features and molecular
analysis

HRFERA WXH A P& REFEA B A= HRRE
Narita Y, Strategy of surgery and |Int J Clin Oncol 14 275-280 2009
Shibui § radiation therapy for brain

metastases
Shibui S Treatment of metastatic |int J Clin Oncol 14 273-274 | 2009
brain tumors
B — B DATEMRRIES, —HRE - BE (B ARERAR 67 557-562 2009
KD T v 77— h-XL.
BRI Lk 5 TR
Ak R
B M HE B OO ORI - (LR A E# 12 416-419 2007
%
BEFHAL—RR MREB T 58 LWIER [EFDOH W4 222 953-954 2007
AR 3, B L WDVHEBR BIREIR D MRS vy —T] 25 1242-1246 | 2007
B — BB hx JUdgd—= L
1, 7V A —<FFFORET K21 12 86—90 2009
=IWETE Filr
Shibahara I, Imaging of hypoxic lesionsl] Neurosurg in press 2009
Kumabe T in patients with gliomas by
using positron emission
tomography with 1-(2-[18F]
fluoro—1-[hydroxymethylle
thoxy)methyl-2-nitroimida
Sonoda Y, Analysis of the IDHI codon|Cancer Sci 100 1996-1998 2009
Kumabe T 132 mutations in Japanese
glioma patients
Sonoda Y, Long—term survivors of Acta Neurochir 151 1349-1358 2009
Kumabe T glioblastoma: Clinical (Wien)
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Ohta K,

Kuratsu J

Decreased expression of

germinal center—associated
nuclear protein is involved
in chromosomal instability

in malignant gliomas

Cancer Sci

100

2069-2076

2009

Kudo M,

Kuratsu J

Antitumor effect of human-—
ized antiinterleukin — 6
receptor antibody
(tocilizumab) on glioma
cell proliferation.

Laboratory investigation

J Neurosurg

111

219-225

2009

Hide T,

Kuratsu J

Sox1l prevents
tumorigenesis of glioma—
initiating cells by in-
ducing neuronal different—

iation

Cancer Res

69

7953-7959

2009

Sawamura Y

Chemotherapy with cisp—
latin and vincristine for
optic pathway/hypothalamic
astrocytoma in young

children

Jpn J Clin Oncol

39

277-283

2009

Sawamura Y

Role of surgery for optic
pathway/hypothalamic ast

rocytomas in children

Neuro Oncol

10

726-733

2008

Kamada K,

Sawamura Y

Fxpressive and receptive

language areas determined
by a non—invasive reliable
method co—using functional
magnetic resonance imaging

and magnetoencephalography

Neurosurgery

60

296-306

2007

Single voxel proton MR
spectroscopy (2L DMMHE
Dzl

%

RS

18

603-608

2009
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efficacy against malig—
nant gliomas of carbopla-
tin combined with Hyper-

baric Oxygenation

FRRE KA LA M4 R4 B ~NR=T | RS
Yamasaki F, Glioblastoma treated with {Eur J Radiol Feb 26. 2009
Sugiyama K postoperative radio-— [Epub

chemotherapy: Prognostic ahead

value of apparent diffusion of

coefficient at MR imaging print]
Hidaka T, The combination of low Anticancer 29 597-603 2009
Sugiyama K cytoplasmic and high Research

huclear expression of p27

predicts a better prognosis

in high-grade astrocytoma
Aoki T, Phase II study of J Neurosurg 112 50-56 2010
Takahashi JA ifosfamide, carboplatin,

and etoposide in patients

with a first recurrence of]

glioblastoma multiforme
Hirata E, Endogenous tenascinc en— [Cancer Sci 100 1451-1459 2009
Takahashi JA hances glioblastoma

invasion with reactive

change of surrounding brain

tissue
Shirahata M, Using gene expression Cancer Sci 100 165172 2009
Takahashi JA profiling to identify a

prognostic molecular

spectrum in gliomas
Suzuki Yu, Pharmacokinetic inves— Neurol Med Chir 49 193-197 2009
Tanaka K tigation of increased
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human glioma cells 7n vitro

and in vivo

9

RERE KA WX ZA M4 R4 B - RS
Suzuki Y, Increased distribution of |[Xenobiotica 38 1471-1475 2008
Tanaka K carboplatin, an anti—

cancer agent, to rat brains
with the aid of hyperbaric
oxygenation
Yamazaki H, Increased transendothelialXenobiotica 38 1298-1304 2008
Tanaka K permeability of anti-
cancer agent carboplatin
with aid of hyperbaric
oxygenation
Kamada K, The motor—evoked potential]] Neurosurg 111 785795 2009
Todo T threshold evaluated by
tractography and elect—
rical stimulation
Tkushima H, Autocrine TGF-f signalingCell Stem Cell 5 504-514 2009
Todo T maintains tumorigenicity
of glioma-initiating cells
through Sry-related
HMG-box factors
Todo T “Armed” oncolytic herpesiCell Adhesion & 2 208-213 2008
simplex viruses for brain Migration
tumor therapy
Nagane M Predominant antitumor Neuro—Oncology doi:10 2010
effects by fully human . 1093/
anti-TRAIL-receptor2 (DR5) neuonc
monoclonal antibodies in /nop06
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Nagane M

Prolonged and severe throm—
bocytopenia with pancyto—
penia induced by radiation—|
combined temozolomide
therapy in a patient with
newly—diagnosed gliobla-—
stoma—analysis of F-methy—
lguanine—DNA methyl-

transferase status

] Neuro—Oncol

227-232

2009

Nagane M

Prognostic significance of
~methylguanine-DNA methyl-
transferase protein
expression in patients with
recurrent glioblastoma

treated with temozolomide

Jpn J Clin Oncol

37

897-906

2007

Low—grade glioma M{EHEIC
Bl 5EERE

ARt RE SR Sy —
%

18

418-422

2009

Choice of posterior

subtemporal transtentorial
approach for tumor resec—
tion in deep anteromedical
superior cerebellum— Case

report

Neurologia Medico

Chirugica

49

42-46

2009

Beppu T

Preoperative imaging of
superficially located glioma
resection using short
inversion—time inversion
recovery images in high-field

