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Abstract

Background——Brain-derived neurotrophic factor (BDNF) plays an important role in neural
plasticity in the adult nervous system and has been suggested as a target gene for antidepressant
treatment. The neurotrophic hypothesis of depression suggests that loss of BDNF from the
hippocampus contributes to an increased vulnerability for depression, whereas up-regulation of
BDNF in the hippocampus is suggested to mediate antidepressant efficacy.

Methods—We have used a viral-mediated gene transfer approach to assess the role of BDNF in
subregions of the hippocampus in a broad array of behavioral paradigms including depression-like
behavior and antidepressant responses. We have combined the adeno-associated virus (AAV) with
the Cre/loxP site-specific recombination system to induce the knockout of BDNF selectively in either
the CAL1 or dentate gyrus (DG) subregions of the hippocampus.

Results—We show that the loss of BDNF in either the CA1 or the DG of the hippocampus does
not alter locomotor activity, anxiety-like behavior, fear conditioning or depression-related behaviors.
However, the selective loss of BDNF in the DG, but not the CA1 region, attenuates the actions of
desipramine and citalopram in the forced swim test.

Conclusions—These data suggest that the loss of hippocampal BDNF per se is not sufficient to
mediate depression-like behavior. However, these results support the view that BDNF in the DG
may be essential in mediating the therapeutic effect of antidepressants.
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Introduction

Mood disorders are a prevalent form of mental illness. Major depression is one of the most
common mental illnesses with a morbid risk of over 10% of the general population (1-3).
Recent data suggest that 40-50% of the individual risk for depression is genetic, indicating a
clear biological vulnerability to the disease (4,5). However, no specific gene has been
conclusively identified as a causative factor for depression.
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Fortunately, several effective treatments for depression have emerged over recent years. These
include serotonin and norepinephrine reuptake inhibitors, monoamine oxidase inhibitors, and
electroconvulsive therapy (ECT) (6). However, the precise mechanism of action underlying
the therapeutic effectiveness of these treatments remains unknown. Recent studies have
identified adaptations of intracellular signaling proteins and target genes that could contribute
to antidepressant treatment (7). Three principal lines of evidence have linked brain-derived
neurotrophic factor (BDNF) as a target gene in antidepressant treatment (8,9). First, chronic
antidepressant treatment increases BDNF expression in the hippocampus (10,11), a brain
region implicated in the pathophysiology and treatment of depression (12). Second,
upregulation of BDNF occurs in response to chronic but not acute antidepressant treatment,
consistent with the time course for the therapeutic action of antidepressants (10,11). Third,
local infusions of BDNF into the midbrain (13) and more recently the hippocampus (14) have
been shown to produce antidepressant effects in the learned helplessness paradigm and the
forced swim test, two animal models of depression-like behavior and antidepressant action.

Conversely, BDNF expression is decreased in the hippocampus by acute and chronic exposure
to stress (15,16). Several studies have implicated a role for stress in the development of
depressive symptoms in some individuals (17). This downregulation of BDNF may further
contribute to the atrophy of hippocampal neurons observed following stress (8). Interestingly,
the combination of chronic antidepressants and stress results in an additive effect on BDNF
expression; namely, no change in BDNF levels (10). Collectively, these data led to the
‘neurotrophic hypothesis of depression’ (8), which states that the loss of BDNF may contribute
to hippocampal alterations that underlie aspects of depression (18,19), while antidepressants
may mediate some of their therapeutic effects by increasing BDNF in this brain region (8,20,
21).

Despite the numerous studies suggesting a link between BDNF in the hippocampus and
depression-like behavior or the therapeutic effect of antidepressants, there has been little direct
evidence examining the role of endogenous BDNF in these processes. BDNF homozygous null
(=/-) knockouts do not survive past postnatal day 10-14 (22), and studies with BDNF
heterozygote (—/+) mice have produced conflicting behavioral results regarding the role of
BDNF in depression (23-27). To more directly examine the role of endogenous BDNF in
depression-related behavior and antidepressant efficacy, we generated inducible BDNF
knockout (KO) mice in which the deletion of BDNF was restricted to forebrain regions, as well
as two different conditional BDNF KO’s with distinct patterns of BDNF loss in forebrain areas,
and demonstrated that all three of these independent lines have normal ‘depression-like
behavior’ but fail to respond to antidepressant drugs (28,29). While these studies support the
view that endogenous forebrain BDNF may be essential in mediating antidepressant efficacy,
they do not directly examine the role of BDNF selectively in the hippocampus in mediating
these effects.

