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Abstract

Brain-derived neurotrophic factor (BDNF) signaling through its receptor, tropomyosin receptor
kinase B (TrkB), plays a critical role in neural plasticity and its dysregulation in striatum and
prefrontal cortex (PFC) has been implicated in the etiology of mental health disorders such
schizophrenia and drug addiction. In the present study we characterized age-dependent differences
in BDNF signaling and TrkB expression within the nucleus accumbens (NAc), caudate putamen
(CP) and PFC in rats and determined the effects of administration of the dopamine agonist, SKF
83959, previously which selectively activates the Gg-coupled dopamine receptors, the dopamine
D5 receptor and the D1-D2 receptor heteromer. As proBDNF binds with high affinity to the p75
neurotrophin receptor (p75NTR), expression levels of these proteins were also assessed. The
present findings showed that juvenile rats (age-26-28 days) exhibited significantly elevated basal
BDNF expression and activation of full length TrkB (TrkBfull) in NAc compared to their adult
counterparts, as evidence by increased TrkBfull phosphorylation. These changes were
concomitant with an increase in the relative expression of TrkBfull compared to the truncated
isoform, TrkB.T1, in NAc and CP. Conversely, in PFC the basal expression of BDNF in juvenile
rats was significantly lower than in adult rats with an elevated relative expression of TrkBfull.
Acute administration of SKF 83959 to juvenile rats abolished the age-dependent differences in
BDNF expression in NAc and PFC, and in the relative expression of TrkBfull in NAc and CP.
Together these findings indicate that the expression and/or signaling of BDNF and TrkB in
striatum and PFC of juvenile rats is fundamentally different from that of adult rats, a finding that
may have implications in neuropsychiatric disorders that exhibit age-dependent susceptibility such
as schizophrenia and drug addiction.
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Introduction

Adolescence is a period of maturation in the corticolimbic regions of the brain and evidence
suggests that this stage of development may coincide with the initial manifestation of
symptoms associated with neuropsychiatric disease. Symptoms of depression and
schizophrenia, for example, show significant increases during adolescence [1,2], a
developmental period also associated with increased sensitivity to psychostimulant-induced
reward [3-6]. Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin
family of growth factors, acts within the central nervous system via the tropomyosin
receptor kinase B (TrkB) to support the survival of existing neurons [7,8], maintain neuronal
synapse integrity [9], and promote neuronal growth and differentiation [8,10-12]. In view of
these critical actions on neuronal plasticity, BDNF has been postulated to be associated with
a number of mental health disorders that develop during adolescence including depression,
schizophrenia and drug addiction (for review, [13])

Given the reported additional roles of mesocorticolimbic BNDF in the regulation of
behaviours associated with neuropsychiatric disease such as anhedonia [14,15] and cognitive
dysfunction [16], as well as addiction-related behaviours [17-19], it is possible that transient
changes in BDNF signaling during development may contribute to the age-dependent
susceptibility to neuropsychiatric disease. One mechanism by which BDNF expression is
mediated is through the activation of specific dopamine receptors, and indeed increased
expression of BDNF in the striatum and prefrontal cortex (PFC) has been linked to the D1
receptor (D1R) [20], the D5 receptor (D5R) [21] and the D1-D2 receptor heteromer [11,22].
In line with this reasoning, it has also been hypothesized that age-dependent differences in
dopamine receptor expression may contribute to the increased risk of adolescents to develop
drug addiction [23]. For example, it has been reported that delayed drug extinction in
adolescence may be mediated by an overexpression of D1R on glutamatergic output neurons
in the PFC, whereas in the adult the D1R is preferentially expressed on GABAergic
interneurons [23]. Increased expression levels of striatal D1R in striatum and PFC have also
been shown to attain peak densities during adolescence with a slow decline in receptor
expression into adulthood [24,25]. Although the age-dependent expression of the D5R in
striatum and PFC have not been characterized to our knowledge, a transient increase in the
mRNA levels of the D5R from birth to adulthood in both regions have been reported in rats
[26]. However, as the abundance of the D5R is very low in striatal neurons (~1-2% of
neurons), this would suggest that the impact of the D5R on BDNF signaling would be more
physiologically relevant in PFC where D5R expression is much higher and consistent with
this idea, it has been recently demonstrated that activation of the D5R in adult rats resulted
in increased BDNF expression in PFC, an effect that was not observed in striatum [21].

