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An emerging hypothesis, linking modulation of neurogenesis with the onset and subsequent treatment of depres-
sion, has received much attention recently as an attractive explanation for successful behavioral changes induced
by antidepressant medication in both humans and animals. However, evidence for such a link remains elusive
and inconsistent. This review discusses evidence for modulation of neurogenesis as a neurobiological substrate
for depression within the context of heterogeneous animal models of depression. Examining the evidence cur-
rently available linking neurogenesis and depression is problematic for at least four reasons: 1) approaches to
document ongoing neurogenesis and neuronal lineage commitment are varied, making cross-study comparison
difficult; 2) as the functional contribution of adult neurogenesis has yet to be completely determined, it is
speculative to state a functional significance to changes in neurogenesis; 3) there is diversity in animal models
of depression with variable degrees of correlation with human depression; and 4) there remains insufficient
knowledge of molecular factors and changes in gene expression that conclusively link neurogenesis modulation
and depression. This review examines the current state of evidence regarding the following: 1) consistent data
collection delineating the existence of neurogenesis, its stages of progression, and stage modulation; 2) the
functional contribution of adult hippocampal neurogenesis and the use of stress-based animal models for its
modulation, 3) possible molecular links between antidepressant medication and neurogenesis, specifically neuro-
trophins and trophic factors; and finally 4) specific suggestions for further investigations necessary to warrant
full acceptance of a link between modulation of neurogenesis and depression.
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INTRODUCTION general public for its potential role in brain function
and use in brain repair. Once dogmatically refuted
(54), neurogenesis has been conclusively demonstratedOver the last decade, the persistence of adult neu-

rogenesis (the generation of new neurons) has gener- in adult mammals, including primates and humans
(10,34,40,42,43,64,70,87). One emerging reason forated enthusiasm among both neuroscientists and the
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excitement today is the possibility that enhancing rogenesis. In the adult hippocampus, cell division
(proliferation) occurs in the SGZ, a thin layer of cellsneurogenesis could offer a new treatment for psychi-

atric illness. An emerging hypothesis linking neuro- on the hilar border of the dentate gyrus granular cell
layer. These cells migrate a short distance into thegenesis modulation with the onset and subsequent

cure of depression has received much attention. This granule layer and differentiate into neurons that even-
tually become phenotypically mature and are indis-is partly due to the fact that chronic administration of

most antidepressants leads to an increase in neuro- tinguishable from other granule cells (38,53,99,104).
Not all of these newly generated cells survive; in fact,genesis. Some researchers have even proposed that

neurogenesis is a “requirement” for antidepressant it is estimated that less than half survive to complete
lineage commitment (10). The cellular or molecularbehavioral effects (90), but it is still unknown if di-

minished neurogenesis could be a cause, consequence, events that distinguish between cell survival and death
remain to be discovered.or correlate of depression (38,100). In fact, despite a

plethora of discovery-driven research, the functional To unravel the regulation of neurogenesis, it is help-
ful to characterize the progression of newly generatedcontribution of adult neurogenesis remains elusive.

As a result, it continues to be difficult to draw conclu- cells from initial cell division through maturation.
This is schematically represented in Figure 1A. Thesions regarding the possibility of an evidence-based

link between neurogenesis and depression. ongoing elucidation of definitive stages of neurogen-
esis and appropriate markers to delineate each stageThis mixed evidence for a link between the modu-

lation of neurogenesis and depression can be attrib- has been problematic. As shown in Figure 1B, the
most commonly used staging parameters are cell pro-uted to four factors. First, there exist multiple ap-

proaches to document the existence of neurogenesis liferation, cell survival with eventual lineage commit-
ment, and neuronal differentiation. However, evenand its progressive phases, making cross-study com-

parison difficult (65). Additionally, little is known such a simple, straightforward definition has been
met with controversy and conflicting results as manyabout the mechanisms responsible for the initiation

of neurogenesis and the continuing progression of studies inadequately discriminate the stage under in-
vestigation. Insight into the molecular factors drivingnew cells through subsequent phases (Fig. 1). Sec-

ondly, though research has established a role in learn- stage transition is lacking, and it is not yet clear why
some cells progress along lineage commitment to be-ing and memory and emotion for the hippocampus,

the functional contribution of adult neurogenesis in come a functional neuron, some die, and some con-
tinue to remain in an undifferentiated, proliferativethis region has yet to be completely determined. This

has led to hypotheses that still need to be fully tested. state. Although it is now known that environmental
factors, particularly stress, can alter a newly gener-Thirdly, there is great diversity and variability in ani-