Viral-mediated gene transfer is a method that can be used to introduce a protein of interest into
a specific brain region (30). The advantage of this system is that it results in overexpression of
the gene product of interest in regions confined to the site of injection. We are using the adeno-
associated virus (AAV) system to express Cre recombinase to create a targeted knockout in a
subregion-selective manner. A previous study using this system has shown that AAV-mediated
expression of Cre recombinase occurs in a high percentage of cells in an injected region, occurs
exclusively in neurons, and is associated with minimal surgical injury (31).

We selectively deleted BDNF in the dentate gyrus (DG) of the hippocampus since this
subregion has increased BDNF levels following chronic antidepressant treatment (10,14). We
also deleted BDNF in the CAL region of the hippocampus, in a separate group of mice as a
comparison, since chronic antidepressant treatment does not alter BDNF levels in this
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subregion of the hippocampus. These experiments allow us to examine whether endogenous
BDNF in specific subregions of the hippocampus is involved in mediating depression-related
behavior and responses to antidepressants.

Materials and Methods

Floxed BDNF Mice

The floxed BDNF mice have previously been described (32). In prior studies, we crossed these
floxed BDNF mice with an NSE-tTA x TetOp-Cre line to create an inducible deletion of BDNF
in the brain as well as a targeted deletion of BDNF in the ventral tagmental area (28,31). These
studies demonstrated that BDNF is only deleted in the presence of Cre recombinase in the
floxed mice. For the present study, only male floxed BDNF mice between the ages of 3-5
months were used for the AAV injection. All experiments were approved by the UT
Southwestern Medical Center Animal Care and Use Committee.

Stereotaxic Surgery

Mice were anesthetized with ketamine (100 mg/kg, i.p.) and xylazine (10 mg/Kkg, i.p.) then
mounted on a sterotaxic apparatus. The skull was exposed and holes were drilled bilaterally
above the target injection sites. The coordinates relative to Bregma for CA1 and DG were as
follows: CA1, anteroposterior = —2.0mm, lateral = +1.6mm, dorsoventral = —1.5mm; and DG,
anteroposterior = —1.9mm, lateral = +1.2mm, dorsoventral = —2.2mm at a 10° angle. Using a
Hamilton syringe with a 33 gauge needle, a total of 1 pl of virus was bilaterally infused over
4 minutes. The syringe was left in place for an additional 5 minutes to ensure diffusion of the
virus.

All mice were either injected with AAV-GFP (control; CTL) or AAV-Cre (knockout; KO),
which expresses a fusion construct of Cre recombinase and GFP. The use of GFP allowed the
visualization of the infected neurons. Previous work had demonstrated that the GFP did not
interfere with Cre recombinase activity (31).

Fluorescent In Situ Hybridization (FISH)

After the completion of the behavioral tasks the mice were sacrificed by rapid decapitation,
the brains dissected out, rapidly frozen on dry ice and stored at —80°C. The brains were
sectioned at 14 mm thickness on a cryostat, collected on either superfrost slides or PEN
membrane coated slides (Leica, Bannockburn, IL), and subjected to fluorescent in situ
hybridization (FISH) or QPRT-PCR, respectively. BDNF and Cre recombinase probes were
prepared by in vitro transcription and labeled with digoxigenin and fluorescein, respectively.
The probe sequence information and detailed experimental conditions were performed as
previously described (31). The BDNF and Cre recombinase probes were detected separately
by anti-digoxigenin and anti-fluorescein antibodies conjugated to HRP (1:200 dilution, Dako,
Carpinteria, CA). The signals were amplified by HRP with a tyramide signal amplification
system (PerkinElmer, Boston, MA). The BDNF and Cre recombinase probes were visualized
by Cy3 and fluorescein epifluorescence, respectively. The FISH technique allowed us to
examine the injection sites and confirm whether the placements were in the correct location.
If a placement was not correct bilaterally for an injection, the behavioral data of the animal
was disregarded.