The expression of BDNF in NAc has also been linked to the dopamine D1-D2 receptor
heteromer [11,22], a receptor complex with pharmacological and functional properties that
are distinct from its constituent receptors [22,27-29], and which is localized to a unique
subset of striatal medium spiny neurons that coexpress GABA and glutamate, as well as
dynorphin and enkephalin, in addition to the D1R and D2R [22]. Similar to the D1R and
D2R, the expression and functional activity of the D1-D2 heteromer in striatum has been
shown to exhibit age-dependent changes in rodents [29,30]. However, in contrast to the D1R
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which show increased densities in the striatum of younger animals, in the shell region of the
NACc and caudate putamen (CP) the expression of the D1-D2 heteromer is reduced [30]. It
was demonstrated that the lower expression levels were not a consequence of reduced
formation of the D1-D2 heteromer, but were the direct result of fewer numbers of D1R and
D2R coexpressing neurons in these regions [30]. Consistent with these findings of an age-
dependent increase in D1-D2 heteromer expression, the activity of the D1-D2 receptor
heteromer has also been shown to be elevated in older animals compared to young adult
animals [29].

Although evidence indicates that dopamine receptor expression is dynamically regulated
with age, dopamine-mediated differences in BDNF expression between young and adult rats
have not been elucidated, information that may be particularly relevant to neuropsychiatric
diseases such as addiction, where adolescents have been shown to exhibit enhanced reward
perception [31]. Thus in the present study we sought to examine age-dependent differences
in basal levels of BDNF expression and signaling in regions of the corticostriatal circuitry,
the striatum and PFC. As the precursor to BDNF, proBDNF, has also been implicated in
disorders of cognitive dysfunction [32] and binds with high affinity to the p75 neurotrophin
receptor (p75NTR) [33], the expression of this proneurotrophin and p75NTR was also
assessed. In addition, as both the D5R and the D1-D2 receptor heteromer have been linked
to the regulation of BDNF expression, age-dependent effects of D5R and D1-D2 heteromer
activation on BDNF and proBDNF expression and signaling was determined. To achieve
this the dopamine agonist SKF 83959 was utilized, an agonist that does not activate the Gs-
linked D1R [34], but has been linked to phospholipase C (PLC) activation mediated either
by the D5R [35], or the dopamine D1-D2 receptor heteromer [27], and regulated by the Gq
protein [29,36]. We showed that juvenile rats exhibited brain region-dependent differences
in the basal expression of BDNF with increased expression in NAc and reduced expression
in PFC compared to adult rats. These changes were associated with increased activation of
the BDNF receptor TrkB in NAc. We further showed in CP that the expression of the
truncated isoform of the TrkB receptor, TrkB.T1, was significantly lower in juvenile rats.
Finally, we showed that following acute administration of SKF 83959 many of these age-
dependent differences in protein expression were abolished signifying that Gg-coupled
dopamine receptor-dependent effects on BDNF signaling were age-dependent.

Experimentally naive juvenile (aged 26-28 days) or adult male Sprague-Dawley rats (aged
~4 months) (Charles River, Canada), weighing 50-70 g or 400-450 g at the start of the
experiment were used (N=6-7/group per experiment). Rats were pair-housed in polyethylene
cages in a colony room maintained on a 12-h light—dark cycle with free access to food and
water. Following arrival, rats were handled for 2 minutes daily for 3 days before the start of
experiments. All treatments were performed during the light phase of the day—night cycle.
Animals were housed and tested in compliance with the guidelines described in the Guide to
the Care and Use of Experimental Animals (Canadian Council on Animal Care, 1993).
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SKF 83959 hydrobromide (Tocris Bioscience) was dissolved in physiological saline
containing 5% DMSO and administered subcutaneously at a dose of 1.5 mg/kg. This dose
was chosen as we have previously shown increased BDNF expression in adult rat NAc and
ventral tegmental area following administration of SKF 83959 at this dose [22]. SKF 83959
administered at this dose is also sufficient to induce significant increases in behavioral
responses, such as grooming, in rodents [22,28]. SKF 83959 has been previously shown to
activate the Gg-coupled D1-D2 receptor heteromer [29] or the dopamine D5 receptor
[21,35]. For non-drug injections, an equivalent volume of saline was administered. All
injections were administered at a volume of 1.0 ml/kg.

