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Schizophrenia, III

Brain-Derived Neurotropic Factor and Genetic Risk

Genetic transmission is known to be involved in the etiology of
schizophrenia. Some genes and chromosomal regions have already
been associated with a greater risk for the illness, although no single
gene or genes have been definitively identified as causal for schizophre-
nia. The gene for brain-derived neurotropic factor (BDNF) has been im-
plicated in the risk for schizophrenia. Each human gene has one or
more different structural variants (alleles) that are determined in part
by past mutations and their permanent incorporation into the human
genome. This is also true for the BDNF gene. One frequent nonconser-
vative polymorphism for BDNF is a single nucleotide polymorphism
found at nucleotide 196 that produces an amino acid substitution (va-
line to methionine, resulting in val66met). In the rodent brain, BDNF
functions to facilitate long-term potentiation in the hippocampus, pos-
sibly by enhancing high-frequency synaptic transmission and vesicle
docking. Because long-term potentiation is the molecular substrate of
learning and memory, we hypothesized that BDNF also plays a role in
facilitating human learning and memory through its actions in the
hippocampus and thereby affects risk for schizophrenia. Therefore, we
looked for subtle cognitive and physiological differences between per-
sons with the two BDNF alleles using measures in which BDNF should
have a functional impact and show risk for schizophrenia.

We tested healthy comparison subjects, patients with schizophrenia,
and their healthy siblings in three different ways: by measuring cogni-
tive performance on tests of learning and memory, by examining task-

activated regional cerebral blood flow (rCBF) (from blood-oxygen-
level-dependent functional magnetic imaging response), and by mea-
suring N-acetylaspartate (a measure of neuronal integrity) in the hippo-
campus—all in vivo. Our results revealed that 1) persons with one or
two met BDNF alleles (instead of the more common val allele) had mea-
surably lowers abilities to perform tasks of learning and memory, 2) per-
sons with met BDNF alleles had abnormal rCBF in medial temporal re-
gions (including the hippocampus) during the performance of tasks of
learning and memory, and 3) levels of N-acetylaspartate were lower in
persons with met BDNF alleles. The met allele did not, however, affect
risk for schizophrenia. Furthermore, in basic cell biology experiments,
we showed that the met allele is not appropriately packaged into secre-
tory vesicles, as is the val allele. These data show that a variant in the
BDNF gene (the met allele), although it produces deleterious effects on
aspects of normal cognition, BDNF protein trafficking, and task-acti-
vated brain physiology, does not affect risk for schizophrenia. However,
the met BDNF allele’s extra load of diminished performance on func-
tions of learning and memory may contribute to the cognitive impair-
ments seen in subjects with schizophrenia.
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The first image (1) shows the effect of the brain-derived neurotropic factor (BDNF) val66met genotype on episodic memory. In the second image (2),
brain maps show locales in which BDNF genotypes differed in blood oxygenation, an indirect measure of neuronal activity, measured by means of func-
tional magnetic resonance imaging during a memory task. Regions shown in red indicate abnormal activation. Image 3 shows subcellular localization
of val BDNF and met BDNF protein in hippocampal neurons.

Green-Fluorescing
Protein Marker

Secretory Vesicle
Marker

va
l

m
e
t

B
ra

in
-D

e
ri

ve
d

 N
e
u

ro
tr

o
p

ic
 F

a
ct

o
r

Merged Image

80

70

60

50

40

Lo
g
ic

a
l 
M

e
m

o
ry

 I
I

(%
 c

o
rr

e
ct

)

Brain-Derived Neurotropic Factor Genotype

30

20

10
val/val val/met met/met

Patients

Healthy siblings
of patients

Healthy
comparison
subjects

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

3

21