Quantitative Reverse Transcription PCR (QRT —PCR)

To determine the relative amount of BDNF expression in the CAl or DG after stereotaxic
injections, we used a QRT-PCR approach. Sections were collected as described above, briefly
dehydrated in 70, 90, and 100% ethanol, and then subjected to laser microdissection using an
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AS LMD system (Leica, Bannockburn, IL). The entire CAL or DG region containing GFP
positive cells was dissected from each section. Eight to nine sections were pooled to extract
total RNA using a PicoPure RNA isolation kit (Arcturus, Mountain View, CA). Each section
was 140 um apart; thus, encompassing the majority of the AAV infusion site in the dorsal
hippocampus. The conditions for cDNA construction, amplification of BDNF, Cre, and p-actin,
and sequences for the primers were described previously (31). For data analysis, the fold change
in Cre and BDNF expression relative to actin was calculated as mean + SEM.

Behavioral Overview

Mice were housed three to four per cage on a 12-hour light/dark cycle with ad libitum food
and water. All behavioral testing was done on male BDNF floxed mice starting two weeks
after stereotaxic surgery. There was no difference in the age of the AAV-GFP or AAV-Cre
injected mice. The order of the behavioral tests was as follows: the elevated plus maze,
locomotor activity, sucrose preference, fear-conditioning, and forced swim test with or without
desipramine treatment. A second group of animals was injected in the DG with either AAV-
GFP or AAV-Cre and tested in same manner as the previous group except that the sucrose
preference test was excluded and the forced swim test was conducted with or without
citalopram. Prior to all testing, mice were allowed to habituate in the behavioral room for one
hour. Data was analyzed by Student’s t-test unless otherwise specified and presented as mean
+ SEM. Significance was set at p < 0.05.

Locomotor activity

Locomotor activity was measured as described previously (28). Data were analyzed with
repeated analysis of variance (ANOVA).

Elevated Plus Maze

Elevated plus maze was carried as described previously (29). The behavior of the mice was
monitored for 5 minutes. The time spent in the closed and open arms, as well as the number
of explorations of open-arms was determined using a video tracking system (Ethovision).

Fear Conditioning

The fear conditioning paradigm was performed as previously described [28]. Briefly for the
training, mice were placed in individual chambers for two minutes followed by a loud tone (90
dB) for 30 sec then immediately followed by a 0.8 mA footshock for 2 seconds. Mice remained
in the box for one minute at which time they again received the same tone-paired footshock.
Context-dependent fear conditioning was assessed 24 hours after the training when mice were
placed back in the same boxes for 5 minutes without a tone or shock. The amount of time the
animal spent freezing was scored every 10 sec by an observer blind to the genotype of the mice.
Freezing behavior was defined as no movement except for respiration. Four hours later, the
cue test was performed. Mice were placed in a novel environment without tone or shock for
three minutes followed by three minutes of the tone and the amount of time spent freezing was
assessed.

Sucrose Preference

The sucrose preference test was conducted over a 48-hour period using a two-bottle test, one
with 2% sucrose solution the other with water. The position of the bottles was changed after
24 hours to prevent potential location preference of drinking. The amount of the sucrose
solution or water consumed was determined by weighing the bottles. Sucrose preference was
calculated as the percentage of sucrose solution ingested relative to the total amount of liquid
consumed.
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Forced swim test

Results

The forced swim test is a depression model that is sensitive to antidepressant treatment (33).
Mice were placed in a 4000 ml Pyrex glass beaker containing 3000 ml of water at 24 + 1°C for
six minutes. Water was changed between subjects. All test sessions were recorded by a video
camera positioned on the side of the cylinders. The videotapes were analyzed and scored by
an observer blind to the genotype. Immobility was measured during the last four minutes of
the test. Saline, desipramine, or citalopram (10 mg/kg; 10 mg/kg; 20 mg/kg) was administered
subchronically by i.p. injections 24, 4, and 1 hour before the test as previously described (28,
29).

Localized Regional Specific Deletion of BDNF in hippocampus

We generated a localized selective deletion of the BDNF gene in the CA1 or DG using a floxed
BDNF mouse, in which exon 6, the single coding region of the BDNF gene, is flanked by loxP
sites (32). The BDNF floxed mice were bilaterally injected with AAV-Cre into CAl or DG to
induce the localized knockout. We have previously demonstrated that this AAV-Cre construct
mediates recombination in the brain following injection into BDNF floxed mice (31). As a
control, floxed BDNF mice were bilaterally injected into the CA1 or DG with AAV-GFP.

