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Background and Purpose— In chronic hydrocephalus, arolefor tissue hypoxia
resulting from cerebrovascular compressionis suggested. The purpose of this study
was to evaluate the geographic and temporal pattern of angiogenic factor elevation
after adult kaolin-induced hydrocephal us.

Methods— In 22 adult Sprague-Dawley rats, kaolin hydrocephal uswas induced and
guantitative reverse transcription polymerase chain reaction (QPCR) was performed
at 1 week (short term) and 4 weeks (long term).  Immunostaining of vascular
endothelial growth factor receptor 1 (FIt-1) was also performed at 1 (short term), and
4 (long term) weeks.

Results— At 1 weeks, Placenta growth factor (PIGF) and Flt-1 wasincreased in
Striatal area and hippocampus but not cortical areas. Four weeks after hydrocephalus
induction, PIGF elevation persisted but Flt-1 elevation goes down. At 4 weeks, Flt-1
immunohistochemical changesin the periventricular area became most evident.

Conclusions— The observed Flt-1 and PIGF elevation supported the hypothesis that
ischemiais the major mechnism of hydrocephalic damage. The proinflammatory
cytokine PIGF may have significant role in the pathogenesis of chronic
hydrocephalus.



Introduction
Recent investigations in experimental kaolin-induced hydrocephal ushave shown
varying involvement of cholinergic, dopaminergic, and noradrenergic
neurotransmitter systems, indicating a rather complex neuronal disturbance[1-5].
Cerebral ischemiawassuggested as a potential cause for the observed neuronal
dysfunction by xenon CT blood flow study or cerebral metabolism study using
magneti c resonance spectroscopy[6-10].
Angiogenic factors has been found to be elevated in cerebral ischemic disorders.
VEGF and its receptors, HIF-1a  and recently PIGF were found to be elevated in
astrocytes, neurons or endothelial cells following experimental focal cerebral
ischemig[11-15]. Their role of angiogenic factorsin experimental hydrocephalus has
never been evaluated.
In the present study we sought to assay the mRNA expression of VEGFRL1 (Flt-1)
and PIGF in different area of the brain following experimental Kaolin induced
hydrocephalus. These data was confirmed at the protein level by the
immunohistochemistry of the Flt-1 expression.

Material and methods

Sprague-Dawley rats Ketamine
90mg/kg  Xylocazine 10mg/kg
27-gauge Cisterns magnum
0.05ml Kaolin 250mg/ml
Sham operation
QPCR
pentobarbital
5
2ug RNA cybergreen RTPCR RNA Roche

RNA GAPDH

Immunohistochemistry VEGFR1 PLGF



5% Choloral hydrate 0.008ml/gm, I.P,

100ml 4%
paraformaldehyde solutionin PBS pH=7.35
4°C frontal tip
4-7mm foramen Monro 3mm 3mm
1mm
4% paraformaldehyde solution in PBS
postfixtion 30% sucrose/PBS solution 4°C 24
cryoprotection Imm isopentane
-70°C
2.
1mm 10-16um
2.5%

BSA 3000u/ml heparinin PBS 30 PBS

5
anti-PLGF polyclonal antibody R & D Inc. anti-VEGFR1

polyclona antibody Coldspring Harbor Co. in antibody solution 0.25% Triton
X, 1% BSA, 3000u/ml heparin, 10u/ml anti-Rnasein PBS 24 4°C

PBS 5
Peroxidase-conjugated antibody PBS
ABCKit 6ul/ml A and B in PBS PBS DAB
staining kit Vector Labs-SK 4100
VEGF PLGF
factor 8 Fong
1995, Ma 1998 10% normal horse
serum 2 PBS 10 10%
normal horseserum  0.3% Triton X-100  1:50 factor 8 16
4°C 3% H,O, 10% methanol 20 PBST
10 PBS 0.018% normal horse
serum 1:200 biotinylated anti-rat 1gG 3

avidin-biotin-horse radish peroxidase complex 30
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In this adult model of hydrocephalus, the cisternal injection of kaolin causes an
inflammatory reaction and resultsin a progressive, but variable, dilation of the
ventricles[4]. As chronic hydrocephalusdevel ops, stabilization of ventricular
enlargement and normalization of intracranial pressure occurs. This model therefore
may be somewhat similar to some forms of chronic hydrocephal us like postmeningitic
hydrocephalus or the syndrome of normal pressure hydrocephal us. Our result showed
that 75% of our kaolin injected rat developed hydrocephaus on the time of sacrifice.
No mortality was seen during the recovery period.

In the present investigation local changes in angiogenesis factor expression, as
measured by quantitatively RT-PCR, were compared with tissue responses, as
demonstrated by immunohistochemistry, during the course of kaolin-induced
hydrocephalus. Both the RT-PCR response and the tissue responses displayed
significant regional and temporal alterations that were correlated in boththe
short-term and long-term hydrocephal us stages.



Striatal and Hippocampal Response in Kaolin-Induced Hydrocephalus

Very few studies have described damage to the striatal and hippocampal formationin
adult hydrocephalug[1, 2, 16]. Most of these studies focus on the neuronal loss. Our
study is the first to demostrate angiogenic factor elevation in these two area of the
brain[4]. In the human cerebral blood flow Mrspectroscope study, deep white matter
isthe primary site of decreased cerebral blood flow[6, 7]. Hippocampus, which is
adjacent to the ventricle in rat, showed elevated Flt-1 expression in our study,
whichwas propably because of the ischemic drive. The striatal area was the other site
of Ft-1 and PIGF overexpression in our study. Thisis also adjacent to the dilated
cerebral ventricle. Striatum involved coordinated motor control. Through PET study
and intracranial pressure manipulation, basal ganglia, thalamus and deep white matter
was found to be the most vascular vulnerable areg[ 1, 16].

