142
A Normoxia  Hypoxia
HIF Lo
acrn | SN -
Cc 10-GFP 10-HIF304
HIF3ad .
Bactin | M W
D
Input
WB: HIFla
IP:anti-GFP Ab
WB: HIFL l ml—% kDa

H. Ando et al./Biochemical and Biophysical Research Communications 433 (2013) 139-144

5-aza-CdR

B

NB 0 1 5 (uM)

HIF‘3Ll4 —

012

Q1
0.08
0.06

HiF-3c4

0.04
a.02

5 (uM)

1.2
q
0.8

L
g 0.6
0.4
0.2
0+

H

|0-GFP 10-HIF3ud

Fig. 1. (A) HIF-1a is constitutively expressed in [OMM-Lee meningioma cells under under normoxic and hypoxic conditions. (B) A DNA-demethylating agent, 5-aza-
deoxycytidine (5-aza-CdR), induced the expression of HIF-304. (C) IOMM-Lee meningioma cells stably expressing GFP-tagged HIF-304 were generated through cloning and
puromycin selection. (D) Lysates from IOMM-Lee cells stably expressing GFP or HIF-304 were immunoprecipitated using anti-HIF-1o antibody. We detected a band

corresponding to 93-kDa HIF-1a in the immunoprecipitated lysate from [0-HIF-304,

suppressed in [0-HIF-3u4 cells compared to I0-GFP cells.
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but not in that from the control I0-GFP. (E) The transcription of VEGF was markedly
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Fig. 2. HIF-304 directly inhibits the proliferation and invasion of meningioma cells. (A) Overexpression of HIF-304 significantly retarded cell proliferation under normoxia
and hypoxia. (B) In scratch wound healing assay, the healing speed was slower in [0-HIF-3%4 cells than in 10-GFP cells (P < 0.05).

FMISO PET can image tumor hypoxia by increased FMISO tumor
uptake, because FMISO metabolites are trapped exclusively by
hypoxic cells [22]. In the control I0-GFP tumors, FMISO uptake
was slightly higher than in the normal region. By contrast, HIF-
304 overexpression markedly decreased FMISO uptake. As we dis-
cuss later, although HIF-304 reduced neovascularization (Fig. 3B),
reduction of FMISO uptake in [0-HIF-304 tumors may have re-
sulted from decreased tumor size, rather than HIF-3a4-mediated

hypoxia. Indeed, there was a tendency toward correlation between
FMISO uptake and tumor volume.

3.5. HIF-304 prolongs the survival time of mice with malignant
meningiomas

10-GFP or 10-HIF-304 cells (3 x 10° cells) were inoculated into
the brain of nude mice. The animals with I0-GFP control tumors
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Fig. 3. HIF-3o4 reduced neovascularization and glucose metabolism in meningioma. (A) Tetramethylrhodamine (TMR)-stained hyper-dense vessels seen in GFP-expressing
tumors. (B) Sequential images along the Z-axis enabled us to create three-dimensional images. (C) The number of vascular voxels per total voxels of the ROI was calculated in
10-HIF-304 and [0-GFP meningiomas. (D) FDG-PET (left) and FMISO-PET (right). While FDG uptake was extensively high in the control I0-GFP tumors, it was significantly
reduced in I0-HIF-3014 tumors. In the control 10-GFP tumors, FMISO uptake was slightly higher than the normal region. By contrast, overexpression of HIF-324 markedly

decreased FMISO uptake.

died by 25 days after inoculation. However, the survival of mice
with [0-HIF-3a4 tumors was prolonged significantly. This result
suggests that the induction of HIF-304 was unable to cure mice
with malignant meningiomas, but it did confer a survival advan-
tage (Fig. 3F).

4. Discussion

First, the present study demonstrated that the HIF-1a expressed
at considerable levels even under normoxic condition in IOMM-Lee
meningioma cells. Taking into account that meningioma is one of
the most hypervascular tumors, such levels of HIF-1o. expression
may be reasonable. The gene expression of endogenous HIF-304
appeared to be silenced probably due to DNA methylation [15].
Therefore the following experiments were performed under nor-
moxia to assign a focus on the function of transfected HIF-30:4.

