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Recombination in a
schizophrenic proband fails
to exclude CHRNA7 at
chromosome 15q14
Molecular Psychiatry (2003) 8, 145–146. doi:10.1038/
sj.mp.4001209

SIR – Meyer et al1 conclude that CHRNA7, the gene
that codes for the a7-nicotinic acetylcholine receptor,
is excluded as a possible candidate gene in their
extended pedigree of periodic catatonia, a subtype of
schizophrenia. A recombination in one branch of
their pedigree appears to exclude the region centro-
meric of D15S144 that includes CHRNA7. Mapping of
disease loci based on a single recombination is a
classic technique that is highly informative for many
Mendelian traits, in which the assumption is that
only a single rare allele accounts for the inheritance of
the illness, but its value for complex, multigenic traits
is less certain. Schizophrenia is assuredly such a
multigenic trait;2 even the periodic catatonia subtype
is likely to be genetically heterogeneous, based on
Meyer et al’s finding that the linkage at 15q13–22 is
largely accounted for by only a single family, with the
remainder of their families having little evidence for
linkage at any locus. The recombinant individual is

one of two unaffected parents of a branch of the
pedigree, so that the actual source of entry of the
disease into this branch is uncertain. Indeed, all the
three affected siblings in the branch share the same
15q13–22 haplotype from the other parent who has
married into the extended pedigree, who is therefore
also a possible source of the disease mutation.

A more informative pedigree in the NIMH Schizo-
phrenia Genetics Initiative has a recombination in a
schizophrenic proband that includes CHRNA7, and
excludes D15S144 and more telomeric markers, the
region that appeared to be included in the Meyer et al
pedigree (Figure 1). In the NIMH pedigree, the half
siblings are descended from an affected parent, and
there is no other shared haplotype. The NIMH
Genetics Initiative ascertainment rules did not allow
pedigree extension through unaffected family mem-
bers, to obviate the ambiguity found in the Meyer et al
pedigree. D15S165, the most polymorphic marker
near CHRNA7, shows significant transmission dis-
equilibrium with schizophrenia in the NIMH families
(P¼ 0.0069) and allele 6 is specifically transmitted in
African-American families (P¼ 0.0077), such as the
one shown in Figure 1.3

It is certainly possible that the Meyer et al and the
NIMH pedigrees transmit schizophrenia by different
genes in the 15q13–22 region or have cryptic
recombinations that obscure genetic mapping or that
either or both pedigrees have multiple entry of
disease alleles from this or other loci. Thus, it would

Subject   001  002  003  004 
D15S165 6 1 6 1 6 3 6 14
CHRNA7 2 2 2 3 2 3 2  3 
D15S144 4 4 7   6 4 7 4  3 
ACTC 211 11 10 211 2 11
D15S659 510 10  5 510 5 7

Figure 1 Recombination in a pedigree from the NIMH Schizophrenia Genetics Initiative. Affected status is indicated by
darkened symbols; subject numbers are shown below each affected individual with genotypes. The two unaffected parents
were not available for genotyping. Subjects 001, 002, 003 met DSMIIIR criteria for schizoaffective disorder, depressed type;
subject 004 met criteria for schizophrenia. CHRNA7 was genotyped by alleles of D15S1360, a dinucleotide repeat in the
gene’s second intron; although Meyer et al show both CHRNA7 and CHRNA7dup telomeric of D15S165, physical mapping in
BAC and YAC contigs place CHRNA7dup centromeric of D15S165 and CHRNA7 telomeric.4,5 Diagnostic and genotyping
procedures were previously described.3
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seem premature in a common, multigenic illness to
claim exclusion of any locus based on a single
recombination, particularly one that occurs in an
unaffected individual.
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Association between the
BDNF gene and
schizophrenia
Molecular Psychiatry (2003) 8, 146–147. doi:10.1038/
sj.mp.4001221

Converging lines of evidence suggest that the brain-
derived neurotrophic factor (BDNF) could be impli-
cated in the neurodevelopmental abnormalities found
in schizophrenia brain.1 BDNF is involved in a variety
of trophic and neuromodulatory effects that include
an important role in the development and survival of
dopaminergic and serotonergic neurons. BDNF levels
are increased in hippocampus and anterior cingulate
cortex of schizophrenia brains,2 a rat model of
schizophrenia shows altered expression of the BDNF
gene (BDNF), BDNF knock-out mice exhibit dysfunc-
tion of dopaminergic and serotonergic transmission,
and neuroleptics appear to influence BDNF expres-
sion.3 BDNF is expressed throughout life, and thus
altered BDNF expression or modified protein struc-
ture determined by variations in the gene could have
a cumulative effect and be at least partly responsible
for the subtle anomalies described in schizophrenia
brains.1

