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Abstract Obstetric complications play a role in the
pathophysiology of schizophrenia. However, the biological
consequences during neurodevelopment until adulthood are
unknown. Microarrays have been used for expression
profiling in four brain regions of a rat model of neonatal
hypoxia as a common factor of obstetric complications.
Animals were repeatedly exposed to chronic hypoxia from
postnatal (PD) day 4 through day 8 and killed at the age of
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150 days. Additional groups of rats were treated with
clozapine from PD 120-150. Self-spotted chips containing
340 cDNAs related to the glutamate system (“glutamate
chips”) were used. The data show differential (up and
down) regulations of numerous genes in frontal (FR),
temporal (TE) and parietal cortex (PAR), and in caudate
putamen (CPU), but evidently many more genes are
upregulated in frontal and temporal cortex, whereas in
parietal cortex the majority of genes are downregulated.
Because of their primary presynaptic occurrence, five dif-
ferentially expressed genes (CPX1, NPY, NRXN1, SNAP-
25, and STX1A) have been selected for comparisons with
clozapine-treated animals by qRT-PCR. Complexin 1 is
upregulated in FR and TE cortex but unchanged in PAR by
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hypoxic treatment. Clozapine downregulates it in FR but
upregulates it in PAR cortex. Similarly, syntaxin 1A was
upregulated in FR, but downregulated in TE and unchan-
ged in PAR cortex, whereas clozapine downregulated it in
FR but upregulated it in PAR cortex. Hence, hypoxia alters
gene expression regionally specific, which is in agreement
with reports on differentially expressed presynaptic genes
in schizophrenia. Chronic clozapine treatment may con-
tribute to normalize synaptic connectivity.

Keywords Hypoxia - Microarray - Presynaptic genes -
Clozapine - PPI - Animal model

Introduction

In addition to genetic predisposition, the neurodevelop-
mental hypothesis of schizophrenia includes a number of
environmental factors like obstetric and birth complica-
tions with ensuing consequences on the pathophysiology of
the disease. Hence, the risk of schizophrenia increases with
the number and severity of hypoxia-associated obstetric
complications [5, 6, 22]. However, the pathogenetic
implications of obstetric complications are unclear. The
neurodevelopmental hypothesis of schizophrenia suggests
that the onset of abnormal brain development and neuro-
pathology occurs perinatally, whereas symptoms of the
disease appear in early adulthood [32].

Schizophrenia patients show deficits in attention and
processing of sensory information. A reliable test of sen-
sorimotor gating in vertebrates is prepulse inhibition (PPI)
of the acoustic startle reflex, which is disrupted in
schizophrenia patients and restored by antipsychotics,
mainly clozapine [2]. Several cortical brain regions and
striatum are involved in PPI-modulating circuitry [30]. We
previously reported on a PPI deficit in rats exposed to
neonatal hypoxia appearing only during adulthood. This
deficit was prevented and restored after chronic clozapine
treatment [12].

In our animal model of chronic neonatal hypoxia, rats
exhibited increased gene expression of the N-methyl-D-
aspartate (NMDA) receptor subunit NR1 in hippocampal
and cortical subregions [28], which suggests an involve-
ment of the NMDA receptor in the pathophysiology of
hypoxia-induced alterations. In schizophrenia, there is
indeed strong support for disturbances of the glutamatergic
and gamma-amino-butyric acid (GABA)ergic microcir-
cuitry, mainly affecting the expression of presynaptic
vesicle proteins including synaptosome-associated protein
25 (SNAP-25) and syntaxin, which form the soluble
N-fethylmaleimide-sensitive factor attachment protein
receptor (SNARE) complex [9, 10, 15, 20, 29]. Complexin
(CPX) 1 and complexin 2 operate in synaptic vesicle
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exocytosis by stabilizing the SNARE complex [4]. Neu-
ropeptide Y (NPY) and neurexins (NRXN) play a role in
cell adhesion and are hypothesized to play a role in the
pathophysiology of schizophrenia [14, 20, 23, 26].

There is only little information about the influence of
antipsychotic treatment on gene expression, as has been
shown for NPY and CPX in normal rats [8, 16]. Thus, the
present study investigates on the impact of neonatal
hypoxia and long-term treatment with the antipsychotic
clozapine on the expression of presynaptic genes in dif-
ferent cortical and subcortical brain regions in an animal
model. Furthermore, correlations between differentially
expressed genes and PPI deficits have been evaluated.