mal models of depression and these models also ex- ated cell’s fate, it is not known what cellular or mo-
lecular mechanisms regulate this. Analysis is madehibit variable degrees of correlation with human de-

pression. Finally, there is still insufficient knowledge more difficult in that, unlike developmental neuro-
genesis, adult neurogenesis is an individual cell pro-of molecular factors and changes in gene expression

that may drive neurogenesis modulation and depres- cess without synchrony in the population. Thus, neu-
rons of all developmental stages are present at anysion. The purpose of this review is to discuss the evi-

dence for modulation of neurogenesis as a neurobio- given time point in the adult hippocampus (56).
Determining the existence of adult-generated neu-logical substrate for depression within the context of

various animal models with their heterogeneous na- rons requires proof that the cell is both new and that
it is a neuron. The most prevalent method used totures and behavioral manifestation of depression.
birth date neurons is administration of 5-bromo-2′-
deoxyuridine (BrdU), a thymidine analog incorpo-
rated into replicated DNA during the S phase of theDOCUMENTING NEUROGENESIS:
cell cycle (17). The use of BrdU birth dating is sim-A WEALTH OF CHOICES
ple, rapidly processed, and has established concurrent
validity with the older, but cumbersome, method ofAfter extensive investigation, adult neurogenesis

has been shown conclusively to exist under normal using tritiated thymidine (80). BrdU has two impor-
tant advantages over tritiated thymidine, in that it isconditions in only two adult brain regions, the sub-

ventricular zone (SVZ) of the lateral ventricle and the compatible with multiple immunohistochemical stain-
ing for multiple cell class-specific markers to deter-subgranular zone (SGZ) of the dentate gyrus of the

hippocampus. As there is no evidence for participa- mine cell phenotype (87) and it permits stereological
quantification of cell number. Recent studies havetion of SVZ neurogenesis in animal models of de-

pression, this review will focus on hippocampal neu- utilized multiple thymidine analogs to examine tem-



MODULATION OF ADULT NEUROGENESIS WITH DEPRESSION 185

Figure 1. Progression of adult hippocampal neurogenesis. From their initial generation until their maturation as a functioning neuron,
emerging evidence suggests that the process of neurogenesis consists of sequential progression of the new cell through distinct stages that
are identified by a variety of detection methods. (A) Changes in cell morphology and location relative to the granule cell layer formed the
original observations that newly generated cells underwent a specific maturation process en route to expressing the morphology of mature
neurons. In conjunction with the phenotypic markers discussed below, Kempermann et al. (56) have proposed six specific stages of cell
maturation. (B) While it was initially envisioned that proliferating cells terminally exited cell cycle before beginning lineage commitment,
it is now recognized that cells expressing early markers of lineage commitment can continue to proliferate. Likewise, there is a transition
between expression of lineage commitment markers and the initiation of functional neuronal properties. The population of new cells in the
hippocampus is not synchronized, but it appears that any individual cell would progress from mitosis to full maturation in an interval of
3–4 weeks. It is important to note that not all cells will progress to maturity. Some will remain proliferative and constitute a pool of
amplifying neural progenitor cells. Other cells will fail to survive the process of lineage commitment and this interval also appears to be
critical for regulating the extent of neurogenesis. (C) Identification of progression through the stages of neurogenesis has been facilitated by
the characterization of markers that have restricted expression. In the absence of a definitive neural stem cell marker, these cells are identified
by the coexpression of markers such as glial fibrillary acidic protein (GFAP), which has been shown to be present in neural stem cells (4).
Detection of proliferating cells can be done with exogenous administration of thymidine analogs such as BrdU, labeling a cohort of dividing
cells, or by marking the presence of endogenous cell cycle proteins such as Ki-67. Multiple immunohistochemical labeling makes it possible
to stage a cell’s progress through neurogenesis by the combinatorial expression of early lineage commitment markers such as nestin,
polysialylated neural cell adhesion molecule (PSA-NCAM), and doublecortin (DCX), and to distinguish these from more mature markers of
neurons, such as NeuN and calbindin. (D) The transition through stages of neurogenesis provides an opportunity to determine at what point
in the process an experimental manipulation exerts its effect. In the case of animal models of stress, early studies suggested that proliferation
was altered under stress conditions, while more recent studies have identified the period of lineage commitment and survival as vulnerable
to stress. While there is evidence of plasticity of mature hippocampal neurons in response to stress, it is yet to be determined if these
alterations are shared by adult-generated neurons. (E) Identifying the stage of neurogenesis that is altered provides an opportunity to examine
specific regulatory mechanisms that may participate in the response to stress. As discussed in the text, evidence is emerging that BDNF and
CREB may be important mechanisms of regulating the response to stress. The onset and duration of expression of BDNF and CREB is still
under investigation. This figure was modified with permission from Kempermann et al. (56).
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poral events of cell cycling (8,105). This has allowed to identify newly generated cells and to correlate new
cells with their phenotypic identity. In addition, thefurther elucidation of factors influencing immediate

