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Major depressive disorder (MDD) is a debilitating and widespread illness that exerts significant personal and socioeconomic

consequences. Recent genetic and brain-imaging studies suggest that bicaudal C homolog 1 gene (BICC1), which codes for an RNA-

binding protein, may be associated with depression. Here, we show that BICC1 mRNA is upregulated in the dorsolateral prefrontal

cortex and dentate gyrus of human postmortem MDD patients. We also show that BICC1 is increased in the prefrontal cortex and

hippocampus in the rat chronic unpredictable stress (CUS) model of depression. In addition, we show in vivo that a single acute

antidepressant dose of ketamine leads to a rapid decrease of BICC1 mRNA, while in vitro, we show that this is likely due to neuronal

activity-induced downregulation of BICC1. Finally, we show that BICC1 knockdown in the hippocampus protects rats from CUS-induced

anhedonia. Taken together, these findings identify a role for increased levels of BICC1 in the pathophysiology of depressive behavior.

Neuropsychopharmacology (2015) 40, 711–718; doi:10.1038/npp.2014.227; published online 24 September 2014
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INTRODUCTION

Major depressive disorder (MDD) is a recurring psychiatric
illness that affects up to 17% of the American population
and can be severely debilitating by affecting sleep, work,
social relationships, and appetite (Kessler et al, 2005).
Although medications to relieve depressive symptoms exist,
there is a time lag of weeks to months, and some patients
receive no benefit from these drugs and are considered
‘treatment-resistant’. Clinical and preclinical studies de-
monstrate that prolonged stress and MDD are associated
with neuronal atrophy of cortical and limbic brain regions,
including the prefrontal cortex (PFC) and hippocampus
(Drevets et al, 1997; Izquierdo et al, 2006; Kang et al, 2012;
Radley et al, 2004, 2006; Rajkowska et al, 1999; Shansky
et al, 2009; Willner, 2005), but the exact molecular
mechanisms underlying MDD have not yet been identified.
However, an understanding of these mechanisms is critical
to the development of new potential molecular targets for
the pharmacological treatment of MDD.

Studies to elucidate the pathophysiology of depression
have included analysis of the genetic basis of MDD, focusing
on single nucleotide polymorphisms (SNPs) that are
associated with susceptibility to mood disorders, and have

identified a number of SNPs associated with depression.
One recent genome-wide association study (GWAS) identi-
fied two SNPs in the bicaudal C homolog 1 (BICC1) gene
showing suggestive significance for association in depressed
patients compared to psychiatrically healthy controls (Lewis
et al, 2010). In addition, a recent structural and functional
imaging study corroborated this association with the
finding that the minor T allele of the BICC1 SNP showed
a protective role against MDD and the accompanying
structural and functional changes in hippocampus and
other limbic brain regions (Bermingham et al, 2012).

BICC1 was first identified in Drosophila as a gene required
for anterior–posterior patterning of the oocyte (Mahone et al,
1995) and is expressed widely in peripheral tissues and in all
brain regions (Lewis et al, 2010). BICC1 is an RNA-binding
protein that plays a role in cytoskeletal organization and cell-
to-cell communication (Chicoine et al, 2007; Mahone et al,
1995; Snee and Macdonald, 2009). Further, via its sterile
alpha motif (SAM) domain, BICC1 can block Wnt signaling
(Kraus et al, 2012), a pathway implicated in the pathophy-
siology of depression (Voleti et al, 2011), by uncoupling
disheveled-2 signaling from the canonical Wnt pathway
(Maisonneuve et al, 2009). BICC1 is well-studied in the
context of development (Maisonneuve et al, 2009) and
polycystic kidney disease (Guay-Woodford, 2003), but there
have been few studies of BICC1 in the brain.

In the present study, we sought to understand whether
BICC1 expression in the brain regulates depressive beha-
vior. Here, we show that BICC1 mRNA is upregulated
in the dorsolateral prefrontal cortex (dlPFC) and dentate
gyrus (DG) of human postmortem MDD patients, and
consistent with this, BICC1 mRNA is increased in PFC and
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hippocampus in the rat chronic unpredictable stress
(CUS) model of depression. We also show that BICC1 is
rapidly and robustly downregulated following a single
acute antidepressant dose of ketamine in vivo; in vitro, we
show that this may be due to a rapid, activity-regulated
degradation of BICC1 mRNA. Finally, we show that small
hairpin RNA (shRNA)-mediated BICC1 knockdown in the
hippocampus protects rats from CUS-induced anhedonia.
Taken together, these findings suggest that elevated levels of
BICC1 contribute to the pathophysiology of depressive
behavior.

