  ZFRIHAE L, 2IUZL > TTGFB %
EaZEN/NI RN [ﬁ’s»"% Z & CHIIEY 7R VST
MBI E S B, BIRENZ &1, TGF B
ZEAEOHIIN B X A » % /RIS B\ETH
ZERITGF f 52 %348 (dominant negative TGF f
receptor II; dnTGF S RII) % T MG (s 15
AL, TEEHFD TGF f ¥ 7 F MuiE %
5 Z LT, JEE SRR 2 R S &, CTL
2K BPUEG R RS 2 2 L L &
7 o 729, SEERIZ, Epstain-Barr virus (EBV)
PUIE R Hodgkin V) > 73, JF Hodgkin V) > 7%
JEEE 2 /5 & L72ERHERTIE, EBV FiFn
CTLIGHIZ UG L e o 72 BEH K L TH,
dnTGF § RIIZEA EBV f#521) CTL T3 HuUlES;
BRE RO/ HES N TS, dnTGFS RII
VA b, E\ET 02812 X % PDL1-PD1 #5452
CTLA4 #ERGHERT 12 X 2 JEH fe s OB sR 70 &
JE 955 St Mok 2 A & L 7o BB R O
EDPHRNTBNY, 5L EENEENL.

HiaEOR LM%
=203 -ODEIEFRE
RSN 2 1209 & 3 & Al Sesin e R B a1
HRTIE, BICTPEL2WEERERPREET S
Fﬁﬁlé—tﬂ#o. BIZAL, fie b A 2 MR ek

BT h 5 M E SRR T, AEFER
& LTI 2 m R 22 SeiE RO X 5
cytokine release syndrome (CRS) %° graft versus
host disease (GVHD) 25K & L 7 5. 3
AN XA HEERREITRL Y, MGHERHER

THBIHE ) HFEFRIL, BARMKRTOERFR
AL DN TORIED 72012, £ DOHER
SAERE, HEIEL 9. %@f:&), Mg R
FHEBR L LEERRICHT 5 720121%, FiHl¢
REEFRFREEML, L4 li%m&)éIﬂiﬁ‘T
WRERD.

ORI LT, BFERTIC X ML
FHERE T MAEOE—T T4 - AL v T &
LOOHTHRADPRENT VS, 2F ), 46
W L7z HSV-th Y AT L% & 57 U TRz
EIRTFEAL, &R EGAE R° F 5
DB HSV-tk 38 A N — T #ild & B | yE
THIET, PUv A VAR, Pl %
59 % [, HAE GVHD 25E#E S 7z B8
GCV Z#:5- 1L C HSV-tk 38 A T Mg (Mgt %
FHES 2%, HSV-tk EA N — Tl % Fv72
TR IEGSETGIR 1 3 CL2 8 3 1R Kﬁﬁ%ﬁ“(%
DOREDFEIE SN, RO THBPOLEIER
AT S EDHRD LA ﬂ“(b\%msl
—55C, HSV-tk ¥ A7 L13fa F 4o DNA &
By AT AT WT A LTSt 2 ST %
729, TORMEDFHT 5 F TICIIMHBREE
L, 2 OflEms D < =W IZRRAS
g9\, F 72, HSV-th T HEWIE Y 4 )V ZAHF
TH 0 REEEZFD720, HEOREMELD
R E 220, SR BT i1
Lo TSNS, ZD728, HSV-thEA K
- — T HINEI 218 FRERRRIC & - THRRR S %
Z &, F7, ERIED SREREE I
UEddroTLE) L) RES LS L
o7z

T, caspase (2L HZHEHEET R b — 3 AH%
W% IS L7238 72 2 NARHIISEEEE S A 7 A
HHRLEEO -7 74 - A4 v F & LTUBH
ENIHOTWBY, Caspase 9 1%, FOBEELE
DAL S N 7-HTBRIR (pro-caspase 9) & LT
B ENnS. MlasGgELZITAE, I hay
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KU 72 SR & 114 cytochrome C X° Apaf-1
PEERZIE L, 2 OMA A pro-caspase 9
@ caspase recruit domain (CARD) & &AL,
capase-9 X — &M LT 5. T2 X o T pro-
caspase-9 X707 7 —XIZ L 5 & =) C
LS, T T S caspase-3 & & 520
HIEE LI ETT RNV A%FET S
(M3). ZoEEIEHLzt—77 4 - A
A v F I AT7T L LT, inducible caspase 9
(iC9) 7BiFE &7z, iC9 1L CARD % 72— F
3 % i fn F $H I8 A FK binding protein 12
(FKBP12) #IZFICEBEMZ SNLFIT L