Tissue from NAc, CP and PFC was obtained 90 minutes following SKF 83959
administration, and flash-frozen until ready for use. Tissue from NAc, CP and PFC was
obtained 90 minutes following SKF 83959 administration, and flash-frozen until ready for
use. This time point was chosen based on our previous reports that showed a significant
increase in BDNF expression in cultured striatal neurons 1-2 hours following SKF 83959
administration [11] and in adult rat NAc 90 minutes following an acute SKF 83959 injection
[11,22]. Tissue was thawed on ice and suspended in cell lysis buffer containing 5 mM Tris,
0.2 mM EDTA, protease and phosphatase inhibitors, and sonicated briefly on ice. Protein
concentrations were measured using the Bradford assay. 40 pg of protein were incubated in
sample buffer containing Tris-HCI 125 mM pH 6.5, SDS 4%, glycerol 20%, bromophenol
blue 0.005% and p-mercaptoethanol 5% for 3 minutes at 95° C. Samples were separated by
SDS-PAGE on a 10% or 14% gel and electroblotted on PVVDF transfer membrane for 2.5
hours. Membranes were blocked for 1 hour in 3-5% skim milk in TBS with 0.1% Tween 20
and incubated overnight at 4° C with gentle shaking with primary antibody to BDNF
1:10000 (Millipore), proBDNF (Abcam), p75 neurotrophin receptor (p75NTR) 1:2000
(Millipore), TrkB 1:2500 (BD Biosciences), and to phosphorylated TrkB at Y817
(Epitomics). GAPDH 1:10000 (Abcam) was used as a loading control. Membranes were
then washed in TBS-Tween and incubated for 2 hours at room temperature with the
appropriate species-specific secondary antibody (Bio-Rad Laboratories, Hercules, CA,
USA). Antibody labeling of proteins were detected with enhanced chemiluminescence
(Amersham Biosciences, UK) and signal intensity was quantified using Zeiss AxioVision4
software.

Data Analysis

All values are reported as mean + SEM. The statistical significance of each dependent
measure was evaluated using ANOVA with Drug and Age as the between subject factors
followed by posthoc tests for planned comparisons. The immunoblot data was collected by
obtaining both the densitometry and area of the band and the main dependent variable was
Grey x area, expressed as a percent of saline-treated adult controls. Computations were
performed using the SPSS/PC+ statistical package. Statistical criteria for significant
differences were set at P<0.05.
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SKF 83959, an agonist for the Gg-coupled D5R and D1-D2 heteromer, but which does not
activate the Gs-coupled D1R or the Gi-coupled D2R [29,34], has been shown to increase the
expression of BDNF in neonatal striatal culture and adult rat NAc via a D1-D2 receptor
heteromer-mediated mechanism [11,22]. As the D1-D2 receptor heteromer has been recently
shown to exhibit age-dependent differences in striatal expression levels [29,30], age-related
basal and SKF 83959-induced changes in BDNF levels were assessed (fig. 1). Examination
of basal BDNF levels revealed significantly higher expression in juvenile rat NAc compared
to adults (P=0.040) (fig. 1a). In accordance with our previous findings, activation of the D1-
D2 heteromer induced a substantial increase in NAc BDNF expression in adults (P=0.008),
but had a lesser effect on BDNF levels in juveniles that was not significant (P=0.071, n.s.).
There were no significant effects of SKF 83959 on BDNF expression in CP in either age
group (fig. 1b). As SKF 83959 also increases BDNF expression in adult rat PFC via a D5R-
mediated mechanism [21], age-dependent differences in the induction of BDNF by the
agonist were additionally assessed. In contrast to that observed in NAc, juvenile rats
exhibited significantly lower basal levels of BDNF in PFC compared to their adult
counterparts (P=0.01, fig. 1c). Administration of SKF 83959 induced an increase in BDNF
expression in both age groups, although the effect was more robust in the juvenile rats (adult
vs saline: P<0.03; juvenile vs saline: P<0.001).

The BDNF receptor, TrkB, can be expressed as a full-length isoform (TrkBfull) in which the
signaling capabilities are dependent on ligand-mediated phosphorylation of tyrosine
residues. To determine whether the activation state of TrkBfull differed between juvenile
and adults animals, the phosphorylation of TrkBfull at tyrosine 817 (Y817) was determined.
In NAc, the basal phosphorylation state of TrkBfull was higher in juvenile rats compared to
the adult rats (P=0.046, fig. 2a) with no age-dependent differences observed in CP or PFC
(fig. 2b,c) although differences in BDNF expression were seen 90 minutes followings SKF
83959 administration, a corresponding increase in TrkBfull phosphorylation at this time
point was not evident (fig. 2a-c).

