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BRAIN TUMOR Review
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BEitR~ VEGF/VPF #Rh' 5 anti-VEGF i aEDHEL

3 1

Tumor Cells Secrete a Vascular Permeability Factor That Promotes
Accmulation of Ascites Fluid

Senger DR et al, Science. 1983; 219(4587):983-985.

< U ADOFEMAL TA3/ST O~
T ADWKMSEAZME L, Tz
W T Miles assay (JE7K» Sl L

TEAZ K IS Lk, BiRD 5 ]

ORZRG5T 2, K MNCRET 2 0% *

BEBT D LICKD, MEEENEE =

EmT B 2ol HHIUE ' R .. «
[0 %) 7 tlE 34,000 7 5 42000 T | [ ez

% v . Histamine ® 50,000 &% & O Ifil e

EBEMUENREZET T ENREN 2

Tzo 5 1& T OHEH%Z VPF (vascular .‘ £ — . :
permeabilty facor) & 1, L. \ | F 1. syt meo i

legend to Table 2). Mediators of increased

permeability cause bluing at the site of intra-

dermal injection within 5§ minutes, whereas

control substances such as saline elicit no
response. Abbreviations in (A): pl, control plasma; asc, ascites fluid; M, mouse TA3-St tumor;
H, hamster HSV-NIL8 tumor; and GP, guinea pig line 10 tumor. In (B), line 10 cells were
cultured (1 x 10° celVml) in serum-free Dulbecco's modified Eagle's medium and conditioned
media was harvested at 1, 5, and 24 hours as indicated. Fig. 2 (right). Resolution of the
permeability-increasing activity on sodium dodecy! sulfate-polyacrylamide slab gels (/6).
Samples were electrophoresed without reduction at 4°C in a 7.5 percent polyacrylamide gel
containing 0.1 percent sodium dodecy! sulfate and washed for | hour at 4°C in 2.5 percent Triton
X-100 and then in phosphate-buffered saline for | hour. The gel was sliced. individual slices
were extracted, and dialyzed extracts were tested for activity by the Miles assay. Track | shows
the stained pattern of concentrated line 10 serum-free culture medium. All the activity in track 1
(total recovery was regularly S0 percent) was confined to two adjacent slices (reelectrophoresed
in tracks 2 and 3) composing the 34,000 to 42,000 molecular weight region. Line 10 ascites fluid
permeability-increasing activity was found to electrophorese identically (molecular weight
34,000 to 42,000) with the activity in line 10 culture medium.

Met disinte Eat'mns
.. per minute "“I-H3A Histamine
Su?::ﬁﬂ:gmmd extravasated {mean equivalent®
* standard error) {pgl
(N=3tT)
Hamster plasma = 176 B.L.
Hamster ascites (HSV-MILE) 15,309 + 1,508 1.3
Guinea pig plasma 1,989 = 1070 B.L.
Line 1 ascites 69,609 = 6850 5.5
Ling 1 ascites + preimmune IgG (B0 pg) 70,321 = 2,567 3.3
Line 1 ascites + immune IgG (80 pg) 3,935 = [, 568 B.L.
Line 10 ascites 92 472 + 4 RRA 10.0
Line 10 ascites + preimmune 1gG (80 g) 93,756 = 1,171 10.0
Line 10 ascites + immune [gG (80 ug) 7087 = 930 B.L.
Line 10 serum-free culture supernatanit
After 1 hour of culture 1.054 = 6l B.L.
After 5 hours of culture 1610 = 298 0.7
After 24 hours of culture 21565 = 617 25
*A plot of net disintegrations per minute extravasated in response 1o histamine versus the loganthm of the
number of micrograms of histamine injected generated a straight line (histamine range. 0.6 to 10 pg).
1Derived from cultures containing 2.5 = 10* nl:ﬁ: per milliliier.
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M 2
Vascular Endothelial Growth Factor Is a Secreted Angiogenic Mitogen
Leung DW et al, Science. 1989; 246 (4935):1306-1309.