Materials and methods
Animals

A total of 12 Sprague-Dawley rats (Animal Facility,
Department of Animal Physiology, University of Tiibin-
gen) were used for the experiments. The rats were housed
in groups of 3 animals under a 12-h light/dark cycle with
food and drinking water available ad libitum. The experi-
ments were carried out in accordance with the international
ethical guidelines for the care and use of laboratory animals
for experiments (declaration of Helsinki, NIH guidelines)
and were approved by the local animal care committee
(Regierungsprisidium Tiibingen, ZP 3/02).

Neonatal hypoxia

Chronic hypoxia (11% O,, 89% N,) was imposed from
postnatal day (PD) 4-8 on six animal pups and their
mothers by placing them in an air-tight plastic chamber for
a period of 6 h per day. The six other pups were subjected
to identical handling conditions and were placed in iden-
tical chambers but with regular oxygen concentrations
(21% O, = normoxia) [12, 28].

Clozapine treatment

Between PD 120 and PD 150, half of the rats were being
orally treated over a period of 4 weeks with 45 mg/kg/day
clozapine (Novartis Pharma AG, Basel, Switzerland) [12].

Test on prepulse inhibition and tissue preparation

The startle magnitude was measured as described in [12].
Since a deficit in prepulse inhibition had been shown to
surface on postnatal days 120 and 150, animals were killed
at postnatal day 150. Brains were removed and immersed
in —78°C cold isopentane and stored at —80°C until further
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use. Slices of 120 um thickness were cut on a cryostat and
used to excise respective brain regions according to the
atlas of Paxinos and Watson [25] using a micropunching
tool. Resultant, cylindrical tissue blocks were collected on
dry ice and stored at —80°C until further processing.

Molecular investigations
RNA isolation and reverse transcription

One milliliter of Trizol was added to excised tissue, and
tissue was homogenized by 30 strokes of trituration. After
addition of 200 ul chloroform, the solution was transferred
to Phase-Lock tubes (Eppendorf) for phase separation.
Aqueous supernatants were purified and concentrated by
RNeasy mini columns (Qiagen). Quality control was per-
formed by OD measurements in a NanoDrop ND-1000
spectrophotometer (260/280 nm >1.8) and by electropho-
retic separation using an Agilent 2100 Bioanalyzer (R.I.N.
values >7.0).

Reverse transcription of purified total RNA was carried
out using oligo-dT primers with T7 promoter sequence and
Superscript II (Invitrogen).

In vitro transcription and labeling

Reverse-transcribed cDNAs were treated with RNAse and
with DNA polymerase to obtain double-stranded DNA.
Purified DNA was used for amplification reactions using
RNAMaxx High Yield Transcription Kit (Stratagene) with
T7 polymerase. Typically, this in vitro transcription
resulted in 40- to 50-fold amplification of mRNA/cDNA.

Subsequently, cRNA was reverse-transcribed. Labeled
DNA was purified and dried.

Preparation of DNA (“glutamate’) Chips

The chips represent a hypothesis driven selection of 340
cDNA sequences of genes related to glutamatergic and
GABAergic neurotransmission and synaptic vesicle
proteins (Online Resource la—f), obtained from clones
purchased from Deutschen Ressourcenzentrum fiir
Genomfoschung (RZPD, Berlin). The cDNA-inserts of
bacterial clones were PCR-amplified directly from aliquots
of bacterial cultures grown overnight (LB medium, con-
taining antibiotic selection). After electrophoretic quality
control, PCR mixtures were dried, resuspended in betaine-
containing spotting buffer [7], and spotted on amino silane
slides (Nexterion, PeqLab), using a MicroGrid II Arrayer.
Each DNA was double-spotted, and each array was spotted
three times on the same slide. The following control DNAs
were used: salmon sperm DNA, human COT-1 DNA, 4
Arabidopsis thaliana DNAs (for spike-ins), spotting buffer,

water, and a series of DNAs derived from artificial genes
(library of random external controls = LOREC) [19].

Altogether, a chip contained 4,608 spots, including
markers at the array corners to facilitate finding the correct
orientation after scanning.

After spotting, DNAs were UV-cross-linked with a
radiation of 250 mJ/cm?. Then, they were baked at 80°C
for 2 h and stored at RT.