To evaluate the expression of Cre recombinase and BDNF levels, we carried out double
fluorescent in situ hybridization. In animals receiving AAV-GFP, BDNF mRNA was strongly
present in both the CA1 and DG (Figure 1A, B; top panels). As expected, no detectable
expression of Cre recombinase was detected in AAV-GFP injected animals (Figure 1A, B). In
the AAV-Cre injected mice, the localized expression of Cre mMRNA was observed in either the
CAL or DG region depending on the injection site (Figure 1A, B; bottom panels). In regions
expressing Cre recombinase, levels of BDNF mRNA expression were almost absent. Overlays
of BDNF and Cre recombinase epifluorescence resulted in virtually no overlapping expression
suggesting the loss of BDNF was due to Cre-mediated recombination (data not shown). To
ensure that the decreased expression of BDNF was not due to aberrant damage of the tissue
after the virus injection, we examined the injected site by nuclear staining with DAPI and did
not observe any change in cell density (Figure 1A, B).

To quantitate the total amount of Cre and BDNF expression in the CA1 or DG following AAV
injection, we used QRT-PCR. The CAl or DG regions were laser-microdissected out from
brain sections where AAV-GFP or AAV-Cre were injected as identified by GFP
epifluorescence. Expression of Cre in AAV-GFP injected mice was virtually absent, while
bilateral injection of AAV-Cre into the CA1 or DG resulted in strong induction of Cre mRNA
(Figure 1C, D). In these animals, the levels of BDNF expression in the CA1 and DG were 52%
and 62%, respectively, lower than those from AAV-GFP injected mice (Figure 1C, D).
However, within an individual cell that expressed Cre recombinase, BDNF expression was
virtually non-existent (data not shown).

It is important to note that after completion of the behavioral experiments, the selective
injection of the virus into the CA1 or DG region was verified in each animal. If the injection
was off the target region, the behavioral data from that animal was removed from analysis. We
did not observe any difference in weight between AAV-GFP and AAV-Cre injected animals
(data not shown).

Locomotor Activity

Locomotor activity was assessed in the AAV-GFP and AAV-Cre injected mice for 120
minutes. There was no significant difference in locomotor activity as assessed in 5-minute
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increments or in total overall activity (see insert) between AAV-GFP and AAV-Cre mice
injected in the CA1 (Figure 2A). The level of locomotor activity was also unaltered in animals
with localized deletion of BDNF in the DG region compared to AAV-GFP injected mice
(Figure 2B).

Anxiety-Related Behavior

We examined whether the localized deletion of BDNF in the CA1 or DG alters anxiety-related
behavior. Localized deletion of BDNF in the either the CA1 or DG did not alter anxiety-like
behavior as assessed in the elevated plus test compared to AAV-GFP injected animals (Figure
3A-B).

Fear Conditioning Test

We assessed whether the selective loss of BDNF in the CA1 or DG region of the hippocampus
would alter context or cue dependent fear conditioning. The selective deletion of BDNF in the
CAL did not alter context or cue-dependent fear conditioning compared to AAV-GFP injected
mice (Figure 4A). AAV-Cre or AAV-GFP injected animals into the DG region also had
indistinguishable levels of context and cue-dependent fear conditioning (Figure 4B). Baseline
levels of freezing were similar between AAV-GFP and AAV-Cre injected animals in the CAl
or DG region.

Depression-Related Behavior

To examine whether the loss of BDNF in particular subregions of the hippocampus exerts an
effect on depression-related behavior, we tested the AAV-Cre and AAV-GFP mice in the
sucrose preference test, a paradigm that measures an animal’s responsiveness to a natural
reward (34). A loss of sensitivity to reward has been suggested to model anhedonia, one
important feature of human depression. The localized deletion of BDNF in the CA1 did not
result in any difference in sucrose intake compared to AAV-GFP injected controls (Figure 5A).
The AAV-Cre localized deletion in the DG region also did not alter preference for the sucrose
solution compared to AAV-GFP injected mice (Figure 5B).

