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SUMMARY: Preproenkephalin A messenger RNA was detected in hamster
heart by Northern blot analysis using a human preproenkephalin A ¢DNA
probe. Ventricular levels of this messenger were one order of magnitude lower
than atrial levels, which were equivalent to brain levels. Furthermore, in the
heart of cardiomyopathic hamsters, an animal model of cardiac hypertrophy and
congestive heart failure, the relative abundance of the preproenkephalin A
messenger RNA was found to increase three- to four-fold in ventricles while
no change was seen in atria. These results support the hypothesis that the
heart has the potential for Ilocally synthesizing enkephalins and provide
evidence that alterations in preproenkephalin A messenger RNA levels are
associated with the development of cardiac hypertrophy and failure. © 1988 Academic

Press, Inc.

Preproenkephalin A is a common precursor for the enkephalin opioid
peptides (1,2). The preproenkephalin A gene is expressed in the central
nervous system (3) and in various peripheral tissues, including the adrenal
medulla (1,2,4) and the reproductive tissues (5). Howells et al. (6) have
recently observed that preproenkephalin A messenger RNA is also present in
rat heart. These observations and the fact that enkephalins have been
detected in guinea-pig heart (7-9) lead to the hypothesis that the heart may
synthesize and secrete enkephalins. In this study, we have investigated the
expression of the preproenkephalin A gene in hamster heart under normal and
pathological conditions, using cardiomyopathic hamsters (10,11) as an animal
model of cardiac hypertrophy and congestive heart failure. We have observed
that preproenkephalin A messenger RNA is present in both ventricles and atria
of hamster heart and that its relative abundance is increased in the ventricles

but not in the atria of cardiomyopathic hamsters.

MATERIALS AND METHQDS

Animals: Male Golden Syrian hamsters (Lakeview strain) were obtained
from a commercial farm (Canadian Breeding Farm and Laboratories, Saint-
Constant, Québec, Canada). Male cardiomyopathic hamsters (CHF 14.6) were
purchased from the Canadian Hybrid Farm (Halls Harbour, Nova Scotia,
Canada). Fed animals were killed by decapitation at 60 days. Atria,
ventricles, adrenal glands, brain and liver were removed and immediately frozen
in liquid nitrogen. The tissues were stored at -70°C until use.
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Isolation_of messenger RNAs (poly(A)‘*‘-RNAs): RNAs were prepared from
individual tissues, consisting of pooled samples from 3-20 animals. Total RNA
was extracted in guanidium thiocyanate from frozen tissues and pelleted by
centrifugation through a CsCl gradient, following the method of Chirgwin et al.
(12). Poly(A)*-RNAs were isolated by oligo(dT) affinity chromatography (13)
and were quantified by UV absorption (1A,g = 45 ug).

RNA_ blot analysis: Poly(A)*-RNA samples were denatured by heating at
70°C for 10 min in 1 mM EDTA, 50 mM 3-(4-morpholino)propanesulfonic acid,
pH 7.5, 7% formaldehyde, 50% formamide. They were serially diluted,
fractionated by electrophoresis on a 1.2% agarose/7% formaldehyde gel and
transferred to a nylon membrane (Hybond-N, Amersham) by electroblotting.
The blots were first prehybridized in 6 x SET (I x SET is 150 mM NaCl, 20
mM Tris-HCI, I mM EDTA, pH 7.5), 50% formamide, 0.5% SDS, 5 x Denhardt’s
(1 x Denhardt’s = 0.02% each of bovine serum albumin, Ficoll-400 and
polyvinylpyrrolidone), 250 pg/ml denaturated herring sperm DNA and 250 ug/ml
calf liver tRNA. They were hybridized for 40 h at 37°C in hybridization
buffer (same as prehybridization buffer except for 2 x Denhardt’s, 50 ug/ml
herring sperm DNA and 50 pug/ml calf liver tRNA). The probe (500 000
cpm/ml) was a 918 base-pair Hincll fragment of human preproenkephalin A
¢DNA from plasmid pHPE-9 (14), a gift from Dr. E. Herbert. This fragment
contains the coding sequence of the preproenkephalin A messenger RNA which
is extremely conserved among species (15). It had been labeled with [«-
32p1dCTP (Amersham, 3000 Ci/mmol) to a specific radioactivity of 1-3 x 108
cpm/ug by random priming (16). The blots were successively washed at 55°C
in 6 x SET, 2 x SET, 1 x SET and 0.1 x SET, with 0.5% SDS, and exposed to
Fuji X-ray films with an intensifying screen for 1-3 days at -70°C. The cDNA
probe was stripped from the blots, and [5°-3%P]-labeled oligo(dT);5 was
hybridized to the poly(A) tails of the membrane-bound mRNAs in order to
normalize signal strength (17). Oligo(dT);g (Pharmacia) was 3’-labeled with
[y —P32]ATP (Amersham, 3000 Ci/mmol) to a specific radioactivity of 7-9 x
10 cpm/ug, using an exchange reaction (18). Quantification of the
autoradiograms was carried out using a soft laser scanning densitometer (LKB).
The relative amount of preproenkephalin A mRNA in the different tissues was
assessed by dividing the absorbance corresponding to the ¢DNA probe by the
absorbance  corresponding to the oligo(dT);s probe. The size of
preproenkephalin A mRNA was determined from the position of migration of
coelectrophoresed size markers.

