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Oncolytic Virus Therapy Using Genetically Engineered Herpes

<Abstract>  An increasing number of oncolylic virus vectors has heen developed lately
for cancer therapy. Herpes simplex virus type 1 (HSV-1) vectors are particularly useful,
because they can be genetically engineered to replicate and spread highly selectively in
tumor cells and can also express multiple foreign transgenes. These vectors can manifest
cytopathic effect In a wide variety of tumor types witheut damaging normal tissues, provide
amplified gene delivery within the tumor, and induce specific antitumor immunity. Multiple
recambinant HSV-1 vectors have been tested in patients with brain tumors and other cancers,
which showed the feasibility of admiristering replication-competent HSV-1 vectors safely in
human crgans including the brain. Different approaches are currenfly underizken to improve
the efficacy of oncolytic HSV-1 therapy which include development of new generation vectors
via further genetic engineering of existing safe vectors, combination with immune gene
therapy, and combination with conventional therapiés. Oncolytic virus therapy is 2 promising
therapeutic modality that aweits establishing es an important treatment option for cancer

patients in the near future,
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INTRODUCTION

QOneaolytic virus therapy is an attractive means of

treating tumors. Réplication-competent virus vectors’

are used that can replicate in situ and spread, and, at
the same time, exhibit oncolytic activity by a direct
cytocidal effect (Fig. 1). In addition, replication-
competent virus vectors are capable of transferring and
expressing foreign genes in host cells. These virus
vectors are either genetically engineered {e.g., herpes
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simplex virus type 1 (HSV-1), adenovirus, vaccinia
virus], naturally attenuated (e.g., Newcastle disease
virus), or non-pathogenic in humans {e.z., reovirus), so
that they can replicate selectively in tumor cells but do
not harm normal tissues. '

HSV-1 in particular has many features suitable for
cancer therapy” 1) HSV-1 infects most tumor cell
types. 2) The life cycle of HSV-1 is well studied. 3) The
HSV-1 genome map is available. 4) Functions of the
majority of genes are identified. 5) Genes can be
manipulated. And, G) the Jarge size of th_e viral genome
{193 kb) provides space for insertion of large amounts
of DNA. Furthermore, HSV-1 has following features

particularly suited for clinical applications: 7) A total
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Fig. 1. Schematic diagram of oncolytic virus therapy using replication-competent HSV-1 vectors, A replication-competent HSV-1 vector
infects, replicates in and kills tumor cells. Progeny virus vectors spread to neighboring tumor cells and repeat the process until all tumor
cells are destroyed. HSV-1 vectors are genetically engineered to replicate selectively in tumor cells, and therefore do not damage the

normal tissues surrounding the tumor.

killing of tumoar cells can be achieved at a relatively low
multiplicity of infection (MOI). 8) Antiviral drugs are
available that enable an optional termination of the
therapy. 9} Animal models are available for preclinical

" evaluation on safety and efficacy. And, 10) the virus
DNA does not get integrated into the host cell genome.

,HSVQI is peurotropic and genes necessary for
neuropathogenicity have been identified and can be
mutated, thérefore the use of HSV-1 is especially
advantageous for brain tumor therapy.

DEVELOPMENT OF G207

In the past decade, the research of oncolytic HSV-1
therapy has drastically advanced from the basic
concept to clinical studies. In the early days,
replication-competent HSV-1 veciors were genetically
engineered to have mutation in one non-essential gene
associaled with either virulence or viral DNA
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synthesis, in order to restrict viral replication to
transformed cells”, These so-called first generation
vectors showed that they could in fact efficiently inhibit
the growth of tumors without lethally harming the host
animal. They also showed that oncolytic HSV-1
therapy couid be applied not only to brain tumors but
also to various types of neop‘]asm. There were
concerns however regarding the use of the first

generation vectors in humans, because the

- pathogenicity of vectors may not be sufficiently

attenuated and o single mutation may not be sufficient
fo prevent vectors from reverting to wild type HSV-]
via homologous recombination. To address these
conéems, so-called second generation vectors were
developed that had genetically engineered mautations in
two different genes.

Structure
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Fig. 2. Structures of G207 and G474, The HSV-1 genome consists of long and short tnique regions (UL and US) each bounded by
terminal (T) and internal (I) repedt regions (RL and RS). G207 was engineered from wild-type HSV-1 strain F by deleting I kb within both
copies of the 7 34.5 gene, and inserting the E.coli lacZ gene into the ICPG coding region. G474 was derived from G207 by deleting 312bp
from the ICP47 locus. Because of the overlapping 3' co-terminal transcripts of US11 and ICP47, the deletion also places the late gene US11
under control of the 1CP47 immediate-early promoter. The ICP47 transcript contains a splicing (indicated by A). Resbriction.site

abbreviations: B, BarnHI; Bs, BstEll; E, EcoRl, EN, EcoNI, Nr, Nrul.

G207 is the first of the second-generation HSV-1
vectors”. It was originally designed for the clinical use
in brain tumor patients with an emphasis on employing
ample safeguards, G207 has deletions in both copies of
the »34.5 gene, the major determinant of HSV-1
neurovirulence (Fig. 2). »84.5 -deficient HSV-1
vectors are considerably attenuated in normal cells, but
retain their ability to veplicate within neoplastic cells.
In normal cells, HSV-1 infection induces activation of
double-stranded RNA-dependent protein kinase R
(PKR), which in turn leads to phosphorylation of the
o -subunit of eukaryotic initiation factor 2 ¢ (elF-2 a)
and a subsequent shutdown of host and viral protein
synthesis. The product of the y 34,5 gene antagonizes
this PIXR activity. However, in tumor cells with an
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activated Ras signaling pathway, it has been suggested
that PKR activity is already inhibited, thereby allowing
5 34.5-deficient HSV-1 vectors to replicate™. G207
also has an insertion of the E. coli lncZ gene in the

‘infected-cell protein 6 (ICPG} coding region (UL39),

inactivating ribonucleotide reductase, a key enzyme for
viral DNA synthesis in non-dividing cells but not in
dividing cells. This double mutation minimizes the
chance of G207 to revert to wild-type and confers
favm_‘ablé properties on the virus for treating human
cancers: G207 replicates preferentially in turnor cells
and is harmless in normal tissue due to attenuated
virulence; G207 is about 18 fold more sensitive to
ganciclovir/acyclovir than its parent virus R3616; and
the reporier gene lacZ allows easy histochemical
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detection of G207-infected celis.

Antitumor efficacy

G207 has been tested in more than 60 different cell
lines, which revealed that the vast majority, although
not all, of human tumor cell lines are susceptible to
G207 infection and rephication”. In human glioma and
malignant meningioma cell lines, for example, G207
can achieve cell destruction of the entire ceil
population in culture within‘z to 6 days at an MOI of
0.1**. In contrast, at the same MOI, G207 manifests no
effect on primary cultures of rat cortical astrocytes or

cerebellar granulocytes. This difference in G207

cytopathic effect observed in vitro hetween tumor cells
and normal cells is directly reflected in the results of in
pive studies. In athymic mice harboring US7MG
glioma or F5 malignant meningioma tumors in the
brain or under the skin, a single intraneoplastic
_inoculation of G207 can significantly inhibit the tumor
growth and prolohg the animal survival®®, A prominent
lacZ expression from G207 replication within tumors
could still be observed 24 days post-inoculation”.
Pesides brain tumors, G207 has been proven
efficacious in a variety of other animal tumor models, in
which tumors have been generated in various organs
including the liver, peritoneum, urinary bladder, and
cheele pouch®.