The AAV-Cre localized BDNF KO’s were next evaluated in the forced swim test (FST) to
more directly test whether the loss of BDNF selectively in subregions of the hippocampus may
contribute to alterations that underlie aspects of ‘depression-like’ behavior or antidepressant
efficacy. In the absence of antidepressant treatment, we did not observe a significant difference
in immobility in the FST between the AAV-Cre and the AAV-GFP injected CAl or DG mice
(Figure 6A-B). Inthe localized CA1 KO animals a significant decrease in immobility following
desipramine treatment was observed that was similar to that seen in AAV-GFP mice (Figure
6A). In contrast, while the AAV-GFP injected mice in the DG showed the expected significant
decrease in immobility following desipramine treatment, the AAV-Cre injected mice had no
significant decrease in immobility (Figure 6B). To more closely examine this effect with
another antidepressant we injected a separate group of floxed BDNF mice with either AAV-
GFP or AAV-Cre in the DG. In the FST, the AAV-GFP mice showed the expected significant
decrease in immobility following citalopram treatment; however, localized DG KO animals
had no significant decrease in immobility, similar to what was observed with desipramine
(Figure 6C).

Discussion

Results of this study demonstrate that the loss of BDNF selectively in the DG results in an
attenuation of antidepressant efficacy. In contrast, the selective loss of BDNF in the CAl
subregion of the hippocampus did not alter the response to antidepressants. Mice with a
selective loss of BDNF in either the CA1 or DG region of the hippocampus have normal
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locomotor activity, anxiety-like behavior, fear-conditioning, and depression-like behavior.
This data suggests that the loss of BDNF in either the CA1 or DG subregions of the
hippocampus does not alter a broad range of behavioral characteristics. However, BDNF
expressed in DG appears to be necessary for mediating antidepressant responses.

In this study, we targeted the knockout of BDNF bilaterally into either the CA1 or DG region
of adult male mice. In these animals, the levels of BDNF expression in the CAl and DG
subregions were 52% and 62%, respectively, lower than those from AAV-GFP injected mice.
However, within an individual cell that expressed Cre recombinase, BDNF expression was
virtually non-existent (data not shown). These data suggest that the loss of BDNF is in effect
complete within a cell that is infected with Cre recombinase, however, the AAV is not infecting
every cell within the subregion thus the deletion of BDNF was not entirely complete within
the area.

The localized deletion of BDNF in either the CA1 or DG does not alter locomotor activity
compared to floxed BDNF mice injected with AAV-GFP. This behavioral profile is similar to
data obtained from our inducible BDNF KO’s in which we deleted BDNF in adult animals,
suggesting that increased locomotor activity reported in heterozygous BDNF mice and
conditional BDNF mice is not an acute outcome of BDNF loss, but rather due to a
developmental effect (28). We also did not observe alterations in measures of anxiety-like
behavior, which are in agreement with similar findings we obtained with inducible and
conditional BDNF KO’s (28,29).

We found normal context and cue dependent fear conditioning following the selective loss of
BDNF in the CA1 or DG. This data was somewhat surprising in that we had observed a deficit
in context-dependent fear conditioning in the inducible BDNF KO’s (28) and BDNF has been
suggested to play a role in the cellular form of learning and memory, long-term potentiation
(LTP) (35-43). However, an independent BDNF conditional KO line with a different forebrain
deletion pattern did not show alterations in context-dependent fear conditioning although other
learning deficits were observed (44). Closer examination of the role of BDNF in LTP provides
a conflicting role of this neurotrophic factor in subregions of the hippocampus. One study
demonstrated that BDNF constitutive knockouts have LTP alterations in the Schaffer collateral
synapses but that this deficit could be rescued by BDNF overexpression in the CA1 region
(45). In contrast, another group found that the selective loss of BDNF in the CA1 region is not
involved in LTP (43). These data highlight the complex role of BDNF dependent cellular
processes in subregions of the hippocampus. However, our ability to detect context-dependent
deficits in fear-conditioning in the inducible KO’s and not the AAV selectively targeted
deletions in this study, using the same behavioral parameters, suggest that the loss of BDNF
selectively in either the DG or CA1 region is not sufficient to mediate deficits in this learning
and memory process.