magnetic resonance imaging

Clin Neurol

Neurosurg

109

327-334

2007

Kashimura H,

Beppu T

Three—dimensional anisotropy
contrast imaging of pontine

gliomas:2 case reports

Surg Neurol

67

156-159

2007
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Muragaki Y Low—grade glioma on Minim Invasive 51 275-279 2008
stereotactic biopsy: How [Neurosurg
often is the diagnosis
accurate?
Shinohara C, Long—term proghostic Jpn J Clin Oncol 38 730733 2008
Muragaki Y assessment of 185 newly
diagnosed gliomas—
~gradelll glioma showed
prognosis comparable to
that of grade I1 glioma
Kato T, Metabolic assessment of |Am J Neuroradiol 29 1176-1182 2008
Muragaki Y gliomas using 11C-
methionine, [18F]
fluorodeoxyglucose, and
11C-choline
EHEEZ temozolomide (TMZ) ZRRGME YK 21 50 50-54 2009
RIS DR
Ohno M, The modulation of microRNAsMol Cancer Res 7 2022-2030 2009
Wakabayashi T by type I IFN through the
activation of signal
transducers and activators
of transcription 3 in human
glioma
Ito S, Human neural stem cells [Cancer Gene Ther [Noyv. 9 [Epub ahead 2009
Wakabayashi T  [transduced with IFN-beta of print]
and cytosine deaminase
genes intensify bystander
effect in experimental
glioma
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Wakabavashi T, |A multicenter phase I trialJpn J Clin Oncol 38 715-718 2008
Kayama T, of interferon—f3 and
Nishikawa R temozolomide combination

therapy for high-grade

gliomas (INTEGRA study)
Sanuki-Fujimoto [Metabolic assessment of [Radiotherapy and 91 433-437 2009
N, gliomas using 11C- Oncology
Sumi M methionine, [18F]

fluorodeoxyglucose, and

11C—choline

positron—emission

tomography
Uno T, Changes in patterns of care|lnt J Radiat Oncol| 71 414-419 2008
Sumi M forlimited—-stage small- |Biol Phys

cell lung cancer:
results of the 99-01
patterns of care study-
a nationwide survey in

Japan
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Abstracts from 2009 Third Quadrennial Meeting of WEND and Sith Mesting of ASNO

3 median survival of 18,3 months 19349, (1~ 14 6225 munthsl, Wheo the
&0 patienzs who 18-70 yrars old on this trial were compared with
the RORTORTS Zhdata, the medan survival {20,355, W4 mombs!
and percent surviving ar 3 monthe (§1.7% & A2t appeared
superiar, Dats oo MGMT mc:&puimn and poatprog reatenent with
VEGFargered therapieos for this pupuiation well be asailsbls for presen-
tation. Conelusion: Talampanel was well relerared and did not appear o
increase the known hematologie or nonhematologic s wies of TWMZL
Talampanc! can br 2dded to RT+ TMZ withour significant added ravic-
iy, Thess envuuraging survival results 1 thiz srady suggest that blocking
AMPA recoprors may be a wacful strstegy tn ghoblastoma

Q6. ONGOING CLINICAL TRIALS ARD THE FUTURE
THEFCTION OF GLIOMA TREATMENT

Wolfgang Wick, Department of Newrooneology, Univernty of
Heudelberg, Heudelberg, Germany

Becausc of the propes sedd semaitivity to :?:cm»:.wfzmpy afe
rumors both the RTH nd FORTC had inveasig 3
cfit from adivvant PCV chemotherapy, These ;:umm( 3: (}R?( ..:JJ)
and RTOG 9401 both showsd that the smatherapy
iconsisting of pracarhaz Yo § y radiother-
spy docs inerease progresson-fros survival witheut smproving everallsur
vival in anap digodendroghomz and 2 apmsi w ob sma. A
major fnding of boh studics 1o the Jarge & #eof panenss
with and w 1thn~x' combincd 1p/19q boss, Based on these ¢ differenecs inaur-
vival and the dear different urcome in anapl ma with
9 EORTC and the enllaboratve groups § fe :thg: it was no longer
reat these paticnts asenrding to ki sthout taking xhc
type of those sumors into awcount lm studics in anaplast ]
was therchore proposcd to dassify into anapiaxsm ghoma without 3;\”0
fss and znaplastic of cmlmﬂml rwnors with ip and 19g codeletion,
Another challenge i the definizion of 2 propr cnd parnt for these treals,
Overall survival scoms 0 be the mest redevant vutcome parametsr, oven
csson, Lhe «mmrc and tmimatives in grade H ;Jlruws (EGQRTC

WON plus the endoieted 1nall are preseased, Standard

‘hgmp} for gliohlastoma s surgical resection aimed 1o be as complete a3
pussible, esapeating seurulugical function followed by chemsirradianion
with emozelomide. TMZ prvcn 25 concomitant and vant therapy 1o
RT has shown to increass progression-frec zurvival {PFS) {rate 2t 6 months,
53.9% v, 36 4 an:‘. m:dian wr‘éis,ﬁ {14.6 vs. 111 months! campared

CEY m;xE‘ ‘ztri N many pnmm; = ot resprnid to therapy, The reststance
of cclls agamat DNA damage caused by nitrosourcas and tempzolomd
st least in part modiated by the DNA-cepair cnzyme Of-meshylguaning.
DMNA mcthyltransfreass IMOMTY Epigeoctie silonan ,)uf:l“c MGMT zene
by pr;am:n:r methylation compromincs this DINA repair and has brea asso-
cuated wath longer survival in {ghiek éannmﬁ patiznrs who ars £
atkylating or methylating agents. An analysis of the FORTC 2

NCIC CE.3 wrial showed, that indeed patients with glichlastoma contain-
ing 2 hyp;rmg shyleted MOMT promoter benchted from TMZ toverallsur

3

vival {O4] rare at 24 monchs, 467 3%, whercas those who did nox
have x merhylated MGMT prorooter did have a significantdy worse survival
ratc and loss beneht from the addiven of wmoeslomide o RT (08 rate
2t 24 months, 14% ve.< 2L This raises the question i the small benehit
from chemoteradiatic ;»b-,acnsd in this group putweighs the (uxmi) z*‘d
costs of the mmoxslomide reatmanz, and calls for che dovelopment of me
cffective drug regimons For this speeific group of paticnts, 1\%{&;)\1},}* zh—::t
may be small nusnbers of patients with an unencthylased MGMT promaoter
that do benefis from combined chemotrradiation, for the eatire subgrosp
of these molesnlarly defined GEM patients the averall benefit & ques
tienable, Muost interostingly, she pha ¢ 1 trial wath the integrin nhibsor
cilengitide also demprateared a marked benefie mainly in the pationts with
glioklasinma containing 2 mothylared \1.;\1[ promuoter. Conscguently,
the careent Mexck/EORTC phase 1 trial s designated 1o delincate the
rols for cilengride in glioblastoma with mothylated MGMT. Feen carbier,
Eii Lelly took the approach w examing the protein kinase C-8 inhibitar
‘:nx.u:.mrm 10;1»1}7:( with radictherapy but without TMZ in patients wah
ghinblastoma contaimng an unmethylaced MGMT promoter, This ranes
the general question whether treatment in glivhlastoma trials should not
cnly be stranficd aceording to MGM T but entry into these trials imited by
MOMT sarus. This woosld call for differont approaches of GGEM pALTDES,
depending on the MOMT promuwer gene states. The primary quos
addeess in GBM with unmcthylared MOMT promoter groc s the s
cation of drugs thaz provide more susvival bracfie compared w TMZL Ihc
currens LORTC wial insiatives arc presented,

