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3a-Hydroxy-5a-pregnan-20-one exposure reduces GABA , receptor a4
subunit MRNA levels
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Abstract

To examine the direct effects of neurosteroids on y-aminobutyric acid type A (GABA ,) receptor expression, we exposed developing
neurona cells (P19) in vitro to 3a-hydroxy-5a-pregnan-20-one (3a,.5a-THP, allopregnanolone). Quantitative reverse transcriptase-poly-
merase chain reaction (RT-PCR) analysis revealed a concentration-dependent decrease in GABA , receptor a4 subunit mMRNA expression
that reversed 24 h after steroid withdrawal. These data suggest that variations in neurosteroid levels regulate the pattern of GABA ,
receptor subunit expression and may alter the trophic effects of GABA. © 2000 Elsevier Science B.V. All rights reserved.
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v-Aminobutyric acid (GABA), acting primarily through
GABA , receptors is the major inhibitory neurotransmitter
in adult mammalian brain whereas in developing neurons,
GABA , receptors appear to transduce a trophic signa in
developing neurons (Behar et al., 1996). The pregnane
steroid 3a-hydroxy-5a-pregnan-20-one (3a,5a-THP, allo-
pregnanolone) is one of the most potent modulators of
GABA , receptor function. It is present in pharmacologi-
cally relevant concentrations during neuronal development
(Kellogg and Frye, 1999) and aters GABA, receptor
expression and function in vivo (Smith et al., 1998a).

The goal of the present study was to determine if
dterations in 3a,5a-THP levels affect GABA , receptor
a4 subunit MRNA expression in developing neurons. P19
cells are embryonic teratocarcinoma cells that can differen-
tiated in vitro into neurons and glia by treatment with
retinoic acid. These cells have functional GABA , recep-
tors and express the most common GABA , receptor sub-
units (Grobin et al., 1999). Similar to other neuronal
culture systems, these cells are immature relative to adult
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mammalian brain and can be considered a model for
developing GABA neurons.

P19 cells were maintained, differentiated with retinoic
acid and plated as previously described (Grobin et d.,
1999). Seven days after fina plating, cultures were treated
with varying concentrations of 3a,5a-THP (0.01-10 w.M)
or vehicle (20% B-cyclodextrins vol /vol) and allowed to
survive for 4 days. For cultures subjected to withdrawal,
steroid containing media was removed and fresh media
applied. Cultures were harvested 24 h later. 3a,5a-THP
was extracted from cell culture media as previously de-
scribed (Janis et al., 1998). Sample extracts were subjected
to radioimmuno assay (RIA) determination of 3a,5a-THP
levels using a sheep polyclonal antibody. Competitive
reverse transcriptase-polymerase chain reaction (RT-PCR)
assay using an a4 subunit specific internal standard was
conducted as previously described (Grobin et al., 1999).
Data were analyzed by one-way analysis of variance fol-
lowed by Dunnett’s post hoc analysis.

Fig. 1 illustrates that addition of 3a,5a-THP to culture
medium of developing neurons resulted in a concentra
tion-dependent decrease in GABA , receptor a4 subunit
MRNA expression. 3a,5a-THP concentrations of 0.1, 1
and 10 uM significantly lowered a4 mRNA levels. This
depression was reversed 24 h after withdrawa from
3a,5a-THP. No elevation of a4 subunit mMRNA levels
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Fig. 1. 3a,5a-THP concentration alters GABA , receptor a4 subunit
mRNA levels in differentiated P19 cells. Differentiated P19 cells were
exposed to varying concentrations of 3a,5a-THP for 4 days. Absolute
a4 subunit MRNA levels were determined by competitive, quantitative
RT-PCR analysis using an o4 subunit specific cRNA standard. a4
subunit MRNA levels were significantly decreased (*P < 0.05) when
exposed to 0.1, 1 and 10 puM 3« ,5a-THP. Withdrawal (24 h) from
3a,5a-THP reversed the effect of 3a,5a-THP on a4 mRNA levels. Data
shown are the summary (mean+ S.E.M.) of 3-5 independent exposures.
RIA analysis of 3a,5a-THP levels in cell culture media confirmed the
concentration of added steroid and indicated that 3a.,5a-THP levels in
norma media and vehicle (VEH)-treated cells were negligible (below
detection limits).

was observed following removal of 3a,5a-THP from cul-
ture medium.

These data demonstrate that neurosteroid induced
GABA , receptor a4 subunit mRNA expression is regu-
lated differentially depending on the model employed.
3a,5a-THP exposure aters GABA , receptor propertiesin
vitro including decreased [**S]t-butylbicyclo-phos-
phothionate (TBPS) binding and GABA-mediated **CI~
influx, and decreases in other GABA , receptor subunit
(a2, a3 and B) MRNAs (Yu et al., 1996) and increases in
a4 subunit mRNA levels (Fig. 1). However, in vivo
exposure to 3a,5a-THP during pregnancy and pseudo-
pregnancy results in increased TBPS hinding (Concas et
al., 1998), anxiolysis (Smith et al., 1998b) and no change
in GABA , «4 subunit mRNA (Concas et al., 1998). Thus,
in vitro studies may not completely reflect the in vivo
environment, or aternatively, other hormones may exert
genomic effects during pregnancy.

Model-dependent results were also apparent during
steroid withdrawal; remova of 3a,5a-THP from the cul-
ture media did not result in elevated «4 subunit mRNA
levels. Artificial withdrawal of pregnane steroids has been
advanced as a model for the postpartum period and shown
to induce profound increases in GABA, receptor o4
subunit MRNA expression in the hippocampus (Smith et
a., 1998a). Our data show a4 subunit mRNA levels
during 3« ,5a-THP withdrawal are indistinguishable from
vehicle-treated cultures, consistent with cortical «4 sub-
unit mRNA observed during the physiological postpartum

period (Concas et a., 1998). Our data are taken from
differentiated cells and may reflect developmental regula-
tory processes. However, the animals undergoing pseudo-
pregnancy induction are immature (Smith et al., 1998b)
and therefore it is unclear if aterations in «4 subunit
MRNA reflect the developmental stage in vivo or involve
multiple hormone influences.

These data provide a better understanding of the role of
endogenous GABAergic neurosteroids in norma neuronal
development. This work has potential ramifications for
stress sensitive psychiatric disorders including schizophre-
nia, post-traumatic stress disorder and depression. Addi-
tionally, ascribing a neurodevelopmental function to
3a,5a-THP has implications for the acute and chronic use
of other GABA , receptor modulators, most notably ben-
zodiazepines, barbiturates and ethanol.
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