
Down-regulation of immediate early gene egr-1 expression
in rat C6 glioma cells by short-term exposure to high

salt culture medium

Kyoji Moritaa,*, Hideki Arimochib, Shigeru Yoshidac

aDepartment of Pharmacology, Tokushima University School of Medicine, 3-18-15 Kuramoto, Tokushima 770-8503, Japan
bDepartment of Molecular Bacteriology, Tokushima University School of Medicine, 3-18-15 Kuramoto, Tokushima 770-8503, Japan

cDepartment of Life Science, Faculty of Science and Technology, Kinki University, Kowakae, Higashi-Osaka 577-8502, Japan

Received 8 September 2004; revised 25 November 2004; accepted 25 January 2005

Abstract

Influence of high salt culture conditions on the expression of immediate early gene egr-1 in rat C6 glioma cells was investigated by

measuring both Egr-1 mRNA and protein levels in the cells exposed to the medium containing high concentrations of NaCl. The
exposure to high salt medium reduced Egr-1 mRNA and protein levels, while Egr-1 mRNA levels were not altered by the medium
containing either sucrose or glycerol. Veratridine and monensin also reduced Egr-1 mRNA levels, similar in extent to that induced

by high salt medium. Imaging analysis indicated that the exposure to high salt medium induced the elevation of NaC levels within
the cells. These results indicate that neither hyperosmotic pressure nor ionic strength of high salt medium contribute to the reduction
of Egr-1 expression, and suggest that the elevation of intracellular NaC concentration is closely associated with the down-regulation
of egr-1 gene expression.
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1. Introduction

Pharmacological studies on a possible relationship
between NaC flux and cell proliferation have been
carried out by analyzing the effects of various ion flux
modulators on DNA synthesis and cell growth in
a variety of cell lines, and considerable evidence for
a possible relation of NaC influx to the rate of cell
proliferation has been presented. Potent mitogenic
agents, such as platelet-derived growth factor and
bradykinin have been shown to stimulate NaC influx
through an amiloride-sensitive transport system, result-

ing in the enhancement of DNA synthesis in human
fibroblast HSWP cells and vascular smooth muscle cells
(Owen, 1984; Owen and Villereal, 1983). In contrast,
NaC flux inhibitors, such as amiloride and its analogs,
have been shown to inhibit DNA synthesis in HSWP
cells and neuroblastoma-glioma hybrid NG108-15 cells
at the concentrations required for the inhibition of NaC

influx into these cells (O’Donnell et al., 1983). More-
over, many classic vasoconstrictors have been reported
to enhance the proliferation rate of vascular smooth
muscle cells, which may be in part due to the stimulation
of NaC influx through NaC/HC antiporter (Huckle and
Earp, 1994; LaPointe and Batlle, 1994). Further studies
on the influence of ion channel modulators on the
proliferation of human chondrocytes have provided
evidence for suggesting a possible connection between
ion channel activity and cell proliferation (Wohlrab

* Corresponding author. Tel.: C81 88 633 7061; fax: C81 88 633

7062.

E-mail address: km@basic.med.tokushima-u.ac.jp (K. Morita).

1065-6995/$ - see front matter � 2005 International Federation for Cell Biology. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.cellbi.2005.01.002

www.elsevier.com/locate/cellbi

Cell Biology International 29 (2005) 261e268

mailto:km@basic.med.tokushima-u.ac.jp
http://www.elsevier.com/locate/cellbi


et al., 2002). Thus, it seems conceivable that the
stimulation of NaC influx, and hence the elevation of
intracellular NaC concentration, may contribute in part
to the enhancement of cell proliferation.

Previous studies have shown that NaC/HC and NaC/
KC/Cl� exchange systems may contribute to the
elevation of cytoplasmic NaC concentration in response
to serum growth factors, suggesting a possible implica-
tion of these ion cotransport systems in the mitogenic
effects of serum growth factors in different types of the
cells (Amsler et al., 1985; Canessa et al., 1994; Delvaux
et al., 1990; Panet and Atlan, 1991). Based on these
findings, it seems interesting to investigate a potential
role of NaC cotransport systems in the mechanism of
mitogenic signaling within the cells, and the effects of
ion cotransport inhibitors, such as amiloride and
bumetanide, on the expression of genes related to cell
growth have been investigated. Consequently, these ion
cotransport inhibitors have been shown to block the
transition of the cells into the S-phase of the cell cycle,
but failed to significantly alter the expression of c-fos,
c-myc and ornithin decarboxylase genes in response to
serum growth factors, thus suggesting that, although
the stimulation of NaC cotransport systems may be
essential for cell proliferation, NaC influx by itself seems
to play no apparent role in the transduction of growth
signal from the cell surface to the interior of nucleus
(Panet et al., 1989).