3{9
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067, THE RESULT OF A CLINICAL TRIAL FOR MALIGNANT
GLIOMAS BY JCOG BRAIN TUMOR STUDY GROUF

(JCOL 0305,

Soichro \?uiui‘, Members af JCOG Brain Tumor Study Group;
WNenemurgery Division, Mational Cancer Ceneor Hospaal, Tokyo, Japan

FParpose: Japan Clincal Oneology Group (JCOG) Brain Tumor
Study Group conductied 3 m sttunenal randomized controlled 1rial
ne mal!grar‘. ghiomas entitled, & randomizad controlied phase H sedy
of &sc:z&rxf,.xii';il*cnpy uyuny ACNU versus peovarbarine and ACNU for
astrocyeoma grade 3 and 4, with the support of the Healsh and Labour
Scicnces Rescarch Grants of the Ministey of Health, Labias, and Welfare

r malignant ghomas i Japan.
Method: The patents with nowly disgrossd sepracentonial astrecyioma
grade Jor 4 were enrodled and randomized inlo two groups. The patiests
w group A were sreated with ACNU {88 mg/m? w) during the post-
vperative radistherapy (BT, £0 Gy locall, while these in proup B reccived
pracatharine 480 mplm® for 10 days per o5} prt:c :Ls;mmssam!mn 1l

AUNU

in order to csrablish a arandsrd therapy

Each regimen was continued every § werks f vears if it wax
wlerabic fur the pn!ach{: and thor discase & 4id ot pray The primacy
end ¢ was the pverall survival rate and the &rcm‘dnry ond panty Were
the response rags oo the MR] and the froguency of the adverse cvenu
Peocarbazing s expeeted to reduce (Homethylguanine DNA meehylrans-
frrasc IMGM T and cnhance the am&;rcc' activay of nurossurcas ! e
pre wool was achivated in Apnil 2004 and 11} paticnts were registered by
the ond of August 2006 from {9 collsborating acurssurgeal fnstnuees of
HCQG-BTSG, Resuitr The overall mxuu? of the paticnts troated with
ACHU RT was 16.2 months and that of r«xnrhumc ACNU S RT was
$E.7 months, while BF both groups wore & months, CTUAE grade
14 weas ohscrved in 4 ef the pateras, Concfaston: A0
chemoradiatherapy wes an rffective bur toxic troatmmont.

O6%, CURRENT CLINICAL TRIALS OF GLIOMA
THERAPY AND SITUATIONS OF NEURG-ORCOLOGY
FRACTICE IN KOREA

Yong-Kil Hong; Department of Neurosurgery, Catholic Universisy of
Korca, Seoul, Hepublic of Korea

There bay bc‘ n no gqualidicd spons: n‘»:m(ﬂigdm clind
and the standard therapics have been all we could di for the trea
malignant ghoma pationts in the Korcan Bran Tum oty Wr have
started 13 join two internatnnal climeal trtals sinec % 1n this aro
the past ami current status of the ncurc-oncology fisld 1o Korea as well
ax castern and northern Astan countries will be intreduced, and cinical

outcomes of concurrent radintherapy and i»:rv;xu lomide chemotherapy for
10 paneatz of four university hospials of Korea {Advisory Board of 5-P
cal will be presenecd,

069, HISTOGRAM ANALYSS OF PERFUMON MRI DATA
FOR THE ASSESSMENT OF TUMOR RESPONSE DURING
GLEOMA THERAPY

Se-lyuk Kim®, He Sung Kim®; 'Department of Neurosurg
Mepariment of Disgnosue Radiology, Ajou Upteersiy $
Medicing, Suwaon, Kerca

ey and

h:'}(!l 'Z?f

Purprose: & rovently descloped histegram analysis of relative corchral
blosd volume (eCBY? from the ontire wumpr bas been reported 1o offer
exccilent imterobserver agreomant for guantitanve analyss and & mon-
stratc the hctcm;,.,nu: 1 morphologic foaturcs of glioma vasculariny,
aimed 1o desermune whether histugram analysis can be adopted in the
assessmment of tumor response during ghioma therapy. Methods We ra-
ruspgunnf} studicd 31 dynamw suscoptibulicy contrast 3-T MR imaging
dara of 29 patients tmean ag years, range, 18-74) with hissalogically
mecd ghomas {9 low grade, 20 high gradel rCBY maps were core-
ated and avrmalized 1o unaffooted white marer, Histogram widsh (HW),

o

peak heighe prsition (PHPL and masimum valus (MY of the onties tumar
were measured from normalized histogram d:s!nbut: s, Kaﬂmf‘s The val-
ucs {mean? 3

3 of HW, PHP, and MV wore 4642203, 4.5
thc prooperative imaging of hig h-~*mdcg wmas {n o Bl

665 166, and .71 2 1.96 for the final imaging, which showsd
d' nit radialopieal tumor progees ¢ confirmed tumse recurtonce by
biopsy {8}, Thirty-ewn imaging dats ehtaincd during the median imag-
ing fellow-up of L7 months were divided inte two groeps (prigression
vi. stablefradiation mocrosad azconding 1o the follow-up s
patamctors vwors comparcd. All theee PAFametses were pe ceively
with tumor progreszion (HW, 3050238 v, 10220,50; PHP,
e [LHA0 28 MY, 21142 B we, 1,340,570 and MV was the most pre-
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Chemotherapy. for malignant brain tumors

B — BB

. glioblastoma, astrocytoma, oligodendroglioma, ACNU, temozolomide

& U oI

BEAe, EAEMREIBHE (7 ) A — =) IcfE S R
2 RN IE IS L AL FRE DY RAHFFT E v
R LEEINTEL 1970 ER D HThbRTwy
LK TORIKR T, BCNU, CCNU % &
7 nitrosourea SR HUHE A O 4 H AR S 1,
FRLE20EL FiZhizoT, Zhs0HH
= HUIEBED T h LT & 72 2005 4E 12 Euro-
pean Organisation for Research and Treatment
of Cancer(EORTC) »H %'é_ﬁ 417z temozolo-
mide (2 L B RRASE R, o, miin
7 “é 6’)’(& 0. & THA U)ﬁx}ﬂ ASRCRT YA
...... Ehb o THEHEIN/ b DT, ThICLDE
H A —TEROFE LAY 25— FAMES
NI THME TRV, Y1, DA
A HLMZEEE ) o — < OBERENT AT
W bDEEZLNE.