Safety

Because HSV-1 is the most common cause of central
nervous system viral infections and G207 was the frst
replication-competent HSV-1 vector to be used in
human brains, it was extensively evaluated for its
toxicity in the brain. In BALB/c mice, the highest dose
of G207 (107 plague forming units (pfu)] caused no
symptoms for over 20 weeks when inoculated
intracerebrally or intraventricwlarly”. In A/] mice, one
of the most susceptible mouse strains to HEVA
infection, intracerebral inoculation of clinical-grade
G207 at 2 x 10" pfu caunsed only a temporary and slight
hunching in 2/8 mice™, Furthermore, in RALB/c mice

that survived an intracerebral inoculation of wild-type
HSV.1 (KOS) at an LD50 dose (~10" pfu}, a subsequent
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challenge with an intracerebral inoculalibn ol G207 (1
piu} at the same stereotactic coordinates did not result
in reactivation of latent ISV-1 infection™.

Aotus nuncymae (New World ow] monkeys) are
amongAst the most sensitive non-human primates to
HSV-1 infection. A total of 22 Aolus primates have been
used for safety evaluation of G207 (intracerebral
and/or intraprostatic)*™". In Aotus, a single
intracerebral inoculation of G207, up to 10" piu, or
repeat inoculations of 10" pfu caused neither virus-
related disease nor detectable changes in the brain as
assessed by magnetic resonance imaging (MRI) and
pathological studies”. In contrast, an intracerebral
inoculation of 10° pfu of wild type HSV-1 (strain F)
caused acute viral encephalitis, killing the animal
within 5 days of inoculation. Four Aotus were used to
evaluate the shedding and biodistribution of G207 after
intracerebral inoculation of clinical-grade, column-
purified G207 (3 x 10" pfu)™. Using PCR analyses and
viral culture, neither infectious virus nor viral DNA was
detected from tear, saliva, vaginal secretion, blood or
urine samples at any time point up to 1 month post-
inoculation. Analyses of tissues obtained at necropsy
at 1 month showed G207 DNA distribution restricted to
the brain, with no infectious virus being isolated.
Histopathology revealed normal brain tissues inc]uding
the sites of inoculation. All Aotys receiving an
intracerebral G207 inoculation showed an increase in
serum ant-HESV-1 antibody titers as early as 21 days
postinoculation™®.

Clinical trial

A phase I clinical trial of G207 for recurrent .
malignant glioma was performed in 21 patients at 2
institutions in the United States™. This dose escalation
study started from 10" pfu and increased to 3 X 10" pfu,
with, three patients at each dose. G207 was inoculated
stereotactically into an enhancing region of the tumor
visualized by a computerized tomography (CT) scan
with contrast enhancement. No acute, moderate to
severe adverse event attributable to G207 was
ohserved. Minor adverse events included seizure (2
cases) and brain edema (1 case). Among 7 biopsied or .
resected lumor specimens analyzed, specimens from 2
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patients were positive for G207 DNA by PCR analysis
(56 and 157 days postinoculation). Five of 19 patients
were negative for serum anti-HSV-1 antibody prior to
G207 treatment. Despite corticosteroid treatment of
these patients, one patient seroconverted after G207
inoculation,

The tools to evaluate the efficacy included Karnofsky
performance score and serial MRI, An improvement in
Karnofsky score was observed in 6 of 21 patients {29%)
at some time after G207 inoculation. Eight of 20
patients that had serial MRI evaluations had a decrease
in tumor volume (enhancing area) between 4 days and
one month postinoculation. All patients, except one
that died from cerebral infarction 10 months after G207
treatment, eventually showed tumor progression.
Autopsy was performed in 5 cases, and histology of the
brains showed no evi.'dence of encephalitis, white
matter degeneration or inflammatory changes, and all
were negative for HSV-1 immunoreactivity. In 3 cases,
the tumor was localized to one region of the brain
without significant tumor cell invasion into the
surrounding brain tissue as usunally observed with
typical glioblastoma cases. One glioblastama patient
that died from cerebral infarction had no evidence of
residual tumor at autopsy. Overall, the phase I clinical
trial confirmed the safety of G207 inoculated into the
brain at doses up to 3 x 10° pfu. Currently, phase Ib/1]
clinical trials for recurrent malignant glioma are
ongoing at the same locations.

Effect of host immune responses

One difficulty in investigating the immune effect had
been the Jack of suitable animal -tumor models that are
susceptible to HSV-1 infection. Many mouse strains
ancd a majority of nlmrine cell lines are relatively
resistant to HSV-1. It was not recognized unti] recent
development of immunocompetent mouse brain tumor
models suitable for HSV-1 evaluation that the host
immune response plays an impoertant role in the
antitumor action of oncolytic HSV-1 vectors both in the
brain and in the periphery. Initially, N18 murine
nenrohlastoma cells, one of the more susceplible
murine cell lines tested for G207 susceptibility, were
used in syngeneic A/) mice. In A/J mice harboring
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established N18 turnors subcutaneously or in the brain, .
intraneoplastic inoculation with G207 caused a
significant reduction of tumor growth or pro]ong:fation
of survival™. Moreover, in A/] mice bearing bilateral
subcutaneous N18 tumeors, intraneoplastic G207
inoculation into one tumor alone caused growth
reduction and/or regression of both the inoculated and
the noninoculated contralatéral tumor, indicating an
induction of systemic antitumor immunity. Animals
that were cured of their subcutaneous tumors by G207
were protected against tumor rechallenge, either in the
periphery or the brain. The antitu:ﬁor immunity was
associated with cytotoxic T lymphocyte (CTL) activity
that was specific to N18 tumor cells and persisted for at
least 13 months. In A/] mice bearing subcutaneous
and intracerebral N18 tumors simultaneously, G207
inoculation into the subcutaneous tumor alone caused
growth suppression of both the subeutaneous and the
remote brain tumor, leading to a significant
prolongation of survival, G207-induced, systemic
antitumor immunity was also observed in BALB/c
mice bearing subcutaneous CT26 (colon carcinoma)
tumors and DBA/2 mice bearing subcutanepus M3
{melanoma) temors™. In the CT26 mode),
intraneoplastic inoculation of G207 induced CTL
activity that recognized a dominant, tumor-specific,
major histocompatibility complex (MHC) class I-
restricted epitope (AH1) from CT26 cells. Similar
systemic antitumor immunity induction by G207 was
observed in Syrian hamsters bearing subcutaneous
RIGB-5 {(gallbladder carcinoma) tumors', Thus, in an
immunocompetent condition, the oncolytic activity of
G207 can be augmented by induction of specific. and
systemic antitumor immunity effective both in the
periphery and in the brain.

When high dose dexamethasone was given to A/]
mice bearing subcutaneous NI8 tumors for an
extensive period (16 days), G207 retained the
antitummor effect and caused a significant suppression of
tumor growth when inoculated into the tumors™,
However, all immunosuppressed mice trealed with
G207 showed tumor regrowth despite initial shrinkage,
whereas 50% of the G207-treated mice not
immunosuppressed were cured., Dexamethasone
adminislration significantly reduced serum neutralizing
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antibodies against G207 after intraneoplastic G207
inoculation, but this did not affect the amount of
infections G207 isolated [rom tumors. The most
striking effect of dexamethasone administration was
the abolishment of G207-induced CTL activity against
N18 cells. These results further support the
impartancé of tumor-specific CTL induction in the
course of oncolytic activities by HSV-1 vectors.

