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region with the highest tumor cell density,
or the most highly proliferative portion of
the tumor.

Several tumor-specific factors such as
necrosis and neovascularity may affect
prognosis (2). Results of many studies
have indicated the usefulness of MR spec-
troscopy and MR perfusion imaging,
which can depict necrosis or neovascular-
ity, in addition to ADC measurements for
the prediction of grade or malignancy of
brain tumors (18, 20). Some investigators
suggested the benefits of a combination of
these methods (10,21). Among the vari-
ous noninvasive techniques, however,
DW imaging should be available in many
hospitals and is the easiest to use and the
least time consuming of them. The post-
processing of the data also is simple, and
variation in the analyzed results should be
minimum.

One of the limitations of this study
was that there was no accordance of the
areas for the minimum ADC measure-
ment with those for the Ki-67 LI, which
was already discussed previously. A sec-
ond limitation was that we used only the
minimum ADC values of tumors for esti-
mation of the prognosis. A patient’s prog-
nosis is believed to depend on the most
malignant site within a heterogeneous tu-
mor, and it is on the basis of this site that
the assignment of a histologic tumor
grade usually is determined. As we have
shown before, tumoral ADC should cor-
relate well with the cell density and Ki-67
LI. Thus, it may be reasonable to think
the site with minimum ADC value should
represent one of the most malignant por-
tions of the tumor. When the postopera-
tive prognosis is considered, however, ag-
gressiveness of the peripheral regions of a
tumor might be more important than the
central portions because the peripheral
portions, where tumor recurrence usually
occurs, tend to remain after surgery.
With this view in mind, the minimum
ADC values of the peripheral portion
might correlate better with the prognosis.

Another limitation was the sample
size of this study. The number of subjects
was not large, and the performance of
surgery was not uniform, and this nonuni-
formity led to a mixture of patients who

. underwent surgery with those who un-

derwent biopsy, as well as a mixture of
patients who underwent subtotal removal
of tumor with those who underwent total
removal. We found a significant differ-
ence in minimum ADC values between
the stable and progressive groups and
tentatively determined the cutoff value of
minimum ADC for differentiating these
two groups. Substantial overlap, how-
ever, was noted between these groups. A
similar analysis in a larger group of sub-
Jjects with uniform treatments may be re-
quired to determine whether the cutoff
point of minimum ADC would really be
reliable for this purpose.

In conclusion, minimum ADC values
of the tumor were well correlated with
the Ki-67 LI and were related to tumoral
prognosis. We believe that ADC analysis
should be one of the clinically feasible
techniques used for prediction of progno-
sis of malignant astrocytic turnors, and it
might be useful for planning initial treat-
ment strategy in patients with these ma-
lignant tumors.
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Brain Tumor Therapy using Oncolytic Herpes Simplex Virus Vectors
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Despite recent advances in surgical techniques, chemotherapy and radiotherapy, the poor prognoses of malig-
nant glioma patients have not changed in the past decades. The use of oncolytic viruses is a promising new strategy
for treating cancer including malignant glioma. The basic concept of oncolytic virus therapy is to kill the tumor cells
vig infection with replication-competent viruses such as herpes simplex virus. This concept, however, was not
practical until the recent progress in genetic engineering enabled a manipulation of the viral genome to restrict the
virus replication to tumor cells. Oncolytic viruses can also serve as vectors that can provide an amplified transgene
delivery within the tumor. Multiple oncolytic virus vectors have been tested in clinical trials for malignant gliomas,
most by direct intratumoral administration, the results of which have demonstrated the feasibility and potential of
this therapeutic approach. The efficacy of oncolytic virus therapy may be enhanced by combining it with other adju-
vant therapies. There remain problems to be solved which include how to obtain maximum delivery of the virus to
tumor cells via systemic administration without losing a substantial amount by attachment to the vessel wall, hemo-
dilution, filtration in the liver, and inability to pass the blood-brain barrier. Nonetheless, the development of onco-
lytic virus therapy may lead to a breakthrough in the treatment for malignant gliomas.
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Oncolytic viruses

@ l : umor cells

-Cell destruction followed by virus spread and infection to
surrounding tumor cells

Perforin
Granzyme
: TNF-a | NO
Perforin
Granzyme

Activated
macrophage

Systemic antitumor immune responses

Fig.1 Schematic demonstrating the concept of
oncolytic virus therapy
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DA NARBEBEOREICCAT 2 LW FEEERF
i, RLTHLWHDTIZA Vs, §CICEIHEEI X
EHEOYANARBREERI L AR BEINEME L /-4
DEEINF I EMBIEL DT, 1950 £EFTICTAN
AEBVEES  OBYERSThNLD, L, E
B IBERNSRBED b b DD, URFIZFERY
A NAPHRITEBTFELTVANVA, BRIEEELLE
BUOANAZRAVERZD, 74LVAK L ZEESHEL
h, BBELBRGHINRES DT,

208, EEDTANAY ) LORPECREGFHEEL
BEME0BEE LWESICED, VA VADOHREREEEZA
BRI EIET A EAgEE o, E7, B, BE
BFOHE, BNFEETORELRZ EOREFETIC
b, £ ORFVEE T 2 MEEES 7V OEE,
FIARDEE L, BRICERF RN ETS I
L oRETIEEILN, 1DOORFRI—F v b E
LT, PRAINABEERE LI, YA VAE
ik, BEAMCROFENEERD L RBEORTF R

WETHRRELRELRD, EHECHEL EEZ2AA
T57D, —BEOVANVABESLLCREAOER S
BroEB I EYTHY, NAEIEV. DEDIEr
5, EEESZEEETCIEERIECH L CEREARE
BREOBEEY A NANY ¥ —OBKEOWEIBLE
Frhok® EE XIIEBEEFUTEOEET
TANAWE  DFFREFCLVEESI L, —HTRTT
ICERRBERLThN, ZOBEHE» >RLEEIREIN
Tw3, BETE, ILIIAREBEEESTEYANVRY
S AWEEEMADZ sk ), BEEOBETFIREA
75—t LTOMBELELY, HANRBEYELE
BLEMESBEINIITb TV 3,

A VAR OERIER S NS RE

TEED A VAR LIS, BEEEY A VA% @R
B, TANVAEHEIWIEI VA NAZDOHDDEE
B iRERIC L D, EE 2N 2 1REERTH D,
Thbb, VANAFKOEHENZRKBICFHAT S
TEMELRERD,

FEEIAER OBIER Yy 4 L 243, EEMEAIC T
BhEHELEOD, FHEESTOREE:2R/NNBICINZ 3
BEPHS, trRERBELTEVANVRERA VLY
&, SR (LEFEERCEHRERKZ, BRI R
XY BERDE, VWD therapeutic window D3/ &
WZEhs, RETIHEGFEBA VA VA EIER
INTn3,

EEM B L7 A VA GERTERL, 20
BRETBEAEEEZLEIS S, EBALYA VA, BHE
RESIEY, BUOMOBEBMHIGCEEL, ALy 4 7
WEEDIET (Fig.1). EEEBZESELR2VERE,
TANADEBEICL Y EL S, EEFHARX EMALR
2 ANATE (HSV-1) DBAE, MRS B
T5H, EEMBETERERTELLVLIIKTANVRY )
LICEBFREBINATH Y,

HSV-1 i3 7, BESEN LGS T MigEto
BNEE)RESRELTEE T3, fERLRNSHEEX
NBBFR—RICRDE I IKELSNTV 2, [EEH
BEAs Y A N ABSR L BRI > THEI NS L, BHAH
B4 (dendriticcell; DC) 2 F ¢ 93707 =zv a3
FEERIMIE (professional antigen presenting cell; pro-
fessional APC) i & DA/bskiEERE LTHDAEN S,
EMEERE, BERoBERICLIIRTF POk i
b, K431 endosome i A D, MHC 7 7 A NEBH LD
BakEo< 5, LaL, —8i, fREICRE L, MHC
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752 | BAEOEAKEES. INHOEAERI
DC oiifalE FicER X h s, fEk, SSkiEFRIE MEC
25 2 NABRRRBBICAZ LI T, Z0DC
w275 A IMHCHERREREIZaATYEY
F—avEiEh, EEEEINTHS. DCRY ¥
SR () v osH, Bl &) KBBLT, MHC 7