1. BEEMRE

a. BREMEEMIES KUBFEOERE
DFESE
WA ME L, ) -~ ol HL RS
W, #E, WHO 248 o 8 72 8 4 B i I
(anaplastic astrocytoma) $ & OB/ (glioblas-
toma) DT EERY., WL BEHELEE LS
L7, MRUZE D @A L LTl SR a

W& D Mom s F CIEEHMIEA S 5 & 21T
W5 (B 1), o6, FML5HHEEDR (S
) IEARTRETH D, BEEFSETH L 7‘)‘
Y BER DO A TR REI R+ 5TH Y, bt
WA AT 228 T, FORBELEHOLT
RSN T & KEE P02 1970 S4B
$0, oo RBBEMRAERI TP, E1I
B ORRBHE SN CwEY, Fh b0
FICLhE, BEBEICOWTIE, MBS RT3
ZET ﬁ;ﬁ’ﬁﬂ f’rﬂ@i_fz;%?ﬁ'z SN7H, BEOR
HRBSEETTORE T @, 3L L A4
Mz R 242wz, 60Gy v 0By, 1F
LRI o T D, S48 R0 5
P SRR OO CIEB SR T AR A
bRENTwEY, BEDL I AMEARKIC
2emBEB O < — ¥ 2k OV o S A T EE Y
{&H (planning target volume) & LT 60Gy DI

BYEME % ST A IGEAE V. LD 60 Gy 0 MRl

BONU B3 5 2 & T, BURHRHEMIZ A,
GTOREFMMOLEEY 726 L, Zhhigik
BHRE L THlbIWTCE —F, ERICBWT
1, W‘(%O) BCNU O HF M % B#12 L TACNU
i L 72 LS AR DR {fThb T & 72
B, ACNUAZBFHLABEFH LA WEEEOM
TP ON8 HTHEEE T, o B
At liotzZ L b tR- T, B TEIEH
200, BEFERTIEIAEENINLIES )

Soichiro Shibui: Neurosurgery Division, National Cancer Center Hospital BEZA A& ¥ & —rhduihs Hasst

B

0047-1852/09/ ¥ 40/ H/JCLS
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558 H A 67 % KT 5 1 (2000)

1 FBENE (glioblastoma) O MRI & &
mgMManDﬂ%EEHI%%U@ b: FLAIR &, FLAIR B4 UEsise
FHICEEEOERP S L L3 NTHWE,

o728 Lo Lad's, BRKRTOBCNUIIZL S
BB L CTENTo ACNU & F v 72 R
ERS BAS, P L AW RMEILE, b
trosourea SAPUIRAN & R L 72 BUH SUGH#R A58
P F—=Cpd A EERFELE SN TETL,
A BT AT, high grade glioma GRIE
AL A B & VB IR % L, nitro-
sourea SRR & OFH L - Ui fr o
HEBH Lol ED 1205 YT AL
BRRAEEERO A ¥ 7+ ) Y AT, 1EATF
HThTHh 6% T LD, AEICIHHTROR
B ME > TV EWIHRTH 72 T2

2L, EAlofRE, EHEEZSCOWTE,

—EDHON %L, HFFEORRIZOWTY
FORPLTH S TR,

b. Temozolomide 3 A KSHRAE
temozolomide (TMZ) {4 Stupp 5712 X 5 EORTC
PR BRI, B ) A — T
THEMEE LT, BLEHSRTWAEAO
— 2 TH b, FOMICIRAT 2 70 F UALHIT
HEF D nitrosourea RIVEA & RS 23
NULEOMEE L HRAS, Bl - EEE R
7 & ORBWERASECT, SR TORBEA
fe ks, FERE WY HTHENLTV S,
Stupp &5 OWKRRERIL, BIFHEEHHE L2E

I AHEERTH 0, FHREES Wik B 6 MR LIS,
MEfE B R AR (B 2Gy TH 5 H,
AR 60 Gy O/ EHIRRST) /o 3R+ TMZ
PSR (1 B 75 mg/m® % B G 900 i g
E4OHRAL, FOBEIZ6T— ADILFH
28 H T2 150-200mg/m* % 5 H D ) 2]
DAY, ADPHZHEBRYRGT 2L 050
TH5(R2). 157 EH 85 iz A & 573 # (it
HR AT 286 Y, KSR -TMZ §F A #1287 #1)

BERE, FoME, 28 4 H O EEH M
T, AL YO R 146 A H (95% 13
XM 13.2-168), WA MEMEEI214 B
(95% (EHEX M 11.2-13.0), 2 ARG
B 26.5% (95 % 1E WX M 21.2-31.7 %), HLhEE
104%(95% 12X 6.8-14.1%)Tdh b, &
WA E SO A A, A
WA S0 M ATH o7 BEHBEIIBWTIT
[V TONY— FH 0.63(95% {5 fHIX H 0.52
~0.75, log-rank test p<0.001) T&H - 72 (X 3).
BN CTHEEREEMBEEEG KL, 28
H &2 5 0 Mo TMZ B HE 058 1R 23T
b, 2006F 9 LD EHTREE ool &
%!i(<ﬁﬁwiﬂ%;’>%:7‘»%’) HREERE LT
D FHF T v THE TR LW,

TMZ I % D HL % ;%::'Jj Tidh s, 72
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tlef{sialsiel7]s]omwlujaz]s[u]15] 61718 19]2
{ 1

 RT 60Gy/30f

l TMZ 75mg/m*/day

RT: radiotherapy
TMZ: temozolomide

150 mg/m* 200 mg/m’ 200 mg/m?
X5 days X5 days X5 days

2 BMRBIEIC T 2 temozolomide HEAMESHAEARB RS S 12—V Swpp 57 & h 51D

(%)
100
90
80
70
60

probability of overall survival

radiotherapy -

radiotherapy plus temozolomide

i I L {

50 -

40

30+

20 -

10r-

O H

0 6
No. at risk
radiotherapy 286 240
radiotherapy plus temozolomide 287 246

12 13 24 30 36 42
months

144 59 23
174 109 57 2

-1
o}

3 BRI T HHEHEEMABE & temozolomide AN EERES D

B BRFE SR (Stupp &7 X 0 81 AD

FREBIMRE LTEARTHTH S, HloTn
FALANI S B FANM BB L £ 2 s hTtw
% O°~methylguanine—-DNA methyltransferase
(MGMT) D8 A ZT 5 2 bR T WS,

Hegi 5712 L, TMZ (iF Fl o g =t
o 7B B E T, MGMT promoter 252 5L
L3N TR (MGMT 5B L T 5) fE 5
DEAFMH P IREIZ 127D A TH o 7205t
L, AFMLE3TnD (MCGMTHRE L Tw
EWVEBNE 21T AR EFEEICIERLTEDY,

gAMb, FFh 534 H, 10344
TH Y, MGMT A TMZ iGFIC IR TRB 4R

WLTwA(E4). MGMTIZ & A0 4% silRd
HEMRTY, BUE, £ bR - Ofa
AL ZHERABIER SN TV 525
TMZ % 7 H#5/7 BREE 4 0 25 Hkse
21 HBMS/7 HRREA S0 By ik n &,
TMZOFESEEZHEMT HERLRASNTH

