The Journal of Maternal-Fetal and Neonatal Medicine, 2012; 25(S5): 72-75
© 2012 Informa UK, Ltd.

ISSN 1476-7058 print/ISSN 1476-4954 online

DOI: 10.3109/14767058.2012.714645

informa

healthcare

The pine-cone body: an intermediate structure between the cap
mesenchyme and the renal vesicle in the developing nod mouse kidney

revealed by an ultrastructural study
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Nephrogenesis is mainly characterized by the interaction of two
distinct renal constituents, the ureteric bud and the metanephric
mesenchyme. In this paper we describe by means of light and
electron microscopic techniques the morphological events that
take place during the early stages of cap mesenchymal forma-
tion. Samples of normal renal tissue were excised from newborn
NOD mice and processed by standard light and electron micros-
copy techniques. In all samples examined we detected the pres-
ence of several cap mesenchymal aggregates in different stages
of differentiation. They varied from small solid nodules with

few ovoid cells to bigger pine-cone-like aggregates, character-
ized by a peculiar distribution and morphology of their cellular
constituents. Our data highlight, for the first time, the presence
of a specific cap mesenchymal structure, the pine-cone body and
show, at ultrastructural level, how each cap aggregate epithe-
lializes proceeding in stages from a condensed mesenchymal
aggregate to the renal vesicle, through the intermediate “pine-
cone body” stage.
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Introduction

The mature kidney of mammals is.the final product of three
embryonic excretory organs: the pronephros, the mesonephros
and the metanephros [1]. The metanephros takes origin from two
main components: the ureteric bud (UB), a branching epithelial
tube originating from the Wolfhian duct, and the mesenchymal
cells of the metanephric mesenchyme, that originate from the
intermediate mesenchyma [2]. The metanephric mesenchymal
cells are programmed to make epithelial precursors of the mature
kidney in response to inductive signals deriving from the UB cells
[3]. While epithelial cords originating from the UB are branching
into the metanephric mesenchyme, some self renewing progen-
itor cells condensate and aggregate around the tips of UB-derived
epithelial branches, transforming themselves into the cap mesen-
chyme [4-6]. The subsequent steps of nephron development are
characterized by the mesenchymal-to-epithelial transition of cap

mesenchymal cells, which will form most of the epithelia of the
mature human kidney [7,8]. Since, at the best of our knowledge,
no extensive studies haye been reported on the fine structure of
cap mesenchymal cells in the early phases of their origin from the
metanephric mesenchyme, and during their transition towards
the epithelial phenotype, the aim of this study was to acquire, by
means of transmission electron microscopy, further ultrastruc-
tural informations concerning the specific morphological events
occurring during the early stages of cap mesenchymal develop-
ment and differentiation.

Material and methods

Five newborn non obese diabetic (NOD) mice were utilized in
this study. The animals were obtained from a local colony housed
in a pathogen free environment in the animal care facility of the
University of Cagliari (Cittadella Universitaria di Monserrato),
where all the breeding conditions were well controlled. According
to the guidelines for the Care and Use of Laboratory Animals
(NIH) and the European Communities Council Directive for the
use of animals in scientific experiments, the mice were anesthe-
tized and euthanized. No evident pathology was observed in any
of the animals used in this study. The kidneys were then excised,
cut into small pieces, fixed in a mixture of 3% formaldehyde and
0.1% glutaraldehyde in 0.1 M cacodylate bufter, pH 7.2, rinsed
and stored in 0.1 M cacodylate buffer at 4°C. The samples were
processed by standard methods for embedding in LR gold resin
(Fluka Biochemica). In detail, they were dehydrated in a cold
graded methanol series and infiltrated in LR gold resin. After
infiltration, the specimens were transferred in gelatin capsules or
in flat polyethylene molds filled with fresh resin and placed in a
polymerization chamber under UV light (365 nm) at —20°C. For
light microscopic observations one micrometer sections were
cut and collected on superfrost slides, stained with toluidine
blue, observed and photographed in a Leica 2000 microscope.
For electron microscopic investigations, ultrathin sections were
cut with diamond knife, collected on formvar-coated 100-mesh
grids, stained with uranyle acetate and bismuth subnitrate,
observed and photographed in a JEOL 100 S transmission elec-
tron microscope (TEM).

