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1. Tissue or cell type-specific gene manipulation

(1) Hippocampal CA3 pyramidal cell-specific gene ma-
nipulation

We have published our work on the role of the hip-
pocampal CA3 NMDA receptors (NR) in memory recall
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by pattern completion. The work was carried out by a
multifaceted analysis of a mouse strain CA3-NR1 KO in
which an NR gene, NR1, was specifically deleted only in
the CA3 pyramidal cells of an adult mouse. Using the same
cell type-specific knockout mice, we also demonstrated that
CA3 NR plays a crucial role in rapid acquisition of spatial
memory with just one trial. Physiological correlates of
this specific behavioral impairment was identified in CA1,
downstream of CA3, as place cells with poorer spatial tun-
ing properties upon an animal’s encounter with a novel
environment. This work has been submitted and is cur-
rently under review.

(2) Prefrontal cortex (PFC) deep layer pyramidal cell-
specific gene manipulation

We did not make much progress on this project during
the past 12 months. However, efforts were initiated to go
back to a new construction of plasmids in which the ex-
pression of the Cre gene will be driven by a D5 (dopamine
receptor type 5) BAC clone. PFC is the major site of D5
expression and this plasmid construct, we hope, will allow
the generation of an effective PFC-targeted Cre transgenic
line.

(3) Dorsal thalamus (DT)-specific gene manipulation

Electrophysiological and behavioral analysis of DT-
alG KO mice are in progress.

(4) Forebrain-specific gene manipulation

Using a Cre transgenic line that targets Cre/loxP
recombination to the postnatal forebrain (the lines are
called T29 (mixed genetic background) and CW2 (pure
C57/BL6 genetic background)), we generated two tissue-
specific knockout mouse strains. One of these strains
was for Ca’*/calmodulin-dependent protein kinase IV
(CaMKIV). By analyzing this mouse strain by multi-
faceted methods, we demonstrated that this kinase plays
a crucial role in neural activity-dependent transcription,
the protein synthesis-dependent form of LTP (L-LTP) and
in the consolidation/retention of hippocampus-dependent
memory. These findings were published in Kang et al. The
second postnatal forebrain restricted knockout was for a
MAP kinase ERK. We demonstrated a novel role of the
MAP kinase pathway in neural activity-dependent trans-
lation, in L-LTP and memory consolidation. This work
has been submitted to Cell for publication.

2. Conditional (spatially and temporally re-
stricted) gene manipulation

(1) Reverse tetracycline transactivator (rtTA)-based
method

Although one laboratory (Isabella Mansuy) claims that
this system works, many laboratories, including our own,
have had a problem in either reproducing their findings
or in accomplishing a reliable and useful induction with
this system. With a series of painstaking experiments, we
have demonstrated that the core of the problem is in an
inefficient delivery of doxycycline (DC) to the brain due to
insufficient penetration of DC through blood-brain barri-
ers (BBB). When we made an acute injection of the drug
directly into the ventricles, there was a robust induction
of the GFP reporter gene in the area of the hippocampus
proximal to the ventricles. This suggests that a chronic
supply of DC by implanted mini-pumps may finally over-
come the problem. We are testing this hypothesis along
with other, noninvasive, methods to altering the perme-
ability of the BBB, such as the use of high-intensity focused
ultrasound.

(2) CA3 or dentate gyrus (DG)-specific conditional
gene manipulations
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Assuming that the difficulties encountered with the
rtTA induction system will eventually be overcome, we are
developing CA3-targeted and DG-targeted inducible gene
manipulation systems. For this purpose, we have produced
a transgenic mouse in which the brain-wide expression of
rtTA (referred to as LSL rtTA) is dependent on Cre/loxP
recombination. Since we already have CA3-Cre and DG-
Cre transgenic lines (supplied by our collaborators), it is a
matter of crossing the LSL rtTA mouse to these Cre lines
to confer the respective cell type-specificity to the expres-
sion of rtTA.
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