MATERIALS AND METHODS

Human Subjects

Brain tissue was collected as previously described from
MDD and psychiatrically healthy matched subjects (Duric
et al, 2013; Kang et al, 2007; Sibille et al, 2011). Informed
consent was obtained from the next of kin for all subjects,
and all procedures were approved by the University of
Pittsburgh’s Committee for the Oversight of Research
Involving the Dead and Institutional Review Board for
Biomedical Research, or by the Institutional Review Board
of the University Hospitals of Cleveland. Briefly, the right
hemisphere of the brain was blocked coronally, then
immediately frozen and stored at � 801C. For dlPFC
samples, 20-mm sections were cut serially then collected in
tubes with Trizol reagent and purified by RNeasy columns
(Qiagen, USA), and RNA integrity was measured using RIN.
For hippocampal samples, 60mm sections were cut serially,
micropunched from the DG and CA1 pyramidal cell layers,
and RNA was extracted with RNAqueous kit (Ambion, USA)
and cleaned up with RNeasy MinElute kit (Qiagen). Based on
availability, hippocampal samples were from the Cleveland
cohort, whereas the PFC samples were from both the
Cleveland and Pittsburgh cohorts. Further analysis revealed
no significant difference in BICC1 regulation (as measured
by fold change of MDD compared to control) between the
two regionally different cohorts.

Animals

Male Sprague-Dawley rats with initial weights of 175–250 g
were pair-housed and maintained in standard conditions
with a 12-h light/dark cycle. Rats were handled before use,
and food and water were provided ad libitum throughout
the experiments except when noted. Animal use and
procedures were in accordance with the National Institutes
of Health guidelines and approved by the Yale University
Animal Care and Use Committee.

Quantitative Real-Time PCR

RNA was purified using RNAqueous (Ambion). cDNA was
synthesized using dNTP primers and reverse transcriptase
(Genisphere, USA). Gene- and species-specific primers for
BICC1 were designed using Primer 3 software, and the
qPCR was run on the Eppendorf Realplex Mastercycler
or the Applied Biosystems 7900HT using SYBR Green
(Qiagen). Ct values of genes of interest were normalized to
that of housekeeping genes (HMBS or GAPDH). For

postmortem studies, fold change of each MDD patient was
calculated relative to its paired control.

CUS Procedures

Rats were age- and weight-matched prior to commencement
of CUS. They were subjected to a sequence of 11 stressors
over the course of 21 days. These stressors were cold (41C for
1 h), cage rotation (1 h), isolation overnight, food or water
deprivation overnight, light on overnight, light off during
day (3 h), odor overnight, stroboscope overnight, crowding
overnight, or tilted cage overnight (451). All stressors were
randomly interspersed throughout the stress period. For the
1-day mild stress group, rats were subjected to only the final
day of stressors used in the 21-day CUS protocol.

Immobilization Stress

Rats were restrained in tapered plastic film tubes (Decap-
iCones, Braintree Scientific, USA) for 2 h.

Drug Administration

Rats were given a single intraperitoneal (i.p.) injection of
10 mg/kg ketamine (Fort Dodge, USA) or saline. In other
experiments, rats were given chronic i.p. injection of
5 mg/kg fluoxetine hydrochloride (Lilly, Indianapolis, IN)
or saline for 21 days.

Sucrose Preference Test

Rats were habituated to 1% sucrose for 48 h, with the side of
the bottle counterbalanced across animals and days. On
testing day, rats were water-deprived for 6 h, then presented
with pre-weighed, identical bottles of 1% sucrose and water.
Again, the side of the bottle was counterbalanced across
animals. One hour later, the bottles were removed and
weighed to determine consumption of each fluid. Results
were averaged across 2 days of testing.

Forced Swim Test

Rats were subjected to one 15-min session of swimming in
water. Sessions were scored off-line by a blind observer.
Immobility was defined as the least amount of movement
possible to stay afloat.

Novelty Suppressed Feeding Test

Rats were food-deprived overnight, then placed in an open
field in the dark with pellets of food in the center. Time
elapsed until the first bite of food was recorded as latency to
feed. Immediately after the novelty test, home-cage feeding
was performed as a control measure to verify that
motivation for food was present.