0, SHLIES iE, TMZ & Bk & 3 5 iGa0E
DREENFETSRLLDEEZ Sh b,

—Ji, TMZiZNGEFY & & O ER R
BOWIELEMO—DTHLIN, —a—Fv R
F AN EDEAENTHEGHRE S Tn 5,
B2, TMZIZBE L HERRO—2TH LY

—189—



560 ] A B 67 2 14941 (2009)

(%)
100
90
80
70
60

50 b unmethylated

| MGMT
40 promoter
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Abstract

Type | IFNs are involved in double-stranded RNA responses.
Here, we investigated the possibility that IFN-B may induce
or downregulate cellular microRNAs (miRNA) in human
neoplasms and thereby use the RNA interference system to
show antitumor effects. Because of its known connection
to glioma biology, we focused on miR-21 among seven
miRNAs influenced by IFN-B. We analyzed the effect of IFN-
treatment on miR-21 expression in glioma cells and
intracranial glioma xenografts. IFN-B treatment reduced
miR-21 expression in glioma cells markedly, and IFN-8
administration suppressed the growth of glioma-initiating
cell-derived intracranial tumors. The levels of primary
miR-21 gene transcripts, precursor miR-21, and mature
miR-21 decreased 6 hours after the addition of IFN-8,
indicating that the reduction in miR-21 levels was due to
transcriptional suppression. We did reporter assays to
elucidate the IFN-B—mediated suppression of miR-21; the
addition of signal transducers and activators of transcription
3 (STAT3)-expressing vectors induced the IFN-B—mediated
suppression of miR-21, whereas STAT3-inhibiting agents
inhibited the miR-21 suppression. Thus, the results of our
study show that the downregulation of miR-21 contributes to
the antitumor effects of IFN-B and that miR-21 expression
is negatively regulated by STAT3 activation. These

results highlight the importance of understanding the
transcriptional regulation of the miRNAs involved in
oncogenesis. (Mol Cancer Res 2009;7(12):0F1-9)

Introduction

MicroRNAs (miRNA) are small noncoding RNAs consist-
ing of 20 to 22 nucleotides that participate in the posttransla-
tional regulation of gene expression by means of RNA
interference (RNAi). The miRNA genes are transcribed by
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RNA polymerase 11 in the nucleus to form large pri-miRNA
transcripts. These pri-miRNA transcripts are processed by
Drosha to release the pre-miRNA precursor product, which
is less than 70 nucleotides in length. After the pre-miRNA
is transported into the cytoplasm, Dicer processes the interme-
diate to generate a mature 22-nucleotide miRNA. This mature
miRNA is integrated into the RNA-induced silencing complex
(1) and forms double-stranded RNA with complementary
mRNAs (mRNA). Depending on the degree of homology
between the miRNA and the mRNA, the RNA-induced silenc-
ing complex could inhibit mRNA function by either promot-
ing its cleavage or by inhibiting its translation (2, 3).
Emerging evidence suggests that miRNAs are involved in cru-
cial biological processes, including the development, differen-
tiation, apoptosis, and proliferation of mammalian cells (4). In
humans, miRNAs have been proposed to contribute to onco-
genesis because they possess multifaceted functions either as
tumor suppressors or as oncogenes (5).

RNA interference induces a multitude of responses in addi-
tion to the knockdown of a gene. This is best understood in the
context of an antiviral immune response. In particular, double-
stranded RNA, a nucleic acid associated with viral replication,
is involved in numerous interactions contributing to the induc-
tion, activation, and regulation of antiviral mechanisms. It is es-
pecially responsible for stimulating important protective
responses such as the activation of dicer-related antiviral path-
ways, induction of type I IFN (IFN-a/B), and stimulation of
double-stranded RNA—activated protein kinase and oligoadeny-
late synthase (6). IFN-a/p regulates the levels of crucial media-
tors of the antiviral response, such as protein kinase R, the 2’-5’
oligoadenylate synthase/RNase L system, the adenosine deami-
nase ADR1, or the Mx GTPase (7, 8). Thus, RNA interference
might be involved in the IFN-mediated antiviral response. It was
recently reported that the levels of liver-specific miRNA, i.e.,
miR-122, and several other miRNAs are regulated by IFN-f in
human hepatoma cells, and that IFN-$ rapidly modulates the
expression of miRNAs, which target the hepatitis C virus
genomic RNA, and thus, inhibits viral replication (9, 10).

In addition to its ability to interfere with viral replication,
IFN-p is also known for its antiproliferative effects in a variety
of neoplasms such as hepatocellular carcinoma, chronic myelo-
blastic leukemia, melanoma, renal cancer, and glioma (11, 12).
However, the possibility that IFN- might induce or downregu-
late cellular miRNAs in human neoplasms and thereby use the
RNA interference system in its action against tumor progression
has been left unexplored.
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Malignant glioma represents ~20% of all intracranial tu-
mors. Despite the advances in radiation therapy and chemother-
apy administered after the surgical resection of the tumor, the
prognosis of malignant glioma remains poor, with a median
survival time of <10 months (13). In the treatment of malignant
gliomas, IFN-p exhibits pleiotropic biological effects such as
antiproliferation, immunomodulation, induction of differentia-
tion from glioma-initiating cells (GIC), and drug sensitization
by classically activating Janus kinase/signal transducers and ac-
tivators of transcription (STAT) pathways (14, 15). However,
there is no report on IFN-mediated modulation of cellular miR-
NAs as an antitumor mechanism.

In the present study, we test whether IFN-f3 can alter the ex-
pression of cellular miRNAs in human glioma cells by using
the data obtained from genomewide microarray technology.
On the basis of the initial screening efforts identifying several
increased or attenuated miRNAs, we show that in cultured gli-
oma cells and orthotopic glioma xenograft, IFN-{3 treatment
leads to STAT3-mediated reduction in the expression of miR-
21, an antiapoptotic miRNA that has been shown to be over-
expressed in gliomas (16).

