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astrocytoma(grade 1-4) astrocytoma grade 1
anaplastic astrocytoma grade 3
astroblastoma grade 2-3
polar spongioblastoma  grade 1
glioblastoma multiforme grade 4
ependymoma (grade 1~4) ependymoma grade 1
ependymoblastoma grade 24
medulloepithelioma grade 4
oligodéndroglioma (grade 1-4)  oligodendroglionia grade 1
oligodendroblastoma grade 2—-4
neuro—astrocytoma(grade 1-4) neurocytoma
ganglioneuroma grade 1
gangliocytoma
ganglioglioma
neuroblastoma
spongioneuroblastoma  grade 2-4
glioneuroblastoma
medulloblastoma " medulloblastoma
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WHO @ E BT 7545 B (International Agency
for Research on Cancer: IARC) % 1997 4, ‘Pa-
thology and Genetics of Tumours of the Nerv-
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COFAETIHEE  MARARNC, MEEE
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EMERIEE, MMRMEE, N olkifhE
% BEREEEOTHICANLTEY, tany-
cytic ependymoma % chordoid glioma of the
3rd ventricle % & L\ IEESA%EIN & /225,
cysts and tumour —like lesions % pituitary ade-
noma, chordoma 7% EERE_FEEREEIEIR
ENTEY, TEEERMEITVERW,
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droglioma 2 i3 IFERM 9121 astrocy-
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Neuroblastomas of the adrenal gland

TUMOURS OF NEUROEPITHELIAL TISSUE

(148 £ TAEEED)
Astrocytic tumours
Diffuse astrocytoma
Fibrillary astrocytoma
Protoplasmic astrocytoma
Gemistocytic astrocytoma |
Anaplastic astrocytoma
Glioblastoma
Giant cell glioblastoma
Gliosarcoma
Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma

Mixed gliomas
Oligoastrocytoma
Anaplastic oligoastrocytoma

Ependymal tumours
Ependymoma

Cellular

Papillary

Clear cell

Tanycytic
Anaplastic ependymoma
Myxopapillary ependymoma
Subependymoma
Choroid plexus tumours
Choroid plexus papilloma
Choroid plexus carcinoma

Glial tumours of uncertain origin'
Astroblastoma '
Gliomatosis cerebri

Chordoid glioma of the 3rd ventricle

Neuronal and mixed neuronal-glial tumours

Gangliocytoma
Dysplastic gangliocytoma of cerebellum
(Lhermitte—Duclos)

Desmoplastic infantile astrocytoma/ganlioglioma

Dysembryoplastic neuroepithelial fumour
Ganglioglioma

Anaplastic ganglioglioma

Central neurocytoma

Cerebellar liponeurocytoma
Paraganglioma of the filum terminale

Neuroblastic tumours
Olfactory neuroblastoma
(Esthesioneuroblastoma)
Olfactory neuroepithelioma

and sympathetic nervous system

Pineal parenchymal tuniours
Pineocytoma '
Pineoblastoma

Pineal parenchymal tumour of
intermediate differentiation

Embryonal tumour's
Medulloepithelioma
Ependymoblastoma
Medulloblastoma
Desmoplastic medulloblastoma
Large cell medulloblastoma
Medullomyoblastoma
Melanotic medulloblastoma
Supratentrial primitive neuroectodermal
tumour (PNET)
Neuroblastoma
Ganglioneuroblastoma
Atypical teratoid/rhabdoid tumour

TUMOURS OF PERIPHERAL NERVES
(ChiemE)
Schwannoma
(neurilemmoma, Neurinoma)
Celluar
Plexiform
Melanotic

Neurofibroma
Plexiform

Perineurioma
Intraneural perineurioma
Soft tissue perineurioma

Malignant peripheral nerve sheath
tumour (MPNST)
Epithelioid ‘
MPNST with divergent mesenchymal
and/or epithelial differentiation
Melanofic
Melanotic psammomatous

TUMOURS OF THE MENINGES
(BE L)
Tumours of meningothelial cells
Meningioma
Meningothelial
Fibrous (fibroblastic)
Transitional (mixed)
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(F2o0T0%)
Psammomatous Primary melanocytic lesions
Angiomatous Diffuse melanocytosis
Microcystic Melanocytoma
Secretory Malignant melanoma-
Lymphoplasmacyte -rich Meningeal melanomatosis
Metaplastic Tumours of uncertain histogenesis
Clear cell Haemangioblastoma
Chordoid
Atypical LYMPHOMAS AND HAEMOPOIETIC
Rhabdoid P27 BTt RS )
Anaplastic Malignant lymphomas
Mesenchymal, non-meningothelial tumours Plasmacytoma
Lipoma Granulocytic sarcoma
Angiolipoma
Hibernoma GERM CELL TUMOURS
Liposarcoma (intracranial) (FHRsEE)
Solitary fibrous tumour Germinoma

Fibrosarcoma

Malignant fibrous histiocytoma
Leimyoma

Leiomyosarcoma
Rhabdomyoma
Rhabdomyosarcoma
Chondroma

Chondrosarcoma

Osteoma

Osteosarcoma
Osteochondroma
Haemangioma

Epitelioid haemangioendothelioma
Haemagiopericytoma
Angiosarcoma

Kaposi sarcoma

Embryonal carcinoma
Yolk sac tumour
Choriocarcinoma
Teratoma
Mature
Immature
Teratoma with malignant transformation
Mixed germ cell tumours

TUMOURS OF THE SELLAR REGION
(b JLIBRERER)
Craniopharyngioma

Admantinomatous

Papillary
Granular cell tumour

METASTATIC TUMOURS
(RIS 1EEA)
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Treatment of Primary Central Nervous System Lymphoma
by '
Takanori Ohnishi, M.D.
from
Department of Neurosurgery, Ehime University School of Medicine

Recent clinical studies for defining a standard treatment of primary central nervous system lymphomas (PCNSL)
have demonstrated that high-dose methotrexate (MTX) -based chemotherapy that precedes whole brain irradia-
tion is most effective for achieving longer survival rates for the patients. But the high—dose MTX chemotherapy
not infrequently induces delayed neurotoxicity, which produces progressive dementia, particularly in elderly
patients older than 60 years old. Furthermore, there are some MTX-resistant tumors and patients with severe
renal disfunction in whom high~dose MTX cannot be employed. To reduce severe neurctoxicity, PCNSL patients
were treated by chemotherapy alone with radiotherapy deferred as long as possible, but the prognostic outcome
was worse than that of the combination therapy of high—-dose MTX and radiation. In the future, determination of
the optimum dose of MTX, selection of additional effective chemotherapeutic agents and possible reduction of radia-
tion dose should all be solved in order to establish a standard treatment for PCNSL.

(Received September 8, 2005 ; accepted October 21, 2005)
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LB ERMEEE, BEEELSHZ T %, 2MBUHRE
- HET) S LTHoROD, ok ) I FHICHEEE
AR REREREY v (PCNSL) 3, &b T HArdbE T, FHEFHRIEZN 1 EXEETH-
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Table 1 Results of chemotherapy with NHL
regimens in PCNSL

_ Treatment MST (mo)
MACOP-B-+WBRT? 14
WBRT + VEPA® 25.5
CHOP+WBRT?" 9.6
CHOD +WBRT®? 16.1
Randomized trial?¥

- WBRT alone 26

WBRT + CHOP 14

WBRT+PCV regimen?” 41

NHL : non-Hodgkin’s lymphoma ; MST : median
survival time ; MACOP-B : methotrexate, doxorubicin,
cyclophosphamide, vincristine, predonisone, bleomycin ;
WBRT : whole brain radiotherapy ; VEPA ! vincristine,
doxorubicin, cyclophosphamide, prednisolone ; CHOP
(D) : cyclophosphamide, doxorubicin, vincristine,
prednisone (dexamethasone) ; PCV : procarbazine,
lomustine, vincristine

