




untreated major depressive disorder contain reduced concentrations of CREB compared to both healthy controls
and patients treated with antidepressants.[17] The function of CREB can be modulated via a signalling pathway
resulting from the binding of serotonin and noradrenaline to post-synaptic G-protein coupled receptors.
Dysfunction of these neurotransmitters is also implicated in major depressive disorder.[16]

CREB is also thought to be involved in the growth of some types of cancer.

Entrainment of the mammalian circadian clock is established via light induction of PER. Light excites melanopsin-
containing photosensitive retinal ganglion cells which signal to the suprachiasmatic nucleus (SCN) via the
retinohypothalamic tract (RHT). Excitation of the RHT signals the release of glutamate which is received by NMDA
receptors on SCN, resulting in a calcium influx into the SCN. Calcium induces the activity of Ca2+/calmodulin-
dependent protein kinases, resulting in the activation of PKA, PKC, and CK2.[18] These kinases then phosphorylate
CREB in a circadian manner that further regulates downstream gene expression.[19] The phosphorylated CREB
recognizes the cAMP Response Element and serves as a transcription factor for Per1 and Per2, two genes that
regulate the mammalian circadian clock. This induction of PER protein can entrain the circadian clock to light/dark
cycles inhibits its own transcription via a transcription-translation feedback loop which can advance or delay the
circadian clock. However, the responsiveness of PER1 and PER2 protein induction is only significant during the
subjective night.[4]

Michael Greenberg first demonstrated the role of CREB in the mammalian circadian clock in 1993 through a series
of experiments that correlated phase-specific light pulses with CREB phosphorylation. In vitro, light during the
subjective night increased phosphorylation of CREB rather than CREB protein levels. In vivo, phase shift-inducing
light pulses during the subjective night correlated with CREB phosphorylation in the SCN.[20] Experiments by
Gunther Schutz in 2002 demonstrated that mutant mice lacking the Ser142 phosphorylation site failed to induce
the clock regulatory gene mPer1 in response to a light pulse. Furthermore, these mutant mice had difficulty
entraining to light-dark cycles.[21]
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