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Giris ve Amac: Bu calismada BALB/c tipi fare embriyolarinda nefron gelismesi ve bu siire¢ sirasinda juxtaglomerular
apparatus (JGA) hiicrelerinin farklilasmalari incelenmistir. Kalin ve ince epon Kkesitler sirasiyla 1g1k mikroskobu (IM)
ve gecirimli elektron mikroskobu (TEM) ile incelenmistir.
Gere¢ ve Yontemler: Nefron gelismesi nefrojenik kesenin virgiil sekilli yapi, S-sekilli yapi, prekapiller,
olgunlagmamig glomerulus ve olgunlagmis glomerulus sathalarini gegmesiyle tamamlanir. JGA, IM diizeyinde nefron
gelismesinin olgunlagmis glomerulus evresinde ayirt edili. TEM gozlemlerine gore JGA’ y1 olusturan
jukstaglomerular (JG) hiicreler ile macula densa (MD) hiicrelerinin farklilagsmalarina dair isaretler daha erken,
prekapiller evrede goriiliir. Prekapiller evrede JG hiicreleri karakterize eden gelismis Golgi sahalar1 iginde ¢ok sayida
elektronca az yogun kiigiik kesecikler ile az sayida elektronca yogun iri renin graniilleri goriiliir. Olgunlagmig
glomerulus evresinde JG hiicrelerdeki elektronca yogun iri graniillerin sayisi artar. MD hiicrelerinin farklilagmalarini
prekapiller evrede apikal yiizlerinde primer silia gekillenmesi igaret eder. Olgunlasmis glomerulus evresinde MD
hiicrelerinin bazal ve lateral yiizlerinde derin zar katlanmalar1 gekillenir. Bu bolgelerde ¢ok sayida irilesmis
mitokondriler yer alir.
Bulgular: Renin-Angiotensin sistemin diizenlenmesinde mutlak rol oynayan JG hiicreler ile MD hiicreleri prekapiller
evrede, nefron gelismesi tamamlanmadan ve kan damarlari sekillenmeden once farklilagirlar.
Sonug: JGA hiicrelerinin bu kadar erken farklilagmalari renin-anjiotensin sisteminin hem bobrek gelismesi ve hem de
genel embriyo gelismesindeki 6nemini isaret eder.

Anahtar kelimeler: Fare Embriyosu, Isik ve Gegirimli Elektron Mikroskobu, Jukstaglomeriiler Hiicre, Makula Densa
Hiicresi, Nefron Gelismesi.

Abstract
Objective: This study examined the development of nephrons and the differentiation of juxtaglomerular apparatus
(JGA) cells in BALB/c type mouse embryos. Thick and thin epon sections were investigated by light microscopy
(LM) and transmission electron microscopy (TEM) respectively.
Materials and Methods: Nephron development is completed by passing through the nephrogenic vesicles in the
respected stages of comma shape body, S-shape body, precapillary, immature glomerular, and mature glomerular
stage. JGA is distinguished in the mature glomerular stage of nephron development at LM level. According to TEM
observations, signs of differentiation of juxtaglomerular (JG) cells and macula densa (MD) cells forming JGA are
seen earlier, in precapillary stage. In developed Golgi fields that characterize JG cells, large number of electron lucent
small vesicles and small number of electron dense large renin granules are seen in the precapillary stage. In the mature
glomerulus, the number of electron dense large granules increases in JG cells. The differentiation of MD cells is
indicated by the formation of primary cilia on their apical faces in precapillary stage. Deep membrane folds are formed



in the basal and lateral faces of MD cells in the mature glomerular stage.

mitochondria in these regions.

There are many numbers of large

Results: JG and MD cells, which play an absolute role in the regulation of the renin-angiotensin system are
differentiated in precapillary stage before completion of nephron development and formation of blood vessels.
Conclusion: Such early differentiation of JGA cells suggests that the renin-angiotensin system is important both in
the development of the kidney and in the total development of embryo.

Keywords: Juxtaglomerular Cell, Light and Transmission Electron Microscopy, Macula Densa Cell, Mouse Embryo,

Nephron Development.