The effect of circulating anti-HSV-1 antibodies on the
efficacy of oncolytic HSV-1 therapy was investigatel.
A/) and BALB/c mice were immunized by repeated
intraperitoneal inoculations of wild type HSV-1 (KOS
and then the antitumor efficacy of G207 on established
subcutaneous N18 and CT26 tumors determined™. In
both tumor models, the antiturri_or efﬁcac,\} bf GZ0T was

the same whether the mice were immunized or not for

HSV-1. Bécause HSV-1 predominantly spreads cell-to-
cell, 'c§r'é1.i1é;i':ig'_éntibodigs known to neutralize free
viI‘ué,--'majr_" have little effect on HSV-1 directly
inoculated 'i'1_1tz') tumors.

IMPROVING THE EFFICACY OF ONCOLYTIC
_ HSV-1 THERAPY

While G207 proved safe in glioma patients and
efficacious in animal tumor models, G207 is
considerably.attenuated not only for the pathogenicity
but also for the tumor cell Xilling capability compared
to wild type HSV-1, One way to improve the efficacy is
to cornbine the use of G207 with other conventional
therapies. For example, a combination with cisplatin
was shown to enhance the anlitumor effect of G207
against head and neck cancer in mouse models™.

" Others have shown thationizing radiation amplifies the

replication of HSV-1 vector (R3616)™, leading to .

improx?ed survival of athymic mice bearing
intracerebral USTMG tumors™. Although we did not
observe such enhancing effect of ionizing radiation
with G207, the virus was usefvl for treating prostale
cancers that recurred after radiation therapy™.
Intraperitoneal administration of cyclophosphamide
when combined with HSV-1 vector (hrR3)
administered together with RMP-7 (a pharmacological
madilier of blood-brain barrier) nto the carotid artery
significantly enhanced the replicalion and spread of the
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virus in tumors formed in rat brains®.

For improvement of GZQ? antitumor efficacy, we are
currently -pursuing two approaches that involve
enhancement of antitumor immune responses; 1)
further genetic engineering of G207, and 2)
combination with immune gene therapy.

New generation recombinant HSV-1

The therapeutic benelits of oncolytic HSV-1 vectors

‘depend on the extent of both intratumoral viral

replication and induction of host antitumor iunune
responses. We are developing new generation HSV-1
vectors by enhancing these properties while retaining
the safety features of G207. G474 is one of such
vectors newly created from G207 by introducing
another genetic n_nufation, i.e., the deletion of the « 47
gene and the overlapping US11 promoter region” (Fig.

- 2). Because the o 47 gene product inhibits transporter -

associated with antigen presentation (TAP) which
translocates peptides across the endoplasmic
reticulum, the deletion results in preclusion of MHC
class I down-regulation that normally occurs in human
cells infected with HSV-1. G47 A -infected human cells
in fact presented higher levels of MHC class ]
expression than cells infected with other HSV-1
vectors”. Further, human melanoma cells infected

“with G47_ caused better stimulation of their matched

tumor-infiltrating lymphocytes in vitro than those
infected with G207. The deletion also places the late
US11 gene under control of the immediate-early « 47
promoter, which results in suppression of the reduced
growth phenotype of 734.5'-cleﬁcient-HSX;’—1 mutants,
including G207. In the majority of cell lines tested in
vitro, G47 A replicated better than G207, resulting in
the generation of higher virus titers, and exhibited
greater cytopathic effect. In athymic mice bearing
subcutaneous US7TMG human glioma and A/] mice
bearing subcutanecus Neuro2a neuroblastoma, G474
was significantly more efficacious than G207 at
inhibiting the tumor growth when inoculated
intraneoplastically®. Improved antitumor efficacy of
G47 A has been shown also in other
immunocompelent mouse tumor models including
prostale cancer and breast cancer. Nevertheless, the
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safety of G474 remained unchanged from G207
following injection into the brain of HSV-1-sensitive A/]
mice. Thus, compared with the parental virus G207,
G47 & showed 1) better induction of human anti-tumor
immune cells, 2) belter growth properties leading to
higher virus vields and increased cytopathic effect in
vitro, 3) better antitumor efficacy in both immuno-
competent and -incompetent animals, and 4) preserved
safety, These features make G47 A highly attractive for
clinica) application.

Combination with immune gene therapy

Our preclinical experience using various HSV-1
vectors to treat turnors, including wild type HSV-1,
indicates that there is a limit to improving the
antiturnor efficacy of oncolytic vectors by simply
bringing the replication capability closer to that of wild
type viruses, putting ‘aside the difficulty of doing so
without increasing the pathogenicity, - In developing
new vectors, therefore, currently more emphasis is
placed on enhancing the ability to induce antitumor
immunity. Combination of oncolytic HSV-1 vectors
with defective vectors expressing irmumunostimulatory
molecules can improve the therapeutic efficacy
significantly (Fig. 3). )

* We have recently developed an immune gene thérapy
strategy that would work for brain tumors as well as

other cancers. The brain is considered an immune:

privileged site, and brain tumor patients are often

under an immune-suppressed condition due to

immunosuppressive factors secreted by the brain
tumor and/or corticosteroid administration. On the
other hand, a robust, non-specific inflammatory
response in the brain can cause undesirable brain
edema. To meet these requirements, we created a
defective HSV vector (dvB7Ig) expressing a soluble
form of B7-1, one of the most potent costimulatory
molecules, and Used it in combination with G207,
The soluble B7-1 was designed as a fusion protein of
the extracellular domain of B7-1 and the Fc portion of
IgG, so that it is secreted by tumor cells rather than
expressed on the cell surlace. Secrefed soluble B7-1
should provide antigen presenting cells increased T-
cell stimulatory activity, activate T cells in an anergic
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Fig. 3. Schematic diagram of immune gene therapy using G207

in combination with a defective HEV-1 vector expressing an

immunostimulatory geﬁe.' When a mixture of G207 and a
defective vector expressing IL-12 (for example) is inoculnted into
the tumor, tumor cells infected with G207 allew the virus to
replicate and ultimately get destroyed, further spreading progeny
G207 to surrounding tumor cells. On the other hand, tumor cells
infected with the defective vector produce IL-12 and recruit
immune cells, which augment ‘the' ‘antitumor immune respense
elicited by the oncolytic activity of G207,

state, and, because it is in a dimeric form, provide a
strong stimulation to T cells by cross-linking
neighboring CD28, The in vive efficacy was tested in
the poorly-immunogenic murine neuroblastoma,
Neuro2a, in'A/] mice. Intraneoplastic inoculation of
dvB71g/G207 at a low titer successfully inhibited the
growth of established subcutaneous tumors, despite
that the expression of B7-1-Ig was detected in only 1%
or less of twmor cells at the inoculation site, and
prolonged the survival of mice bearing intracerebral
tumors™, Inoculation of dvB71g/G207 induced a
significant influx of CD4"and CD§' T cells in the tumor.
In vivo depletion of immune cell subsets further
revealed tha the antitumor effect required CD8' T cells
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but not CD4' T cells. The dvB71g/G207 treatment
conlerred tumor-specific protective immunity on cured
animals. Thus, the approach pl;ove‘cl to he a potent and
c]inicz;lhhapplicab]e means of treating brain tumors and
other cancers, With a similar approach, a defective
HSV vector expressing murine interleukin (iL)-12 in
combination with G207 was tested in BALB/c mice
bearing subcutaneous CT26 tumors and was shown
effective™. o

More recently, we and others have created
replication-competent HSV-1 vectors that contain
transgenes for immunostimulatory molecules, In
particular, replication-competent HSV-1 vectors that
express 1L-12 have been shown in several animal tumor
models to manifest a direct oncolytic activity and also
express a sufficient amount of IL-12 that significantly

augments the antitumor effect without increasing the

w2
.