BRAIN TUMOR Review ﬁ

FHO T RAGIEIHAED SHhH Uz 72 s % & 720 bp O mRNA MR 5N 7z, ZD cDNA Z 7
O—=>70L. oYL VEEIC TR FEA UMl i 24 O RIE R O i E N B IS
w™hNd % & LiEORIKFINC N O EMMNMEE S NIz, KD, DR F2NRERNIEHEIEH 26
9% T &h 5 VEGF (vascular endothelial growth factor) & i L7z,

kb
7.46—

4,40 — t
237— B
1.35

0.24

Fig. 2. Northern blot analysis of bovine pituitary
FC mENA. FC poly{A)™ RNA (5 pg) and RNA
markers were separated by electrophoresis ina 1%
agarose gel containing 2.2M formaldehyde, blot-
ted to mitrocellulose, and hybridized under strin-
gent condition (26) to a **P-labeled probe (27)
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Fig. 4. Transient expression of bovine and human VEGF in cells. Subconfl human 293
cells, cultured in the presence of Dulbecco’s modified Eagle's medium/F12 (1:1) supplemented with
10% fetal bovine serum and 2 mAM glutamine were transfected by the calcium phosphate coprecipitation
methad (28) with a vector containing the bovine (b) ar the human (h) VEGF ¢DNA insert (25) or with
vector alone. The human clone hVEGF.21 encodes the 165-amino acids species of VEGF (Fig. 1B).
After overnight incubation, the media were removed and replaced with fresh growth media. After 48
hours the media were collected. Conditioned media from untransfected cells, cells transfected with the
vector alone, and cells transfected with the vector containing the VEGF inserts were tested for
mitogenic activity on capillary endothelial cells from bovine adicnal cortex, as previously described (12).

d from a 720-bp Neo I-Bst EII fragment
bovine VEGF.6 cDNA clone.

determinations.

The indicated portions of conditioned medium were added to cells, which were dissociated by exposure
to trypsin after 5 days and counted in a Coulter counter. Values are means = SEM of miplicate

[3Zik~ VEGF #R¥ERE]
1. Pituitary follicular cells secrete a novel heparin-binding growth factor specific for vascular

endothelial cells.
Ferrara N, Biochem Biophys Res Commun. 1989; 161(2):851-858.

Isolation and characterization of a vascular endothelial mitogen produced by pituitary-derived

folliculo stellate cells.
Gospodarowicz D, Proc Natl Acad Sci USA. 1989; 86:7311-7315.

Vascular permeability factor, an endothelial cell mitogen related to PDGEF.
Keck P, Science. 1989; 246:1309-1312.

Purification of a gyloprotein vascular endothelial cell mitogen from a rat glioma-derived cell line.
Conn G, Proc Natl Acad Sci USA. 1990; 87:1323-1327.

A novel vascular endothelial growth factor, VEGF-C, is a ligand for the Flt-4 (VEGFR-3) and
KDR (VEGFR-2) receptor tyrosine kinases.
Joukov V, EMBO J. 1996; 15:290-298.

Vascular endothelial growth factor B, a novel growth factor for endothelial cells.
Olofsson B, Proc Natl Acad Sci USA. 1996; 93:2576-2581.

Vascular endothelial growth factor D (VEGF-D) is a ligand for the tyrosine kinase VEGF
receptor 2 (Flk-1) and VEGF receptor 3 (Flt4).
Achen MG, Proc Natl Acad Sci USA. 1998; 95:548-553.
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i 3

Vascular Endothelial Growth Factor Is a Potential Tumour Angiogenesis Factor
in Human Gliomas in vivo

Plate K et al, Nature. 1992; 359:845-848.

K72 VEGF IS/ B HUAMERE N TV 5 7728, in situ hibridization i T 7'V A —< I B
% VEGF & mRNA OFEBZ fifffr U7z, BUERZHED P & 51 VEGF DFBD AL NS, K 7zIiE N EH
faD~—7—TdH % vWF (von Willebrand factor : #&E#E 2 8 [KA+) I TilE D7 fm & xfkb U7z, VEGF FE
Mz & SICHLD TS K 5 I @B S O RD 5N B,

K727 A —<HifdE VT hypoxia Z&fF T, cycloheximide 7& & DML EED & % W2 A L THs
#9 % & VEGF ORBINFAHEINS Z LoD TREN T,

Z D%, VEGF & hypoxia 721 T/ <, flEE 1. WHHIELE . VeV, AT0A R THREDGRETE
Nz EMHSMICE NI, RS VHL & hypervascular tumor THIS 1 % I8 T -0 Bl ARE & o BHEAY
5N TEHD, VEGF L OB R T2h 5,
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. Z0h growth under normal 02
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[k~ VEGF RIRAERE]

1. Vascular endothelial growth factor induced by hypoxia may mediate hypoxia-initiated
angiogenesis.
Shweiki D, Nature. 1992; 359:843-845.

2. Wild-type p53 and v-Src exert opposing influences on human vascular endothelial
growth factor gene expression.
Mukhopadhyay D, Cancer Res. 1995; 55:6161-6165.