T, tacrolimus FHEATH % AP1903 (chemlcal
inducer of dimerization; CID) £ F COA i
AL, EEALTOY (K 3). iC9 ke MHIRD
BT AL TH ) REREDR 2 WEEZ b
b2k, CIDIZEWFHICAEETH Y, A&
I L COFEIIE SN TV RnI E? 7
R b= AR A EREWIE LS5 2 L

cellular
damage

mitochondria

cytochrome C

00 ©

Caspase 9

( 1 CARD
| Catalytic
' domain

e E
FKBP12 “:.-U

=
Catalytic/ |
domain \)

Activation of down-stream caspase
Induction of apoptosis

ENES/

SRRSO TR L¥ 95, HifaiG#E
AL CEER et —T7 T4 - AL v FEWVR
b, FEBRZ, 1C9 2NEA S/ THifgIX, CID
FG- T30 LIZ T R b= ADFHE SN, 24
BRI 12 132 90% LI Eo> iCOE A T HilfE CHiFIE
MFEINZEHEINTWEY, S5, &
MESIARHE RO ™7 A )V A EGSERE I 5
iC9 35 A T g iCO-T) & H 7= pkatER ¢l
iCO-T HiiE A |2 EAE GVHD % 38E L 72 & 1 2xf
L CCID G- &, 514300 TB L%
90% LA 0> iCO-T 3N HHERE S 1, 24 ¢
DIIZ GVHD 2B 9 SERASE R L7z L i S
TWBY 09 # flwict—77 4 - A4 v F
AT A, SO N — Tl
BiED A7 597, CAR-T MIFLHE <[5 R
MR & W7 MY, S 512, iPS Mg % H
WA (12 QST 5 2 AT RETH
D, ZOFRPRAFEI N TN

AP1903

- (CID)

iC9

3 inducible caspase 9 (iC9) ¥ AT A2 & 2 s HEA%HE
iC9 1%, AP1903 (chemical inducer of dimerization; CID) OFFfE FC__imfk
1L, N apoptosis cascade & IEMALE &5 2 &I & o THINEIE % 35385

5.



Cell and gene therapy for cancer treatment 855

b W I

PLED X912, BEE RS 2 M s T
DFEREIIOIE L, —EIE T TICERIGH S
TWEDTWD, LA LEnE, £ O3EAIFSE
LR, REGFHABERAPAELLAZ L, &
5121, MBI FIROBRRISH MG E - T
DD, BB EE I & CHAIDMEE S A
TeDIRBICER LB HZ L0,
SEMCORFIAMO TR E L, BRIEHNDOK
ELN—FIEZoTwWah, T2, KT

X

1) Niculescu-Duvaz I, Springer CJ. Introduction to the
background, principles, and state of the art in suicide
gene therapy. Mol Biotechnol 2005; 30: 71-88.

2) Pulkkanen K], Yla-Herttuala S. Gene therapy for
malignant glioma: current clinical status. Mol Ther
2005; 12: 585-598.

3) Aghi M, Hochberg F Breakefield XO. Prodrug
activation enzymes in cancer gene therapy. ] Gene
Med 2000; 2: 148-164.

4) Ram Z, Culver KW, Oshiro EM, Viola JJ, DeVroom
HL, Otto E, Long Z, Chiang Y, McGarrity GJ, Muul
LM, Katz D, Blaese RM, Oldfield EH. Therapy of
malignant brain tumors by intratumoral implantation of
retroviral vector-producing cells. Nat Med 1997; 3:
1354-1361.

5) Izquierdo M, Martin V, de Felipe P, Izquierdo JM,
Perez-Higueras A, Cortes ML, Paz JE Isla A, Blazquez
MG. Human malignant brain tumor response to herpes
simplex thymidine kinase (HSVtk)/ganciclovir gene
therapy. Gene Ther 1996; 3: 491-495.