1. Introduction

Metanephric kidney development is a very successful
model to understand the basic mechanisms that play a
role in the emergence of a complex organ in the embryo.
For example; how regional differences occur along body
axes, how the signaling molecules secreted by intrinsic
factors act, how proliferation, differentiation and
apoptosis are controlled in precursor cells, how extension
and branching of epithelial hollow channels are regulated
and how the loosely organized mesenchyme cells change
to closely attached polarized epithelial cells [1-3].
Informations about inductive signaling molecules that
play a role in development and their genes are increasing
[4]. The metanephric kidney develops from two
mesoderm-derived structures mutually stimulating each
other, ureteric bud originating from the Wolffian channel
and the metanephrogenic  mesenchyme cells.
Metanephrogenic mesenchyme cells induce prolongation
and branching of ureteric buds. The ureteric bud also
effects to collect the metanephrogenic mesenchyme cells
at the ends of the branches to form a cap-like structure
(blastemal cap) and gradually induces the changes related
to transformation from mesenchymal to epithelial cells
differentiation [5]. Cells that acquire epithelial characters
first form a sac called the nephrogenic vesicle. The
nephron, the structural-functional unit of the metanephric
kidney, develops by passing through the precapillary,
immature glomerular and mature glomerular stages after
comma and S-shape bodies respectively [6, 7]. While the
nephrons are developing, Juxtaglomerular Apparatus
(JGA) also develops and becomes a distinguishable
structure, during this process. JGA contributes the most
important tasks that the kidneys perform by an active role
in maintaining the water and ion homeostasis of the
organism and in controlling the blood pressure. [8, 9].
JGA is a special contact zone formed from the several
types of cells located around the afferent arteriole at
vascular pole of the glomerulus in the nephron structure.
Different types of cells located in close contact are
functionally related. One of the cell types is
Juxtaglomerular (JG) endocrine cells, which are located
among the smooth muscle cells of the arterial wall and
are releasing the renin. The second type of cells is Macula
Densa (MD) sensory cells, are present in thick ascending
arm of Henle loop, just before the convoluted section of
distal tubule, in anatomically approaching region to
afferent arteriole. Mesangial Cells (MC) spreading
among these cells also form the associated third cell type
[9, 10].

The renin-angiotensin system (RAS) is an important
hormonal cascade that regulates glomerular filtration and

nephron fluid flow rate, salt and fluid balance, and
arterial blood pressure homeostasis in the organism [11-
15]. JGA plays an active role in regulation of this
hormonal cascade, and renal secretion is the first key step
in the activation of RAS [16-20]. Renin secreting cells
are necessary for the morphological integrity of the
kidney and for normal kidney function to take place [21].
Endocrine and contraction tasks provide quick control of
blood pressure and body fluids [22]. They are in central
to perform the tasks of the JGA, and renin formation in
cells is sufficient to maintain homeostasis [17]. The
distribution of renin-secreting cells varies depending on
the physiological state of embryonic or adult age and
stimulation [23]. Renin-secreting cells bearing a-smooth
muscle actin  markers resemble pericytes and
myofibroblasts. Renin is stored in vesicles and granules.
[24].

Renin secretion from JG cells is controlled by MD cells
[25, 26]. MD cells are specialized distal tubule cells.
Each JGA has 20-30 MD cells [27]. The differentiation
of rabbit MD glycocalyxes from neighboring distal cell
glycocalyxes by lectin-gold marking technique [28]
indicates the functional differences of these cells from
distal tubule cells. MD epithelial cells are sensitive to
tubular flow and salt content [29]. In accordance with
anatomic localization, the MD cells identify the ionic
composition of the distal tubule fluid on the one hand. On
the other hand, they form and secrete paracrine chemical
mediators acting on JGA effector cells (afferent arteriolar
smooth muscle cells and JG cells) [18, 30, 31]. Paracrine
mediators that work in this tubulo-vascular crosstalk
communication are Nitric Oxide (NO) [24, 32-34] which
stimulates renin secretion, Prostaglandin E2 and ATP
molecules that inhibit renin secretion [30, 35]. They
regulate the mechanism known as tubulo-glomerular
feedback [18].