Resuits
Differential miRNA Expression in Human Glioma Cells
Treated with IFN-f3

To investigate which miRNAs are induced or downregulated
by IFN-B, we used a microarray containing 662 mammalian
miRNAs. We identified a total of two overexpressing and five
underexpressing human miRNAs in the [FN-p—treated glioma
cells. The expression of miRNAs, including miR-187 and miR-
194, was increased >2-fold, whereas that of miR-100, let-7a,
let-7b, let-7¢, and miR-21 was decreased <0.5-fold in the
T98 cell line treated with IFN-f3 as compared with the expres-
sion levels in cells without any treatment (Fig. 1A; Supplemen-
tary Fig. SI and Table S1). To confirm the accuracy of
microarray data, we examined the changes in the expression
of these miRNAs following IFN-p treatment by performing
quantitative reverse transcription-PCR (gRT-PCR). The find-
ings were similar to the pattern of expression observed in the
miRNA microarray analysis (Table 1). Among these miRNAs
influenced by IFN-f treatment, miR-21 was pursued because
of its known connection to glioma biology. Indeed, IFN-f treat-
ment of T98 glioma cells recovered the expression of
programmed cell death 4 (PDCD4), a well-known target of
miR-21 (refs. 17-19; Fig. 1B).

miR-21 Overexpression in Glioma Cells, Particularly in
the GICs

Previously, miR-21 was suggested to be aberrantly expressed
and to be one of the major antiapoptotic factors in malignant gli-
omas (16, 18, 20-22). To our knowledge, we have shown, for the
first time, the overexpression of miR-21 in a surgical specimen of
glioblastoma by performing in situ hybridization (Fig. 2A-F).
The in situ hybridization was optimized to distinguish between
the areas of high (blue) and low expression of miR-21. The
locked nucleic acid—enhanced miR-21-specific probe clearly
stained the glioblastoma tissue but did not stain the normal cortex
tissue. Tumor cells expressed significant amounts of miR-21, as
seen at high magnification, whereas nontumoral tissue showed

no expression of miR-21 (Fig. 2C and E). In contrast, neither tu-
mor nor nontumoral tissues in the section adjacent to that hybrid-
ized with the miR-21 probe showed positive staining with the
scramble probe (Fig. 2D and F). Next, we compared the miR-
21 expression levels in glioma cell lines, GICs, and the normal
brain tissue. The miR-21 was overexpressed in glioma cells com-
pared with the normal brain. Notably, the amount of miR-21 was
greater in GICs than in the glioma cell lines (Fig. 2G). This find-
ing may indicate that miR-21 plays a crucial role in the initiation
and progression of glioma.

IFN-B Downregulates miR-21 Transcription

Previous evidence reported by our group and others has
shown that IFN-p induced growth inhibition or apoptosis in a
variety of neoplasms (12, 23-25). Recently, we reported that
IFN-p induced the differentiation of GICs to cells with an ol-
igodendrocyte-like phenotype (26). In this study, we investigat-
ed the possibility that IFN-p might downregulate oncomir
miR-21 in human gliomas. We compared the expression of
miR-21 in IFN-p—treated and untreated glioma cells by using
gRT-PCR. IFN-{ treatment reduced the expression of miR-21
by ~40% to 60% in all the glioma cells tested, including the
SKMG1, T98, U87, U251 glioma lines, and 0222-GIC
(Fig. 3A). On the other hand, miR-21 was not affected by
temozolomide, an alkylating agent commonly used in the treat-
ment of glioma (Supplementary Fig. S2). At 4 weeks after the
intracerebral inoculation of GICs, the mice received either PBS
or IFN-p i.p. We previously showed that IFN-{3 suppressed the
growth of GIC-derived intracranial tumor (26). In this study,
the systemic delivery of IFN-p reduced the level of miR-21
in the tumor (Fig. 3B). The regulation of miRNA expression
has been documented at the transcriptional level and RNase-
mediated posttranscriptional processing (19). Therefore, we
next analyzed the time course of reduction of primary miR-21
gene transcripts (pri-miR-21), precursor miR-21 (pre-miR-21),
and mature miR-21 in response to IFN-p treatment (Fig. 3C).
The pri-miR-21 transcript levels decreased 6 hours after the ad-
dition of IFN-B, and began to recover at ~48 hours. Similar to
these findings, the reduction of pre-miR-21 and mature miR-21
occurred as early as 6 hours. However, the recovery of pre-
miR-21 began later than that of pri-miR-21. These results indi-
cate that the decrease in the levels of miR-21 is the result of
transcriptional suppression.

STAT3 Negatively Regulates miR-21 Transcription

To examine the molecular mechanisms involved in miR-21
expression, we analyzed the structure of the miR-21 gene by
studying its promoter and primary transcripts. As previously re-
ported (27), several conserved enhancer elements were found in
the consensus sequence upstream of the transcription start site
of the pri-miR-21 on the basis of TRANSFAC matrices, includ-
ing Ets/PU.1, activator protein-1, serum response factor,
CAAT/enhancer-binding protein-«, p53, and STAT3.* This
suggests that highly conserved transcriptional regulatory me-
chanisms may operate on the pri-miR-21 promoter (Fig. 4A).
Of all these transcription factors, we focused on STAT3 in this
study because IFN-B phosphorylates the tyrosine and, in part,

4 http://www.gene-regulation.com/pub/databases.htm}
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FIGURE 1. Differential miRNA expression in human glioma cells treated with IFN-B. A. Of 662 mammalian miRNAs spotted onto the microarray, a total of
3 overexpressing (broken arrows) and 6 underexpressing miRNAs (solid arrows) was identified in the IFN-B-treated glioma cells (see also Table 1; Supple-
mentary Fig. St and Table S1). B. IFN-B treatment of T98 glioma cells recovered the expression of PDCD4, a well-known target of miR-21.

the serine of STAT3 in both T98 and SKMGI glioma cells
(Fig. 4B). Furthermore, a STAT3-specific inhibitory peptide in-
creased the level of miR-21 expression and inhibited IFN-3—
mediated suppression of miR-21 (Fig. 4C).

We constructed a reporter plasmid in which the full-length
pri-miR-21 promoter was fused to the 5'-end of the luciferase
gene. The plasmid was transfected into T98 and SKMGI cells.
The reporter gene system displayed high basal activity in un-
treated cells and clearly reduced activity in response to IFN-3
treatment. In contrast, the addition of the STAT3 inhibitor prior
to IFN-P treatment returned the activity of the promoter to the
basal level (Fig. SA). To further determine if STAT3 is respon-

Mol Cancer Res 2009;7(12). December 2009

sible for the reduction of the promoter activity, the reporter
construct harboring the pri-miR-21 promoter was cotransfected
into SKMG1 cells with a STAT3-expressing plasmid, which
was found to increase the total amount as well as the phosphor-
ylation of STAT3 (Fig. 5B). As shown in Fig. 5C, the STAT3-
expressing vector significantly reduced the promoter activity,
and the addition of IFN-p further suppressed it.