Hybridization and scanning of slides

Spotted slides were sequentially washed in 1% SDS solution
in distilled water, immersed in 95°C distilled water, and
incubated in 55°C prehybridization solution for 45 min. Then,
they were washed in distilled water, in isopropanol (20 s,
each), and dried by a stream of nitrogen or air. Hybridizations
were done in SlideHyb Glass Array Hybridization buffer #1
(Ambion) overnight at 56°C. All subsequent washing steps at
increasing stringency were performed in the dark.

Scanning was carried out in a Packard ScanArray 5,000
scanner. Each slide was scanned twice at laser strengths of
90 and 100% to obtain a larger spectrum of fluorescence
intensities.

Data processing

Data quality was assessed by a number of procedures,
including visual inspection of intensities, MA-plots, and
correlation analysis of replicates. Within-array normaliza-
tion was performed according to locally weighted scatter-
plot smoothing (LOESS) method [34]. Only rank-invariant
probes were used for model generation during this proce-
dure [27]. For between-array normalization, scaling [34]
was used. After assessing normal distribution of replicate
spots using the Kolmogorov—Smirnov test, replicates were
pooled by their arithmetic means. To identify differentially
expressed genes, two-tailed #-tests and the RankProduct
(RP) [3] method were used. The false discovery rate (FDR)
method was employed to avoid accumulation of alpha-
error. Corrected P-values <0.05 were considered signifi-
cant. To limit the number of differentially expressed genes,
only those were used which were found by both 7-test and
RP methods. Finally, to profile overall regulation, only
genes that were differentially regulated in at least two
regions were selected for further analyses.

Quantitative real-time PCR (qRT-PCR)

Quantitative RT-PCR was carried out in 384-well plates in
an ABI Prism 7900 HT Fast Real-Time PCR cycler
(Applied Biosystems, Foster City, Ca., USA). The primer
pairs used for the respective genes are listed in Table 1.
Beta actin was used as a reference (“house-keeping”) gene.

@ Springer
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Table 1 Primers used in

Sequences reading from 5’ -end

gRT-PCR
Gene Forward primer Reverse primer
CPLX1 GCAGGGCATACGAGATAAGT TGGTGGGGTCAGTGATGGCAGTA
NPY CGCTCTGCGACACTACAT CTCAGGGCTGGATCTCTTG
NRXN1 AGGGCGTCAGCTCACAATCTTCAA TCTGCCGAGCCTGGGTATGGT
SNAP25 AGTGGCGTTTGCTGAATGAC TGCTGGTATGACTTAATCTTGACA
STXI1A TGTCCCGAAAGTTTGTG GCGTTCTCGGTAGTCT

Results (Fig. 1). In the light that clozapine additionally upregu-

Microarray experiments

After statistical evaluations of the 768 genes spotted on the
glass slides by Students ¢ tests, many of them turned out to
be significantly regulated.

Table 2 provides an overview of differentially expressed
genes in frontal (FR), parietal (PAR), and temporal (TE)
cortex as well as in caudate putamen (CPU). At first sight,
there are apparently large regional differences in terms of
up- or downregulation, i.e. many more genes are upregu-
lated in FR [44 vs. 4 (ratiol1)] and in TE [51 vs. 22 (ratio
2.32)] compared with PAR [10 vs. 33 (ratio 0.3)]. A more
balanced situation seems to occur in CPU.

Clozapine treatment and qRT-PCR results

To obtain a clearer picture, the focus was laid upon genes
primarily being expressed presynaptically. Those were further
investigated by qRT-PCR in the four brain regions in norm-
oxic and hypoxic animals treated with clozapine (Table 3).

Evidently, CPX1 is upregulated in frontal and temporal
cortex as well as in caudate putamen, but not in parietal
cortex in hypoxic animals (Table 2). Treatment with clo-
zapine resulted in an upregulation also in parietal cortex.
NPY was upregulated by hypoxia in frontal but downreg-
ulated in temporal cortex. Neurexinl was upregulated in
both frontal cortex and CPU in hypoxic animals. SNAP25
was also upregulated in frontal cortex but downregulated in
CPU. Additionally, it was upregulated in temporal cortex.
Another counterregulation was observed with syntaxinl A
in frontal and temporal cortex (Table 2). Interestingly, in
parietal cortex, where hypoxia had no effect, STX1A was
upregulated by clozapine (Table 3).