Elevated Plus Maze

Activity in an elevated plus-maze apparatus with two open
and two closed arms was measured over a 5-min period.
The frequency and time spent in the open arms and closed
arms were measured using the AnyMaze tracking system.
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Open Field

Activity in an open field was measured over a 10-min period
with AnyMaze. Time spent in margin and center, total
distance, and mean speed were measured during the
session.

Primary Cortical Neuron Culture

Embryonic brains were prepared from fetal Sprague-Dawley
rats after 18 days of gestation and mechanically triturated.
Dissociated cells were plated on six-well plates (0.6 million
cells per well) in the plating medium consisting
of Neurobasal media supplemented with 10% FBS, 2 mM
L-glutamine, 1 mM sodium pyruvate, 1 mM 4-(2-hydro-
xyethyl)-1-piperazineethanesulfonic acid (HEPES), 2%
Pen-Strep and 2% B27 supplement. We stopped prolifera-
tion of non-neuronal cells by replacing with plating
medium lacking fetal serum the next day (DIV 1). Cultures
were fed once a week with plating medium lacking
fetal serum and maintained at 371C in a humidified 5%
CO2 atmosphere.

Construction, Preparation, and Infusion of
Recombinant Adeno-Associated Virus

Hairpin RNA designed to specifically target the coding
region of BICC1 mRNA was identified using published
criteria (Hommel et al, 2003). Two sets of oligonucleotides
were synthesized (Integrated DNA Technologies, Coralville,
IA) and ligated into the mU6pro region of a modified
pAAV-MCS vector, pAAV-shRNA. The pAAV-shRNA
plasmid co-expressed the shRNA under control of a U6
promoter, and enhanced GFP under control of an
independent RNA polymerase II promoter. Knockdown of
BICC1 mRNA was verified in human embryonic kidney 293
(HEK293) cells and primary neuron culture.

AAV-BICC1shRNA:
Sense: 50-TTTGATGTGGGGATCTTTCTTGGATTTCTTC

CTGTCAAAATCCAAGAAAGATCCCCACATATTTTT-30

Antisense: 50-CTAGAAAAATATGTGGGGATCTTTCTTG
GATTTTGACAGGAAGAAATCCAAGAAAGATCCCCACATC-30

AAV-Scr:
Sense: 50-TTTTTAGGTTATGGTGCGTAGTTGTTCCTTC

CTGTCAGAACAACTACGCACCATAACCTAATTTTT-30

Antisense: 50-CTAGAAAAATTAGGTTATGGTGCGTAGT
TGTTCTGACAGGAAGGAACAACTACGCACCATAACCTAA-30

HEK293 cells were transfected with the AAV plasmid,
along with the RC and helper plasmids, using a CaCl2
method. Seventy-two hours after transfection, cells were
harvested and lysed, then purified using HiTrap heparin HP
affinity columns (GE Healthcare Bio-Sciences AB, Uppsala,
Sweden). Under a mixture of ketamine (100 mg/kg) and
xylazine (6 mg/kg) anesthesia, virus was delivered bilaterally
to rat hippocampus at a rate of 0.1 ml/min, followed by 3 min
of rest to allow diffusion of the virus from the injector tip.
The coordinates for the hippocampus were relative to
bregma (� 4.3, ±2 and � 4.2 mm). After surgery, rats were
given carprofen (5 mg/kg) as an analgesic and 5 ml of 0.9%
saline to prevent fluid loss. Behavioral testing commenced
2 weeks following viral injection.

Statistical Analysis

Data were analyzed using two-tailed Student’s t-tests (for
two-group comparisons) or ANOVAs (for multiple-group
comparisons; SPSS), and differences were considered
significant if po0.05. Post hoc analyses were carried out
using Fisher’s LSD test.

For postmortem studies, two-tailed paired t-tests were
used to compare MDD to matched healthy controls, and
differences were considered significant if po0.05. In
addition, ANCOVA was used to compare gene expression
levels in MDD and psychiatrically healthy controls, and
differences were considered significant if po0.05. In the
initial analysis, diagnostic status was the fixed factor, and
age, PMI (postmortem interval), pH, and sex were included
as covariates. In the reported analysis, we used diagnostic
group as the main effect, and then included only those
covariates that were significant in the analysis. Finally,
to assess the effect of medication, we performed post hoc
t-tests on pair differences in gene expression.

Outliers were removed from experiments if they were 42
SDs outside of the mean.