6) Packer RJ, Raffel C, Villablanca JG, Tonn JC, Burdach
SE, Burger K, LaFond D, McComb ]G, Cogen PH,
Vezina G, Kapcala LP. Treatment of progressive or
recurrent pediatric malignant supratentorial brain
tumors with herpes simplex virus thymidine kinase
gene vector-producer cells followed by intravenous
ganciclovir administration. ] Neurosurg. 2000; 92: 249-
254.

7) Palu G, Cavaggioni A, Calvi P, Franchin E, Pizzato M,
Boschetto R, Parolin C, Chilosi M, Ferrini S, Zanusso
A, Colombo FE Gene therapy of glioblastoma

L 7- B R T EROWEHRRIR, Dkl v
WCh, “h, HERBETTIN) -V AT
LD, EAMN - B m T OARNTOZEE,
JESIIEA~ O EIRMEZ & 5 72T & — [
7L, SR L 22 i AU T 2 W S £,
L2 LA s, JEROEHRTIERE LS
7B TEA AR L CHisd THRD Z i Blia e
THAREEZ RIS TE Y, RIHO%EH
ABIZIANT T & 5 7 BEAA 2 5.

B3~ S SRR RI AR SRR 7 L
(78

multiforme via combined expression of suicide and
cytokine genes: a pilot study in humans. Gene Ther
1999; 6: 330-337.

8) Prados MD, McDermott M, Chang SM, Wilson CB,
Fick J, Culver KW, Van Gilder ], Keles GE, Spence A,
Berger M. Treatment of progressive or recurrent
glioblastoma multiforme in adults with herpes simplex
virus thymidine kinase gene vector-producer cells
followed by intravenous ganciclovir administration: a
phase I/II multi-institutional trial. ] Neurooncol 2003;
65: 269-278.

9) Westphal M, Yla-Herttuala S, Martin ], Warnke P,
Menei B, Eckland D, Kinley J, Kay R, Ram Z.
Adenovirus-mediated gene therapy with sitimagene
ceradenovec followed by intravenous ganciclovir for
patients with operable high-grade glioma (ASPECT):
a randomised, open-label, phase 3 trial. Lancet Oncol
2013; 14: 823-833.

10) Chirmule N, Propert K, Magosin S, Qian Y, Qian R,
Wilson J. Immune responses to adenovirus and adeno-
associated virus in humans. Gene Ther 1999; 6: 1574-
1583.

11) Aboody KS, Brown A, Rainov NG, Bower KA, Liu S,
Yang W, Small JE, Herrlinger U, Ourednik V, Black PM,
Breakefield XO, Snyder EY. Neural stem cells display
extensive tropism for pathology in adult brain:
evidence from intracranial gliomas. Proc Natl Acad Sci
USA 2000; 97: 12846-12851.

12) Mosca JD, Hendricks JK, Buyaner D, Davis-Sproul
J, Chuang LC, Majumdar MK, Chopra R, Barry K
Murphy M, Thiede MA, Junker U, Rigg R]J, Forestell



856 w4 K

SP, Bohnlein E, Storb R, Sandmaier BM. Mesenchymal
stem cells as vehicles for gene delivery. Clin Orthop
Relat Res 2000; S71-90.

13) Brown AB, Yang W, Schmidt NO, Carroll R, Leishear
KK, Rainov NG, Black PM, Breakefield XO, Aboody
KS. Intravascular delivery of neural stem cell lines to
target intracranial and extracranial tumors of neural
and non-neural origin. Hum Gene Ther 2003; 14: 1777-
1785.

14) Ahmed AU, Alexiades NG, Lesniak MS. The use of
neural stem cells in cancer gene therapy: predicting
the path to the clinic. Curr Opin Mol Ther 2010; 12:
546-552.

15) Ando M, Hoyos V, Yagyu S, Tao W, Ramos CA, Dotti
G, Brenner MK, Bouchier-Hayes L. Bortezomib
sensitizes non-small cell lung cancer to mesenchymal
stromal cell-delivered inducible caspase-9-mediated
cytotoxicity. Cancer Gene Ther 2014; 21: 472-482.

16) Hoyos V, Del Bufalo E Yagyu S, Ando M, Dotti G,
Suzuki M, Bouchier-Hayes L, Alemany R, Brenner
MK. Mesenchymal Stromal Cells for Linked Delivery
of Oncolytic and Apoptotic Adenoviruses to Non-small-
cell Lung Cancers. Mol Ther 2015; 23: 1497-1506.