3. Up-regulation of vascular endothelial growth factor and its receptors in von Hippel-Lindau
disease-associated and sporadic hemangioblastomas.
Wizigmann-Voos S, Cancer Res. 1995; 55:1358-1364.

4. Post-transcriptional regulation of vascular endothelial growth factor mRNA by the product of the
VHL tumor suppressor gene.
Gnarra JR, Proc Natl Acad Sci USA. 1996; 93:10589-10594.

5. Mechanism of dexamethasone suppression of brain tumor-associated vascular
permeability in rats.
Heiss JD, J Clin Invest. 1996; 98:1400-1408.

6. Negative regulation of hypoxia-inducible genes by the von Hippel-Lindau protein.
lliopoulos O, Proc Natl Acad Sci USA. 1996; 93:10595-10599.

7. Reversion of deregulated expression of vascular endothelial growth factor in human renal
carcinoma cells by von Hippel-Lindau tumor suppressor protein.
Siemeister G, Cancer Res.1996; 56:2299-2301.

8. Differential downregulation of vascular endothelial growth factor by dexamethasone in
normoxic and hypoxic rat glioma cells.
Machein MR, Neuropathol Applied Neurobiol. 1999; 25:104-112.

9. Hypoxia and acidosis independently up-regulate vascular endothelial growth factor
transcription in brain tumors in vivo.
Fukumura D, Cancer Res. 2001; 61:6020-6024.

10.Central role of p53 on regulation of vascular permeability factor/vascular endothelial growth
factor (VPF/VEGF) expression in mammary carcinoma.
Pal S, Cancer Res. 2001; 61:6952-6957.
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i 4

Inhibition of Vascular Endothelial Growth Factor-Induced Angiogenesis
Suppresses Tumour Growth in vivo

Kim K et al, Nature. 1993; 362:841-843,

VEGF HUKIC X % in vivo I B 2 USRS TRE NIz, A673 (rthabdomyosarcoma), G55
(glioblastoma), SK-LMS-1 (leiomyosarcoma) @ 3 D Difffifld#kz T in vitro 3 X T in vivo TD VEGF #i
RO R 2R LTz, In vitro Ti& VEGE, $i VEGF $ifk & &I QISR U T HE5E & 7 (S HE |0 SR
EASNEDN S TeM, in vivo DR TFIESE TV T, 1 VEGF HUAFRE G B G- RUKTFINIC H USSR B
STz, FHCTHRZEO DG, FERAL & [ARFIC VEGE Hilk 7z 5 LT, MEBAbts 1 ARMSER G2 B
LTE, WINOBLEELHEENRZ R Uz, DK Y VECF Hifkld EEHINIC I EEEHE T, e
AHNHIER %2 /T U C g a2 4] 9 2 2 L AVRM S N,
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[Z#f~ anti-VEGF EAERRE]
1. Glioblastoma growth inhibited in vivo by dominant negative Flk-1 mutant.
Millauer B, Nature. 1994, 10:576-579.

2. Suppression of glioblastoma angiogenicity and tumorigenicity by inhibition of endogenous
expression of vascular endothelial growth factor.
Cheng S-Y, Proc Natl Acad Sci USA. 1996; 93:8502-8507.
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Pathogenesis of Ascites Tumor Growth : Vascular Permeability Factor, Vascular
Permeability, and Ascites Fluid Accumulation
Nagy JA et al, Cancer Res. 1995; 55 (2):360-368.

VPF 2% . U7z H. Dvorak 50D 7)L— 737 U Tz Bk PEAE RS E 7)1 (TA3/ST, MOT #ifi) & FVC il
B ERE 2 4RI L, 3 TR NI HERE M 2 kT Uz, MEREME 2 & AR IMERDN G 9™ 2 bR DVBIEE
S N7z &[RRI RERE I E N R R O MR B 25 fIfE iR D B Tz, 5 1E TNz VVO (vesiculo-vacuolar
organelle) & #4137z, BEGHIRRA 50 E N5 VPR IC K D JERHC MEFENFEI N, I HICmENKL
DZERI B MK DIHT B LIk D BKDEAEEIND A= A LZYIHTHRB LT,

[3Z#Ek~ Ascites/vascular permeability/VVO/endothelial fenestration ]
1. Pathogenesis of ascites tumor growth:fibrinogen influx and fibrin accumulation in tissues

lining the peritoneal cavity.
Nagy JA, Cancer Res. 1995; 55(2):369-375.

2. Pathogenesis of ascites tumor growth:angiogenesis, vascular remodeling, and stroma
formation in the peritoneal lining.
Nagy JA, Cancer Res. 1995; 55(2):376-385.

