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[Abstract]

The prognosis of brain metastasis from non-seminomatous germ cell tumors (NSGCTs) is poor, and treatment methods are

controversial. We encountered a 16-year-old male with multiple brain metastases from teratocarcinoma (teratoma+embryonal
carcinoma) of testicular origin, a type of NSGCT, in relatively good general condition. Regarding treatment, the largest
tumor was surgically excised, and whole-brain irradiation and multidrug chemotherapy were additionally performed. The
brain metastatic lesions entered remission, and tumor markers were normalized. For brain metastasis from NSGCTs in
patients showing a good general condition, aggressive therapy by the excision of tumors as extensively as possible in

combination with radiation chemotherapy is recommended, even for multiple metastatic lesions.

[Key words] Non-seminomatous germ cell tumors, teratocarcinoma, brain metastasis.

[Introduction]

Brain metastasis from non-seminomatous germ cell
tumors (NSGCTs) of testicular origin is a poor prognostic
factor, and causes the complication of lung metastasis in
80% of cases!. Although treatment methods for NSGCTs
are still controversial, aggressive therapy by surgical
excision combined with adjuvant therapy, such as whole-
brain irradiation and chemotherapy, has recenily been
reported’ ).

‘We encountered a patient with a type of NSGCT, terato-
carcinoma (teratoma+embryonal carcinoma) of testicular
origin, in whom we aggressively treated multiple brain
metastases, and achieved a favorable outcome.

[Case report]

[Patient] 16-year-old male

[Chief complaint] Headache

[Past medical history]None in particular

[History of present illness] Headache and vomiting
suddenly occurred. The patient visited a hospital, and

lung metastasis from a left testicular tumor was diagnosed.

Brain metastasis was also detected in the left frontal and

parietal lobes, for which the patient was transferred to our
hospital.

[Tumor markers] o. fetoprotein (AFP), 230.9ng/ml ;
human chorionic gonadotropin (hCG), 170,000mIU/ml ;
hCG-B, 1,700ng/ml.

[Imaging findings] A tumor was present in the left frontal
lobe. A high-density area was noted on plain computed
tomography (CT) (Fig.1a), and iso- and low-signals on
T1- and T2-weighted magnetic resonance imaging (MRI),
respectively (Fig.1b and lc, respectively), showing intratu-
moral hemorrhage. Contrast MRI detected a 38 x 30-mm
tumor in the left frontal lobe (Fig.2a,b,c)and a 9 x 9-mm
tumor in the left parietal lobe (Fig.3a,b,c). Plain chest CT
detected multiple metastatic lesions (Fig.4).

[Treatment] The intracranial pressure was acutely elevated
due to intratumoral hemorrhage, for which emergency
orchiectomy and tumorectomy of the left frontal lobe tumor
were simultaneously performed on the admission day.
[Surgical findings] Intratumoral hemorrhageaccompanied,
and bleeding easily occurred during tumor excision. The
tumor was separated from the normal brain by gliosis, and

was excised as extensively as possible.



Neuro-Oncology 18(1), 2008

Fig.1
a:Plain CT on admission
b:T1-weighted plain MRT on admission
¢:T2-weighted MRT on admission

Fig.2
a - Axial view of contrast MRI on admission
b: Coronal view of contrast MRI on admission
¢: Sagittal view of contrast MRI on admission

Fig.3
a: Axial view of contrast MRI on admission
b: Coronal view of contrast MRI on admission
c: Sagittal view of contrast MRI on admission
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[Pathological findings]

[Primary lesion in the testis] The lesion was a mixed
tumor (teratocarcinoma) of teratoma containing squamous
epithelium-like tissue, immature mesenchymal tissue, and
duct-like tissue and embryonal carcinoma with a solid
palisade structure (Fig.5a,b,c). On immunostaining, the
embryonal carcinoma region was positive for cluster of
differentiation (CD) 30, and negative for AFP, placental
alkaline phosphatase (PLAP), CD117 (C-kit) , and hCG.

Fig.4

Plain chest CT on admission

[Brain metastatic lesion] Hemorrhagic necrosis was
marked, and the chromatin level was high with regard to
the cell components. Cells with nuclear vacuolar degene-
ration and giant cells were present(Fig.6a,b). The cell
components were similar to those of the primary lesion,
being not coniradictory to a metastatic lesion. On immuno-
staining, the lesion was positive and negative on reactions
with anti-cytokeratin (CK) AE1/AE3 and anti-CD30 anti-
bodies, respectively.

Fig.5
a: Testicular tissue (HE stain, x4)
b: Testicular tissue (HE stain, x 20)
¢: Testicular tissue (HE stain, x40)

Fig.6

a: Brain metastatic lesion (HE stain, x20)
b: Brain metastatic lesion (HE stain, x40)
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[Postoperative course and adjuvant therapy]
On plain and contrast CT performed on the day following
surgery, the tumor in the left frontal lobe remained at a
size of 17x 13mm(Fig.7a,b), and the other tumor in the left
parietal lobe developed intratumoral hemorrhage (Fig.8) .
TIP (Paclitaxel, cisplatin, ifosfamide) was initiated 12 days
after surgery with concomitant whole-brain irradiation at
a total dose of 40Gy. Both metastatic lesions were

Fig.7

cicatrized following CT after 8 weeks (Fig.9a,b), and the
tumor markers were mostly normalized. As of 6 months
after surgery, the general condition was favorable, although
chemotherapy-induced digestive symptoms were present,
and no recurrence of the intracranial lesions has occurred.
The lung metastatic lesion had reduced in size. Multidrug

chemotherapy will be continued.

a:Plain CT on the day following surgery
b: Contrast CT on the day following surgery

Fig.9
a:Plain CT 8 weeks after surgery
b:Plain CT 8 weeks after surgery

Fig.8
Plain CT 9 days after surger

- T
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[Discussion]

Although the treatment of multiple brain metastases
from NSGCTs is still controversial”, many studies have
reported the usefulness of active treatment because
NSGCTs frequently occur in young men with a good
general condition'™”. Salvati et al. performed whole-brain
irradiation and chemotherapy after tumor excision in 15
patients with brain metastasis from NSGCTs with a mean
age of 33 years and KPS score of 60 points or higher, and
achieved good outcomes:the mean survival time was 38
months, and the 5-year survival rate was 53%, emphasizing
the importance of aggressive treatment". This patient was
also a young male with a relatively good general condition,
and intratumoral hemorrhage acutely elevated the intra-
cranial pressure, for which emergency brain tumorectomy
was indicated as initial treatment. The surgery normalized
the intracranial pressure, and facilitated subsequent radi-
ation chemotherapy. Iwadate et al. also reported that
excision of the largest tumor as extensively as possible
prolonged the survival of patients with multiple brain
metastases”. The size of brain metastatic lesions from
NSGCTs strongly affects radiation sensitivity . Irradiation
shrank the tumor in 75% of cases when the postoperative
residual tumor size was 2cm or smaller, but less than 30%
when the size was greater than 2cm, based on which
reduction of the tumor size to less than 2cm is recommen-
ded”. In this patient, the residual tumor in the left frontal
lobe after surgery was smaller than 2cm, for which whole-
brain irradiation was sufficiently effective. The occurrence
of fatal tumor hemorrhage due to tumor lysis in cases
undergoing treatment of brain metastasis from NSGCTs
involving chemotherapy alone has been reported®”. In
our patient, intratumoral hemorrhage requiring emergency
surgery occurred in the left frontal lobe tumor. Moreover,
hemorrhage from the left parietal lobe tumor located in a
region unrelated to the surgery was detected by CT on the
day following surgery. These findings suggested that
brain metastasis from NSGCTs easily causes intratumoral
hemorrhage, and the occurrence of intratumoral hemor-
rhage strongly affects the clinical course. Prioritizing
surgical tumor reduction preceding chemotherapy may
lead to the prevention of fatal intratumoral hemorrhage.