survival of a newly generated cell separate from the need to specify the particular stage of neurogenic pro-
gression in interpreting results is only now being rec-event of the initial, labeled cell division.

As shown schematically in Figure 1C, proliferating ognized by investigators. Finally, not all studies have
used rigorous stereological quantification of cell num-cells also can be positively identified with Ki-67, an

endogenous cell cycle protein marker. This enables ber, hindering the ability to compare study outcomes.
With increasing awareness of these issues, one hopesbroader identification of proliferating cells than exog-

enous thymidine analog administration (i.e., BrdU), that future studies will be designed in such a way as
to address these concerns and provide a standardizedwhich is only incorporated during cell cycle S phase.

Concurrent validity studies have been conducted with body of knowledge that allows for better comparison
of published studies.Ki-67 colocalized with BrdU-positive cells (49). How-

ever, Ki-67 labeling is only detected in cycling cells
(i.e., those cells in S through M phases of cell divi-
sion) and does not serve to birth date cells through THE FUNCTIONAL CONTRIBUTION OF
subsequent maturation. As a result, the ultimate fate ADULT HIPPOCAMPAL NEUROGENESIS
of cells generated at a specific time period cannot be
examined without exogenous thymidine analog ad- Concurrent with efforts to delineate stages of neu-

rogenesis, considerable effort has gone into determin-ministration.
Beyond the initial labeling of proliferating cells, ing what these new neurons in the hippocampus are

doing. The function of newly generated neurons inthere is a progressive expression of markers delineat-
ing immature to mature neuronal development. Dif- the adult hippocampus is still a matter of debate and

may be a reflection of our incomplete understandingferential expression of specific markers along with
morphological analysis now allows detailed identifi- of hippocampal function (60,98). Although integra-

tion of new granule cells has been shown to occurcation of the specific neurogenic phases once cell di-
vision has occurred (32,56). This is detailed schemat- into the trisynaptic circuitry of the hippocampus (104),

the contribution of this activity-dependent flux in in-ically in Figure 1C. For example, immature progenitor
or neural stem cells in the hippocampus have been dividual new neurons is difficult to address experi-

mentally (26). While there is evidence that individualidentified on the basis of the presence of glial fibril-
lary acidic protein (GFAP) when coexpressed with newly generated neurons become functional, it is still

unclear how a population of new neurons modifiesvimentin and nestin (4). Nestin, an intermediate fila-
ment found in immature cells, has also been used to hippocampal circuitry function. Furthermore, it is un-

clear whether hippocampal-dependent tasks such asidentify progenitor cells of neuroectodermal commit-
ment. Nestin cannot be used as a definitive marker, spatial learning tasks result in enhanced neurogenesis

or if enhanced neurogenesis leads to improved hippo-however, as it has also been detected in vascular-
related structures in the mature brain. Polysialylated campal function (5). It is reasonable to think that both

may be true.neural cell adhesion molecules (PSA-NCAM), a cell
surface molecule expressed by migrating neuroblasts, Neurogenesis appears to be a remarkably plastic

process, modifiable by numerous macro- and micro-has been used to identify neurogenic cells in an early
stage of lineage commitment in both the dentate gy- environmental influences (68). Recent research has

clearly established that a variety of stimuli may posi-rus and the rostral migratory stream. Doublecortin,
a cytoskeletal protein present in migrating or early tively or negatively alter neurogenesis (44,57,58,66,

83,84,103). In fact, it appears that nearly every factordifferentiating neurons, has been extensively used re-
cently to identify immature neurons (18,19). investigated has some ability to modulate the process.

