Research

Trace fear conditioning is enhanced in mice lacking
the 8 subunit of the GABA , receptor
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The & subunit of the GABA, receptor (GABA,R) is highly expressed in the dentate gyrus of the hippocampus.
Genetic deletion of this subunit reduces synaptic and extrasynaptic inhibition and decreases sensitivity to
neurosteroids. This paper examines the effect of these changes on hippocampus-dependent trace fear conditioning.
Compared to controls, & knockout mice exhibited enhanced acquisition of tone and context fear. Hippo-
campus-independent delay conditioning was normal in these animals. These results suggest that reduced inhibition in
the dentate gyrus facilitates the acquisition of trace fear conditioning. However, the enhancement in trace
conditioning was only observed in female knockout mice. The sex-specificity of this effect may be a result of
neuroactive steroids. These compounds vary during the estrus cycle, can increase GABAergic inhibition, and have
been shown to impair hippocampus-dependent learning. We propose that activation of GABA ,Rs by neuroactive
steroids inhibits learning processes in the hippocampus. Knockouts are immune to this effect because of the reduced
neurosteroid sensitivity that accompanies deletion of the & subunit. Relationships between neurosteroids, hippo-

campal excitability, and memory are discussed.

In the central nervous system, fast inhibitory transmission is
mediated primarily by +y-aminobutyric acid type A receptors
(GABA,Rs) (Macdonald and Olsen 1994; Olsen and Homanics
2000). These ligand-gated receptors are pentamers composed of
various subunit combinations («, B, v, ¢, 7, p, and 9) that exhibit
differential expression in the brain (Barnard et al. 1998; Sieghart
and Sperk 2002). For example, the 8 subunit is highly expressed
in the dentate gyrus, but not CA3 or CA1 regions of the hippo-
campus (Persohn et al. 1992; Peng et al. 2002). The pharmaco-
logic and kinetic properties of GABA,Rs are highly dependent on
the specific configuration of these subunits (Quirk et al. 1994;
Gunther et al. 1995; Smith and Olsen 1995; Khan et al. 1996;
Benke et al. 1997). Recent studies have shown that genetic dele-
tion of the & subunit of the GABA,R produces a significant re-
duction in neurosteroid sensitivity (Mihalek et al. 1999; Vicini et
al. 2002; Porcello et al. 2003; Spigelman et al. 2003) and acceler-
ates the decay of spontaneous mIPSCs and evoked IPSPs in hip-
pocampal granule cells and thalamic relay neurons (Mihalek et
al. 1999; Porcello et al. 2003; Spigelman et al. 2003). These data
suggest that 8-containing GABA,Rs contribute to synaptic and
extrasynaptic inhibition and facilitate modulation by neuroac-
tive steroids.

Pharmacologic or genetic manipulations that reduce
GABAergic inhibition often enhance synaptic plasticity and
learning (Introini-Collison et al. 1994; Crestani et al. 1999, 2002;
Staubli et al. 1999; Shumyatsky et al. 2002). For example, recent
experiments on GABA,R mutants (a5 and y2) found enhanced
trace but normal delay conditioning (Crestani et al. 1999, 2002).
Trace conditioning is a form of hippocampus-dependent learn-
ing in which the conditional stimulus (CS) and unconditional
stimulus (US) are separated in time (Solomon et al. 1986; Moyer
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Jr. et al. 1990; McEchron et al. 1998; Huerta et al. 2000; Quinn et
al. 2002). This is distinct from hippocampus-independent delay
conditioning in which the CS and US are presented contiguously.
Previous work has demonstrated that trace conditioning en-
gages the CA1 region of the hippocampus (Moyer Jr. et al. 1996,
2000; McEchron and Disterhoft 1999; McEchron et al. 2001,
2003; Leuner et al. 2003) and requires NMDAR-dependent plas-
ticity in this region (Huerta et al. 2000). Relatively little is known
about the contribution of the dentate gyrus to trace condition-
ing, although recent studies suggest this region also plays an
important role. For example, exposure to a trace-conditioned cue
produces significant increases in immediate early gene expres-
sion in the dentate gyrus (Weitemier and Ryabinin 2004). Trace
conditioning also increases neurogenesis in the dentate gyrus
(Gould et al. 1999) and is impaired by a reduction in the number
of newly generated neurons in this region (Shors et al. 2001). The
current experiments used 8 knockout (KO) mice to examine the
effects of reduced inhibition and neurosteroid sensitivity in the
dentate gyrus on the acquisition of trace fear conditioning. We
also looked for nonspecific effects of & subunit deletion by ex-
amining performance on open-field and RotaRod tests.

Results

Trace conditioning

Females

Data from female mice during the tone test are displayed in Fig-
ure 1A. The data are presented as percent time spent freezing
during four periods: Baseline (BL), Tone, Trace, and Intertrial
Interval (ITI). BL freezing levels were low and did not differ
among genotypes (F(, 57 = 2.34, p > 0.05). Mice showed a signifi-
cant increase in freezing when the trace-conditioned tone was
presented (F; »,, = 47.5, p < 0.05), and this effect interacted with
genotype (F,7 = 3.8, p<0.05). Post hoc tests (Fisher’s PLSD;
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