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Among the 26% of Americans that showed a 12-month prevalence for a DSM-IV
psychiatric disorder in 2005, most suffered from anxiety disorders (18.1%), followed by
mood disorders at 9.5% (1). Therefore, anxiety disorders affect nearly one fifth of the
population directly in their lifetime, albeit with substantial variation in range of affliction.
Despite the current availability of numerous pharmaceutical anxiolytic treatments, most
exert only a temporary relief on acute symptomatology, whilst few traditional anxiolytic
agents promote long-term alleviation of core symptoms such as the cognitive aspects of
anxiety disorders. While a considerable amount of work has explored the role of GABA and
GABA modulators in anxiety, more recently, pharmaceutical “anti-depressant” treatments
(ADT) such as SSRI’s have been demonstrated as somewhat successful in treating anxiety
disorders. Despite their indisputable contributions to psychiatric therapeutics, ADT’s have
considerable limitations clinically, such as the prolonged latency (3–5 weeks of chronic
administration) until core symptom relief is observed. Thus, there is an urgent need to define
the neural systems that mediate anxiety and understand its pathophysiology, which would
allow us to explore new treatment avenues.

Recent work from the Akil laboratory has investigated a potential role for fibroblast growth
factor 2 (FGF2) in the hippocampus in anxiety and mood disorders. FGF2, a potent central
nervous system growth factor and glial mitogen, has been shown to play fundamental roles
in growth of the cerebral cortex and hippocampus and genesis of excitatory neurons in these
regions during development (2,3). Patients with affective disorders including major
depression and post-traumatic stress disorder have decreased hippocampal volume (4).
Decreases in levels of FGF2 have been observed postmortem in humans that suffered from
major depressive disorder (MDD), and, in rodents, increases in FGF2 have been reported in
response to ADT treatment (5).

In addition to serving a developmental role in building up hippocampal and cortical
circuitry, FGF2 levels vary in response to acute changes in CNS homeostasis in adulthood.
For example, FGF2 is increased in the hippocampus of animals that have undergone acute
stressors, whereas repeated stress and/or chronic corticosterone treatment are associated with
decreased levels of hippocampal FGF2 (6). However, alterations in FGF2 levels are not
confined to “emotional” perturbations. Hypoxia upregulates both FGF1 and FGF2 in several
regions (7) and the knockout of Fgf2 or Fgfr1 (one of the FGF receptors that is stimulated
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by FGF2) abolishes endogenous compensatory neurogenic responses that are induced after
hypoxic or hypoxic/ischemic insults (8). Indeed, FGF2 is a potent neurogenic and trophic
factor that improves the outcome of many types of injury.

Despite an abundance of correlative evidence for a relationship between FGF2 and
depression/anxiety behavior, a causal relationship has not been suggested until recently,
when the Akil group showed that chronic peripheral administration of FGF2 in rats showing
high anxiety has anxiolytic and potentially antidepressant-like effects (9). In “shRNA
silencing of endogenous FGF2 in rat hippocampus increases anxiety behavior” (10), this
group goes further by establishing a role for endogenous FGF2 in anxiety behavior by using
RNA interference (RNAi) to knockdown FGF2 specifically in the hippocampus. In this
paper, they first establish that levels of hippocampal FGF2 gene expression are positively
correlated to levels of exhibited anxiety behavior on the elevated plus maze. Following this,
they administered a lentivirus expressing short hairpin RNA (shRNA) targeting FGF2
bilaterally into the hippocampus and showed a significant knockdown of FGF2 limited to
the DG and extending somewhat to the CA3. Silencing FGF2 in the hippocampus leads to
significant increases in anxiety behavior on the elevated plus maze. Taken together, these
data suggest that levels of FGF2 within the hippocampus signal overall allostatic load (11),
or a sum of an individual’s net vulnerability and resilience to morbidity for anxiety or mood
disorders (Figure 1). This is consistent with FGF2 being increased by neuroprotective
events, acute stress, escapable shock and ADT treatment, suggesting that levels of this factor
are regulated in postnatal life to maintain homeostasis through mechanisms that are still
unknown. Conversely, chronic stress, chronic corticosteroid administration and inescapable
shock all decrease FGF2 in the hippocampus and are associated with increased vulnerability
and decreased resilience to anxiety and mood disorders. Of course, allostatic load is not only
modulated by postnatal environmental events but also incorporates genetic vulnerability,
prenatal events and epigenetic modifications, among others, that can all play contributory
roles in disease morbidity. Interestingly, there is some evidence that FGF2 may also be
related to these predisposing factors, as baseline levels of FGF2 have also been shown to
differ between strains of rats that show differential anxiety levels, such that highly anxious
animals (presumably as a result of strain differences in genetic and developmental factors)
show lower levels of FGF2.

