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Abstract

Purpose of this study was to see whether during development of vascular hypertrophy and
post-natal growth, quantitative changes of myosin light chain kinase (MLCK) occurred in the
kidney arteriolar media. MLCK is a Calcium-Calmodulin dependent enzyme able to trigger
smooth muscle cell contraction and regulating vascular tone. We studied newborn normotens-
ive Wistar Kyoto (WKY') and age-matched spontaneously hypertensive (SHR) rats together
with adult normotensive and age-matched hypertensive rats. On kidney cryosections we
assessed, by means of a computerized interactive morphometric method, the area of the
arteriolar media stained with a polyclonal antibody anti chicken gizzard myosin light chain
kinase, highly specific for smooth muscle cells. We showed that both normotensive and
spontaneously hypertensive adult rats have a significantly lower content of myosin light chain
kinase in their media when compared with newborns (24.2+7.1 vs.49.2+£4.2 p<0.001 WKY)
(11.3+£4.5vs.52.3+5.9p<0.001 SHR). Control newborns showed myosin light chain kinase
levels similar to those of spontancously hypertensive rats. However, adult hypertensive rats
showed an even lower expression of the enzyme than the age-matched normotensive animals
(11.3 4.5 vs. 24.2 £ 7.1 p < 0.05). The degree of vascular hypertrophy was found to be
significantly lower in this latter group. Furthermore there was a negative linear correlation in
adult rats between myosin light chain kinase content and degree of hypertrophy of the vascular
media.

We conclude that both during growth and occurrence of vascular smooth muscle hypertrophy
due to hypertension, cells tend to adapt by down-regulating the expression of myosin light
chain kinase and therefore by modulating their vascular reactivity.
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Pnlymorphism of contractile proteins is well do-
cumented in vascular smooth muscle [11]. During devel-
opment contractile protein pattern of smooth muscle cells
undergoes dramatic changes with expression of different
isoforms. Actin in mature smooth muscle cells is repre-
sented by the oc and yisoforms, however during embryonic
development the proportion of each isoform changes mar-
kedly [15]. o-SMC actin has been used by Romano et al.
as a marker for studying the ontogeny in the intrarenal
vasculature [15]. Similarly myosin isoforms are expressed

to a different degree during postnatal development. Pau-
letto et al. [ 14] showed the existence of two myosin heavy
chains isoforms namely the adult type, which represents
the majority in the adult rabbit aorta, and the post-natal
type, which is the minority. It has been shown by Frid et
al. [9] that these differences in contractile proteins pattern
correlate with the existence of at least four different smooth
muscle cells phenotypes which are differently expressed
during vessel maturation. The extracellular matrix protein
fibronectin seems to be a marker of smooth muscle cell
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differentiation in normal vessels and in vascular diseases
[12]. The same proteins in certain pathophysiological con-
ditions show changes of their phenotypic expression [4, 14,
[7]. In experimental models of hypertension and athe-
rogenesis there are in fact adaptive changes of myosin
heavy chains, fibronectin and other proteins of intracellular
matrix, which accompanies smooth muscle cells growth
and hypertrophy with expression of immature cells pheno-
types characteristic of the early stages of development [3,
1SS 7]

Myosin Light Chain Kinase (MLCK) is a a calcium
calmodulin-dependent enzyme which triggers actin-
myosin interaction by phosphorylating the 20 KD myosin
subunit which regulates smooth muscle cells contraction
and tone [ 16, 18].

The expression of MLCK maintains the same primary
sequence during post-natal development, although post-
translational modifications and quantitative changes may
occur [6, 7, 10]. This protein is of paramount importance
in regulating smooth muscle cell contraction, presumably
not only in physiological but also in pathological condi-
tions. There are however very few studies on its expression
during development [8] and in pathophysiological condi-
tions [2].

In this paper we wanted to investigate whether in the rat
during physiological and pathological post-natal develop-
ment there were quantitative changes of MLCK in smooth
muscle cells. We did that by immunostaining the kidney
arteriolar media of normotensive and spontaneously
hypertensive rats with a highly specific antibody raised
against smooth muscle MLCK [5, 6, 13].

Materials and Methods

Animals

Five newborn 3-day-old normotensive Wistar Kyoto
(WKY) and six Spontaneously Hypertensive Rats (SHR)
were studied together with five adult, 9-weck-old WKY
and six age matched SHR.