Two basic arrangements are realized with the JGA [18].
One is the stimulation of the tubuloglomerular feedback
mechanism with excessive NaCl in the distal tubule. The
other is stimulation of renin secretion with low NaCl.
NaCl elevation in distal tubule stimulates basolateral
ATP release from MD cells. ATP stimulates internal Ca?*
release in afferent arteriolar smooth muscle cells [35, 36].
Increased cytosolic free Ca?* concentration in
conjunction with related signal transduction pathways
[10], causes contraction of afferent arteriolar smooth
muscle cells [30], this contraction of afferent arterioles
lead to a decrease in glomerular filtration rate [36].
Proximal tubular flow is blocked to remove excess NaCl
by this way called tubulo-glomerular feedback.
Decreased NaCl in the distal tubule stimulates renin
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secretion [18]. Primary Cilia extending to the lumen on
the apical surfaces of the MD cells is responsible for the
detection of salt, metabolites, and flow changes in the
distal tubule fluid [25, 31, 36].

In general, primary cilia are nonmotile, solitary and
sensory organelles with a 9+0 axonemal microtubule
organization [37-42], on the surface of the majority of
differentiated mammalian cells [43-48]. They are
antennas that translate extracellular specific mechanical,
chemical and osmotic stimuli into intracellular
biochemical responses to control cell proliferation,
differentiation and movement [31, 49-54]. Primary cilia
have a central role [55] in regulation of cell cycle by
extracellular signals, in re-enter to cell cycle and division
of differentiated cells and in the events such as
autophagy, apoptosis and cell-tissue homeostasis [40, 45,
56]. It regulates signaling pathways that function in early
organogenesis, for example, neurogenesis [57, 58],
cardiogenesis [59], skeletogenesis [60, 61], osteogenesis
[62] and odontogenesis [63].

There are receptors, ion channels and the elements of
signaling pathways in particularly effecting on
development such as Notch, Hedgehog, Wnt, Planar Cell
Polarity, PDGF and other RTKs [37, 45-47, 56, 64-66].
Since protein synthesis is not performed in primary cilia,
the proteins found in the ciliary membrane are
synthesized in the cytoplasm and then transported to the
membrane in a way known as intraflagellar transport [43,
47, 67, 68]. The link between basic signaling pathways
and primary cilium in development has been revealed in
recent years. [43, 50]. Sensitivity of cilia is related to
length of the cilium [65]. Change in cilium length,
damage to the primary cilium and defects in the elements
of intraflagellar transport, generally cause congenital
disorders or diseases, called ciliopathies [47, 55, 65, 69,
70].

The presence of primary cilia in BALB/c type mouse
embryonic MD cells is compatible with indications of
cilia in MD cells in adult dogs [71], rabbits [36, 72] and
6-8 week old C57BL6J mouse [31]. However, there is no
information on embryonic cells. In this study,
differentiation of renin-secreting JG cells in the central
state, and of MD cells of the chief state controlling them
in the JGA formation, in the developing nephron of the
BALB/c type mouse embryos were determined. There
are a number of studies to determine the origin of renin
secreting cells and their role in renal vasculature.
However, the information on the embryonic status and
differentiation of MD cells is lacking.

2. Materials and Methods

BALB/c type mice were used as study material. Kidneys
were sampled from 12, 14, 16, 18 and 20" days old
fetuses and newborns after vaginal plate (day EO)
formation. The dissection of the tissues was carried out
in accordance with the ethical rules of animal
experimentation of Ege University.

Tissue specimens were fixed with 10% buffered neutral
formalin for routine hematoxylin-eosin (H&E) staining

and Karnovsky for electron microscopic examination
[73], then minimized.

For light microscopic examination; The samples were
dehydrated in gradually increasing alcohols. They were
clarified in xylol and embedded in paraffin. 5 um paraffin
sections were stained with H&E.

