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Glioma stem-like cells are shown to be invasive but its mechanism remains to be elucidated. In this
study we demonstrate the function of integrin in glioma stem-like cell invasion. The expression
profile of integrin family in CD133+ and — cells was determined. Integrin a3 was overexpressed in
CD133 + cells compared with CD133— cells. Immunohistochemistry demonstrated the localization
of integrin alpha3 in invading glioblastoma cells. The activity of glioma cell invasion was
associated with the expression level of integrin a3. The migration activity of glioma cell lines was
linked to the phosphorylation level of ERK (extracellular signal-regulated kinase) 1/2. Our results
suggest that endogenous integrin alpha3 contributes the invasive nature of glioma stem-like cells,

which renders integrin alpha3 as a prime candidate for anti-invasion therapy for glioblastoma.
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Figure 1: Nearospheres on fibronectin or laminin coated plate.

Neurospheres from glioblastoma surgieal specimen (GBMS1 and GBME9) were cultured on plates coated
with fibronectin (10 pg /mL) or laminin (10 pg /mlL) in serumefree culture media containing 20 ng /mL of
EGF and bFGF for 72 hours. (magnification X100)

2. CD133 BtEimfas A IC & 0 57
MfEER 7 U A —~ flEfEERA T, &
T OMBEFEZ I\ T CD133 A 4y
L HEZ U integrin o3 @ mRNA OIS
mEho = (Figure 2),

OCD133" MCD13y

L] w L Lo w L0
{ IUJ Ins{ Ins{ Ins{ Inn’ I
ar
UBT U251

] ]
T98G 5NB19  GBMol GBM3®

Ll L

Integrin a2

e
&

Integrin a3

P

Relative Integrin ¢ Subunit mRNA Expression Levels

Ug7 U251 TORG SNB19 GBM61  GBM39
Integrin oS
i 1 1 10 15 10
I
s as aE ue ue
as
o o o o o
Ug7 U251 TOEG SNB19 GBM61  GBM39
Integrin av
i wo 1 10 1 1
10
as I & a us I“ H I
us
b ap 403 a0 a0 a0 a0
Us7 vzs1 T98G SNB19 GCBM61  GBM39

Figure 2: The profile of integrin family members mRNA expression in
D133 positive and negative glioma cells.

The relative mRNA expression levels of integrin members were calculated by
quantitative RT-PCR. Each mRNA level is expressed as a proportion of the
CD133 positive glioma cell mRNA level, which was given a value of 1.
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Figure 3: Cell migration analysis of glioma cell lines over expressing
integrin a3.

Extracts of glioma cells transiently transfected with integrin a3 (ITGA3) or
empty plasmid vector (Mock) were immunoblotted with antibodies against
ITGA3 or ff-actin (A). Glioma cells transfected with integrin a3 (ITGA3) or
empty plasmid vector (Mock) were plated on membranes coated with
fibronectin (B) or laminin (C) in chemotaxis chamber. Migrated cells were
stained and measured absorbance at 490 nm. The mean absorbance value from
mock cells in each cell line is shown as 1. Bar: Mean *+ 8E. (n=6).
Statistical significance was assessed using Student’s ¢ test. (*) and (*#)
Significantly different for the Mock control at < 0.05 and < 0.01 , respectively.
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Figure 4: Putative model of integrin a3 function in glioma stem-like cell.
Integrin a3 plays a role in attaching to the extracellular matrix in niche and in migrating through

ERK1/2

6. SNB19 MfAIZEB T integrin a3 DIEH,
RO R B SERE S A B L L,
FEBOMETIC X - THIEREIIA B2
TL7.

7. Integrin a3 O¥FEr LHIEHZ &
T ERK1/2 OiEMIX EA- L., Integrin a3
DORBEIKT IS & ERKL/2 OTEHS
KT L7z,

P XV, integrin o3 X8RN Y F—
~HIfIC IV TIRS FEBL L, £ & LT ERK1/2
OIEVE EH- 2 U Tl - a2 it &1
DT ENRE S TE, AR AR 7Y
=< MBI T integrin a3 2NEIEH
L. 7 VA —~HMlaDiRiFHEIC integrin 3
DRELEEFTI 2T Licky®p
Mgk 7 VA —~MiaoRBIZRBIT 5
integrin «3 OEEMEZRER L7~ (Figure 4),

AR, DA Z SR &3 2 BT 7 ia s
MR I TW5D, Integrin a3 OFIFEIZ L
D EpMRARE 7 ) A — < flia R & LE T
%2 & TCTHEBINGR T Y A —~<IRRIC o)
HEEEMEDRH D EEZBND,

5. E7pdEIam L
(WFFEFAE . WHIEo 8 M ONEHERT 724 |12
ER 7Y

(MERSRm S0 (B 15 7F)

1. Nakada M, Kita D, Watanabe T, Hayashi Y,
Teng L, Pyko IV, Hamada JI. Target
signaling pathways in glioma.

Cancers in press It A

2. Misaki K, Nakada M, Mohri M, Hayashi Y,
Hamada JI. MGMT promoter methylation
and temozolomide response in choroid
plexus carcinoma. Brain Tumor Pathol Mar
26,2011 [Epub ahead of print] ZHcA