The loss of BDNF selectively in the CA1 or DG did not alter ‘depression-like’ behavior as
assessed by the FST and sucrose preference test. This data is in agreement with our previous
data showing that broad forebrain loss of BDNF is not sufficient to mediate an increase in
depression-like behavior per se (28,29). We used the FST since it has been used to examine
depression-like and antidepressant-related behavior in numerous genetic models (46). We have
previously attempted to examine conditional BDNF mice in the learned helplessness paradigm,
another animal model to examine depression/antidepressant related responses (29).
Unfortunately, we have not been able to generate a ‘helpless’ response in this mouse line
presumably because of the genetic background of the floxed BDNF mice. Therefore, in this
study we chose to examine sucrose preference as a model of anhedonia-like behavior. The loss
of BDNF in either the CAl or DG region did not produce alterations in depression-like behavior
as assessed by either test. The one caveat is that we were only able to reduce BDNF levels by
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~50% in these subregions of the hippocampus so this amount of BDNF reduction may not be
sufficient to see deficits in depression-like behavior, although similar data was obtained with
inducible and conditional BDNF KO’s which had broad forebrain reductions of 70 and 60%

respectively (28,29).

We demonstrated that the loss of BDNF in the DG, but not the CA1 region, attenuates the
actions of the antidepressant desipramine, a tricylic that inhibits the reuptake of norepinephrine,
or citalopram, a serotonin selective reuptake inhibitor, in the FST. The findings with both
desipramine and citalopram suggest that the attenuated response to these antidepressants in the
localized DG KOs is sensitive to both alterations in norepinephrine and serotonin. Results
from this study complement and extend previous data showing that the antidepressant effects
of BDNF are observed with infusions into the DG granule cell layer but not the CAL region
of the hippocampus suggesting a regional specificity to these behavioral effects (14). This
selective requirement of BDNF in the DG is intriguing and suggests that the actions of this
neurotrophic factor are important in the cellular and behavioral aspects of antidepressant
responses, at least those mediated by the FST. It is intriguing that the BDNF effect in mediating
antidepressant efficacy is specific for the DG, the region of the hippocampus in which
antidepressant treatment significantly increases neurogenesis (47). Accumulating evidence
suggests that neurogenesis is important for the behavioral effects of antidepressants (48).
Recent studies have shown that BDNF heterozygous mice or TrkB dominant negative mice
have normal cell proliferation but decreased survival of newborn neurons (49). Future studies
will be necessary to assess whether the selective deletion of BDNF in the adult DG impacts
survival of newborn neurons as predicted from the previous study.

In summary, we have demonstrated that the selective loss of BDNF in the DG subregion of
the hippocampus results in an attenuated response to antidepressants that is not observed
following BDNF deletion in the CA1 region. The loss of BDNF in either of these subregions
does not alter depression-like behavior, fear conditioning, locomotor activity, or anxiety-
related behavior. These results suggest that this growth factor in the DG may be essential for
mediating aspects of antidepressant treatment and highlight the regional specificity of this
effect.
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Figure 1.

Region Specific Deletion of BDNF in Subregions of the Hippocampus. (A, B) BDNF and Cre
recombinase expression was analyzed by double fluorescent in situ hybridization in mice
injected with AAV-GFP or AAV-Cre virus into either CA1 (A) or DG (B). Probes for BDNF
and Cre recombinase were coupled to Cy3 and FITC epifluorescence, respectively. In AAV-
GFP injected mice, BDNF was strongly present in the CA1 and DG subregions of the
hippocampus while no detectable expression of Cre recombinase was detected. In contrast, in
the AAV-Cre injected mice, the localized expression of Cre was observed in either the CAl
or DG depending on the injection site, and in these regions the levels of BDNF expression was
reduced. DAPI staining was used to show that the loss of BDNF expression was not due to
changes in cell number. (C, D) The entire region of the CA1 (C) and DG (D) were laser micro-
dissected out from brain sections of AAV-GFP and AAV-Cre injected mice. The sections were
subjected to QRT-PCR analyses for quantitation of Cre and BDNF mRNA levels. Cre
expression was virtually absent in AAV-GFP injected mice but significantly increased in AAV-
Cre injected animals. AAV-Cre injected animals in both CA1 and DG had significant reduction
(52% and 62%, respectively) in BDNF mRNA compared to AAV-GFP mice (CAL, AAV-
GFP, n =6; AAV-CRE, n =7: DG, AAV-GFP, n = 10; AAV-Cre, n = 13).
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Figure 2.