3. Vascular permeability factor/vascular endothelial growth factor, microvascular
hyperpermeability, and angiogenesis.
Dvorak HF, Am J Pathol. 1995; 146:1029-1039.

4. The vesiculo-vacuolar organelle (VVO): a distinct endothelial cell structure that provides a
transcellular pathway for macromolecular extravasation.
Dvorak AM, J Leukoc Biol. 1996; 59:100-115.

5. Neovasculature induced by vascular endothelial growth factor is fenestrated.
Roberts WG, Palade GE. Cancer Res. 1997; 57:765-772.
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i3 6
Bevacizumab Has Differentiated and Dose-Dependent Effects on Glioma Blood
Vessels and Tumor Cells

von Baumgarten L et al, Clin Cancer Res. 2011, 17(19):6192-6205.

X— R Rick b7 A—<HifE (USTMG) ZMNFEH L 7= &7 )L 72 W T, Bevacizumab Z#:5 L.
FE 35 K OS5 1S O AR 2 RIS T U 7o FRARAFAIC I 35 K OB I AV IR L T B
HEEN5, KAR T vascularity (3K F9 % & OOHIIBGRIZIAF TERVDICH L, SHRETIE.
vascularity DX NICINA, FUEGIRDEED 5Nz, $FIC Bevacizumab 25mg/kg ORETIE day 6 LAREIL
EEENERICIRD . TSN EIHIGRIEL TV 5,

A B

Control Bevacizumab 25 mg/k
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Combination of anti-VEGF therapy and Temozolomide in Two Experimental
Human Glioma Models

Grossman R et al, J Neurooncol. 2014; 116:59-65.

X— R Rk 7V A —<#lild (USTMG, U251MG) ZiiNFsHE L 7= €7 L% T, temozolomide
(TMZ) & Bevacizumab (Bev) ¥ X U SRIBHE DI L ZITWV. U AD 47 H Uz Fhig st L
7zo USTMG Tl Bev. IC TMZ St ia 2 i1 9% C LI K D IS IS EFHEBIER LTV 72 h,
U251MG Ti& TMZ & iR AIC Bev. O EREFIRIIERD SNEH > Tz 72 USTMG I B TN
fE 10 H ENC SRR Z B L. $1 laminin FTAIC TMEREZ n[ k4 % T £ 12 K D microvessel density
M U7z, Bev. HBEER K OF TMZ & Bev. fFFHEEC BV CHUE FrAEIHI R RS 5Nz, TMZ & Bev.
EHWCERANMENT 52 23R 0T & &R L TW5, AL, Bev.idt bk VEGF I3 2 HiATH
%1z, B FHERZT VA= S50 E NS VEGF IS0 281 RIZWITFTE 20, 5 EOMmE NI
XS BRI & 2T 2 REND B LR TN 5B,

== CONTROL (n=8)

e fvastin 15 mgkg IV on Day 1
(n=8)

i Oral TMZ, 50mg/kg PO Days 11
16 {n=5)

Percent Survival

i Avastiny + Oral TMZ (n=8)

I Fig. 1 Kaplan-Meyer survival
Y v J curve of rats bearing U87
0 50 100 150 s :
Time (Days) intracerebral glioma.
1003 ===l =8 —a— Control- No Treatment (n=8)
1
P I—H —a— Avastin, Day 5, 0.12ml'rat {n=8)
g I‘Lﬂﬁ-ﬁ—lﬁ—l—i—h == XAT- 20 Gy (n=8)
g —a— Avasfin + XRAT (n=7)
,m_. * f——5—a =m— Oral TMZ ({50 mg/kg, Days 5-8)
c 40 +XAT (n=
g *“'"I —e— Oral TMZ + XRT + Avastin (n=8)
E 20 - —=— Oral TMZ (n-2)
0 T T T T T J Fig. 2 Kaplan-Meyer survival curve of rats bearing 11251 intrace-
0 20 40 60 30 100 120 140 rebral glioma. Combination drug therapy of TMZ, XRT. and BEV
Time (Days) resulted in 87.5 % LTS

~
o
1

Ed
=]
Il

26+

% vessel area / field

Fig. 3 Intracranial U87 xenografts were established and treated with
either BEV, TMZ, their combination, or control on day 10 after
=2 £ B, - inoculation. Post-inoculation day 25 tumors were examined for tumor

N blood vessels by immunohistochemistry using anti-laminin antibod-
ies. The % wvessel area per high-powered microscopic field was
quantified by computer-assisted image analysis [14]. The % wvessel
area was lowest in the group of animals that were treated with a
combination of TMZ and BEV (p < 0.05 compared to controls, and
TMZ)
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X 8

The Impact of Bevacizumab on Temozolomide Concentrations in
Intracranial U87 Gliomas

Grossman R et al, Cancer Chemother Pharmacol. 2012; 70 (1):129-139.