For electron microscopic examination; After fixation,
the samples washing with 0.1 M cacodylate buffer (pH
7.4), a second fixation step was performed with buffered
osmium tetroxide (OsOs) [74] and samples were clarified
with toluol after dehydration by passing through ethanol
gradients series (25%, 50, 75, 90, 100) and embedded in
resin, Epon 812 (Serva). Thick sections of 1 um thickness
was stained with 1% borax toluidine blue and used for
light microscopic investigation. Thin sections were
stained with uranyl acetate-lead citrate [74] and
examined by Transmission-Electron microscope (Jeol
100C).

3. Results and Discussion

3.1 Light Microscopic Findings

Development of nephron in BALB/c type mice begins
with the formation of nephrogenic vesicles by acquiring
polarized and firmly adherent epithelial cell characters of
loosely structured metanephrogenic mesenchyme cells
piled up at the ureteric bud tips (Figure 1A). The
development is completed by passing of the nephrogenic
vesicle through the stages of in comma-shaped body
(Figure 1B), S-shaped body (Figure 1C), precapillary
(Figure 1 D, E), the immature glomerular (Figure 1F) and
the mature glomerular (Figure 1G), respectively.

Cell group that will form glomerulus and tubule regions
approach each other on the 12th day of embryonic
development in the S-shape body stage (Figure 1C). At
the beginning of this stage, since there are few mesangial
cells between them, the cell groups that will form the
tubules and the glomerulus are close to each other (Figure
1C). In the precapillary stage of the development, the two
layers of the Bowman capsule become distinct (Figure
1D). Between the Bowman capsule and the tubular cells
facing it, more mesangial cells are inserted as if they were
flowing (Figure 1E).

It is known that the cells, migrating from non-glomerular
mesangial cells to this region, form blood vessels and
differentiate also into secretory cells located around them
[75, 76].

Nephron development in BALB/c type mice reaches to
the immature glomerular stage at the 14th day of
embryonic development. From the 18th day of
development, the mature glomerular stage is commonly
seen in the medulla of the kidney (Fig. 1 G, H). In the
periphery of the kidney, induction for new nephron
development continues (Figure 1 H, I).

3.2. Transmission Electron Microscopic Findings

JGA is distinguished in the mature glomerular stage
(Figure 1G) at the level of light microscopy, as a close
contact zone of several differentiated cells. TEM
observations indicate that cell types participating in the
JGA structure, begin to differentiate at an earlier stage of
nephron development.
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Figure 1. Nephron development in BALB/c type mouse embryos. Nephron development begins with formation of a sac, namely the nephrogenic
vesicle (NV) which is formed from the cells acquired epithelial characteristics and separated from blastemal cap. A blastemal cap (<) and a NV
together with a proximal (p) and distal (d) portions appear in A. Occurrence of a cleft in distal part of the NV causes the formation of a comma like
structure (B). The hook-shaped tip of this cleft is composed of two cell layers, the parietal layer (%) of the Bowman capsule, and the visceral
epithelium (4 ) where podocytes develop. Proximal part of this structure forms tubules (T) in B and C. The nephron structure that develops by rapid
mitosis and elongation towards the back passes through the S-shaped body stage (C). With intense mitotic activity, the tubules extend by making
mandatory curls when the site is narrow. The development of nephron is completed by passing through the stages of the precapillary (D, E),
immature glomerular (F) and mature glomerular (G) =: Vascular pole at the mature glomerular stage. Embryonic stimulation continues under the
capsule when the mature glomeruli, the first to form, are located near the medulla of the kidney in 18" day of the development (Figure H, I). (1 pm
Epon section, toluidin blue (A-G). 5 um Paraffine section hematoxylin eosin (H, 1), Scale, A:20, B-G:10, H:200, I:50 pum).

The first morphological signs of cell differentiation are
seen in S-shaped body stage (Figure 1C).

Visceral cells of Bowman's capsule, tubule cells and
mesangial cells inserted between them, all are located
close to each other and directly faced by plasma
membrane and surface covers in the S-shaped body stage
(Figure 2). They are characteristic embryonic cells with
abundant free polysomes in their cytoplasm. According
to electron density mesangial cell cytoplasm is less dense
than other cells. However, as signs of differentiation in
the podocyte cells in the Bowman capsule visceral layer,
occurrence of large intercellular spaces created by the

deep foldings of the plasma membrane and the initiation
of formation of primer podocyte feet attached to the basal
plate can be shown (Figure 2).