NTER, FRTR, FBEEOMIEZIT) L LB,
PCNSL i 0E#{L % BIg L - IBEOBRR L B{EIc-
DTz s,

AF04 RRIVEY

Zaandad B, PCNSL BE DR % Bk
ET D7 TR, BERADSRVSEEIBMETELD
menTHYH, LIELITBHNBEOENTLEAZN
TE/, Shaardad Pk 3REEFROS T X
HZALELT, Fhaandad Py v EliEo
HIEAZAFLESL, KB UGl (7K F—
VA) ANDYTFNEFERILDZIEBEZLNTY
5% k%, p53 DIEEHEEDR N AN —X DL
BHETR{, BCL-2 EHIC & hifgstdmfld ns,

adFazrFuf FhLVEVEBOBESICLD,
PCNSL BE DK 40% CHER L TH D, H2vidTe
BREEZRTY, Lrl, 200R0E L 3—BWT, &
Erpikts, BoE» S HH AMAKER 2 EZT. KITX
TuA4 FRALEDGEI, ZOHREICEIh Y o0
RRELIL, BELEEOHEADOBEEDEEZIT
ABOVEERICELF—2b 55,

BEDZERSE, AF0A4 FRLVEYOREIL
PCNSL OEEZWIGR O N3 T, BRI L LT#IT 3
NETH 5,

F i

PCNSL 0% i, S FHETH -7 D, RIKPEER, K
R EOMAEBICHELTH Y, BRRESTIRET
ISP, o BT o T, Fl
BHGETOFEEFHEIE 3~5 7 A TL PR »o),
REDSERBNOBETH, WAMHIRT L AHIZL
EFBRFRETFELoTw Y, kD, FiliE, M
ANVETFEERLE ) REARBEOBER KT, M
BBH D7D DERITHEEN & 55,

IR A

PCNSL i, BBHIZHIC I 2B IS X VFEORHE A
T TIERHYT S, AT —Y 1 0£BEERSF
V¥4, diffuse large cell 1239 2 AR BEHISE D 5 £4
FRILUBEZDOTRIFRIBERBETHHDICNL
T®), PCNSL ~ O HEHREHIARRIC BT % 5 F4EER I
Teote 4% L9 2 g T PCNSL Icxd %1%
EHR BTRIEHE O retrospective study 2BV Th, 50~60
Gy DERBETIC X 2 B2)ZIE 79% L HHIHIRIFCH 5
B3, SEFHERE (MST) 12 215 A HTH ok, %
[& ¢ Radiation Therapy Oncology Group (RTOG) 2 & %
prospective phase II study %, 40 Gy D2 I 20
Gy DJEFT boost 21T > 7=#5%, EZIFEIL 81% & RIF T
Hothd, MSTHR 122 WBTH-7%D, T, BEL
72D 83% D3, boost & 1T - W DFATEFET, K
HREEOHBREEHMCZED TR 2o M
NI NTz, O BSREHREOBKRITETY, 45Gy
Y EOHEHREOMANREFENRZERE T2 ICEES
Lot LEELTW3BY, B, PCNSL BIFMREIC
WU CBATIRSHC X 2IBBORAD T I /D8, BEE
RPNV IS REBE O ) PEEFIMEEER L CEFEFRO
FER AR TH - 7%, & 51T, PCNSL BEDHIRORE
R, TRTCOEHTERELE L Bbh s ERICHEN
WIBEBESL SN, -k AEHRLEE—RETH T
%, PCNSL 239 % iSHEIEEE & L T2l 40~45
Gy B4 U, BT boost 12T et & & SHIFEDIREEIRE
TH5,

le=at=vr
BT 3 & 9 ICBTE, KR MTX 13 PONSL iR

M fbBE L B2 o T0 328, T, £8%ET
U URICER R R L REN L SR LERE TS
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% CHOP (cyclophosphamide, doxorubicin, vincristine,
prednisone) %3 PCNSL 23BN TR BN 277D TH
3.

INETOLHIERE 2 MEKRERY) T, CHOP 4 2
a— 2%, 2WEE (504 Gy) 21T 7:45%, CHOP i

W 2EREIZ 63% TH o7, MST 1327296

T& o7z (Table 1), FERRLFERD RTOG £ HERR prospec-
tive study CHES N7, 2 2 Tix CHOD (prednisone
Db hic dexamethasone % ) D, RMiMEES %
INTd, MST k161 2B, 2 EEFERIZ 2% TH-
7o, 7z, BOGSRERIAE & CHOP %, B 21T -
F IR L OIEMEARETIE, BEHREMEED MST 25 26
A B, 3EEEFEK 9% THoDIcxL, CHOP+ S
BIBEBOMSTIZR144 B, 3FEEBFELB%TH -
f:zu_

BIR: ST CHOP % & TNz CHOP I ¥9° 3 fhoo fE¥ERy

{espiys ¢, PCNSL IWERIMEZ RT 2 ET vy AR o
Ty, ZOBRRKOEELE LT, WTNOEAHSER
ORIMAEEIFY (BBB) 2 BB LB I L28IT o3,
Bk 5" F — L FERE, PCNSL T4 EEREABEOER
BBt BERENA SN, ZOFRE TS
DEFDBZE L &2Vv>, L72hSo T, PCNSL i ¥ 51k
BWHREOESMEORO—I, TF% BBB E@MEHOE
Ricdhz, L»L,BBBZEEBELZZ=tnYyyL7%
H S, CHOP Kk, PCNSL ot L CHEMMRIRE L
Twh, 727, ZodT, MBbEEE L L CORER
&%z PCV (procarbazine, lomustine, vincristine) &k
%47 7 Chamberlain & DIE" T, MST 2341 HH &
HEBHRIFRBERE2R L TV 5, Procarbazine (PCB)
1Z thiotepa % cytarabine (Ara-C) & [FH#k, U v 3 EHIAE
et U CcifaEE o b 2 ERITh D, {LEREEMED
b ) —o0EE, VY EHICN L TRVWERERSE
THEADGTPICH B,

KB MTX (HD-MTX) B%

MTX i3, A8k BBB 2BEL 205, 1g/m?
o XKFEAETIXIER BBB 2 & BHET, & 5IcHi
BERDY v EHECRSEO 2 EAITH B,

DeAngelis 5913, 31 9> PCNSL B LT, 1g/
m??D MTX & MTX OBERKRE & £RBSENIC T,
BEHRRIARSE T, KB Ara-C Bg/m?) WEx 2 a—
AfFSE AR To7-. ZOHKE, MTX XT3
EREIL 64% T, 27T BHVRIER T HRAELBREETL,
MST i3 425 H BChotk, BH7+0—Tl, 5F4%
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FEHN 223% T, 55%DHHERL 08, 5 E FER
DT NEZ 0L, BREASNEP -7, FEEE
R, RMEFEMICRET 2 BREAEMETH - 7.
RIZ60 BU LOBERMECRELR T, EFEoES
LIEREL &L, BHEU B2 NNFEETREL .

COMEDBORE MTX BHEOBNE2ERT 54
% DE2MABRDSMR F 74 7 AV 5 h 0
% (Table2) & & b IZ, retrospective i & K& MTX %
EURBICET 3 review 37 X 172291229 (Taple 3) |
Z DFER, PCNSL xt LT, KB MTX 3ME—H3hk 3K
HITHbh, ZOROBEER L OHFRABENRE, &
BEFICBOWTRLENBEREERTILBHL»
Lo, :

—7, RERETIER, BEECHBENEEE (15~
30%) CrkEENE (BERME) DRET 2EIER LIS
Ehs: (Fig. 1), RICERECTRZOHEENE, K&
REERRTELE RO,

B REEERDT

PCNSL BRI T2 KE MTX BRI % MR L &
236 TRKE MTX B+ EHRIAHE) IR\ 3 migEs
AT 20, ot ARIIRGSRBH2TbR
W, ¥IES T L TH o7, Freiich 594,
BMESRZTLT, KEMTX 2X—2 & L {LEEED
A&, ERIEHT02%, MST 43305 A H &) g
2B, Z20FT, B3FHDIL 1HAOAIMIX L3
EROLNIPMBEER S L, —A, 8g/miiwnd &
POTCKEBEEOMIXDAZ BWwi2EHLERHAR
(NABTT 96-07) #372d s, TLBME 2% %2 S50E
BERIT 74% T, BRI COLEEMTREZ 128 1 A,
MST ik 23 AV IR L B onndo kY, ARk
REE (8 g/m?) » MTX BEIRIAHE S prospective multicen-
ter trial (NOA-03) & LThR&NiD, HENELDT
ARDID (SERRBRIBT-079 29.7% T, 37.8% D518
RKERLE), BHIARRIZKT TS Lhor',
INLDEMRFRT, MEFEERASATUARLILE
EEFE L 5 323, 7L AKABDOMIX ZAVTHZD
BMRICIIBAEMH B Z LHWRI NI,