Therole of PIGF elevation in experimental hydrocephal us has never been reported.
Thisis correlated with our study on elevated CSF PIGF in clinical hydrocephalus
patients. Whether thisis pathogenetic as PIGF is a proinflammatory factor or mearly a
reflection of proangiogenic factor elevation remained to be studied[17, 18].

In conclusion, in the present descriptive study, we showed acorrelation of both the
short-term and the long-term neuronal responses with a moderate but prolonged
angiogenic factor production.

[1] Klinge P, Muhlendyck A, Lee S, Ludemann W, Groos S, Samii M, et al.
Temporal and regional profile of neuronal and glial cellular injury after induction of
kaolin hydrocephalus. Acta Neurochir Suppl 2002;81:275-7.

[2] DingY, McAllister JP, 2nd, Yao B, Yan N, Canady Al. Neuron tolerance during
hydrocephalus. Neuroscience 2001;106(4):659-67.

[3] Dd Bigio MR. Calcium-mediated proteolytic damage in white matter of
hydrocephalic rats? J Neuropathol Exp Neurol 2000;59(11):946-54.

[4] TashiroY, Chakrabortty S, Drake JM, Hattori T. Progressive loss of glutamic
acid decarboxylase, parvalbumin, and calbindin D28K immunoreactive neurons in the



cerebral cortex and hippocampus of adult rat with experimental hydrocephalus. J
Neurosurg 1997;86(2):263-71.

[5] TashiroY, Drake JM, Chakrabortty S, Hattori T. Functional injury of cholinergic,
GABAergic and dopaminergic systems in the basal ganglia of adult rat with
kaolin-induced hydrocephalus. Brain Res 1997;770(1-2):45-52.

[6] Braun KP, Gooskens RH, Vandertop WP, Tulleken CA, van der Grond J. 1H
magnetic resonance spectroscopy in human hydrocephalus. J Magn Reson Imaging
2003;17(3):291-9.

[7] Bateman GA. Vascular compliance in normal pressure hydrocephaus. AJNR
Am JNeuroradiol 2000;21(9):1574-85.

[8] Braun KP, van Eijsden P, Vandertop WP, de Graaf RA, Gooskens RH, Tulleken
KA, et a. Cerebral metabolism in experimental hydrocephalus: an in vivo 1H and 31P
magnetic resonance spectroscopy study. J Neurosurg 1999;91(4):660-8.

[9] Tanaka A, KimuraM, NakayamaY, Y oshinaga S, Tomonaga M. Cerebral blood
flow and autoregulation in normal pressure hydrocephalus. Neurosurgery
1997;40(6):1161-5; discussion 1165-7.

[10] KimuraM, Tanaka A, Yoshinaga S. Significance of periventricular
hemodynamics in normal pressure hydrocephalus. Neurosurgery 1992;30(5):701-4;
discussion 704-5.

[11] Autiero M, Luttun A, Tjwa M, Carmeliet P. Placental growth factor and its
receptor, vascular endothelial growth factor receptor-1: novel targets for stimulation
of ischemic tissue revascularization and inhibition of angiogenic and inflammatory
disorders. J Thromb Haemost 2003;1(7):1356-70.

[12] Autiero M, Waltenberger J, Communi D, Kranz A, Moons L, Lambrechts D, et
a. Role of PIGF in theintra- and intermolecular cross talk between the VEGF
receptors FIt1 and Flk1. Nat Med 2003;9(7):936-43.

[13] Beck H, Acker T, Puschel AW, FujisawaH, Carmeliet P, Plate KH. Cell
type-specific expression of neuropilinsin an MCA-occlusion model in mice suggests
apotential role in post-ischemic brain remodeling. J Neuropathol Exp Neurol
2002;61(4):339-50.



[14] Ergenekon E, Gucuyener K, Erbas D, Aral S, Koc E, Atalay Y. Cerebrospinal
fluid and serum vascular endothelial growth factor and nitric oxide levels in newborns
with hypoxic ischemic encephal opathy. Brain Dev 2004;26(5):283-6.

[15] Hayashi T, NoshitaN, Sugawara T, Chan PH. Temporal profile of angiogenesis
and expression of related genes in the brain after ischemia. J Cereb Blood Flow Metab
2003;23(2):166-80.

[16] Klinge PM, Samii A, Muhlendyck A, Visnyei K, Meyer GJ, Walter GF, et al.
Cerebral hypoperfusion and delayed hippocampal response after induction of adult
kaolin hydrocephalus. Stroke 2003;34(1):193-9.

[17] OuraH, Bertoncini J, Velasco P, Brown LF, Carmeliet P, Detmar M. A critica
role of placental growth factor in the induction of inflammation and edema formation.
Blood 2003;101(2):560-7.

[18] Nagy JA, Dvorak AM, Dvorak HF. VEGF-A(164/165) and PIGF: rolesin
angiogenesis and arteriogenesis. Trends Cardiovasc Med 2003;13(5):169-75.



