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Intraventricular vascular endothelial growth factor antibody

increases infarct volume following transient cerebral ischemia
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ABSTRACT

AIM: To clarify the role of vascular endothelial
growth factor { VEGF) in neuronal damage induced by

cerebral  ischemia, METHODS: Expression of
VEGF in adult rat bmin was measured by
immunohistochemistry.  Transient middle cercbral

artery occlusion { MCAQ ) model was induced by
placing a nylon thread in the lumen of the internal
carotid artery. The infarct volume was shown with
2,3, 3-triphenyltetrazolium chloride { TTC ) staining
and quanutated by computer image analyzer with and
without VEGF antibody treamment. RESULTS.
VEGF expression was widely disiributed in neuronal
cells besides wvascular endothelial cells. and the
neuronal distribution of VEGF was specific.  After
intraventricular treatment with VEGF annbody (0.1 g*
L~" daily, for 7 d following the ischemia), infarct
volume in the antibody treatment was increased versus
vehicle-treated rats _ (21.6+2.7 v 16 +6) mm*, P
<0.05] respectively. CONCLUSION: Intraventri-
cular injection of VEGF antibody increased the infarct
volume after focal cerebral ischemia in rats, suggesting
tat expression of neuronal VEGF may be one of
neuronal protective mechanisms.
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INTRODUCTION

Vascular endothelial prowth factor { VEGF) 15 a
dimeric glycoprotein of approximately 16 kDa that is
structurally related to platelet-derived growth factor-'- .
Initially idennfied by its ability to increase vascular
permeability, VEGF has also been shown lo possess a
potent angiogenic activityC-. In addition to its tumor-
associated  angiogenesis and vascular permeability,
VEGF has been demonstrated to express in the cultured
astrocyte, cardiac myocytes. comea, and ovarian
follicles®~*).  Moreover, VEGF mRNA levels were
reversibly increased in cultured cells subjected to
hypoxia'®, and the expression of VEGF in cardiac
myocytes was induced by ischemia in vitro and in
vivo- " However, the expression of VEGF mRNA
in the cultured astrocytes or cardiac myocytes could be
enhanced by hypoxic stimulation that was nat directly
related 1o the angiogenesis™ . In our previous
sudy., VEGF mRNA and VEGF were time-
dependently expressed in the neuronal cells following
the cerebral ischemia, suggesting that VEGF may
participate in neuronal pathophysiological process after
cerebral ischemial™ .  However, a comprehensive
analysis of the distribution of VEGF within the CNS
has not been wundertaken, and the functional
significance of the expression of newronal VEGF
inducad by ischemia is not known. The present study
was to abserve the neuronal distribution of VEGF in
central nervous sysiem and to assess the role of VEGF
in pathophysiologic process after cerebral 1schemia.

MATERIALS AND METHODS

Immunohistochemistry  Sprague-Dawley rats
(220 — 240 g, Experimental Animal Center of Shang-
hai Medical University, Grade Il , Certificate No 02-
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22-2} were anesthetized with sodium pentobarbital {40
mg*kg~'. ip). perfused intracardiacally with normal
saline, followed by 4 % fresh paraformaldehyde in
phosphate-buffer saline 0.1 mol * L™ ' { PBS, pH =
7.4). Serial coronal slices (30 ym) of brain were
made on a freezing microtome. The sections were
stored in the modified cryoprotectant solution at
~-20 C.

Sections were used for immunchistochemistry.
The sections were washed with PBS, pretreated with
0.3 % hydrogen peroxide for 10 min. incubated with
10 % normal goat serum/0.3 % Triton X-100 for 30
min, rabbit ant-VEGF ( 1:1000 from Santa Cruz
Biotechnelogy, Inc) at 4 T overnight, biotinylated
goat anti-rabbit IgG { ABC kit from Vector Lab) at
1:200 dilutdon for 30 min. avidin-biotin-percxidase
(from ABC kit) at 1: 100 dilution for 45 min, and
stained with 3, 3'-diamino-benzidine/hydrogen per-
oxide (DAB from Sigma). Immunocytochemical
control sections received the same treatment except
exposure to the primary aotibody and showed po
specific staining .