RESULTS

We assessed BICC1 mRNA levels in postmortem dlPFC and
the DG and CA1 regions of the hippocampus in depressed
subjects and matched controls (Figure 1). We observed a
significant 1.49-fold increase of BICC1 mRNA in the dlPFC
of MDD subjects relative to matched controls (t(36)¼ 2.173,
po0.05). In the DG, we observed a significant 14.03-fold
increase of BICC1 mRNA in MDD subjects relative to
matched controls (t(6)¼ 3.583, po0.02). However, in the
CA1 region, there was no significant regulation of BICC1
mRNA in MDD subjects. In each of these areas, covariate
analyses showed no significant effect of age, sex, PMI, or
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Figure 1 BICC1 mRNA expression is increased in the dlPFC and DG of
human MDD subjects. Results are mean±SEM fold change of BICC1
mRNA in punches taken from the dlPFC, DG, or CA1 of MDD patients or
matched psychiatrically healthy controls (control N¼ 37, MDD N¼ 37 for
dlPFC; control N¼ 7, MDD N¼ 7 for DG and CA1). Target mRNA levels
have been normalized to GAPDH mRNA. Fold change of each MDD
subject is calculated relative to its paired control; *po0.05 controls vs
MDD; two-tailed paired t-test.
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pH, and post hoc t-test analysis showed no significant
effect of medication. Further, in these unpaired ANCOVA
models, the significance of the group effects remained
consistent with that reported in the paired analysis (dlPFC:
F(1,69)¼ 8.093, p¼ 0.006; DG: F(1,12)¼ 4.820, p¼ 0.049;
CA1: F(1,12)¼ 0.544, p¼ 0.475). These data suggest
that increased levels of BICC1 in the dlPFC and DG
are associated with MDD and are consistent with the
anatomical and functional changes that have previously
been observed (Bermingham et al, 2012), where hippocam-
pal size and dlPFC function were both affected by the
BICC1 SNP.

To further assess BICC1 regulation in response to stress,
we used the CUS model of depression in rats. Chronic stress
is one of the better rodent models of depression, resulting in
structural alterations as well as behavioral anhedonia, a core
symptom of depression (Willner, 1997). Following 21 days
of CUS, rats showed significant upregulation of BICC1
mRNA in both the hippocampus and PFC (Figure 2a). In the
PFC, BICC1 mRNA showed a 1.42-fold increase in CUS
animals compared to levels of expression in control animals
(t(14)¼ 2.773, po0.05). In the hippocampus, BICC1 mRNA
showed a 1.66-fold increase in CUS animals relative to levels
of expression in control animals (t(12)¼ 4.411, po0.001).
Furthermore, this effect appears to be dependent on chronic
stress, as 1 day of mild stress (using the same stressors as
the final day of the 21-day CUS paradigm; Figure 2b) or
2-h immobilization stress (Figure 2c) did not significantly
regulate BICC1 in the PFC or hippocampus (p40.05).
Taken together, these data are consistent with the human
postmortem results and show that chronic stress regulates
BICC1 expression in the PFC and hippocampus.

We also explored whether BICC1 may be involved in the
actions of antidepressant treatments. Beurel et al (2011)
showed that glycogen synthase kinase 3 (GSK3) is required
for the rapid antidepressant effects of ketamine, and
because both BICC1 and GSK3 are involved in Wnt
signaling, we hypothesized that BICC1 may also play a role
in mediating rapid antidepressant action. To test this
hypothesis, we killed rats 2 h after administration of
ketamine (10 mg/kg), a dose that has previously been
shown to provide rapid antidepressant effects in rats (Li
et al, 2010), then assessed BICC1 mRNA levels in the PFC
and hippocampus. In the PFC, ketamine administration
resulted in a significant 27% decrease relative to controls
(t(14)¼ 2.784, po0.05; Figure 3a). In the hippocampus,
ketamine administration produced a highly significant 90%
decrease relative to controls (t(12)¼ 6.813, po0.0001;
Figure 3a). We found that CUS-treated rats also showed a
similar decrease in BICC1 expression following ketamine
treatment (Supplementary Figure S1). Interestingly, rats
chronically given fluoxetine, a selective serotonin reuptake
inhibitor, do not show an effect on levels of BICC1 mRNA,
suggesting that BICC1 regulation is highly dependent on the
type of antidepressant (Figure 3b). This dichotomy in
signaling pathways between rapid-acting antidepressants
and SSRIs is consistent with previous work showing that
mTORC1 signaling is recruited for the antidepressant
actions of ketamine, but not chronic fluoxetine treatment
(Li et al, 2010). In addition, ketamine increases glutamate
(Moghaddam et al, 1997), which could cause neuronal
depolarization and subsequently, decreased BICC1.