Discussion
In this study, we hypothesized that type I IFN might regulate
the expression of specific miRNAs in gliomas and that these
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Table 1. Differentially Expressed miRNAs in T98 Glioma Cells Treated with IFN-

Probe no. MiRNA Fold change Mean fold change Chromosome No. of putative Connection to cancer in
(microarray) (q-PCR*) location targets’ previous reports
Upregulated
2269 hsa_miR_187 3.05 1.37 £ 0.13 18qi2.2 0 1 Thyroid tumor
2395 m_miR_187 3.00 NE 18A2 NA NA
2218 hsa_miR_194 2.68 1.74 £ 0.34 1q41, 11ql3.1 35 | Oral cancer, 1 prostate cancer
Downregulated
2603 hsa.miR_100 0.16 0.7+0.15 11q24.1 6 | Oral cancer, | ovarian cancer, T hepatocallular
2285 hsa_let_7b 0.17 0.57 + 0.08 22ql13.31 12 | Lung cancer, | colon cancer, | breast cancer
2431 hsa_let 7c 0.20 0.6 + 0.02 21q21.1 6
2556 hsa_let_7a 0.32 0.66 + 0.07 9q22.32, 22q13.31 164
2220 mmu_let_7a 0.32 NE 13A5, 9AS.1 NA NA
2083 hsa.miR_21 0.33 0.44 £ 0.14 17q23.1 46 1 Glioblastoma, 1 breast cancer

*The exprssion changes in mature miR-21, miR-187, miR-194, miR-100, and let-7a,b,c were validated in triplicate by using the LightCycler TagMan Master and TagMan
MicroRNA assays. Values expressed as mean £ SD.

Putative target genes were investigated by the prediction software programs, Targetscan (http:/genes.mit.edu/tscan/targetscan2003.html; ref. 41), Miranda (http://www.,
microrna.org/microrna/getMirnaForm.do; ref. 42) and PicTar (http://www.pictar.org/} software (43). The name of common genes is listed in Supplementary Table S1.

modulations lead to antiproliferative effects. By performing ini-
tial screening by the microarray method, we observed an in-
crease in the miR-187 and miR-194 levels and a decrease in
the levels of miR-100, miR-21, and let-7 family miRNAs in
response to IFN-{3 treatment. The biological functions and pu-
tative targets of each miRNA, except the let-7 family miRNAs
and miR-21, in cancer remain unclear (Table 1). miR-187 was
reported to be overexpressed in thyroid tumors (28). The level
of miR-194 was decreased in colon cancer and oral cancer, but
increased in prostate cancer. Therefore, it is unclear whether
miR-194 acts as an oncomir or a tumor suppressor. Similarly,
miR-100 was reported to be highly expressed in ovarian carci-
noma and hepatocellular carcinoma, but its expression was
lower in oral cancer. Let-7 is one of the first identified miR-
NAs. The biological functions of let-7 in animals include the
regulation of stem cell differentiation, organ development,
and cell proliferation and differentiation. Moreover, many let-7
family members function as tumor suppressors in a variety of
cancers {29). However, there is no report suggesting that let-7
functions as a tumor suppressor in gliomas. Of the miRNAs
regulated by IFN-$3, we focused on miR-21 because it is one
of the most well known miRNAs associated with tumorigenesis
and progression in gliomas. miR-21 also modulates tumorigen-
esis through the regulation of genes, such as bel-2, PTEN,
tropomyosin-1, and PDCD4 (17, 30-32). Indeed, IFN-B treat-
ment of T98 glioma cells recovered the expression of PDCD4
(Fig. 1B). These results suggest that miR-21 is one of the major
antiapoptotic factors. Our results showed miR-21 overexpres-
sion in a glioblastoma surgical specimen by performing in situ
hybridization with the miR-21-specific probe, and in glioma
cell lines and GICs by performing qRT-PCR. To our knowl-
edge, this is the first report to show the expression of miR-21
in situ in a human glioma surgical specimen.

We found that IFN- downregulated miR-21 in cultured
glioma cells and intracranial glioma xenograft in mice. In
the time course experiments, miR-21 expression was reduced
as carly as 6 hours after IFN-§ treatment. The IFN-p treat-
ment showed a relatively fast response in reducing miR-21
levels, suggesting that the negative regulation of miR-21
might be mediated directly by IFN-$, for example, through

phosphorylation of Janus kinase/STAT. Our finding that
IFN-B also suppressed the expression of pri-miR-21 and
pre-miR-21 suggests that it regulates miR-21 transcription.
The putative regulatory region of the miR-21 gene is located
within an intron of the overlapping transmembrane protein 49
(TMEMA49) gene, and contains two consensus STAT3-binding
sites at ~800 bp upstream from the transcription start site
(33). The results of a recent study (26), similar to our find-
ings, showed that IFN- induces the phosphorylation of
STAT3 in glioma cells and thereby activates STAT3-mediated
miR-21 transcription in a luciferase reporter gene system. Our
findings support the hypothesis that STAT3 activation exerts a
cytostatic or antiproliferative effect in some types of cells (34-
37); however, the role of STAT3 activation is debatable be-
cause its overactivation has been reported to be oncogenic
in some cell lines (38, 39). Loffler et al. showed that IL-6~
dependent STAT3 activates the transcription of miR-21 in
multiple myeloma cells. Whereas IL-6 induces proliferation
of myeloma cells, IFN-p reduces the growth of glioma cells
or induces apoptosis in these cells (33). The possible explana-
tion of this seemingly paradoxical role of STAT3 activation is
that the STAT pathway is context-dependent and that various
intracellular and/or environmental cues play a pivotal role in
determining the outcome of pathway activation. This discrep-
ancy may arise from the difference in cytokine stimulus and
cell type (33).

An unresolved question that needs to be addressed is why
the recovery of mature miR-21 occurred earlier than that of
pri-miR-21 and pre-miR-21, as shown in Fig. 3C. miR-21
may form a family and possess isoforms similar to those of
let-7 family miRNAs, in which the mature let-7a sequence is
produced by three separate precursors (pre-let-7a-1, pre-let-
7a-2, and pre-let-7a-3). Similarly, mature miR-21 could be pro-
duced by precursor(s) as well as the known pre-miR-21. One
other possibility is that the maturation of miR-21 may be in-
volved in the recovery of mature miR-21 after IFN-f treatment.

In conclusion, the downregulation of miR-21 in response to
IFN-p treatment contributes to the antitumor effects of this cy-
tokine. This is the first report demonstrating that an oncomir
miR-21 is downregulated in cancer by endogenous stimulation
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with a cytokine or a growth factor. This finding adds a new
dimension to the anticancer mechanism of IFNs. In addition,
although there is little evidence supporting a direct or immedi-
ate transcriptional regulation of miRNAs by IFNs, this study
shows for the first time that miR-21 expression is negatively
regulated by STAT3 activation. Our results highlight the impor-
tance of understanding the transcriptional regulation of miR-
NAs, which would be involved in oncogenesis.
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FIGURE 2. miR-21 overexpression in glioma. A to F. miR-21-specific
probe and scramble control probe were hybridized in situ with glioblastoma
tissue obtained from a surgical specimen. The miR-21-specific probe
clearly stained the glioblastoma tissue but did not stain the normal cortex
tissue (A). Tumor cells expressed significant amounts of miR-21, as ob-
served under high magnification (C), whereas nontumorous tissue did not
express miR-21 (E). In contrast, in the section adjacent to that hybridized
with the miR-21 probe, neither tumor nor nontumorous tissues showed
positive staining with the scramble probe (B, D, and F). G. gRT-PCR
showed that miR-21 was overexpressed to a great extent in glioma cells
than in normal brain cells. Notably, the amount of miR-21 was greater in
GICs than in the glioma cell lines. Columns, mean; bars, SD (normal brain
expressed as 1).
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Materials and Methods
Glioma Cell Lines and Primary Tumor Sphere Cultures
We used human glioma cell lines (T98, SKMGI, U251MG,
and U87MG) in this study. The source of the cell lines and the
culture conditions have been reported previously (23). Glioma
tissue samples were obtained from patients (nos. 0222, 0316,
and 0125) undergoing surgical treatment at the Nagoya Universi-
ty Hospital, Nagoya, Japan, after they provided written informed
consent. The procedures for the derivation of GICs were de-
scribed in our recent article (26). Briefly, dissociated tumor cells
were cultured in NBE media comprising neurobasal medium,
with N2 and B27 supplements (Invitrogen), and human recombi-
nant basic fibroblast growth factor and epidermal growth factor
(20 ng/mL each; R&D Systems). We have previously shown that
as few as 10* GICs could form a tumor in the brain of nonobese
diabetic/severe combined immunodeficient mice (26).

