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Hydrocephalus is the most common disease in pediatric neurosurgery. It is caused
by increased production of cerebrospina fluid (CSF), blockage of CSF pathway, or
impaired absorption of CSF. The abnormal accumulation of CSF in the brain during
hydrocephalus will have effects to the brain not only from mechanical compression
and metabolic disturbance, but also from vascular compromise, which will impair the
cerebral oxygen supply.



It

s known that hypoxia induces transcription of erythropoietin (EPO) and other

hypoxia-inducible genes, such as vascular endothelia growth factor (VEGF). It is
hypothesized that the increased intracranial pressure (11CP) during hydrocephalus
changes the expression of EPO and other hypoxia-inducible genes. Using RT-PCR
and Western blot analysis, the aims of this study are as follows:

1.

The expression of EPO and other hypoxia-inducible genes in the brain tissue
during hydrocephalus

. The location of EPO and other hypoxia-inducible genes in the brain tissue

during hydrocephalus (Is it different with the results of other studies in the
hypoxic brain)

. The relationship between the intracranial pressure and the expression of EPO

and other hypoxia-inducible genes

The chronological changes of expression of EPO and other hypoxia-inducible
genesin different stages of hydrocephalus

The treatment effect (CSF diversion) to the expression of EPO and other
hypoxia-inducible genes
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(Subjectsand Methods)

1.
A.
B. Cisterna magnainjection rats 8% chlora hydrate
0.5 /100g
005 25% kaolin sham-operated rats saline solution



cisterna magna

C. acute hydrocephalus group
kaolin chronic hydrocephalus group kaolin
8% chloral hydrate 0.5cc/100g
bregma
bregma 2mm 1mm
fiberoptic ICP intracranial pressure monitor
D. CSF CSF
3-4mm
CSF CSF
2-3cmH;0
E. pentobarbital 200mg/kg
-80
25

RNA extraction Western blot analysis, etc
Sham-operated group rats 3 0.05ml sterile saline cisterna
magna for acute for chronic

a.  Sham for acute hydrocephalus 4 4w/o rats

b.  Sham for chronic hydrocephalus 7 7wl/o rats
Acute hydrocephalusgroup rats 3 0.05ml sterile 25% kaolin

cisternamagna

a.  Acute hydrocephalus with CSF diversion

b. Acute hydrocephalus without CSF diversion
Chronic hydrocephalusgroup rats 3 0.05ml sterile 25% kaolin

cisternamagna
a.  Chronic hydrocephalus with CSF diversion
b.  Chronic hydrocephalus without CSF diversion

A. mRNA of erythropoietin and other hypoxia-related molecules
Total RNA was extracted by the acid guanidinium thiocyanate phenol
chloroform method. The MRNA of erythropoietin (EPO), vascular endothelial
growth factor (VEGF) and hypoxia inducible factor (HIF) was been examined
in different parts of the brain by the RT-PCR. The method had been previously
described [Wu et al., 1995, 2001]. Briefly, total RNA was been purified from



C.

different parts of the brain with the acid guanidinium
thiocyanate-phenol -chloroform extraction method.

Ten to twenty microgram of total RNA was been fractionated on a 1%
agarose gel, photographed and checked the RNA qulity. The mRNA was
examined by the RT-PCR. The mRNA of EPO, VEGF, and HIF-1 « examined
in the RT-PCR used corresponding specific primers and was been confirmed
the accuracy by DNA sequence analysis.

Primers:

HIF-1a up : tctgttatgaggctcaccatc 21 mer
HIF-1a down : ccggcttgttagggtacatt 20 mer
VEGF up : cactggaccctggctttactgc 22 mer
VEGF down : gtttttgaccctttcectttcctc 24 mer
EPO up : ctcececcacgectcatt 17 mer

EPO down : cccgtgtacagcttcagttt 20 mer

RT-PCR

Five micrograms of the RNA were reverse-transcribed (RT) to first strand
cDNA using MMLYV reverse transcriptase according to the manufacturer’s
instructions (Promega). Polymerase chain reaction (PCR) for rat EPO, VEGF,
and HIF-1 &« mRNA was performed by adding 3ul (150 ng) of the first-strand
cDNA inatotal of 15 pl containing 20 mmol/L Tris-HCL, 50 mmol/L KCL,
1.33 mmol/L MgCl,, 200 pmol/L dNTPs,33 pmoles of each primer, and 1.5 U
DNA polymerase. The parameters for rapid cycle DNA amplifications were
initial denaturation at 96°C for five minutes, then thirty seconds at 94°C, thirty
seconds of annealing at 55°C, and one minutes at 72°C for 30 cycles, followed
by afinal extension at 72°C for 10 minutes. The amplified products were
resolved in 5% polyacrylamide gels. The gels were stained with ethidium
bromide and photographed.

Western blot analysis

40mg of protein were loaded on SDS-polyacrylamide gels of different
percentages corresponding to the molecular weight of the target proteins. After
electrophoresis, the proteins were transferred to polyvinylidene difluoride
(PVDF) membrane by electroblotting. For immunodetection, membranes were
probed with primary antibody followed by incubation with
peroxidase-conjugated secondary antibodies or followed by incubation with
biotinylated secondary antibody and then transferred to VECTASTAIN® Elite
ABC kit (VECTOR). Bands were visualized by the enhanced

™

chemiluminescence (ECL) system (PerkinElmer ).



(Results)

( )
. HIF-1a (Hypoxia-inducible factor):
Acute hydrocephalus: Hippocampus (HC): H>HD=C
Thalamus (Th) H>HD>C
Chronic hydrocephalus. HC:. C>H=HD
Striatum (ST): H>C>HD
. HIF-1a mRNA:
Acute hydrocephalus: TH: H>HD=C
HC: H>C=HD
Chronic hydrocephalus. No change
. EPO:
Acute hydrocephalus: HC: H>C=HD
ST: C=HD>H
TH: H>C>HD
Chronic hydrocephalus. HC: H=HD>C
ST: no change
TH: no change
. EPO mRNA: Fail to identify
. VEGF: Fail to identify
. VEGF mRNA:
Acute hydrocephalus: HC: C>H>HD

ST: H>HD>C
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TH: H=HD>C

Chronic hydrocephalus. no change

Discussion and

hippocampus  thalamus HIF-1la HIF-1a mRNA

CSF EPO EPO mRNA
VEGF mRNA  striatum  thalamus HIF-1a
HIF-1a mRNA hippocampus VEGF mRNA
VEGF
HIF-1a hippocampus HIF-1a

hippocampus EPO CSF

EPO mRNA VEGF primer

striatum



HIF-1 «
Acute Hydrocephalus

HC ST TH FC
HIF-1 o

Chronic Hydrocephalus

HC ST TH FC




HIF-1 a mRNA
Acute Hydrocephalus

HC ST TH FC
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HIF-1 a mRNA
Chronic Hydrocephalus

(no change)
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EPO
Acute Hydrocephalus

HC ST TH FC

EPO

Chronic Hydrocephalus
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VEGF mRNA
Acute Hydrocephalus
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