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olymorphisms in the brain-derived neurotrophic factor (BDNF) gene have been indicated to be

associated with schizophrenia. Previous studies have suggested that val66met polymorphism

may increase the risk for schizophrenia, although other studies have not confirmed this

association. Decreased BDNF levels in the brain and the serum of patients with psychotic
disorders have been reported in first episode psychotic (FEP) patients. In our study we investigated the
potential genetic association of this polymorphism with schizophrenia in a sample of 38 FEP patients
with schizophrenia compared with a sample of 21 normal controls. Furthermore, we assessed serum
BDNF levels and investigated whether there was an association between this polymorphism and
alterations of serum BDNF levels between the investigated groups. There was a significant difference
in genotyped frequencies between cases and controls (p=0.030). The homozygous carriers Met/Met
were over-represented in the schizophrenia group (13/31, 41.9%), compared to controls (2/19, 10.5%).
The serum BDNF levels in the sample of FEP patients was significantly reduced compared to controls
(18.8748.23 ng/mL vs 29.2+7.73ng/mL, U=140, p=0.0). No association was found between alterations
of serum BDNF levels and Val66Met polymorphism in the group of patients (p=0.198). Negative
correlations were shown between serum BDNF levels of the patients and the PANSS Negative subscale
scores (p=0.015). There was found no significant difference between genotypes and memory scores
in the sample of patients. Our findings indicate that serum BDNF levels at the onset of schizophrenia
and BDNF Val66Met variant may be susceptibility risk factors for schizophrenia.
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Introduction

The brain-derived neurotrophic factor (BDNF) is
a member of the neurotrophic family that modu-
lates neurotransmitter synthesis, metabolism and
neuronal activity’ BDNF is also involved in the
development of dopaminergic-related systems,?
and the mesolimbic dopamine systems.? Thus, ac-
cording to both the neurodevelopmental theory*®
and the dopamine hypothesis®’ in the etiology of
schizophrenia, the BDNF genetic locus is a strong
candidate gene implicated in the development of
this disorder.

The function of BDNF in Central Nervous System
(CNS) raises the possibility that this type of neuro-
trophin is relevant to schizophrenia and a number
of studies have reported the potential contribution
of BDNF in the pathophysiology of the disorder.
Decreased serum BDNF levels have been reported
in neuroleptic free patients with schizophrenia when
compared to healthy controls,®? and also in serum
and in prefrontal cortex in chronic patients with
schizophrenia on antipsychotics.!®"" Increased BDNF
levels have been reported in chronicaly medicated
patients.'”'* BDNF levels have also been associated
with the severity of positive psychotic symptoms of
the patients® and with both positive and negative
psychotic symptoms.’

A number of association studies have been carried
out to test correlation between BDNF gene variants
and schizophrenia. The two most common studied
BDNF polymorphisms were the G196A (val66met)
and the C270T.*7'¢ Specifically the val66met poly-
morphism at codon 66, has been reported to influ-
ence changes in BDNF expression in the hippocam-
pal area and affect the ability to perform tasks of
verbal episodic memory.'® Furthermore BDNF has
been studied as a risk factor for schizophrenia.'”'®
Other genetic studies however have not confirmed
this result in various populations of schizophrenic
patients.'*~!

In this study, we investigated whether this poly-
morphism of the BDNF gene is associated with first
psychotic episode of schizophrenia and additionally
whether there was a relationship with the alteration
of serum BDNF in the group of drug-naive patients.
Furthermore, we investigated the correlation of se-
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rum BDNF levels with the positive and negative psy-
chotic symptoms of the patients.

Material and method
Subjects

Thirty seven unrelated drug-naive FEP patients (M/
F:16/21) with a mean age 26.81+9.22 years old, were
recruited from the Psychiatric Departments of the
two General Hospitals (General Hospital of Nikea-
Pireaus and "ATTIKON" General Hospital, Haidari,
Athens) from January 2006 through June 2008.
Blood samples were collected at the time of patients’
admission. Patients were assessed by SCID-1V,? by
Positive and Negative Syndrome subscales (PANSS),*
and by the Wechsler Digit Span forwards and back-
wards Task.?* Exclusion criteria included a history
of any neurological disease and current substance
abuse or dependence in the preceding 6 months as
defined by DSM-IV.*®

Three patients were excluded because they were
diagnosed -based on SCID- as suffering from brief
psychotic episode and five patients with mania.
The patients were followed-up monthly by two ex-
perienced psychiatrists. During this period three
patients were excluded from the sample because
they were diagnosed as suffering with substance
abuse. Twenty five patients were suffering from
paranoid type of schizophrenic disorder, ten of
disorganized schizophrenia and 3 of the catatonic
subtype.