toxicity compared with the parental HSV-1 vectors

CONCLUSION

Oncolytic virus therapy is an attractive treatment,
because it is based on a new concept that the antitumeor
reagent can amplify specifically at the tumor site after
adminlstration. It also has features practical for clinical

application, because it can bel) applied to various types

of tumors irrespective of their oncogenetic
backgrounds,2) combined with conventional therapies
such as surgery, radiation therapy and chemotherapy,
3) combined with immunotherapy for potential

synergistic effects, and4) used for obtaining amplified -

gene delivery #n vive. An increasing mumber of clinical
trials using oncolytic viruses has started or being
planned in recent years. We anticipate that oncolytic
virus therapy will be established as an important
modality of cancer treatment in the nearfuture.
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Treatment of malignant glioma by activation of death receptor pathways

BEWKRAEER Rt e

Kyorin University School of Medicine, Department of Neurosurgery

Motoo Nagane, Isamu Saito

[Abstract]
TRAIL/Apo2L, a member of TNF family, induces apoptosis preferentially in human tumor cells but not in normal cells,
suggesting TRAIL, through its cognate death receptors DR4 or DRS, may serve as a potential therapeutics for intractable
malignant gliomas. Here we show that sublethal treatment with DNA-damaging chcmbtherapeutié drugs, CDDP and VP16,
" induced increased expression of DRS in human glioma cells. Exposure of such cells in vitro to soluble human TRAIL in
combination with CDDP or VP16 resulted in synergistic cell death characteristic of apoptosis.  Moreover, systemic in vivo
administration of TRAIL with CDDP synergistically suppressed both tumor formation and growth of established
subcutaneous human gliobiastoma xenografts in nude mice and also significantly extended the survival of mice bearing
intracerebral xenografts without causing significant general toxicity. The combination treatment activated caspase cascades
through multiple signaling pathways. Furthermore, combination of TRAIL and X-ray irradiation treatment also induced
synergistic cytotoxicity in vitro. These results provide a novel therapeutic strategy for malignant gliomas in which TRAIL
“could be safely and synergisticaily combined with conventional DNA damaging chemotherapy or radiotherapy.

Key words: TRAIL, DNA damage, glioma, apoptosis, combination treatment
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R F BRI R < b 5 EHEFE B NE (malignant
glioma), FICFRLEEETH 3 HHMEBIFIE (glio
-blastoma multiforme}d. HEZEAHEHICE > T LKA
FEXEDHTTFRTH Y, HIROEBEEORAENY
FNTALW, RIEEE R > T s HRZE
D7aT I LTHBTEF— X (apoptosis) i HE
AR R atitle ¥ P L igfkic & 0 EERIgHuR 5
ENABEE L TR Z &5, apoptosis 2 EEE
HET HREFER,. BORIBENESRETES
bOLBLONSG, '

Apoptosis THt, EE LT 220y 7+ EERKE
§2 & O apoptosis DT % 18 5 caspase DiEHEHAEL
3, —2i. Z{oERACERREE. RET
R YR F LA E S mitochondria DIHERIE
BT 255D THB, 7. mitochondria &S 3\

MIfARTMICFFES 5 death receptor 2L T, EHE
caspase &G T BIERETH B (Fig. 1), BicRE
DERIIEMBE~OTEREE 432 LA 5T
BEMEASH B Z LS| death ligand{TNF family) ¢ % 3
FasL{CD95L)}® TNF-a % B\ /= EHIEE 0 165505
RESNTELD, BROVADESRECEDE
HEEEIFERICRD oY, BERIBRICEE> T
B,

1995 SFIZF®E & #1/: TRAIL(Apo2L) i TNF family
W T 2 %77z % denth ligand T, FREMIAICIERRIC
apoptosis £ FE 73—, EHMIBICIZFR Y BEEHs
RO Lo REREEL LTI EBURTES
B, TRAIL IMINETICRE T 2820452564
DR4. DRS, DRI, DeR2 8Kk % LEE X h, 20N
DR4. DR5 (ZHIAZA F X 4 »IZ death domain{DD)A*

FFHE L. TRAIL 28 ligate 75 Z & T receptor trimeriza
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tion 2542 T B, DD 24 L T R5# 2 apoptosis 2 B2 ¥
5 LHH¥ED. —F, DeRl. DeR2 ICidHaERY A
DD BHEEE T, TRAIL & D death signal 2 70 v
2 % decoy receptor DI} E 3B 3 Z LT E Y,
Fasl ® TNF-a & 8% 0, TRAIL DEEREBH~
OEEHRETCEBES M LREGBEDSNT, BER
BA~DOEEEESHIE B T35,

DNA iz & hE#iRic DRS OHEHSFEE 2 1
BLEBFERLI LSS DNA HEELS
TEEEE D MEHRISEAIC X 0 [BEMIEO TRAIL B
ZEMTGEL., HEMNREEDRESE SN 5
PEIohl, BAEL T gloma HiEtkE BT
DES = REE L, BFEROMIAERIZE VT cisplatin
(CDDP) R UF etoposide{ VP16)IBHEIC X 1} DR3 »55H
TNBEEHI, WMIBOEED apoptosis DIEHDH
B CHESCEErBE s L, &
o, TEHRISE L TRAIL OH#AREICB LT LER
ZAEENEMESENBE LN E2BET B,

[A% - #Hl)
s

&t b glioma #lgtkid. 10% heat-inactivaied fetal
bovine serum B2 [ cosmic calf serum(US7MG. U178
MG D # ) BT L-glutamine, Pen/Strep % i1l A 72 DMEM
BEHER VT, 5%C02 T 37°CTHELE.
HE, Tik

CDDP. VP16 {2 SigmalMO) & D BEA L4, AL
fedfifk ik, DRS(R&D Systems ). DR4(BD PharMingen).
B -actin(8igma) T# %, TRAIL. DR5-Fe. Fc DFEH
iR EeEo = 9,
invirro TOEFEEFE, TRAIL IZt 885

96 7T, 12 7. 10-cm dish Hicila® EfEE. BH
i ® R L. CDDP. VP16, TRAIL Z&U$il
HEEF ML, EB7 v 4 FOEERHR
L% ' '
BRI HE

L% R BRI, B HIC X {RTEE %8 (MBR-
1505R2) (B34 F4 2 )& AT 150kV DEHFT X
BEHET-> 2, REGENRICEEZREL.
TRAIL 2 TSt B L EB7 v 4 £ T
HEEBE L,

- invive COBE

nude mice ORIEZE > ZRAIC USTMG fBIE %2 B
## L. CDDP(3mg/kg)ip R T} TRAIL{100 4 g/body/day)
—B2M@iv%E 3 BEERTERS L. H 1 BMEIE
E#OELREL:, NRELTABECERRY
TRAIL O AR (PBS+10% Glycerol) Z R L 72, &
BRI V=a2b2(a: BE. b BE)THEL X,
MTT Py&o

96 FiCHIRE R ETEE. BHICBRREZ ST 2001

Dihl 3Ci LSRR L 720 7 v £ A RIT Smg/

ml MTT 101 £ INZ 4 BEREERSEHZEREL 120
gl DMSO it TiFMEEEE L. microplate reader
{Molecular Devices) i T 562nm OBCEE Z 5L T,
HHEE L B X 0 M REIHIER (Sinhibition) % $HE
L7

Northern blot 3%

HEMIED 5 TRIZOL(Gibeo/BRL)Z AV T total
RNA Ziii L .RNA B4 EB# 15ug % 1% agarose/ -
7% formaldehyde gel #- T ERkE) L. Hybond-N EIZ
transfer. bake. UV crosslinking ©f#. methylene blue
PEBICT RNA load BEAEL %2, 2 DE 3P TN
/L1 7= DR5 cDNA probe & hybridization Z 1T, 12
#9232 F % autoradiography 12 THHI L 7.