17) Stoff-Khalili MA, Rivera AA, Mathis JM, Banerjee
NS, Moon AS, Hess A, Rocconi RP, Numnum TM,
Everts M, Chow LT, Douglas JT, Siegal GP, Zhu ZB,
Bender HG, Dall P, Stoff A, Pereboeva L, Curiel DT.
Mesenchymal stem cells as a vehicle for targeted
delivery of CRAds to lung metastases of breast
carcinoma. Breast Cancer Res Treat 2007; 105: 157-
167.

18) Hai C, Jin YM, Jin WB, Han ZZ, Cui MN, Piao XZ,
Shen XH, Zhang SN, Sun HH. Application of
mesenchymal stem cells as a vehicle to deliver
replication-competent adenovirus for treating malig-
nant glioma. Chin J Cancer 2012; 31: 233-240.

19) Chiocca EA. Oncolytic viruses. Nat Rev Cancer
2002; 2: 938-950.

20) Heise C, Sampson-Johannes A, Williams A,
McCormick F, Von Hoff DD, Kirn DH. ONYX-015, an
E1B gene-attenuated adenovirus, causes tumor-
specific cytolysis and antitumoral efficacy that can be
augmented by standard chemotherapeutic agents. Nat
Med 1997; 3: 639-645.

21) Khuri FR, Nemunaitis J, Ganly I, Arseneau J,
Tannock IF, Romel L, Gore M, Ironside J, MacDougall
RH, Heise C, Randlev B, Gillenwater AM, Bruso P,

ENES/

Kaye SB, Hong WK, Kirn DH. a controlled trial of
intratumoral ONYX-015, a selectively-replicating
adenovirus, in combination with cisplatin and 5-
fluorouracil in patients with recurrent head and neck
cancer. Nat Med 2000; 6: 879-885.

22) Yu W, Fang H. Clinical trials with oncolytic
adenovirus in China. Curr Cancer Drug Targets 2007;
7: 141-148.

23) Liu BL, Robinson M, Han ZQ, Branston RH, English
C, Reay B, McGrath Y, Thomas SK, Thornton M,
Bullock P, Love CA, Coffin RS. ICP34.5 deleted herpes
simplex virus with enhanced oncolytic, immune
stimulating, and anti-tumour properties. Gene Ther
2003; 10: 292-303.

24) Andtbacka RH, Kaufman HL, Collichio F, Amatruda
T, Senzer N, Chesney ], Delman KA, Spitler LE,
Puzanov I, Agarwala SS, Milhem M, Cranmer L, Curti
B, Lewis K, Ross M, Guthrie T, Linette GP, Daniels
GA, Harrington K, Middleton MR, Miller WH Jr, Zager
JS, Ye Y, Yao B, Li A, Doleman S, VanderWalde A,
Gansert ], Coffin RS. Talimogene Laherparepvec
Improves Durable Response Rate in Patients With
Advanced Melanoma. ] Clin Oncol 2015; 33: 2780-2788.

25) Eshhar Z, Waks T, Gross G, Schindler DG. Specific
activation and targeting of cytotoxic lymphocytes
through chimeric single chains consisting of antibody-
binding domains and the gamma or zeta subunits of the
immunoglobulin and T-cell receptors. Proc Natl Acad
Sci USA. 1993; 90: 720-724.

26) Maher ], Brentjens R], Gunset G, Riviere I, Sadelain
M. Human T-lymphocyte cytotoxicity and proliferation
directed by a single chimeric TCRzeta/CD28 receptor.
Nat Biotechnol 2002; 20: 70-75.

27) Imai C, Mihara K, Andreansky M, Nicholson IC, Pui
CH, Geiger TL, Campana D. Chimeric receptors with
4-1BB signaling capacity provoke potent cytotoxicity
against acute lymphoblastic leukemia. Leukemia 2004;
18: 676-684.

28) Hoyos V, Savoldo B, Quintarelli C, Mahendravada A,
Zhang M, Vera ], Heslop HE, Rooney CM, Brenner
MK, Dotti G. Engineering CD19-specific T lympho-
cytes with interleukin-15 and a suicide gene to
enhance their anti-lymphoma/leukemia effects and
safety. Leukemia 2010; 24: 1160-1170.