McAllister %231, 74 5l PCNSL Bz 3 L T cyclo-
phosphamide D& H K54, < v = —/IZ X % BBB
7 opening 2 1Tv>, MTX (25g) DEIRAKE & PCB,
dexamethasone D &EBERTI v SR ba—Lz
B 1, 1Rk L <iTo 7 RBiE (BERiaRE
BRERICHTLAEV) 2BE L, TLBEGLEET
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Table 2 Phase Il trials and a multicenter trial of high~dose MTX-based chemotherapy and
radiotherapy in PCNSL :

Studies Treatment MST (mo) RR DNT
DeAngelis (1992)'® HD-MTX (1g/m? +WBRT+HD-Ara-C 42.5 64% 9.7%
Glass (1994) HD-MTX (3.5 g/m?) +WBRT 33 88% 8%
Hiraga (1999)® HD-MTX (100 mg/kg) +WBRT 39.3 79%  17%
Abrey (2000)Y HD-MTX (3.5 g/m?) +PCB+ VCR-+WBRT +HD-Ara-C 60 90%  25%
DeAngelis (2002)'  HD-MTX (2.5 g/m?) +PCB+VCR+WBRT+HD~Ara-C 37 94% 15%

(RTOG 93-10) *

MST ; median survival time, RR ; response rate, DNT ; delayed neurotoxicity, HD-MTX; high-dose
methotrexate, WBRT ; whole brain radiotherapy, PCB ; procarbazine, Ara-C; cytarabine, VCR ; vincristine
* A multicenter trial of the Radiation Therapy Oncology Group

Table 3 Retrospective reviews of the treatment of PCNSL: Independent
prognostic factors for longer survival

Reference No. of patients Prognostic factor
Reni, et al*” 1,180 Age: =60 yrs, WBRT: >40 Gy
(Ann Oncol, 1997) HD-MTX, it-CHT
Blay, et al® 226 HD-MTX-based CHT
(J Clin Oncol, 1998)
Bataille, et al” 248 Age: <60 yrs, WBRT,
(J Neurosurg, 2000) CHT with HD-MTX and ATC
Ferreri, et al’? 370 CHT+RT>RT alone,
(Neurology, 2002) HD-MTX, HD-MTX+HD-Ara-C

WBRT ; whole brain radiotherpy, HD-MTX ; high-dose methotrexate,
it~CHT ; intrathecal chemotherapy, ATC; anthracycline, RT ; radiotherapy

Fig.1 MRI and CT showing the progress after treatment with high-dose MTX and whole brain
radiotherapy (40 Gy). Gd-enhanced MRI before the treatment (A), Gd-enhanced MRI at a
month after the treatment (B), enhanced-CT scans (2 pictures on the left) showing complete
remission of the tumor and ventricular dilatation, and T2~weighted MRI (right) demonstrating
periventricular white matter hyperintensity consistent with leukoencephalopathy at 3.5 years
after the treatment (C). The patient became demented about 3 years after the PCNSL treatment.
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Fig. 2 Time course of CSF concentration of MTX in 8 PCNSL
patients who received rapid intravenous infusion of
high~dose MTX of 3.5 g/m?(6 solid lines) or 2.5 g/m?(2
dashed lines). One M of MTX is the minimum dose
for the cytotoxic effect.

(Y

20

18

o 7
10 /
. /

Concentration of MTX in CSF

IuM

0 6h 9h
Time after infusion of HD-MTX

before HD-MTX after 1st course after 3rd course

Fig.3 Gd-enhanced MRI of the patient before and after receiving a dose of 2.5 g/m?
MTX. The CSF concentration of MTX in this patient is shown in Fig. 2 (dashed
line with* ). The tumor completely disappeared after the third course of high~

dose MTX chemotherapy.

ZANHIZ 84%C, MST i3 40.7 A B, HEHIAEEZEL
7o BE 2T 21 4 (28%) TH o7z, 7272, BBB open-
ing DFFIFEM T, IFXELAEANIRINZS D
&, Fh, BEHMS1ELERICRL L, BHEED
HRFEEOREIC OV TERAHET, BREMIXICL3
HEREHRED Y A7 BEWI LR EOERL»S, KA
PRI —RRICIXIE F > Tz,

PCNSL jBEICTDSEDERE

AF T3, BHAPCNSLIcRT2BEL LT, TRE
MTX (3.5g/m?, mEEHE) (L2EE3 3 —AKTH,
SRR ERIEE (30~40 Gy) ; DE¥ETH D, KE MTX
BEDEAMNE, FiliERIIR, RIEFEEOMER

YY) —EEMLCAB L, UTD 4 EICENTES,
ORIfEA & L TIFEEDMIRZELND 5. QEFRDOM
i3S N HMEIE MST & 30~40 4 B, 5 E4FEI
#930% &, MR DX VIR LR, BEEBRTR
TH5, OMTX KERELZRERVIEFE 0% RED
5, QBBEEOBREICIFERTELRY,
MEAQINLTIE, MIX DEE2 T3 L, £
A DORESHMRE T R, H 5 VI3EHRE CRERES
RIEHAT 2 2 DT 5N D MTX Z Db DL A EMIE
R B EEREITH Y, MERBHOBFERIIIPDL
THREEL2TT., chEchhbilid MTX 558D
BET R O MTX BEE 2 HIE L TE7. 35g/m?D 3 R
SHEIRNR S W, REREE L LAY, REFRHR
% 6 R CRmNIEER Y — 72 R L7 (Fig.2)., —
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5, 25g/mDBETYH, MTX DIBEEMNBEED 1uM
% FE-TED, BELREEEET L (Fig.3). Fer-
reri & ) PCNSL B 370 fl 0 SRR OHERY T b,
MTX R LB RIZBEL Tid 1~29g/m? & 3 g/m?I)
FOBEERIcERRE I o EBEL TS, 5,
MTX OEMfEAZ@BE T 270 d MTX O2EHED
REAMBBETH B,

MREAQ, @A LTI, MTX i ft 3% (IE% BBB
ZEELZ, VroEMEEEeEObD) AT

&, HiCD20 £/ 7 u—FI\iBPEEV VF OB

ABEZLNBYY, 2BNOERIF Y vV EI
EREDER U 7= D2, doxorubicin il 2 EEDFIEA
EHRALTHAVED»STH S, Omuro 5293, HEKIK
B MTX (1g/m?) i BBB #&EHED H 5 thiotepa (30 mg/
m?) & PCB (75mg/m?) BT3B LickY, &
FANE (82%) & 12 LD EERD 12% £, AR MTX
(35g/m®) BAERTIHE¥H B LEREL T
%, ¥7, Ferreri 591, K& MTX I K& Ara-C % fif
Bl LhEFSRVEVWI E2REL T3S,
S5, TS DEMOMAICOVTHRNISLETH 2,

@izX L T, PCV#EE® S temozolomide D
DBHIfE I NS, PCVEBERIC O WTI, BEREBEHE O
BIET R, BRI MEITHI T D second-line YRS & L
THENRBEFLRIEHRENTE D, MTX RETEL
WEFICIRSEERATh L LRy, £k, BHRES
TRAEALTREBERICIZ 2 WD, temozolomide @
PCNSL TOEAMEIRE S L TE Y, MTX L D4
PlAbic MTX fERAAI OB IR IRTE LR L2 B0
b Ltk

HHDOIC

PCNSL o BEYEJA R & LT, BEATIE AR MTX
(3.5 ¢/m?) {LEREOR, SMBEHBRE (30~40 Gy)
BITbh T3, Lal, 2OHRIEL+DTEIIVE
T, BeRMEEREE, MTX it BEREEZICNT S
BERbVLAADOZE, AFEICET T 2REBOF T
MTX B0 KB ED, A7 a4 FIBEIIT T8 &
Vo RS CERET 2MED %\, BH I PCNSL
BEDAMMBALSNE DD, KR, —HRY:LDOE
ERIEMBORETHY, FRBORBRZKELZH
ST L, FERBMABBEERELL Tn T, £
REBWTHSHBROLATRIBE LB OIS, SHED
BROBEICET 22852, B, YRR
MTX OBRE% 25g/m?L L, fFAZEH & L T thiotepa 8