If neurogenesis is so responsive to environmentalWhile NeuN has classically been used as a marker
of mature neurons, calbindin, a Ca2+ binding protein, changes, it seems probable that its modulation nor-

mally reflects the organism’s ability to adapt to novelis also found in all mature granular cells in both the
dentate gyrus and the olfactory bulb glomerular layer or changing conditions. Likewise, it is possible that

extreme environmental events such as stress may lead(76). Recently, the generation of transgenic mice ex-
pressing fluorescent reporter genes under the control to adverse adaptive neurogenesis modification. It may

be significant that neurogenesis occurs at the conver-of tissue-specific promoters has proven to be an effi-
cient way to visualize progenitor cells and their prog- gence of input into the three-synaptic circuitry of the

hippocampus: the dentate gyrus. It is well known thateny (13,32).
While a wealth of cell phenotype markers exists, the hippocampus is extensively involved in emotional

processing, and in the processing of learning andthere has been a lack of consensus in study designs
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memory. Therefore, the addition of granular neurons sults differ so widely. Furthermore, these laboratory
stressors are artificial as they are not encountered inat this location could be strategic for hippocampal

functioning, as even small changes in granular cells the wild and consequently may have limited relevance
(27). Nevertheless, stress is a consistent, potent inhib-could have far-reaching effects by adapting the exist-

ing network for future function. itor of neurogenesis in nonhuman mammals (21,35,
41,46,77–79,101).The key to elucidating a possible role of neurogen-

esis in the onset and treatment of depression likely Further insight is available from studies using
more natural stressors. These include natural stressfullies in further investigation into the function of these

new cells in hippocampal circuitry. It is plausible that events such as exposure to predator odor or psycho-
social stress, in contrast to laboratory stressors suchnew hippocampal neurons in the dentate gyrus adjust

the strength of connections within the hippocampal as restraint, and exogenously elevated cortisol levels
(9,46,48,92). Chronic psychosocial stress accompa-circuitry in an activity and experience-dependent

manner (59). For example, interindividual differences nied by constantly elevated endogenous glucocorti-
coid levels has been shown to lead to structural changesin behavioral reactivity to novelty among rats has

been found to correlate with neurogenesis levels in of hippocampal pyramidal neurons and a reduction
of dentate gyrus neurogenesis in adult tree shrews,the dentate gyrus with “well-adjusted” rats (low reac-

tivity to novelty) exhibiting higher basal levels of monkeys, and rodents (9,35,43,46,48,92).
The literature is mixed in regard to which stage ofneurogenesis (67). Interestingly, this rate of neuro-

genesis was established before exposure to a novel neurogenesis is primarily affected by stress. As indi-
cated in Figure 1D, early experiments implicated pro-stimulus, demonstrating that differences in neurogen-

esis can affect future function. liferation as diminished with stress (41,45). Recent
reports have further specified the stages of neurogen-
esis and have implicated a change in the microenvi-
ronment as a result of stress that does not changeTHE LINK BETWEEN STRESS, DEPRESSION,
the rate of cell division but diminishes that newlyAND HIPPOCAMPAL NEUROGENESIS
generated cell’s ability to survive (69,89,102).

The hippocampus is an important brain structureAs neurogenesis is detected by histological analy-
sis, studies seeking linkage of neurogenesis with de- involved in the mediation of stress responses. It has

been implicated in the direct and indirect integrationpression have been investigated in animal models.
Animal models of depression have been elusive in of neurochemical, neurohormonal, and cognitive re-

sponses to stress. As part of the limbic system, thetheir ability to define the more cognitive manifesta-
tions of depression, instead quantifying various be- hippocampus has a high concentration of type 2 glu-

cocorticoid receptors and modulates glucocorticoidhavioral outcome measures in response to various
stressors. These behaviors closely resemble human hormone (corticosterone in rodents, cortisol in primates

including humans) release via a negative feedbackdepressive symptoms such as lethargy, decreased in-
teraction, and anhedonia, and animals exposed to nat- loop inhibiting the hypothalamus–pituitary–adrenal

(HPA) axis. The hippocampus is also sensitive toural and laboratory stress exhibit diminished appetite,
exploration, grooming, and social behavior. These environmental- and experience-dependent structural

changes and thus is vulnerable to stress-related ad-animal responses to stress appear to be the equivalent
of human stress responses. In fact, antidepressant verse adaptive modification. Stress-related changes in

the hippocampus in animals include dendrite atrophy,efficacy is defined by the medication’s ability to di-
minish such behavioral effects in preclinical (animal) decreased synaptic plasticity, and cell death as well

as diminished neurogenesis (28,31,41,51,71,86). Duestudies.
Experimental procedures producing stress have been to the hippocampus’ role in emotional processing and

learning and memory, it is likely that the hippocam-used widely in rodent models to elucidate neural mech-
anisms underlying fear, anxiety, and depression. A pus plays a role in stress-related mood disorders such

as depression; however, this remains to be demon-wide spectrum of paradigms has been used: foot shock,
forced swimming, restraint, and cold exposure, among strated conclusively.

