
Phosphorylation, CREB, and Mental Retardation
A review of: Harum KH, Alemi L, Johnston MV 2001 Cognitive impairment in Coffin-Lowry syndrome correlates with

reduced RSK2 activation. Neurology 56:207–214

OVER THE PAST decade, our understand-
ing of the molecular biology of

learning and memory has expanded dra-
matically. The identification of critical
receptors, signal transduction compo-
nents, transcription factors, and RNA
binding proteins has painted an ever
more detailed picture of how memories
are formed. Despite these advances, the
connection between basic science find-
ings and developmental disabilities in
patients has been slow to emerge. With a
few exceptions (notably Fragile X syn-
drome and Rett syndrome), we still do
not understand how the majority of cases
of mental retardation are mediated at a
molecular level.

Yet, this too is now changing. One
example of such progress is research
on Coffin-Lowry Syndrome (CLS), an
X-linked disorder characterized by
mental retardation, facial dysmor-
phisms, and progressive bony abnor-
malities. CLS is associated with muta-
tions in the gene for the p90 Ribosomal
S6 kinase isoform RSK-2 (1). RSK-2
is a serine/threonine protein kinase that
is activated by a number of signal
transduction pathways, most notably
the Ras/MAP kinase pathway and pro-
tein kinase C (PKC) mediated signal-
ing. Although it has a number of dif-
ferent enzymatic targets, perhaps the
most intriguing is the cyclic AMP re-
sponse element binding protein,
CREB. CREB is a transcription factor
that is implicated as a necessary com-
ponent for the formation and storage of

long-term memories in a variety of
species, including Drosophila, Aply-
sia, and mice (for review, see ref. 2).
Activation of CREB requires phos-
phorylation at a specific residue (serine
133) and this event in turn leads to the
transcriptional activation of a number
of genes, including c-Fos.

A recent study by Harum and col-
leagues has now demonstrated a solid
link between Coffin-Lowry syndrome
and CREB activation. First, in confir-
mation of previous studies by other
groups (1, 3), they show that fibro-
blasts derived from a patient with a
severe form of CLS lack the ability to
phosphorylate CREB in response to
stimulation with either epidermal
growth factor (EGF) or the phorbol
ester PMA, activators of the Ras/MAP
kinase and PKC pathways, respec-
tively. This loss of activation is spe-
cific to CREB phosphorylation in-
duced by EGF or PMA, as forskolin,
which activates CREB through a pro-
tein kinase A dependent mechanism,
still leads to CREB phosphorylation in
these cells. Next, using lymphoblasts
derived from a series of seven unre-
lated cases of CLS, they demonstrate
that different mutations in RSK-2 lead
to variable levels of expression and
inactivation of RSK-2’s ability to
phosphorylate a CREB-like peptide in
vitro. Moreover, they show that the

degree to which these mutant RSK-2
proteins can phosphorylate this CREB-
like target in response to PKC activa-
tion directly correlates with the IQs of
the patients from which they were
derived.

This last finding is especially excit-
ing because of the importance it im-
plies for CREB phosphorylation via
this pathway in a human disease. Al-
though other targets of RSK-2 phos-
phorylation likely play a role in CLS,
this marks the most direct connection
to date between CREB activation and
cognitive impairments in humans.
Hopefully it will also be a sign of
things to come, whereby the gains
made in basic molecular neurobiology
will begin to explain the black box that
still surrounds many forms of human
mental retardation.
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