RESULTS AND DISCUSSION

We have used a ¢cDNA probe for human preproenkephalin A to address the
following questions: can preproenkephalin A messenger RNA be detected in
hamster heart and, in the affirmative, is its relative abundance altered under
pathological heart conditions? A single mRNA band was detected on the
autoradiograms of the blots containing poly(A)*-RNAs from hamster brain,
adrenal glands, atria and ventricles, hybridized to the [32P]-labeled human
preproenkephalin A c¢DNA probe (Figure 1). This band had a mobility
corresponding to a RNA of about 1400 nucleotides, similar to human, bovine
and rat preproenkephalin A mRNA (3-6). The relative abundance of
preproenkephalin A mRNA was the highest in the adrenal glands, equivalent in
brain and atria and the lowest in ventricles. Liver poly(A)'-RNA never gave a
positive‘ signal (data not shown). Densitometric  scanning of the
autoradiograms was used to quantify the differences in preproenkephalin A

mRNA levels in various hamster tissues. It was found that the relative
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Figure 1. Identification of preproenkephalin A mRNA in various hamster
tissues by Northern blot analysis. Poly(A)*-RNAs were isolated from the brain,
adrenal glands, atria and ventricles of 60-day-old hamsters, fractionated by
electrophoresis on a 1.2% denaturing agarose gel, blotted onto a nylon sheet
and hybridized to a [®2P]-labeled Hincll fragment derived from a human
preproenkephalin  ¢cDNA probe (A). The probe was then removed and the
filter was hybridized to [*2P]-labeled oligo(dT),s (B). [Each sample was serially
diluted as indicated, the highest amount of RNA loaded per lane being about 3
ug. The size of the preproenkephalin A mRNA in each tissue was about 1400
nucleotides (nt), estimated from the position of migration of coelectrophoresed
size standards.

abundance of preproenkephalin A mRNA in atria represents about 20% of that
in adrenal glands and is about seven-fold higher in atria than in ventricles
(Table 1).