LU PCB #fH\s 3 A B MTX SR LR ED B
ﬁc;EéTéﬁﬁﬁiﬁ%%ﬁﬁéLﬂxa.
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Up-Regulation of Angiopoietin-2, Matrix
Metalloprotease-2, Membrane Type 1
Metalloprotease, and Laminin 5 y 2 Correlates with
the Invasiveness of Human Glioma

Ping Guo,” Yorihisa Imanishi,”

Frank C. Cackowski,” Michael J. Jarzynka,”
Huo-Quan Tao,* Ryo Nishikawa,”

Takanori Hirose,* Bo Hu,¥ and Shi-Yuan Cheng*

From the Departments of Pathalogy* and Medicine,’ University
of Piusburgh Cancer Institute, Pitisburgh, Pennsylvania; and the
Departments of Neurosurgery’ and Pathology, Saitama Medical
School, Saitama, japézn

Diffuse infiltration of malignant human glioma cells
into surrounding brain structures occurs through the
activation of multigenic programs. We recently
showed that angiopoietin-2 (Ang2) induces glioma
invasion through the activation of matrix metallopro-
tease-2 (MMP-2). Here, we report that up-regulation of
Ang2, MMP-2, membrane type 1-MMP (MT1-MMP),
and laminin 5 y 2 (LN 5 + 2) in tumor cells correlates
with glioma invasion. Analyses of 57 clinical human
glioma biopsies of World Health Organization grade I
to IV tumors displaying a distinct invasive edge and 39
glioma specimens that only contain the central region
of the tumor showed that Ang2, MMP-2, MT1-MMP,
and LN 5 vy 2 were co-overexpressed in invasive areas
but not in the central regions of the glioma tissues.
Statistical analyses revealed a significant link between
the preferential expression of these molecules and
invasiveness. Protein analyses of microdissected pri-
mary glioma tissue showed up-regulation and activa-
tion of MT1-MMP and LN 5 y 2 at the invasive edge of
the tumors, supporting this observation. Concor-
dantly, in human US87MG glioma xenografts engi-
neered to express Ang2, increased expression of MT1-
MMP and LN 5 y 2, along with MMP-2 up-regulation,
in actively invading glioma cells was also evident. In
cell culture, stimmulation of glioma cells by overex-
pressing Ang2 or exposure to exogenous Ang2 pro-
moted the expression and activation of MMP-2, MT1-
MMP, and LN 5 ¥y 2. These results suggest that up-
regulation of Ang2, MMP-2, MT1-MMP,and LN 5 y 2 is

associated with the invasiveness displayed by human
gliomas and that induction of these molecules by
Ang2 may be essential for glioma invasion. (4m J
Patbol 2005, 166:877-890)

A hallmark of highly malignant human gliomas is their
rapid invasive growth into surrounding brain paren-
chyma. The infiltration by glioma cells throughout the
brain renders these tumors incurable even by the com-
bined approaches of surgery, radiotherapy, chemother-
apy, and immunotherapy.’ Studies from both in vitro
and in vivo tumor model systems have suggested a link
between increased expression and activation of several
matrix metalloproteases (MMPs)} such as MMP-2 and
membrane type 1 (MT1)}-MMP and malignant glioma in-
vasiveness.* These MMPs produced by tumor, endothe-
lial, and/or stromal cells degrade extracellular matrix at
the invasive fronts of the glioma cells, thus removing the
extracellular matrix barrier allowing subsequent tumor
cell migration into newly created, more permissive
spaces in the adjacent brain structures.>® Additionally,
increased expression and activation of laminin (LN) 5 y 2,
a basement membrane protein, has been linked to the
invasiveness of malignant human cancers such as
breast, lung, pancreatic, colon, esophageal, and cervical
cancers.” Accumulating evidence demonstrates that in-
teraction between MMP-2 and MT1-MMP leads to the
activation of MMP-2° and interactions between MMP-2,
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MT1-MMP, and LN 5 v 2 results in the activation of LN 5
v 28° However, the involvement and mechanisms of
these proteins in the initiation and maintenance of human
glioma cell invasion are not well understood.
Angiopoietin-2 (Ang2) is an angiogenic factor that

plays critical roles in angiogenesis and tumor progres-.

sion. During angiogenesis, Ang2 antagonizes Ang1 ac-
tivity by competitively inhibiting the binding of Ang1 to
their cognate endothelial receptor, Tie2, causing
destablization of the vasculature. Ang2 also acts in con-
cert with vascular endothelial growth factor to regulate
vessel growth.'® In human cancers, increased expres-
sion of Ang2 in tumor cells is closely correlated to the
progression, invasiveness, and metastases of lung, gas-
tric, colon, and breast cancers.''™'® Stable overexpres-
sion of Ang2 by human tumor cells promotes tumor
"growth, angiogenesis, and metastases in animals.'®®
We recently have shown that Ang2 induces human gli-
oma cell invasion through the activation of MMP-2 both in
vivo and in vitro. Up-regulated expression of Ang2 and
MMP-2 were found in the invasive regions of primary
human glioma specimens and in intracranial xenografts
of UB7MG glioma cells that stably overexpress Ang2."’
Here, we report that co-expression of Ang2, MT1-MMP,
and LN 5 y 2 were found in the invasive areas, but not in
the central regions of primary human glioma specimens.
Furthermore, Ang2 induces the expression of MT1-MMP
and LN 5 v 2 in invasive glioma xenografts formed by
human U87MG Ang2-expressing glioma cells in the mu-
rine brain and in cell culture. These data strongly suggest
that Ang2 induces glioma cell invasion through the stim-
ulation of MMP-2, MT-1 MMP, and LN & vy 2 in Tie2-
deficient glioma cells.

Materials and Methods

Cell Lines and Reagents

Human U87MG glioma cells were obtained from Ameri-
can Type Culture Collection (Rockville, MD) and their
culture was previously described.’® Fetal bovine serum
was from HyClone Inc., Salt Lake City, UT. The following
reagents were used in this study: anti-Myc-tag antibody
(1 wg/mi) from Medical & Biological Laboratories, Ltd.,
Nagoya, Japan; anti-Ang2 (C-19, 1:50) and anti-LN 5 y 2
antibodies (C-20, 1:100 or 1 pg/ml) from Santa Cruz
Biotechnology, Inc., Santa Cruz, CA; anti-mouse CD31
antibody (MEC 13.3, 1:1000) from BD PharMingen, San
Diego, CA; anti-MMP-2 (AB809, 1:100), anti-MT1-MMP
antibodies (AB8012, 1:500; ABB05, 1:500; and AB815, 1
pg/mb), anti-TIMP-2 antibody (mAb 3310, 1:200) from
Chemicon Int., Temecula, CA; anti-MMP-Q antibody (1:
1000) from CalBiochem., San Diego, CA; recombinant
human Ang2 protein (623-AN-028), anti-Ang2 antibody
(AF623, 1:200) from R&D Systems, Minneapolis, MN; and
anti-von Willebrand factor (vWF) antibody (1:1000) from
DAKO, Carpinteria, CA. The secondary and tertiary anti-
bodies were from Vector Laboratories (Burlingame, CA)
or Jackson ImmunoResearch Laboratories (West Grove,
PA). A DAB elite kit was from DAKO, Agua block was

from East Coast Biclogics, Inc. (North Berwick, ME). Cell
culture-media and other reagents were from Invitrogen/
BRL, Grand Island, New York; Sigma Chemicals, St.
Louis, MO; or Fisher Scientific, Hanover Park, IL.