Pure choriocarcinoma (PC) and trophoblastic cell com-
ponents contained in malignant trophoblastic teratoma
(MTT) have been reported to be poor prognostic factors
in NSGCTs". Athanassiou et al. reported that when the
primary lesion of NSGCTs is a malignant undifferentiated
teratoma containing undifferentiated components or MTT,
a portion of the lesion may alter the disease type to PC
and metastasize to the brain®. Salvati et al. also reported

=19

brain metastasis from NSGCTs after chemotherapy as a
factor indicating a poor prognosis”, suggesting the alte-
ration of the disease type to PC. In our patient, metastasis
had occurred before chemotherapy, and the effect of
chemotherapy is sufficient at present. However, considering
that the hCG level was markedly increased on admission,
the primary lesion was assumed to be a mixed tumor
containing PC components, from which the risk of
becoming resistant to chemotherapy cannot be ruled out.
Close course observation should be continued.

[Conclusion]

We encountered a case of multiple brain metastases
from an NSGCT, which is relatively rare. Active treatment
by surgical excision in combination with whole-brain
irradiation and multidrug chemotherapy should be
considered when the patient is young and the general
condition is good, even though the lesions comprise
multiple brain metastases.
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Extradural tumor of the frontal base: a case report
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Rapid growing intracranial mass with leukemia relapse
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IR temozolomide FEIC K D
EEORMERD Z E o UTcBHFED—H)

Prolonged pancytopenia induced by conbined radiotherapy and concomitant temozolomide
in a patient with newly-diagnosed glioblastoma

BMAFELED B, MR
Bk ATV, KR EEHED. EEE D, EE B, B ERY. HI EEY

[IZUsIC]

DNA 7 V¥ WALHIT H % temozolomide (TMZ) |
MFBIFMEI N3 5 55 3R BRI T, BUR R B
BRI HERERICAEFHEZER T 2 RPWE S
h, RESHRNICBIERE N 2 EERRELE
Z 6N T3, flioFiEHlic bR THEEDHE - 2
ExEbicdind, LRoEENBSRER+TMZ
P & H: (RT+TMZ) Tl grade 3-4 0 M EEE 13 4% B
TemEINTWwBY, $E. RI+TMZEEIC X > T,
e R 2 B0 TR EE A MR & & T B PLUmER
WAL E S L—HEEBR LD THRET 5.

[ #1]

500% ik, TEEA. BRI ORI RR (R T REHS
HB, 20075E10H I8 L WA I TR L 4. w2
BOMEENFTFRTRES»EREZRDEd o7,
SHEP MRS MBS L. EBEREZRO DA
Bt &z o7, BAFEMRIIC TAERMBEZEICEELScmD
mass lesion® 5%, {HIRE DEHEDS A 6 7=, HEIZ
gadolinium (Gd) R I TY v FRICEFHEE I 1,
FLAIR Mz TRBICH» 7 b M uiZENFED s i,
Fo, BMBRAIKLRVEZEENRZEO. A~
DEFREHEEbN - (Fig.1). F4E11H7H icBIEE

i BIMRI

7

fiiEMRI

Bt thalr & iadT L 7z, gk, BERIEEHTdH h mhigss
FIRFEERDO LB ZRO T, EMITEEL -, Wik
MRI TR ZERTEEEAOGERE® S oo 2REIE
I E 4, mass effect DEERAFRD & N7z (Fig.1). 78
BT BTl BB BEERRT S THllaORRE
DR 5N, mitosis VEIET. HEMHIIEOHTE = £
HMBEEEMIEL L, LHLBEEZE-> TR, £
7o, SIEHRBRRE T, BT 133 X TGFAPRAE T,
MIB 1 B M e 13 #930% 1238 8 & 417z (Fig.2) . Glio-
blastoma multiforme & JEEEZHT T4, 5| 2 E FFE 11
H16H & h RT+TMZB¥E% Bt L 7=,

Stupp & D Regimen = fE V> ", A X, HiRE
60Gy/30fr (2Gy/fr/day) D JEFT5 /MRS 2 5Hm L | {b
S 13 TMZ % 75mg/m?*/day=140mg/body/day C i &
BAfAH X DEHRA L L7,

EERGRE. HoHLERBEEEFEFRIIEDT
TEF I REE L 7o 7 O FREB AN L BT L 7. &
O ERRMPRE b BREE TIELERD
et o T (MVIMRE 2875 /1) . 12 H 12 H 0 FEHA ik
Eic Tl MEED FH LR EABRD o iz,
TMZZHIEL 7, BHOFERELLERZ 2055
HonlldH, AHBAARE ko7,

Fig.1
Gadolinium-enhanced MR images demonstrating
a well-enhanced tumor in the left frontal lobe

Fl with infiltration into the corpus callosum.

(Left) preoperative images.

(Right) postoperative images.
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Fig.2

Photomicrograph of the resected tumor showing typical features of glioblastoma. There are numerous vascular
proliferations and nuclear atypia. Tumor cells are positive for GFAP and highly proliferative demonstrated by high

MIB-1 positivity.

(At iEE]

MfAMREE. Day 27 CTHIEME D 2875/ul %> & 475/l
ANLRBICEA L, BHCOELBETHSEDOHN
Tefe &, MR 2 FAtG L 705, Z OB LETIF
L% 57, Day35TL6/ME THA L. FIS0HMI
bz b ARSI % 2 B L 7z ic b b 6.
NCI-CTCAE version 31815 T grade 3~4 D I/ Mg 4> b3
FBIL | 7= (Fig.3) o

5| Z i & B IMERE DA 23R L granulocyte-colony
stimulating factor (G-CSF) D2 5. % 7o 7243, & 51T
4> L Day 40T 700/pl & 7 1) (grade 3) BUHHRIGHE b H 1k
& L7, HFhBERICBEL Tid Day 431231/ul & EE AR
VLDSFEHE L 7 (grade4), Day 56t X ) BIfE DK L H33H
. G-CSFRRTH L IEEREANZ CicEEL % (Fig.

4), THIT, NEFOEVIZOWTLHEALHR SN,
Day43C7.4g/dL % T4 L (grade3). i /E 7R M ki i
(MAP) iZ TRt L 7= (Fig.5) . =M B 1T 5 BHEHD
flizi iR, BBk, ~E/oE v olEICHBEL,
ER R REHEIE L 7225, £alrpic 88 & Ao i fE
FIREHE L El3R - E o t-, EEMIZ AT
Day 11712, ZDHEDGELE2RET 5 7- 0 FHZ
HEfT->7. BEHOEHEMROBERR T, §
BEfAE - BERALLVE 4:1. JERIERR  RIFRRBIZ1:2TH
b, BIMERR ERIMERAICE L TIREEERTH 5
LEZ N, —H., EFRIZImm? 3@ L A%<
(EFETZ10@B ). /MRS OBREDSTED - 72
ERRAERE £ &3 L 72 (Fig6)

iR (108 45/E) total 21

RN

Ve

: WA~

1 7 13 19 25 31 37 43 49 55 &1 67 73 79 85 91 97 103 109 115 121

Fig.3

Day

Changes in platelet number after radiotherapy concomitant with temozolomide. Platelet number dropped abruptly in
the course of treatment and sustained at low levels despite periodical administration of platelet transfusion for two

months.
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Fig.4
Changes in leucocytes and neutrophils by the combined radiochemotherapy with temozolomide.
The patient was required to receive G-CSF injection until recovery of myeloid-lineage cells.

HbfE D8

MAP(2E{/[E) total BE

:/\\uuu I
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day

g:'dl_
14

Fig.5

Changes in the hemoglobin level by the combined radiochemotherapy with temozolomide.