On the other hand, the infusion of artificial cerebro-
spinal fluid containing a high concentration of NaCl
into rat supraoptic nucleus has previously been shown
to increase both c-fos protein and its mRNA levels in
glial cells, suggesting that the exposure to high salt
solution may affect the expression of immediate early
genes in glial cells in this brain region (Ludwig et al.,
1997). However, the influence of high salt artificial
cerebrospinal fluid on glial cells has not yet been fully
characterized, and the critical question of whether the
stimulation of c-fos gene expression by high salt solution
may be due to its osmotic and/or ionic effects still
remains to be elucidated. Therefore, the direct influence
of high salt concentration in the culture medium on the
expression of immediate early genes in glial cells seems
interesting, and may be worthy of investigation.

As one of the immediate early genes related to cell
growth, egr-1, also known as NGFI-A, zif268, Krox-24
and TIS-8, has been shown to be implicated in the
regulation of cell growth by facilitating the transition
of the cells from the G1-phase of the cell cycle to the
S-phase (Hallahan et al., 1995; Meyyappan et al., 1999),
and hence it seems possible that a high salt solution may
be able to affect the expression of the egr-1 gene in glial
cells. In the present study, the effect of high salt culture
medium on Egr-1 expression in rat C6 glioma cells was
examined as one of the in vitro model experiments for
investigating the influence of high salt culture conditions

on the expression of immediate early genes in glial cells.
Short-term exposure to high salt medium was shown to
induce the reduction of Egr-1 mRNA levels and its
protein contents, and elevation of the intracellular NaC

concentration was suggested to be responsible for the
down-regulation of egr-1 gene expression in glioma cells.

2. Materials and methods

2.1. Cell culture and treatment

Rat C6 glioma cells (CCL-107; the American Type
Culture Collection, Rockville, MD, USA) were seeded
onto a 60-mm culture dish at a density of 1.5e2!106

cells/dish, and maintained in 5 ml of DMEM supple-
mented with 10% heat-inactivated bovine calf serum,
2 mM L-glutamine, 50 units/ml of penicillin, 50 mg/ml of
streptomycin and 50 mg/ml of gentamycin sulfate at
37 �C for 48 h in a humidified incubator containing 95%
aire5% CO2 atmosphere. Then, the growth medium
was replaced with the culture medium containing high
concentrations of NaCl or other osmolytes and drugs,
and the cells were further incubated at 37 �C for
different time periods in a humidified incubator.

Osmotic pressure of the hyperosmotic test medium
was determined using a freezing point osmometer. The
osmolarity of the media, containing either NaCl
(100 mM), sucrose (125 mM), glycerol (200 mM), or
none of these, was approximately 437, 408, 476, and 309
mOsmolar, respectively.

Veratridine and monensin (Sigma Chemical Co., St.
Louis, MO, USA) were dissolved in dimethylsulfoxide
and ethanol, respectively. The solutions were stored in
a freezer, and diluted with DMEM before use, and
aliquots of these diluted solutions were then added to
the cell cultures to yield the designated final concen-
trations. The concentrations of organic solvents in the
cultures were less than 0.1%.

2.2. Semi-quantitative RT-PCR analysis

Total RNA was prepared from a single culture
according to the method described previously (Chomc-
zynski and Sacchi, 1987), and the steady-state levels of
mRNAs were determined using a semi-quantitatively
one-step RT-PCR technique as described previously
with modifications (Morita et al., 1999). Total RNA
(3 mg) was subjected to reverse transcription and
successive amplification using an automated thermal
cycler in 25 ml of the first strand buffer (75 mM KCl,
3 mM MgCl2, 50 mM TriseHCl, pH 8.3) containing
500 mMdNTPs, 400 mMdithiothreitol, 5% dimethylsulf-
oxide, 25 pmol of the primers using 100 units of M-MLV
reverse transcriptase (MBI Fermentas, St. Leon-Rot,
Germany) and 2.5 units of recombinant Taq DNA
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