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Histological Observations on Cell Death in the Developing Kidneys of the Fetal
and Newborn Mice, with Special Reference to Differentiation of Nephron-forming
Cells in the Renal Cortex

Akihisa SHINDO

Cell death occurring in developing kidneys was cxamined light microscopically in 30
ICR-mice. The kidneys were removed at 18 days of gestation, 0 and 2 days after birth, fixed in
Karnowsky's fluid and embedded in glycolmetacrylate mixture for | ym semithin sections.
Distribution of apoptotic cells was also examined by the TUNEL (TdT-mediated dUTP nick
end-labeling) method in paraffin section. Between 18 days of gestation and 2 days after birth,
the kidneys contained not only numerous mitotic figures but also dying cells with pyknotic and
fragmented nuclei.  After birth, number of dying cells per unit area slightly increased, and its 3-
fold increase was observed in the medulla. Dying cells could be recognized in both

nephron-forming cell clusters and mesenchymal cell clusters, and numerous dying cells could be
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detected in the outer cortex beneath the capsule and the medullary papilla. Since clearcut positive

staining appeared in the TUNEL assey, the cell death was shown to be through apoptosis.

In the process of nephron development in the cortex, metanephric cap, i.e. the cell mass of

mesoderm, was first formed around the tips of the two branches of ureteric ducts, then the cell mass

became comma-shaped. As the glomerular apparatus of the nephron took shape, a slit formed in the

comma-shaped metanephric vesicle, transforming it into an S-shaped structure, and the metanephric

vesicles were invaded by capillaries through the slit. The apoptotic cells in the nephron-forming

cell clusters appeared at an S-shaped metanephric vesicle stage and were localized in the cell layer

of future glomerular capsules. The relationship between programmed cell death and nephron-

forming cell differentiation in the renal cortex was discussed. (Accepted on April 30, 1998) Kawasaki

Igakkaishi 24(1) . 7 =15 1998
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Fig. 1. Mouse kidney. Two days after birth, Toluidine blue

staining.

a. A low-powered micrograph, x 16. C cortex, M !
medulla, CMI I cortico-medullary junction.

b. Renal cortex. The outer cortex beneath the renal
capsule (RC) contains numerous immature meta-
nephric vesicles, and well developed glomeruli (G)
can be observed in the deep cortex near the cortico-
medullary junction.  » 100.
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Fig. 2. Nephrons at various developmental stages in the cortex,

staining, X 660. UB . wureteric bud.
a. Metanephric cap (MC) stage.

b. Comma-shaped metanephric vesicle (CMV),
The asterisk indicates a slit for capillary invasion.

¢. S-shaped metanephric vesicle (SMV).
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Toluidine blue

Two days after birth.

d. Developing renal corpuscle. The visceral epithelium (VE) and parictal epithelium (PE) of

Bowman's capsule surround an immature glomerulus (G),

A pyknotic nucleus (arrow) can be

seen in Bowman's capsule. and a renal tubule (RT} contains a mitotic figure (arrowhead).
e. An immature renal corpuscle in the deep cortex. G I glomerulus, PE [ parietal epithelium, RT : renal

tubule, VE ! visceral epithelium.
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Fig. 4. Renal medulla. Toluidine blue staining. > 3(0. RP:renal papilla,
a. Eighteen days of gestation.

Fig. 3. A schematic diagram showing nephron

formation in the renal cortex.

In the process of nephron development in the
cortex, a metanephric cap (MC) is first formed
around the tips of the two branches of ureteric
bud (UB) beneath renal capsule (RC), and then
the cell mass becomes a comma-shaped me-
tanephric vesicle (CMV). Then a slit is formed,
and the metanephric vesicle is invaded by
capillaries (C) through the slit, transforming it
into an S-shaped metanephric vesicle (SMV).
The epithelium of Bowman’s capsule diffe-
rentiates into two cell layers, visceral epit-
helium (VE) and parietal epithelium (PE), and
then Bowman's space (BS) is formed.

Abundant mesenchymal tissue (%) can be seen among

the renal tubules and collecting ducts.
b. Two days after birth. A renal papilla(RP) projects into the pelvis, and mesenchymal
tissuc disappears from the renal medulla.
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Fig. 5. Light micrographs of the renal cortex stained by TUNEL. Two days after birth.
a. A low-powered micrograph. TUNEL positive cells (arrows) are scattred throghout
cortex and medulla. % 50. CMJ:corticomedullary junction
b. An S-shaped metanephric vesicle (SMV). A TUNEL positive cell (arrow) is seen
in the visceral epithelium (VE). = 1000. C:capillary, PE:parictal epithelium.
¢. An Immature renal corpuscle, A TUNEL positive cell (arrow) is seen at the
periphery of the glomerulus (G) close to Bowman’s space (¥). % 1000.
PE:parietal epithelium, VE:visceral epithelium.
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Fig. 6. A diagram showing distribution of cell = E
death in the kidney at two days after birth. i’ ]
The dotted area represents the renal cortex. 24 — O — cortex
The solid circles indicate cell death in - —®— medulla
developing nephrons, and the open circles O:I' ' ' :
show cell death in the mesenchyme. Nu-
merous dying cells appear, in paticular, in the 18 0 2
outer certex:and renal papitla. Days of gestation —-|~7 Days after birth

Fig. 7. The number of cell death per renal unit area from 18 days
gestation o 2 days after birth. The values represent mean + SD.



M S X O 7 AR O SR 13

PE:parietal epithelium, VE:visceral epithelium.

a. An S-shaped metanephric vesicle (SMV). The arrow indicates a cell with a strongly pyknotic
nueleus in a future Bowman’s capsule near a capillary (%) within the SMV.
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Fig. 8. Cell death in developing nephrons. Two days after birth. Toluidine blue staining, * 1000.
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b. An immature renal corpuscle. A nuclear residue (arrow) can be seen probably within a

Bowman's space (BS).  G:glomerulus.
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Fig. 9. Eighteen serial sections of an $-shaped metanephric vesicle from

the renal cortex. Two days after birth.
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