The truncated isoform of TrkB, TrkB.T1, attenuates the physiological responses that would
normally be induced by the neurotrophin at TrkBfull by sequestering BDNF [37,38] or via
dominant negative inhibition through the formation of inactive heterodimers [39]. TrkB.T1
has also been shown to induce its own signaling cascades independent of TrkBfull [40].
Adult and juvenile rats exhibited similar basal expression levels of the full length isoform,
TrkBfull, in all three regions examined (fig. 3a,b). SKF 83959 did not alter TrkBfull
expression in NAc or PFC with a trend towards increased expression in the CP of juvenile
rats (P=0.064, n.s., fig. 3b, middle panel). Conversely, the basal expression of TrkB.T1 (fig.
3a,c) was substantially different between juvenile and adult rats in both NAc (P=0.009) and
CP (P=0.031), with juveniles showing significantly reduced levels of this isoform compared
to their adult counterparts (fig. 3c, left and middle panels). SKF 83959 induced a significant
increase in TrkB.T1 expression in juvenile rat NAc (P=0.022) and CP (P=0.0001), but did
not influence levels in adults. No age- or drug-dependent effects were observed in PFC (fig.
3c, right panel).
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Changes in the relative proportion of TrkBfull and TrkB.T1 could have significant
implications in the regulation of dendritic growth [41] and potentially impact on overall
BDNF-induced signaling as a result of the dominant-negative effect of TrkB.T1 on
TrkBfull-mediated signaling. Juvenile rats innately showed a higher proportion of TrkBfull
compared to TrkB.T1 in the NAc (P=0.001), CP (P=0.0001) and PFC (P=0.004) compared
to adults (fig. 3d). Interestingly, SKF 83959 treatment resulted in discrepant effects on the
ratio of TrkBfull:TrkB.T1 in juvenile and adult animals. Specifically, although SKF 83959
increased the ratio in adult NAc (P=0.024) and PFC (P=0.050) (fig. 3d, left and right
panels), no effects were observed in these regions in the juvenile animals. Conversely,
whereas SKF 83959 had no effect on the TrkB ratio in adult CP, a robust drug-induced
decline in the ratio was evident in juvenile CP (P=0.0001) (fig. 3d, middle panel).

Whereas BDNF binds to p75NTR with low affinity, the precursor to BDNF, pro-BDNF,
binds to p75NTR with high affinity [33]. This pan neurotrophin receptor has been linked to
apoptosis [42] and has been shown to act as a coreceptor to enhance the affinity and activity
of Trk receptors [43]. We therefore examined age- and SKF 83959-dependent changes in
proBDNF and p75NTR expression levels in NAc, CP and PFC (figs. 4,5). No age-related
difference in basal protein expression of proBDNF was observed in any region, nor did SKF
83959 have any effects (fig. 4a-c). Similarly, no age-dependent differences were evident
upon examination of p75SNTR expression (Fig. 5a-c). SKF 83959 treatment had no effects
on p75NTR expression in NAc or CP (fig. 5a,b), but significantly increased p75NTR levels
to a similar degree in both juvenile (P=0.018) and adult PFC (P=0.042) (fig. 5c).

Discussion

The present study showed that BDNF-TrkB signaling differed between juvenile and adult
rats with juvenile animals exhibiting heightened BDNF expression and TrkBfull activation
in the NAc, and a significant increase in the relative expression of TrkBfull compared to
TrkB.T1 in NAc and CP. Conversely in juvenile rat PFC, the basal expression of BDNF was
significantly reduced compared to adult rat PFC although the proportion of TrkBfull was
elevated. It was further demonstrated that administration of SKF 83959, an agonist for the
Gg-coupled D5R and D1-D2 receptor heteromer, had differential effects in juvenile and
adults rats and could effectively normalize the differences in BDNF-TrkB signaling
observed in the juvenile animals to adult levels. Although the present discussion will focus
on BDNF regulation by dopamine, it is important to note that a number of neurotransmitter
systems may have contributed to the present findings of differential basal BDNF expression
in juvenile rats, as serotonin [44], norepinephrine [45], glutamate [46], and GABA [47] have
also been shown to be involved in the neuronal regulation of BDNF. Furthermore, while the
regional differences in protein expression will be discussed, it is important to note that the
effects reported in the present study may not be mutually exclusive as interactions between
the striatum and PFC, both of which are components of the mesocorticolimbic circuitry, are
well characterized.
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BDNF expression in juvenile and adults rats