Stress has been implicated as the primary causalothers (25,73,85). These methods are easy to quantify
and control, but are intrusive and not particularly rel- agent of depression in humans (6,37,52,91,93), and

evidence for depression-associated structural changesevant to natural events. Additionally, such paradigms
may produce physical effects that activate central pain in the hippocampus of adult humans appears similar

to that found in animals. Thus, hippocampal volumepathways and confound the interpretation of results.
The ability of these stressors to produce direct sys- loss of up to 20% has been reported in depressed

humans using high resolution magnetic resonancetemic effects may be the reason that experimental re-
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imaging (96). These patients additionally displayed adaptations of receptor-coupled signal transduction
proteins and their corresponding genes as agents forabnormalities of declarative and verbal memory, sug-

gesting an association between depression-associated antidepressant medication effectiveness (30).
Consistent with the neurogenic theory of stress-cognitive deficits and structural changes in the hippo-

campus. Given the relevance of the stress-based hy- based depression, many studies have found a concur-
rent increase or restoration of neurogenesis and ame-pothesis of depression, hippocampal changes in ani-

mal models may provide insights into altered human lioration of behavioral symptoms of depression with
chronic antidepressant treatment. For example, recenthippocampal structure and function in depression.

Because stress is a potent downregulator of adult neu- research has shown that chronic administration of
antidepressants, particularly SSRIs, results in an in-rogenesis in animal models, it is plausible that this

stress-induced reduction in neurogenesis may be one crease in hippocampal cell proliferation and survival
after stress-induced diminished neurogenesis (55,aspect of the pathophysiology of depression and war-

rants further study (20,35,39,42,43,46). 73,75). Though these studies provide preliminary evi-
dence for a causal link between diminished neurogen-
esis, depression, and the amelioration of both with
antidepressants, the results of a wide range of studies

ANTIDEPRESSANT MODULATION
have been mixed, as shown below, and the field still

OF NEUROGENESIS
awaits conclusive evidence.

The pathophysiology of depression was not at all
understood when antidepressant medication first be-
came available. The medical management of depres-

MOLECULAR LINKS BETWEEN
sion was largely ineffective until a serendipitous dis-

ANTIDEPRESSANTS AND NEUROGENESIS:
covery 50 years ago that depletion of monamines in

INVOLVEMENT OF NEUROTROPHINS
the CNS during pharmacological management of hy-

AND TROPHIC FACTORS
pertension led to severe depression. Since the late
1950s, the theory regarding the chemical foundation In searching for a unifying hypothesis for depres-

sion and neurogenesis, it has been suggested that aof depression became known as the monoamine hy-
pothesis. This theory postulates that the debilitating mechanistic relationship may exist between behav-

iors, neurotrophin expression, and newly generatedsymptoms of depression result from CNS deficiencies
in serotonin (5-HT), norepinephrine (NE), and/or do- neuronal survival (69) (Fig. 1E). In particular, brain-

derived neurotrophic factor (BDNF) and its receptorpamine (DA) transmission (95). Indeed, most antide-
pressants do modulate the reuptake (select serotonin trk B (89) have been implicated in the mechanism

of action of antidepressant drugs (14,15,29,62,74,97),or norepinephrine reuptake inhibitors and tricyclics),
metabolism (monoamine oxidase inhibitors), or avail- and may be partly responsible for the effect of en-

hanced neurogenesis observed with many antidepres-ability of one or more of these neurotransmitters. The
monoamine hypothesis reflects the state of research sant medications (23,73). It is also possible that stress

may reduce expression of endogenous growth factors,in the last half of the 20th century prior to investiga-
tion of molecular changes with chronic antidepressant suggesting a link between stress, neurogenesis, and

factors that regulate neuronal survival and growthadministration.
Despite much investigation since the advent of an- during development and throughout life (2).