Animals were killed by cervical dislocation and the right
kidney was immediately frozen in liquid nitrogen.
Immunohistochemistry

On 5 um thick transverse cryosections of the right kidney
an immunohistochemical analysis was performed by using
a polyclonal antibody against chicken gizzard MLCK
raised in the rabbit [5] as primary antibody and anti rabbit
IgG conjugated with peroxidase as a second antibody.

Quantitation of MLCK

The percent arca of the arteriolar media occupied by
positive staining for MLCK was measured by means of a
computerized interactive morphometric method (Kontron
IBAS 2000). The TV camera signal is visualized in black
and white (768 x 512 pixels) and the image is stored and
analyzed. The area measurements performed by our com-
puter system are based on a gray scale that analyzes 256
gray levels (level O corresponds to black and 255 to white).

Two intervals are interactively fixed within these 256
levels and correspond to the area positive (dark intervals )
and to that negative (bright intervals) for MLCK staining.

These intervals were defined by two trained observers
[1].

A 300 times magnification photograph of each section
(Figure 1) was put under a camera connected to the instru-
ment. The cross section of each artery was divided into four
90 degree segments and on each segment a field entirely
occupied by the media was randomly chosen so that 4
measurements were done on a single vessel. For each
animal 4 to 5 arteriolac were chosen at random and ana-
lyzed. The mean values are reported.

Degree of the hypertrophy of the vascular media
The degree of hypertrophy of the vascular media was
calculated on cross sections of the arteriolae by using the
following equation:
R1 +R2)/2
AU KN
(M1 +M2)/2
where R1, R2 and M1, M2 are respectively the two vessels
radii and the two media thicknesses taken perpendicularly.

Statistical analysis

Student t test for unpaired data and linear regression were
used.

Results

Percent area of the media occupied by positive staining for
MLCK

Typical immunohistochemistry with antibody against
MLCK of cross sections of kidney arteriolae from newborn
and adult SHR and WKY rats are presented in Figure 1.

The percent area of kidney arteriolar media occupied by
positive staining for MLCK, determined as specified in
Materials and Methods section, is illustrated in Fig. 2.
Newborn WKY and SHR showed a significantly higher
percent arca occupied by MLCK when compared to the
adult animal of the same species (49.2+£4.2vs 242 £7.1
p <0.001 for WKY;52.3+5.9vs 11.3£4.5p<0.001 for
SHR). Adult SHR animals showed a lower percentage of
arca occupied by MLCK when compared to the age-
matched adult WKY (11.3 +4.5 vs 242+ 7.1 p < 0.05).
There were no significant differences between newborn
SHR and WKY.

Hypertrophy of the vascular media

Newborn SHR showed a degree of hypertrophy of vas-
cular media of 47.7 + 8.65% whilst in newborn WKY it
was 48.1 £ 6.77% (p = ns). In the adult animals the degree
of hypertrophy of SHR was significantly higher (p <0.003)
than that of WKY (24.2 +3.2% vs. 18.2 +£2.6%).

In the adult animals there was a negative linear correla-

tion between percent area of MLCK and degree of hyper-
trophy (r* = -0.30; p=0.052).
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Figure 1. Cross sections of kidney arteriolae. Immunohistochemistry with antibody against MLCK. A) Adult WKY; B) Adult
SHR; C) Newborn WKY; D) Newborn SHR. Magnification times 300.
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Figure 2. Quantitative measurement of MLCK content in
kidney arteriolar media of newborn and adult rats
as expressed as the percent area of arteriolar media
occupied by positive staining for MLCK. The stand-

ard deviation of the mean is reported. n: number of

animals per group; = p < 0.00{; #**: p < 0.05; +:
p < 0.001

Discussion

In this study we used a polyclonal antibody against
chicken gizzard MLCK which we have already demon-
strated to be highly specific for smooth muscle MLCK [3,
13]. This was true especially for vascular smooth muscle
MLCK. In fact it has been shown to stain MLCK in several
vessels of rat, man and rabbit. No reactivity was found for
other non-muscle MLCK such as platelets. It has also been
shown that the expression of MLCK maintains the same
primary sequence during post-natal development, although
post-translational modifications and quantitative changes
may occur [6].