The healthy control group consisted of twenty two
persons (M/F:13/9) with a mean age 26.81+9.22 years
old, which were recruited from the Biochemistry
Laboratory Department of Athens Dromokaition
Psychiatric Hospital. All controls were candidates
for military services and as such were interviewed
by one psychiatrist who had excluded the presence
of any major psychiatric or neurological disorder.
Additionally the exclusion criteria included history
of current substance abuse or dependence in the
preceding 6 months as defined by DSM-IV (APA,
1994).

Patients were matched to healthy controls re-
garding gender (Pearson Chi Square=1.386, df=1,
p=0.2390), age (Mann Whitney U=354, p=0.405),
years of education (Mann Whitney U=360, p=0.412),
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marital (Pearson Chi Square=2.091, df=1, p=0.148)
and employment status (Pearson Chi Square=0.101,
df=1, p=0.750). The study was approved by the eth-
ics committees of the three Hospitals and written
informed consent was obtained from all research
participants.

BDNF Measurement
Preparation of serum and storage

Human sera were obtained by drawing blood in se-
rum collection Vacutainer tubes (Becton-Dickinson,
Rutherford, NJ). The samples were allowed to clot for
30 min before centrifuged at 3500 rpm for 15 min at
15 °C. Serum was carefully separated and stored at

-20 °C until analyzed.

Measurement of BDNF levels

Serum BDNF levels were quantitated in the
rethawed serum samples by Quantikine Immuno-
assay Kit (Catalog No. DBD000) of R&D Systems
(Minneapolis, MN 55413, USA). This was a double
antibody sandwich ELISA method. The manufactur-
er’s instructions were applied to develop the kit to
the calibration method and to the measurement of
the samples. The absorbance was measured at 450
nm and corrected at 570 nm by Mediators PhL mi-
croplate reader (Mediator Diagnostika Gmbh, Vienna,
Austria).

Genotyping

DNA for genetic analysis of the BDNF precursor
protein gene was extracted from 200ul of whole
blood from each patient with the QIAGEN DNA
Blood mini kit, according to the manufacturer’s in-
structions. A PCR-RFLP assay was used for the detec-
tion of the single nucleotide substitution (A578G)
which results in the Val/Met amino acid change in
the BDNF precursor protein, as originally described
by Maisonpierre et al.?® A 206bp-long fragment of
the BDNF precursor protein gene was amplified us-
ing the primers 5-CTGGAGAGCGTGAATGGGCC-3’
and 5-TCCAGCAGAAAGAGAAGAGGAGGGC3’, accord-
ing to the protocol described by Nanko et al.'”” RFLP
analysis of the PCR products with the restriction en-
zyme PmacCl followed and the A578G mutation was
detected by the production of two restriction frag-
ments, 70 and 136bp-long respectively. If both re-
striction patterns were observed (uncut PCR product
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and the two restriction fragments) the patient was
described as a heterozygote for the BDNF precursor
protein gene, coding for both normal (Val) and mu-
tated (Met) phenotypes of the protein.

Statistical analyses

Deviation from the Hardy-Weinberg equilibrium
was determined using a Pearson’s x? test. The geno-
type frequencies of the patients were in accordance
with the Hardy Weinberg equilibrium, whereas the
respective frequencies in the control population
were not. Spearman’s test was used to study the
correlations between serum BDNF and PANSS-posi-
tive and negative subscale scores. Differences in
genotype frequencies between FEP patients and
healthy control subjects were compared using the
chi-square test. The statistical significance was de-
fined by p<0.05.

Results

Serum BDNF levels of FEP patients were signifi-
cantly reduced compared to healthy controls (Mann
Whitney U=140, p=0.0). Serum BDNF levels were
not correlated in patients to age (onset of disease)
(Spearman’s rho=0.274, p=0.101) and to the subtype
of the schizophrenic disorder (Kruskal Wallis Chi-
Square=3.883, p=0.144). Significantly negative cor-
relation was found between serum BDNF levels and
PANSS-negative subscale scores (Spearmans’ rho=
-0.398, p=0.015). There was no correlations observed
between serum BDNF levels and PANSS-positive
subscale scores (Spearmans’ rho=-0.001, p=0.994).