Immunohistochemical (IHC) Analyses of Primary
Human Glioma Specimens

Of the 96 human glioma specimens investigated (Table 1
and data not shown), there were 8 pilocytic astrocytomas
(PA) [World Health Organization (WHO) grade 1], 8 diffuse
astrocytomas (DA) (WHO grade 1), 3 oligoastrocytomas
(OA) (WHO grade 1), 7 oligodendrogliomas (OD) (WHO
grade 1), 10 anaplastic astrocytomas (AA) (WHO grade IlI),
6 anaplastic oligodendrogliomas (AOD) (WHO grade IlI}, 3
anaplastic oligoastrocytomas (AOA) (WHO grade lll), and
51 glioblastoma multiforme (GBM) (WHO grade V). Among
these grade | to IV glioma specimens, 57 samples display
an invasive edge and 39 samples contain only the central
area of the tumors identified by hematoxylin and eosin
(H&E) staining. In addition, four normal human brain spec-
imens were also included as normal controls. All of the
tumor samples were surgical specimens obtained during
the last 7 years at the Department of Neurosurgery, Saitama
Medical School, Saitama, Japan. The normal brain samples
were from the cerebral hemisphere or cortex of the brain
and obtained through autopsies from patients who did not
have any brain lesions. The specimens were fixed in 10%
formaldehyde and embedded in paraffin. The WHO glioma
grade and the presence of invasive areas in the primary
glioma biopsies were verified using H&E-stained tissue sec-
tions by Dr. Takanori Hirose, a neuropathologist at the De-
partment of Pathology, Saitama Medical School, Saitama,
Japan. The diagnosis of the WHO tumor grade and inva-
siveness was further confirmed by Dr. Ronald Hamilton, a
neuropathologist at the Department of Pathology, University
of Pittsburgh, Pittsburgh, PA. The 5-um sections were
deparaffinized in prewarmed xylene (55°C) for § minutes
followed by dehydration. After washing with Tris-buffered
saline, the antigen was retrieved by boiling the sections in a
citrate buffer (pH 6.0} twice for 5 minutes. The IHC analyses
using diaminobenzidine as a chromogen were performed
using anti-Ang2 (C-19), anti-MMP-2 (AB809), anti-MT1-
MMP (ABB012), anti-LN 5 y 2 (C-20), and anti-vWF antibod-
ies as previously described.”” Quantitative analyses of
blood vessel densities were performed on serial-cut human
glioma specimens that were stained with the anti-vWF anti-
body as previously described.'®

Statistical Analyses

A ¥? test for trend was performed to examine the asso-
ciation between positive staining for Ang2, MMP-2, MT1-
MMP, and LN 5 y 2 and each area of the glioma speci-
mens (center area, border area, and invasive area) using
the StatView Version 5.0 software (SAS Institute Inc.,
Cary, NC). A two-sided P value was calculated on the
basis of the x? test. P values less than 0.05 were consid-
ered significant.
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Table 1. Immunohistochemical Staining for Ang2, MMP-2, MT1-MMP, and LN5vy2

Histology Ang2 MMP-2 MT1-MMP LN5y2
(WHO

Case grade) Center Border Invasion Center Border Invasion Center Border Invasion Center Border Invasion
J140* Normal + - - -

J141*  Normal + - - -

J142* Normal 1+ - - -

J143* Normal * -~ - -

J39  PA () + 2+ 1+ 2+ 2+ 2+ - 1+ 1+ 1+ 2+ 1+
Jaor  P.A. (1) o+ 2+ 2+ * 1+ 1+ - 14 + - 2+ 2+
Jaz PA () - 2+ 1+ - 1+ 1+ - 14 1+ - 1+ 1+
Ja3  PA () 1+ 2+ 1+ 2+ 2+ 2+ - 1+ 1+ . 1+ 2+ 2+
J49 P.A. () - 14+ + + 3+ 3+ - - - — 1+ +
J51 PA. () + 14 2+ + 1+ 2+ - 1+ 1+ - 14 +
J182  P.A. (1) - + + 1+ 2+ 2+ 1+ 2+ 2+ 1+ 2+ 1+
J13 DA - 3+ 1+ - 3+ 2+ - 3+ 2+ - 3+ 1+
J63 D.A.(I) 1+ 1+ 2+ - 1+ 14 1+ 2+ 2+ — 1+ 1+
J173 DA () 1+ 2+ 1+ + 2+ 2+ 1+ 2+ 1+ 2+ 3+ 2+
J178  O.A. (I) 1+ 2+ 1+ + 2+ 1+ 1+ 2+ 1+ 2+ 3+ 2+
Jig  0.D. (Ip 1+ 2+ 2+ * 2+ 1+ + 1+ 1+ * + *
Jag  O.D. () 1+ 1+ 1+ + 1+ 2+ + 1+ 1+ - 1+ 1+
Jig1  0O.D. (1) + 1+ 1+ 1+ 2+ 1+ 1 1+ 1+ 1+ 2+ 2+
J10 AA () 1+ 3+ 2+ - 1+ 1+ + 2+ 2+ 1+ 3+ 2+
J11 AA. (1) 1+ 2+ 2+ - 1+ 1+ - - - 2+ 2+ 2+
J47 AA. (1) 2+ 2+ 2+ 1+ 1+ 1+ 1+ 1+ 1+ - - +
J60  AA. (1) 2+ 2+ 2+ - * * * + 1+ - 1+ 1+
Je2  AA. () 1+ 2+ 2+ 1+ 1+ 2+ + 1+ 2+ 1+ 2+ 2+
Ji65  AA. (i) 1+ 2+ 2+ 1+ 2+ 2+ 1+ 2+ 1+ 1+ 2+ 1+
J16 AQOD. (I 1+ 2+ 2+ 1+ 2+ 1+ - + - 1+ 2+ 1+
J17 A.O.D. (Ih) 2+ 3+ 3+ 1+ 2+ 1+ * 1+ 1+ 1+ 2+ 2+
Jo5 A.0.D. (lih 1+ 2+ 2+ * 1+ 3+ + 1+ 1+ 2+ 2+ 2+
Jg6  AOD. () 1+ 2+ 2+ + 1+ 2+ - 1+ + + 3+ 3+
J18 AOA. () 2+ 2+ 2+ - + * * 1+ - 2+ 2+ 3+
J97  AOQA. (1) 1+ 3+ 3+ - 1+ 1+ + 1+ 1+ 1+ 2+ 2+
J1 GBM (V) - 2+ 2+ - 3+ 2+ - 3+ 2+ - 3+ 2+
J2 GBM (1V) 1+ 2+ 2+ 2+ 2+ 2+ 1+ 2+ 2+ 2+ 2+ 3+
J3 GBM (IV) 2+ 3+ 3+ - 1+ 2+ * 2+ 2+ 1+ 2+ 2+
Js5 GBM (IV) 14 2+ 2+ 1+ 1+ 1+ - * * 2+ 2+ 2+
J6 GBM (IV) 2+ 3+ 2+ 2+ 2+ 2+ * 1+ 2+ 2+ 1+ 2+
J7 GBM (IV) + 2+ o+ 1+ o+ 2+ 1+ 1+ o+ 14 2+ 2+
J58  GBM (IV) 1+ 2+ 2+ + 2+ 2+ * 2+ 1+ - 2+ 2+
J64  GBM (IV) + 2+ * - 1+ 1+ = 1+ - + 2+ 1+
Jee  GBM (V) 1+ 2+ 2+ 2+ 2+ 2+ - 1+ 1+ 1+ 1+ 2+
J68  GBM (1V) 1+ 2+ 2+ 2+ 24 2+ * 1+ 1+ 1+ 2+ 2+
J71 GBM (1V) 2+ 3+ 3+ * 2+ 2+ - 1+ 1+ * + 1+
J72  GBM (V) + 2+ 2+ 1+ 2+ 1+ - 1+ 1+ 1+ 1+ 1+
J78  GBM (Iv) 2+ 2+ 3+ 1+ 2+ 1+ - 1+ 1+ - 1+ 1+
J79  GBM (Iv) 2+ 3+ 3+ - - - - 1+ 1+ 1+ 2+ 2+
Jso  GBM (Iv) 1+ 2+ 2+ * 2+ 1+ - + + 1+ 2+ 2+
J81 GBM (IV) 1+ 3+ 3+ 1+ 2+ 2+ - 1+ 1+ 1+ 2+ 2+
Jg2  GBM (V) 2+ 3+ 3+ * 2+ 1+ - 1+ 1+ = 1+ 1+
J83  GBM (V) + 2+ 2+ + 1+ 2+ - 1+ 1+ 2+ 2+ 2+
J8s  GBM (V) 2+ 3+ 2+ - 1+ 1+ 1+ 1+ 2+ 1+ 2+ 1+
J8e6 GBM (1V) 2+ 3+ 3+ 1+ 2+ 2+ + 1+ 1+ 1+ 2+ 1+
J87  GBM (Iv) 1+ 1+ 2+ + 2+ 1+ 1+ 2+ 2+ 2+ 2+ +
J89  GBM (Iv) 1+ 2+ 1+ 1+ 2+ 2+ 14 2+ 2+ * 1+ 1+
J94  GBM (Iv) 1+ 2+ 2+ 1+ 2+ 2+ — 1+ 1+ + 2+ 2+
J9g  GBM (IV) 1+ 2+ 2+ 1+ 1+ 2+ 1+ 1+ 2+ 1+ 1+ 1+
J151  GBM (IV) 2+ 2+ 2+ - 2+ 2+ - 1+ 1+ 1+ 2+ 2+
J152  GBM (1V) 1+ 2+ 2+ 1+ 2+ 1+ 1+ 2+ 2+ 1+ 2+ 2+
J153  GBM (V) 1+ 3+ 2+ + 2+ 1+ - 1+ 1+ 2+ 3+ 3+
J154  GBM (IV) 1+ 2+ 2+ 1+ 3+ 2+ 1+ 2+ 2+ 1+ 2+ 2+
J155  GBM (V) 1+ 2+ 2+ 1+ 2+ 1+ + 2+ 2+ * 2+ 1+
J156  GBM (V) 2+ 3+ 3+ 2+ 2+ 3+ 1+ 2+ 2+ 1+ 2+ 2+
J164  GBM (V) 1+ 2+ 2+ 1+ 3+ 2+ + 1+ 1+ * 2+ 1+