Localized Deletion of BDNF in the CAl and DG Subregions Does Not Alter Locomotor
Activity. (A) Male mice injected into the CA1 with either AAV-Cre or AAV-GFP exhibited
no significant difference in locomotor activity (ambulation), as assessed by a consecutive
horizontal beam break, over a two-hour period in either 5 minute increments or over the entire
two-hour period (see insert; AAV-GFP, n = 12; AAV-Cre, n =11). (B) The male mice injected
into the DG region with either AAV-Cre or AAV-GFP exhibited a similar level of locomotor
activity during the testing period whether analyzed as 5 minute increments or total number of
beam breaks over the entire two-hour period (see insert; AAV-GFP, n = 23; AAV-Cre, n =
24).
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Figure 3.

Localized Deletion of BDNF in the CAl and DG Does Not Alter Anxiety Related Behavior.
(A) The CA1 injected mice with AAV-Cre displayed a similar level of anxiety, as determined
by the time spent in the center, dark side, and light side of the elevated plus maze compared to
AAV-GFP injected mice (AAV-GFP, n = 12; AAV-Cre, n = 11). (B) DG injected mice with
AAV-Cre exhibited normal anxiety, as assessed in the elevated plus maze, compared to AAV-
GFP controls (CTL) (AAV-GFP, n = 21; AAV-Cre, n = 22).
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Figure 4.

Context and Cue-Dependent Fear Conditioning is Unaltered by the loss of BDNF Selectively
in the CA1 or DG region. (A) The selective loss of BDNF in the CAL did not result in any
difference in context-dependent fear conditioning 24 hours after training compared to AAV-
GFP injected mice. No significant difference was observed in baseline freezing behavior. Cue-
dependent fear conditioning was also indistinguishable in AAV-Cre or AAV-GFP injected
mice (AAV-GFP, n=12; AAV-Cre, n =11). (B) The loss of BDNF in the DG did not produce
any significant difference in context-dependent or cue-dependent fear conditioning compared
to AAV-GFP injected animals (AAV-GFP, n=17; AAV-Cre, n=16). Nosignificant difference
was observed in baseline freezing behavior.
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Figure 5.

The Localized Deletion of BDNF in the CA1 or DG Region does not Alter Preference for a
Natural Reward in the Sucrose Preference Paradigm. (A) Male floxed BDNF mice injected
with either AAV-Cre or AAV-GFP in the CA1 display a similar preference for the sucrose
solution (AAV-GFP, n = 12; AAV-Cre, n = 11). (B) Male floxed BDNF mice with a localized
deletion of BDNF in the DG region have indistinguishable levels of intake of the sucrose
solution compared to injected AAV-GFP mice. The total intake of liquid (water plus sucrose
solution) was unchanged between the groups (p > 0.05). Results are presented as mean of
sucrose preference (the percentage of sucrose solution ingested relative to the total amount of
liquid consumed) £ SEM (AAV-GFP, n = 12; AAV-Cre, n = 13).
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Figure 6.

The Loss of BDNF in the DG Attenuates Antidepressant Responses in the Forced Swim Test.
(A-C) Male floxed BDNF mice injected with AAV-Cre in the DG or CAL subregion of the
hippocampus display a similar % of immobility in the FST as compared to AAV-GFP mice
(CTL). (A) Antidepressant treatment with desipramine significantly reduced immobility time
in AAV-GFP mice (p < 0.05) as well as mice with a selective reduction of BDNF in the CAl
subregion of the hippocampus (p < 0.05). (AAV-GFP, n = 12; AAV-Cre, n = 11). (B)
Desipramine treatment significantly reduced immobility time in AAV-GFP mice (p < 0.05)
but not in the mice with a selective loss of BDNF in the DG (AAV-GFP, n = 12; AAV-Cre, n
=13). (C) Using the serotonin-selective reuptake inhibitor, citalopram, we found that this
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antidepressant also significantly reduced immobility time in AAV-GFP mice (p < 0.05) but

not in the mice with a selective loss of BDNF in the DG (AAV-GFP, n = 11; AAV-Cre, n =
11).

Biol Psychiatry. Author manuscript; available in PMC 2008 April 28.