BDNF has been mapped to chromosome 11p13 and
a (GT)n dinucleotide repeat is present 1.04 kb up-
stream from the transcription initiation site.4 This
polymorphism has been tested for association with
schizophrenia in five independent studies.5–9 Three
of these studies6–8 used a case–control association
strategy, one9 used a family-based approach, while
the other study used both the family and the case–
control approach.5 None of these data sets showed

association between the BDNF dinucleotide repeat
and schizophrenia. However, Krebs et al6 reported the
presence of an association between a group of BDNF
dinucleotide long alleles (172–176 bp) and late-onset
schizophrenia patients who responded to neurolep-
tics. In the present study, we tested for association
between the BDNF dinucleotide polymorphism and
schizophrenia in a sample of nuclear families. The
DNAs from 89 schizophrenia patients and both
respective parents were available. The DNAs were
extracted from lymphocytes of patients assessed at
the Department of Neuropsychiatric Science of the
San Raffaele Hospital in Milan, the Department of
Clinical Psychiatry at the University of Rome, Italy,
and at the Centre for Addiction and Mental Health,
Clarke Site, an affiliated hospital of the University of
Toronto, Canada. All patients were diagnosed accord-
ing to DSM-III-R criteria, by at least two psychiatrists,
following administration of the Diagnostic Interview
Schedule for the Italian sample and of the Structured
Clinical Interview for DSM (SCID) in the Canadian
sample. The dinucleotide polymorphism was geno-
typed using the method originally described by
Proschel et al.4 We analyzed our families for the
presence of association using the transmission dis-
equilibrium test for multiallelic polymorphisms as in
ETDT (v1.8). The ETDT allele-wise and genotype-
wise analyses showed biased transmissions of the
BDNF (GT)n alleles from the parents to the schizo-
phrenia probands (allele-wise w2¼7.9, 3 df, P¼ 0.04;
genotype-wise w2¼12.2, 6 df, P¼ 0.05, and empirical
P values via Monte Carlo ETDT: allele-wise P ¼ 0.04;
genotype-wise P¼0.08, single allele P¼ 0.02). The
analysis of transmissions of the individual alleles (see
Table 1) showed that allele 3 (170 bp) was more often
transmitted (42 times) to the probands than non-
transmitted (21 times). The same pattern of biased
transmissions was observed when the data set was
subdivided according to the two ethno-cultural
groups present in our sample. Allele 3 showed 28
transmissions vs 15 nontransmissions in the Cana-
dian families who were primarily of northern Eur-
opean ancestry, while the Italians showed 14
transmissions vs six nontransmissions. The analysis
of the allele transmissions stratified for the parents’
sex showed a parent of origin effect (POE) since
preferential transmissions of allele 3 derived from the

Table 1 ETDT analysis for individual alleles of the BDNF
(GT)n polymorphism in 89 triad families of schizophrenia
probands

A1a A2 A3b A4
(174 bp) (172 bp) (170 bp) (168 bp)

Transmission 16 3 42 8
Non-Transmission 34 5 21 9

aw2 = 6.48; 1 df; P = 0.010.
bw2 = 7.0; 1 df; P = 0.0081.
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maternal meiosis were observed (maternal 21 trans-
missions vs six nontransmissions, P¼0.003; paternal
16 transmissions vs 10 nontransmissions, P¼ 0.2).

Our sample showed modest evidence for an
association between the 170 bp dinucleotide repeats
BDNF allele and schizophrenia. The increase in the
number of transmissions for the allele 3 continues to
be marginally significant (P¼0.03) after Bonferroni
correction for four multiple tests performed to
analyze the transmissions of each allele indepen-
dently. However, most previous studies did not show
the presence of association. Several nonmutually
exclusive factors can produce conflicting results in
association studies of common complex diseases
including the presence of genetic, clinical and
population heterogeneity. One of the previous studies
was conducted in Japanese patients,7 one in Roscom-
mon County in Ireland,5 one in 48 triads from Iowa,9

and one in Spanish Caucasians.8 The study by Krebs
et al6 showed evidence for association between a group
of BDNF dinucleotide alleles (ranging from 172 to
176 bp) and a small sample of French Caucasian
patients with late onset of the disease and good
response to neuroleptics.6 The association reported in
this study could explain the apparently contrasting
results between the present report and previous studies.

The POE we observed in the transmission of the
BDNF allele could be due to a parent-specific expres-
sion of BDNF, named genomic imprinting. BDNF is
located between two imprinted loci: B24 Mb centro-
meric from the oxysterol binding protein homologue 1
gene (OBPH1) on 11p15.5 and B4 Mb telomeric from
Wilson tumor 1 gene (WT1) on 11p13, a brain
expressed zinc finger protein maternally expressed in
the brain.10 However, the presence of imprinting has
never been demonstrated for BDNF thus far.

The functions of BDNF described are strongly
supportive of a role of this neurotrophin in processes
that may be disrupted in schizophrenia.1 A sustained
qualitative or quantitative abnormality in the synth-
esis of BDNF determined by a defective gene could be
involved in the anomalies described in post-mortem
studies of schizophrenic brains. Furthermore, a
defective BDNF could determine an altered BDNF

synthesis in response to numerous environmental
factors that have a demonstrated ability to modify
BDNF expression.

In conclusion, a role for BDNF as a predisposing
gene for schizophrenia is suggested by our result;
however, its meaning in the context of several other
negative studies requires further evaluation. The GT
polymorphism is in proximity of the BDNF promoter
region. A direct functional role of the repeat is needed
considering the numerous lines of evidence showing
the function of VNTRs in non-coding regions as
transcriptional activating elements.11 Furthermore,
several regulatory elements within BDNF have been
described12 and the presence of linkage disequili-
brium between the GT repeat and polymorphisms in
these regions need also to be addressed.
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