Discussion
Complexinl

Upregulation of CPX1 upon postnatal hypoxia in frontal,
temporal cortex, and CPU has not been reported yet

@ Springer

lated the gene in parietal cortex, it may be assumed that
hypoxia-induced upregulation may be a compensatory
mechanism to ensure proper vesicular transmitter release.
Associations of complexins with schizophrenia have been
repeatedly reported [9, 10, 13]. A recent report comes to
the conclusion that complexins facilitate neurotransmitter
release [33]. Specifically, it has been suggested that
CPX1 downregulation during perinatal hypoxia in
GABAergic neurons facilitates glutamate release and loss
of overstimulated neurons—which subsequently results in
reduced glutamatergic projections [24]. The upregulation
of CPX1 in parietal cortex by clozapine is supported by
the findings of Eastwood [8]. Our results showing the
very strong correlation of CPX1 with PPI in hypoxia-
treated animals (Table 4) support the view that this gene/
protein is a key player in the development of Schizo-
phrenia-like symptoms.

Neurexinl

Neurexins and neuroligins are emerging as central orga-
nizing molecules for excitatory glutamatergic and inhibi-
tory GABAergic synapses. They function as cell adhesion
molecules, bridging the synaptic cleft. Neurexin 1beta and
neuroligin normally form trans-synaptic complexes [1].
Finally, there is a recent report showing that disruption of
the neurexin 1 gene is associated with schizophrenia [26].

Preconditioning ischemia can downregulate the increased
neurexin—neuroligin]l-PSD-95 interaction induced by
ischemia injury and exerts a neuroprotective effect. These
results indicate that the neurexin-neuroliginl is an important
signaling module in hypoxic injury and a novel possible
target in therapeutics of brain ischemia [21].

SNAP25

Recent genetic studies implicate alterations in SNAP-25
gene structure, expression, and/or function in contributing
directly to neuropsychiatric and neurological disorders.
Protein-by-protein analyses indicated a significant reduc-
tion in SNAP-25 immunoreactivity in the schizophrenia
non-suicide group [11, 15].
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are noted in schizophrenia patients in Brodman area 17,
decreased levels in areas 10 and 20, and an elevated level
in area 9 [31].

In comparison with our results (Fig. 1), those findings
strongly support the notion that regionally distinct
expressions prevail and have always to be taken into
consideration.

NPY

Regionally different gene expression of NPY is observed
also in our report (Fig. 1). Patients with schizophrenia
showed deficits in NPY mRNAs [14, 23]. Olanzapine and
clozapine administration acutely decreased NPY mRNA
levels in the nucleus accumbens, striatum, and anterior
cingulate cortex of rats [16, 20]. The proportion of NPY
neurons in the upper cortical layers was low, but it was
high in the deep white matter in the disorganized and
paranoid form [17].

Syntaxin 1

This presynaptic protein is another good example for
regionally different gene expression. It is upregulated in FR
but downregulated in TE, whereas there is no change in
CPU and PAR by hypoxia treatment. Clozapine upregu-
lates its expression in PAR but downregulates it in FR
(Fig. 1). From literature reports, we know that there were
significant negative correlations between age and mRNA
levels of syntaxin 1A in schizophrenic patients. They were
increased in the younger (58-79 years) subgroup of
schizophrenic patients—which suggests that they reflect
overall neurodevelopmental abnormalities in synaptic
connectivity in the temporal cortex of schizophrenic
patients [29].

Conclusions

Presynaptic proteins have been reported to be differentially
regulated in schizophrenia. In our animal model of peri-
natal hypoxia, alterations in presynaptic genes in adulthood
during the time period of behavioral deficits have been
shown and may be involved in the pathophysiology leading
to schizophrenia symptoms. However, we focused only on
genes of the glutamatergic system, and all conclusions are
limited to this domain. Our results reveal that chronic
clozapine treatment may differentially influence gene
expression and in this way contribute to the treatment of
symptoms. Animal models of risk factors of schizophrenia
are warranted to elucidate disease mechanisms and specific
effects of antipsychotic treatment in disease states.

@ Springer

Acknowledgments Supported by a research grant from the Central
Institute of Mental Health, Mannheim, Germany.