Correspondence: Prof Gavino Faa, Department of Surgery, Institute of Pathology, University of Cagliari, Cagliari, Italy. E-mail: gavinofaa@gmail.com



- —N
':i ey —— \
B SMC SMC

Figure 1. The complex scenery of early phases of nephrogenesis in the NOD
mouse kidney. (A) Light micrograph of the mouse renal cortex showing active
nephrogenesis. Ureteric buds (UB) are surrounded by cap mesenchymal
aggregates (CMA) that differ in size and shape. Bar = 20 um. (B) Schematic
representation of the ureteric bud (UB) and the adjacent cap mesenchymal
aggregates (CMA) among scattered mesenchymal cells (SMC) in the
developing mouse renal cortex.

Results

We focused our analysis on the outer portions of renal cortex
where both light and electron microscopy showed active
nephrogenesis. In the subcapsular regions, scattered and isolated
mesenchymal cells, remnants of the metanephric mesenchyme,
appeared intermingled with the cap mesenchymal nodules,
condensed cellular solid aggregates roundish or ovoid in shape.
At low power, two or more cap mesenchymal aggregates were
frequently found to surround a single ureteric bud’s branch
(Figure 1). Cap mesenchymal aggregates showed evident vari-
ability in their morphological appearance and size, varying from
small cellular solid nodules comprising few ovoid cells to bigger
aggregates with a conspicuous number of cells (Figure 1). At
higher magnification, electron microscopy emphasized the fine
structure of cell organization and architecture in the different
cap mesenchymal aggregates, showing details quite beyond
those expected from the resolving power of the light microscopy
(Figures 2 and 3). All cells present in cap mesenchymal nodules
exhibited peculiar morphological features. In general, they
were characterized by a small cell body with a scanty cytoplasm
containing few cellular organelles and few mitochondria; the
nucleus was large, often showing prominent nucleoli (Figures 2
and 3). The nucleoli displayed a peculiar morphology, being
often characterized by variations in their size, shape and number
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(Figures 2 and 3). Moreover, cap mesenchymal cells exhib-
ited different affinity to bismuth subnitrate and uranile acetate
staining, so that some of them resulted more consistently labeled
within the same cap mesenchymal aggregate (Figure 3).
Interestingly, while some solid cap mesenchymal nodules
exhibited an omogenous population of few roundish cells (Figure
3A), other cap aggregates showed an evident degree of vari-
ability in shape and morphology of their cells (Figure 3B and
3C). Whereas the center of the cap aggregates was occupied by
a roundish cell, in their outer regions they were characterized by
the presence of thin curved shaped cell types, that seemed to twist
around a fixed central cluster, resembling a pine-cone-shaped
structure (Figure 3B and 3C). Apoptotic cells and mitotic figures
were often observed in all kidney samples analyzed in this study.

Discussion

Early studies on nephrogenesis have speculated the sequence of
morphological events that lead to glomerulogenesis and tubu-
logenesis [4]. The process might start with the outgrowth of the
primary nephric duct and the ureteric bud, which invades the
metanephric mesenchyma and induce the differentiation of the
renal epithelial precursors [8]. According with this hypothesis,
the final stages could be characterized by the maturation of
glomeruli and by their progressive migration toward mid and
deep cortex [3,4,9]. Most of the previous studies regarding renal
development were carried out by means of light microscopy
[10-13], whereas only few electron microscopic investigations
were reported [14-17]. No doubt that the higher magnification
of the electron microscopy techniques that we used in this study
has revealed ultrastructural details beyond the resolving power
of the light microscopy, highlighting the morphological changes
that occur during the early stages of cap mesenchymal differen-
tiation. In this study we showed changes in the morphological
appearance of the cap mesenchymal aggregates, varying from
small solid nodules with few ovoid cells to bigger pine-cone-like
aggregates. It is reasonable to assume that similar changes in the
size and appearance of developing renal cells may be correlated
to the various stages of cellular differentiation that take place
during cap mesenchymal development. In growing cap aggre-
gates, the evident changes of the cellular shape revealed in this
study, as well as the different cellular affinity to bismuth subni-
trate and uranile acetate staining, could be related to the matu-
ration and aging of their cells. It's conceivable to assume that
most of the curved cells detected in the outer regions of the cap
mesenchymal aggregates evolve from the ovoid cells that were
usually found in the central area of the same aggregate. It’s gener-
ally believed that variations of the cellular shape modify the area
contact between adjacent cells and could account for changes
in transmembrane signaling and consequently for changes of
cellular metabolic activity [18,19].