Initial signs of differentiation of JGA-forming cells are
observed in the precapillary stage (Figure 3). Cells
located between the basal sides of tubule cells with
Bowman's capsule visceral cells, begin to differentiate
into juxtaglomerular (JG) endocrine cells releasing renin.
Numerous developed Golgi fields are seen in the cells.
Golgi fields have abundant clear vesicles. Similar clear
vesicles are defined as prorenin vesicles containing
inactive renin [19].
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Figure 2. The S-shape body stage. Bowman's capsule visceral cell
(VS), tubule cell (TC) and mesangial cell (MC) inserted between them.
All are located close to each other and directly faced by plasma
membrane surface covers. Initiation of a primer podocyte foot in red
small square and an enlarged image in red big square. (Uranyl acetate
and lead citrate, X 21168).

Figure 3. The precapillary stage. Tubule cells (TC), visceral cells (
and the cells in the differentiation process for JG cells (JGC). Basal
layer (—) (Uranyl acetate-lead citrate, X 22825).

There is no noticeable additionally signs for
differentiation in the basal membranes of the visceral
layer and tubule cells facing with the mesangial cells.
However, enlarged granular endoplasmic reticulum
vesicles in tubule cells are more abundant than found in
the cells of S-shaped body stage. On the lumenal side of
some tubule cells, there are the signs that the cells in this
region differentiated to the MD cells. Some cells have a
characteristic cilium structure with basal body and sister
centriole structure underlying the plasma membranes
(Figure 4).

The development of the cilia on the apical surfaces
indicates that these tubule cells are differentiated to the
sensor MD cells in the precapillary stage.

Two polar zones of Bowman’s capsule, namely vascular
and urinary zone, are distinguished in mature glomerular

stage (Figure 1G). At the electron microscopic level,
renin-secretory granules become larger in JG cells
(Figure 5).

ot - e e
recapillary stage. The apical parts of the cylind
in occurrence region of the macula densa. Golgi area (G), granular
endoplasmic reticulum (ER), mitochondrium (M), desmosome
structures (P), tight junction (>>) regions, cilium (s) structure, basal
body and sister centriole in white circle, ciliary pocked (=), cell
membrane (€) (Uranyl acetate-lead citrate, X 20750).

i

Figuré 5. The mature glomerular stage.'Large and electron dense renin-
like secretory granules (%) in Juxtaglomerular cell (JGC), (Uranyl
acetate-lead citrate, X 20750).

Apart from the afferent arteriolar, there are many of JG
cells with extensions. Some of them resemble smooth
muscle cells with myofibril bundles present in their
cytoplasm MD cells are rich in organelles. The number
and size of mitochondria have increased. Numerous
membrane folds are seen on the basal and lateral sides of
the cells. Mitochondria are also concentrated in these
regions (Figure 6). The characteristic structural features
of JGA cells, which are started to be distinguished in
precapillary stage and completed in the mature
glomerular stage, are summarized in figure 7.
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Figure 6. The mature glomerular stage. Large mitochondria (LM) close
to the membrane folds (mF) on the basal side of MD cell. (Uranyl
acetate-lead citrate, X 20750).
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Figure 7. JGA cells. Schematic features of juxtaglomerular
cells (JGCs) around the afferent arteriol (AA), macula
densa cells (MDCs) in close contact with JGC and
mesangial cells (MCs) among them. PrC: Primary Cilium,
EC: Endothelial Cell, PEC: Parietal Cell, DCT: Distal
Convoluted Tubule.