The method we used to measure the percent area occu-
pied by positive staining for MLCK was previously used
by our group [1] and demonstrated to be precise and
reproducible. The differences in MLCK content detected
in the present study seem therefore to be consistent with
quantitative changes in MLCK expression occurring dur-
ing post-natal development in the kidney arteriolae of
normotensive and spontaneously hypertensive rats. Our
data show that in newborn rats the contem of MLCK 1is
substantially higher, without significant differences be-
tween WKY and SHR, than in adults. It has to be noticed
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that SHR develop hypertension only few weeks after birth
and we can therefore conceivably argue that, though not
measured, blood pressure values are identical in the two
animal strains 3 days after birth.

There are two interesting observations to be made on our
series of experiments. The first one is that during post-natal
life the content of MLCK in the media in adult animals
decreases with age. We can speculate that either develop-
ment is characterized by a diminished expression of this
enzyme or its concentration is alfected by the process of
cellular hypertrophy and hyperplasia occurring during
growth. We are unable to discriminate between these two
possibilities, although recently it has been observed by Frid
[9] that at least four SMC phenotypes exist in the arterial
wall. These cell subpopulations are differently represented
during vessel wall maturation. This is also in keeping with
data from other papers that showed mainly qualitative
changes in structural and contractile proteins with growth
[11, 14]. Our data do not agree entirely with those of
Duband [8] who showed in avians no changes in MLCK
from hatching to adult state. These discrepancies could be
ascribed to the fact that their observations were made with
a semiquantitative method in a different species.

The second point is that SHR, that develop hypertension
in the first five weeks after birth, show an even greater
decrease in MLCK expression as they grow. In fact at 9
weeks of age, as reported in the literature, they are not only
hypertensive but they have already developed a substantial
hypertrophy of the vascular media. This is confirmed by
our data. In fact the R/M ratio, which is considered a good
index of hypertrophy of the media, is significantly higher
in adult SHR as compared to age matched WKY. We can
argue that hypertension and vascular hypertrophy are able
to further modify the expression of MLCK in vascular
smooth muscle by down-regulating it. Our results seem to
be confirmed by Belik et al. [2] who showed a decreased
MLCK activity in lungs of rats with pulmonary hyperten-
sion. Furthermore MLCK level in aorta of SHR animals
was found to*be lower than in controls (M. Pato, personal
communication).

Whether this process is due to hypertension by itself or
to hypertrophy cannot be said with certainty. Since a
significantinverse correlation is found between the amount
of MLCK present in the smooth muscle cells of the media,
and the degree of vascular hypertrophy we can speculate

on the role played by this latter process in the regulation of

MLCK expression. It may be argued that neuro-hormonal
factors, which are known to sustain hypertension in SHR
such as catecholamines, or blood pressure levels by them-
selves, could in some way have influenced the expression
of MLCK. Unfortunately the limitation of this study is
given by the lack of these measurements.

Hypertension has been shown to induce changes in the
expression of myosin heavy chains and fibronectin in
smooth muscle cells with the appearance of immature
isoforms characteristic of the fetal life and these processes
have been considered as adaptive [4, 11, 12, 14]. We think

that the observed diminished expression of MLCK found
with growth and development of vascular hypertrophy
could be interpreted in the same way. It looks as if growth
and hypertrophy of smooth muscle are accompanied by a
reduction of MLCK expression or density. We know that
haemodynamic factors, such as blood pressure and wall
stress can condition both growth and hypertrophy [3]. This
is true in post-natal life when blood pressure does progress-
ively increase and this phenomenon becomes even more
appreciable in SHR in which blood pressure rises far
behind the normal levels. This might seem in contrast with
our data showing a higher degree of hypertrophy in new-
born but we have to point out that R/M ratio can be used
for comparison only in vessels with similar size and there-
fore within animals of the same age. In newborns arteriolae
are in fact very small and not comparable with those of
adult animals.

In conclusion we would put forward the hypothesis that
smooth muscle cells can oppose or adapt to the increasing
vascular stress, which induces smooth muscle cells growth
and hypertrophy, by modulating their contractility. This
can be done either by expressing immature isoforms of
contractile proteins or by reducing the expression of
enzymes, such as MLCK, which is known to actively
trigger contraction. This hypothesis could be confirmed by
showing consistent changes in other proteins associated to
the thin filament, for instance caldesmon and calponin,
which play mainly a secondary role in modulating the
contractile state of smooth muscle [18].
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