Northern  blot analysis of poly(A)*-RNAs from hamster heart

demonstrates that transcription of the preproenkephalin A gene occurs in both

TABLE 1

Preproenkephalin A mRNA in various hamster tissues

Tissue Relative abundance of
preproenkephalin A mRNA

Brain 7.6
Adrenal glands 334
Ventricles 1.0
Atria 7.3

The relative abundance of preproenkephalin A mRNA was quantified by
densitometric scanning of the autoradiograms resulting from Northern blot
analysis of the mRNA population in various hamster tissues (Figure 1). It is
expressed in arbitrary wunits (area under the peak corresponding to the
preproenkephalin A mRNA in the autoradiograms divided by the area under the
peak corresponding to the poly(A)*-RNAs), a value of 1.0 being ascribed to the
ventricles. Results are the means of three independent experiments. Standard
deviations on the means is equal to or less than 15%.
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hamster atria and ventricles. This supports the hypothesis that there is a
local synthesis of enkephalins in hamster heart, in agreement with the previous
observations of Howells et al. (6) in rat heart. However, the situation differs
from that encountered in rat heart where preproenkephalin A mRNA is present
predominantly in the ventricles. In hamster heart, In contrast, the relative
abundance of this messenger is about one order of magnitude higher in atria
than in ventricles. Enkephalins synthesized by the heart could be released by
the same process of secretion as the atrial natriuretic factor, a peptide
hormone known to be synthesized and secreted by the heart (19). Cardiac
atrial myocytes contain secretory granules involved in the storage and
regulated secretion of the atrial natriuretic factor whereas ventricular
myocytes are poor in secretory granules and release this factor constitutively
(20,21). We suggest that enkephalins synthesized in the heart could affect the
function of the cardiac muscle, Indeed, there are specific opioid receptors in
the heart (22-24). Moreover, it has been demonstrated that enkephalins reduce
the release of noradrenaline from sympathetic nerve terminals in the heart (25)
and, in addition to these presynaptic effects, that they exert postsynaptic
effects which modulate the response of the heart to noradrenaline (26,27).
These postsynaptic effects appear, however, to be species dependent since they
antagonize the action of noradrenaline in rats but stimulate it in guinea-pigs.

Figures 2 and 3 are autoradiograms of blots containing poly(A)t-RNAs
from the ventricles and the atria of 60-day-old cardiomyopathic and control
hamsters. The relative abundance of preproenkephalin A mRNA was increased

in the ventricles of cardiomyopathic hamsters, when compared to controls.
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Figure 2. Example of Northern blot analysis of preproenkephalin A mRNA in
the ventricles of 60-day-old control (ctrl) and cardiomyopathic (card) hamsters.
Details as in Figure 1.

Figure 3. Example of Northern blot analysis of preproenkephalin A mRNA in
the atria of 60-day-old control (ctrl) and cardiomyopathic (card) hamsters.
Details as in Figure I.
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This increase was reproducibly observed with three independent RNA
preparations. ‘Densitometric scanning of the autoradiograms indicated that
cardiomyopathic  hamsters had three to four times more ventricular
preproenkephalin A mRNA than controls. No significant change in the relative
abundance of preproenkephalin A mRNA could be detected in the atria. The
increase in the relative abundance of preproenkephalin A mRNA in the
ventricles but not in the atria of cardiomyopathic hamsters is reminiscent of
what is observed with the atrial natriuretic factor. In the heart of
cardiomyopathic hamsters, the abundance of the mRNA coding for this factor
was also increased in ventricles but not in atria (28). The increase in
preproenkephalin A mRNA content in the ventricles of cardiomyopathic
hamsters could be due to either its increased synthesis or increased stability.
Increased preproenkephalin A mRNA synthesis might result from intracellular
calcium overload in the heart, a factor which greatly contributes to the
pathogenesis of the disease (29). Indeed, in adrenal medulla, an increased
influx in calcium has been associated with the induction of preproenkephalin A
gene expression (30). Furthermore, the preproenkephalin A gene is regulated
by cAMP (31) and increased preproenkephalin A mRNA synthesis could also be
due to the increase in cardiac cAMP level (32), which is related to an
enhanced sympathetic activity in the heart of cardiomyopathic hamsters (33).

It is important to ask how the increase in preproenkephalin A gene
expression in the heart affects the progression of the cardiomyopathy in
hamsters. It is interesting that this increase is observed in an early phase of
the disease. At 60 days, the hearts of cardiomyopathic hamsters are in the
necrotic stage, characterized by multiple foci of necrosis, which precedes the
compensatory hypertrophy leading to progressive heart failure. The enhanced
expression of preproenkephalin A gene in the heart of cardiomyopathic
hamsters could be directly associated with the progression of the disease.
Whether it contributes to worsen the situation or is part of an adaptative
process counteracting the progression of the disease is presently a matter of
speculation. More light on that question could be provided by examining
different models of cardiac hypertrophy and failure and determining whether an
increase in the expression of preproenkephalin A gene is a common

characteristic of these pathologies.
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