It has been suggested that the adolescent striatum exists in a hyperdopaminergic state, with
the dopamine system exhibiting a much higher tone relative to that in adults, and at the same
time exhibiting blunted pharmacological responsiveness to dopamine receptor stimulation
[48]. This hypothesis is supported by our previous behavioural findings, which showed a
subsensitivity to grooming responses induced by SKF 83959 in juvenile rats [30], as well as
the present findings that showed not only an increase in the basal expression of BDNF in
NACc, but blunted SKF 83959-induced BDNF expression in NAc of juvenile rats. Increased
striatal BDNF expression has been linked to both D1R and [20] D1-D2 heteromer activation
[11,22]. However evidence suggests that BDNF expression reported to be induced by the
D1R may in fact be the result of dopamine agonist cross-reactivity with the D1-D2
heteromer. Specifically, in a study by Williams and Undieh [20] the “selective” D1R agonist
SKF 38393 was shown to increase striatal BDNF protein in brain slices. However SKF
38393 induces behavioural and neurochemical effects characteristic of dopamine D1-D2
heteromer activation, such as grooming and activation of phospholipase C leading to
intracellular calcium release [29,49-51]. In addition, we have previously shown that the
highly selective D1R agonist SKF 83822, which activates the Gs-linked D1R but not the
D1-D2 heteromer [29], had no effect on BDNF expression in striatum following its
administration to rats [11]. Thus although the basal activation state of the D1R may be
elevated in young animals as hypothesized [48], it is unlikely that the enhanced expression
of BDNF in juvenile rat NAc was mediated by this receptor, but rather through the D1-D2
heteromer. Indeed, an increase in the basal functional activity of the D1-D2 heteromer in
striatum under conditions of hyperdopaminergia has been previously reported, whereby
there was an increased percentage of D1-D2 heteromers in the high affinity active state in
adult rats following repeated amphetamine and, additionally, in the postmortem globus
pallidus of schizophrenia patients, who have a neuropsychiatric disorder characterized by
elevated striatal dopamine transmission [28]. Therefore, although the expression of the D1-
D2 heteromer has been shown to be reduced in NAc in juvenile rats [30], evidence indicates
there may be an overall increase in the activity of the receptor complex in this region,
potentially contributing to the enhanced basal BDNF expression in juvenile rats.

In contrast to the findings in striatum, the expression of BDNF in juvenile rat PFC was
lower than in their adult counterparts. A dopaminergic mechanism underlying these age-
dependent differences is difficult to elucidate given that extracellular dopamine levels within
the PFC appear to remain relatively consistent across ages [52,53]. In addition, we have
demonstrated no role for the D1-D2 receptor heteromer in the regulation of BDNF
expression in this region [21]. Activation of the Gg-coupled D5R has been recently shown to
regulate BDNF expression in PFC [21], and is thus a likely candidate mediating the
observed suppression of BDNF expression in juvenile PFC. However aside from one study
which showed a transient increase in the mRNA levels of the D5R from birth to adulthood
in striatum and PFC [26], age-dependent differences in D5R expression or functional
activity have not been characterized, likely as a result of a complete lack of pharmacological
agents selective for this receptor which structurally and pharmacologically resembles the
D1R. Finally, one other possibility to explain the reduced BDNF levels in juvenile rat PFC
lies with the idea that during development there is a restructuring of striatocortical networks
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or synaptic remodeling [54,55]. It has been shown, for example, that in juvenile rats
neuronal connectivity involving the PFC is immature [54], which may potentially impact on
dopamine and BDNF signaling within this region.

TrkB expression in juvenile and adults rats

The levels of the truncated isoform of TrkB, TrkB.T1, were significantly reduced in both the
NAc and CP of juvenile rats, with no change in the expression levels of TrkBfull, and
resulting in an increased proportion of TrkBfull in young animals compared to adult rats.
Similarly, the proportion of TrkBfull was elevated in PFC. Although classically believed to
simply be a non-signaling isoform of TrkB, yet capable of binding BDNF and thus BDNF
scavenger per se, evidence now indicates that TrkB.T1 may be of further physiological
significance (for review [40]). In addition to the role of TrkB.T1 as a dominant negative
regulator of TrkBfull signaling, accomplished by competitive binding of BDNF as well as
through dimerization of the two TrkB isoforms [39], TrkB.T1 in non-neuronal cells has been
shown to be involved in the regulation of extracellular BDNF availability via sequestration
of the neurotrophin followed by its degradation or the subsequent presentation of BDNF to
neurons by exocytosis [37,38,40]. Furthermore, while not yet established in neurons,
TrkB.T1 has also been implicated in the regulation of kinase activity in non-neuronal cells
that requires an intact intracellular domain [56]. BDNF-dependent TrkB.T1 stimulation has
also been shown to regulate calcium signaling in glial cells [57] as well as to promote the
differentiation of neural stem cells to astrocytes by a mechanism involving G protein and
PKC [58].