3.1. Discussion

Development of metanephric Kidney in mouse embryo
begins by stimulation ureteric bud formation from the
Wolffian ducts by the signals originating from
metanephrogenic blastema in the caudal part of the
intermediate mesoderm. It has been reported that this
stimulation started at the earliest 9th (E9) day [6] or 9.5th
(E9.5) day [77] prevalently after the 10th day (E10.5) [3,
4,7, 78]. In present study, a blastemal cap occurring from
metanephrogenic mesenchymal cells was formed on the
11" (E11) day of the development. After this initial
stimulation, metanephric kidney development is directed
by both of ureteric bud and the metanephrogenic cell
population adjacent to the ureteric bud [79]. All the stage
of nephrogenesis in BALB/c type mice are compatible with
the notifications in other mice [6, 80]. However, the
completion times of the stages were appeared slightly later
manner. For example, the occurrence of the first mature
glomerulus was mentioned after 14" day of the
development [6], whereas it was observed in 18" day of the
development, in BALB/c type mice. New branches
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produced successively from ureteric buds by the inductions
of metanephrogenic mesenchymes intercalate into the
metanephrogenic mesenchymes. A blastema cap from
metanephrogenic mesenchymal cells is formed on the 11%"
(E11) day of embryonic development and later a
nephrogenic vesicle occurs from epithelial cells originating
from metanephrogenic mesenchyme. All regions of the
nephron structure develop from this nephrogenic vesicle,
by passing all the steps of nephrogenesis. The first mature
glomerulus is produced after 14™ day of embryonic
development (E14.5) [6]. Stages of nephrogenesis in
BALBI/c type mice are compatible with the notifications in
other mice [6, 80] summarized above. However, in this
study, glomerulus was observed slightly later, on 18" day
than the others.

One of the cells that started to differentiate first from the
embryonic cells in the nephron structure, is podocyte cells.
The observations of distinguishable of visceral and parietal
cells at LM level (Figure 1C), and large intercellular spaces
together with beginning of podocyte feet formation at TEM
level (Figure 2) are consistent with the finding that R-
cadherin (which plays an important role in the early stages
of glomerulogenesis) detection on mouse primer podocyte
feet in the S-shaped phase by an immuno-gold [81] staining
method. In addition, the presence of D1 type cyclin (which
is responsible for the regulation of proliferation and
differentiation) in the S- and comma-like body stages, while
the presence of cyclin D3 [82] at the following stages
indicates that podocytes differentiate early in development
of nephrons. In the following precapillary stage, the cells
forming the JGA are differentiated.

JG cell progenitors differentiate from the cell population
containing the Fox D1 transcription factor among
undifferentiated metanephrogenic mesenchyme cells [83-86]
before vascularization in embryonic kidney interstium [87].
Renin expressing JG cells are also progenitor cells for non-
renin-forming cells, such as smooth muscle, pericyte,
mesangial, epithelial, extrarenal and podocytes [20, 21, 88-
90]. Renin-forming cells are likely to play a role in the
development of kidney vessels [16, 20, 83, 85-87] by
synthesizing other factors [83]. The differentiation of renin-
secreting cells in the JGA in the precapillary stage of nephron
formation in the 14-day embryo with TEM in BALB/c type
mice overlaps with the detection of renin mMRNA in mouse
embryonic kidney before 14.5 days of arterial development
[91]. In this study, the electron lucent small vesicles in
precapillary stage and the electron dense granules increased
in size and number in the mature glomerular stage are similar
to the inactive prorenin and active renin containing granules,
respectively, as previously identified in mouse JG cells [19].
Non-active prorenin is glycosylated in the Golgi vesicle
during the course of the maturation. During the activation of
renin granules, the prosegments are cutted and removed, and
small granules are combined [19]. Mature renin granules
have different internal electron densities [92]. It is reported
that 75% of the renin synthesized in JG cells is prorenin, 25%
of them form electron dense secretory granules [93] and
mature granules are secreted by exocytosis [19, 23].

MD, which are the JGA sensory cells, plays an important
role in the control of renin secretion [18, 31, 35, 36].