XA b7 ) A —< I USTMG Z N HE L 7= &7 )L 7% T, Temozolomide & Bevacizumab
R U, s X Ci@eEflo MmN 3513 % Temozolomide DS % #FRIFIYIC fi#HT L 720 Bevacizumab 75
BRIZICB VT, FEEHEROAERIC/» DD 59 Temozolomide D JEFTEEIZARZETH - Tz,

A 10
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[3Zik~ TMZ.&.Bev. AEE (BHE) BiE]

1. Pharmacology and pharmacodynamics of bevacizumab as monotherapy or in combination
with cytotoxic therapy in preclinical studies.
Gerber H-P, Cancer Res. 2005; 65(3):671-680.

2. Mechanisms operative in the antitumor activity of temozolomide in glioblastoma multiforme.
Fisher T, Cancer J. 2007; 13:335-344.

3. Combining bevacizumab with temozolomide increases the antitumor efficacy of temozolomide
in a human glioblastoma orthotopic xenograft model.
Mathieu V, Neoplasia. 2008; 10:1381-1392.
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i 9 (RTOGO825)

A Randomized Trial of Bevacizumab for Newly Diagnosed Glioblastoma
Gilbert M et al, N Eng J Med. 2014; 370:699-708.

i@ 10 (AVAglio)

Bevacizumab Plus Radiotherapy-Temozolomide for Newly Diagnosed
Glioblastoma

Chinot O et al, N Eng J Med. 2014, 370:709-722.

factor AVAglio RTOG0825
Initiation for research industry NIH

cligibility Nurocal st NMurefocl sl
stratification RPA ; country MGMT;molecular profile
BEV start Day 1 XRT/TMZ Week 3 ; XRT/TMZ
Adjuvant TMZ cycles 6 12

Continuation of BEV/placebo Until PD NO

MRI evaluation Modified Macdonald Macdonald

PEFS 10.6 m. vs. 6.2 m. 10.7 m. vs. 7.3 m.
(ON} 16.8 m. vs. 16.7 m. 15.7 m. vs. 16.1 m.
Unblinding and crossover of placebo at PD Not but anticipated planned
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SALESE LA S > & LML 7 2 R IR EE AR B [AVAglio & RTOG0825] = #WIFIBH A LT, i’
BB L 7 €Y I FIC K 2806 L O L 729 ORIGER. BEERB XKUY X< T DRk
W3R B, Wi & &I B IR (PFS) OABERLEENRD SNIM, 2AEFHR (0S) o
JHEIZAEAN T SR S NIz, PFS DEED 0S DIEEICKME N> FEEE LT, %EETO
crossover DZEMNWRE N & HERINROZELZ ENEZ NS Limt E Nz,

AVAglio
1$: e,

Brvacizumab+ RT-TMZ

Overall Survival {3)
g

Progression-free
Survival (%)
e

30+ 30 .
- 204 =Y
104 Pla cebas RT-TME 10+ Placebe+ RT-TMZ
u T T T T T T T T T T 1 l:} L] T T T T T T L T T T T T T 1
d 3 &6 9 12 15 18 21 24 37 3 i3 O 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Study Month Study Month
Mo. at Risk
Mo. at Risk Placebo+ RT— 463 444 405 355 293 245 201 163 118 B4 53 28 15 & O O
Place bo+ RT-TMZ 463 349247 170110 7 47 23 B 4 O O TM7
Bevacizumab +RT-TM7 458 424 366 278 189 104 71 25 13 2 1 @ Bevacizumab+ 458 4sla2] 387 B2 253 MR 1P 139 91 61 27 11 4 1 O
RT-THZ

(%) (%)
100 4 100 4
@
=
t% 75 754
@ 2
o c
w =]
* 504 9 5p4
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Progression Types After Antiangiogenic Therapy are Related to Outcome in
Recurrent Glioblastoma

Nowosielski M et al, Neurology. 2014; 82 (19):1684-1692.
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High-grade Glioma Before and After Treatment with Radiation and Avastin:
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Impact of Bevacizumab Chemotherapy on Craniotomy Wound Healing
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A Perivascular Niche for Brain Tumor Stem Cells
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