Fig.6
Microphotograph of the bone marrow aspirated at the recovery phase from severe pancytopenia.
Note that number of megakaryocytes remains at a low level.
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TMZ I BEK X b 1B ZF 5 % 1< 5 A £ 1 5 nitro-
sourea 0 75 F FWH 7 Vi X, Mg Iz oW
TOHEFRRORER - BESHENE L Z L3HR
£ENTHE D, EORTC/NCICIZ X % #)FIBF i1zt
T 3 s AR OF A TMZ Bt ik o 58 3 R R BB T U
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L2 b IR A S iaE R s B I RE L. R
BIET 2{EAD D b, 245 (4%) T200H AL b i1fii/)s
WA OBIELFE D S, 26 OREMTIFFEEL
Eich 7 3 i 2 MR R ETH > 7Y, &
7. ERRICRTHTMZEE R IC & b S E o IR %
SUEHINFISRZD S EROWELBRINT
B0, ERIEERIEAROTMZEE B &% L
LELRBETHE LIZVAVLEABERINED
T3, REFTDH., i RT+TMZ LIRS AR
FERET, HodAERSRL (ERICEEL T
7o b3, Day 27X D B2EIZHE D> OBIET 3 /MR
ZIZU® LT 2NMRBLHEL 72, ZOREE
TICIRHAS»LBRERFEZZED T, BTN
HETFHT3ILIIR#HETH .

AAEGTIE, BBEMHEIZIMARRD SR E D .
ROTHFRBESBHEAL. Z0oBHICITEDCE
MmbeED SNt, L LEEIXIIIMERS DR %
THEIEL ., #9224 Az b7 b F21E 0/
kT A Z LaRRER L S hd, BIFEHICHETL

TEHFER O R Th ERROBIEISEEL TEH .

TMZDE - 2R MR DI MER TH -2 &
MR E N, Gerber 5 DL T b FIMERFAE &
LY i MROBEE RS BIEHE TR Y, A5

POEETTIMZIC X 3 BIRNBENEZINPT

AhetErH s L bEIOND,
TMZEZEZBET 5EF £ LTk, DNABEREE

3% T® % 0%methylguanine-DNA methyltransferase (MG

MT), I A<y FEHEHR (mismatchrepair; MMR) |

Ml A R T, ps3tReEL E RIS T 3%,

FFICMGMTIZTMZIC X D 4 I 2 #% DNA M guanine 7%
iz £ = 3 MR E Y methyl E (methylguanine)
ZHEMTHREL. BEDNAZ IEH DNAICEE T 25
BELOZ LD, ZORBEARCHERELHAET 58
BF 7 ae—7 —gEo A F U LIRIED TMZ 32
Wi ST 3119, bhvb U3 ERBEFEES 2
T 2 TMZ BV IC 5> T, MGMTE A FEHR
TuE—F— - XFMLDOFENH R ICERE O K
BRAEFHRAUCSEFRR L HET 2 2 L 2®E
L7, 2585 Th 5 TMZHGETIXDNABEHIE
BHBEADBER T LEZ N, BHMRICY—E
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Rl ELERMML RVTIETMZEREEEICN T 2
MGMT{E T I & 2 s3I REDFE LR TE 2 d o
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PLERRIC X 2BEERHITH 2 DI b 6T,
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(45 H B 3 5 0 fIc, MGMT iSO BEEZ: &
EYFEEOBOBFET 2 AHBELE X o h.
SHOBNBUBETHA I,
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b A A AE I gliomaif O hLIERICZ Y b
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BADE L BB, B ACBE Y EIICEIEST 57
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ERIAFL 0,
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ROLFERITH D . HllE I L TIXBERIEE
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ZfT-o 7. 20034ELLETICIE, 70l Lo B I EE
MiFlic X 2PSOETHA SN B 28, BHFHIERE
fTbisholz,

-35-
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B 5.4& T EH. Day 3 - Day 6 DFHIZ Il O MTX R EE %
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T ¥ 72, High dose MTX+RTIC & 5 iR 12 . MST
7340-50 4 H L & 'Y, RTBUR MO Lo
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poside (CE 8 %) %> & fit Citarabine (Ara-C) %° rituximab
* temozolomide = & % LM E I N T 37, MTX
DFHEHEHEH0% EHESTNTWBHBY, RT
BIMTX 2857 5 £, BRICKIAmEREEZ R
T % AIREPEAYE ¢ . MTX+RTEOEHM I L TMT
XIEMIZELEZ ZRETH B L WIHIEEINS N,
WEETOMTXEREIC X 2EIFEIL0% TH o 7 b8,
CRE 72 5 72 60%DIER TII KPS S % 7z 3 Ml ©
=30kt L, EESER - B L ER TIEKPSHs
BL, MTXICX 2 HERELZ EOFEFRID D
[EEOBREIC X 2 EEENPSOB(LIcHEr 52 ¢
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High dose MTX I XRTEMPAEV+RTHE L D b iR
AR RIF T & - 72 MRIE_E D FERE (T2/Flair
high lesion) I3EFRIZEHT 205, PSEZMAT L A
BE9, MBS E L AERITIZ, PSR BIE
BlH% o, PSEE(M S AEFE LT, HEMEIC
XBPSOET LD . EBEORER RESVEL. B
FiC X W PSHBALT 2 IEHI DS o 7, FFRIERIC
T BEMTXDOE#E L 13 60% TCRLME & N 235, MTX
DFFREIT X 5 BEHIEEEIC D VW TS HEFRE L <
W BENH B EEL SN,
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BHEPIBEAEREREMY ~/CE (PCNSL) X9 %
IR EAFSAEE T Rituximab+7EY O3S RiE5D
RERNR

Immunochemotherapy with Rituximab in conjunction with blood-brain barrier disruption
and temozolomide for relapsed central nervous system lymphomas

HEERAERER L v 5 — RIS . B

=B —EV, bE &ZETD. K g, Be /a8,
g% U, IR 2D, AR E-EY. B D, ) R

[iRU&ic]

R AR RSB ) S (PCNSL) (35 b 165
PR 7 B R ER D10 TH %, BB L L TFl
B ARA P FL¥e— b (HD-MTX) B & i
BUAREZ 1T 5 DEFRIRI P RERFIETH D 1
HMEER IR T B 2 REMH30%., HWHIRRR TR
BREIC W5 TH0%BHEFH L, ZDHROBHIZE
hT % DI350% I i 7= 72 \»Y, Salvage therapy |34 i
TR X 502, BHRPCNSLICH T 2HEZL %
BEOEIREETE L V. PR DA O BREN: BT
) o5 L Cid. BAfEREIUR CD202RAT &
L = #ifk : Rituximab DEZIPEHR E 40, KigHH i
% L T b Rituximab & {2k & O §F A (R-CHOP
) HERERTIABE T H 2Y, PCNSLICH L Ritximab®
BEDENTH oL TE2BELH B2, —RICE
SFCdH B Hifk i AEERT (BBB) % @@ T & T
WREICRES L EZ oD, —F, == =18
#:#% 5.1z X 2 BBB disruption (BBBD) #: |3 BBB % i#ifd

LawERZ BRI 3 ke L TRRAESZRS 1,

PCNSLOEFICH VS TWwBEY, &L ik, HF -
JBREEHIE PCNSL 2 X L BBBD T IZ Rituximab ik
5 LICE# % 0FF ¥ 2 Fiib LRk (RICERGE)
2550, Z0EMEREE L L L, GlHEIC
%3 2 RICEFE L I3 BREMFAEE X 2 2 - D fthD
{bERERI OB TH D, ¥ RICEFERIC
BREP E L ERAANOB - RIERORAESNET
H 3.2 0 7 V¥ WALAID temozoromide (TMZ) |3 BBB
PERGEBBL., MEEES Dk < BlRE I b A
AR HD AR D 5. Bl PONSLIZH ¥ 5 {L5HE
L LT TMZ I Bl 3 % \»> 13 rituximab & D HFAE ST
FoERRINEHI L TWS, 2 I TSERICE
B OEFER L EHE B PCNSLICH L, BBBD |
rituximab#% 5 L TMZ % P 3 % 18 (R-TMZHRE) D

<G

ZhER & BeEt L 72,

[HHRE&AE]