That the proportion of TrkBfull to TrkB.T1 differed in striatum and PFC between juvenile
and adult rats is an interesting finding given reports demonstrating that the ratio of the two
isoforms can regulate discrete modes of dendritic neuronal growth [41]. Specifically, while
BDNF-induced activation of TrkBfull induced dendritic growth proximal to the cell soma,
activation of TrkB.T1 promoted dendritic elongation distal to the cell soma. Moreover, the
effects of each of the TrkB isoforms on dendritic growth were mutually inhibitory indicating
that the ratio of the two isoforms may serve as a regulatory switch between the two modes of
growth [41]. As the neural connectivity of juvenile brain is still developing the present
findings may simply reflect possible age-dependent differences in dendritic growth patterns,
and future studies examining the neuronal localization of the TrkB isoforms, and their
association to dendritic growth patterns in young and adult animals would be insightful.
However, that SKF 83959 robustly increased the expression of TrkB.T1 in juvenile animals
suggests that this agonist may influence the mode of dendritic growth by promoting distal
neurite outgrowth, and indeed this idea is consistent with our previous report that showed
increased BDNF release and dendritic elongation in cultured striatal neurons following
exposure to SKF 83959 [11]. Although Hasbi and colleagues [11] did not examine a direct
role for TrkB.T1 in mediating these SKF 83959-induced effects on dendritic growth,
TrkB.T1 expression has been reported in cultured striatal neurons [59] and thus a role for
this receptor in mediating the observed effects of SKF 83959 on neurite outgrowth seems
plausible.
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It is noteworthy that while increased basal activation of TrkBfull was evident in the NAc of
juvenile rats compared to their adult counterparts in response to elevated BDNF levels, no
effect of SKF 83959 on BDNF-induced TrkB activation was observed. The phosphorylation
of TrkBfull has been shown to occur quite rapidly following exposure to BDNF [60].
Although the 90 minute time point following drug administration was chosen to reflect
known maximal changes in BDNF expression [11,22], acute SKF 83959-induced increases
in BDNF expression is time dependent and becomes evident as early as 60 minutes [11].
Thus while a persistent elevation in basal BDNF expression may result in sustained
increased TrkBfull phosphorylation, the acute effects of BDNF on TrkBfull phosphorylation
may be more rapid.

proBDNF and p75NTR

Proneurotrophins, such a proBDNF, bind the p75NTR with high affinity [33]. Although
p75NTR has been shown to regulate apoptosis [42], this receptor has also been more
recently linked to other physiological processes such as functioning as a coreceptor to
enhance the affinity and activity of Trk receptors [43]. In line with this, p75NTR has also
been implicated as having a role in TrkB.T1-induced dendritic outgrowth [61]. Furthermore,
p75NTR signaling has been associated with the facilitation of long term depression (LTD)
[62], a synaptic modification thought to play a role in clinical depression [63]. Although
there were no differences in the basal expression of proBDNF or p75NTR in the present
study, an SKF 83959-induced increase in p75NTR levels in PFC was evident in both age
groups. While the physiological importance of this increase could involve a number of
processes, as described above, dopamine D1-D2 heteromer activity in PFC has been
previously linked to depression [64], an effect that may be mediated in part by increased
expression of p75NTR.

Implications and Conclusions

In the present study we showed that young rats exhibited region-specific differences in
BDNF expression and signaling compared to that of adult rats and, additionally, exhibited
differential responses to SKF 83959-induced changes in BDNF and TrkB expression. BDNF
signaling has diverse roles in the regulation of synaptic plasticity and thus the developmental
purpose of the observed differences in BDNF and TrkB expression is likely complex,
involving a plethora of cellular processes that may or may not be interdependent. While
these are most likely processes that contribute to the normal development of neuronal
connectivity, the understanding of these processes can provide a critical tool for
understanding age-dependent differences in the susceptibility to neuropsychiatric disease.
More specifically, adolescence has been shown to be a critical period for susceptibility to
specific mental health disorders such as schizophrenia and drug addiction [65,66] both of
which has been linked to BDNF signaling in striatum and PFC [17-19,67,68]. For example,
schizophrenia patients have been reported to exhibit low levels of cortical BDNF and TrkB
[67], and a BDNF polymorphism Val66Met has been directly linked to the age of onset of
the disorder [69]. Similarly, the involvement of BDNF signaling in drug addiction is widely
accepted and an opposing effect of NAc and PFC BDNF signaling on addiction-like
behaviours has been repeatedly documented [17,18,70-76]. While the role of dopamine-
mediated BDNF signaling in mental health disorders such as schizophrenia and drug
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addiction is becoming well characterized, the involvement of BDNF as a contributing factor
in the age-dependent susceptibility to these disorders requires further investigation. Clearly
BDNF plays an integral role in processes that contribute to the pathophysiology of these
disorders and thus future studies are required not only to understand the physiological
importance of these age-dependent differences in BDNF and TrkB expression, but
additionally how they are regulated by dopamine receptors and their role in developmental
processes. Such information would not only provide essential knowledge about normal
physiological developmental changes, but would also provide insights into how these
changes may coincide with vulnerabilities to neuropsyciatric disease.
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Fig. 1.
Age-specific and SKF 83959-dependent effects on BDNF expression in NAc, CP and PFC