What could be linking these different roles of FGF2 in pre- and postnatal development?
Biologically, FGF2 promotes the self-renewal of neural stem cells increasing the size of
neural stem cell pools (12) and thus promotes neurogenesis and gliogenesis, both during
embryogenesis and in adulthood (2,6,9,12,13). Perhaps it is not by chance that the
hippocampus, in which FGF2 has been implicated in the regulation of anxiety, is also the
region that plays a fundamental role in learning and memory through adult neurogenesis.
Hippocampal neurogenesis has been also implicated in the pathophysiology of mood
disorders. For example, ablation of hippocampal neurogenesis using focal irradiation blocks
the effects of ADT treatment on anxious and depressive-like behavior in mice, an effect that
appears to be inextricably linked to changes in learning and memory (14).

The specific biological mechanisms through which FGF2 manifests its effects on mood and
anxiety are still to be explored. Besides the role of FGF2 in neural stem cell self-renewal and
increased new cell survival, this factor may potentially have other related or independent
effects, any of which could presumably decrease vulnerability and increase resilience to
anxiety/mood disorders. For example, FGF ligands and receptors promote synaptogenesis in
the early postnatal period (15), and presumably some FGFs can continue to play a role in
synaptic plasticity in adulthood. FGF2 has been shown to be instrumental in facilitating
long-term learning and memory and potentiation of synapses, and in a recent paper, a role
for FGF2 in mediating NMDAr dependant and independent extinction of conditioned fear
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has been proposed (16). Conditioned fear is at the core of many dysfunctional cognitive
components involved in the development of mood and anxiety disorders. Extinction of
conditioned fears (or at the very least, a decrease in salience) must occur during recovery.
Therefore, it remains possible that the observed correlation of hippocampal FGF2 levels
with behavioral tests of anxiety do not underlie the direct expression of anxiety behavior per
se. Rather, FGF2 may also regulate the flexibility of learning and memory in the
hippocampus, and facilitate recovery through extinction of cognitive changes associated
with psychopathology and ultimately the learning of new associations. Despite the potential
implications of the current study from Eren-Kocak et al., it is important to note that this
study only examined the effects of blocking FGF2 on the elevated plus maze. Therefore,
future studies will need to verify whether the behavioral effects of blocking FGF2 currently
observed will generalize to other behavioral tests, such as novelty-suppressed feeding, open
field, and light-dark box. Moreover, despite the indisputable wealth of knowledge that is
obtained from animal models of mental illness, these models also have considerable
limitations, particularly when assessing cognitive and emotional processes indirectly from
behavioral performance. To date, all the work that has been done in humans has been largely
correlative, and new pharmacological tools need to be established to test an etiological role
for FGF2 in mood and anxiety disorders.

In sum, the Akil group has demonstrated some first experimental evidence that FGF2 is
causally implicated in the process of anxiety development, and theirs and previous data
would suggest that FGF2 levels within the hippocampus are negatively correlated with
expression of anxiety behavior; however, the mechanisms by which FGF2 exerts its effects
on anxiety behavior remain to be determined. Given the substantial role for FGF2 in
modulating stem cells self-renewal and neurogenesis within the hippocampus and the
integral role for changes in hippocampal neurogenesis in regulating learning and memory
processes, it is likely that FGF2 may act on anxiety behavior through stimulating or
decreasing hippocampal neurogenesis. However, the study of FGFs is an ever-evolving
field; future studies ablating FGF2 gene expression at different stages of development or
adulthood will answer these questions.
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Figure 1.
Hippocampal FGF2 levels are correlated with events that mediate allostatic load for
anxiety and mood disorder morbidity. Genetic predisposition, prenatal and postnatal
environmental events all contribute to any given individual’s allostatic load, and, in addition,
they may also modulate hippocampal FGF2 levels. FGF2 modulates allostatic load through
unknown factors, which might include hippocampal neurogenesis, gliogenesis and
synaptogenesis, all of which have been implicated in the regulation of learning and memory,
and perhaps in certain aspects of ADT.
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