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Psychosis is Emerging
as a Learning and
Memory Disorder

The difficulty in developing mechan-
istic models for psychiatric diseases
may be that we are using the incorrect
disease targets. Recently, clinical
scientists have been attempting to
examine alterations in dimensions
of cognition and affect, rather than
diagnoses of neuropsychiatric disease
for clues to neural mechanisms of psy-
chopathology. The RDoCs (Research
Domain Criteria) (http://www.nimh.
nih.gov/research-funding/rdoc/nimh-
research-domain-criteria-rdoc.shtml)
system is a leading example of this
reorientation. In RDoCs, dimensions
of cognition and affect (alterations of
which combine to compose the psy-
chiatric diseases that we know) are the
unifying, homogenous units generat-
ing psychopathology. ‘Psychosis’ is a
ready example and can be conceptua-
lized as a learning and memory
disorder. We have been studying this
dimension across psychotic diagnoses,

with the goal of identifying the normal
cognition system(s) whose pathology
could generate psychosis (Ivleva et al,
2012).

The hippocampus is altered in
schizophrenic psychosis, with struc-
tural, functional, and molecular
pathology; specifically, psychosis is
associated with increases in basal
hippocampal activity and reductions
in associational memory processing
(Tamminga et al, 2010). The hippo-
campus is one of the most actively
studied regions in brain; initial studies
were focused on human memory,
stimulated by HM, and more recent
research has greatly extended early
studies to explicate systems of signal-
ing molecules involved in memory
computations, as well as changes in
synaptic plasticity underlying learning
and memory. Hippocampal structures,
including subfields, fiber pathways,
and the one-way trisynaptic circuit,
are critical in generating normal
memory behaviors; subfields contri-
bute uniquely to memory. Memory
behaviors emerge from the smooth
functioning and proper connectivity
of dentate gyrus and the cornu am-
monis fields of CA3 and CA1l (Liu
et al, 2012). Neural activity in the
mossy fiber pathway from DG to CA3
can cause categorical changes in CA3
activity, dependent on the level of
afferent stimulation from DG (Pelkey
and, McBain, 2008). And within CA3,
the recurrent collateral system is
dependent on a controlled positive
feed-forward system for productive
‘pattern completion’ function (Kremin
and Hasselmo, 2007). Molecular and
anatomic synaptic markers of mem-
ory-associated plasticity are well des-
cribed (Abraham and Bear, 1996).
These protein markers of normal
memory behavior can be examined in
human tissue to test for psychosis risk
factors that could underlie psychosis.

It is plausible that psychosis is
dependent on a pathologically in-
creased level of neuronal function in
CA3, which exceeds the associational
capacity of this subfield and results in
mistaken and false associations, some
with psychotic content, which then get
consolidated, as normal memory, albeit

with psychotic content. These memories
utilize normal declarative memory
neural pathways, including limbic and
prefrontal cortical regions, even though
they have psychotic content. To demon-
strate these ideas will require conver-
gent sources of evidence from humans
with psychosis using multimodal brain
imaging, behavioral testing, and human
tissue chemistry to create confidence in
this kind of a novel approach. Our
recent findings, including increased
molecular plasticity-related proteins in
CA3 accompanied by increased per-
fusion in CA3 and CAl measured by
MR, show the power of convergent
methodologies. Finding the common
elements in hippocampal pathology
across the psychotic disorders would
support new dimensional disease
concepts.

Carol A Tamminga'

"Department of Psychiatry, UT Southwestern Medical
School, Dallas, TX, USA

E-mail: Carol. Tamminga@utsouthwestern.edu

DISCLOSURE

The author is a Science Council Member in NAMI
Scientific Council, Brain & Behavior Research Foun-
dation (formerly NARSAD) and NIMH Board of
Scientific Counselors; on the Editorial Board of
American Journal of Psychiatry; an organizer at the
International Congress on Schizophrenia Research;
ad hoc consultant for Intra-Cellular Therapies, Astel-
las Pharma US, PureTech Ventures, Eli Lilly and
Sunovion; has received Kempf Award from American
Psychiatric Association; and is the Scientific Advisor
to Lieber Institute for Brain Development/John
Hopkins, Baltimore.

Abraham WC, Bear MF (1996). Metaplasticity: the
plasticity of synaptic plasticity. Trends Neurosci 19:
126-130.

Ivleva El, Shohamy D, Mihalakos P, Morris DW,
Carmody T, Tamminga CA (2012). Memory gen-
eralization is selectively altered in the psychosis
dimension. Schizophr Res 138: 74-80.

Kremin T, Hasselmo ME (2007). Cholinergic suppres-
sion of glutamatergic synaptic transmission in
hippocampal region CA3 exhibits laminar selectiv-
ity: Implication for hippocampal network dynamics.
Neuroscience 149: 760-767.

Liu X, Ramirez S, Pang PT, Puryear CB, Govindarajan
A, Deisseroth K (2012). Optogenetic stimulation of
a hippocampal engram activates fear memory
recall. Nature 484: 381-385.

Pelkey KA, McBain CJ (2008). Target-cell-dependent
plasticity within the mossy fibre-CA3 circuit reveals
compartmentalized regulation of presynaptic function
at divergent release sites. J Physiol 586: 1495-1502.

Tamminga CA, Stan AD, Wagner AD (2010). The
hippocampal formation in schizophrenia. Am J
Psychiatry 167: 1178-1193.

Neuropsychopharmacology ~ Reviews  (2013)
doi:10.1038/npp.2012.187

38, 247,

Neuropsychopharmacology