29) Brentjens RJ, Davila ML, Riviere I, Park J, Wang X,
Cowell LG, Bartido S, Stefanski J, Taylor C, Olszewska
M, Borquez-Ojeda O, Qu J, Wasielewska T, He Q,



Cell and gene therapy for cancer treatment 857

Bernal Y, Rijo IV, Hedvat C, Kobos R, Curran K,
Steinherz P, Jurcic J, Rosenblat T, Maslak P, Frattini M,
Sadelain M. CD19-targeted T cells rapidly induce
molecular remissions in adults with chemotherapy-
refractory acute lymphoblastic leukemia. Sci Transl
Med 2013; 5: 177ra38.

30) Louis CU, Savoldo B, Dotti G, Pule M, Yvon E,
Myers GD, Rossig C, Russell HV, Diouf O, Liu E, Liu
H, Wu ME Gee AP, Mei Z, Rooney CM, Heslop HE,
Brenner MK. Antitumor activity and long-term fate of
chimeric antigen receptor-positive T cells in patients
with neuroblastoma. Blood 2011; 118: 6050-6056.

31) Ahmed N, Brawley VS, Hegde M, Robertson C,
Ghazi A, Gerken C, Liu E, Dakhova O, Ashoori A,
Corder A, Gray T, Wu ME Liu H, Hicks ], Rainusso N,
Dotti G, Mei Z, Grilley B, Gee A, Rooney CM, Brenner
MK, Heslop HE, Wels WS, Wang LL, Anderson P,
Gottschalk S. Human Epidermal Growth Factor
Receptor 2 (HER2)-Specific Chimeric Antigen
Receptor-Modified T Cells for the Immunotherapy of
HER2-Positive Sarcoma. J Clin Oncol 2015; 33: 1688-
1696.

32) Till BG, Jensen MC, Wang ], Qian X, Gopal AK,
Maloney DG, Lindgren CG, Lin Y, Pagel JM, Budde
LE, Raubitschek A, Forman SJ, Greenberg PD, Riddell
SR, Press OW. CD20-specific adoptive immunotherapy
for lymphoma using a chimeric antigen receptor with
both CD28 and 4-1BB domains: pilot clinical trial
results. Blood 2012; 119: 3940-3950.

33) Bollard CM, Rossig C, Calonge M]J, Huls MH,
Wagner HJ, Massague ], Brenner MK, Heslop HE,
Rooney CM. Adapting a transforming growth factor
beta-related tumor protection strategy to enhance
antitumor immunity. Blood 2002; 99: 3179-3187.

34) Bollard CM, Dotti G, Gottschalk S, Mims M, Liu H,
Gee AP, Brenner MK, Heslop HE, Rooney CM.
Administration of TGF [ -Resistant Tumor-Specifi ¢
Cytotoxic T Lymphocytes (CTL)to Patients with EBV-
Associated Hodgkin's Lymphoma (HL) and Non-
Hodgkin Lymphoma (NHL) Mol Ther 2012; 20: S54.

35) Engeland CE, Grossardt C, Veinalde R, Bossow S,
Lutz D, Kaufmann JK, Shevchenko I, Umansky V,
Nettelbeck DM, Weichert W, Jager D, von Kalle C,
Ungerechts G. CTLA-4 and PD-L1 checkpoint
blockade enhances oncolytic measles virus therapy.
Mol Ther 2014; 22: 1949-1959.

36) Ciceri E Bonini C, Gallo-Stampino C, Bordignon C.

Modulation of GvHD by suicide-gene transduced
donor T lymphocytes: clinical applications in
mismatched transplantation. Cytotherapy 2005; 7: 144-
149.

37) Ciceri E Bonini C, Marktel S, Zappone E, Servida P
Bernardi M, Pescarollo A, Bondanza A, Peccatori ],
Rossini S, Magnani Z, Salomoni M, Benati C, Ponzoni
M, Callegaro L, Corradini P, Bregni M, Traversari C,
Bordignon C. Antitumor effects of HSV-TK-engi-
neered donor lymphocytes after allogeneic stem-cell
transplantation. Blood 2007; 109: 4698-4707.

38) Traversari C, Marktel S, Magnani Z, Mangia P
Russo V, Ciceri E Bonini C, Bordignon C. The potential
immunogenicity of the TK suicide gene does not
prevent full clinical benefit associated with the use of
TK-transduced donor lymphocytes in HSCT for
hematologic malignancies. Blood 2007; 109: 4708-
4715.

