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Reining in the habenula?

The lateral habenula — a phylo-
genetically ancient brain structure
— is hyperactive in individuals with
depression and in animal models
of this disorder. The causes of this
hyperactivity and its relevance to
the symptoms of depression have
remained unclear, but Li ef al. now
provide evidence for a key role for
B-calcium/calmodulin-dependent
protein kinase type II (BCaMKII).

The authors first performed a
proteome screen in habenulae from
wild-type mice and congenitally
learned helpless (cLH) mice — an
established model of depression. This
revealed that expression of BCaMKII
was twice as high in the habenula
of cLH mice. Similar increases in
BCaMKII expression were found in
two other mouse models of depres-
sion and, importantly, chronic treat-
ment with the tricyclic antidepressant
imipramine reduced BCaMKII levels
in cLH mice.

Viral vector-mediated over-
expression of fCaMKII in the lateral
habenula resulted in depression-like
behaviours, such as despair and
anhedonia, in several tests in both
mice and rats. Overexpression of a
‘kinase-dead’ version of pCaMKII
in the lateral habenula did not
induce depression-like behaviour,
suggesting that its kinase function
is involved in the induction of
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these behaviours. The authors next
showed that reducing BCaMKII
levels (through RNAI) or blocking
the kinase function of CaMKII
(through viral expression of a
dominant-negative, kinase-dead
version of BCaMKII) in the lateral
habenula of ‘depressed’ cLH rats
reduced depression-like behaviour.
Together, these findings in mice
and rats indicate that increased
BCaMKII expression — specifically,
increased kinase function — in the
lateral habenula is both sufficient
and necessary for the expression of
depression-like behaviour.

The authors performed electro-
physiology experiments on lateral
habenula slices from rats to inves-
tigate whether increased pCaMKII
levels are associated with habenula
hyperactivity like that found in
depression. Neurons with virus-
induced pCaMKII overexpression
had a higher frequency and ampli-
tude of miniature excitatory post-
synaptic currents and a threefold
higher spiking rate compared with
that of non-infected neighbouring
neurons. This indicates increased
synaptic activity and increased
output, respectively.

To identify the downstream
targets of BCaMKII that may cause
the hyperactivity of lateral habenula
neurons, the authors measured the
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level of GluR1-type AMPA receptors
(which is known to be upregulated
by pCaMKII in hippocampal neu-
rons). Western blot analysis showed
that GluR1 levels were increased in
the membrane fraction of the lateral
habenula of ¢cLH rats compared
with those of control rats, and this
effect was reduced after treatment
with imipramine. Moreover, when
the authors co-expressed BCaMKII
and a dominant-negative form of
GluR1 (which prevents synaptic
insertion of GluR1) in the lateral
habenula of mice, the mice did not
show depression-like behaviour.
Together, these findings support
a model in which upregulation of
BCaMKII in the lateral habenula
increases synaptic levels of GluR1,
which causes hyperactivity of lat-
eral habenula neurons. As the
lateral habenula has several output
regions, the resulting increased
activity in these regions, including
the ventral tegmental area, may
underlie the different dimensions of
depressive behaviour.
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