2 N BEEEME% CDAT~NL 83— T Y 3%k, MHC

7352 1 BALOEAEERMECDSYT U v B RICRE
T3 2heny vsBIIMEE LD THEVe 7S —
(TCR)ZA LTI s 2L, ACEELENS . TE
Ml CD4T~ L 8— T Y v %3k (Thl) WEIZIL-2 8 &
U IFN-y 220 L, BfE CD8*T Y v SHROBEEGICHE
543, i L7 CDST O MIEEET Y v 8RR
(Cytotoxic T lymphocyte ; CTL) i, BB HEMICBITLT,
EEIEEATHIA—T7 1) Y LEANRERS IV
P4 LB FEVDBHE L Fas 9F 7% £ death receptor 2
T 2 HED 2 DO HETEEMEEZRETS. 74
NABEERICBOTEEREOBEREICHRR I N YAV
ZE@EI, APCIc k3 7uey v 7L, £17
SanNv IIREPRETD LERING,

—%, FFa2I0F5— (NK) g, BEAEREEZR
Mz L, BEMEERETA I ENTES. NK
M % OTFEERAR L IFIEZER 2D, T
WEDS FF VDT vy RIc kY, HlEEEEIRES
Nz, MEIESEEAEMEC 75 A 1 2RB#T 570,
MHC 75 A1 OEBRMET LT 2 EEMEZ/S—
TV, FIUFLACTKRET S, NKMEi CTL
LRI CHIEERER AT WS, ¥z, REER
Ih@EEINSE Y4 7 1IEN (IFNa, B), Thl DEET
% IL-2, DCEnEET 3 IL-12 1, NK #ilgz &l
T3, &L NKHEE S IL-12, ¥ 4 7 IIFN (IFN-
y) WL, autocrine B BB OIEMELEZHERE T 5.
X3z, IFN-y i3, w7zu77—Y2iEELL, B
<sm 77—k NO, TNF-aic & b, EEHig: KE
¥ %, NO R EEME DO IEIERLE reactive oxygen inter-
mediate & 4 L, peroxynitrite % 45 L TGS
B ZEMMoENTVWS,

IEFERBEEAN LR A DA )V TR
R 57 —DF

HSV-197 7/ 74 LA, BEWREA L L TR
KRR NTE L RENREREE Y A VAN T —TDH
3. IRy YA N ARETFHRECREINES, 71V
A7) LRV TS, BEMEBETEANY

-t LTCHHERATE S,
HSV-1RIv_u—7%5T 5 _E#DNA VA LA
CHESN, VA NAERCENRUTORBEHAT
vz, QBRVEENREEET 2, @Ot D550 5
ol BRERTH D, QUANADEFER LY /7 LES
MEEINTVSE, @7 27uEAREDTLT A VAKE
DEET S, OREECEEL CEEFUEHINTE
h, BIETFREVTETH S, @VANVARY ) LDKRE
v (39 152kb) DT, K&k, H30IEERONKER
FEREHAGI EHTE S, QHSV-1 KREAEEEZTR T
D ARG NNBEET DI, B TELMECHRDR
BERRIVEHME 24T 2 5. @t D&/ LI DIAEN R,
—F, FRBAEALLTIE, ¥/ 594 XABKRELBIL
26, FEEOERBRETT ) BETFRETIIENDE
EFEMRZ HSV-1 2 B2DIhrhh ORE LT HZE
T3 ETHB, LI L, IEED bacterial artificial chro-
mosome (BAC) ZBWLHEMOBFKICLD, HSV-15
JLERTETSAI FICEARAATE) Z 5L
b, BEFOMRIRIIBRICER Lo 72912,

BGFRIBRX HSV-1 ICKD
ESiEoy—5vyraT

HSV-1 ot BEMEICRET 272013, 7/
LEEE L CHEMBERET R IVEEHEIRED 3 VIF
ELT IS LV, y345 BIETFE, FEYE (virulence)
KEEL 2REFTH B, EEMETIERE, VALA
BEDIERED oIz, 74 VADBACEELT,
—KBRNAKEM. 70 F 4 ¥ % F — ¥ (double-
stranded RNA-activated protein kinase ; PKR) #3 Y V(L
TN, BISHICY A VABHOAHONER XN 3, v345
BETFEWDE, TOPKRIEERL, VM ALVAEQOE
METARE LT3, y345 BEFEHSV-17/ Aic2 2
Y—bh, Z2OWHEHREILBEFHLEZ HSV-
14k, EEMIERTIEMED PKR 2HHTE R WD Y
A NVAERMBTEEE & 2 528, EEEEATIRERMR
@ PKR BTEFIET LT 2k, y345 BEFHRT
HEMTREE R B,

%7, FIY ¥+ —¥ (thymidine kinase ; tk)
AR I LAF FBTESE (ribonuclectide reductase ; RR)
W7 4 VA DNA BRICHET, Inozea—F737
A VABEBEFERE - PELTEE, BEREHSV-1ED
BUMBEA T, th iG-S RR B0 L L EEMRTO
A A NADREEZESHONTY A NV AEH)EEE
5,
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Table 1 Representative recombinant oncolytic HSV-1 vectors

Re;{cg})ir;ant Generation %é%l_til Mutation Inserted gene
1716 1st 17t 759 bp deletion in both copies of
y34.5
R3616 1st strain F 1000 bp deletion in both copies of
¥34.5
R4009 Ist strain F Stop codons in both copies of Stop codon
y34.5
NV1020 (R7020) 1st strain ' Deletion of one copy of ¥34.5,tk, a4 (p)-TK, HSV-2gG, gJ, gD, gl
UL24. UL55, UL56, and IR '
NV1023 2nd F/NV1020 Deletion of IR & @47 lacZ, HSV-2gG, gJ, gD, gl
NV1034 2nd F/NV1023 Deletion of IR & a47 mGM-CSE lacZ, HSV-2gG, ¢J,
gD, gl
NV1042 2nd F/NV1023 Deletion of IR & a47 miL12, lacZ, HSV-2gG, gJ, gD, gl
G207 2nd F/R3616 1 kb deletion in both copies of lacZ
y34.5, lacZ insertion in ICP6/
UL39
G47A 3rd F/G207 Deletion in both copies of ¥34.5 lacZ
& 47 lacZ insertion in ICP6
T-01 3rd G47A Deletion in both copies of y34.5, lacZ

047, & ICP6 lacZ insertion in

ICP6

od7 BEFEYZ, HERTHEEL SV AR-5—
(transporter associated with antigen presentation ; TAP)
ZEETAZEICL2T, 74 VABEMHIIEREICHE
RENBILEHE, VANVAPBEOREY — A F
VA SMNBERAEET S, HSV-1 BBET 5 & ad7
BIEFEYIC X VEEMED MHC 7 7 X 1 H#BHMBMET
T B, od7 BEFERFKIE D LEEMED MHC 7
S AT RBLALDPHERINS 0, HIEBRERIC
BRI - EHHFEING, ¥, o7 BEFLER
% USll BEF7uE—F —DEBICRET 5 &, USlL
BIEFREBHEIEMLTZ I LICHEY, y345 KRR
HSV-1 D5 L4 VAEREZ BEMEICRo T
EE &, RESHBEYRzE LY,

RISBIEFIRIRZ HSV-1 O FEEHIE (Table 1)

S—tHOBETFRRZ HSV-1

Y ANADENBEEFZ 1 ORTERE L LEE
BEOBE T Z HSV-1, SRR BE—0BFIC L ) IEEH
JFEEEB TV HORE—HAR LTS F-HEHAUL,
— i B HA X D IEREE T R HEE T 50, RIRIEREE
DOREIES, BEN—EFETTH 5 OERMIRA I
Lo THER HSV-1 ~"HAWKE->TL ) ARl L
MHY, HeUEOE THENE S, HSV1716 % NV1020
(R7020) ASTHICEEMT 5.