Figure 2 Chronic unpredictable stress increases BICC1 in rat PFC and
hippocampus. (a) Rats were subjected to 21 days of CUS or regular
handling (Ctrl) and killed 4 h following the final stressor. Results are
mean±SEM fold change BICC1 mRNA (Ctrl PFC n¼ 8; CUS PFC n¼ 8;
Ctrl hippocampus n¼ 7; and CUS hippocampus n¼ 7) relative to control.
(b) Rats received 1 day of mild stress (mild stress:1 day; identical to the final
day of stressors used in the 21-day CUS protocol) or handling (Ctrl) then
killed 4 h later. Results are mean±SEM fold change BICC1 mRNA (Ctrl
PFC n¼ 6; 1-day mild stress PFC n¼ 6; Ctrl hippocampus n¼ 6; and 1-day
mild stress hippocampus n¼ 5) relative to control. (c) Rats received 2-h
immobilization stress (Imm stress: 2 h) or handling (Ctrl) then killed 4 h
later. Results are mean±SEM fold change BICC1 mRNA (Ctrl PFC n¼ 6;
Imm PFC n¼ 6; Ctrl hippocampus n¼ 8; and Imm hippocampus, n¼ 8)
relative to control; *po0.05 relative to Ctrl.
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We next used primary embryonic neuronal cultures to
further explore the mechanism by which ketamine rapidly
decreases BICC1 mRNA. We confirmed that incubation
with a relatively low concentration of ketamine (500 nM) for
20 min decreases BICC1 mRNA expression (t(22)¼ 2.977;
po0.01; Figure 4a). Further, we found that BICC1 mRNA is
activity-regulated: specifically, we saw a significant decrease
in BICC1 mRNA after incubation of primary neurons with a
depolarizing concentration of KCl (40 mM; t(12)¼ 2.264;
po0.05; Figure 4b). Conversely, we saw a significant
increase in BICC1 mRNA expression after incubation with
1 mM TTX, which blocks voltage-gated sodium channels
(t(10)¼ 2.989; po0.05; Figure 4c). In the future, it will be
important to verify this in other culture systems, including
adult primary neuronal cultures.

To further examine the functional effect of decreased
BICC1, notably the decreased mRNA expression caused by
ketamine, we utilized an shRNA strategy in combination
with an AAV2 vector to achieve targeted knockdown of
BICC1 expression. We chose to examine BICC1 knockdown
in the hippocampus since this is where we observed the
most dramatic decrease with ketamine. We first tested our
AAV-BICC1shRNA in primary neuronal culture to verify
knockdown and observed a 38% decrease in BICC1
expression relative to scrambled shRNA control (AAV-Scr;
Supplementary Figure S2). We bilaterally injected either the
AAV-BICC1shRNA or AAV-Scr into the rat hippocampus,
specifically aiming for the DG (Figure 5a), where we had
previously observed the highest BICC1 expression levels in
depressed subjects. After a 2-week recovery period to allow
for expression of AAV-BICC1shRNA, rats were exposed to
CUS for 3 weeks, then tested for anhedonia, a core symptom
of depression, using the sucrose preference test (Figure 5b).
Two-factor ANOVA revealed a significant main effect of
shRNA (F(1,28)¼ 7.595; po0.05) and a significant shRNA x
stress interaction (F(1,28)¼ 10.28; po0.01), but no sig-
nificant main effect of stress. Post hoc analysis showed that
CUS/AAV-Scr showed significantly decreased sucrose pre-
ference relative to CTRL (po0.05), but AAV-BICC1shRNA
injection in CUS animals was able to rescue this effect

(po0.05). Importantly, there was no significant difference
between CUS/AAV-BICC1shRNA as compared to either of
the CTRL groups, suggesting that knockdown of BICC1 was
sufficient for rescue of CUS-induced anhedonia. We also
tested unstressed AAV-BICC1shRNA-injected animals to
assess whether BICC1 knockdown had any effects on
baseline behavior. We found that there was no significant
difference between AAV-BICC1shRNA and AAV-Scr in-
jected rats in the novelty suppressed feeding, forced swim,
elevated plus-maze, or open-field tests, suggesting that
BICC1 knockdown alone does not have a baseline effect on
these behavioral modalities (Supplementary Figure S3a–d).
Importantly, there was no difference in locomotor activity
between groups (Supplementary Figure S3e and f).

