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Background: The tropomyosin-related kinase B (TrkB)/brain-derived neurotrophic factor system has been associated with psychiatric
disorders, and animal models of defects in this system suggest that it might have a particular role in anxiety.

Methods: DNA sequencing and cloning were used to identify a mutation in TrkB, and four different cell lines were used to assess
functionality. Clinical samples were from a 22-year longitudinal cohort representative of the Quebec general population (n = 640 subjects),
randomly selected when they were in kindergarten. Anxiety-related traits were measured with the Social Behaviour Questionnaire, the
Diagnostic Assessment of Personality Pathology-Brief Questionnaire, and the Diagnostic Interview Schedule for DSM-IIIR.

Results: An 11 base pair deletion in TrkB is significantly associated with increases in anxiety traits during childhood and the development
of anxiety disorders in adulthood. We found that this deletion impaired transcription in some human cell lines.

Conclusions: The identification of this deletion provides additional support for the role of TrkB in modulating anxiety-related traits in

human.
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neurotrophic factor receptor in the central nervous system

that plays a critical role in synaptic modeling, neurodevelop-
ment, and cell signaling (1,2). Tropomyosin-related kinase B is a
transmembrane receptor that is bound with high affinity by brain-
derived neurotrophic factor (BDNF), and this interaction leads to
conformation changes and phosphorylation at intracellular do-
mains of TrkB. These ligand-induced changes generate intracellular
signal cascades leading to, among other effects, gene transcription.
A number of the genes regulated by TrkB-induced signaling cas-
cades are related to cell growth, cell survival, and cytoskeletal dy-
namics (3).

Functional studies of TrkB in mice suggest that the gene plays a
key role in traits implicated in anxiety. In mouse transgenic studies,
overexpression of TrkB reduces anxiety (4), whereas deletion of TrkB
in forebrain induces impulsive reactions to novel stimuli and inap-
propriate coping responses when facing stressful paradigms (5).
Furthermore, deletion of TrkB in adult progenitor cells in the hip-
pocampus increases anxious behavior in mice (6). Studies investi-
gating the effects of BDNF also suggest a role in anxiety—in partic-
ular, the finding that reduced neuronal release of BDNF leads to
increased anxiety-like traits in mice (7,8). Conceptually, TrkB has
been linked to psychiatric iliness in humans through the neurotro-
phin hypothesis of stress-related mood disorders (9,10).

In the current study, we identified an 11 base pair (bp) deletion
in @ human TrkB promoter. We hypothesized that this deletion
would be associated with reduced expression of TrkB and that

T ropomyosin-related kinase B (TrkB) (also known as NTRK2) is a
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carriers of this deletion would have higher scores on surveys of
anxiety-related traits compared with individuals carrying two wild-
type TrkB alleles.

Methods and Materials

Comprehensive descriptions of the community cohort used in
this study have been previously described (11). Briefly, 640 (364
female participants, 57%) members of a cohort followed since 1986
were randomly selected from French-speaking public schools in
Quebec, Canada when they were in kindergarten. Only subjects
whose parents were born in Quebec and whose mother tongue was
French were included in this study (12). Included in the present
study were subjects that had complete childhood and adult data on
behavioral traits through all assessment waves and complete adult
psychiatric information and provided a DNA sample (n = 640).
Subjects were assessed on a series of behavioral and psychiatric
questionnaires, a description of which can be found in the Methods
and Materials in Supplement 1 along with all statistical analyses. All
experiments and data collection were carried out in accordance
with the institutional review boards of McGill University and the
University of Montréal.

Full description of molecular experiments and cell transfection
studies can be found in Methods and Materials in Supplement 1.

Results

While screening TrkB in a separate study performed in the
French-Canadian population (13), we found two subjects withan 11
bp deletion (Figures 1A and 1B). Although the TrkB structure is
complex (14,15), this deletion is located in a region thought to be
the promoter (14). The wildtype TrkB sequence contains a single
Alul digestion site within the deleted sequence, allowing for iden-
tification of deletion carriers by means of a restriction enzyme assay
(Figure 1C). Given the size of the deletion, we could detect deletion
carriers by running out the polymerase chain reaction products of
DNA amplified through primers flanking the deletion site in aga-
rose gels; in individuals with the deletion, we observed two bands
(Figure 1D). Finally, we sequenced both mutant and wildtype bands
(Figure 1E) and cloned the deletion (Figure 1F).

We cloned a 1.61 kb fragment that included the deletion region
as well as upstream sequences. Consistent with a previous report
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Figure 1. Identification of a deletion in tropomyosin-related kinase B (TrkB). (A) General structure of TrkB, with truncated isoforms (T2 and T1) shown. (B) A promoter
region of TrkB, including the deletion (underlined and emboldened, with Alul cut site, AGCT, emphasized). Numbers represent start and end of sequence region from
hg19 genome build. (C) Restriction digestion (Alul) of the deleted fragment. Subjects with the deletion (MUT) are all heterozygous for the mutation, and therefore
one-half of the DNA product is protected from Alul digestion. Note the presence of the full length band in MUT lanes, which are absent in all wildtype (WT) lanes. (D)
Gel electrophoresis showing MUT and WT subjects. Note the presence of an extra band in MUT lanes. (E) Sequencing from MUT and WT bands shown in D. Deletion
region is depicted with an arrow. (F) Sequencing of the cloned bands in MUT and WT subjects from D. (G and H) Results of luciferase transfection assays with negative
control (Luc plasmid), construct with the deletion (TrkB del) and wildtype construct (TrkB WT).

