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Cdk5-Associated Histone Modification
Affects Cocaine Response

Elizabeth A. Heller, Peter J. Hamilton,
Dominika D. Burek, Sonia I. Lombroso,
Catherine J. Peña, et al.

(see pages 4690 – 4697)

Drugs of abuse alter reward circuitry in
ways that contribute to the development
of addiction. These effects include epige-
netic modifications that enable changes in
gene expression. For example, exposure to
cocaine increases acetylation of some his-
tone proteins in nucleus accumbens, thus
facilitating transcription of the genes as-
sociated with those histones. In addition,
cocaine reduces dimethylation of histones
at some genetic loci, which can also in-
crease expression of associated genes.

One gene affected by cocaine-induced his-
tone modification encodes cyclin-dependent
kinase 5 (Cdk5), a protein that regulates neu-
rotransmitter release and dendritic spine
growth. Chronic cocaine exposure increases
acetylation of histone H3 proteins associated
with the Cdk5 locus, resulting in increased
Cdk5 expression. But because cocaine alters
histone acetylation at many sites, how acetyla-
tion of Cdk5-associated histones contributes
to cocaine-induced behavioral changes has
been unclear.

To address this question, Heller, Ham-
ilton et al. created zinc-finger-protein
transcription factors designed to induce
histone modifications selectively at the
Cdk5 locus. The transcription factors
comprised a DNA-binding domain (ZFP1
or ZFP2) that specifically targeted the
Cdk5 promoter, alongside the catalytic
domain of either p65 (which recruits en-
zymes that acetylate histones) or G9a (an
enzyme that methylates histones). These
engineered transcription factors were de-
livered to the nucleus accumbens using vi-
ral vectors that selectively target neurons.

Delivery of ZFP1-p65 increased acetyla-
tion of histone H3 proteins associated with
the Cdk5 promoter, resulting in increased
Cdk5 expression. In contrast, ZFP2-G9a in-
creased methylation of histone H3 and
decreased Cdk5 expression. Importantly,
ZFP2-G9a decreased cocaine-induced loco-
motion and conditioned place preference,
whereas ZFP1-p65 increased cocaine-

induced locomotion without affecting place
preference. Interestingly, expression of
ZFP1-p65 also reduced social avoidance in
mice subjected to social defeat stress, al-
though ZFP2-G9a expression had no effect.

These results suggest that histone modi-
fications that increase Cdk5 expression pro-
mote the behavioral effects of cocaine, while
modifications that decrease Cdk5 expres-
sion inhibit these effects. They also suggest
that the impact of social stress can be mod-
ulated by acetylation of Cdk5-associated hi-
stones. Notably, these results appear to
contradict previous studies examining the
effects of inhibiting, activating, or knocking
out Cdk5. Thus, the results highlight the
complex regulation of cocaine- and stress-
related behaviors and suggest that the effects
of altering Cdk5 expression depend on how
and where it is altered.
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When blood vessels supplying a brain re-
gion are blocked or injured, ATP levels are
quickly depleted and the Na�/K� ATPase
can no longer maintain neuronal resting
membrane potential. The resulting neuro-
nal depolarization spreads as a wave across
the cortex, leading to dendritic swelling and

beading. Prolonged depolarization can
cause neurodegeneration, thus exacerbating
damage produced by stroke or injury.

A similar wave of depolarization occurs
in people who experience migraines. In this
case, a large increase in extracellular K� is
thought to trigger the depolarization. The
depolarization initially causes glutamate re-
lease, which propagates the wave, but it
subsequently causes depolarization block,
which temporarily silences neural activity.
This phenomenon, called cortical spreading
depression, produces sensory auras, such as
flashing lights, tingling, or numbness, and it
may activate meningeal nociceptors that
cause headache.

Although migraines are often preceded
by sensory auras, it is unclear if this is be-
cause cortical spreading depression is more
likely to be initiated in sensory cortical areas
or because nonsensory auras are not easily
described by those who experience them.
Bogdanov et al. provide evidence for the for-
mer possibility. When small, stepwise in-
creases in K� concentration were applied to
the surface of mouse brains, spreading
depression most often began in the somato-
sensory barrel cortex. Importantly, al-
though baseline K� concentrations were
uniform across the cortex, K� elevation in-
duced by KCl superfusion was highest
where spreading depression began. This
suggests that a relative inability to regulate
extracellular K� levels makes somatosen-
sory cortex especially susceptible to initating
spreading depression.

Many people are sensitive to light during
migraines, but Bogdanov et al. found that
neither visual nor somatosensory (whisker)
stimulation affected the initiation site or the
threshold for inducing cortical spreading
depression. Nonetheless, spreading depres-
sion evoked by K� elevation typically began
during blocks of sensory stimulation. Given
that depolarization induced by anoxia also
originated in barrel cortex and that spreading
depolarization in people with traumatic brain
injury most frequently occurred in primary
sensory cortices, this result suggests that limit-
ing sensory stimulation could minimize the
risk of inducing spreading depolarization and
its associated damage in patients.
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Cortical spreading depression induced by KCl superfusion (cir-
cles) and depolarization induced by oxygen deprivation
(squares), most often began in barrel cortex. Blue line shows
border of craniotomy. See Bogdanov et al. for details.
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