3. Teng L, Nakada M, Zhao SG, Endo Y,
Furuyama N, Nambu E, Pyko IV, Hayashi Y,
Hamada JI. Silencing of ferrochelatase
enhances  5-aminolevulinic  acid-based
fluorescence and photodynamic therapy
efficacy. British Journal of Cancer
104:798-807, 2011 A 3¢

4. Tanaka S, Nakada M, Hayashi Y, Nakada S,
Kitamura-Sawada S, Furuyama N, Suzuki T,
Kamide T, Hayashi Y, Yano S, Hamada JL
Epithelioid glioblastoma changed to typical
glioblastoma: the methylation status of
MGMT promoter and 5-ALA fluorescence.
Brain Tumor Pathol 28:59-64, 2011 & i 4

5. Muraguchi T, Tanaka S, Yamada D, Tamase
A, Nakada M, Nakamura H, Hoshii T,
Ooshio T, Tadokoro Y, Naka K, Ino Y, Todo
T, Kuratsu JI, Saya H, Hamada JI, Hirao A.
NKX2.2  suppresses  self-renewal  of
glioma-initiating cells. Can Res 71:1135-45,
2011 #HEA

6. Suzuki T, Nakada M, Yoshida Y, Nambu E,




10.

11.

12.

13.

Furuyama N, Kita D, Hayashi Y, Hayashi Y,
Hamada JI. The correlation between
promoter methylation status and the
expression level of O°-methylguanine-DNA
methyltransferase in recurrent glioma. Jpn J
Clin Oncol 41:190-6, 2011 & FH

Kita D, Hayashi Y, Watanabe T, Korshunov
A, von Deimling A, Nakada M, Kinoshita M,
Uchiyama N, Kasahara Y, Zen Y, Hamada JI,
Hayashi Y. Secondary anaplastic
astrocytoma developing in a young adult
with  autoimmune  lymphoproliferative
syndrome (ALPS). Neuropathology and
Applied Neurobiology 2010 Sep 15 [Epub
ahead of print] & #HiH

Ozawa T, Brennan CW, Wang L, Squatrito
M, Sasayama T, Nakada M, Huse JT,
Pedraza A, Utsuki S, Yasui Y, Tandon A,
Fomchenko EI, Oka H, Levine RL, Fujii K,
Ladanyi M, Holland EC. PDGFRA gene
rearrangements are frequent genetic events
in PDGFRA-amplified glioblastomas. Genes
& Development 24: 2205-2218, 2010 25 Ft
Yoshida Y, Nakada M, Harada T, Tanaka S,
Furuta T, Hayashi Y, Kita D, Uchiyama N,
Hayashi Y, Hamada JI. The expression level
of sphingosine-1-phosphate receptor type 1
is related to MIB-1 labeling index and
predicts survival of glioblastoma patients. J
Neurooncol 98: 41-47,2010 #&#Hif
Nakada M, Anderson EM, Demuth T,
Nakada S, Reavie LB, Drake KL, Hoelzinger
DB, Berens ME. The phosphorylation of
ephrin-B2 ligand promotes glioma cell
migration and invasion. Int J Cancer 126:
1155-1165,2010 i

Yoshida Y, Nakada M, Sugimoto N, Harada
T, Hayashi Y, Kita D, Uchiyama N, Hayashi
Y, Yachie A, Takuwa Y, Hamada JI.
Sphingosine-1-phosphate receptor type 1
regulates glioma cell proliferation and
correlates with survival of patients with
glioblastoma. Int J Cancer 126: 2341-2352,
2010 #EHeA

Kamide T, Nakada M, Hayashi Y, Suzuki T,
Hayashi Y, Uchiyama N, Kijima T, Hamada
JI. Radiation induced cerebellar high grade
glioma accompanied by meningioma and
cavernoma 29 years after the treatment of
medulloblastoma: a case report. J
Neurooncol 100:299-303, 2010 2535
Miyashita K, Kawakami K, Nakada M, Mai
W, Shakoori A, Fujisawa H, Hayashi Y,
Hamada JI, MinamotoT. Potential effect of
glycogen synthase kinase 3f inhibition
against human glioblastoma. Clin Can Res
15: 887-897, 2009 757t

14. Tamase A, Muraguchi T, Naka K, Tanaka S,

15.