(14), this region showed promoter activity both in COS7 cells and
HEK293 cells (Figure 1G), where constructs with the deletion
showed lower luciferase activity than wildtype constructs (COS7: t
= 4.33, p < .05; 1.41-fold decrease; HEK293: t = 4.1, p < .01; 1.37-
fold decrease). We also assessed human astrocytoma and neurobal-
stoma cell lines (Figure 1H). In astrocytes, we found a significant

difference between the wildtype and mutant constructs (t = 2.87;p
< .05, 1.68-fold decrease). However, in the neuronal cell line, we
observed no significant difference between mutant and wildtype
constructs (t = .79, p > .05; 1.23-fold decrease), although baseline
luciferase activity was essentially undetectable with either wildtype
or mutant construct in this cell line. We note that a positive control
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Figure 2. Relationship between tropomyosin-related kinase B (TrkB) dele-
tion and anxiety traits in childhood longitudinal trajectory profiles of parent
ratings of anxiousness. Cohort members were children 6 -12 years of age, as
noted on the x axis. Black shading represents high anxiety trajectories,
whereas gray shading represents low anxiety trajectories. The number of
subjects and percentages of subjects with the deletion (Npg, ) is noted. High
and low anxiety subjects were determined mathematically with six items
testing anxiety on the Social Behavior Questionnaire (SBQ).

(not shown) transfected simultaneously but independently dem-
onstrated strong promoter activity in all cell lines.

We hypothesized that individuals carrying this TrkB deletion
would be more likely to present increased measures of anxiety
traits. To test this hypothesis, we investigated 640 participants from
a 22-year longitudinal study with a representative sample of kinder-
garten children from the province of Quebec (16). In total, we found
20 subjects (3.1%) of 640 with the deletion, of which 8 were male.

With a clustering technique for longitudinal data (17), we identified
five trajectories of anxiety with different longitudinal profiles based on
annual parent ratings of anxiety traits from 6 to 12 years of age (Figure
2). Individuals following the high (n = 146; Ny, = 6; 4.1%) and mod-
erately high (n = 321; Npg, = 13;4.0%) anxiety trajectories were signif-
icantly more likely to carry a TrkB allele with a deletion (Fisher p = .01)
when compared with individuals following decreasing low (n = 26;
Npg = 0), low (n = 118; Npg, = 1, .6%), or very low (n = 29; Npg, = 0)
trajectories. Similar results were observed for teacher-rated scores of
anxiety from 6 to 12 years of age (not shown).

At 21-23 years of age, individuals were reassessed for anxiety
traits with a personality trait questionnaire (18,19). Analyses
showed that the deletion was associated with higher anxiousness
scores on the Diagnostic Assessment of Personality Pathology-Brief
Questionnaire [B = .09, t(1) = 2.27, p < .05]. This association was
robust when covariates were considered [ = .09, t(1) = 2.21,p <
.05]. All subjects were also assessed for the presence of psychiatric
disorders at this age period with the Diagnostic Interview Schedule
for DSM-IIIR. Individuals carrying the TrkB allele with the deletion
were significantly more likely to be diagnosed with generalized
anxiety disorder (GAD) [x2(1) = 4.58, p <.05] or panic disorder (PD)
[x2(1) = 5.33, p <.05], even after adjusting for significant covariates
(gender and early family adversity). Having the deletion increased
the odds of GAD by approximately three times (odds ratio:2.86; 95%
confidence interval: 1.1-7.5) and of PD by approximately 3.5 times
(odds ratio: 3.69; 95% confidence interval: 1.2-11.2) and explained
3% of the variance in both PD and GAD. We tested a series of
moderation effects, results of which can be found in Supplement 1.

Discussion

This report identifies a novel deletion in a promoter region of TrkB
that affects transcription and is associated with differences in anxiety
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traits in childhood and greater risk for developing specific anxiety
disorders in adulthood. We characterized the deletion by comparing
transcriptional activity of the wildtype and mutant constructs. In non-
CNS cell lines we could consistently establish an effect of the deletion
on transcription. We were able to show decreased luciferase activity in
mutant compared with wildtype promoter constructs in a human as-
trocyte line, although this was not observed in a neuronal cell line. Both
neuroblastoma and astrocytoma cell lines used in this study, however,
showed decreased transfection efficiency compared with HEK293 and
COS7 cells, and the use of a promoter positive control in these cancer
cell lines ruled out the possibility of technical error. This suggests that
the cell lines themselves are capable of inducing promoter activity in a
promoter with well-characterized transcription factor binding sites.
The neuroblastoma cell line used in this study exhibits low or no ex-
pression of the MDR1 gene (http://www.ATCC.org), and altered ex-
pression of this gene has been suggested to functionally affect cells—
possibly in altering trans-acting factors binding to particular DNA
sequences (20). Further testing of other neuronal cell lines for the
function of this TrkB mutation will be important. We note that in silico
examinations of transcription factor binding sites (TRANSFAC data-
base) found no direct binding targets, although predicted binding
sites for Sry and Pbx family members are immediately upstream. The
deletion might alter binding of transcription factors by altering the
surrounding genomic environment.

We found that a higher proportion of children with the deletion
were described as anxious by both parent and teacher ratings (19
children rated high anxiety vs. 1 child rated low anxiety). The use of
different respondents and reliable well-validated instruments with
respect to childhood and adult measures as well as the develop-
mental and longitudinal study design represent strengths of this
study. However, the low prevalence of the TrkB deletion (only 20
subjects were found heterozygous for the deletion of 640 total
subjects) likely reduced the power of the statistical tests. This might
explain why we did not find evidence regarding the common dia-
thesis hypothesis. A further limitation of this study is that most
subjects with high anxiety ratings did not have adeletion in the TrkB
gene, and one subject with the deletion was not anxious. This could
suggest that this 11 bp deletion can contribute to anxiety only in
combination with other genetic variation. Nevertheless, this study
further supports the association of the TrkB/BDNF system with the
development of anxiety traits in humans.
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