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Abstract

Depression is one of the most common and most devastating psychiatric disorders. Despite
its high prevalence and socio-economic impact, little is known about its etiology. Preclinical
and clinical studies have demonstrated that depression can lead to cell loss and atrophy in
limbic brain structures including hippocampus. An emerging hypothesis suggests that the
treatment of depression is likely to involve a plasticity of neuronal pathway. Although a va-
riety of treatment strategies is available. A major problem in its therapy consists of unpre-
dictability of its drug response. Antidepressant treatments may exert their therapeutic ef-
fects by stimulating appropriate adaptive changes in neuronal systems. A novel therapeutic
approach consists of targeting signal transduction and gene expression pathways. One of
the best investigated pathways is cyclic AMP messenger system which ultimately influences
gene expression by activating the transcription factor cyclic AMP response element binding
protein (CREB) via phosphorylation. Recent studies have demonstrated that cyclic AMP-
CREB system is disturbed in depression. This review focuses on the molecular mechanism
underlying the effects of antidepressant treatment including adaptations in the cyclic AMP
transduction cascade and also suggests that increased CREB activity may result in an im-
proved neuronal plasticity, which in turn could contribute to amelioration of the clinical

symptoms of depression.
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I ntroduction

Depression is one of the most common and most tvas
ing psychiatric disorders, afflicting 20% of theppdation
[1]. Despite its high prevalence and socioeconoimic
pact, the etiology and pathophysiology of this ctamp
disorder is not well understood. It is the lackuwider-
standing of the underpinning of depression that teas
sulted in no substantial improvement to antidepnass
treatment. Although a variety of treatment stregeds
available, a major problem in the therapy consi$tthe
unpredictability of the drug response. Furthermonest
antidepressant drugs which usually increase sdrotord
nor-epinephrine levels in the synaptic cleft, akely to
produce side effects. Therefore the quest for ngtioies
in antidepressant treatment is urgent. Althoughoisec
generation antidepressant drugs have eliminateek ssim
the side effects associated with their predecsssioere
have been new therapeutic targets identified, toatd
significantly improve the management of depressisn.
novel therapeutic approach beyond manipulatingnthe
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rotransmitter-receptor interaction consists of e#rg
signal transduction and gene expression pathways.cD
the most investigated pathways is the cyclic AMP
(cAMP) second messenger system which ultimately in-
fluence gene expression by activating the transorip
factor cAMP response element binding protein (CREB)
via phosphorylation [2]. Recent studies have demon-
strated that chronic antidepressant administratigA
regulates the cAMP signal transduction cascaddtimgu

in an increased expression and function of CREBthEu
enhanced CREB expression leads to an up-regulafion
specific target genes, including neurotrophin brain
derived neurotrophic factor (BDNF) [3]. Purposetlifs
review is to discuss emerging evidence that impgshe
CREB and BDNF as potential key players in both the
etiology and treatment of depression

Pathophysiology of depression

According to recent evidences, depression is audgsf
tion of specific neuro-anatomical foci, notably pgzam-
pus and the prefrontal cortex (PFC) [4,5]. Ther @n-
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siderable evidences demonstrating alterations minbr genesis of depression [9]. Antidepressant treatnent
structure, including hippocampal volumetric loskera-  through their influence on intracellular signahsduction
tion in PFC volume and reduced number of neurons inascades serve to regulate specific transcriptmois
temporal cortex, in patients suffering from unipotle-  [10]. A major goal of current research effortsdsdentify
pression [6]. Moreover prolonged stress exposure hdhe targets genes which are regulated by sevarsses of
been documented to stimulate the psychobiologyesf d antidepressants treatment and to examine theilindlee
pression, causing dendritic atrophy and suppresgiag- therapeutic effects of antidepressant action.

ule cell neurogenesis within the dentate gyrus Iner-

estingly, antidepressant treatment can prevenstitess-  Antidepressant may broadly influence the expressibn
mediated reduction in hippocampal neurogenesis [Skeveral genes; it is likely that several additiofaaitors
While previous research efforts studied alteratioms would determine the target genes eventually regdlay
monoamine neurotransmitter levels, receptors @peec-  antidepressant treatment. The control of gene esfme
coupled second messenger systems, more recentseffoiepends upon a complex interplay between differant
have focussed on intracellular cascades and th#atem  scription factors in the promoter region, eventuale-
of gene expression. One such candidate transergtio termining the influence of antidepressant treatnenta

regulator is CREB, a transcription activator treaimpli-  particular gene. The regulation of transcriptioctdas by
cated in both stress and antidepressant inducesctip-  antidepressant treatment is of great interest sthese
tional regulation [2]. factors may serve as common intracellular targedib