39) Straathof KC, Pule MA, Yotnda P, Dotti G, Vanin EE,
Brenner MK, Heslop HE, Spencer DM, Rooney CM.
An inducible caspase 9 safety switch for T-cell therapy.
Blood 2005; 105: 4247-4254.

40) Spencer DM, Wandless TJ, Schreiber SL, Crabtree
GR. Controlling signal transduction with synthetic
ligands. Science 1993; 262: 1019-1024.

41) Fan L, Freeman KW, Khan T, Pham E, Spencer DM.
Improved artificial death switches based on caspases
and FADD. Hum Gene Ther 1999; 10: 2273-2285.

42) Tuliucci JD, Oliver SD, Morley S, Ward C, Ward J,
Dalgarno D, Clackson T, Berger HJ. Intravenous safety
and pharmacokinetics of a novel dimerizer drug,
AP1903, in healthy volunteers. ] Clin Pharmacol 2001;
41: 870-879.

43) Di Stasi A, Tey SK, Dotti G, Fujita Y, Kennedy-
Nasser A, Martinez C, Straathof K, Liu E, Durett AG,
Grilley B, Liu H, Cruz CR, Savoldo B, Gee AP,
Schindler J, Krance RA, Heslop HE, Spencer DM,
Rooney CM, Brenner MK. Inducible apoptosis as a
safety switch for adoptive cell therapy. N Engl ] Med
2011; 365: 1673-1683.

44) Zhou X, Dotti G, Krance RA, Martinez CA, Naik S,
Kamble RT, Durett AG, Dakhova O, Savoldo B, Di
Stasi A, Spencer DM, Lin YE Liu H, Grilley BJ, Gee
AP, Rooney CM, Heslop HE, Brenner MK. Inducible
caspase-9 suicide gene controls adverse effects from
alloreplete T cells after haploidentical stem cell
transplantation. Blood 2015; 125: 4103-4113.



858 /LIS SO S R E 9/

45) Ramos CA, Asgari Z, Liu E, Yvon E, Heslop HE, Stem Cells. Mol Ther 2015; 23: 1475-1485.
Rooney CM, Brenner MK, Dotti G. An inducible 47) Ando M, Nishimura T, Yamazaki S, Yamaguchi T,
caspase 9 suicide gene to improve the safety of Kawana-Tachikawa A, Hayama T, Nakauchi Y, Ando ],
mesenchymal stromal cell therapies. Stem Cells 2010; Ota Y, Takahashi S, Nishimura K, Ohtaka M, Nakanishi
28: 1107-1115. M, Miles ]J], Burrows SR, Brenner MK, Nakauchi H. A
46) Yagyu S, Hoyos V, Del Bufalo F, Brenner MK. An Safeguard System for Induced Pluripotent Stem Cell-
Inducible Caspase-9 Suicide Gene to Improve the Derived Rejuvenated T Cell Therapy. Stem Cell

Safety of Therapy Using Human Induced Pluripotent Reports 2015; 5: 597-608.



Cell and gene therapy for cancer treatment 859

— &EI7O07 14—

Wid: %A Shigeki Yagyu
T e RVAVSYE N oy Nl TAZ S vt ANV o 2 P il S
W JE 02000453 H SUMRHESZEE RIS ERA AR sk
2000 4F 4 H  HURRHFSZERIR SN R
2005 4F 4 5 BURHILERIR S RABRE A RITER A
2009 4F 3 H  HUHOHF LIRS I F el i se it 5T
it (E27)
2009 4F 4 H LRS- iR e N
20114F 4 UERHTSZEERR S RA IR AR NESEEE S B
2013 4F2 H  Postdoctoral Associate, Center for Cell and Gene Therapy,
Baylor college of Medicine, Texas Children's Hospital, and
Houston Methodist Hospital
2015 4F- 8 H ~BUk

B /NIRRT

F74%4 0 1. Hoyos V, Del Bufalo E Yagyu S, Ando M, Dotti G, Suzuki M, Bouchier-Hayes L, Alemany R, Brenner
MK. Mesenchymal Stromal Cells for Linked Delivery of Oncolytic and Apoptotic Adenoviruses to Non-
small-cell Lung Cancers. Mol Ther 2015; 23: 1497-1506.