R-ICEJEH:8 I 5 % & 7= L 72 PCNSL 261l & 76J%
THD-MTX+HEHHEEHRZEL LEIfIZNREL
7o, BHE. W, FFEOMERICRIED RV 2 LR
28 . BBBD T IZ Rituximab##5- 21T 7z, Rituximab
(375mg/m2) % BIRARGHBE. 707 1 F—nic
X AEIREE T I KBBEIRE DAL T —T
ZEEFES2EUBIRIGERMICHEEL. 20%~2 =
F — V% 3ml/#C30~608# 5 LBBBDZ T o7 =
DM Rituximablt FAE S B TH 5200mg/hr 272 % X
) |z F8i L 7= BBBDDEH X h TMZ (200mg/m2) % 5
HEEO®RE, ZhE21¥4 71 e T 3R-TMZRER
48 T & CHEfT L 7= MRITOEBSMEANZDFHIE 39
A 7 NVEBICHEFT L 2. CRE 2o FHREMIIC K LTMZ
(200mg/m2) @5 H 5 % 4848 1< 1 B T HERR
% T 7.8 E % 5 O i 1% National Cancer Institute
Common Toxicity Criteria (NCI-CTC) Version 3.0\ 9 -
THE L., M. REBEERYREORBERK TR
AxhTkh, BERUREDA v 74—LF-aV
v REEHATRERREL .

(& #]

3 (4EHH 35-76 %) DTS - WFEIEHIME PCNSLICH
LRTHEEE# 589 4 7 VHEAT L 72o MRIIC X BZ05R
F5EIX, CR;2f. PR;16T. CREITH o7, PRE]
143.8» HCEREEL 5. CRENZTMZIC & 5
Bk 2T wes HEon AU EBERR (AL TY
2. R-TMZEEC & b 141CBBBDIC & 1 grade 2D/
RBEEE® % 72 L7243, grade 3Bl EOFEHFHRIIZED
otz
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[EE #1]

ERZ 27T %,
[ER @ (Fig.1) ]

T60%. B, EXBEEE, EF 2R FETRE
L 7- A RUEE — BETHEE O S 1o 0 L TER i il 2 1T
V>, diffuse large B-cell lymphoma & W7 L 7z, ffi#ic
HD-MTX i34 £ 7 V-2 RiES 36Gy & RATIEST
10Gy % 11T L 7223, 3» B OMRI CIEEHEHZ R0

Recurrence after HD-MTX +RT

10.22.2007 12.25.2007
(hERI @ (Fig.2) ]

35iR. B, AEELEERIEE ok L B Rg il At
M7 & 41, diffuse large B-cell lymphoma & i, Ara-C,
VP-16, VCR, ACNUIZ & % {lsffiik b i (2
it 30Gy+/@FT 20Gy) 3lifE THEfT S N CRE o 7. 2
£ » AHSAMEEICER S 72 LHD-MTX Gg/m?) i
HERSYA 7 VT E N, WRIZEEL 28, Z20%
bARK. AREELHEXEZ®RDIEL, ZOEICHD-
MTX 2SR G X 1, BAEHIICIE MTX X 5gm’ % T
doseup T NEF 174 4 7 )V O HD-MTXEEED T E 1

Recurrence after R-ICE immunochemotherapy

R-TMZ
3cycles

- o

7: (Fig,17) . ¥l C & b ICEM¥kI2 A & % X BBBD
TICR-TMZIEE R HE1T L 72, R-IMZIEE2H A4 7V
KT, MREELEABEREORFERIIHEL
(Fig.1%) . ZDHETMZIC X 2 HERFREZ 1094 71
fEfT L. R-TMZBEIR X b o.s» ABOBRESE THAER
FEOTWEW(Figlh) . FEFRLE LTBBBDICLD
grade 2D/NRGHEEE R E 72 L 7,

Fig.1
| Case 1. 76Y.0.Male
7.25.2008

[E5 32> b o—L N TELBERRBICIESD
% L. HD-MTX (5mg/m2) i34 4 7 L THEIR
Hite (BB A L - MRICENM Sz, TD
JRZE i L TBBBD FICR-ICEffE % 43 4 7 WV HfT
LCREZ D7D, 94» A CHIMIRTEECHAEZ XK
L 7= 7= HR-TMZ % {7 L 7= (Fig.2/5) . R-TMZ 34 A
INThTRIEREINIEIVEEFET 2 E TIKE
BXHEAN L7 (Fig2h) . Z DB TMZIC X 5 HERpERE
ZHET L 7ch82n ABICER%Z &7 L. R-TMZBA
X Ysn ABIZFEC LT,

> Case2. 35Y.0. Male
3.5.2008
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[HER @) (Fig.3) ]

50i%. Bk, ERTEEZED PCNSLIZH L THD-MTX
3 A 70 E2R30Gy E RFF10Gy I X 2 HEEIC X h
CRE %A -7, SERICEMBEE, GREKFIHHR%
F L., RICEfER 29 4 Z VIEfTL CRE 272, R-

Recurrence after R-ICE immunochemotherapy
P E——magu

12.3.2007 2.25.20

[# %]

#)F PCNSL |X HD-MTX F#i% & U RaeHzc X b
A FERhIY i 3 IET B X H I o, L L,
10-35%DHAEG % Z OFIHAR ICIESETH D .
R T CRIC 2 » T ERI D 35-60% I3 FE@th ic B %
E/-7, BHERITM S D> D salvage therapy Z T A 1XH
B FURPER T2 - L8R Eh, ZOEUE

08

13 45-85% T, 20-45%IFCRICET 3 LBEI T

20, BRRBOBREL LT Ih T TICPCVEESD
MTX DS topotecan, 71 VR 77 F > O BHFERE,
etoposide, ifosfamide & high-dose cytrabine % #fF ¥ % }&
Bk COWEL D 5 Y, FABBBE AR IER L,
MDD 2 WTMZ HSFEFE PCNSLIC X L THEED
THBILNREINT, Renib DMEIZL B LY, 36
FlDEFEPCNSLIZX L. TMZ% 150mg/m2/day T 5H
% 4GBEEIZ 6014 7 VRS LR, BHEIZI%
Median 0S;3.94 H. Median PFS;2.8% H. 1-year 0S;
31% ThH o7, HEBERII Grade 3-4DIMALHFM: L ¥
LERER DI 2% I & X D, TMZHAITH T X TD
SHIOEF DIRFERE £ KT { | grade3/4NHEHSR
347, & 5IZTMZ & rituximab D OB ZhE S
WEIhTWw3Y, FRIE 0L Lo REEDFE
PCNSLic X L S 2 TH T MTX & TMZIC X 3 L%
EEDORERESRE S, 2huc k3 E236lic

-~ 4]~

ICE SRR & D275 ABICAERKRERICHERZ K-

L 727 HR-TMZ i % 11T L 72 (Fig.3%) . R-TMZ 3
YA 7 VCEEIZEEL (Fig3h) . ZOHBTMZIC K
DERIREE 2 59 A 7 Vil T, ER-TMZBIGBE X b
84 AMEFL ( BIEERZT-> T3 (Figldh).

