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Increase of f-actin mRINA upon hypotonic perfusion of perfused rat liver
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B-Actin mRNA levels in livers exposed to hypotonic perfusion (from 305 to 225 mosmol/l) for one hour are increased 2-fold relative to albumin
mRNA. Like albumin, glyceraldehyde-3-phosphate dehydrogenase and tyrosine aminotransferase mRNAs remain at the levels observed under
normotonic conditions. The increase in f-actin mRNA is interpreted as a cytoskeletal response due to cell swelling.
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1. INTRODUCTION

Like most mammalian cells, hepatocytes are able to
regulate their volume within minutes when exposed to
anisotonic media [1]. These volume-regulatory respon-
ses, however, only partially restore cell volume, i.e. the
cells remain in a slightly swollen state throughout hypo-
tonic exposure. Recent studies have shown that cell
swelling, as it occurs not only during hypotonic expo-
sure but also during cumulative substrate uptake or
under the influence of insulin, modulates metabolic liver
cell function (for reviews, see [2,3]). Here, we report an
increase in f-actin mRNA levels in response to hypoto-
nic cell swelling in perfused rat liver.,

2. MATERIALS AND METHODS

2.1. Liver perfusion

Livers from male Wistar rats. 150-250 g body weight, fed ad libi-
tum, were perfused at 37°C in a non-recirculating system from the
portal to the hepatic vein with hydrogen-carbonate-buffered Krebs-
Henseleit saline containing L-lactate and pyruvate [4). The influent
perfusate was equilibrated with O,/CO, (95/5 v/v). Hypotonic perfu-
sion was performed by decreasing the NaCl concentration of the
influent perfusion medium by 40 mmol/l, resulting in a decrease of
perfusate osmolarity by 80 mosmol/l.

2.2. RNA analysis

Total RNA was isolated from rat liver as described [5)], and was
cither separated on 1% agarose/formaldehyde gels and transferred to
Genescreen-plus membranes for Northern hybridization or denaturat-
cd by formamide/formaldchyde and applied directly to the membrane
for dot blot hybridization. Membranes were hybridized under strin.
gent conditions as described [6] using random oligonucleotide-primed
Mp.labeled insert probes. Washed filters were exposed to Kodak XR
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film and hybridization was quantified by laser densitometry within the
linear range.

The probes used were p#-MA containing a 420 bp insert of mouse
fB-actin cDNA [7], BlualbHind containing a 300 bp insert from mouse
albumin cDNA [8], pPRLCGAP containing the 1.3 kb rat glyceralde-
hyde-3-phosphate dehydrogenasc cDNA [9], kindly provided by Dr.
R. Wu (Ithaca, NY), and pTATe3 containing a 600 bp insert from rat
tyrosine aminotransferase ¢cDNA [10]. kindly provided by Dr. G.
Scherer (Freiburg, Germany).

3. RESULTS

In RNA isolated after 1 h of perfusion the amount of
B-actin mRNA (Fig. 1A} in relation to that of albumin
(Fig. 1B) or glyceraldehydephosphate dehydrogenase
(Fig. 1C) was increased approximately 2-fold in hypoto-
nically as compared to normotonically perfused livers.
The ratios of glyceraldehydephosphate dehydrogenzse
mRNA to the mRNAs for albumin and tyrosine amino-
transferase were unaltered (Fig. 1, Table I). This indi-
cates that the difference between glyceraldehydephos-
phate dehydrogenase and f-actin message is due to an
increase in f-actin mRNA and not due to a decrease in
glyceraldehydephosphate dehydrogenase mRNA. The
level of glyceraldehydephosphate dehydrogenase
mRNA closely paralleled the amounts of total RNA as
revealed by visual inspection of ethidium bromide stain-
ed gels.

The time course of the increase in B-actin message is
shown in Fig. 2. Livers were perfused for 15, 30, 60 and
120 min, and total RNA preparations were examined
for B-actin and albumin mRNA by dot blot hybridiza-
tion. The relative amount of f-actin mRNA had already
increased after 15 min and continued to increase
throughout the experiment. Normotonic perfusion
showed an approximately stable ratio; a slight increase
of the f-actin/albumin mRNA ratio during the first
hour of normotonic perfusion (only 2 livers) was not
further studied.
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Fig. 1. Northern blot analysis of mRNA changes in hypotonic perfu-

sion, Three rat livers each were prfused for 1 h with hypotonic (1-3)

or normotonic (4-6) medium, respectively. Hybridization was per-

formed with probes for (A) f-actin: (B) albumin: and (C) glyceraldehy-
dephosphate dehydrogenase.

4. DISCUSSION

As shown recently [1], hypotonic exposure leads to a
volume-regulatory K* efflux from the liver of 13.3+0.7
pHmol/g liver, which is completed during the first 10 min
of hypotonic exposure. Thereafter, liver cell volume has
reached a new steady state, which is 16.51:2.6% above
the volume during normotonic perfusion [11], so that
cells are exposed to mechanical stress. The elevated level
of B-actin mRNA is significant at 1 h and is interpreted
as a cellular response to the persistent mechanical stress
resulting from cell swelling. S-Actin mRNA has been
reported to be induced during cell damage by various
agents [12.13] as well as during establishment of hepa-
tocytes in primary cultures {14]. Interestingly, in the
latter case the effect was about 3-fold, similar to that in
hypotonically perfused livers (Table I, Figs. 1,2), and
was attributed to the change in cell shape and related
general cytoskeletal rearrangements. It is therefore pos-
sible that similar changes in the expression of cytoskele-
tal proteins are elicited by osmotically induced cell vol-
ume changes as studied here. Recent work using the rat
pheochromocytoma cell line PC 12A indicated reorga-
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Fig. 2. Time course of f-actin mRNA level in relation to albumin

mRNA level in perfused rat livers. Perfusions in hypotonic (@) or

normotonic (O) conditions. Data as obtained from dot blots by laser

densitometric analysis. Results are presented as means * SE (n=3-4)
or as two individual points, from different livers,

nization of microfilaments, but not of microtubules dur-
ing hypo-osmotic cell swelling [15]. A role of microfila-
ments in the process of cell volume regulation is also
suggested by the finding that cytochalasin B inhibits the
regulatory volume decrease in Necturus gall bladder
epithelial cells [16].

Anincreased level of f-actin mRNA may be the result
of either an increased transcription rate, a decrease in
the degradation of the mRNA, or a combination of
both. Albumin mRNA is the most abundant mRNA in
hepatocytes, with a slow turnover [17], whereas tyrosine
aminotransferase mRNA is moderately abundant with
a rather fast turnover of | h [18]. Therefore, a general

Table 1
Northern blotting analysis of total RNA from perfused rat livers

Density (arbitrary units)

Normotonic Hypotonic

F-Actin 09+£01 2205
Albumin 05+£01 05x01
Glyceraldehydephosphate dehydrogenase =1.0 = 1.0

Tyrosine aminotransferase 0.9+ 0.2 1.0 £ 0.2

Values at 1 h of perfusion are the results of densitometric analysis of

autoradiographs normalized to glyceraldehydephosphate dehydroge-

nase mRNA, arbitrarily set equal to 1.0 for both normotonically and
hypotonically perfused livers.
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inhibition of mRNA turnover is probably not involved
in the increase in f-actin mRNA level upon cell swell-

ing.
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