Conflict of interest The authors declare that they have no conflict
of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Berninghausen O, Rahman MA, Silva JP, Davletov B, Hopkins
C, Ushkaryov YA (2007) Neurexin ibeta and neuroligin are
localized on opposite membranes in mature central synapses.
J Neurochem 103(5):1855-1863

2. Braff DL (1992) Reply to cognitive therapy and schizophrenia.
Schizophr Bull 18(1):37-38

3. Breitling R, Armengaud P, Amtmann A, Herzyk P (2004) Rank
products: a simple, yet powerful, new method to detect differ-
entially regulated genes in replicated microarray experiments.
FEBS Lett 573:83-92

4. Brose N (2008) Altered complexin expression in psychiatric
and neurological disorders: cause or consequence? Mol Cells
25(1):7-19

5. Cannon TD, Rosso IM, Bearden CE, Sanchez LE, Hadley T
(1999) A prospective cohort study of neurodevelopmental pro-
cesses in the genesis and epigenesis of schizophrenia. Dev Psy-
chopathol 11(3):467-485

6. Dalman C, Thomas HV, David AS, Gentz J, Lewis G, Allebeck P
(2001) Signs of asphyxia at birth and risk of schizophrenia.
Population-based case-control study. Br J Psychiatry 179:403—
408

7. Diehl F, Grahlmann S,Beier M, Hoheisel JD (2001) Manufac-
turing DNA microarrays of high spot homogeneity and reduced
background signal. Nucleic Acids Res 29 Apr 2001 Nr. 7, S. E38

8. Eastwood SL, Burnet PW, Harrison PJ (2000) Expression of
complexin I and II mRNAs and their regulation by antipsychotic
drugs in the rat forebrain. Synapse. 1 Jun 2000;36(3):167-177

9. Eastwood SL, Harrison PJ (2001) Synaptic pathology in the
anterior cingulate cortex in schizophrenia and mood disorders. A
review and a Western blot study of synaptophysin, GAP-43 and
the complexins. Brain Res Bull 55(5):569-578

10. Eastwood SL, Harrison PJ (2005) Decreased expression of
vesicular glutamate transporter 1 and complexin II mRNAs in
schizophrenia: further evidence for a synaptic pathology affecting
glutamate neurons. Schizophr Res 73(2-3):159-172

11. Fatemi SH, Earle JA, Stary JM, Lee S, Sedgewick J (2001)
Altered levels of the synaptosomal associated protein SNAP-25
in hippocampus of subjects with mood disorders and schizo-
phrenia. Neuroreport 12(15):3257-3262

12. Fendt M, Lex A, Falkai P, Henn FA, Schmitt A (2008) Behav-
ioural alterations in rats following neonatal hypoxia and effects of
clozapine: implications for schizophrenia. Pharmacopsychiatry
41(4):138-145

13. Halim ND, Weickert CS, McClintock BW, Hyde TM, Weinber-
ger, Kleinman JE, Lipska BK (2003) Presynaptic proteins in the
prefrontal cortex of patients with schizophrenia and rats with
abnormal prefrontal development. Mol Psychiatry 8(9):797-810



Eur Arch Psychiatry Clin Neurosci (2010) 260 (Suppl 2):S81-S89

S89

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hashimoto T, Arion D, Unger T, Maldonado-Avilés JG, Morris
HM, Volk DW, Mirics K, Lewis DA (2008) Alterations in
GABA-related transcriptome in the dorsolateral prefrontal cortex
of subjects with schizophrenia. Mol Psychiatry 13(2):147-161
Honer WG, Falkai P, Bayer TA, Xie J, Hu L, Li HY, Arango V,
Mann JJ, Dwork AJ, Trimble WS (2002) Abnormalities of
SNARE mechanism proteins in anterior frontal cortex in severe
mental illness. Cereb Cortex 12(4):349-356

Huang XF, Deng C, Zavitsanou K (2006) Neuropeptide Y mRNA
expression levels following chronic olanzapine, clozapine and
haloperidol administration in rats. Neuropeptides 40(3):213-219
Ikeda K, Ikeda K, Iritani S, Ueno H, Niizato K (2004) Distri-
bution of neuropeptide Y interneurons in the dorsal prefrontal
cortex of schizophrenia. Prog Neuropsychopharmacol Biol Psy-
chiatry 28(2):379-383

Karson CN, Mrak RE, Schluterman KO, Sturner WQ, Sheng JG,
Griffin WS (1999) Alterations in synaptic proteins and their
encoding mRNAs in prefrontal cortex in schizophrenia: a possi-
ble neurochemical basis for ‘hypofrontality’. Mol Psychiatry
4(1):39-45

Koschmieder A, Ma D, Hoheisel J, Frohme M (2005) Con-
struction of libraries of random external controls (LOREC) for
application in microarray experiments. DKFZ, Degree Disserta-
tion, Heidelberg