*Contains neurofibroma 1.

#Scores of normal brain were indicated in the columns of “Center” for convenience.

P.A., pilocytic astrocytoma; D.A., diffuse astrocytoma; O.A., oligoastrocytoma; O.D., oligodendroglioma; A.A., anaplastic astrocytoma; A.0.D.,
anaplastic oligodendroglioma; A.O.A., anaplastic oligoastocytoma; GBM, glioblastoma muitiforme.
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Microdissection of Paraffin-Embedded Tissue
Sections of Human Glioma Specimens

Microdissection of paraffin-embedded primary human
glioma tissues was performed as previously described.?°
Briefly, paraffin-embedded glioma specimens were sec-
tioned separately at 5 um and 50 pm thickness and
mounted onto plain glass slides. To identify the center,
border, and invasion regions within the glioma specimen,
5-um-thick sections were stained by H&E. Three 50-um-
thick sister sections of each sample were then deparaf-
finized in xylenes, rehydrated in graded ethanol, immersed
in distilled water, and air-dried. To exclusively collect cen-
ter-tumor or border-tumor tissues, the targeted areas were
cut microscopically under an Olympus SZ-STS stereomicro-
scope (Melville, NY) with a fine needle referring to the mi-
croscopic observation of the morphology of serial H&E-
stained sections.

Extraction and Western Blot Analyses of
Proteins from Microdissected Human Primary
Glioma Tissues

Protein extraction from microdissected formalin-fixed,
paraffin-embedded tissues was performed following pro-
tocols that were previously described.?! Briefly, the col-
lected tumor tissues were suspended in lysis buffer con-
taining 25 mmol/L sodium phosphate buffer (pH 7.6), 150
mmol/L sodium chioride, 1% Triton X-100, 2% sodium
dodecy! sulfate, 12 mmoi/L sodium deoxycholate, 0.2%
sodium azide, 0.95 mmol/L fluoride, 2 mmol/L phenyi-
methyl sulfonyl fluoride, 50 mg/ml aprotinin, and 50
mmol/L leupeptin and incubated at 100°C for 20 minutes
followed by incubation at 60°C for 2 hours. After incuba-
tion, the tissue lysates were centrifuged at 15,000 X g for
20 minutes at 4°C, and the supernatants containing ex-
tracted proteins were collected. The protein extracts
were then subjected to Western blot analyses using a
sensitive protocol.?? Briefly, 10 ng of total proteins were
separated by NUPAGE 4 to 12% Bis-Tris polyacrylamide
gels (Invitrogen) and transferred to Immobilon-P transfer
membranes (pore size 0.45 um; Millipore, Bedford, MA)
according to the manufacturer’'s standard procedure.
The membrane was blocked and separately probed with
anti-MT1-MMP (AB8012, Chemicon), anti-LN 5 y 2 (C-20,
Santa Cruz Biotechnology), and anti-g-actin (Sigma) an-
tibodies. Antibody detection was accomplished with Su-
perSignal West Femto maximum sensitivity substrate
(Pierce).

Generation of U87MG Cell Lines That Stably
Express Ang2 or LacZ

Transfected UB7MG cell clones that stably express Ang2
were generated by transfecting UB7MG cells with a cDNA
for Ang2 in the pSecTagB/Myc-His(+) expression vector
(Invitrogen, San Diego, CA). The clones that expressed
exogenous biologically active Ang2 or LacZ were ex-
panded and characierized as previously described.”:'®

Tumorigenicity, Glioma Invasion, Mouse Brain
Tissue Processing, and IHC

UB7MG LacZ- or UB7MG AngZ2-expressing cell clones
(5 x 10%) were stereotactically implanted into individual
nude mouse brains with five mice per group. When mice
developed neurological symptoms because of distur-
bance of their central nervous system, mice were sacri-
ficed and their brains were removed, processed, and
analyzed by IHC as previously described.'” '8

Quantification Analyses of IHC Data

To quantify microvascular density or the degree of stain-
ing by antibodies (for mouse xenograft tissues), five to
seven serial-cut sections were stained with the anti-
CD31, anti-vWF, anti-Ang2, anti-MMP-2, anti-MT1-MMP,
or anti-LN 5 y 2 antibodies. The stained images (10 or
more random areas per section) were captured using an
Olympus BX51 microscope equipped with a digital cam-
era, imported into the Image Pro Plus program (Version
4.1, Media Cybernetics, Silver Spring, MD) and analyzed.
The mean values of microvessel density or relative inten-
sity of antibody staining from serial brain sections (five or
more individual mice per group) in each group were
used. Microvessel density was expressed as the ratio of
positively stained areas to the total area of the image
(object areas/mm?).*® The degree of antibody staining in
UB7MG/Ang2 gliomas was shown as fold of increase to
that in UB7MG/LacZ tumors.'”

To quantity the intensities of IHC staining on primary
human glioma specimens using anti-Ang2, anti-MMP-2,
anti-MT1-MMP, and anti-LN 5 v 2 antibodies, two expe-
rienced researchers (P.G. and Y.l.) independently exam-
ined all of the aforementioned sections stained with the
four antibodies under X200 and X400 magpnification. In
each stained section, 5 to 10 identified areas (center
area, border area, and invasive area) in each type were
examined. The intensities of IHC staining with each anti-
body were defined as no stain (—), weakest (x), low
(1+), medium (2+), and strong (3+) stains. The immu-
noactivities of each antibody on the paraffin-embedded
sections were different. The anti-Ang2 and anti-MMP-2
antibodies produced excellent staining without nonspe-
cific background staining. The anti-MT1-MMP had the
weakest activity whereas the anti-LN 5 y 2 antibody had
nonspecific staining in some tissue areas. These varia-
tions were considered during the scoring. Greater than
95% of the scoring by the two examiners determined in a
double-blinded manner was comparable. Discrepancies
between the scores were resolved by re-examining the
stained sections side-by-side followed by consultation
between the examiners.

