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MEMORY OF FEARFUL EVENTS: THE ROLE OF FIBROBLAST

GROWTH FACTOR-2 IN FEAR ACQUISITION AND EXTINCTION
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Abstract—Research during the past decade has led to a tre-
mendous growth in our understanding of how fear memories
are acquired and subsequently inhibited on a neural and
molecular level. Such research has contributed to significant
developments in the treatment of anxiety disorders, and has
considerably advanced our understanding of the neurobiol-
ogy of learning and memory in general. A number of recent
studies have examined the role of growth factors in the for-
mation of long-term memory for fearful events, due to their
ability to cause morphological neural changes in response to
environmental stimulation. In this review we first describe
physiological evidence that fibroblast growth factor-2 (FGF2)
receptors are highly expressed in the neural circuitry regu-
lating fear acquisition and extinction, and that FGF2 modu-
lates the molecular signals known to be involved in the for-
mation of fear memories. Then we present emerging behav-
ioral research that demonstrates that exogenous FGF2 can
enhance the formation of fear conditioning and extinction
memories. Finally, we briefly discuss how research into the
role of FGF2 in learning and memory may be of clinical
benefit, particularly in the treatment of anxiety disorders.
© 2011 IBRO. Published by Elsevier Ltd. All rights reserved.
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The neurobiology underlying fear memories, both their
acquisition and inhibition (i.e., extinction), has become
increasingly well characterized over the years. This has
had a number of clinical applications, including the devel-
opment of drugs that interfere with the consolidation/recon-
solidation of fearful memories and drugs that enhance the
acquisition and/or consolidation of fear extinction memo-
ries (for a recent review see Graham et al., in press).
However, most of the documented neurobiological
changes that characterize fear memories are relatively
transient, which leads to the question of how these mem-
ories persist. One approach to this issue which has re-
cently started being explored has focused on the role of
growth factors in memory formation. Growth factors cause
structural changes within the brain and therefore may be in
part responsible for the persistence of fear memories. One
example is brain-derived neurotrophic factor (BDNF),
which has been comprehensively reviewed in a number of
recent papers (Cunha et al., 2010; Lu et al., 2008). Another
example is fibroblast growth factor-2 (FGF2). Although
FGF2 has received much less attention than BDNF regard-
ing its potential role in learning and memory, a vast body of
research has demonstrated that FGF2 modulates, and is
modulated by, the molecular processes that underlie fear
memories. Further, recent research has shown that sys-
temic FGF2 modulates both fear acquisition and extinction
memories. The purpose of this review is to describe the
neural, molecular, and behavioral evidence that suggests
that FGF2 is involved in the regulation of fear memories.

The most common ways of modeling fear acquisition
and inhibition in the laboratory are through Pavlovian fear

conditioning and fear extinction, and as such, this review
ts reserved.
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