A chaotic multitude of renal cells in different states of cellular
metabolic activity characterized the fascinating scenery of the cap
mesenchymal formation. Mitotic figures and apoptotic cells were
often seen to coexist with metabolically active cap mesenchymal
cells characterized by the presence of prominent and pleomor-
phic nucleoli. It's well known that the presence of well developed
nucleoli reflects RNA synthesising and therefore protein synthe-
sizing that is generally assumed to reflect metabolically active cells
[20]. Complexity and enlargement of nucleolar form were previ-
ously observed in tumor cells by several authors [21,22] and were
reported in proliferating cells, including cells in tissue culture,
stem cells and embryonic cells [23]. Moreover, multiple nucleoli
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Figure 2. Electron micrographs showing at higher magnification the outer portion of the mouse renal cortex. (A) Cap mesenchymal aggregates (CMA) adjacent
to the ureteric buds (UB) are present in different stages of differentiation. (B) Detail of a cap mesenchymal aggregate. Nucleoli (Arrowheads). Mitotic figure

(Arrow). Bars = 10 pm.

Figure 3. Details of cap mesenchymal aggregates. (A) Small cellular solid
nodule comprising few ovoid cells. (B, C) “Pine-cone body” characterized
by a more conspicuous number of cells. Note the presence of the ovoid
cell (OC) in the central region surrounded by different thin curved shaped
cells (CC), resembling a pine-cone-shaped structure. “Pine-cone body” cap
mesenchymal cells exhibit different affinity to bismuth subnitrate and uranile
acetate staining. Note the presence of evident nucleoli (arrowheads) in most
of the cellular constituents of the renal tissues. Bars = 5 pum.

were found in the growing oocytes of specific organisms where
they were supposed “to build up a large reservoir of maternal
ribosome in order to sustain early embryonic development” [24].
The prominent pleomorphic nucleoli may indicate a significant
increased cellular metabolic activity associated with cellular
differentiation during cap mesenchymal development. Taken all
together, these findings suggest that the early inductive events
that convert the mesenchyme to epithelium proceed in stages
from the condensed mesenchymal nodule to the renal vesicle
through the intermediate “pine-cone body” stage. Moreover they
indicate that the entire cap developmental process represents the
consequence of a complex balance between specific intercellular
signals involved in the regulation of protein synthesis, cell prolif-
eration, cell motility and apoptosis.

In conclusion, our study of nephrogenesis at ultrastructural
level in the developing NOD mouse kidney shows, for the first
time, the presence of a peculiar structure, here defined the “pine-
cone body,” due to its peculiar architectural organization of the
elongated comma-shaped mesenchyma-to-epithelial cells around
a central roundish cell. This finding highlights our ignorance of
some of the important morphological changes that characterize
cellular differentiation processes during early cap mesenchymal
development. The observation of this new developmental struc-
ture points out that further morphological studies by transmis-
sion and by scanning electron microscopy are needed to better
characterize the different renal developmental steps in several
animal species [11] as well as in humans. The significance of the
morphological changes here described in cap mesenchymal cells
in the “pine-cone bodies” remains to be ascertained and requires
additional ultrastructural, immunohistochemical and molecular
studies, in order to better investigate the intimate significance of
this new developmental structure.
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