Western blor 5

¥ B % protease inhibitor ZHNA 7= lysis buffer
(RIPA) 2 THEVEIL'®, BCA(Pierce) K T EHERK
SDS-PAGE % f7\>. PVDF J&IC transfer #, S
LRSSz, BT B HRP 184 2 R¥iffF & RIGHE
chemiluminescence I THEN > FEREXEE,
LASI000(Fuid E VTR - BE L 7,

[# £]
DNA B EHEAL SRR IC & B TRAIL receptor DRS DF
By

9. b} glioma fEIET DNA BEHRERD
TRAIL receptor HIR~OHE 2 BET L 72, B8 glioma
Ak EBFEEUT OFRD CODP U VP16 TiE
L., 16 FM#IZ DR5S mRNA #3338 % Northern biot
i X b L 7, USTMG. UL73MG. A1207 HEAR
72 CH»7% DRS mRNA HEOFEMEDh
(Fig.2}e —H. U373MG. LNZ308 filaCizHERIC
FElhEEHslsr o7, DRS 280200
TRAIL receptor DFFRDZEDFHH/E multi-probe
RNA protection assay THEIT % &, —HOMIlEHT
1D TRAIL receptor(DR4, DeR1, DeR2)DHIZE
DN, ZOHER - FYEL HIZDRS &
DEET.DRS X NS0 DNA BERFEC L 2HER
HHEEFITAERLD TRAIL receptor EFEAL OGN -
(data not shown ),
DNA BEBEZHES TRAIL DHEGEEIC S S8
B EBREYR
. 3Riz. CDDP KU VP16 & TRAIL DHEARR%
glioma HNA¥RIC THE L7z, AL 7 TRAIL ik,
soluble FLAG-tagged TRAIL T, TR EDHEIAT 1002/
ml DERECHEL TOMMEREE I hiho i,
BIERELLT @ CDDP BV ik VP16 & 0.1 4 g/ml TRAIL
FFEICEE T3 L. CDDP - VP16 T DRS DHERH
B XN HIRERRIC BV T 24 B I B L HIREST
HEEBEZN(Fig3), FAMIT7? v 4T, ZOff
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Apoptotic I .
P 'p . Determination Execution
stimuli
yirradiation |~
Chemotherapy Bel-2 family
Reactive oxygen ' =L
species [ROS) .
Heat shock Caspase
| Growth factor Mitochondria activation [~ Endor;uclease = Engutfment
removal (¢ystelne protease)] fl‘lﬂﬂﬂ&:l‘:“ on}
Oncogenes A

Detachment of
adherent cells

> ' —p
Stimulus- Common apoptosis pathways
specific
pathways

Fig.1

Signal transduction pathways leading to caspase activation and apoptosis execution.

v87 A1207 U178
CODP(gmy: - 1 4 - 5 20 - 1 4
DRS w5 5 s Sl o Wit w0 190

285 4.

us7 A1207 U178

VP16 (wg/mi): - 8 16 - 8 16 - 8 16
DR5 e e %

Fig.2 -

Northern blot analysis showing induction of DR5 mRNA expression by DNA damaging chémothcrapeutic agents
CDDP and VP16 in human glioma cell lines. Cells were treated with drugs at the indicated doses for 16 h and
were harvested for preparation of RNA (Ref. 14).
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RS ERNBAIIESRE T I OIS
-7(Fig4), DRS OMRAF A4 v ERE/BTY
¥ @) Fe B % fusion &¥7% DR5-Fe DHFET TR D
Miaisacifiahn, HENHEETESEE
TRAIL & TRAIL receptor & @ interaction iz & h &£ U
3l EMRENT, '
HEHIFE I B 1 8N > 2 F N5

glioma MHIEIZ EV>CT CDDP Z V31 VP16 & TRAIL
OPAICE Y EE 3 N2 TId. TUNEL 7 v &
A4k b apoptosis BEL TV B Z EHHE»ITRD
(data not shown). ¥ 7 apoptosis DE{TZEIH I caspase
19 % universal 22 inhibitor, z-Asp-CH2-DCB OF
ET I - OUIIasEIIELIciff S ., caspase {RFF
#:42 apoptosis BEEH A N B T & PR S iz (Figdl.

CDDP/VP16 & TRAIL OHFAHFEEIC X D | caspase-8.
9, -3-OEHAL - EELERD SN, i direct B
death receptor pathway & mitochondria pathway % fip 4t
T % Bid, Bicid THOET caspase TH 5 caspase-3
DWMBEREEOT L2 PARP LI Tk,
Mitochondria 75 @ apoptasis & 7+ ICEBEL S h
% cytochrome ¢ % AIF kX, CDDP B#iER X bl
BB~ OMIEDERS 53755, CDDP & TRAIL Of#f
FAFEETId 2 O OMEMIEFE D & 417 (data not
shown), :

Nude mouse /=313 CODP/TRAIL GE/EREICE 3
BB

DNA BEMHER L TRAIL = X 2 HFAFEOH
WEFAMIBIBREDREERICR L, 7.
USTMG $1l8% nude mouse DE TICERELBHE» S
R RIIA L7 L 2 3. TRAIL B U CDDP D Hidfk
HETRBBICHARL T 22 BB ENGINRZED
BB E e o7 dS, CDDPTRAIL BEAIISEETIE,
ERRPERCME ., EHTeEEOHK
Mo oo (Table 1), F7-, HENRTIZ
o L Th o Bl L7354 T, CDDP Bid
MRTEEOEEHMMME SR O 5 #1725,
CDDP/TRAIL OfFRECI B ICIHTERIE X .
13 SIOMEEOBEF RO 7 (Table 2), ABDER
1% nude mouse TOIMPIEE € FLTHEEDH 6N,
CDDPITRAIL #REEH IR VT, EEOLTFEHM
DERIH SN (Table 3)e CNEDBEICLZH
5 heBORERERD 5N o (daa not
shown)e.

R OIBEEAR%E B/ TUNEL 7y eAick
h. T ORI X 2 IEE RIS RE i~
@ apoptosis BHFIRTH 3 L RS i (Fig.5)s
X RS REE R E TRAIL LRSI & B glioma BIMH
DHEHE :

glioma DIEEIFATE L TRV 5Ty 3 IREHR
g IBEMIREIC DNA BER & T Eh o s

RiaFE L TRAIL DHFRRIRIC O EHAT L o X A1
510Gy BRET T, BENARBE RS WL
B o ds, TRAIL 28T 5 & & THREHR 48 IiGT
2BE 2 IBAFE A5 & 7z (Fig6)e MTT 7 v 4 I
T T98G #lg¢IFRFEN L B EIT D ol
AR VIR EE RO & i Mifakk T
iF. X SREHT X 0 EWEYYL DRS BAOHRRMH
B 5. WMEHREBENC BV T DRS OHBEHE
TRAIL :OHRBFEEI BT 3ETPRO—FAE L
Tv 3 Z ESRIBEE NI (Fig.7)e

