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Unraveling the Microendophenotype of Psychiatric Disorders
at the Molecular, Cellular and Circuit levels.
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CA2 Disinhibition and

Schizophrenic Phenotypes

McHugh Thomas (B3R5 RZRaHR Y9 —F—LU—5'—)

Our laboratory is interested in how circuits in the brain interact to store, organize, recall and use memories. We
employ a highly multidisciplinary approach that extends from molecules to circuits and behavior, utilizing genetic
approaches, in vivo electrophysiology and neurochemistry.

Several of the lab's projects address how the hippocampus g

assigns different aspects of mnemonic processing to the (&

specialized, interconnected networks that correspond to the _'

main hippocampal anatomical subfields; the dentate gyrus

(DG), CA3, CA2 and CAT1 areas, while others focus on factors,

both intrinsic and extrinsic to the hippocampus, that modulate a g )

memory's salience and persistence. Finally, the lab retains an
interest in understanding the dysfunctional brain, with projects

focused on the mechanisms and impacts of epilepsy, stress
and schizophrenia on memory and cognition.

Two current projects include:

CA2 and Hippocampal Novelty Encoding

Contextual learning involves associating cues with an environment and relating them to past experience.
Previous data indicate functional specialization within the hippocampal circuit: the dentate gyrus (DG) is crucial for
discriminating similar contexts, while CA3 is required for associative encoding and recall. We have employed Arc/
H1a catFISH imaging to address the contribution of the largely overlooked CA2 region to contextual learning by
comparing ensemble codes across CA3, CA2, and CA1 in mice exposed to familiar and novel contexts. Further,
to manipulate the quality of information arriving in CA2 we used two hippocampal mutant mouse lines as ‘circuit
alleles’ that result in hippocampal activity that is uncoupled from the animal’s experience. The loss of NMDA
receptors at the CA3 recurrent synapses (CA3-NR1 KO mice) leads to deficits in rapid encoding of information
and associative memory storage(Nakazawa et al., 2002; McHugh and Tonegawa, 2009), essentially a CA3
representation that is more novel than it should be, while in contrast, the loss of NRs at the perforant path inputs
from the entorhinal cortex to the DG (DG-NR1 KO mice) results in deficits in context discrimination (McHugh et al.,
2007); i.e. in CA3 novel contexts appear more familiar than experience dictates. Our data reveal largely coherent
responses across the CA axis in control mice; however the CA2 response became uncoupled from CA1 and CA3
in the mutant mice. Moreover, we show in normal mice that CA2 is more sensitive to subtle changes in context. Our
data suggest that CA2 may be tuned to remap in response to any conflict between stored and current experience.

Habenula/Hippocampal Interactions

Damage to the habenular complex (HbCpl) results in a wide-range of behavioral changes, including specific deficits
in spatial learning tasks and changes in emotional behavior. Lateral habenular recording in primates suggests
these neurons may fire in response to negative motivational value and are suppressed by reward. The anatomy
in both the rodent and primate support the ‘aversive signaling’ hypothesis, with excitatory projections from the
habenula terminating on GABAergic neurons in the RMTg and VTA that, in turn, inhibit dopamine release (Jhou
et al, 2009; Hong et al, 2011) Further, data from multiple species, including humans, suggests dysfunction in the
lateral habenula may underlie serious disorders, such as severe depression and schizophrenia (Shumake et al,
2003; Sarotius and Henn, 2007; Savitz et al, 2011). Given the usefulness of the mouse as an experimental model
and the powerful genetic approaches available, it is of great interest to assess if habenular neurons encoding
aversive outcomes in a similar fashion in the mouse and to study the circuit that underlies their function in learning
and behavior. To better understand how this region encodes aversive stimuli in the rodent, we are recording from
the lateral habenula (LH) and hippocampus (HPC) of the freely behaving mouse. Mice are trained to run for a food
reward (sucrose pellets) on a circular track with four possible reward locations (NE, SE, SW, NW). In each trial only
2 locations contain reward (NE/SW or SE/NW), while at the non-rewarded locations the mouse receives a small
aversive air puff , with the location of the rewards and airpuffs pseudo-randomly alternated between trials. In this
paradigm we have identified single units in the LH that show a robust increase in their firing rate at the locations the
air puffs are delivered. These aversive stimuli responsive neurons come in at least two types; a regular spiking, non-
bursting type that exhibits no theta-modulation and a relatively narrow waveform and a theta-modulated bursting
type with a relatively wide waveform. These data are being employed to better characterize this circuit in the mouse
and understand its interactions with the spatial representation present in the hippocampus.
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|dentifying a microendophenotype

of post-traumatic stress disorder

Joshua Johansen (B{t3 Rz -REISHE

Memories make us who we are. Our experiences in the
world produce memories by physically changing the brain.
Many experiences, like walking down the street to the store
on a normal day, we do not remember. However, some
memories, such as being attacked by a dog while walking
down the street, are burned into our brains and stay with
us for our entire lives. What tells the brain to store some
experiences as memories while others are forgotten? How
does this learning result in adaptive changes in behavior?
Answering these questions is a central goal of our
laboratory.

Aversive experiences, such as being attacked by a dog,
are powerful triggers for memory storage. To accomplish
this task, aversive encounters activate neural ‘teaching
signal’ circuits which can trigger brain alterations resulting
in memory formation.

In the lab we study how teaching signals regulate
memory formation and guide adaptive behavior. To study
this question we use a variety of aversively motivated
behavioral assays including fear conditioning, a powerful
model for studying emotional memories. Relative to our
knowledge of sensory and motor circuits, we understand
very little about the brain mechanisms which translate
aversive experiences into neural teaching signals. As a
result, there is important work to be done in this research
area. Furthermore, the study of aversive teaching signal
systems represents an important bridge between multiple

wREYI—-F—LU—-5—)

areas of neuroscience research. By studying these circuits
our ultimate goal is to discover general principles of neural
circuit function, neural coding and plasticity as they relate to
adaptive behavior. These insights may ultimately guide us
toward a better mechanistic understanding of learning and
memory, decision making, pain, emotion and many other
aspects of human experience.

Dysfunction in aversive teaching signal circuits may
underlie some of the clinical pathology associated with
chronic pain and anxiety disorders. Understanding the
mechanisms of aversive teaching signal circuits could also
facilitate the development of novel treatments for these
debilitating conditions.
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