_ ferent second messenger system cascade [10,11].
I ntracellular messenger cascade and depression

Regulation of intracellular messenger cascadestsexer
powerful control on almost all aspects of neurdualc-
tion, inclusive of neuronal morphology, gene expi@s,
activity and survival. Broadly the intracellulargsal
transduction pathways can be classified into 2geates:

1) G-protein receptor coupled second messenger (e.
cAMP, C&?), which is primarily regulated by monoamine
neurotransmitters 2) Receptor coupled directly rmtgin
kinase which is controlled by cytokines and grovab-
tors including neurotrophin family.

Cyclic AMP response element binding protein
[CREB]
CREB is a nuclear protein. It belongs to the fanafy
leucine zipper transcription factors that are esped in a
riety of tissues and serve diverse functions. BR&n-
ins a basic leucine zipper motif with which itnca
homodimerize or heterodimerize to cAMP response ele
ment modulator (CREM) to form the functional dimer,
and a DNA binding domain with which it recognizesla
bind to promoter cAMP response element sequence.

Signal transduction cascade represents a commgat tar Phosphorylation of a serine residue (S133) in itmse
for several classes of antidepressants that diffiaiy inducible domain is critical to mediate its effeas this
influence the neurotransmitters acutely. Recepttiva  PErmits recruitment of co-activator proteins anidation
tion leads to generation of CAMP via the stimulatiof ~ Of transcription [12]. Activation of CREB can becam-
adenyl cyclase by G-protein subtypesaGh addition plished by phosphorylation via cAMP-protein kinase
intracellular C& levels can also regulate certain subtypedPKA) pathway. PKA cascade also serves as a téoget
of adenyl cyclase. The generation of cyclic AMPrthe antidepressant treatment [13]. CREB is regulatedliby
results in activation of CAMP protein kinase (PKAhe Verse signalling pathways and can serve as a ¢onteo
catalytic subunits of PKA are responsible for madg ~ 9rates for the action of numerous external stinidlud-
effects on cellular function through the phosphatigh "9 antidepressant. CR_EB can itself act in a manner
of specific target proteins. Amongst the subtypePi® analogous_ to that of antidepressants. Chronic aslpran
is the transcription factor ¢ AMP response elenteng-  tion of antidepressants not only affects CREB esgiom,
ing protein (CREB), which in the dephosphorylatechf but als_o CR_EB activity and CREB mediated transioipt
constitutively regulates gene transcription andofeing ~ Chronic antidepressant therapy up regulates celRH#a
phosphorylation, exhibits a dramatic increasesrahility ~ activity and increases the translocation of PKA,1#Q.

to regulate transcriptional activity [8]. Antidepressants which have distinct acute targees a
known to recruit several signal transduction patfsva
Altered gene expression and depression including cAMP—protein kinase A cascade (CAMP-PKA),

Changes in gene expression profoundly influencertae  the MAP kinase signalling pathway (MEK) as well as
tabolism of neurotransmitters, expression of remspt Ccalcium & phospholipase C (PLC) signalling [2,12].
synaptic strength, neuronal activity and morpholafy VWhile it seems clear that CREB has a role to pfashe
neurons. This eventually contributes to an adaptase Pathogenesis of depression and in antidepresséob.ac
sponse being mounted by brain in response to stimdine exact mechanism remains obscure, in part due to
which perturb homeostatic balance. It is likelyttaher- ~complexity of CREB gene itself. The CREB gene can
rant programmes of gene expression, which leaddigsa  9€nerate multiple transcript and protein produicéd tan
function in neuronal plasticity, contribute to tpatho- Serve as both transcriptional activators and repres
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CAMP response element binding protein in depression

However identifying downstream target genes (witke-n  tonin re-uptake inhibitors, monoamine oxidase iitbils
essary cyclic AMP response element binding sitesjui- and electro-convulsive seizure administration. Rece
cial in revealing the action of CREB. A downstreamstudies clearly indicate that chronic administraid sev-
consequence of enhanced CREB function is thoughé to eral distinct classes of antidepressants up-reg@&REB
the increased expression of target genes likedheotro- mMRNA expression within hippocampus [14]. In additio
phin, brain-derived neurotrophic factor ( BDNF hda to an up-regulation of CREB mRNA, corresponding in-
neuropeptide Y (NPY), which may contribute to tmtéi-a crease in CREB protein is observed following argrds-
depressant treatment mediated changes in strugaisel  sant treatment. The mechanism which underlies the e
ticity and behaviour [3,15]. hanced expression of CREB mRNA is not clearly under
stood in vivo. However, evidence from in vitro ®ysis