=gl

Death ligand/death receptor % 41 % apoptosis 12, 11
R F oD% { @ apoplosis 2 BB Y 2TIIROE
DFFHE L Bz D apoptosis ZEITT B casapase DIE
ML EEENICE I s, BRI EY
T3 LI, AN TR b H
& pWEEEDE 2 S, B R FIRERRE &
LRI RTE LY, &AM, 00 FRIET TR
death ligand & L TAE Z LT3 7: TNF- o % FasL 12,
BIADLERSEI XY, BELIFMREL A
RERISEYOBELRIERSEL., ZOHBERAKE
BENZRNTH -3, 2RIEH LT, TRAIL B
in viro TR I REE 5 2 ¢, EEMRNE
RETIT apoptosis Z WL, T, T AP mice ZFV
7+ in vivo OEERBICBWTL, 2883510 X-T
LS HEEERZR0Adok o s MY B,
ISR OEERE: L THRRRENFEE T3,
Death signal {Z death receptor D> SEEEND T &2 6,
HEBHIBRIC 31> T death receplor DFEMATUE T 114,
TRAIL I X 2 BHEDR LM T EZEIL6N
5, DNAEE® L= 5F CDODP RU VPIGIc L B
b glioma MBI DIBMRIZ L D (FEHEIC TRAIL receplor
MM, £ LT DRS D mRNA BROTGENED s 1
Fo. ZOE, BMBECEREDEIRDORYE
LOIZKT L. CDDP BV3id VP16 & TRAIL DA
Eick b DRS OFEBILER A S flghic & »T
Z. BEICHERESZRMIEMREIED sk, TRAIL
DA% RT3 DRS-Fec DEET CRESTHS
o, TOHBEVAFERITE DRS ORBELEL
TRAIL-receptor DREEMHELBEL iz, B,
nude mice & AV HERDE F LI E LT CDDP
& TRAIL O£ B 5 & O IO ER 2 I0F) &
—BEREOBELBD LN, TAMEBE TR
AELEFHROERBA . £B~OHL IR
BER GRS N ho Rl s, DNA BERL
S L TRAIL OHFEEERE. dioma KT 5HN
RIEFEE L L BT EN I,

B glioma OIEEMERO U & 5T H 5 RA#IE
L BB DNAREZET 2 L 6. TRAIL
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_ TRAIL + CDDP
No treatment CDDP
: _ +DR5Fc +Fc _ +Z-Asp-CH,-DCB

TRAIL + VP16 .
TRAIL VP18 +DRSFC  4FC  +Z-Asp-CH,DCB

Fig.3 ,
Synergistic cytotoxicity in vitro by combination treatment with TRAIL and DNA damaging agents in U87MG
celis, Cells were treated singly or in combination with TRAIL (0.1 1 g/m!), CDDP (4.1 g/ml), VP16 (16 u g/mb),

or Z-Asp-CH,-DCB (200 i M) for 24 h (Ref. 14).
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Fig.4 _
Cytatoxic effects of TRAIL and DNA damaging agents CDDP (A) or VP16 (B} in human glioma cell lines a5 in
Fig.3 (Ref. 14).
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Table 1. Synergistic suﬁpression of tumor formation by combination treatrent with
TRAIL and CDDP in vive.

Treatment Noofmice  Tumor volume (mmd)* P value**
Vehicles 4 2243.8 £ 6365 -
TRAIL (500ug/day) 4 - 24844 +473.9 NS
CDDP (3mg/kg) 4 1446.7 2 370.1 NS
TRAIL + CDDP 4 269+23.9 <0.01***

Nude mice received s.c. injections with 2 x 106 U87MG cells and were treated with
CDDP and TRAIL from the same day for tota} 4 courses of treatment.

*, tumor volume was measured on Day 35; mean x SEM.

**, comparison to the Vehcles group.

***, comparison to the CDDP treatment group.

Table 2, Synergistic growth suppressmn of establushed US’?MG xenografts by
combmataon of TRAIL and CDDP in vivo.

‘Treatment - . No of mjce ‘I\Jmor volumé (mm?y* p value**
Vehicles 4 282337734 -
TRAIL (500pg/day) 4 2868.0 + 157.6 NS
CDDP (3mg/kg) 4 1159.2 £ 346.6 NS

S 240.8 +97.9 <D0 ***

TRAIL + CDDP

Nude mice received s.c. injections with 2 x 106 U87MG cells and were allowed to
establish tumors. From postimplantation day 13, mice were treated with CDDP
and TRAIL for total 4 courses of treatment. :

" *, tumor volume was measured on Day 35; mean + SEM,
** comparison to the Vehcles group.
*** comparisen to the CDDP treatment group.

Table 3. Survival of nude mice bearing intracerebral U§7TMG xenografts treated
with TRAIL and/or CDDP.

Treatment No of mice Lifespan (days)* p value**
None 6 21.8+x04 -
Vehicles 6 215205 NS
TRAIL (500ug/day) 6 22715 NS
CDDP (3mg/kg) - 6 237 %15 NS
TRAIL + CDDP 8 28.8+3.2 <0.01%**

Nude mice were stereotactically injected with 5 x 105 U87MG cells into the brain,
and were treated from postimplantation day 7 for three courses of TRAIL/CDDP
therapy.

*, mice were sacrificed when became clinically moribund; mean * SD.

**, comparison to the no treatment group.

*** comparison to the CDDP treatment group.
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Vehicles  TRAIL + CDDP

TUNEL

Hoechst

Fig.5
Induction of apoptosis in established UB7TMG xenografts by the combination treatment with TRAIL and CDDP in
Vivo., ’

No treatment TRAIL X-RT TRAIL + X-RT

Fig.6
Synergistic cytotoxicity in vitro by combination treatment with X-ray irradiation and TRAIL in T98G cells. Cells
were irradiated at 10 Gy followed by TRAIL (0.1 z g/ml) treatment for 48 h.
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T98G

U251MG

XRT10Gy 0 2472 0 24 72 (hr)

Fig.7

Induction of DRS protein expression by X-ray irradiation at 10 Gy but not DR4 in human glioma cell lines.

EDHRI L 2HEEYRSHF Z N7, Chinnaiyan
% 13, breast cancer cell iZX$ % jonizing radiation &7
%47\, TRAIL IZ X % apoptosis DIFEHTLEL ., in
vivo iKBWLTHEBOHISROSNALERELT
w3, & b glioma #IEMRICBVTR, 10Gy LD
X mpsmEsic kb DRS OXEMFEHE I, Tht
& B IcHEREYIC TRAIL IC & 2 BHIIRZ) R 0 55
Do, BEOHEARBSTHEAING 2Gy DRE
TRIDE DI LRIBREDERHEO A TE, >R I LD
& (data not shown ). FEHERIATE & TRAIL OHtARE
i, BERERVIESEBEICETS stereotactic
radiosurgery = & B B boost JEHHIRRT B HRBNTE
BELTORABENTHITHENEI N S,
DNA 85Iz k 5 DR5 OFHE R ilkoEsE»
DNABBO S A Fh¥ick b ps3 REEKRU ps3 3k
HERICEHIN TR EEI SN THBED, 4
DEEETIE, CDDP BT VP16 I3HIZ X B DRS #IR
YL COHFER ps3 ofifgk TR LN, L
LB ER ps3 OMifakic 81 5 ps3 DARTELP.
ISER p53 DB~ DI ER ps3 DAL L DK
Ead & ix, FFAER p53 2% CDDP/VPI6 & TRAIL H A
fkic BT 5 DRS RINFEY - EROEGERBRACE
ERASLTWARERIIBS AL P (daa not
shown), —IFDZERM p53 OHIREEKTH DRS HIRH
. EYENAS N ELHE T, JOBRED
5. COfEEER ps3 OBETFEROFRIL LD
LoTEME B ZTEELNTEIN, L EHLE
tE glioma ~DEAME L Sh B, —H. X RESL
TRAIL SRR BTz, BEHE p53 ofilgk e

