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MORPHOLOGICAL STUDIES OF JUXTAGLOMERULAR CELLS
CONCERNING THE ONTOGENETICAL, PHYLOGENETICAL
AND CYTOLOGICAL ORIGIN

Yasuhiro KON

Department of Veterinary Anatomy,
Faculty of Veterinary Medicine,
Hokkaido University, Sapporo 060 Japan

The purpose of the present studies was to investigate the distribution
of juxtaglomerular (JG) cells in domestic animals, to demonstrate the
ontogenetical origin of JG cells, to detect the morphological and the
distributional characteristics of JG cells in some lower vertebrates, and

to examine the cytochemical features of JG cells.

T Intrarenal distribution of renin-positive cells in 13 mammals and 2
fowls was immunohistochemically demonstrated. In many species, the
immunoreactive cells were found in the tunica media of the afferent,
efferent glomerular arterioles. Especially in the sheep and goat, a
remarkable number of immunoreactive cells were localized not only in
the tunica media but also in the tunica adventitia of arterioles/
arteries. In the kidneys of fowls, positive cells were observed fre-
quently in the mesangial regions along the glomerular capillaries.

2. Tn accordance to this observation, it was assumed that JG (renin-
containing) cells were originated from 1) the vascular smooth muscle
cells, 2) the glomerular mesangial cells, or 3) the vascular adven-
titial cells.

3. The renin-containing cells of the mouse embryo were first observed at

the 13th day of gestation at the walls of the renal, the mesonephric,
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the adrenal and the abdominal arteries, the cortical adrenal gland and
the primordial testis. But they were not demonstrated at the intra-
mesonephric area.

As the gestation of the mouse progressed, the cells had a tendency to
localize in the following areas, i.e., 1) the walls of metanephric
artery, 2) the walls of the interlobar or arcuate arteries, 3)
afferent, efferent glomerular arterioles and intraglomerular regions
locating at the juxtamedullar cortex, 4) the walls of the interlobular
arteries, 5) the walls of the intralobular (afferent glomerular)
arterioles/arteries, and 6) the glomerular vascular pole in the super-
ficial cortex.

According to development of mouse embryo, renin-contaning cells dis-
appeared in proportion to former's order. Finally, until the day 7
after birth, the cells showed the distributional feature of adult
animals. Renin-containing cells located at the most lateral portion of
tunica media of vessels just before they disappeared. Although they
processed at the tunica adventitia in some cases, no cells was ever
observed apparently at these regions through all investigational
periods.

In pig, when GCRL was 0.8 cm, renin-containing cells first appeared at
the mesonephric, the mesonephric afferent glomerular vessels and the
inside of the mesonephric glomerulus, and subsequently, they came out
at the ventral walls of the dorsal aorta, the omphalo-mesenteric (i.e.
the cranial mesenteric) arteries. In metanephros, they were observed
firstly at the interlobar arteries when the embryo CRL was 2.3 cm.

Renin-containing cells in pig embryo disappeared gradually in meso-
nephros, on the other hand, in metanephros they developed from proximal

to distal metanephric arterial tree as well as those in mouse.
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From these ontogenetical investigations, the distributional diffe-
rences in mesonephric renin-containing cells between mouse and pig were
assumed due to the diversity of the intra-mesonephric vascular develop-
ment. Renin-containing cells associated with vascular tree may
originate from the mesenchymal cells continuing to the ventral walls of
the aorta.

In kidneys of lower vertebrates, the macula densa-like structures were
observed only in Rana species. Renin-immunoreactive cells were contact
with these structures. No macula densa-like structures in other
species, and no extra-glomerular mesangium in all species were
observed.

In lower vertebrates, a lot of renin-immunoreactive cells were located
sparsely along the tunica media of the afferent glomerular arterioles
or the small arteries. Intra-glomerular renin-immunoreactive cells were
many in the kidney of Xenopus species. No cells were demonstrated in
the efferent glomerular vessels.

Ultrastructurally, the secretory granules of JG cells in lower verte-
brates were relatively minute and about 230-290 nm in diameter. They
contained a mottle-like, a heterogeneous reticular, a homogeneous or a
finger print-like materials. Sometimes, they showed the fusiformic or
the conglomerated structures and the emiocytotic secretion of granular
materials into the perivascular spaces.

These phylogenetical studies suggested that the number of consti-
tutional elements of JG apparatus decreased, that the regions JG cells
locating were limited only to the afferent glomerular vessels, and that
the distributions of the cells became to exist away from the glomeru-

lus, as the class of animals became more primal. It was assumed that
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the differentiation of JG cells in lower vertebrates was evolutionally
inferior to those in mammals, and that the fusion and the enlargement
of secretory granules were the morphological presentations for granular
synthesis, which occured exclusively in high vertebrates.

Ultrastructural studies using chicken kidneys showed that the
materials contained in the JG secretory granules were synthecized by
endoplasmic reticulum and grew into the mature granules via the Golgi
apparatus as well as other secretory cells. The secretory granules of
JG cells were classified by their morphology into the following 5
types; 1) mature granule, 2) reticular granule, 3) multivesicular body-
like granule, 4) fusiformic granule and 5) electron densed granule.
Emiocytotic secretion of granules and deep channel-like invagination
were rarely observed. Immunocytochemically, renin was demonstrated only
in the granules.

Acid phosphatase activities were demonstrated in the granules or the
granular membranes and the so-called GERL of JG cells. Considerable
variation in the reactivity was noted among the individual granules in
JG cells, varying from no reaction to remarkable reaction products.

In the kidneys of colloidal carbon administration, the glomerular
capillary, the glomerular endothelial cells and the glomerular mes-
angial cells ingested variable amount of carbon particles, however, no
particles could be observed in the JG cells.

These cytochemical and experimental studies suggest that renin, a
proteolytic enzyme, was one of specialized lysosomal enzymes, or that
lysosomal enzymes became to localize at the JG cells as renin activated

enzymes.

The above~-mentioned results can be summarized as follows. The JG cells
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are not only delimited at the areas of the tunica media of the afferent
glomerular vessels, but also they are distributed at the wide regions
neighboring on this area. Especially, it is noted again that JG cells
originated from the vascular smooth muscle cells. On the other hand, renin-
containing cells demonstrated at the adventitial regions are caused by the
result that they were pushed out from the tunica media into the tunica
adventitia. And the intra-glomerular renin-containing cells are not
complete form evolutionally. From the phylogenetical view, renin-like
enzyme similar to mammals may exist in both amphibians and fishes.
Moreover, amphibian JG apparatus not only locate in an intermediate
position between that of fishes and mammals, but also possess intermediate
characteristics between them in granular synthesis. The ultrastructural,
cytochemical and experimental morphology assumes that the lysosomal enzyme

contained in JG granules is related to renin synthesis.
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