Significant differences in genotype frequencies
of BDNF Val66Met polymorphism were observed
between FEP patients and healthy control sub-
jects (Pearson Chi-Square=7.013, df=2, p=0.030).
Specifically the homozygous mutant Met/Met geno-
type frequency was higher in the group of patients
compared to healthy control subjects. The preva-
lence of genotypes Val/Val, Val/Met and Met/Met in
patients with first psychotic episode was 19.4% (6 of
31), 38.7% (12 of 31) and 41.9% (13 of 31) respectively,
with p=0.39 and q=1-p=0.61, whereas the preva-
lence of these genotypes in the control population
were 10.5% (2 of 19), 79% (15 of 19) and 10.5% (2 of
19) respectively, with p=0.5 and q=1-p=0.5 (see table
1). The genotype frequencies of the patients were in
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Table 1. Association of val6émet genotypes in the group of normal controls and in the group of first psychotic

episode patients (p=0.030).

BDNF Val66Met variant

Allele Frequency

Homozygous Heterozygous Homozygous Val allele Met allele
Val-val val-met met-met
Normal 2 (10.5%) 15 (79%) 2 (10.5%) 19 (50.0%) 19 (50.0%)
n=19
Patients 6 (19.4%) 12 (38.7%) 13 (41.9%) 24 (38.7%) 38 (61.3%)
n=31

accordance with the Hardy Weinberg equilibrium,
whereas the respective frequencies in the control
population were not.

Genotype was not associated by age at onset of
illness (Kruskal Wallis Chi-Square=0.506, p=0.776),
serum BDNF levels (Kruskal Wallis Chi-Square=3.235,
p=0.198), PANSS-positive (Kruskal Wallis Chi-Square
=3.198, p=0.202) and PANSS-negative (Kruskal Wallis
Chi-Square=2.471, p=0.291) subscale scores in the
group of patients (see table 2).

Neither the digit span forwards (a measure of sus-
tained attention) nor the digit span backwards scores
(@ measure of verbal working memory were associ-
ated significantly with genotype (p=0.338, p=0.678
respectively) or serum BDNF levels (Spearman’s
rho=-0093, p=0.732) in the sample of FEP patients
(table 2).

Discussion

In the present study we investigated the serum
BDNF levels and the presence of BDNF Val66Met
polymorphism and their association with psycho-

pathological and memory variables in a sample of
drug-naive FEP patients with schizophrenia. This
study was a follow up of our project with drug-
naive FEP patients and alterations in serum BDNF
levels.

We confirmed the significantly reduced serum
BDNF levels in FEP drug-naive patients compared to
healthy controls. These results are consistently with
our previously published results’ and with other
clinical studies observed in patients not only in the
context of schizophrenia® but also in the context of
mania and major depressive episode.?”?® This may in-
dicate that BDNF though non specific to schizophre-
nia, could be a biomarker of clinical importance. Our
results offer further support to the prominent role of
neurotrophins in the neurodegenerative pathoge-
netic theory of schizophrenia through their capacity
to regulate central neurotransmission as well as to
promote neuroplasticity.*?%3°

We also found a significant difference in the fre-
quency of BDNF Val66Met variant in the sample of
FEP patients (p=0.030), compared to healthy con-
trols. Specifically the homozygous Met/Met carri-

Table 2. Sample characteristics and main effect of genotype in studied variances (means)

Variable Val/Val Val/Met Met/Met Chi-Square p
Patients (31) 6 12 13

Age of onset 26.50 27.08 26.53 0.506 0.776
Ser BDNF 17.06 22.65 16.96 3.235 0.198
Panss-pos 35.33 36.58 32.23 3.198 0.202
Panss-neg 31.16 30.33 33.46 2471 0.291
B mem sc 33.66 19.60 19.33 0.776 0.678
F mem sc 23.33 24.40 33.71 2.170 0.338