There is mounting evidence that a major down-tidepressants, there is still no consensus as to the
cellular mechanism of action of these medications. stream mediator of the therapeutic effect of antide-

pressants is increased expression of BDNF. GrowthAlthough recent drug development studies have sug-
gested that 5-HT autoreceptor downregulation via an- factors, including BDNF, play an important role in

nervous system development but also serve a role intagonists or postsynaptic receptor agonist may aug-
ment and/or accelerate the antidepressant-like effects the maintenance and survival of neurons in the adult,

thus contributing to ongoing neural adaptation andof SSRIs (22,61,81), recent research has moved be-
yond theories based on pharmacology of the synapse plasticity throughout the life span. A number of stud-

ies have shown that trophic factor modulation en-to downstream molecular events. The time lag for
therapeutic action of antidepressant treatment sug- hances adult neurogenesis (11,12). In a carefully

quantified study of long-term survival, Scharfman etgests that depression is more than neurotransmitter
disruption and that long-term regulation of pathways al. (94) found continuous infusion of BDNF into the

hippocampus of adult rats increased neurogenesis.activated by drug treatment is required (72). Hence,
studies over the past 10 years have moved beyond Aberg et al. (1) reported that peripheral infusion of

insulin-like growth factor-I (IGF-I) increased progen-the monoamine hypothesis to investigate downstream
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itor cell proliferation in the dentate gyrus of adult genesis contributes to the onset and alleviation of de-
pression, much investigation is still needed into therats. Other reports have found antidepressant-like be-

havioral effects with central administration of IGF-I mechanisms that may regulate this process. The artic-
ulation of precise and consistent definitions of studyand BDNF (50,97,106), leading Hashimoto et al. (47)

to suggest that BDNF plays a role in the pathophysi- variables should lead to improved focus for research
directions, as well as contributing to outcomes thatology of mood disorders.

Not all studies have confirmed such conclusions. can be meaningfully compared across studies.
We propose some suggestions to improve consis-Some results have found no change in BDNF expres-

sion after stress and antidepressant intervention (3,16, tency between studies of the link between neurogen-
esis and depression. The full use of recent, improved24). Another recent study found an increase in hippo-

campal BDNF expression, but not an increase in IGF- definitions for staging neurogenesis (Fig. 1) and the
use of appropriate markers for each stage will provideI, with chronic administration of fluoxetine, an SSRI

(33). Evidence for antidepressant and stress influence a clear picture of which stages of neurogenesis are
modulated by stress and which are unaffected. Alongon BDNF remains mixed, and firm conclusions can-

not yet be stated regarding the interplay of neuro- with this, investigating the molecular regulation of
neurogenesis stage progression under basal and stress-trophins and growth factors, stress, antidepressants,

and neurogenesis (30). It is probable that these mole- ful conditions will be essential to further substantiate
the existence of a cause/effect relationship. Oncecules themselves do not control mood, but act as nec-

essary tools in the activity-dependent modulation of these molecular pathways are elucidated, it will then
be necessary to define clear hippocampal circuitry-hippocampal neural networks involved in depression

and neurogenesis (14). mediated behavioral changes that correlate with changes
in stress-modulated molecular pathways. Along withRecently, there has been increasing interest in ex-

amining intracellular signal transduction pathways this, studies will need to be designed to establish a
functional contribution by newly generated granularthat may regulate neurogenesis. For example, the

cAMP cascade and the cAMP response element-bind- cells at both basal and stress diminished states.
Understanding the relationship between neurogen-ing protein (CREB) have recently been implicated as

processes that enhance survival of newborn neurons esis and antidepressants is of high clinical signifi-
cance. Additional studies using various animal mod-in the adult hippocampus (36). Because activation of

the cAMP-CREB pathway increases the expression els of depression must be completed to substantiate
claims that neurogenesis is required for behavioralof BDNF in the hippocampus (82), which in turn in-

creases neurogenesis in the adult brain, it is plausible effects of antidepressant medications. Increased in-
vestigation of signaling pathways involved with thethat this may be a pathway involved in neurogenesis

modulation seen with depression and its treatment effect of antidepressants on neurogenesis will not
only suggest new means for effective modulation, butwith antidepressants. It has indeed been suggested

that CREB may serve as a convergence point for close the numerous gaps that still exist in our under-
standing of this process. Progress in understandingmultiple classes of antidepressants drugs (7); how-

ever, to date very few studies have addressed this hy- the biological linkage between neurogenesis and de-
pression may likewise lead to modulation of gene ex-pothesis.
pression as treatment for depression. Although there
is insufficient evidence to date to substantiate such

SUMMARY potential therapeutic approaches, elucidating the mo-
lecular pathways common to neurogenesis and de-There appears to be sufficient evidence to justify

continued investigation into a molecular link between pression would allow us to explore the modulation of
neurogenesis as an effective intervention for depres-adult hippocampal neurogenesis and depression. While

it is probable that modulation of hippocampal neuro- sion.
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