Cannula placement Sprague-Dawley rats
(220 - 250 g, Experimental Animal Center of Shang-
hai Medical University, Grade [l . Certificate No 02-
22-2) were peritoneally anesthetized with 10 % chloral
hydrate (360 mg-kg™!). and stereotaxically implanted
with guide cannula (OD 0.8 mm; 2-cm long} into the
lateral cerebral ventricle at Bregma —~ 0.8 mm; R 1.4
mm: H4.0 mm. The guide cannula was secured to
skull with dental cement. Afier a 3-day recovery
period, rats were subjected to cerebral ischemic
operation .

Focal cerebral ischemia model Three days
after canrula implantation, rats were weighed again,
and anesthetized with 10 % chloral hydrate (360 mg*
kg™!). Then the focal ischemia model was induced
which was largely based on method described by
Longa ™ . In brief, Sprague-Dawley rats (220 — 250
g) were peritoneally anesthetized with 10 % chloral
hydrate (360 mg - kg™'), and a tail arery was
cannulated for monitoring blood pH, peg and pog .
which were within the physiological range. The rectal
temperature was maintained at {37 + 0.5) T by
heating pad and heating lamp. Under a dissecting
microscope, the superior thyroid and pierygopalatine
arteries were isolated and coagulated. and the occipital

artery was ligated. A 4-0 monofilament nylon suture
was introduced into the lumen of the internal carotid
artery for a length about 22 mm for 1 h.

Experimental protocol
to ischemic sorgery and randomly divided into 2
groups: the control group was treated with vehicle
{ rabbit IgG 0.1 g-L ! daily) ; the antibody group was
treated with VEGF antibody (0.1 g+ L~' daily}.
VEGF antibody or rabbit IgG was injected icv between
8:30 - 9130 am every day following the ischemia for
74d.

Rats were subjected

Infarct volume assessment Seven days after
cerebral infarction. rats were decapitated. Brains were
immersed in cold saline., and were sectioned into six
standard coronal slices (2-mm thick ). Slices were
placed in the vital dye 2 % TTC at 37 T in the dark
for 30 min. and fixed by 10 % formalin at 24 T
overnight .

Statistics Infarct volume of each brain slice
was apalyzed by computer image analyzing system.
Infarct volumes in vehicle versus VEGF antibody-
treated rats were compared by two-tailed -test for each
experiment. Data were expressed a5 X + 5.

RESULTS

Distribution of VEGF in adult rat brain
VEGF protein was widely expressed in the adult rat
brain.  Immunohistochemistry showed that positive
staining was restricted to neuronal cytoplastic
perinuclear regions and principal dendrites.  The
densities of VEGF-like positive staining in various
brain areas were detected by microscopic image
analyzer {Fig 1). The intensity of reaction varied
with the location of the neurons.  The highest densities
of VEGF-like positive staining cells were found in the
granule cell layer of dentate gyrus. The medium
densities were seen in the pyramidal layer of
neocortex . cingulum, pirform, entorhinal, septal, the
diagonal band of broca, the pyramidal layer of hippo-
campus, nucleus of ventromedial thalamus, ventro-
posterior  thalamus, pamventricular  hypothalamus,
arcuate  hypothalarmus, and  ventromedial  hypoth-
alamus .
amygdaloid nucleus, nuclens accumbens, subiculum,
nucieus of preoptic hypothalamus, mammillary body,
and geniculate body. There was no positive staining

The lowest densities were noted in the
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Fig 1. Neuronal distribution of VEGF in the adult rat brain (n=1),

Photographs show low-(A- C, G - I} and high-(D - F, ] - L) power magnifications of representative fields on
corvonal sections. A} Cingulate cortex, B) Dorsal septal nuclens, C) Medial septal nucleus,

G) Geniculate body, H) Basomedial amygdaloid, I} Substantia nigra.

in the neocortex of molecular layer, external layer.  dependently increased in the neurons in the MCA
inner granular layer, ganglion layer, and multiform  territory following the cerebral ischemia. Throughour
layer. {Tab 1) the experiment. neurons in the areas remote from the

Furthermore, the expression of VEGF wus time- ischernic territory showed no apparent immunoreactivity
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Tab 1. The density of neuronal distribution of VEGF in
adult rat brain (2 =3).