B mem Sc: Backwards memory scores
F mem Sc: Forwards memory scores
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ers showed a 41.9% over-represented with respect
to the heterozygous type. Our study confirms the
association of BDNF Val66Met polymorphism with
schizophrenia. Other studies have confirmed the
implication of this polymorphism to schizophrenia®'
and the age of onset of the disease.? The first study
was a meta-analysis with chronic schizophrenic pa-
tients and the second referred to a sample of 42 FEP
African-Americans patients. However other stud-
ies have failed to associate this polymorphism with
schizophrenia in either Caucasians or Asian popula-
ti0n5.21'33_35

Although there are contradictory results about the
association of BDNF Val66Met variant to schizophre-
nia, other studies have linked this polymorphism to
brain morphology, cognitive function and psychiat-
ric symptoms in schizophrenia.**® Met allele carriers
had significantly greater reductions in frontal gray
matter volume, with reciprocal volume increases in
the lateral ventricles than Val homozygous patients.
This is a result that seems to be in association with
changes in cognition and clinical symptoms in schizo-
phrenia.**>* Although we found no significant dif-
ferences between genotypes status of patients and
other variables like age of onset, alteration of serum
BDNF levels, PANSS-Positive and PANSS-Negative
subscale scores, we cannot rule out that other poly-
morphisms of BDNF gene could be related to these
features of schizophrenia.

Our study also revealed significant negative cor-
relations between serum BDNF levels of the pa-
tients and the PANSS-Negative subscale scores.
Correlations of BDNF levels with PANSS-Positive
subscale scores have been reported in previous
studies.®?’ Additionally our study reports a nega-
tive correlation between PANSS negative subscale
scores and serum BDNF levels. As mentioned be-
fore, reduced serum BDNF levels in FEP patients
might reflect an abnormally functioning dopamin-
ergic-related signaling system, which leads to the
emergence of psychotic symptoms. The negative
correlation with PANSS-Negative but not with
PANSS-Positive subscale scores may reflect the ab-
normally functioning dopaminergic-relating sign-
aling system of mostly negative symptoms which
are the core symptoms of schizophrenia. Therefore,
it can be suggested that BDNF levels might be
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linked to the formation of these symptoms. These
correlations may also indicate that BDNF is associ-
ated with the severity of psychotic symptoms of
schizophrenia.

We found no significant difference in both digit
span forwards and digit backwards scores. In a
study of Egan et al, the same BDNF val66met poly-
morphism was found to have an effect on memory
function and modulation.'® This effect though not
specific to schizophrenia seems to influence cogni-
tive function which is found to be abnormal in cer-
tain forms of schizophrenia and also, as mentioned
above, to aspects of brain morphology.*' Therefore
BDNF variations may influence memory function by
impacting on an underdeveloped abnormal frontal
gray brain matter. Despite the fact that in our sam-
ple of FEP patients the Met/Met carriers had the low-
est digit forward digit backwards scores compared
to the two other carriers, this hypothesis cannot be
substantiated from our data.

Among the limitations of our study is the rather
small though well balanced sample size. However, it
must be stated that drug-naive first-episode patients
with schizophrenia are difficult to ascertain. BDNF
levels were assessed in serum, thus representing an
indirect measurement of brain BDNF levels. However,
preclinical studies have confirmed the relationship
between BDNF levels in the peripheral blood and
the brain.***3

Conclusions

Our results reinforce the finding that decreased
serum BDNF levels are strongly associated in drug-
naive first psychotic patients with schizophrenia
reflecting pathophysiological processes related to
the onset of the disease. The significant evidence for
association between the BDNF Val66Met polymor-
phism and schizophrenia in a pure sample of greek
nationals, provides evidence that this polymorphism
is associated with schizophrenia in this caucasian
population as well. Further analysis of other poly-
morphisms with the BDNF gene are needed to be
investigated in order to ascertain the relationship
between specific genotype status, alterations of
BDNF levels and psychopathology in patients with
schizophrenia.
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LUGXETIGN TWV EMITEOWV VEUPOTPOPIKOU TIapayovia
opou BDNF kat tou yevetikoU mToAupop@IGRoU
val66met tou idlou mapdyovra Ge€ pia opada

AGleveV PE TPWTO PUXWGIKO ETTEIGOOL0

oXt{opeVvIKIG dratapaxng

E.N. PiCoc, N. Ziag@dkag, N. Zte@avic, A. Aoulévng,
B. Kovta&akng, E. Adokog, A. Kaotavid, B. ZoupmoupAng, A. AUKoupag