100 EpaRT
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FETIHGEIETERZ HSV-1

y34.5 BIEF & DNA SEREEFRLE, 2 208%
HEFEEN L CIEESENLR Y A VARBTG5 1BTEE
BEFHEBZ HSV-1 28 #A LRE, REES—B
Boon, BEMCRZARENELD IR, &
HEHIZEHE I HEL S, G207 BE_HRORET, XE
THEEER VA - TR E LBREESTON

#- 17)19)

E-HOEETHRIER HSV-1

3DODELIEEEN L CEERREET ¥ 85
IEETHATEA HSV-1 2 E MR LS. G47A 1,
G207 LU y34.5 BIEFRK L ICP6 BIEF (RR) &
BItMAT, 357 BETFELICZNLER D
USII 7mE—4% —4Em% RET 5%, R, G4TAD
ICP6 BIEFOREERE L2 REEEICHR L% T-01
LRI XN, ESHAR, SSHAOREERRLD
D, TANARERE L FEESEIE L mLEL .,

[RER] BEFHEIRX HSV-1

BT HSV-1 D4/ L/ EREEEF (transgene)
ZEEHMAG L, BER HSV-1 205 D2 BREE O
BEBEFRBAI - L THEIEL I LPTE
2. BfE, MESDRZZ5ILED 3D DAIBFHEE
FEBRAAL T A NADBESEAWIED 5Ty
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Temid regeat regitn Tnverted repeal regions Tunind repat rgite
7346 of Ut fLong wnique sequence) aO r34 3 al(lfﬂ) Us{Sort uigue siqmeel al(!GN)
e Wild-type
— HSV 1 yp
U2 ;7;;9/;
a0 ad(iePh) al(en
¢ = —
—— [EIRG] IRs | TRs HSV1716
— oy b A -
768bp defetion s aZ7UES 75560 dolation 92 47
SR G207
th "ﬁﬁ_\ A
1% deletion — kb dalstion
fao?
——a ?llgl% TR G647 A
kb ae.ﬁon i "'(-3%; 1kb daletion 47 delstion
1696 daleti e
T s FARE] IRs | TR T-01
Iy =~ A
1%b delation (F14 1kb daletion @47 daletion
712.'5 “ a4 prancter
#—2 —{TR]  NV1020
e dletion ug MG (R7020)
r3LE
B PR S =yl
%Tf@ pu——— p—. L]—' NV1 023
wow aA? dalation
THS ' — S )
v-2 bk
IR a o ‘“A{ TRs NV1042

a4l deletion

Fig.2 HSV-1structures and their representative recombinant

oncolytic HSV-1 vectors

2. Bz iE, NV1020 (R7020) %4 L{EgfiL 7 NV1023
@EX“%‘?WZE%Z%%E?%NWMZ@@@
i, Y4 VA & 2 EER R ER IR , Vg
B R ) A5 AT & IS A 7 A D HIR MREE L, IR
IL-12 % %3 L %\ NV1023 i b~ SR BRI
WIRT B 2 LS, WEO< Y RAEEETVICEOTRE
2}’Lf:3)28),

Hes . EEEBENTOE-Y—ZEFALE
BIGTFHEIRA HSV—1

HolEE BEECBENCRRINGEREORRET
ODTAE—F—TI A VADBET2HET S I LICX
D, ZOREECEEIEVTOHT A NVADEBTRI
Fe B EBEE A T B & 9 WEETIERMEL AEER
HSV-1 7% 3. Flic BRIk 7 V7 2 v PR
MR SRR R AF YOS OE—F =W R
FIA LY A VAR §—PHREEINT S,

R 4 S AV P EBRTABHTHIRAT VR
Y F—eDo—h—D—DTHBEEIND, FATY
i3, BEEEOREOBRITRAI NS, AT
KRS SN TR, EEEIEL & ORI O S
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FI LT3, rQNestindd.5 &, '21'7“‘/7"12%—57—-
kb ysasEaviru—nL, y345 2BEREEOF
COREEXE, EEMEDOATY A VADENEZA
FLCREEDREREIE IR TFA v &L
HSV-1 27 ¥ —Th3Y,

REEE T BITEESEG TR R
HSV-1 DEEFRETER

RIS & N B ELEE TR L HSV-1 ofRE
L LT, HSV1716, G207 »3EEV 695, HSVITI6 i,
y345 BETF O H%E KEL 2 E—HADEER HSV-1
Ry y—TH5 (Fig.2). 1990 B, EEO IV —
Fick b, BREMES) A —<IcNT 5 HSV1716 D
[ HERSRETh Nz, BERICEMIC 10° 104
157 5 — 7 4 Bk B Az (plaque-forming units ; pfu) D
HSV1716 % 3 AT EMNThNd, ENBEITRY
< b4 ¥ OBIfER PR HSV-1 OB EER E
WED 5NT, EeEMIERIN, ERLXDI ADE
03 h, 185 14~24 D BBRICBVLT L ADEFDHE
Fan, HSVITI6 OARNE L RRE N,
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F-EIN— T, H5H» LD HSV-1 OHFEZ
FL 2 ANODEH SV A —DBEICH L TERER
0T, 7 10%fu @ HSV1716 2 BARNICHR S L, ZD
4~9 ARICEEZUKRL, ZOBREZARIEIA, 10
A2 5 HSV-1DNA, 2 A & D HSV-1 B RET
HSV1716 OERIMHEZR I NI, 72, 5 AKIME HSV-
1 HEDBEEED, HSV-1 It T 2 ABFICPRD 5
Nz, ZORBICE T HSV-1 FAFREOFEI 1S
Hhod, BEPERTRIERL, BEENMEEAT
HSV1716 28§ 2 2 L MR E NP,

XHIAIV—TICED, 2 ADBEIT YA —<DE
ZFion LT, S EIIESERE O BEIEEEIC HSV1716 &
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Cancer Therapy: Preclinical

Triple Combination of Oncolytic Herpes Simplex Virus-1Vectors
Armed with Interleukin-12, Interleukin-18, or Soluble
B7-1 Results in Enhanced Antitumor Efficacy

Yasushi Ino,*? Yoshinaga Saeki,2 Hiroshi Fukuhara,"* and Tomoki Todo™"®

Abstract

Conditionally replicating herpes simplex virus-1 (HSV-1) vectors are promising therapeutic agents
for cancer. Insertion of therapeutic transgenes into the viral genome should confer desired anti-
cancer functions in addition to oncolytic activities. Herein, using bacterial artificial chromosome
and two recombinase-mediated recombinations, we simultaneously created four “armed” onco-
lytic HSV-1, designated vHsv-B7.1-lg, vHsv-interleukin (IL) -12, vHsv-1L-18, and vHsv-null, which
express murine soluble B7.1 (B7.1-1g), murine IL-12, murine 1L-18, and no transgene, respectively.
These vHsv vectors possess deletions in the y34.5 genes and contain the green fluorescent
protein gene as a histochemical marker and the immunostimulatory transgene inserted in the
deleted /CP6 locus. The vHsv showed similar replicative capabilities in vitro. The in vivo efficacy
was tested in A/J mice harboring s.c. tumors of syngeneic and poorly immunogenic Neuro2aneu-
roblastoma. The triple combination of vHsv-B7.1-lg, vHsv-IL-12, and vHsv-IL-18 exhibited the
highest efficacy among all single vHsv or combinations of two viruses. Combining 1 X 10°
plaque-forming units each of the three armed viruses showed stronger antitumor activities than
any single armed virus at 3 X 10°% plaque-forming units in inoculated tumors as well as in nonino-
culated remote tumors. Studies using athymic mice indicated that this enhancement of antitumor
efficacy was likely mediated by T-cellimmune responses. The combined use of multiple oncolytic
HSV-1armed with different immunostimulatory genes may be a useful strategy for cancer therapy.

Replication-competem viral vectors are useful tools for the
treatment of malignant tumors, because they can serve as
oncolytic bioreagents as well as vectors that provide amplified
gene delivery within the tumor. Herpes simplex virus-1 (HSV-1)
is suited for clinical application, because it infects a wide variety
of cell types, it exhibits strong cytotoxicity, circulating anti-
bodies do not affect the cell-to-cell spread of the virus, and
antiviral drugs are available (1). Oncolytic HSV-1 vectors have
one or more genetic mutations in the viral genome, which
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restricts the viral replication to tumor cells, and therefore kill
the host tumor cells without harming the normal tissue (2).

One of the advantages of HSV-1 vectors is the capacity to
incorporate large and/or multiple transgenes within the viral
genome (3). Aside from the extent of replication capability
within the tumor, the efficacy of an oncolytic HSV-1 can be
augmented by inducing antitumor immunity (4). Therefore,
the genes of immunomodulatory molecules are potential
candidates for “arming” oncolytic HSV-1 vectors. In situ
expression of interleukin (IL)-12 or soluble B7-1 (B7.1-lg)
when combined with G207, a double-mutated oncolytic
HSV-1 currently used in clinical trials, significantly enhanced
antitumor efficacy (5, 6). Replication-competent HSV-1 vectors
expressing IL-12 or granulocyte macrophage colony-stimulating
factor showed better efficacy than unarmed control vectors in
various experimental tumor models (7-11).