of adult and juvenile rats. (a) Animals exhibited an age-dependent difference in basal BDNF
expression in NAc, with juvenile rats exhibiting significantly higher expression than their
adult counterparts. SKF 83959 (1.5 mg/kg s.c.) administration resulted in a modest but
insignificant increase in BDNF levels in juvenile animals, however a substantial increase in
BDNF expression was induced in adult rats (b) Adult and juvenile rats showed similar basal
BDNF levels in CP. SKF 83959 treatment had no effect on BDNF expression in this region.
(c) Juvenile rats exhibited significantly lower basal BDNF expression in PFC than adult rats.
SKF 83959 significantly elevated BDNF expression in both age groups. Representative blots
for each region are also shown. GAPDH was used as a loading control. Data are represented
as mean + SEM, and are expressed as a percent of adult/saline controls. {NAc: Drug,
F(1,22)=13.0, P=0.002; Age, F(1,22)=3.8, P=0.06, n.s.; Drug x Age, F(1,22)=0.7, P=0.40,
n.s.; CP: Drug, F(1,22)=0.01, P=0.94, n.s.; Age, F(1,22)=0.3, P=0.61, n.s.; Drug x Age,
F(1,22)=0.4, P=0.54, n.s.; PFC: Drug, F(1,23)=22.3, P<0.001; Age, F(1,23)=0.02, P=0.88,
n.s; Drug x Age, F(1,23)=3.1, P=0.09, n.s.}. N=6-7/group per experiment. *P<0.05
compared to basal expression of adult rats; #*P<0.01 compared to saline controls of the
same age.
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Fig. 2.
Juvenile rats exhibit enhanced TrkBfull activation in NAc. (a) Juvenile rats exhibited

increased basal phosphorylation of TrkBfull compared to their adult counterparts. SKF
83959 (1.5 mg/kg s.c.) had no effect on TrkBfull phosphorylation 90 minutes following
administration. (b-c) Adult and juvenile rats showed similar phosphorylation levels of
TrkBfull in both CP and PFC. SKF 83959 did not alter the phosphorylation status of TrkB in
CP or PFC of either age group. Representative blots for each region are also shown.
GAPDH was used as a loading control. Data are represented as mean + SEM, and are
expressed as a percent of adult/saline controls. {NAc: Drug, F(1,21)=1.3, P=0.27, n.s.; Age,
F(1,22)=9.0, P=0.007; Drug x Age, F(1,22)=0.16, P=0.69, n.s.; CP: Drug, F(1,22)=3.8,
P=0.06, n.s.; Age, F(1,22)=6.5, P=0.02; Drug x Age, F(1,22)=1.4, P=0.25, n.s.; PFC: Drug,
F(1,21)=0.04, P=0.85; Age, F(1,21)=0.03, P=0.86, n.s; Drug x Age, F(1,21)=.68, P=0.42,
n.s.}. N=6-7/group per experiment. *P<0.05 compared to basal expression of adult rats.
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Fig. 3.
Effect of age and SKF 83959 on expression of TrkBfull and TrkB.T1 in NAc, CP and PFC