Kinoshita M, Hoshii T, Ohmura M, Shugo H,
Ooshio T, Nakada M, Sawamoto K, Onodera
M, Matsumoto K, Oshima M, Asano M,
Saya H, Okano H, Suda T, Hamada JI, Hirao
A. Identification of tumor-initiating cells in a
highly aggressive brain tumor using
promoter activity of nucleostemin. Proc Natl
Acad Sci U S A 106: 17163-17168, 2009
[N

Miyashita K, Nakada M, Shakoori A,
Ishigaki Y, Shimasaki T, Motoo Y,
Kawakami K, Minamoto T. An emerging
strategy for cancer treatment targeting
aberrant glycogen synthase kinase 3.
Anti-Cancer Agents in Medicinal Chemistry
9: 1114-1122,2009 57t

(&) Gt 121

Nakada M, Nambu E, Furuyama N, Yoshida
Y, Kita D, Hayashi Y, Hayashi Y, Hamada JI.
Integrin alpha3 is involved in the invasive
behavior of glioma stem-like cells. Society
for Neuro-Onology 15th Annual Meeting
2010, November 18-21, 2010, Le Centre
Sheraton Hotel (Canada)

DR AR B R PR R L
Pyko Ilya, B2 Kifi, B4 H . MREEE
Pz ) Az | IR Rk, T8 PR — R,
JBEFIEICH1TD GSK3P WFZEDHE R EZ D
BHL 5 A 2 L 7= B 3B 2L 6 975
25 VI ARBRIRERER, 55 69 ] H A Ahiegsh
Bleraihay, PRk 224210 A 27 H-29 H,
k=~ ar A — (1@ )
. BEAF O R 208 A L7 B A
JEIE X5 0 FAER I TE GEED, Al
FIZ74—F 55 16 A ARDD L, L 22
10 A 22 B, TAAT 47 Hir s (RO
#P)

LR, AR, E RS B O, A
FEZ . Pz ) ERRZ  JRA AR

VH FHM—RR. Clinical trial for treatment of
recurrent glioblastoma targeting deregulated
GSK3p in combination with temozolomide
5 69 [n] B A F R AR e, P22 49
22 H-24 B, REkEFR=ES CRBR)
DR, AR, R R, I, &
BN Z RS M THR3E . K
B SFlEE, EEE R R T e
X7 A% U T B R R L 2 53 D f
MBS FARRIPRIE. 55 11 [B] H ARG 7 it
RAMRL 2, AL 22 458 A 27 A-28 A,
REEAE TSR — L (EIRIE)

G MR OO 1R T A &b
Wik (G ), Global COE “Network
Medicine” EfE 37T —, VRl 22 47 H 20



10.

11.

12.

H, ALK (e )

Nakada M. The mechanism of glioma
invasion and anti-invasion therapy. (Invited
Lecture). The 4™ Harbin International
Neurosurgical Conference. July 16-18, 2010,
Harbin Medical University (/&)

Nakada M. Eph/ephrin tyrosine kinase in
glioma invasion. (Meet the Expert Lecture)
7™ Meeting for the Asian Society for
Neuro-Oncology, June 10-12, 2010, JW
Marriott Hotel (##[E)

Nakada M, Hayashi Y, Miyashita K, Kita D,
Hayashi Y, Uchiyama N, Kawakami K,
Minamoto T, Hamada JI. Targeting glycogen
synthase kinase 3B in adult recurrent
glioblastomas.  (Oral presentation). 7"
Meeting for the Asian Society for
Neuro-Oncology, June 10-12, 2010, JW
Marriott Hotel (#[E)

DG, S VA —~ ORI S
R (FHIRRED . 55 5 RIBMAEIEE o B
RN, FR 291 H30H, KF
WP o A 7 Z F GROHR)

Nakada M, Nambu E, Yoshida Y, Furuyama
N, Kita D, Hayashi Y, Hayashi Y, Uchiyama
N, Hamada JI. Integrin alpha3 prevents
neurosphere formation and proliferation of
glioma stem cells. 2009 Joint Meeting of the
Society for Neuro-Oncology and the
AAAS/CNS Section on Tumors, October
22-24, 2009, Hilton New Orleans Riverside
(USA)
e, MR EL R, E TS
WEER . b mmum‘%%i\mm
. JERIBR, T R — B, FF e AR B 2R
JEIZ%45 GSK3B%E 4115/ E L7 Phase
VI AHESRRRER (Lo RY D). 5 68 [l
HK%@ﬁ%ﬂ?£%£,¥W21$IO
A 14 B-16 A, IRETTHHRT NV GHEHR)

(XEF) G 21)

1.

Nakada M, Minamoto T, Pyko IV, Hayashi Y,
Hamada JI. The pivotal role of GSK3f in
glioma biology. Brain Tumor/Book 2, ed.
Miklos Garami, InTech, 2011 in press
Nakada M, Kita D, Hayashi Y, Kawakami K,
Hamada JI, Minamoto T.

RNAI in malignant brain tumors: relevance
to molecular and translational research.

RNA Technologies and Their Applications,
eds. Erdmann VA & Barciszewski J,
Springer-Verlag Heidelberg, 107-129, 2010

(PESEI PERE)
Ok Gt 1)

A RIS TRR A % D K OV

RN 7 ik

FEWIFE R EDE, PRI, ARE . JE TR R

MR« AR KA
FEXE - AR

&5 ¢ K5FE 2010-18569
HEEAEH B 20104E 8 A 22 H
EWNs DR BN

6. AT

(D) BFZef s

I e (NAKADA  MITSUTOSHI)
SIRKTF - [ES5 - B
WFFeE 5 20334774

(2) BFZE oy i

ALY

(3) HEHENF TR E

BV