Western Blot and Zymography Analyses

Western blot and zymography analyses were performed
as previously reported.’ Briefly, six-well plates were
coated with or without 10 ug/mt of recombinant Ang2 or
bovine serum albumin in phosphate-buffered saline



(PBS) at 4°C overnight, washed three times with PBS, and
then dried. UB7MG cells or UB7MG Ang2-expressing
cells were seeded onto the plates and incubated in Dul-
becco’s modified Eagle's medium with 10% heat-inacti-
vated cosmic calf serum for 4 hours at 37°C. The medium
was then replaced by serum-free Dulbecco’s modified
Eagle's medium, and the cells were maintained in the
medium for 24 hours at 37°C. Whole cell lysates contain-
ing 30 pg of total protein from the various cells were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis under reducing conditions and trans-
ferred onto a nitrocellulose membrane. The membrane
was blocked and probed with various antibodies. The
reacted proteins were visualized by enhanced chemilu-
minescence reaction. Quantification of the expression of
MT1-MMP, TIMP-2, and LN 5 y 2 was performed by
importing and analyzing the scanned images using the
Image Pro Plus program.

The zymography analysis for proteolytic activities of
MMP-2 toward gelatin was performed as previously de-
scribed.' Briefly, serum-free conditioned medium from a
48-hour culture of various UB7MG cells plated onto six-
well plates coated with Ang2, bovine serum albumin, or
noncoating was collected. Conditioned medium contain-
ing 20 ug of total proteins was separated at 4°C ina 7.5%
sodium dodecy! sulfate polyacrylamide gel containing
0.2% gelatin. The sodium dodecyl suifate in the gel was
removed by washing the gel three times with a Tris-HCI
buffer containing 2% Triton X-100. The gel was rinsed
and developed in a gel-developing buffer containing 1%
Triton X-100 and 5 mmol/L of CaCl, at 37°C for 16 hours.
The gel was then stained by a Coomassie Blue solution,
destained, and photographed. The proteolytic activities
of MMP-2 toward gelatin appear as unstained areas.

Results

Preferential Expression of Ang2, MMP-2,
MT1-MMP, and LN 5 v 2 in Invading Glioma
Cells and Neovessels of Human Primary
Glioma Specimens

We recently reported that Ang2 and MMP-2 are co-over-
expressed in the invasive areas including tumor borders,
but not in the central regions of primary human glioma
biopsies.” To further demonstrate whether there is a
significant association between up-regulated expression
of Ang2, MMP-2, MT1-MMP, and LN 5§ v 2 and tumor
invasiveness displayed by various human gliomas in all
four WHO grade stages, we conducted a comprehensive
survey by IHC analyses. The IHC analyses were per-
formed on a total of 96 human glioma specimens and 4
normal human brain biopsies in our collection. We tested
several well-characterized antibodies against each of
these molecules that have been reported in similar clini-
cal investigations on human tumor specimens and chose
goat anti-Ang2 (C-19),""'2'®  rapbit anti-MMP-2
(ABB09),°*® rabbit anti-MT1-MMP (AB8012),°2® and
goat anti-LN 5 y 2 (C-20) antibodies as described in the
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Materials and Methods section. For the negative controls,
we applied isotype-matched IgG at the same concentra-
tion onto the sister sections of each specimen during the
IHC staining, which all showed negative stains (see the
insets in Figure 2). The specificity of each of these anti-
bodies on detecting the corresponding protein products
were verified by Western blot analyses using these anti-
bodies on UB7MG cells that express endogenous
MMP-2, MT1-MMP, and LN 5 y 2 proteins (Figure 4, and
data not shown) and UB7MG Ang2-expressing cells (for
Ang?2)."” Table 1 summarizes our findings of the relative
immunoactivities of Ang2, MMP-2, MT1-MMP, and LN 5 y
2 in 57 paraffin-embedded biopsies of human gliomas
that disptay invasiveness or normal human brain speci-
mens. The relative intensities of the immunostaining by
each antibody were quantified as described in the Mate-
rials and Methods section.

Normal Human Brain Tissues

We performed IHC analyses on four normal brain sam-
ples that were from autopsied patients who did not have
brain lesions (specimens J140 to J143, Table 1). All four
specimens were mostly from the cerebral hemisphere or
cortex of the brain where gliomas occur most frequently.®
These specimens were homogenous normal brain tissue
with similar morphology judged by H&E staining (Figure
1a). As shown in Figure 1 (specimen J141) and Table 1,
no or very weak immunoactivities of the antibodies to
Ang2 (Figure 1b), MMP-2 (Figure 1d), MT1-MMP (Figure
1e), or LN 5 y 2 (Figure 1g) were detected. These data
indicate that under normal physiological conditions, the
expression of these molecules is below or near the de-
tectable levels by IHC analyses. '

Pilocytic Astrocytomas (\WHO Grade i)

Eight PA biopsies were included in this study (specimens
J39, J40, J42, J43, J49, J51, J182, and J183). By H&E
staining, we found distinct invasive -areas in seven of
eight PA biopsies (87.5%; Table 1, data not shown). In
addition, intratumoral hemorrhage is common in most of
these grade | tumors (Figure 2A, b, data not shown).
Figure 2A shows the IHC staining of specimen J42 using
H&E and various antibodies. In the center regions of this
PA, low expression of Ang2 (Figure 2A, d), MMP-2 (Fig-
ure 2A, g), MT1-MMP (Figure 2A, j), and LN 5 y 2 (Figure
2A, m) was detected (Table 1). In the tumor border (Fig-
ure 2A, b), increased expression levels of Ang2 (Figure
2A, e), MMP-2 (Figure 2A, h), and LN 5 y 2 (Figure 2A, n)
are found while a low level of MT1-MMP expression was
seen (Figure 2A, k). Interestingly, high levels of Ang2 and
MMP-2, but not MT1-MMP and LN 5 v 2, were seen in
neovessels (arrowheads in Figure 2A, e and h), suggest-
ing the role of Ang2 and MMP-2 in vascular growth. In
invasive areas (0.25 mm away from the border, Figure
2A, c) where glioma cells are actively invading into the
brain structure, only tumor cells express Ang2 (Figure 2A,
f, arrows), MMP-2 (Figure 2A, i, arrows), MT1-MMP (Fig-
ure 2A, |, arrows), and LN 5 vy 2 (Figure 2A, o, arrows).



882 Guoetal
AP March 2005, Vol. 166, No. 3

“t

LN:SY,Z‘ .

MT1-MMP

g = hv

IsG b .

o f

o

e ﬁ/
T

X, IeG (2) L

Normal human brain (specimen J141)

Figure 1. Expression of Ang2, MMP-2, MT1-MMP, and LN 5 v 2 in normal human brain tissuc. THC on serial sections of a normal human brain biopsy (specimen
1141) using M&E (a), goat polyclonal anti-Ang2 (b), rabbit polyclonal anti-MMP-2 (d), rabbit polyclonal anti-MT1-MMP (e), goat anti-LN 5 y 2 (g), and rabbit
polyclonal anti-vWI° (h) antibodies. The isotype-matched 1gG controls (¢, f, and i) are the identical areas shown in b, d, and g. Arrows in h indicate blood vessels,
A total of four individual normal human brain tissucs were analyzed. The experiments were repeated two additional times with similar results. Original

magnifications, X400).

Thus, co-expression of Ang2, MMP-2, MT1-MMP, and LN
5y 2 are detected in the invading glioma cells and growing
neovessels in tumor borders, but not in the central regions
of PA tumors. These results suggest that at the early stage
of glioma progression, up-regulation of these molecules
correlates with the initial invasion displayed by PA.

Diffuse Astrocytomas (DA, Grade ),
Oligoastrogliomas (OA, Grade ll), and
Oligodendrogliomas (OD, Grade )

There were 8 DA, 3 OA, and 7 OD biopsies that are WHO
grade Il tumors in our collection. In the DA specimens,
difftuse morphology of tumor cells is evident. In some
tumors, diffusive tumor cells formed a cellular gradient
toward the normal brain structure without identifiable bor-
ders (data not shown). Among the 18 grade |l tumors, 7
tumor specimens (38.8%) contain identifiable tumor bor-
ders and clear invasive regions (at least 0.25 mm away
from the tumor border, Table 1). Figure 2B shows the IHC

staining of specimen J13 (a DA) using H&E and various
antibodies. Consistent with the expression profiles in the
WHO grade | gliomas (Figure 2A), strong expression of
Ang2 (Figure 2B, e}, MMP-2 (Figure 2B, h), MT1-MMP
(Figure 2B, k), and LN 5 y 2 (Figure 2B, n) were evident
in tumor cells (arrows) and in neovessels {arrowheads)
along the tumor border, but not in the center region of the
tumors (Figure 2B; d, g, j, and m). Increased expression
of Ang2 (Figure 2B, f), MMP-2 (Figure 2B, i), and LN 5 vy
2 (Figure 2B, o), and strong expression of MT1-MMP
(Figure 2B, 1) were detected in cells (arrows in Figure 2B;
f, i, 1, and o) and in vessels (arrowheads) in the invasive
areas that are 0.25 mm away from the tumor border.