T™Z 6.20.2008
FDG-PET 5
Fig.3
Case 3. 50Y.0.Male

of LEIEAIAEE L L TMTX E TMZ O EH., JBAs5Y
4 2 NVOMTX L TMZD MR 5. 037% S NEEIT
55% (4=ffl CR) T, median EFS 8 H. 24E® 0S8 13 38%,
median OS13355 HTH - 7', Grade 34DHHER
EEEE 323, BN 523 THh o7, Z DB
BIIERE 2 NRICIES 2 ¥ P EE TR
LTk wiffiR%z#HE L T 2 Sloan-Kettering Cancer
center DL I L THAET. L EEESR
BRI PBWERTH o, RYXOBRTHHEIRE
WAL Th TMZIZ i Z el T E. 20T
R-TMZTCRE o 7B Ic TMZ B 51 Xk 2 HERF
BERMR T2 2 L T8y AU ECREMRFTE T
%, PCNSLOF# I8 T 2 HF D 1212, HD-MTX
IZHD-cytarabine Z HEFFBEEE TN A 5 = L BEFER
le2%hs5 £ T Ty 3'Y, HD-cytarabine i B HEHNH
ZOAEFRDAVEFTHIILLINTMZIZE 3
HRpRESZNICOD B LD THNIE, LHEES
RYP R IEEEEE D 9 5 £ FE X 611 5. Radiation
Therapy Oncology Group (RTOG) T & RTOG 0227 & L
T Rituximab MTX &£ TMZ 2§ L. &, T™MZ T
el 21T BIRABOBBR I Tw 3, $8F
FHIE T H PCNSLO@HAIGHE & L TTMZ% HD-MTX
DS L DA EDHE TMZOMERERE 21T 9 KR
BABRiTRETHAI.
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DNA immunization & phage displayi&iic & %
o) A - BEECIAEDIER

Generation of anti-glioma single-chain antibody fragment
by DNA immunization and phage display technology

B EEMNKEERERY v 7 — K- FREERD.
Duke University Medical Center?’
e R, Rk BRY. & -V =B BV, g By,
7E)l 3, 4 FE4 D, Chien-Tsun Kuan?, Darell D. Bigner?

[E E]

EWER BN - GFICEHTH 5 b 0o,
WE, By o7 aFicwds€/, 7a—F 0
FEDERIZHBHT LA TldZ v, Glycoprotein
NMB(GPNMB) it F 7Y A 752 b —<=BIXUE
WAZ)—<@BRRET2 IBEI 2T, Th
S EEICNT €/ 20— LHEEEOBRNTF
DVEDOTH S, BETHBEBIFUEEREL LT
phage display ¥ ic X % $1GPNMB Bi L HT {4 (single-

chain antibody fragment, scFv) D 7 B — = v 7 %2 &7z,

DNA immunization 2 & - THIEE S #1172 < 7 A ik
5 mRNAMHH#. phage display library % fEBE L . 48
T panning I~ X - TnativeZXGPNMB ¥ » /37 7 F%
kT 5 BB O GPNMB FF £ 19 scFv (Kp;10nM)
#1872, DNA immunization & phage display (. fE5ED
NATY F—=ikt b bk Bim iz b
PR & L THIfF S L 5,

[(Z42 )

t b7 LAFHEDFET. 7/ LA —IVODNAT
7 )aY—0aEEES IS THRIRBERERO
2 - T BB RE I A — 4 —8EF.
FHIIFBRCBIAENITORRBETIIHZ
2HDEFHENSY, £ 0B, BRELTHR
LR 5DIEDNAZDLDTIRAL, BETEMTS
BLIADY VAT THE, LrLEMEE, Z
o EEEYIE N 2 €/ 7 0 —F VHUEDIERL
BATFLOBEHTERL, i, RKEv—H—., #il
HFEEOEN L L TEELEY VA7 HOBE, &
BRELTOY A7 ORBMEGNEETHL Z L
D3Iz { I\,

DNA immunization &, BERE LTR7TFF, ¥
YARAZIKEZTING®2—FT5 77 A3 FDNA
FHERR7 V) 2HAWEZ EIck-o T, filatks X

o 1

Uitk 2 BT 5 D TH 37, 1RO REEIC
HRT, WRERELTI A 7OBMZREE L
BwZ b, QHEY VA7 ORRBELEDICL S
7= OFRBEH L5 K D native BTEITIEZ & A&

LR & E 3, BIE, DNA immunizationid, 583
A D FHIEH:, DNAvaccine & L T, BRYUE - f 7 £l
BUL UKL SETHTH 57,

¥ 72, phage display#%®i3. yeast surface display ¥~
HBEEEDIC, ERONA TV F—<=EicLsE/
7 a—FhiEic b 2 BB FHEBRZ P ERET
b 5, —fRIZ. phage displayHEic k> Tr/u—=v /&
1 5 HBA{L Ik (single-chain antibody fragment, scFv)
&, RES 0 7Y v OH#E, LEOWEFERE157 I
JBIFEDY v —THE L7R26kDadD ¥ v R 7
SFT, fikOBARRERXIET 2R/NEMLTH
%5, scFv#® a— F¥ 3§J725bp@DNA7 7 7 X v F
i, GBEFHRAMRZER~OBERABEZTHD . B
&% v 87 O—# L L Trecombinant immunotoxin 7%
ORI 6Nn 3,

Glycoprotein NMB (GPNMB) i3, & F A7/ —=D
cDNAFA 77V —kbhru—=vr7Ehi 18O
JE Y %7 T, serial analysis of gene expression
(SAGE) ¥V ko THES hitk MEES VA=<
EhEHRETH 5,

SE, BXIE, HEEONLTY F—<EL LSBT
J 7 a—F UHEER LA T, BIETFHEEZ T
YERR¥E & LT, ¥ 7 A% DNA immunization|Z & 5T
%58 | 7-#%. phage display library & ) GPNMBREH)
escPviifko 7 u—= v FEEA T,

(#8l & A3E]
[Plasmid DNA]

DNA immunization ({3 % BiIT. EZEWFE
< 7 ¥ —pCDNA3.1 (Invitrogen) DY A F X A\
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ANA7BE—F—DXE T ICGPNMBOMES F
ALV (Fig) 22— FTA3DNA7 77 A %A
L (pCDNA3.1-GPNMBECD) (Fig.2). 7% )+ SDS#:
(Qiagen) IC X >T7 7 A X FDNAZRERLL 7=,
[Protein purification]

GPNMB D fifidst F X 4 Vil Y T 29 12
(GPNMBECD) % B il (S£9) ic B8\ THE, il
L', #v27ick 3 7—2 b, HilsflioREs & O
BIACore (Pharmacia Biotech) {Z X % binding kinetics @
FRHTIC RV 72,

Phage display (= & - T & #17- GPNMB %7 £ 19 72
scFv B4014i{E % KIGE HB21510E EiFh L h =
=2 7 v (Amersham) IZfE-> TR L 72,

[DNA immunization with protein boost]

GPNMB (Z #f ¥ % DNA immunization & & (f ¥ > /%
7k 37 =R FERFig2icnd 70 b a—nicft-
TEMLI N F 2074 VADORTHE L -

Glycoprotein NMB (GPNMB)

Type I Transmembrane Glycoprotein

Extracellular Domain
Cytoplasmic domain

RER il PKD domain Cell membrane

Human Cell Lines

Melanoma 4
'l Glioma J[

High-grade Gliomas

DNA Immunization with Protein Boost

BALB/c 1D, ﬁ
C3H/He o, pCDNA3.1-GPNMBECD
C57BL/6 @
harvest
15pg 15pg 15pg  30pg 30pg  spleen
1 49 77 A 156 176 A 192 days
Titer FACS

50% end-point titer : Day 89

Day 89 ; <1/1,000 i

Day 188 ; > 1/5,000 .

T

Pt it

D54 MG (Glioma)

GPNMBECD # 8 7 ZHJf & L TELISAIC X > T
M OFiEfMEZ €= — L 7.
[Construction and panning of phage display library]

FI2HBKBV T2 A2 HH L. mRNA
(10pg) % #h HH# . phagemid > A 5 A pCANTABS-E
(Amersham) (9 - Tphage display library % f5 L 72,
k7 VAT 4= A= a O KIGE TG1(Stratagene)
Daa=—H(74 77 ) —Ddiversity) 1Z1.1x10" T
Hotz,

GPNMBECD # > /8 7 Z BEIHR £ LT, Amers-
dorfer & DH DI X b M T Dpanning®37 7 ¥ F
To7z. KFED 7 0 — > O enrichment DA i % FER T
327-®iz, %77 v F##Dphage pool &k D 107 10—
%= IEAER B, scFv#® PCRIC TR, Sau3AE T:
13 BsyNI Tl FREEFR A L, DNA fingerprint /S & — >
Z L7,

Fig.1
Structure and expression of GPNMB.