Engineering new recombinant HSV-1 vectors using conven-
tional homologous recombination techniques had been a
laborious task that required time-consuming processes of
selection and structure confirmation. Bacterial artificial chro-
mosome (BAC) is a single-copy plasmid that can stably retain a
large size { ~300 kb) DNA as an insert (12). BAC plasmids have
been used to propagate the entire HSV-1 genome in Escherichia
coli, allowing an easy genetic manipulation (13, 14). In this
article, we use a new BAC-using method for generating “armed”
oncolytic HSV-1 vectors with the backbone of MGH-1, an
oncolytic HSV-1 vector with the genome structure identical to
G207 (i.e., deletions in both copies of the y34.5 gene and a lacZ
insertion inactivating the ICPG gene; ref. 2). The method also
uses two recombinase systems (FLP/FRT and Cre/loxP) to allow
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precise insertion of a desired transgene into the ICPG locus of
MGH-1 and an excision of the BAC sequernces from the final
structure. The method enabled us to create four different
oncolytic HSV-1 vectors unarmed or armed with soluble B7-1
(B7.1-1g), IL-12, or IL-18 simultaneously within a considerably
short time, which further enabled us to compare the effect
of the different transgenes expressed in the same oncolytic
HSV-1 backbone. In a poorly immunogenic Neuro2a s.c. tumor
model, combined intraneoplastic administration of the three
armed oncolytic HSV-1 vectors (1/3 dose each) resulted in the
greatest in vivo efficacy compared with any other combination
of armed or unarmed vectors with the same total dose and
led to eradication of inoculated tumors as well as remote
noninoculated tumors.

Materials and Methods

Cells and viruses. Vero (African green monkey kidney) and Neuro2a
(murine neuroblastoma) cell lines were purchased and maintained as
described previously (6). MGH-1 has the structure identical to G207 (2)
and was constructed from strain F as described (15). Virus titers were
determined by standard methodology (16).

Vector construction. The vector construction method using HsvQuik
system is described (17). Briefly, the pT 1E4/S shuttle plasmid has a HSV
immediate-early promoter 1E4/5, a multiple cloning site, a bovine
growth hormone gene polyadenylate sequence, the ampicillin resis-
tance gene (Amp), a loxP site, a R6Ky ori sequence, and a FRT site
(Supplementary Fig. S1). The fHsvQuikl is a BAC plasmid and was
created by a homologous recombination replacing the lacZ gene and
adjacent 764-bp sequence within the JCP6 gene of MGH-1 with a
9.4-kb sequence consisting of BAC sequences |F ori and the
chloramphenicol resistance gene (Cmr)}. a loxP site, a FRT site, a red
fluorescent protein cDNA, and an enhanced green fluorescent protein
(EGFP) ¢cDNA.

The 2.4-kb EcoRV/Notl fragment from pB7.lg (6) was inserted to
the EcoRV/Notl site within the multiple cloning site of pT 1E4/5 shuttle
plasmid. The 2.3-kb Spel-Aflll fragment from plL-12 p40-IRES-p35 (5)
was inserted into the Nhel/Afll] site within the multiple cloning site of
pT 1E4/5 shuttle plasmid. The 0.55-kb EcoRl fragment from pCEXV3-
IFN-B3-1L-18 (ref. 18; gift from Dr. lsac Hara, Department of Urology,
Kobe University, Kobe, Japan) was inserted into the EcoR! site within
the multiple cloning site of pT 1E4/5 shutile plasmid. The entire
sequence of each shuttle plasmid with the transgene (B7.1-1g, 1L-12, or
1L-18) or the control shuttle plasmid without a transgene was inserted
into the FRT site of fHsvQuikl by coelectroporation with pFTP-T, a
plasmid that expresses tetracycline (Tc)-inducible FLP and a tetracy-
cline selection marker. Ampicillin and chloramphenicol double-
resistant colonies were selected and the genomic structures of the
fHsvQuik1 transgenes were confirmed by restriction enzyme digestion.

Each fHsvQuikl transgene DNA was purified from E. coli and
cotransfected with the pc-nCre plasmid that expresses Cre recombinase
into Vero cells using LipofectAMINE Plus reagent (Invitrogen, Carlsbad,
CA) according 1o the manufacturer’s instruction. A transient expression
of Cre recombinase results in excision of the sequence between the two
loxP sites {containing F ori, y ori, Amp gene, Cmr gene, and red
fluorescent protein). Five days later, the viruses were harvested and
passaged on Vero cells, and virus plaques negative for red fluorescence
were further selected and purified through three-time limiting dilutions
on Vero cells. The structures of the recombinant viruses were confirmed
by Southern blot analyses: Virus DNA was digested with Hindlll,
transferred 10 a nylon membrane, and probed with ¢cDNA for murine
1L-12, murine 1L-18, or murine B7.1-1g from the shuttle plasmids. The
hybridized DNA bands were visualized using AlkPhos Direct Labeling
and Detection System with CDP-Star (Amersham, Piscataway, NJ). The
resultant recombinant virus contains deletions in both copies of the
y34.5 gene, a deletion within the ICP6 gene, the ICP6-GFP fusion
driven by the endogenous ICP6 promoter, and a therapeutic transgene
driven by the 1E4/5 promoter. The vectors expressing soluble murine
B7-1, murine {L-12 p35 and p40, murine IL-18, or no transgene were
designated as vHsv-B7.1-Ig, vHsv-1L-12, vHsv-1L-18, and vHsv-null,
respectively (Fig. 1). Virus stocks were purified and concentrated as
described (19).

Virus yield studies. Vero or Neuro2a cells (4 x 10°) were seeded on
six-well plates. After a 24-hour incubation at 37°C, cells were infected
with vHsv-B7.1-1g, vHsv-1L-12, vHsv-I1L-18, vHsv-null, or MGH-1 at a
multiplicity of infection (MOI) of 0.01 (for Vero) or 0.1 {for Neuro2a)
and further incubated at 37°C for 48 hours (20). Progeny viruses were
titered on Vero cells.

In vitro cytotoxicity studies. In vitro cytotoxicity studies were done as
described (4). Neuro2a cells (2 x 10%) were seeded on six-well plates
and incubated at 37°C overnight. Virus or mock was inoculated onto
cells in a volume of 0.7 mL for 1 hour. The inoculum was then removed
and cells were incubated at 34.5°C in DMEM supplemented with 1%
heat-inactivated FCS. The number of surviving cells was counted daily
with a Coulter counter (Beckman Coulter, Miami, FL) and expressed as
a percentage of mock-infected controls. Our basic studies indicated that
the viable cell count obtained by the above method is consistent with
that ‘determined by trypan blue exclusion.

In vitro detection of transgene expression. Vero cells (1 % 10°) were
seeded onto 24-well plates and incubated at 37°C overnight. The pT
1E4/5 shuttle plasmids (pT 1E4/S B7.1-1g, pT 1E4/5 I1L-12, and pT 1E4/5
IL-18; 0.5 pg each) were transfected to cells using LipofectAMINE Plus
reagent according to the manufacturer's instruction. The cells were
further incubated at 37°Cin 0.6 mL DMEM supplemented with 1% heat-
inactivated FCS for 48 hours. For the recombinant viruses, Vero cells
were inoculated with the virus (MOl = 1) or mock extract and incubated
at a nonpermissive temperature of 39.5°C in 0.6 mL DMEM
supplemented with 1% heat-inactivated FCS. We observed that the
cytopathic activities of the viruses were remarkably attenuated a1 39.5°C.
The supernatant was collected daily and cytokine concentrations were

Us

u. FRT IoxP
TRL )—it R |IRS
Y345 ICP6 Y345
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A A
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Fig. 1. Structures of vHsv vectors
constructed by the HsvQuik system.