Treatment

Human IFN-B (kindly provided by Toray, Kamakura, Japan)
was added to the culture medium at 12 h after 2 x 10° cells
were placed in a 25 cm? cell culture flask (BD Falcon). To ex-
amine the effect of STAT3 inhibition on miR-21 expression, we
treated the cells with 50 pmol/L of the STAT3 inhibitor
(PpYLKTK-mts; Calbiochem) 30 min before the addition of
IFN-p. We confirmed that the STAT3 inhibitor specifically in-
hibited the IFN-B—mediated phosphorylation at tyrosine-705 of
STAT3 (data not shown).

miRNA Microarray Analysis

We used mirVana miRNA Bioarray V2 (Ambion) containing
662 miRNAs in four copies. We treated T98 cells with IFN-3 ata
concentration of 100 IU/mL or with PBS for 12 h. To isolate
miRNA fractions from total RNA, we fractionated and cleaned
up 30 pg of total RNA by using the flashPAGE fractionator
system and reagents (Ambion). Chemically synthesized oli-
goribonucleotides (Ambion) or purified miRNAs were labeled
by using the mirVana miRNA Labeling Kit (Ambion) and
amine-reactive dyes as recommended by the manufacturer.
Poly(A) polymerase and a mixture of unmodified and
amine-modified nucleotides were first used to append a
poly-nucleotide tail. The amine-modified miRNAs were
then cleaned up and coupled to N-hydroxysuccinimide ester—
modified Cy3 or Cy5 dye (GE Healthcare). We removed the
unincorporated dyes by using a second glass fiber filter—based
cleaning procedure. A 3x miRNA hybridization buffer (Am-
bion) was added to the fluorescently labeled miRNAs, and
the solution was heated at 95°C for 3 min. Slides were hybrid-
ized from 12 to 16 h at 42°C in sealed cassettes by using a water
bath. Following hybridization, the slides were washed and dried
before performing a high-resolution scan on a GenePix 4000B
(Axon Instruments). Raw data were normalized and analyzed
using Array-Pro Analyzer Version 4.5 (Media Cybernetics) to
determine the signal intensity of each spot and its local back-
ground on the microarrays. We calculated the net intensity by
subtracting the mean intensity of all pixels within the local
background area from the mean intensity of all pixels within
the spot areas. We normalized differences in net intensity
between the two fluorescent dye channels in a microarray by
using the local regression (loess) normalization. We selected
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FIGURE 3. IFN-B downregulates miR-21 transcription. A. The expression of miR-21 in IFN-B-treated and untreated glioma cells was compared by using
gRT-PCR. In all the glioma cells analyzed, IFN-B treatment reduced the expression of miR-21 by ~40% to 60%, including the cells of the SKMG1, T98, U87,
and U251 glioma lines, and 0222-GIC cells. B. At 4 wk after intracerebral inoculation of GICs, the mice received i.p. injection of either PBS or IFN-B. IFN-B
suppressed the growth of the GIC-derived intracranial tumor. In particular, the systemic delivery of IFN-B reduced the level of miR-21 in the tumor. C. We
analyzed the time course of reduction of the levels of pri-miR-21 gene, pre-miR-21, and mature miR-21 transcripts in response to IFN-B treatment. The levels
of pri-miR-21 transcript were 0.46 + 0.02, 0.44 + 0.05, 0.74 + 0.33, 0.55 + 0.17, and 1.37 + 0.82; pre-miR-21 levels were 0.23 + 0.03, 0.17 + 0.01, 0.26 + 0.04,
0.19 + 0.02, and 0.89 + 0.32; and miR-21 levels were 0.53 + 0.04, 0.69 + 0.03, 0.78 = 0.05, 1.11 + 0.09, and 1.26 + 0.16 at 6, 12, 24, 48, and 72 h,

respectively. Columns, mean; bars, SD (*, P < 0.05).

the analyzed data by using the MicroArray Data Analysis
Tool (Filgen).

gRT-PCR

Total RNA, including miRNA, was isolated by using the
mirVana RNA Isolation Kit (Ambion). The analyses of mature
miR-21, miR-187, miR-194, miR-100, and let-7a, let-7b, and
let-7c were carried out in triplicate by using the LightCycler
TagMan Master (Roche) and TagMan MicroRNA assays (Ap-
plied Biosystems) on a LightCycler ST300 (Roche). PCR con-
ditions were as follows: 95°C for 10 min and 45 cycles of 95°C
for 10 s, 60°C for 30 s, and 40°C for 30 s. The relative level of
miRNA expression was calculated by the 2-A ACt method. The
data were normalized to the expression of U6B small nuclear
RNA. In some assays, samples from the normal brain tissue
were used as a calibrator, whereas in others, untreated samples
were used.

To quantify the pri-miR-21 and pre-miR-21 expression, we
treated the isolated RNA with DNase and reverse-transcribed it
using the Transcriptor First Strand cDNA Synthesis Kit
(Roche). The LightCycler-FastStart DNA Master SYBR Green
I kit (Roche) was used for real-time PCR applications. The
primer sets for pri-miR-21 and pre-miR-21 qRT-PCR were
S5"-TTTTGTTTTGCTTGGGAGGA-3’ and 5'-AGCAGA-
CAGTCAGGCAGGAT-3’, and 5'-TGTCGGGTAGCTTAT-
CAGAC-3’ and 5'-TGTCAGACAGCCCATCGACT-3’,
respectively. The PCR conditions were as follows: 95°C for
15 min, and 40 cycles of 95°C for 10 s, 60°C for 10 s, and
72°C for 10 s.

Western Blotting

Cell lysis and immunoblotting were done as described previ-
ously (23). Antibodies against the following proteins were used:
PDCD4 (ab51495; Abcam), phosphorylated STAT3 (p-Ser727
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