of adult and juvenile rats. (a) Representative blots depicting age-related and SKF 83959-
induced changes in full length (TrkBfull) and truncated TrkB (TrkB.T1) are shown. GAPDH
was used as a loading control. (b) Adult and juvenile rats exhibited similar basal expression
levels of the active isoform TrkBfull in all three regions examined. SKF 83959 (1.5 mg/kg
s.c.) did not alter TrkBfull expression in NAc, CP or PFC {NAc: Drug, F(1,21)=4.4,
P=0.049; Age, F(1,21)=0.4, P=0.54, n.s.; Drug x Age, F(1,21)=0.3, P=0.59, n.s.; CP: Drug,
F(1,21)=6.7, P=0.017; Age, F(1,21)=4.7, P=0.042; Drug x Age, F(1,21)=0.9, P=0.35, n.s,;
PFC: Drug, F(1,22)=2.2, P=0.15, n.s.; Age, F(1,22)=13.2, P=0.001; Drug x Age,
F(1,22)=1.2, P=0.29, n.s.}. (c) Juvenile animals showed lower basal levels of TrkB.T1
expression compared to adults in NAc and CP, with no differences in PFC. SKF 83959 did
not alter TrkB.T1 expression in any region in adult rats, but elevated the expression of this
TrkB isoform in NAc and CP, but not PFC, of juvenile rats {NAc: Drug, F(1,21)=3.0,
P=0.10; Age, F(1,21)=2.6, P=0.12; Drug x Age, F(1,21)=4.2, P=0.048; CP: Drug,
F(1,21)=24.1, P=0.0001; Age, F(1,21)=2.8, P=0.11, n.s.; Drug x Age, F(1,21)=4.6,
P=0.044; PFC: Drug, F(1,21)=2.7, P=0.11, n.s.; Age, F(1,21)=1.4, P=0.25, n.s.; Drug x
Age, F(1,21)=2.7, P=0.11, n.s.}. (d) The ratio of expression of full to truncated TrkB
isoforms. Juvenile rats showed a significantly higher basal TrkB ratio (TrkBfull:TrkB.T1)
compared to adults in NAc, CP and PFC. SKF 83959 increased the TrkB ratio in adult rats
in NAc and PFC, with no effects in these regions in juvenile rats. In CP, SKF 83959
significantly reduced the TrkB ratio in juvenile rats with no effect in adults. Data are
represented as mean + SEM, and are expressed as a percent of adult/saline controls. {NAc:
Drug, F(1,20)=0.01, P=0.92, n.s.; Age, F(1,20)=16.1, P=0.001; Drug x Age, F(1,20)=9.5,
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P=0.006; CP: Drug, F(1,21)=27.8, P=0.0001; Age, F(1,21)=51.2, P=0.0001; Drug x Age,
F(1,21)=26.9, P=0.0001; PFC: Drug, F(1,22)=0.1, P=0.71, n.s.; Age, F(1,22)=22.5,
P=0.0001; Drug x Age, F(1,22)=0.002, P=0.97, n.s.}. N=6-7/group per experiment.
**P<(,01, ***P<0.001 compared to basal expression of adults rats; #P<0.05, ##P<0.001
compared to saline controls of the same age.
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Effect of age and SKF 83959 on proBDNF expression in NAc, CP and PFC. (a-c) No
significant differences in the expression of proBDNF were observed between juvenile and
adults rats in any of the regions examined. SKF 83959 had no effects on proBDNF
expression in either age group.. Representative blots for each region are also shown.
GAPDH was used as a loading control. Data are represented as mean + SEM, and are
expressed as a percent of adult/saline controls. {NAc: Drug, F(1,22)=0.01, P=0.91, n.s.;
Age, F(1,22)=4.7, P=0.04; Drug x Age, F(1,22)=1.5, P=0.23, n.s.; CP: Drug, F(1,21)=0.9,
P=0.34, n.s.; Age, F(1,21)=0.3, P=0.58; Drug x Age, F(1,21)=2, P=0.7, n.s.; PFC: Drug,
F(1,22)=0.9, P=0.36; Age, F(1,22)=0.1, P=0.72, n.s; Drug x Age, F(1,22)=1.1, P=0.32,
n.s.}. N=6-7/group per experiment. *P<0.05 compared to basal expression of adult rats.
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Fig. 5.
Effect of age and SKF 83959 on p75NTR expression in NAc, CP and PFC of adult and

juvenile rats. (a, b) There were no age-related or SKF 83959-induced alterations in p75NTR
expression in NAc or CP. (c) In PFC, basal expression of p75NTR did not differ between
age groups. However, SKF 83959 (1.5 mg/kg) induced a significant increase in p75NTR
levels in both adult and juvenile rats. Representative blots for each region are also shown.
GAPDH was used as a loading control. Data are represented as mean + SEM, and are
expressed as a percent of adult/saline controls. {NAc: Drug, F(1,22)=2.0, P=0.18, n.s.; Age,
F(1,22)=0.5, P=0.48, n.s.; Drug x Age, F(1,22)=0.9, P=0.36, n.s.; CP: Drug, F(1,21)=2.6,
P=0.11, n.s.; Age, F(1,21)=0.30, P=0.59, n.s.; Drug x Age, F(1,21)=0.9, P=0.35, n.s.; PFC:
Drug, F(1,22)=13.0, P=0.002; Age, F(1,22)=2.7, P=0.11, n.s.; Drug x Age, F(1,22)=0.59,
P=0.45, n.s.}. N=6-7/group per experiment. ¥P<0.05 compared to saline controls of the
same age.
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