The armed oncolytic HSV-1vectors

(vHsv vectors) constructed using the
HsvQuik system have 1-kb deletions in both
copies of the y34.5 gene, a 0.7-kb deletion
in the /CP6 gene, the GFP gene driven by
the {CP6 promoter, and the transgene driven
by the IE4/5 promoter, both cassettes
inserted in the /CP6 locus.
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Fig. 2. Cytopathic effect of vHsv vectors and MGH-1on Neuro2a murine
neuroblastoma cells in vitro. Neuro2a cells were plated into six-well plates at 2 % 108
per well, After a 24-hour incubation, cells were infected with virus at MO1 = 0.1 or
virus buffer {(mock). The number of surviving cells was counted daily and expressed
as a percentage of mock-infected control. A, vHsv-null and three armed vHsv
vectors showed comparable cytopathic effects in vitro. B, MGH-1killed Neuro2a
cells less rapidly than vHsv-null (P < 0.001, days 1-4). Points, mean of triplicates;
bars, SD.

measured (for 1L-12 and 1L-18) or cells were fixed with 4% paraformal-
dehyde in PBS (for B7.1-lg). 1L-12 concentration was measured by
mouse 1L-12 p70 Quantikine ELISA kit (R&D Systems, Inc., Minneapolis,
MN), and IL-18 concentration was measured by mouse IL-18 ELISA kit
(MBL, Nagoya, Japan). B7.1-1g expression was determined by immuno-
histochemical staining using a biotin-conjugated antihuman 1gG Fc
antibody (Jackson ImmunoResearch Laboratories, West Grove, PA; 1:50
dilution) as described (6).

In vitro IFN-v stimulation studies. Spleen cells were harvested froma
naive 6-week-old female A/} mouse. In 96-well plates, RBC-depleted
spleen cell suspension (1.5 X 10% cells per well) were cultured with
conditioned medium of Vero cells transfected with a shutile plasmid (pT
1E4/5 1L-12 or pT IE4/5 1L-18) or mock in 200 pl complete medium
(RPMI 1640 supplemented with 10% FCS, 100 units/mL penicillin, 100
pg/mlL streptomycin, 2.5 pg/mL fungizone, 2 mmol/L glutamine,
1 mmol/L sodium pyruvate, 0.1 mmol/L nonessential amino acids,
50 umol/L 2-mercaptoethanol) for 24 hours at 37°C. Recombinant
mouse 1L-18 {MBL) was used as positive control. After centrifugation at
2,000 rpm for 10 minutes, the IFN-y concentration in the medium was
measured by mouse IFN-y ELISA kit (Endogen, Inc., Woburn, MA).

Animal studies. Six-week-old female A/} mice and athymic mice
(BALB/c nujfnu) were purchased from the National Cancer Institute
(Frederick, MD). All animal procedures were approved by the
Institutional Committee- on Research Animal Care.

www.aacrjournals.org

Subcutaneous tumor therapy. Subcutaneous tumors were generated
by injecting 5 x 10° Neuro2a cells s.c. into the bilateral or left flank(s) of
6-week-old female Af) mice or athymic mice (BALB/c nu/nu). When s.c.
tumors reached ~5 mm in diameter 5 to 6 days after implantation, a
standard size used in our previous studies using this model (6, 20),
animals were randomized, and mock or virus |8 x 10°-2 x 10° plaque-
forming units {pfu)} in 20 pL PBS containing 10% glycerol was
inoculated into left tumors. Viral administration was repeated 3 days
later. Mock-infected extract {mock) was prepared from virus buffer-
infected cells using the same procedures as those used for virus inoculum.
Tumor growth was determined by measuring the tumor volume (length
x width x height) thrice weekly (4). Animals were sacrificed when the
maximum diameter of the tumor on either side reached 20 mm.

In vivo measurement of IL-12 and IL-18. S.c. Neuro2a tumors were
generated in the left flank of female A/] mice. When tumors reached ~5
mm in diameter, vHsv-IL-12, vHsv-1L-18 (2 x 10° pfu), or mock virus
extract in 20 pL PBS containing 10% glycerol was inoculated into the
tumor. Ondays 1, 4, and 7, blood was collected by retro-orbital bleeding
from two mice per group, after which the mice were euthanized and
wmors were harvested. Tumors were homogenized in ice-cold PBS,
sonicated, and centrifuged, and the cylokine concentration in the
supernalant was measured by ELISA. Samples from each mouse were
measured in triplicates. The detection limits for IL-12 were 12.5 pg/mL
and 0.5 pg/mg for serum and tumor homogenates, respectively, and
those for 1L-18 were 125 pg/mL and S pg/mg, respectively.

Rechallenge studies. Mice whose established s.c. Neuro2a tumors
regressed after vHsv treatment as well as age-matched naive female A/)
mice were used. Neuro2a cells (5 x 10°%) were injected s.c. into the right
flank, and tumor growth was observed as described above. The animals
were followed for 60 days.

Statistical analysis. All in vitro data and in vivo tumor volume data
were evaluated by unpaired 1 test.

Results

Generation and in vitro characterization of vHsv vectors.
Using the HsvQuik system, we generated four oncolytic HSV-1
vectors unarmed or armed with soluble murine B7-1, murine
1L-12, or murine 1L-18, termed vHsv-null, vHsv-B7.1-Ig, vHsv-
1L-12, and vHsv-1L-18, respectively. These vHsv vectors had a
1-kb deletion in both copies of the y34.5 gene and a 764-bp
deletion within the ICP6 gene (Fig. 1). The transgene driven by
the 1E4/5 promoter and the GFP gene as a marker were inserted
in the deleted ICP6 locus. The four vectors were constructed in
parallel, and the final products were obtained within 6 months,
after which the structures were confirmed by Southern blot
analyses (Supplementary Fig. $2).

The virus yield obtained 48 hours after infection of Vero cells
at a MOI of 0.01 for vHsv-null, vHsv-B7.1-lg, vHsv-I1L-12, and
vHsv-1L-18 were 5.6 X 10, 4.2 X 10°, 6.4 x 10 and 2.8 x 10°
pfu, respectively. The results were considered to reflect both
replicative and infective capabilities, and there was no
significant difference among the vHsv vectors. The virus yield
of the parental MGH-1 in Vero cells was 2.9 x 10° pfu, 5-to 10-
fold greater than vHsv vectors. In Neuro2a murine neuroblas-
toma cells, the ratio of progeny virus recovery (recovery/input)
48 hours after infection was 0.10 for vHsv-null and 0.021 for
MGH-1, both considerably lower than the yields obtained in
Vero cells. We further tested the in vitro cytopathic activity of
vHsv vectors in Neuro2a cells. At a MOI of 0.1, all vHsv vectors
showed comparable cytopathic activities, killing ~70% to 80%
of the cells by day 4 (Fig. 2A). In contrast to the results from
virus yield studies, vHsv-null (MOI = 0.1} killed Neuro2a cells
more rapidly than MGH-1 (P < 0.001, days 1-4; Fig. 2B).
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The in vitro expression of the transgenes arming the vHsv
vectors was checked in Vero cells. After infection with
vHsv-1L-12 at a MOI of 1, the I1L-12 concentration of the
conditioned medium at 24, 48, and 72 hours was 7.84, 21.2,
and 23.7 ng/mL, respectively. Similarly with vHsv-IL-18, the
1L-18 concentration at 24, 48, and 72 hours was 0.649, 1.32,

and 1.45 ng/mlL, respectively. The 1L-12 or 11-18 expressed by
the transgenes was confirmed to have an intact bioactivity
by the ability of conditioned medium of Vero cells transfected
with pT 1E4/5 IL-12 or pT 1E4/5 1L-18 to stimulate IFN-y
secretion from mouse spleen cells (data not shown). The
expression of soluble murine B7-1 by vHsv-B7.1-1g was
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Fig. 3. Invivo efficacy of vHsv vectors in A/J mice
harboring established s.c. Neuro2a tumors. S.c.
Neuro2a tumors were generated in the bilateral or
left flank (s) of 6-week-old female A/J mice, and
the left tumors alone were inoculated with
mock-infected extract (mock) or virus on days 0 and
3. A, left tumors were inoculated with mock,
MGH-1, or vHsv-null at 2 x 10% pfu (n = 9 per
group). In the inoculated side, vHsv-null exhibited a
significantly greater efficacy than MGH-1 (P < 0.05,
days 6-13). The vHsv-null treatment also caused a
growth inhibition of the contralateral noninoculated
tumors, whereas mock or MGH-1treatments
showed no effect (P < 0.05, days10-13). B,
unilateral tumors were inoculated with mock or
vHsv-null at 2 x 10% 4 x 10% or 8 x 10° pfu

{n = 9 per group). Inoculations with vHsv-null at
doses 4 x 10 pfu and higher significantly inhibited
the tumor growth in a dose-dependent manner.