Brain regions Density
| Telencephalon
Cerebral corfex
Molecular layer -
Externa] layer -
Pyramidal layer + +
Inner granular layer -
Ganglion layer -
Multiform [ayer -
Cingalum + 4+
Piriform + +
Entorhinal + +
Amygdala nucleus +
Septal later, medial area + +
Striatum
Caudate putamen 4/ -
Nucleus accumbens +
The diagonal band of broca + +
Hippocampal complex
Dentate gyrus ++ +
Hippocampus
CAl +
a2 + +
CA3 + +
CA4d + +
Subiculum +
. Diencephalon
Thalamus
Ventromedial thalamic nucleus + +
Ventroposterior thalamic nucleus + +
Hypothalamus
Paraventricular + +
Preoptic +
Ventromedial nuclei + +
Mammillary body +
Arcuate + +
IT. PBrainstem
Substantia nigra + +
Geniculate hody +

— 10 43 <29x 1P A/mm; + 4+ ) (30— 39) x 10° A/
mt; + + + ) >60x 1P ASmm’

change of VEGF compared with controls ( unpublished
data) .

Effects of VEGF antibody on the neuronal
damage induced by focal cerebral ischemia
VEGE antibody {# = 11) or vehicle {(n = 7) was
injected icv daily following the ischemia for 7 d.
Infarct volume in the antibody treatment was increased
versus vehicle-treated rats [(21.6 £ 2.7 vs 16 £ 6)
mr’, P <®.05] respectively { Fig 2).

Bregma/mm

2,20

Yehicle

YEGF antibody

Fig 2. Coronal slices in a rat brain reperfusion 7 d
after 1-h MCA occlusion. Black areas express
infarct stained with TTC.

DISCUSSION

Our results demonsirate that VEGE is widely
expressed in many regions in the adult rat brain. which
seems not directly relating to the distribution of the
cerebral blood vessels according to the morphological
characteristic of positive staining cells. Analysis by
morphological appearance showed that it seemed
important that neurons expressed VEGF in the central
nervous system, although VEGF has been shown to
play a role in mediating the increase of both capillary
petmeability and angiogenesis. Neuronal distribution
of VEGF in the mature brain may reflect that VEGF
played possible roles in newrophysiological process in
the central nervous systern, since the wvascularization
was completed, the raie of endothelial cell proliferation
was very low, and the blood-brain-barrier was intact in
the adult rat brain''!
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In pur previous smdy. we observed that VEGF
was time-dependently expressed in the neuronal cells of
rat brain after a transient cerebral sl
Especially, in the hippocampal CA2 and CA3 areas,

ischemnia

the cells which are more resistant to the ischemia and
ure destined to survive were observed to highly express
VEGF. However, in the hippocampal CAl area, the
cells. which are wvulnerable to cerebral ischemia or
traumnatic brain injury and are destined to die were not
observed 0 express VEGF ™ . Recent swdies of
permanent and transient MCAQ in rats also showed
increase of VEGF protein in neurons 1514 I the
present paper. we obviously observed that VEGFE
untibody could enhance an infarct volume induced by
ischemia. which was consistent with the response of
ischemic rats to chronic infusion of VEGF into the
ischemic core as recently reported by Hayashi et uf-'S).
Putting together . it suggests that increased expression of
VEGF in the neurons may be a beneficial factor for cell
survive following the ischemia.

Besides VEGF could be expressed in the neurons
around ischemic penumbra areas, it was also expressed
in the endothelium in the ischemic core. However.
whether VEGF can  protect cerebral
ischemia through formation of new capillary collateral
channels still needs to be further elucidated.

tissues  from
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