Previously, Heikkil et al. indicated that HIF-304 directly bound
to HIF-1a to inhibit its transcriptional activity [10]. In the present
study, we confirmed the interaction between GFP tagged HIF-304
and HIF-1o in I0-HIF304 cells by immunoprecipitation assay
(Fig. 1D). Next we addressed the effect of HIF-30:4 on proliferation,
invasion, angiogenesis, glucose-metabolism, and hypoxic state by
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cell growth assay, wound scratch assay, vascular imagings,
FDG-PET, and FMISO-PET, respectively. As the results, all of these
activities were decreased in 10-HIF3a4 cells (Figs. 2 and 3). As
Rankin and Giaccia, and Semenza et al. reported, the expression
of various genes such as VEGF, GLUT-1, EPO, E-CADHERIN and
others, relevant to angiogenesis, metabolism, proliferation and
invasion/metastasis, are regulated by HIF-1a [4,6,7,10,17,20,23].
Also, as mentioned above, I confirmed the interaction between
HIF-1o and HIF-304 and the suppression of VEGF expression in
[0-HIF304 cells. These results together suggest that overexpression
of HIF-304 might inhibit transcription activity of HIF-1c. Since
HIF-1o has many other target genes, their functions should also
be examined in future. To clarify the function of HIF-304, studies
using the knock down system for HIF-3%4 would also be required.

Energy in the tumor is produced by a high rate of glycolysis fol-
lowed by lactic acid fermentation in the cytosol, rather than by a
low rate of glycolysis followed by oxidation of pyruvate (Warburg
effect), leading to high FDG uptake [24,25]. High FDG/FMISO-up-
take in 10-GFP cells tumor (Fig. 3D and E) might be due to consti-
tutive transcriptional activity of HIF-1¢, leading to high rate tumor
growth and thus high demands for glucose and oxygen. By con-
trast, I0-HIF304 cells tumor grew slower than [0-GFP cells tumor,
possibly resulted in lower demand for glucose and oxygen. Thus
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FDG and FMISO uptake in I0-HIF30i4 cells kept at low levels. It is
very likely that this difference in tumor growth rate caused the dif-
ference in overall survival time in the mouse xenograft model
(Fig. 3F). From these results, the association between the expres-
sion of HIF-30i4 and vascular density or tumor growth in clinical
meningioma samples should be examined in future.

In conclusion, present study suggested that overexpression of
HIF-304 might suppress tumor activities of the meningioma cell
line. Although further studies are required, strategies to express
high levels of HIF-304 could possibly contribute to establish a
new treatment for malignant meningiomas.
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Craniospinal Hemangioblastoma associated with Von Hippel-Lindau
Disease Review
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Von Hippel-Lindau (VHL) disease is neoplastic syndrome that affects multiple organ systems. Most patients
with this disease (60-80%) harbor hemangioblastomas and neurosurgeons often treat craniospinal hemangioblas-
tomas in these patients. VHL disease is transmitted across generations in an autosomal dominant manner; its
incidence is 1 in 36,000. The VHL tumor suppressor gene is located on chromosome 3 (3p25) and encodes for the
VHL protein, which complexes with several proteins involved in the ubiquitin-dependent proteolysis of hypoxia—
inducing factor (HIF). The VHL protein appears to have several functionas and its dysregulation leads to angio-
genesis and tumorigenesis. As most patients with VHL disease harbor central nervous system (CNS) hemangio-
blastomas, their management must be optimized to minimize morbidity and mortality. Although patients with
VHL disease harbor not only CNS neoplasm but also cysts and/or neoplasms in other organs, in our study we
reviewed the features of and the management strategies for only cranio-spinal hemangioblastomas in patients
with VHL disease.
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Table 1 Onset age and frequency of Craniospi-
anl hemangioblastoma inVHL disease