BDNF is the most widely expressed member of nervdMPlicates activation of cAMP system in this redidla.
growth factor family called neurotrophins, whichsha Studies demonstrating an antidepressant inducedase

well established role in the development, survigati N CAMP cascade and nuclear translocation of PHA; s
differentiation of a selected population of neuroRgr- ~ 9€sts that antidepressant treatment may regulaldPcA
ther neurotrophins are capable of augmenting nemeg €SPOnsive transcription factor CREB. This sugg&m

sis in the adult brain [16]. They mediate theireefs ~CREB may serve as a common target for antidepressan
through the stimulation of a family of tyrosine &we drugs [20]. In addition to this, a recent studyaws that
coupled receptors which signal through the MAP &ina the phosphorylation and transcriptional activityGRREB
signalling cascade. Studies have clearly indicateat 'S @lSo increased by antidepressant treatment [}
BDNF is promising as a candidate molecule undeglyin 'égulation of CREB by chronic antidepressant tream
the structural changes associated with depressidrama  SUJ9€sts that specific target genes are likelyetoeyu-

potential target for antidepressants [17]. lated in response to drug admi_nistr_ation [3]. Amsing
these target genes is BDNF, which is known to @lay

o important role in neuronal plasticity, survival afuthc-
Role of CREB and BDNF in hippocampus tion.

(In response to antidepressant)

Studies have clearly indicated that BDNF servesa &s-
According to recent evidences, depression is audgsf get for antidepressant treatment [21]. Chronic adstra-
tion of specific neuro-anatomical foci, notably pgam-  tion of various classes of antidepressant drugsease
pus and prefrontal cortex. So hippocampus is dikeyic  expression of BDNF and its receptor within hippopam
region whose structure and function is compromised Regions exhibiting an up-regulation of BDNF in respe
mood disorders. Hippocampal over-expression of CREBo antidepressant administration overlap closelth whe
and BDNF can mimic both the structural consequentes regions that show an up-regulation of CREB. Thiatigp
sustained antidepressant treatment as well asirexem-  correlation suggests that CREB may contribute éoah-
tidepressant like behaviour [18]. Activation of cAM tidepressant induced increase in hippocampal BDNF e
CREB cascade results in increased neurogenesiersf d pression. There are several lines of evidencesstiggest
tate granule cell progenitors and increased deadrita role for BDNF in the action of antidepressanatimgent
length and branching. Elevated CREB-BDNF, throughand in the pathogenesis of depression. It is hysitkd
their protective influences on vulnerable hippocamp that enhanced BDNF expression resulting from claroni
neurons and their ability to directly promote stumal  antidepressant administration may play an impontalet
recognition, could result in repair of damaged eagiue in preventing neuronal damage. Taken togethernthea
to depression. In addition, BDNF can alter neurcgnait-  concluded that antidepressants up-regulate BDNFeexp
ter release and itself elicit an activation of pggtaptic  sion and BDNF exerts an antidepressant effect [22].
neurons and may thus have potential protectivetiomeal
consequences on hippocampal circuit known to be dy€onclusion
functional in depression.

Emerging insights from neurobiology suggest thaboit
Furthermore, the well-established role of BNNF andantidepressant treatment leads to an augmentation o
CREB in hippocampal dependant learning, memory magAMP signal transduction cascade. One of the foneti

play a critical role ameliorating the cognitive gyioms ~ consequences of enhanced cAMP signalling is aedser
associated with depression [19]. in the expression & activity of transcription factoREB.

Studies indicate that enhanced CREB function regsila
diverse target genes, one of which is the trophmior
BDNF. Current state of knowledge on the role of BRE
BDNF cascade in depression provides strong impetus
further understand the regulation & action of CREB,
BDNF in depression and following antidepressant-the

Antidepressant regulation of CREB and BDNF

expression

Different antidepressants used in depression, geton
diverse classes including selective norepinephraeeo-
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apy. Further studies are required to charactehigerdle  13.

of CREB and BDNF in the influence of antidepressant
treatments on neuronal plasticity including changes-
ronal structure and function. In addition CREB and
BDNF may serve as potential therapeutic targetdifer
development of new drugs that regulate mood. Thesk
studies will make it possible to design novel tpexgic
agents for the development of depression ration®lig-
clinical and clinical studies are required to eliate the
role of other intracellular cascade and to exptbeerole
of CREB-BDNF cascade in depression, which could

throw new light for effective management of depi@ss 16
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