IZFARE RS S 51T (data not shown). X #RERAL
& TRAIL I X B 3HAIaZ) R ps3 SHREE L ER &
hi, ZOREIZ. p53 BFEEKDHRIBLLNL
breast cancer DIF& L3R ->TE "7, EEMIED
P DNA BED Y 1 7IC kD TRAIL BEHEP
DR5 DREBHFHEL S EBTRENI,

Death domain % 3% TRAIL receplor %> 5@ death
signal #BBE T, Fas (SBT3 signal {EIZFERK & RR
IT receptor & adaptor 23 F @ FADD RUF LT caspase
T&H 5 caspase-83 A death-inducing signaling complex
(DISCYETERL L. caspase-8 DiEME{L & & bIZTHD
51T caspase TH % caspase-3 DHEHE(L & 1. apoptosis
IETTHEEXGNTWA™, CDDP B\ id VP16
& TRAIL Of MR T2, FADD. caspase-8§ ZZ 1
ZHBET 5 DN-FADD, CrmA (= & DARFEZBE LN
flankitdhs. TOMRFEHRMRIRIL,
TRAIL F7E T C® CDDP/VPI6 IZ & 5 DR5 FIRTLE
2 ) FADD/caspase-8 i & % DISC TR IFUEI WA
LEZ N3, £7. mitochondria B & @ cross-talk
5T 2 Bid OUIN - IEEL & & b IC mitochondria
8RB 3 cytochrome ¢ DAIIEEANDEE,
caspase-9 DUNHE « EELBBDH O LIPS,
G FIFEEE O, TEIERY caspase TEHELDBR DAL 6
3", mitochondria % /¢ % apoptosis #E2% (apoptosome)
HEERRIIEFRALTOLITREESELLNS,
B {Z. apoptosome %A & T DNA O A L2 RMET 5
AIF QRIEREHELERNL TV I E» s, $8
DFFEEBL THEAIC apoptosis EHEHEL TBI L
BREI NI,
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DEETRRE?, WA D c-FLIP™, PED/PEA-15 DEH
MW EPBESNTHB, L L, DNA BEESL
B/ TRAIL O HFAREARERR L Mo
ZEEEKRIETETSHY . $HBR gliomaic kit 3
TRAIL THERT O R R KR AR R A%
3,

(G4t &1

AMAEED B Ic Y b, BEEEE+H-
Ludwig Insititute for Cancer Research. San Diego @ P
T& 5 Dr. W. K. Cavenee J2U¥ Dr. Su Huang (25
=L £7. TRAIL %% construct % #£5THY 72 Genen
-tech @ Dr. G. Pan X UF Dr. V. M. Dixit i@ 7 L ¥
T X, EEREHBIL T { M Ms. Hong Lin XU
FMFECHLBL ELET,

[ @)

1) Green, D. R. and Reed, J. C. Mitochondria and
apoptosis. Science, 281: 1309-12, 1993.

2) Thornberry, N. A. and Lazebnik, Y. Caspases:
enemies within, Science, 281: 1312-6, 1998.

3) Ogasawara, J., Watanabe:Fukunaga, R., Adachi, M.,
Matsuzawa, A., Kasugai, T., Kitamura, Y., [toh, N.,
Suda, T, and Nagata, S. Lethal effect of the anti-Fas
antibody in mice {published erratum appears in
Nature 1993 Oct 7;363(6446):568).

Nature, 364: 806-9, 1993,

4} Havell, E. A, Fiers, W., and North, R. 1.

The antitumor function of tumor necrosis factor
{TNF), L. Therapeutic action of TINF against an
established murine sarcoma is indirect,
immunologically dependent, and limited by severe
toxicity. Journal of Experimental Medicine,

167: 1067-83, 1988.

3) Pitt, R M., Marsters, S. A., Ruppert, S., Donahue,
C. ], Moore, A., and Ashkenazi, A. Induction of
apoptosis by Apo-2 ligand, a new member of the
tumort necrosis factor cytokine family. Journal of
Biological Chemistry, 271: 12687-90, (996,

6) Rieger, J., Naumann, U., Glaser, T., Ashkenazi, A.,
and Weller, M. APO2 ligand: a novel lethal weapon -
against malignant glioma?

Febs Letters, 427: 1248, 1998,

7} Wiley, 8. R, Schooley, K., Smolak, P. J., Din, W. S,
Huang, C. P, Nicholl, }. K., Sutherland, G. R,,
Smith, T. D., Rauch, C., Smith, C. A., and et al.
Identification and characterization of a new member
of the TNF family that induces apoptosis.

Immunity, 3: 673-82, 1993.

8) WNagane, M., Huang, H. J., and Cavenee, W. K,
The potential of TRAIL for cancer chemotherapy.
Apoptosis, 6: 191-7., 2001.

9y Walczak, H., Miller, R. E., Arifail, K., Gliniak, B.,

~ Griffith, T. 8., Kubin, M., Chin, W., Jones, J.,

Woodward, A., Le, T., Smith, C., Smolak, P.,
Goodwin, R. G., Rauch, C. T,; Schuh, J. C., and
Lynch; D. H. Tumoricidal activity of tumor necrosis
factor-related apoptosis-inducing ligand in vivo [see
comments]. Nature Medicine, 3: 157-63, 1999.

10} Ashkenazi, A., Pai, R. C.,, Fong, S., Leung, S.,
Lawrence, D. A., Marsters, S. A., Blackie, C.,
Chang, L., McMurtrey, A. E., Hebert, A., DeForge,
L., Koumenis, I. L., Lewis, D., Harris, L., Bussiere,
J., Koeppen, H., Shahrokh, Z., and Schwall, R, H.
Safety and antitumor activity of recombinant soluble
ApoZ ligand. '

Journal of Clinical Investigation, 104: [535-62, [999.

11) Lawrence, D., Shahrokh, Z., Marsters, S, Achilles,
K., Shih, D., Mounho, B., Hillan, K., Totpal, K.,
DeForge, L., Schdw, P., Hooley, k., Sher\;vood, S,
Pai, R., Leung, S., Khan, L., Gliniak, B., Bussiere, I.,
Smith, C. A, Strom, S. S., Kelley, S., Fox, J. A.,
Thomas, D., and Ashkenazi, A. Differential
hepatocyte toxicity of recombinant Apo2L/TRAIL
versions, Nat Med, 7: 383-3,, 2001.

12) Sheikh, M., 3., Bumns, T. F,, Huang, Y., Wu, G. §.,
Amundson, 5., Brooks, K. 5., Fornace, A. 1, Jr., and
el-Deiry, W. 8. p53-dependent and —independent
regulation of the death receptor KILLER/DRS gene
expression in response to genotoxic siress and tumor
necrosis factor alpha.

Cancer Research, 38: 1593-8, 1998.

i3) Wu, G. S, Burns, T. F,, McDonald, E. R., 3rd, liang,
W, Meng, R, Krantz, L. D, Kao, G., Gan, D. D,
Zhou, J. Y., Muschel, R., Hamilton, S. R., Spinner,
N. B., Markowitz, S., Wu, G., and ¢[-Deiry, W, S.
KILLER/DR3 is a DNA damage-inducible
p33-regulated death receptor gene [letter].

Nature Genetics, 17: 141-3, 1997,

—.508’—_

i



14)

15}

16)

17)

18)

19)

20)

21)

22y

23)

Neuro-Oncology 12(1), 2002

Nagane, M., Pan, G, Weddle, }. J., Dixil, V. M.,
Cavenee, W. K., and Huang, H. J. Increased death
receptor 5 expression by chemotherapeutic agents in
human gliomas causes synergistic cytotoxicity with
umor necrosis factor-related apoptosis-inducing
ligand in vitro and in vivo.