Upper ; predicted membrane topology of GPNMB protein.
Lower left ; GPNMB gene expression profile in human
cancer cell lines.

Lower right ; GPNMB mRNA levels in human malignant
gliomas. The level of 10-fold increase over normal whole
brain extract is indicated by the horizontal line.

GBM;; glioblastoma multiforme,

AA;anaplastic astrocytoma,

AQ;anaplastic oligodendroglioma.

Fig.2
Immunization protocol for GPNMB.
Upper ; DNA immunization for GPNMB (Day 1, 49 and
77) followed with protein boost (Day 156 and 176).
Lower left ;serum titers at Day 89 and 188.

Lower right ; FACS analysis using mouse serum at Day
89, demonstrating the reactivity with GPNMB-expressing
D54 MG glioma cells.
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[Immunization]

pCDNA3.1-GPNMBECD 7' 7 A 3 FDNA (15pg) IZ
& % DNA immunization 3B D (589 H). M+ DOHL
{44 (50% endpoint titer) 1X<1:1,000 TH > 7zH3, 2D
R TFACSIC X T Al &L GPNMBFBL /)
#—< D54 MG £ D K457 & 417z, GPNMBECD
FURY (B0pg) ik B 7 —A & 2EEME (55188
H) #iffli o L5 (>1:5,000) 287z, Bi&7— A b
DA (B192H) Io= 7 Af@fiEZ M L. phage
display library % BB L 7=,

[Panning]

GPNMBIffifg#t F 2 A4 4 737 GPNMBECD % %
fy £ LT+ 7 A phage display library {23 L -THAHTO
panning% 37 7 > F{T - 7z, DNA fingerprinting D5
377 Y F@DpanningD# 7 v ¥ AlHi L7z107 0
— > @ digestion pattern |3 X T—F L TE H(Fig.3).

Panning and DNA Fingerprinting

Sau3A  BsiNI

AL ALALERTTT

Sau3A  BsiNI Sau3A  BsiNI

Pr sl
b =

Round 2

o
Y P gt b U]

Round 1

Anti-GPNMB scFv Antibody; B401

SDS-PAGE BIACore
ws |4 26kDa . '%
B401 scFv K, ; 10 nM

B401 scFv Antibody Binds to GPNMB

ELISA IP-Western
IP:  B401 scFv Anti-Tac scFv
== GPNMBECD Cel: DS4MG 293 193 DS MG 293 193
== BSA GPNMB GPNMEB
Eu 150 ﬁ—'—" . o
o 100 - F
s
gu 75 .
3
- 50
L1
SRANLI RS S W RIS 3 e 38
B401 scFv Anti-Tae
scFv
feome Biot: AnG-GPNMB #2640
26 .--t
Blot: Anti-His

il

18(1), 2008

X 5 IZDNAsequencinglc k h Zh o107 —v ik §
XCHE#H, LD LT oh ol s FE—0iEE
BFIZET 52 EHHBEL 72 (B401 L fvdh) .
[GPNMB-binding scFv antibody, B401]

GPNMB R 21V B4, B401scFv(26kDa) Z Kl
B HB2151D8 3 L & b 8L L 7z (Fig4) . BIACore
12 X % binding kinetics D T DGR, B401 scFvHifE D
GPNMBECD % ¥ 28 7 (2%t 3 % affinity 3. Kp;10nM T
& - 7z (Fig4) .

GPNMBECD ¥ ¥ /37 % #£1 & L 72ELISAKG 1T
X > TB401 scFv & GPNMB & DOFF 2172 it & % HER
L 7-(Fig.5), %7z, IP-Western¥%i- & b, B401scFvii
13X D54 MG 7)) A — = HlIBa D cell lysate 410 GPNMB
» v 87 %pull downd B Z EAIRE N, B401DHSE b
BV A — < ffifi@icFEB T % native form ) GPNMB
FUR7 BT B EDHSHE B o7 (Figs).

Fig.3
Panning of phage display library.

| Ten clones were randomly picked up from phage pool

after each round of panning. Sau3A or BstNI digestion
pattern of scFv portion was analyzed on polyacrylamide
gel. Note that all clones had identical DNA fingerprinting
pattern after 3 rounds of selection.

Fig.4

Purification of anti-GPNMB scFv
antibody, B401.

Left ; SDS-PAGE.

Right ; Binding kinetic analysis by BIACore (Pharmacia
Biotech) .

Fig.5

Binding properties of B401 scFv antibody.
Left ;ELISA.

Right ; IP-wetern. D54 MG, HEK293 or HEK293
transfected with GPNMB cell lysates were incubated with
anti-GBPNM scFv B401 or control anti-Tac scFv.
Immunoprecipitates were resolved on SDS-PAGE and
probed with rabbit anti-GPNMB polyclonal antibody
#2640.
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GPNMB % ¥ 37 Offifast F A4 v &2a—F43
TSAIF(FHRRZ )T AZ2mRL, F89
H OB i Tl pHiffiio L7 8 X FFACSIZ & 3
GPNMBHH ) 4 —<iffild & O i % 8o 7=, Mg
=M EIcFHE X 41 S nativeZe GPNMB Y ¥ R 7 0T %
TR T A BEEEINZEEZONSE, L L
A36., [Af%?D DNA immunization % it 17 T b Fiii o
& 5725 BRI A 61§ (datanot shown), 43 L Fifk
iZ/5IE 77k B 7T —A P BBRETH-
7eo 777 A 3 FDNADSE T HESHEOAFEMES 5 1
BERTHREICRDAThEBDY 2L LT
DEBERBBT O TRV ENERELTEAGNS,

—7. DNA immunizationZfThH 3. ¥ 37 D&
12 & o THIE L 72 354&. GPNMBECD Y ¥ /8 7 IZ 9
ZEENENREEEEN 20D H{FE T
A — < {lifa lysate F Dnative 7 GPNMB ¥ » /3 27 L i
FUG L 72w 2 & A3HEA L 7= (data not shown) . GPNMB
F vy IIEEEEEICEL T Y, GPNMBECD
YRy OFRE - BRICH - REARSE 0B
358 V> immunogenicity % FEHE L . ZFLEMBE S 0
GPNMB ¥ ¥ /827 EIZ G L 22 ik o 4 % 55
LTw 3 ARESEITF o 5,

EF VAT 7R F—~iifaRiEDGPNMB Y
N7 EDORIGHEE £ v ) RI2B VW TIE, DNA immuni-
zationlZ X > THREBRIGZ 754 &L L. @HIcEE S
N7z native’2 GPNMBZFE#T 2 7 0 —v 2 ¥ v o2
k27 —AMCX o> Texpand L 72D Tid v &
HEI N,

[3z k]
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Glioma treatment based on glioma vascular endothelial cells

SR BRIREEZER - IRRVRL D BEREEE 2% - FAEERY: - BRfilE A 2p ™)

BE EED, &7 BRRY, KEE BV, Ik g,
HE D B BRI BV, KRE B2, RE HEY, IUT FE

[IEUsIC]

N F—=D)bLBFECIEMERELEATSH
D, PEMIRRETE & v ) REAT ROSETH 5. B
Ao 75 IIE BT 46 12 B 53 B I Y B R B A iE (Peters,
2005) B X OF, PEZMREIETE < BAfRT 2 BB ME K
K (Pen, 2007 ICHEE L. 2 s 2l ) A —=
WS B8 L WInEH RO A BT
%,

(D7) A—TMEFE~OMBENEIEEREOBS]
(B #)

(R IMEFHEDOH L wiEl L L TP oBE S
15 I8 PY B A BRI AE (Endothelial progenitor cell: EPC)
D5 HE Z 61T 5, B & F5E & 1L72EPC
ZRAL LY A —<olEHENTEEORNZ
#Z % £ EPCH & OREEREE O MBI D A &
NahEHEFL 7,

(HRELVHE)