2n Yuxiatpikry KAvikn, EQvikS kai Kamodiotpiakd Mavemotruio ABnvwy, latpikr ZxoAn,
Mavemotnuiaké leviké Noookoueio ABnvwv «ATTIKON», ABriva

Wuxiatpikry 2009, 20:297-304

H mapoucia apkKeTWwv AEITOUPYIKWY TTOAUPOPPIOUWY OTO YEVETIKO TOTTO TOU VEUPOAVATTTUEIAKOU
napdayovta BDNF éxel cuoxeTioBei pe tnv avantuén tng oxil{o@pevikng dtatapayxng. Edikdtepa oe
TIPONYOUMEVEG HENETEG Xl BpeOeil OTL N Tapoucia Tou moAupop@lopou Val66Met audvel Tov Kiv-
Suvo avantuéng oxiloppeVvikig dlatapaxng, av Kat AANeG peléteg Sev To emPePaiwvouv. Meiwpéva
enimeda BDNF otov eyké@alo Kat oTov 0po acBevwv pe Puxwolkég Statapaxég Exouv avapepOei o
a00eveic ue TPWTO PUXWOIKO EMEICOB10. TTNV TAPOVoA PEAETN PAG EPEVVICAUE TNV MOAVH YEVETIKNA
OX€0N aUTOU TOU TTOAUHOPQICHOU o€ £€va MANBUOUO 38 aoBevwV He TTPWTO PUXWOIKO eTEICOSIO OXI-
CoppeviKi dlatapayng oe ouyKplon Pe évav aAho mAnBucopo 21 vylwv eBehovtwv. Emmpoobétwg,
petprioape ta emimeda BDNF otov 0po kat peAetricape tnv moavr) oxéon HETAEY TOU CUYKEKPIUE-
VOU TTOAUHOP®IoHOU Kal Twv peTaBoAwv Twy emmédwv tou BDNF oTtov 0pd kat twv dUo umod pe-
AN opddwv. BpéOnke oTATIOTIKA ONUAVTIKA OX€0N OTIC CUXVOTNTEG TWV YOVOTUTTWV PETAED TWV
aoBevwv Kal Twv vywv (p=0,030). Ot opdluyol popeic Met/Met uTTEPEKTTIPOCWTTOUVTAV GTNV OUd-
6a twv aocBevwyv pe oxillogpevikn diatapaxn (13/31, 41,9%), o€ olyKplon PE TNV Opdda TwV VYLV
(2/19, 10,5%). Ta enimeda opou Tou BDNF otnv opdda Twv acBevwv ATav HElwPéva O OGN UE Ta
avtioTtolya emimeda 0TOV 0pO TWV LYWV OE OTATIOTIKA ONUAVTIKO Baduo (18,87+8,23 ng/mL évavtl
29,2+7,73 ng/mL, U=140, p=0,0). Aev BpéOnke cuoxéTion HETAEL TWV PETABOAWV TWV EMITESWV TOU
BDNF otov opd Kal TnG mapouasia Tou YeVETIKOU ToAupop@iopol Val66Met otnv opdada Twv acBe-
vwv (p=0,198). ApvnTikéC cuoxeTioelg Ppédnkav petaL Twv emmédwv tou BDNF otov opd kat Tou
okop otnv KAipgaka PANSS apvnTikwv cupmtwpdtwy tng oxillogpévelag (p=0,015). Aev Bpédnkav
ONUAVTIKEG S1a@opéC HETAEU TWV YOVOTUTIWY KAl TWV UVNHOVIKWY OKOP OTNV ouada Twv acBevwv.
Ta amoteAéopaTd pag Katadelkvuouv OTl Ta emimeda Tou veupoavamtuélakou mapdyovta BDNF kat
0 YEVETIKOG TOAUpOp Lo Tou BDNF Val66Met amote ouv mapdyovteg KivoUvou yla tnv avamtuén

NG oX1{oPPeVIKAG Slatapaxng.

Né€eig eupetnpiov: Neupotpo@ikdg mapdyovtag, BDNF, yeVETIKOG MOAUMOPQIOUOG, TIPWTO
emnelood1o, oxilogpévela, Yuyxomabohoyia.
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