Cancer Res, 60: 847-53, 2000.

Pan, G., O'Rourke, K., Chinnaivan, A. M., Gentz, R.,
Ebner, R., Ni, J., and Dixit, V. M. The receptor for

. the cytotoxic ligand TRAIL.

Science, 276: 111-3, 1997,

Nagane, M., Coufal, F, Lin, H., B_gler, O., Cavence,
W. K., and Huang, H. ). S, A common mutant
epidermal growth factor recepior confers enhanced
tumorigenicity on human glioblastoma cells by
increasing proliferation and reducing apoptosis.
Cancer Res, 56: 5079-5086, 1996.

Chinnaiyan, A. M., Prasad, U., Shankar, 8., Hamstra,
D. A., Shanaiah, M., Chenevert, T. L., Ross, B. D.,
and Rehemtulla, A, Combined effect of tumor
necrosis factor-related apoptosis-inducing ligand and
ionizing radiation in breast cancer therapy.

Proc Natl Acad Sci U S A, 97: 1754-9, 2000.
FARELLE, HABRSE - MEREHH—7 B F— R,
FuX7. In: EEZHR, WHE, EEFT (ed)
BREARE LB RS TAREDE,

pp. 35-47. A =EHEIE, 2001

Pollack, 1. F., Erff, M., and Ashkenazi, A.

Direct stimulation of apoptotic signaling by soluble
Apo2)/tumor necrosis factor-related apoptosis-
inducing ligand leads to selective killing of glioma
cells. Clin Cancer Res, 7: 1362-9., 2001.

Roth, W., Isenmann, S., Naumann, U., Kugler, §.,
Bahr, M., Dichgans, J., Ashkenazi, A., and Weller,
M. Locoregional Apo2L/TRAIL eradicates
intracranial human malignant glioma xenografls in
athymic mice in the absence of neurotoxicity.
Biochem Biophys Res Commun, 265: 479-83, 1999.
Ozoren, N., Fisher, M. I., Kim, K., Liu, C. X,, Genin,
A., Shifman, Y., Dicker, D. T,, Spinner, N. B,,
Lisitsyn, N. A., and El-Deiry, W. S. Homozygous
deletion of the death receptor DR4 genein a
nasopharyngeal cancer cell line is associated with
TRAIL resistance. Int J Oncol, 16; 917-235, 2000.
Knight, M. 3., Riffkin, C. D., Muscat, A. M,, Ashley,
D. M., and Hawkins, C. J. Analysis of FasL. and
TRAIL induced apoplosis pathways in glioma cells.
Oncogene, 20: 5789-98,, 2001,

Griffith, T. S., Chin, W. A,, Jackson, G. C,, Lynch, D.
H., and Kubin, M. Z. Intraceliular regulation of

24)

~509—

TRAL-induced apoptosis in human melanoma cells.
Journal of Immunology, 161: 2833-40, 1998.

Hao, C., Beguinot, F., Condorelli, G., Trencia, A.,
Van Meir, E. G., Yong, V. W., Pamney, I. F., Roa, W,
H., and Petruk, K. C. Induction and intracellular
regulation of tumor necrosis factor-related apoplosis-
inducing ligand (TRAIL} mediated apotosis in
human malignant glioma cells.

" Cancer Res, 61: 1162-70., 2001.



Neuro-Oncology 12(2), 2002

ERRFIC B BBENEBEORRER

Treatment strategy of malignant glioma in Kyorin University Hospital

EWRLEFER Merstst
KR EHE. FEH EE, RE mET. PR EE. B FE, FE B

Kyorin University School of Medicine, Department of Neurosurgery

Motoo Nagane, Hiroki Kurita, Naoko [ino,
Masanao Nakamura, Yoshiaki Shiokawa, Isamu Saito .

(E U sic]

ZIETBZEE ( glioblastoma multiforme:GBM) %X &
¥ 5 BB (malignant glioma) (& R IABTEAIER
BThh. BABEFELMT L THEMEERERNL
HORITICH B, SEH, bhtbh ORI BV CHET
L0 3 BHmERIEI N T 582 &, B
FOEBMSEET =y ) >/, EXBETE. B L UER
it FFEORAM 2 EFHE LRE 2 A 2,

(BiEaEBRBICN T IERNEEAH]
Qi alTaFE -

2000FRR D H ARMEE N X g, I X 5
BRI & B gliomad FRICIZEBIMT B s h ) &
RER S bRAROBRESHENATE VY, BT
EERHHBEON LixEtgliomad FHRBECEELZR
FTHLILIZHLGHTH S, 2DIHITIE, #aTC
MHREZWTIC & 5 TETE 2 B3 B O B 20 0 3 1 o0 iR B 2
B - EEEOEREINET 5 HEND B, BHR2ENIE
MRIDEFTH D, BEOEET CORB(TIHEA.
T2383. FLAIR. Gadoliniumic & 2 &8, diffusionift
FE G (DWD)IZM A, functional MRI(fMRI)IZ X 3
eloquent area® [FlE, tensor diffusion E{R{(TDNIZ & 3
EE - SRR & B L OMERE, M & RRBIRY
superimpose L #=surface anatomy scanning(SAS)IZ K %
M viewD WTRTHAET %2 1T - CV» B, Proton MR spectros
-copy(MRS}IZ & B IR HE D EMERIEYT S 85 & {bFs
ELOBEIICHERLEELONS,
@ a4

1) [EEDFRERE :

FHOMIEBOREL NG CRET 10, R
7 & DT W S % routine I HGIT L. BRIFR A
IEEOHIRZ B Cvw 5 (Fig1B), L2 LG HED

=510~

VREICE L DartifactD 2 &b, B ETOBELS
DT EEN D B, REH B IS BRI X LRRE
DRZE I, CT-based@neuro-navigation systemTH 3
Brain Pointer( ZfEoHERL) 2 (ER L. IEREX fiichorien
~tation D HERR % A& TVr B, Open CTH B W IIMRIGER
B3 hTwRnicd, i Dbrain shific & L THIGT
FROERIEERTETLRY,

2) hsgEE =5 v _

MEEHCEEL, BEELNBEORTEER 579,
BB Hfetoquent areasifF i H BRI R ERET =¥
¥ FEMITL TS,

(1 )Short latency somatosensory evoked potential
{SSEP} :

SRR A, FHEHEOEPHELICHES Y
BRUmAIC T L. FISRESROEE(CIH 3 \»
BC4ER) A 5 N20% B L . i RaISEPE = & U >
FET->Te 5 (MERZ200E), £, FEH - EH
tIRE, PLEMEONE 4 EEBEE XRAFEICEH
BL., SEPLON20DMEHEE S & LlERAE
LTw3, :

{ 2 )Motor evoked potential{ MEP) :

B O REHEEHED 5\ 12 MEFRTFICH 55
PIcik. HPSEPEAWTHRLEEEEL %, B
ROEUHFRERIL XCMBOBE LR P2 EES
SEEL. WoED - F - ETFRICHSyrFrofE
HEE=y—73Z &L TMEPEEM L, I4FEDEM
vy BY 7EfT2 T3 (Fig.IC,D), MEPHETR %,
fentanyl & propofoliz & 5 £ EHRE L L. B
becroniumid FREE AMAD RICHER LT 3, BTE B
R HEEREAVTE D, TEREE25~35mA, 5
BEfE10.2ms, 4 > & — 7%k Ims, train number 5, High cut 2
kHz, Low cut S0HzD IERGFE AL T 5 (= 2~