C. unilateral tumors were treated with mock,
vHsv-null, vHsv-B7.1-1g, vHsv-1L-12, or vHsv-IL-18
at1 x10° pfu (n = 9 per group). vHsv-IL-12 caused a
significantly greater tumor growth inhibition than
any other treatment (P < 0.05 versus each of

other groups, days 5-14). Both vHsv-B7.1-Ig and
vHsv-1L-18 showed a mild tumor growth inhibition
compared with mock (P € 0.05, days 9-14} but not
with vHsv-null. D, left tumors were treated with
mock, vHsv-null, vHsv-B7.1-Ig, viHsv-IL-12, or
vHsv-IL-18 a1 2 x 10° pfu (n = 6 per group).

All vHsv vectors inhibited the growth of inoculated
tumors. Also in the contralateral side, all armed vHsv
vectors significantly suppressed the tumor growth
compared with mock (P < 0.01, days 10-15 for
vHsv-1L-12 and vHsv-11.-18 and days 13-15 for
vHsv-B7.1-Ig; P € 0.05, days 13-15 for vHsv-null).
TJumor volume = length X width x height (mm).
Bars, SE.
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confirmed by immunostaining for human 1gG Fc in Vero cells
48 hours after infection (data not shown).

In vivo efficacy of vHsv vectors. To characterize the in vivo
performance of vHsv vectors, we first tested the efficacy of vHsv-
null in comparison with the parental MGH-1. As an animal
tumor model, we used A/] mice and syngeneic NeuroZa
neuroblastoma cells that form s.c. tumors with ~100%
efficiency, grow rapidly, and rarely ulcerate. A/] is one of the
most susceptible inbred mouse strain to HSV-1 infection (21),
and Neuro2a cells are poorly immunogenic and moderately
susceptible to oncolytic HSV-1 infection and replication {6, 9,
20). Subcutaneous Neuro2a tumors were established in both
flanks of A/] mice and the left-sided wmors were treated with
intraneoplastic inoculations of mock, MGH-1, or vHsv-null (2
x 10° pfu) on days 0 and 3 (n = 9 per group). Whereas both
MGH-1 and vHsv-null caused growth inhibition of the
inoculated tumors compared with mock, vHsv-null exhibited
significantly greater efficacy than MGH-1 (P < 0.05, days 6-13).
The vHsv-null treatment also caused growth inhibition of the
contralateral noninoculated tumors (P < 0.05, days 10-13; Fig.
3A), whereas the MGH-1 treatment showed no effect (P = 0.15,
day 13). We showed previously that, in immunocompetent
mice, oncolytic HSV-1 inoculated into s.c. tumors was not
detected in remote noninoculated tumors (4). The vHsv-null
and MGH-1 have similar basic structures, but a major difference
is that GFP is used as a histochemical marker in vHsv-null versus
lacZ in MGH-1. Because GFP is known for its immunogepicity
(22, 23), we investigated whether the increased antitumor
efficacy of vHsv-null over MGH-1 involves T-cell responses.
Bilateral s.c. Neuro2a tumors were generated in athymic mice,
and the left tumors alone were treated with mock, MGH-1, or
vHsv-null in a similar manner as in A/] mice. In athymic mice,
there was no difference in efficacy between MGH-1 and vHsv-
null in the inoculated side, and none of the treatments affected
the growth of contralateral tumors (data not shown). The result
suggested that GFP expressed in vHsv vectors played a role in
increasing the antitumor efficacy potentially via T-cell-mediated
immune responses.

To determine the effective dose range for vHsv vectors, A/]

- mice with unilateral s.c. Neuro2a tumors were treated with
intraneoplastic inoculations of vHsv-null at three different doses
(2 x 10°% 4 x 10%, and 8 x 10° pfu) on days 0 and 3 (n = 9 per
group). Inoculations with vHsv-null at 4 X 10* pfu or higher
significantly inhibited the growth of Neuro2a tumors in a dose-
dependent manner (Fig. 3B). Therefore, to investigate the effect
of transgenes expressed by the vHsv vectors, we initially selected
1 x 10* pfu, a dose at which vHsv-null would exhibita minimal
effect. A/] mice with unilateral s.c. Neuro2a tumors were treated
with intraneoplastic inoculations of mock, vHsv-null, vHsv-
B7.1-Ig, vHsv-1L-12, or vHsv-IL-18 on days 0 and 3 (n = 9 per
group). The treatment with vHsv-1L-12 resulted in a significantly
greater tumor growth inhibition than other treatments (P < 0.05
versus each group, days 5-14; Fig. 3C). Both vHsv-B7.1-lg and
vHsv-IL-18 showed a marginal but significant tumor growth
inhibition compared with mock (P < 0.05, days 9-14). Next, we
chose a higher dose (2 x 10° pfu) and did a study using A/} mice
with bilateral s.c. Neuro2a tumors, mainly focusing on the
antitumor effect in the contralateral noninoculated tumors. All
vHsv vectors, inoculated intraneoplastically on days 0 and 3,
significantly and equally inhibited the growth of inoculated
tumors (n = 6 per group). Also in the contralateral side, all vHsv

-
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Fig. 4. In vivo transgene expression of vHsv vectors in A/J mice harboring
established s.c. Neuro2a tumors. A/J mice harboring s.c. Neuro2a tumors were
treated with a single intraneoplastic inoculation with vHsv-IL-12 (feft) or vHsv-IL-18
(right) at 2 x 10°% pfu, and serum and intratumoral concentrations of IL-12 or IL-18
were determined on days 1, 4, and 7. Neither IL-12 nor IL-18 was detected in serum
and tumor in mock-treated or vHsv-null-treated mice. Columns, average

of two animals; bars, SD.

vectors significantly suppressed the tumor growth compared
with mock (P < 0.01, days 10-15 for vHsv-IL-12 and vHsv-IL-18
and days 13-15 for vHsv-B7.1-1g; P < 0.05, days 13-15 for vHsv-
null), and there was no significant difference among the four
vHsv vectors (Fig. 3D).

To investigate the kinetics of in vivo transgene expression,
serum and intratumoral concentrations of IL-12 and IL-18
were determined 1, 4, and 7 days after a single intraneo-
plastic inoculation of vHsv-IL-12 and vHsv-IL-18 (2 X 10°
pfu), respectively, in A/} mice bearing s.c. Neuro2a tumors (n
= 2 per group). The intratumoral IL-12 gradually decreased
but was detectable on all days tested through day 7; however,
serum IL-12 was detectable only on day 1 (Fig. 4). IL-18 was
detectable in both serum and tumor on all days tested,
although gradually decreased by day 7. There was no
difference in size between vHsv-IL-12-inoculated and vHsv-
JL-18-inoculated tumors. Neither I1L-12 nor IL-18 was
detected in serum and tumor in mock-treated or vHsv-null-
treated mice.

Enhancement of in vivo efficacy by combinations of vHsv
vectors. Certain combinations of immunostimulatory mole-
cules, such as 1L-12/B7-1 and IL-12/IL-18, have been reported
to act synergistically (24-26); therefore, we further investi-
gated whether combining vHsv vectors could enhance the
antitumor efficacy. First, each armed vHsv vector (1 X 10°
pfu) was administered alone or in combination with others,
and the total administered virus amount was adjusted to 3 X
10° pfu (except mock) by adding necessary amounts of vHsv-
null. The left tumors of AJ/] mice bearing bilateral s.c.
Neuro2a tumors were treated with intraneoplastic inocula-
tions on days 0 and 3 (n = 8 per group; Fig. 5A). In the
inoculated side, all armed vHsv vectors, alone or combined,
showed significant tumor growth inhibition (P < 0.05, days
6-13). The combination of vHsv-IL-12 and vHsv-1L-18
showed a significantly greater antitumor efficacy than other
combinations of two armed vectors (P < 0.05, days 6-13}. In
the contralateral noninoculated tumors, an enhancement of
antitumor efficacy was observed when the left tumors were
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Contralateral Side

Fig. 5. Enhancement of in vivo efficacy by
combinations of vHsv vectors. The left
tumors of A/J mice bearing bilateral s.c.
Neuro2a tumors were treated with
intraneoplastic inoculations of mock or vHsv
vectorsondays0and3 (n =8 perbgroup).
A, each armed vHsv vector (1 X 10° pfu)
was administered alone or in combination
with others. The total administered virus
amount was adjusted to 3 x 10° pfu by
adding necessary amounts of vHsv-null,

In the inoculated side, all armed vHsv
vectors, alone or combined, showed a
significant and strong tumor growth
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inhibition (P € 0.05, days 6-13).The
combination of vHsv-IL-12 and vHsv-IL-18
showed a significantly greater antitumor
efficacy than other combinations of two’
armed vectors (P € 0.05, days 6-13). Inthe
contralateral tumors, an enhancement of
antitumor efficacy was observed when the
left tumors were treated with vHsv-1L-12
plus vHsv-IL-18 or all three vectors
combined, the latter treatment being more
efficacious than the former treatment

(P € 0.05, days 8-13). B, efficacy of the
combination of the three armed vHsv
vectors (1 x 10° pfu each) was compared
with that of 3 single vector given at 3 x 10°
pfu. The combination treatment exhibited a
significantly greater antitumor efficacy
than any single vector treatment on both
inoculated and noninoculated sides

(P € 0.05 versus any group for both sides,
days 8, 11, and 18). IL-12, vHsv-IL-12; IL-18,
vHsv-1L-18; B7.1-1g, vHsv-87.1-1g. Bars, SE.