Anaplastic Astrocytomas (AA, Grade lll), Anaplastic
Oligodendrogliomas (AOD, Grade lll), and
Anaplastic Oligoastrocytomas (AOCA, Grade )

There were 10 AA, 6 AOD, and 3 AOA gliomas in our
collection. All of the grade Il gliomas displayed in-



creased cellularity and malignancy, especially in the cen-
tral region (data not shown). Among the 19 grade llI
glioma biopsies, 12 tumors contain tumor borders and
invasive areas (63.2%, Table 1). In contrast to the grade
| and I glioma specimens, the tumor borders were dis-
tinct and with sharp edges (data not shown). Similar to
that in the grade Il gliomas (Figure 2B), up-regulated
Ang2, MMP-2, MT1-MMP, and LN 5 y 2 were found in the
tumor borders, but not in the central regions of these
tumors (data not shown). In addition, increased expres-
sion of all four molecules were detected in cells in the
invasive region 0.25 mm away from the tumor borders in
the grade il gliomas (data not shown).

GBM (WHO Grade IV)

There were 51 GBM specimens in our collection. These
grade |V glioma biopsies display the highest cellularity
and contain evident necrotic areas and intratumoral hem-
orrhage (data not shown). Among the 51 GBM, 31 spec-
imens contain tumor borders and invasive areas (60.8%,
Table 1). The tumor borders are also sharp and easily
distinguishable (Figure 2C, a). Figure 2C shows the IHC
staining of specimen J1 (a GBM) using H&E and various
antibodies. We found that protein expression profiles of
Ang2 (Figure 2C, e), MMP-2 (Figure 2C, h), MT1-MMP
(Figure 2C, k), and LN 5 y 2 (Figure 2C, n) were located
in the tumor borders similar to IHC staining of the grade
Il and Il gliomas (Figure 2B and data not shown). In
addition, increased levels of expression of Ang2 (Figure
2C, ), MMP-2 (Figure 2C, i), MT1-MMP (Figure 2C, I}, and
LN 5 y 2 (Figure 2C, o) were also found in the invasive
areas of the GBM tumors. The IHC results of WHO grade
Il and IV gliomas demonstrate that increased expression
of Ang2, MMP-2, MT1-MMP, and LN 5 y 2 are further
elevated in the tumor borders and invasive regions of
high-grade human glioma specimens.

Glioma Angiogenesis

As shown in Figures 1 and 2, we stained all of the normal
brain and glioma tissue specimens using an anti-vWF
antibody that stains tumor endothelium. We evaluated
glioma angiogenesis by quantifying the microvessel den-
sity in all of the stained tissue sections. In normal human
brain tissues, vessels were apparent (Figure 1, h). In
WHO grade | {(Figure 2A, p and g) and Il (Figure 2B, p
and g) tumors, when compared with the MCD in normal
brain tissues, a 1.8-fold increase of MCD was found. In
WHQO grade lil gliomas, a 3.2-fold increase of MCD was
seen. In WHO grade IV gliomas (Figure 2C, p and q), a
further increase of MCD (7.1-fold) was found (data not
shown). These data corroborate with previous studies
showing that glioma angiogenesis is not evident in low-
grade (I and ll) gliomas, but significantly increased in
high-grade (lll and V) tumors.?*
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Up-Regulated Ang2, MMP-2, MT1-MMP, and
LN 5 vy 2 Are Preferentially Associated with
Tumor Invasiveness among the Clinical Glioma
Specimens

As shown in Table 1, we have found that 57 glioma
specimens contain identifiable tumor borders and nearby
invasive regions. There are 39 additional glioma speci-
mens that only contain the central region of the tumors.
We hypothesize that there is a significant association
between up-regulated expressions of Ang2, MMP-2,
MT1-MMP, and LN 5 y 2 and tumor invasiveness dis-
played by all four WHO grades of human gliomas. To test
our hypothesis, we examined the IHC analyses data on
the cases that contain all three areas within the same
sample; tumor center, border, and invasive areas, and
determined the number of the cases analyzed that meet
these criteria. As shown in Table 1, in seven grade |
gliomas, there are five to six cases of seven samples (71
to 85.7%) that have expression scores in the areas both
in the border and invasive areas higher than that of the
center area. Similarly, the scores of protein expression
level in the majority of cases in grade Il to IV specimens
meet the same criteria: grade Il, 5 to 6 cases of 7 (71 to
85.7%); grade lll, 7 to 9 cases of 12 (58 to 75%), and
grade IV, 23 to 28 cases of 31 (74.1 to 90%). Together, in
a total of 50 glioma grade Il to IV specimens that contain
all three areas (center, border, and invasion), 35 to 43
cases (70 to 86%) are available for testing our hypothesis
(Table 2).

Next, we determined whether there is a distinct link
between the up-regulation of the four molecules that are
shown to be vital in the invasiveness of human cancers. A
x° test for trend was performed to examine the associa-
tion between positive staining for Ang2, MMP-2, MT1-
MMP, LN 5 ¥ 2, and each area of grade Il to IV glioma
specimens (center area, border area, and invasion area).
A two-sided P value was calculated on the basis of the x?
test. As shown in Table 2, significant links are found
between the positive immunoactivities of Ang2 (P <
0.0001 for both comparisons), MMP-2 (P < 0.0001 for
border versus center and P = 0.0001 for invasion versus
center, respectively), MT1-MMP (P < 0.0001 for both
comparisons), and LN 5 y 2 (P < 0.0001 for border
versus center and P = 0.0002 for invasion versus center,
respectively), and the invasiveness displayed by these
gliomas. In contrast, there are no differences in the ex-
pression profiles of these four proteins between the tumor
borders and invasive regions (between P = 0.5120 to
P = 0.7880). Because the pathogenesis of PAs is differ-
ent from that of grade Il to IV gliomas,® we separately
performed the 2 test for trend on the IHC data for PA
gliomas. No significant association of the expression lev-
els of these four molecules and tumor invasiveness could
be found, possibly because of the small sample size
analyzed (data not shown). In addition, because the ma-
jority of the glioma specimens analyzed in Table 2 are
grade IV GBM (31 of 50, 62%), we separately performed
the ¥ test for trend analyses on the IHC data of these 31
grade IV GBM samples. A statistically significant link
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Figure 2. Co-overexpression of Ang2, MMP-2, MT1-MMP, and LN $ v 2 in the
invasive areas of primary human glioma tissues. 1HC on serial scctions of PA (A:
specimen )42, WHO grade 1), DA (B: specimen J13, grade 11), and GBM (C:
specimen J1, grade V) tissues using H&E (a to €), goat polyclonal anti-Ang2 (d
to £), rabbit polyclonal anti-MMP-2 (g to i), rabbit polycdlonal anti-MTI-MMP (j to
D, goat anti-LN 5 y 2 (m to 0), and rabbit polyclonal anti-vWF (p to r)
antibodies. Insets in d to o are the isotype-matched 1gG controls that are the
identical areas shown in each panel. a, d, g, j, m, and p: Central regions of the
tumor mass; b, e, h, k, n, and q: tumor borders; and ¢, £, i, 1, 0, and r: areas that
are 0.25 mm away from the tumor edge shown inb, €, h, k n, and q. Blue
arrowheads in b indicate the border between the tumor mass (left, high
cellular density) and normal brain tissue (low cellular density). Red or yellow
arrowheads in b to r indicate tumor vessels. Arrows in b to o are glioma cells
or activated ncural cells that were stained by anti-Ang?2 (e, ), anti-MMP-2 (h, i),
anti-MT1-MMP (k, 1), and anti-LN 5 y 2 (n, o) antibodics, respectively. A total of
96 individual primary tumor specimens (WHO grades 1 to 1V) were analyzed.
‘The experiments were repeated two additional times for each section with
similar results. Original magnifications, X400.
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