Kuromitsu J, Yokoi A, Kawai T, Nagasu T, Aizawa T, Haga S,
Ikeda K (2001) Reduced neuropeptide Y mRNA levels in the
frontal cortex of people with schizophrenia and bipolar disorder.
Brain Res Gene Expr Patterns 1(1):17-21

Li C, Han D, Zhang F, Zhou C, Yu HM, Zhang GY (2007)
Preconditioning ischemia attenuates increased neurexin-neuroli-
ginl-PSD-95 interaction after transient cerebral ischemia in rat
hippocampus. Neurosci Lett 426(3):192-197

McNeil TF, Cantor-Graae E, Ismail B (2000) Obstetric compli-
cations and congenital malformation in schizophrenia. Brain Res
Brain Res Rev 31(2-3):166-178

Mellios N, Huang HS, Baker SP, Galdzicka M, Ginns E,
Akbarian S (2008) Molecular determinants of dysregulated
GABAergic gene expression in the prefrontal cortex of subjects
with schizophrenia. Biol Psychiatry.31 Dec 2008

Muller DJ, Klempan TA, De Luca V, Sicard T, Volavka J,
Czobor P, Sheitman BB, Lindenmayer JP, Citrome L, McEvoy

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

JP, Lieberman JA, Honer WG, Kennedy JL (2005) The SNAP-25
gene may be associated with clinical response and weight gain
in antipsychotic treatment of schizophrenia. Neurosci Lett
379:81-89

Paxinos G, Watson C (1986) The rat brain in stereotaxic coor-
dinates, 2nd edn. Academic Press

Rujescu D, Ingason A, Cichon S et al (2009) Disruption of the
neurexin 1 gene is associated with schizophrenia. Hum Mol
Genet 18(5):988-996

Schadt EE, Li C, Ellis B, Wong WH (2001) Feature extraction
and normalization algorithms for high-density oligonucleotide
gene expression array data. J Cell Biochem Suppl 37:120-125
Schmitt A, Fendt M, Zink M, Ebert U, Starke M, Berthold M,
Herb A, Petroianu G, Falkai P, Henn F (2007) Altered NMDA
receptor expression and behaviour following postnatal hypoxia:
potential relevance to schizophrenia. J Neural Transm 114:239—
248

Sokolov BP, Tcherepanov AA, Haroutunian V, Davis KL (2000)
Levels of mRNAs encoding synaptic vesicle and synaptic plasma
membrane proteins in the temporal cortex of elderly schizo-
phrenic patients. Biol Psychiatry 48(3):184-196

Swerdlow NR, Geyer MA, Braff DL (2001) Neural circuit reg-
ulation of prepulse inhibition of startle in the rat: current
knowledge and future challenges. Psychopharmacology (Berl)
156(2-3):194-215

Thompson PM, Sower AC, Perrone-Bizzozero NI (1998) Altered
levels of the synaptosomal associated protein SNAP-25 in
schizophrenia. Biol Psychiatry 43(4):239-243

Weinberger DR (1996) On the plausibility of “the neurodevel-
opmental hypothesis” of schizophrenia. Neuropsychopharma-
cology 14(3):1S-11S

Xue M, Stradomska A, Chen H, Brose N, Zhang W, Rosenmund
C, Reim K (2008) Complexins facilitate neurotransmitter release
at excitatory and inhibitory synapses in mammalian central
nervous system. Proc Natl Acad Sci USA 105(22):7875-7880
Yang YH, Dudoit S, Luu P, Speed TP (2001) Normalization for
cDNA microarray data. In: Bittner ML, Chen Y, Dorsel AN,
Dougherty ER (eds) Microarrays: optical technologies and
informatics. Proc SPIE, vol 4266, pp 141-152

@ Springer



	Differential expression of presynaptic genes in a rat model of postnatal hypoxia: relevance to schizophrenia
	Abstract
	Introduction
	Materials and methods
	Animals
	Neonatal hypoxia
	Clozapine treatment
	Test on prepulse inhibition and tissue preparation

	Molecular investigations
	RNA isolation and reverse transcription
	In vitro transcription and labeling
	Preparation of DNA (‘‘glutamate’’) Chips

	Hybridization and scanning of slides
	Data processing
	Quantitative real-time PCR (qRT-PCR)

	Results
	Microarray experiments
	Clozapine treatment and qRT-PCR results

	Discussion
	Complexin1
	Neurexin1
	SNAP25
	NPY
	Syntaxin 1

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