6 8 10 12 14

A Treated Side
2500 1[—— Mock 2500 7
~8- |L12(+null)
—A— [L18(+null)
~ - [L12+IL18
£ —O~B7.1-Ig+IL18
= —2x— 1L12+1L18+B7.1-
~ 1500 1500 -
o
E
=
o
2 1000 - 1000 1
[=]
E
3
l_
500 A 500 -
0 T T T T T T T T 0 . T
0 2 4 6 8 10 12 14 0 2
Days after Treatment
B Treated Side
50007 —— Mock 5000 1
—— yHsv-null
4000 |~ vHsv-B7.1-Ig 4000
a —@— yHsv-1L12
§ —O vHsv-IL18
;)’ 3000 4|—C— B7.1-1g+IL12+1L18 3000
£
=
S
S 2000 A
o
E
3
’._
1000 1
oI O 00 Y T T
0 2 4 6 8 10 12 14 16 0 2 4
Days after Treatment

Days after Treatment

T ¥ T T T 1

6 8 10 12 14 16

treated with vHsv-IL-12 plus vHsv-IL-18 or all three vectors
combined, the latter treatment being more efficacious than
the former (P < 0.05, days 8-13).

We further investigated, using the same animal model and
treatment protocol, whether the combination of the three
armed vHsv vectors (1 x 10% pfu each) is more efficacious
than a single vector given at 3 x 10° pfu. The combination
treatment exhibited a significantly greater antitumor efficacy
than any single vector treatment on both inoculated and
noninoculated sides (P < 0.05 versus any group for both
sides, days 9, 11, and 15; Fig. 5B), showing that, for the
enhancement of antitumor efficacy, it is the combination that
is important rather than the total amount of armed oncolytic
HSV-1 vectors.

To investigate whether the enhancement of antitumor
efficacy by the combination therapy requires T cells, s.c.
Neuro2a tumors were generated in the left flanks of athymic
mice and inoculated with 3 x 10° pfu of each vHsv vector or
the combination of all three armed vHsv vectors (1 x 10°
pfu of each) on days 0 and 3 (n = 6 per group). Both the
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vHsv-1L-12 group and the combination group showed a
significantly greater antitumor effect compared with other
treatment groups (P < 0.05, days 7-11 for both vHsv-IL-12
and combination groups). In contrast to the results using A/]
mice, vHsv-null, vHsv-B7.1-Ig, and vHsv-IL-18 showed no
significant effect, suggesting that T-cell-mediated responses
are largely responsible for the antitumor effect exhibited
by these vectors at this dose. The superior antitumor efficacy
of vHsv-1L-12 to other vectors in athymic mice is compatible
with the known function of 1L-12 that involves activation
of natural killer cells (27). The combination therapy,
however, did not increase the antitumor efficacy compared
with the vHsv-1L-12 alone treatment, indicating that
the enhancement effect by combining with vHsv-1L-18 and
vHsv-B7.1-Ig may involve T-cell-mediated immune responses
(Fig. 6A).

Furthermore, we tested whether the strong antitumor efficacy
by the combination therapy observed in the contralateral
noninoculated tumors in A/] mice involves T-cell immune
responses. Bilateral s.c. Neuro2a tumors were generated in

www.aacrjournals.org
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athymic mice, and the left tumors alone were treated with
intraneoplastic inoculations of mock, vHsv-null {3 X 10° pfu),
or the three armed vHsv vectors combined (1 % 10° pfu each)
on days 0 and 3 (n = 8 per group). In the inoculated side,
reproducing the result from the previous experiment, vHsv-null
showed no effect at this dose, whereas the combination resulted
in a significant growth inhibition (P < 0.05 versus mock and
vHsv-null, days 6-10; Fig. 6B). In the contralateral noninocu-
lated tumors, however, the combination therapy caused no
significant effect on tumor growth, indicating that the enhance-
ment of the antitumor efficacy on remote tumors requires T cells.

To see whether arming of oncolytic HSV-1 vectors with
immunostimulatory genes could provide stronger protective
immunity, we pooled the A/] mice whose s.c. Neuro2a tumors
were cured by treatment with vHsv vectors and rechallenged
them with a s.c. injection of 5 x 10° Neuro2a cells. All of 10
naive 3-month-old A/] mice, used as control, showed rapid
growth of s.c. tumors. Two of 5 vHsv-null-treated mice showed
tumor growth, whereas only 1 of 15 armed vHsv vector-treated
mice did (P = 0.1, Fisher's test), suggesting that the in situ
expression of immunostimulatory genes may provide enhanced
antitumor protective immunity.

Discussion

The present system (termed HsvQuik) using BAC and the
two recombinases (FLP and Cre) has multiple advantages over
conventional homologous recombination techniques for the
construction of armed oncolytic HSV-1 vectors, such as an
insertion of desired transgenes into the intended locus with
high probabilities and precision and selection of recombinant
BAC plasmid clones in E. coli. The HsvQuik system allowed us
1o create four different oncolytic HSV-1 vectors (three armed
and one unarmed control) simultaneously in a relatively short
period. The transgene expression mediated by oncolytic
HSV-1 vectors is transient in a host cell due to eventual cell
destruction, yet the expression level within the tumor may be
high due to an amplified gene delivery (28). Moreover, the
destruction of tumor cells during viral oncolysis elicits specific
antitumor and antiviral immune responses. Therefore, unlike
replication-defective viral and nonviral vectors, it is difficult to
predict the effect of the transgene expression in oncolytic HSV-1
vectors, especially if it might affect host immune responses,
viral replication, and/or viral spread. The HsvQuik system
allowed screening and simultaneous comparison of the in vivo
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effects of various transgenes expressed in the same oncolytic
HSV-1 backbone.

Antitumor immune responses play important roles in the
in vivo antitumor activities of oncolytic HSV-1 vectors, which
supports the usage of immunostimulatory genes for arming
the HSV-1 vectors (4, 6, 29, 30). We compared the efficacy of
oncolytic HSV-1 vectors armed with murine soluble B7-1,
murine 1L-12, or murine 1L-18 using HSV-1-sensitive Af] mice
and syngeneic, poorly immunogenic NeuroZa tumors and
showed that vHsv-1L-12 was the most efficacious at a low dose
of 1 x 10? pfu. The superior efficacy was unlikely due to higher
expression levels of IL-12 in vivo, because the serum and
intratumoral concentration levels of IL-18 exceeded those of
IL-12. It has been reported that NV1042, an oncolytic HSV-1
vector expressing murine IL-12, was more efficacious than a
murine granulocyte macrophage colony-stimulating factor-
expressing oncolytic HSV-1 vector with the same backbone
(NV1034) in certain animal tumor models (10). In athymic
mice, only vHsv-IL-12 (3 % 10° pfu) but not other vHsv vectors
showed a significant growth suppression of the inoculated
tumors, indicating that the augmented efficacy by IL-12
expression may be mediated, at least in part, via non-T-cell
mechanisms, including an activation of natural killer cells (27).
which may be a functional advantage over soluble B7-1 and
IL-18 at low dose levels. In addition, it has been suggested that
antitumor actions of NV1042 were partly exhibited via
antiangiogenic effects of 1L-12 (31). In A/] mice at a high dose
of 2 x 10° pfu, the efficacy of a single armed vHsv vector was not
significantly different from that of vHsv-null in both inoculated
and noninoculated tumors regardless of the transgene, indicat-
ing that an addition of a single immunostimulatory gene
expression may not significantly augment the efficacy of
oncolytic HSV-1 vectors when a sufficient amount is adminis-
tered. HSV-1 vectors have inherent ability to down-regulate
MHC class 1 expression of infected host cells, which may
undermine the immunostimulatory potentials of oncolytic HSV-
1 vectors armed with cytokines. We have shown previously that
tumor cells infected with an «47-deficient HSV-1 vector had
enhanced MHC class | expression and showed increased
stimulation of immune cells (20).