2. Yagyu S, Hoyos V, Del Bufalo E Brenner MK. An Inducible Caspase-9 Suicide Gene to Improve the
Safety of Therapy Using Human Induced Pluripotent Stem Cells. Mol Ther 2015; 23: 1475-1485.

3. Ninomiya S, Narala N, Huye L, Yagyu S, Savoldo B, Dotti G, Heslop HE, Brenner MK, Rooney CM,
Ramos CA. Tumor indoleamine 2,3-dioxygenase (IDO) inhibits CD19-CAR T cells and is
downregulated by lymphodepleting drugs. Blood 2015; 125: 3905-3916.

4. Farzad L, Cerullo V, Yagyu S, Bertin T, Hemminki A, Rooney C, Lee B, Suzuki M. Combinatorial
treatment with oncolytic adenovirus and helper-dependent adenovirus augments adenoviral cancer
gene therapy. Mol Ther Oncolytics 2014; 14008.

5. Ando M, Hoyos V, Yagyu S, Tao W, Ramos CA, Dotti G, Brenner MK, Bouchier-Hayes L. Bortezomib
sensitizes non-small cell lung cancer to mesenchymal stromal cell-delivered inducible caspase-9-
mediated cytotoxicity. Cancer Gene Ther 2014; 21: 472-482.

6. Yagyu S, lehara T, Hosoi H. MYCN Nonamplified Neuroblastoma: Detection of Tumor-Derived Cell-
Free DNA in Serum for Predicting Prognosis of Neuroblastoma. Pediatric Cancer, Volume 4, Hayat, M.A.
(Ed.), ISBN 978-94-007-6591-7, Springer Netherlands, DOI 10.1007/978-94-007-6591-7. 2013.

7. Yagyu S, lehara T. A Novel Diagnostic Tool for Therapy Stratification of Neuroblastoma: Preoperative
Analysis of Tumor Biology Using Circulating Tumor-released DNA in Serum. Neuroblastoma, Prof.
Hiroyuki Shimada (Ed.) ISBN: 978-953-51-1128-3, In Tech, DOI: 10.5772/55793. 2013.

8. Sugimoto T, Gotoh T, Yagyu S, Kuroda H, Iehara T, Hosoi H, Ohta S, Ohira M, Nakagawara A. A
MYCN-amplified cell line derived from a long-term event-free survivor among our sixteen established
neuroblastoma cell lines. Cancer Lett 2013; 331: 115-121.

9. Yagyu S, Iehara T, Gotoh T, Miyachi M, Katsumi Y, Kikuchi K, Tsuchiya K, Osone S, Kuroda H,
Sugimoto T, Sawada T, Hosoi H. Preoperative analysis of 11q loss using circulating tumor-released DNA
in serum: a novel diagnostic tool for therapy stratification of neuroblastoma. Cancer Lett 2011; 309: 185-
189.

10. Miyachi M, Kakazu N, Yagyu S, Katsumi Y, Tsubai-Shimizu S, Kikuchi K, Tsuchiya K, Iehara T, Hosoi
H. Restoration of p53 pathway by nutlin-3 induces cell cycle arrest and apoptosis in human
rhabdomyosarcoma cells. Clin Cancer Res 2009; 15: 4077-4084.

11. Yagyu S, Gotoh T, Iehara T, Miyachi M, Katsumi Y, Tsubai-Shimizu S, Kikuchi K, Tamura S, Tsuchiya
K, Imamura T, Misawa-Furihata A, Sugimoto T, Sawada T, Hosoi H. Circulating methylated-DCR2 gene
in serum as an indicator of prognosis and therapeutic efficacy in patients with MYCN nonamplified
neuroblastoma. Clin Cancer Res 2008; 14: 7011-7019.

12. Yagyu S, Morimoto A, Kakazu N, Tamura S, Fujiki A, Nakase Y, Iehara T, Hosoi H, Kuroda H. Late
appearance of a Philadelphia chromosome in a patient with therapy-related acute myeloid leukemia and
high expression of EVI1. Cancer Genet Cytogenet 2008; 180: 115-120.

13. Yagyu S, Kuroda H, Fujiki A, Tamura S, Iehara T, Morimoto A, Hosoi H, Sugimoto T, Imashuku S.
Successful non-T-cell-depleted HLA-haploidentical 3-loci mismatched bone marrow transplantation.
Eur ] Haematol 2005; 74: 529-532.