Regulation of renin secretion [18, 24, 35] and
tubuloglomerular feedback formation [10, 18, 31, 36] are
realized by paracrine effects [25] using NO [32],
prostaglandin E2 and ATP [30, 35] which are formed by
MD cells. For this purpose, primary cilia are responsible
[31, 36] for the detection of the changes in salt,
metabolites, and flow in the distal tubule fluid of MD [25,
30, 31, 36]

The first record of the presence of single or multiple cilium
together with basal body and centriole, which has 9 + 2
tubule structure in MD cells, belongs to the dog kidney MD
[71]. Subsequently, it was reported that rabbit kidney MD
cells also carry cilia [72]. The presence of primary cilia
with 5-8 pum length in the apical membranes of each MD
cell was showed by immunofluorescence marking of a-
tubulin which is a ubiquitous component of primary cilia
in 6-8 week-old C57BL6J mice, and was reported to act as
a current sensor [31]. In 8-12 week-old C57BL/6 mice,
nitric oxide (NO) formation was measured with
fluorescence dye [27] in mice specifically knock-out of
primary cilia in MD and thick ascending limb. Dominant
isoform of NO in MD cells is induced by NOS1 (Neuronal
nitric oxide synthase 1). Knocked out mice showed a rapid
tubuloglomerular feedback response in both in vivo and in
vitro conditions together with marked reduction in NO
formation.

It has been reported that primary cilia present in New
Zealand white rabbit MD cells act as a current sensor to
activate NOS [36] to accelerate NO formation that inhibits
tubuloglomerular feedback response. In this study, it is
seen that in BALB/c type mice, the MD cells carry the
primary cilium with a characteristic basal body (mother
centriole), the ciliary pockets and a sister centriole (Figure
4). Since the primary cilium supported by the basal body is
an organelle in undividing cells [49] and in differentiated
cells staying in the G1/Go phase of the cell cycle [94, 95],
it is acceptable that the MD cells differentiated in
precapillary stage of the developing nephron. These early
differentiations of MD cells are related to their important
role in the chief position in the JGA, which plays an active
role in the RAS cascade that regulates fluid and electrolyte
homeostasis in the organism.

The primary cilia detect changes in the MD lumen and
transmits them to the cells to perform their assigned tasks.
Primary cilia in the development of mammalian kidney are
seen in no more dividing cells of the ureteric buds and the
renal vesicle, in early stages of the nephron development.
Following in comma-shaped body and S-shaped body
stages, the primary cilia appear in the cells of collecting
ducts. In mature nephron, they are commonly found in the
cells of nephron tubules and collecting ducts [96]. The
primary cilia in the kidney feels a flow of urine, controls
cellular responses, and is necessary for the protection of the
epithelial sheaths of the tubules [97]. They play a critical
role in kidney pathophysiology. Deficiency of primary cilia
initiates to get mesenchymal characterization of epithelial
cells [98].

The presence of basal bodies and centrioles in basal part of
cilia is a special feature of cells [39]. The primary cilia-
mediated signaling plays a role in various cellular events

401

such as proliferation, differentiation, cytoskeleton
organization, movement, cell cycle regulation, apoptosis,
and autophagy in epithelial cells [56, 69, 96, 99, 100]. The
control of cell cycle and movement are critical events for
development and performances of the tasks of the tissues
[50]. If primary cilia-bearing differentiated cells decide to
continue the cell cycle, the structure of primary cilia begins
to disintegrate [94]. Re-entry into the cell cycle of the cells
is the insurance of repair events in the kidney tubule cells.
[97]. The evens for proliferation and cell differentiation are
precisely controlled during repair. Extensive efforts are
being made to explain the mechanisms of cell cycle-related
formation and disruption of the primary cilia to regenerate
damaged cells [49] and to control tissue repair [101]

4. Conclusion

JG and MD cells were differentiated in precapillary stage
before completion of nephron development and formation
blood vessels in developing embryo.

The differentiations of JG and MD cells were characterized
by the formation of renin granules and primary cilia,
respectively.  Renin-angiotensin ~ system a largely
widespreading in embryo and mature organism is
responsible for the continue of homeostasis. Since all cell
types bearing primary cilia have a repairing and restoration
capacities, this potential of MD cells is very valuable and
creative for the efforts to improve the disorders in the renin-
angiotensin system.
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