Onset age Frequency (%)
Total 33 (9~78) 60~80
Cerebellar 33 (9~78) 44~72
Brain stem 32 (12~46) 10~25
Spine 33 (12~66) 40~50
Supratentorial 34 (unknown) 3~6

from the report by Beitner MM (2011) and Lonser RR (2003)

Average : 30.8 y.o.
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Fig.1 Age distribution in patients with
hemangioblastoma associated with
VHL disease
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Fig.3 Hemangioblastoma in pituitary

A : MRI T1-weighted image of hemangioblastoma associated with a cyst in the pituitary stalk.
B : The tumor is strongly enhanced with gadolinium-diethylenetriamine penta-acetic acid (Gd-

DTPA).
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Fig. 4 Radiological imagings of hemangioblastomas
A MRI of hemangioblastoma associated with a cyst locating at cerebellar hemisphere. Mural nodule is
strongly enhanced with Gd-DTPA.
B ! MRI of hemangioblastoma without cyst. Tumor is strongly enhanced with Gd-DTPA.

C : Angiography of B.
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Fig.5 Pathological findings of hemangioblastoma
A : Hematoxylin—Eosin (H-E) staining of hemangioblastoma (X 10) showing a lot of vessels.
B : H-E staining of hemanigoblastoma (X 40) showing stromal cells and microcysts.
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Fig. 6 Differential diagnosis between hemangiohlastoma and renal carcinoma

gowe

: H-E staining of hemangioblastoma.

: H-E staining of renal carcinoma.

. Immunchistochemical staining of inhibin for hemangioblastoma.
* Immunohistochemical staining of inhibin for renal carcinoma.
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Fig.7 Localization of cerebellar hemagioblastoma
Blot indicates the tumor locating at superficial position of hemisphere,
deep position of hemisphere, and vermis. (Reprinted with permission from

Ref. 7)

Table 2 Sterotactic radiotherapy for craniospinal hemangioblastomas associated with VHL disease

Mean Control rate

Authors Modality No. of Pts. No. of tumors follose-up Gl (%) Ref.
Page et al LINAC 4 11 >1.5 (0.6~2.5) 100 (15)
(1993)

Chang et al LINAC 13 29 3.6 (0.9~7) 97 (4)
(1998)

Rajaraman et al GK 13 27 2.8 (0.6~6.6) a3 (18)
(2004)

Moss et al LINAC/CK 31 (26)* 92 58 (0.4~136) 85 (3yr) (14)
(2009) 82 (5yr)
Asthagiri et al LINAC/GK 20 44 8.5 (3~17.6) 91 (2yr) (2)
(2010) 51 (15yr)

LINAC: linear accelerator, CK: CyberKnife, GK: gamma-knife
*31 cases were reported, among them 26 of 31 were the patients with VHL disease were 26 cases.

B L Tldc®E 8 F1li, &{lizz L 34 F1lf, Ffbo Filfe
WIARRTH7. LA LEMLLZ 9 FMLPFERICE
TR DOMEIREN L L RV ETHEL TE D, FiHdLe
KT TE T3, HolETRET L L UEE L ¥iEo

Jpn J Neurosurg VOL. 22 NO. 1

13

4
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Craniospinal hemangioblastoma diagnosis and treatment flow chart

Craniospinal hemangioblastoma

Symptomatic ?

&

> NO

YES
1. Cerebellar : 2cm £ or rapid enlargement of the cyst
/ 2. Spinal : 1cm £ and with perifocal edema or tumor
enlargement
YES
/ 3. Endolymphatic sac tumor
. ) v
Operation or stereotactic RT' NO
~ ¥
Meet the VHL criteria ?
YES e NO
Y J
Residual tumor exists or not ? Residual tumor exists or not ?
v v v v
YES NO YES NO
v I v ~
Whole body screening V\/’i}:le Jbody MRI Observation
Craniospinal MRI 1 time/year screening 1 time/year

Fig.8 Flow chart of the diagnosis and therapeutic dicision (Reprinted with permission from Ref.

21)
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