EPCoO##3 : & FE#HIN X h REHFCD31(+), CD
105(+), Cd34(+), CD14(-) Dffifabk % Blf, Acteylated
low-density lipoprotein D uptake 3 & 1., matrigel k=T tube

A

1
US7TEE TIEEBEF VO NEEE,

formation?3& 5415 Z & £ DEPC & [AZE L 7z (Nagano,
2007). EPCIZGFPZHEA LAk L 7=,
E bV A< THEEET N SCIDY Y AKTIC
U872/ ) A —<ifilaZBiE L. 7TH#&IZ3x10°EDEPC
RBEIR> oA L, 1HE, 3HE, 11, 2608
WA S L, SRS R 2R LSRR L 7. T
3% H4 1 R5 [ B 12 pimonidazole % MEREN# 5., EATIC
lectin 200p1Z BEHIR & D IEA L %,
S w FC6Z Y F—=2RPIET I : 881Dk Wister
7 v MG (ERTEZE) 10’ c6 7V A —=iffila
ZBAE L, BRI S5x10°E DEPCOEPC % Bk
SFEA L7, DAMSBICEEIRREDA G, FEL
THESZ & AR R % R L 72,
(& B

EPC% HOEHAMEE CHZ 3 5 & | US7TIERHARIC24,
2R C M@ IC AR, 7H BRI (B < oA L
T (K1), EPCIHERERFABAMICEML Ty,
EPCHEBED T 7 4 YU O CD31HE T, ME
Bo/NSRESEDESEECHEMLTED (K2). &
EEEED RS LT, CORAETLTHHLE
Z\2 k HEEAMEICEPCOF— I v 7 2R L 72,

A:GFP _NL S NFEPC,B: EREERT L7 F v, C:HEEOSHRIZED,

[EEME ICEPCHE D AEFNTWEDHHY 5,
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i s
L4

'f%ﬁ:

d‘é.'.'.s'

TR

Sk

R

X2

USTH TIEE € 7 )V O EEHEEDOCD3 1 6,

A:EPCHERE, B: e 58, EPCREHCIRIERESHICHATROMV:MEISHEED

LIICHEL TS,

(2BFEEHENEDEYFNSH]
(B 1)

M5 A DBSRER 2 Fet 2 FRRA 2 f- iz, [
D o EEIE N2 o RE. B L. BRI
HHEMIETH AHUVEC & DMEIGTFHE., WHil6E.
FEFERE DIE\ > % in vitro TR L 720
HRELTHE)

65RO, A RTEAEEMEE |20 L TRz 7w,
Z DRI o i EEARRE D o IS E A E il ia %
5y B3 L 72 (Ohneda, 1998), EEVLED> 5CD31(+),
CD45(-) D4yl %2 N EME L U CTEDIEEEERET -,
I M 13 S B 5 T I3 CD 34(+), SMA(+), TEM7
(+) THEE M P M2 (GBMEC1) & L7z TEM7IE
EFANEARERN—A—L LTOHiETH 2

’_G'BMEC_;‘ |

N24 N48° H24 H48 N24 N48 H24 H48

X3

(Croix, 2000), IE& PEZHifE & L THUVECIZCD34(+),
SMA (-), TEM7 (-) T - 7z, GBMEC & Il & #7 4 B8
EFo#isTFEB. WERERE. lEERE% HUVEC & Hil
L,

(& 2)

GBMECI|Z VEGFE L U7 €4 A " TH 5SDF-1D
FEEBAROGN, ZOREMRTH B VEGFR2E L U
CXCRADFEBE A SNV AD, HUVEC & KZE
Mo Tz (3), GBMEC® VEGEF (1, 10ng/ml) k2 5
T HIETERE R WSTST v £ A CHIET % £, HUVEC
ICHRTEBRo T, £, B A —<flllgusio
K5 3& B3 WK % chemo-attractant & 7§ % boyden chamber
assay Tl¥. GBMECOiEFERE X, HUVECIZHARTH
BIETLTWwE,

HUVEC

GNMEC & HUVEC O I & 387 4= B%E K+ D RT-PCR.

GBMEC T3 VEGF, SDF1 D #4356 { R 6N, FDEEERTH 5VEGFR2, CXCR4DF
BA3A 537203, N:normoxia, H:hypoxia (1% D{EEEFRIREE TORE, BFITEEM) .
Thbb, GBMECTIZEEE DRI CRIZSDF-1DFEE S { oz,

-48 -



Neuro-Oncology 18(1), 2008

(& =]

EPCiZE F 7'V A — <l ic 24 ic i3 h— 3
YL, E51T1, 26HBICIIEENEN L F—I ¥
J L. B L T\wi, EPCERESHTIZEE L MEHE
2R L. EBRFEFEEPET LTV 25, &
5L #EPCH ) A —<OIMEFEICES L., B
DERFEEEZHS XS, L Lad6, EPCH
E#LIEREHTHETERL X CRAES & b ES
DREFIEMERNEDo T,

EREHEOEPCH 7 A ) A —< il bhiAEh
22k ZMoore S5 T 2 £, I HICERPGFP T —
7 ENFEPCHI= 7 AMESFOME IR DAENS
(Anderson, 2005 ; Santarelli, 2006 ; Yung, 2004) = & 5%
Gxht, L LasofRETIDIAEN SR,
ML ThHh. EELETOMEBFTIERL
TW3REZR ARV, RLIZEPCREHTIXE
EhIME@ESBRENSZ E2RL, BRELUE
MEFEOMA 2T T I EMNTE I,

EPC% Fil \» 7 B H 42k T I, BEIm I B 3 % i
TTTIc. DHEE, THSIIRPAZELE iIc X L TEPC
BEOBRERIA STV 5 (Magri, 2007) . £ 7=,
BEZE A L T b By EER TEPCIC X 2 BERIR Y
4 X 4T V> B (Zhang, 2002), EEIZH 3 5EPCZ A
LS FENFHEEIEEALNTORLY, &
WEOBERL Y, 7V A —< DL L TEPCITIME
74 M F (B 2 1 thrombospondin-1-+ soluble Flt1
BET) 2BRETEAT S LT, RATCIEREN
HIR T2 857 2 R0E L T 58 EFMgRE O ATHE
HhsE Z 5B (Wei, 2004) .

TS R I A ) S AR % in vitro THREHH T
2z tb, VA —<icT 25 L IInEREH
kR # 2z 5 FCHERE Y, EE, EEImE AN
B FES R & DB R OME DA 5 415 B3,

Z DESHEIL X £ X £ TH % (Charalambous, 2005) . A

W% <8 5 hL7- GBMEC {3 I & %7 4 1= BE ¥ % 8 {5
FHRBESEERNEMB L E-> T 2 LR ERH
Heh b, EEmMEREMEREE. ERmE N
TidZ s & v 2 5. GBMECIIHEEERTIC b EHIME RN
FERIREI BT, ETEAE, BEEREMMET L TED,
BEFRRLODETILTIIRRETH /. £
fo. REBRETIESMAYBETHD . SEES I
GBMEC 3 A5 T & & 115 Wl o B A 72 A B
Facid e . IEE LT A 6 415 glomeruloid vessel
IR T 2NEMIEEEZ 5z, S#IE. micro-
dissection D Eifi % Fl vV CTHLZ 2B BBETH S H
(Pen,2007), % 7=, [ I/ P BZ A AR (2 1E 6 P B
TRV EDS, FERMEFHENTRETRHAL
#z o Twa, HEMECIEEESZLEVI R
RS HEELRBREBBRETHS I,
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) A — = 2T 587 L I 57 4 PR s
OFB L LT, MERNEMEMES X CEELEA
FARlE % o R EFRfEN S BB EE L E X
5z,
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Glioblastomalc & 1} 2MGMT BinF XA FILL :
BEREaEEICH T TDMSP DIRIE

HARZEEZE st et
A —pL. K B, IKEF BER, R Sk, 8 ¥R, ¥ B, Al A

Department of Neurological Surgery, Nihon University School of Medicine

Kazunari Yachi, Takashi Ohta, Akiyosi Ogino
Takao Fukushima, Takao Watanabe, Atsuo Yoshino, and Yoichi Katayama