DISCUSSION

Taken together, the results demonstrate that levels of BICC1
are increased in the PFC and hippocampus of postmortem
MDD subjects and in a rodent chronic stress model of
depression. These findings are consistent with the possibi-
lity that the protective allele in the BICC1 SNP observed in
the GWAS study may functionally decrease BICC1 levels to
exert its protective effect. Further studies will be necessary
to confirm this hypothesis.

In addition, using a combination of both in vivo and
in vitro methods, we show a novel phenomenon of rapid
BICC1 downregulation in response to acute ketamine
treatment in an activity-dependent manner. BICC1 mRNA
has a half-life of 11 h (Sharova et al, 2009), suggesting that the
rapid decrease that we observe (within 2 h in vivo and 20 min
in vitro) in BICC1 mRNA following ketamine and KCl
treatment requires active degradation, as opposed to passive
decay. Previous work has shown that BICC1 directly interacts
with NOT3/5 to recruit the CCR4-NOT deadenylase complex
to its target RNAs, including its own RNA (Chicoine et al,
2007), which provides a potential mechanism by which BICC1
could be rapidly degraded. However, the exact mechanisms
for the rapid and robust downregulation of BICC1 mRNA in

Figure 3 BICC1 mRNA is downregulated by acute ketamine but not by chronic fluoxetine. (a) Rats were injected with saline (Sal) or 10 mg/kg of
ketamine (Ket), then killed 2 h later. Results are mean (±SEM) fold change for BICC1 mRNA expression (Sal PFC n¼ 8; Ket PFC n¼ 8; Sal hippocampus
n¼ 7; and Ket hippocampus n¼ 7); *po0.05 relative to Sal group. (b) Rats were injected with saline (Sal) or 5 mg/kg of fluoxetine (Fluox) for 21 days then
killed 24 h later. Results are mean (±SEM) fold change for BICC1 mRNA expression in the hippocampus (Sal n¼ 6; Fluox n¼ 6).
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response to ketamine and KCl treatment will require
additional studies. The activity-dependent downregulation
of BICC1 is particularly interesting as genes showing activity-
induced downregulation are relatively rare: they are an order
of magnitude lower in abundance than genes showing
activity-dependent upregulation (Hevroni et al, 1998; West

et al, 2002). Here, we also show that the downregulation of
BICC1 is functionally relevant, as knockdown of BICC1 in the
hippocampus is sufficient to rescue anhedonic behavior in
CUS-treated rats.

Previous studies have shown that BICC1 binds RNA via
its K homology (KH) domains; these domains are highly
conserved across species (Bouvrette et al, 2008), and
mutation of these domains interferes with functional RNA-
binding activity (Mahone et al, 1995). Although we know
that much of BICC1’s function stems from regulation of
mRNA stability and translation via modulation of mRNA
adenylation through the KH domains, its exact RNA
targets are just beginning to be elucidated (Chicoine et al,
2007; Mahone et al, 1995). Recent studies have provided
some promising candidates that could elucidate the
downstream mechanisms by which BICC1 exerts its effects
on depressive behavior (Supplementary Figure S4). For
example, overexpression of BICC1 resulted in co-immu-
noprecipitation with par-1, Cp190, Cip4, Klp10A, Rho-
GAP18B, and CG17293, which are all suggested or known
to have roles in cytoskeletal regulation (Chicoine et al,
2007) and could potentially affect synaptic plasticity,
which is disrupted by chronic stress and depression (Li
et al, 2011; Liu and Aghajanian, 2008). Previous work has
also shown that BICC1, via its SAM domain, can block Wnt
signaling (Kraus et al, 2012) by uncoupling disheveled-2
signaling from the canonical Wnt pathway (Maisonneuve
et al, 2009). The Wnt pathway has been implicated in the
pathophysiology of depression (Voleti et al, 2011),
suggesting another potential mechanism by which BICC1
could regulate MDD. Characterization of the exact RNA
targets of BICC1 and studies of Wnt signaling will lead to a
better understanding of the potential downstream mechan-
isms influenced by BICC1 that are relevant to stress and
depression.

These results highlight a new approach to elucidating the
molecular mechanisms underlying psychiatric disease by
utilizing information derived from large GWAS studies.
Taken together, these findings provide a potential novel
molecular target both for the treatment of MDD and for
gaining a further understanding of the molecular mechan-
isms underlying depression.
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