One of the most important advantages of using the HsvQuik
system was that it allowed us to study the effect of combining the
multiple armed oncolytic vectors created simultaneously. We
showed that the triple combination of vHsv-B7.1-1g, vHsv-1L-12,
and vHsv-1L-18 exhibited the highest efficacy among all single
vHsv vectors or combinations of two vectors against the poorly
immunogenic umors, Combining 1 X 10° pfu each of the three
armed vectors showed stronger antitumor activities than any
single armed vector at 3 X 10° pfu in both inoculated and
noninoculated sides, leading to “cures” in two of eight animals.
In athymic mice, the enhancement of antitumor efficacy caused
by the combination was reduced in inoculated tumors compared
with A/} mice and abolished in remote noninoculated tumors.
These data implicated that the enhanced efficacy resulted from
the interactions between the three different immunostimulatory
molecules expressed within the tumor that may have worked
favorably 1o augment T-cell-mediated antitumor immune
responses. In theory, coinfection of tumor cells with multiple
oncolytic HSV-1 vectors can lead to generation of novel
recombinants in vivo, which needs investigating if such
therapeutic strategy were 10 be applied clinically.
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A simultaneous usage of three oncolytic vectors armed with
different immunostimulatory genes has never been reported, but
certain combinations of two immunostimulatory molecules
have been known to act synergistically in experimemal‘ cancer
immunotherapy. The synergistic effects of 1L-12 and
IL-18 have been well documented (32). Although the combina-
tion of IL-12 and 1L-18 caused severe toxicity when administered
systemically with excessive increase in serum IFN-y (33-37), a
local expression of one combined with systemic administration
of the other could enhance the antitumor efficacy with less
toxicity (26, 38, 39). We observed that the combination of vHsv-
1L12 and vHsv-1L-18 exhibited a stronger antitumor effect on
remote noninoculated tumors than any other combinations of
two vectors. A combination of tumor cells expressing B7-1, a
membrane-bound, potent costimulatory factor, and a local or
systemic administration of 1L-12 has been shown to cause
enhanced stimulation of CTLs and a long-term protective
immunity (40-42). We have shown previously that in situ
expression of the soluble type of B7-1 in the context of G207
caused a strong augmentation of T-cell-mediated antitumor
immune responses that occurred in the brain as well as in the
periphery (6). We observed, however, that a combination with
vHsv-B7.1-Ig did not significantly enhance the efficacy of vHsv-
1L-12 at the doses tested.

The HsvQuik systemn has been proven to be a powerful
tool for screening the effect of transgenes inserted into
oncolytic HSV-1 vectors. Transgene candidates are not limited
to foreign therapeutic genes but include a HSV-1 gene, such
as y34.5, driven by a tumor-specific promoter (43). Some
features of HsvQuik may benefit further improvement: One
such feature is the use of GFP as a histochemical marker in
the final product, because the effect of GFP expression may
not be small enough to ignore when evaluating the effect of
immunostimulatory gene expressions. GFP has been reported
to show substantial cytotoxicity as well as immunogenicity
(22, 23, 44). The in vitro cytopathic effect of vHsv-null in
Neuro2a cells was greater than expected from virus yield
study results compared with MGH-1, a major difference
between vHsv-null being that it has lacZ instead of GFP. The
vHsv-null showed a significantly greater efficacy than MGH-1
in both treated and remote tumors in A/} mice, but no
difference in efficacy was observed in athymic mice. The
antitumor efficacy of armed vHsv vectors in A/] mice was not
significantly different from that of vHsv-null at higher doses.
These unexpected results may be accounted for, at least in
part, by the direct cytotoxic effect and/or immunogenicity of
GFP. Alternatively, GFP expression may facilitate tumor cell
killing that leads to release of tumor antigens, which can
result in cross-priming of T cells to recognize and kill
Neuro2a cells via systemic immunity. On the other hand,
GFP has been used in other oncolytic HSV-1 vectors, and its
expression may be beneficial for cancer therapy, if in fact it
adds 1o antitumor activities without compromising safety
(45, 46).

The replicative capabilities of vHsv vectors were remarkably
lower than MGH-1 in Vero cells for reasons yet to be elucidated.
Although the structures of vHsv vectors were confirmed by
Southern blot analyses, a small possibility remains as 10 an
uninfended mutation being introduced during the BAC plasmid
construction. The parental MGH-1 is considerably attenuated
compared with wild-type HSV-1 due to the double mutations in
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the ¥34.5 and ICPG genes. The low rate of replication may be
beneficial for evaluating the effect of transgene expressions in
experimental animals. In clinical practice, however, to obtain an
efficient therapeutic effect from a small portion of vector-
infected twmor cells, it may be preferable to retain good
replicative capability, providing a large amplification of gene
delivery as well as effective oncolytic activities. Furthermore, itis
important for the backbone structure of armed oncolytic HSV-1
vectors to have a large therapeutic window by keeping the viral
replication highly selective to tumor cells, because the transgene
expression might increase the toxicity. A triple-mutated oncolytic
HSV-1 vector, G474, constructed from G207 by creating a further
deletion within the 247 gene and the overlapping USII
promoter, was shown to have enhanced viral replication in
tumor cells while preserving the safety features.(20). A BAC-
mediated oncolytic armed HSV-1 vector construction system
with G47A as the backbone has been developed (47).
Published studies have shown that suppression of innate
immunity can enhance the oncolytic virus replication and
antitumor efficacy (48, 49). Whether the expression of the
immunostimulatory transgenes significantly affected the in vivo
replication of vHsv vectors is yet to be determined. A possibility
remains that immune stimulation is beneficial when the
oncolytic virus replicates relatively poorly. We observed that

systemic administration of immunostimulatory cytokines did
not alter the intratumoral replication of G47A.° The results
suggest that immune stimulation would be beneficial for
oncolytic virus therapy if an effective T-cell-mediated antitumor
immunity can be obtained.

We show that a combined use of multiple oncolytic HSV-1
vectors armed with different immunostimulatory genes can be
a useful strategy for cancer therapy. We also show that the time-
consuming processes of creating recombinant HSV-1 vectors can
be overcome by using BAC and recombinase-mediated recom-
bination. We believe that the development of armed oncolytic
HSV-1vectors is important not only to improve the efficacy but
also to cope with a wide variation of cancer types, progression
stages, or routes of administration.
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Treatment Strategies for Malignant Gliomas—2006
by
Ryo Nishikawa, M.D.
from
Department of Neurosurgery, Saitama Medical University

In the treatment of glioblastoma (GBM), postoperative radiotherapy has been recognized as standard therapy,
whereas the addition of chemotherapy has been a controversial issue. A meta—-analysis based on 12 randomized tri-
als suggested only a small benefit. The recent trial by the European Organisation for Research and Therapy of Can-
cer (EORTC) and National Cancer Institute of Canada Clinical Trial Group was the first study to demonstrate une-
quivocally that the addition of temozolomide to radiotherapy provides a statistically significant survival benefit in
GBM. For anaplastic oligodendroglioma and oligoastrocytoma, two separate trials by EORTC and the Radiation
Therapy Oncology Group clearly demonstrated that chemotherapy by procarbazine, lomustine, and vincristine, plus
radiotherapy does not prolong survival but does increase the incidence of progression-free survival. The combined
loss of 1p/19q identifies a favorable subgroup of oligodendroglial tumors, and no genetic subgroup could be identi-
fied that benefited with respect to survival from adjuvant PCV. In low-grade gliomas, older age, astrocytoma histol-
ogy, presence of neurologic deficits, largest tumor diameter, and tumor crossing the midline were important prog-
nostic factors for survival, and these factors can be used to identify low-risk and high-risk patients. Taken
together, these evidences reported recently provide the most up—to—date treatment strategies for malignant

gliomas.
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