[iEUic]

Glioblastomald Z DR W 2 £WHBE#ETH D,
bowsiBECENERZ R T EENEREDO—DTH
% , 20024F Stewart & 234 & Tnitrosourea DA Bk % Hi
£ L1, 20054F 213 Stupp & A% temozolomide (TMZ) &
BRI ARREOFAEEZR L, bTH TR S
ZOFHBIWEINTETWS, £7-Hegib i3 0%
methylguanine-DNA methyltransferase (MGMT) 7 0 &
— & — D 2 F ALD D BREGITIE. TMZZ S
THILTZOTFENERICERINB I LZAL
77, T DGR E O B R RE T 5 EE L bio-
marker C# 5 MGMT 7 0 & — & —8ifD 2 F 14D
FEZ TS 7201z, flif# 7 methylation specific PCR
(MSP) B3I { FlL 6N Tw %28, REZ OfFERE
PR T 2MEL LI TR, 2 2 T°RL I
bisulfite sequence i, FIEHAMALFESE (HC) 2 AV T
MSPHEDOEBRMEZBGEL 7.

[HRRTAE]

WA, 20024E5H 9> 520074E12 H £ TIZ MHERR I
TEMBTHON. BIFTHETH > L BRAKRER
glioblastoma ® 256 £ 72 D glioma i@tk TH % . AR
12, BN 1661, kDS o T, M IF 248K D> & TARK.
th B S8IR T H o 72, GliomaBF ZEMIME 1% A-1724
AM-38, T98G. U-87MG, U-138MG, U-25IMG. RU}
YH-13% Fiva 7z,

MGMTRETF D X F ks BWT, MSPEEIZDW
T i3 Esteller 5 3%t &5 U 7 primer 2 Fi V> TPCRZ fTV>
BELED, ZOEHR% bisulfite sequenceid: 12 T Ll
#eat L 7-. Bisulfite sequence ' T3, MGMTBEF
70 E—% —HD27MED CpG site DILEFLT % MR
L7, 5 EFfll X D CpG siteic15> 6 IHIZ27E THES
Z{R > 7286, MSPE T D primer i forward T 5~9,

-51-

reverse T13~16ICHHY L7, EhZDHAEIIBW T,
27 D CpG site D 9 H50% L LI X FALL T 5
Ba. A F B LWL 7', % 7 Grasbon-Frodl
& D L [k, thymine D Y — 27 35 cytosine D % 5>
B L < 1E50% LA _E D B & 13 partial methylation & EE 3
L7:9 MGMTEHODOHEREZ T2 72O, RKES
TR REMMLF A, gliomaffl labk T i3 western
blotting 12 TZNZHRES L 7=,

[ %]

MSPIEIZ & B X F VLT TIE. 72D gliomaiffiifid
WD 5 b5o0 MK (71.4%) TX F LBt TH -
720 Z D9 b, A-172. AM-38, U-87MG |% methylated @
ANy FAR &4, TISG & U-251MG I3 methylated
X Kunmethylated DA 128 FA3R 6 iz, YH-
13. U-138MG |Z unmethylated ® A28 FA3 R, &
(Fig.1). ZH5 gliomalFFMIMEIC B1) 2 MGMTFHHR
# western blotting ¥ 12 T X7 & 2 A, MSPIT
methylatedD #1223 PR 57z A-172. U-87MG.
AM-38 TII MGMTE R 3B I ¥, MSPkICT
unmethylated @ & 12 ¥ > F A3 R L 72 U-138MG &
YH-13TIIMGMTEHAHERVBRBD o Nlee —7,
methylated$ & (funmethylated D /5 /3 > F h3th
S HIfERRIC BV T, TI8G TIEMGMTEH D
BB oDt L, U25IMGTRFEBL TW
2% 7= (Fig.2)o MSP¥5 T methylated D3 > F A3
X N7 54 bisulfite sequence ik THFR L £ 7: CpG site
D 9 550%BL LS A Fufl LTz (Fig.3).

FEPRREM 1= 3 V> T 13, Watanabe & 23BARTHE L 729
B'% & EF 2561 TRES L 7z, MSPEEICEB > TIX25
flch 84 (32%) Tmethylated iz 23 FO3fH S diz, £
@ 9 5 214 T bisulfite sequence Iz & % X FVALREHT
#4757, MSPEET X FVALEGHE & Il L 7= 5EH <
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I3 CpG site D ) H88.5%H3A F MELTE D, MSPEE
T X F ALY &R L 7ZAER Tl 322 5.8%IC
DHRRAFNALERDBICTE LD o7, Case2l2B W
T D A MSP ¥ T methylated 1223 FSEEH S iz ic
H2323H 67, bisulfite sequence i T 59%D X F 1L
#7% L7 (Fig.3) . T ®MSPE T3 false-negative TH 2

PC NC

1BIZBRE. 2 OFEPTIEMSPIE L bisulfite
sequence & DGR IT&B L T 7z (Fig.4, p=0.0003),
MSPi# & @i ta T o BB O & (Fig.s) & X
U\ bisulfite seqence ¥ & o fE §4 8 D i R D [ T & (cut
off il 5% # Fig.6 TR, 10, 20, 30, 35% #ERACHE
TR HBEERIEFED s hih o7,

T98G A-172 AM-38 YH-13 U-87TMG U138MG U-251MG

UM UM UM UM

UM UM UM uwm um

Fig.1

MSP of MGMT promoter in glioblastoma cell lines. MGMT methylation is present in T98G, A-172, AM-38, U-87MG, and
U-251MG cells, and absent in YH-13 and U-138MG cells. A-172, AM-38, and U-87MG cells showed only the methylated
band with no unmethylated MGMT, while both methylated and unmethylated sequences were found in T98G and
U251-MG cells. S, molecular size marker; U, PCR product amplified by unmethylated-specific primers ; M, PCR product
amplified by methylated-specific primers; NC, normal control ; PC, positive control.

u13s8 U251
U-87MG -MG -MG AM-38 YH-13

Fig.2

Western blotting analysis of MGMT in glioblastoma cell lines. A-172, U-87MG, U-251MG, and AM-38 cells showed loss
of MGMT protein expression, while T98G, U-138MG, and YH-13 cells retained MGMT expression.

T98G A-172

MSP-F MSP-R

Case no.| MSP [IHC(%] 1] 2] 3] 4] 5 6] 7] 8] o[1o[11[12[13[14[15]16[17[18]19]20]21]22|23|24]| 25|26]27

UM| 9.6 | z

2| UM| 0.3
4MUM|_281] °5
6] UM A
TIM,UM 8 | g
8 UM| 56.
G UM| 378
10| UM| 524
1] _OM[_77.7
12] UM| 145
13[M,UM| 0.5
14 UM| 142
15|M,UM| 246 i I8
17] UM| NA

M,UM| 649
F UM| 275
21| UM| 157
22|M,UM
2 UM| 6
24| M,UM ¥
25 UM N,

T A2 M = _
AM-38] M |
T98G|M,UM

U-8TMG] M|

U-138MG| UM

U-251MGIM,UM
YH-12|__UM ] 11

Fig.3

Methylation profiles of 27 CpG islands in 7 analyzable glioblastoma cell lines and 21 primary glioblastoma samples.
Black rectangle, completely methylated CpG island; gray rectangle, partially methylated CpG island ; open rectangle,
unmethylated CpG island; oblique rectangle, unable to be evaluated. NA, not analyzed.
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Fig.4

Relationship between MSP and percentage of methylated CpG sites.
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Percentage of MGMT-
positive cells
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MSP
Fig.5

Relationship between MSP and percentage of MGMT-positive cells by immunohistochemistry.

o 100 ] p=0.1598
2 3
'-l5 0 80; median:59.3%
g,‘g. ]
8 O 60 ]
c T .
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