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PRELIMINARY EXAMINATION OF THE HISTOLOGICAL ASPECTS OF HUMAN FETAL 
KIDNEY (Abstract): Introduction: The histology of fetal kidney differs significantly from the 
adult kidney, because the nephrogenesis, the synthesis of new nephrons, lasts until the end of the 
fetal period. The kidney develops from two mesodermal primordia: the metanephric blastema 
forms from the intermediate mesoderm and the ureteric bud forms from the mesonephric duct. 
Materials and methods: We studied the histological structure of the fetal renal tissues in 18 post 
mortem fetuses from the Department of Anatomy and Embryology, University of Medicine and 
Pharmacy Tîrgu Mureş. Results: On HE stained sections we identified the nephrogenic zone and 
the developing nephrons in different stages of their development. We noted the increase of renal 
size, cortical thickness and the number of glomeruli. Discussion: Our results are similar with 
those in the literature data. In the nephrogenic zone of the cortex, which is formed by undifferen-
tiated stell cells, newgenerations of nephrons appear during fetal life. The nephrogenic zone is 
composed of thick undifferentiated blastema cells. The newly formed nephrons are organized in 
layers: the oldest nephrons are located in the inner portion of the cortex, while the youngest 
nephrons are located in the outer layer of the cortex. Conclusion: The development of the nephron 
in humans follows the development of the nephron understood from the studies made on mice and 
rats. Keywords: FETAL KIDNEY, METANEPHRIC BLASTEMA, NEPHRON

INtROductION
The human kidney filters 180 liters of blood 

per day, around 20% of the cardiac output. It 
removes the harmful metabolites, regulates the 
concentrations of ions, fluid and acid-base bal-
ance, the blood pressure, erithropoesis and the 
serum levels of the calcium and phosphor (1). 

The histology of fetal kidney differs sig-
nificantly from the adult kidney, because the 
nephrogenesis lasts until the end of the fetal 
period (2).

The kidney develops from two mesodermal 
primordia: the metanephric blastema forms 
from the intermediate mesoderm and the ure-
teric bud forms from the mesonephric duct (2, 
3, 4, 5). 

During the 5th week of development, the meta-
nephric blastema and the ureteric bud are formed. 
Until the end of the 5th week the tip of the 

ureteric bud penetrates the metanephric blas-
tema and cells of the metanephric blastema 
surround the tip of the dilated ureteric bud. 
This is called the metanephric cap (2, 3, 4, 5).

At the beginning of the 6th week, the am-
pulla develops from the ureteric bud, and di-
vides in dichotomic way inside the metanephric 
blastema. The first branching forms the upper 
and lower polar branches, which is followed by 
the cranio-caudal elongation of the kidney. The 
polar branches will divide in secondary polar 
and interpolar branches, forming four, primi-
tive major calyces. Each of these is surrounded 
by cells of the metanephric blastema. Further 
branching results in minor calyces, lamina cri-
brosa, papillae and the first generation of col-
lecting ducts. At the end of the 6th week the 
primitive renal lobe is recognizable (2, 3, 5).

In the 7th week the nephron develops from 
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the metanephric blastema surrounding the col-
lective ducts. The metanephric blastema sur-
rounding the first generation collecting ducts 
will form an S shaped tube (2, 4).

In the 8th week, the first generation nephrons 
are present, and by the end of the week the 
characteristic histology of each segment is de-
veloped. The first glomerule appears in the 9th 
week.

By the 12th week the renal sinus, major and 
minor calyces and the tips of the papillae reach 
their final form. In the 13th week the nephro-
genic zone, the cortex and the renal pyramids 
also reach their final forms (2, 4).

Most of the studies in the literature about 
the histology of renal development are experi-
mental models from mouse and rat kidney tis-
sues. In this paper we would like to present the 
preliminary histological aspects of the fetal 
kidney development on human fetal kidney tis-
sue, this paper being the introduction of an 
immunohistochemical study of the kidney de-
velopment made on human fetal kidney tissues.

mAtERIALS ANd mEthOdS
We studied 18 post mortem fetuses of 9-24 

weeks from Anatomy and Embryology Depart-

ment of the University of Medicine and Phar-
macy of Tirgu Mures. Our study is approved 
by the Ethical Committee of the University of 
Medicine and Pharmacy of Tirgu Mures. We 
established the age of the fetuses by measuring 
the crown-rump length: Weeks 9-12: 1 fetus, 
weeks 13-16: 5 fetuses, weeks 17-20: 5 fe-
tuses, weeks 21-24: 7 fetuses. Dissection of the 
fetuses was performed at the Histology Labora-
tory of Anatomy and Embryology Department, 
and samples were collected from the kidneys 
and embedded in paraffin. Histological sections 
were obtained and hematoxylin-eosin staining 
was performed.

RESuLtS
The size of the kidney increased with the 

increase of gestational age (Fig 1). 
Under light microscope we identified the 

nephrogenic zone of basophilic staining in the 
outer portion of the renal cortex (Fig. 2). In 
this zone we identified the developing nephrons 
in different stages of their development: ure-
teric bud, renal vesicle, comma-shaped body 
and S-shaped body. We also identified the me-
tanephric blastema (Fig. 3 and Fig. 4). 

During the period examined by us, the renal 
cortex increased in thickness and in its number 
of glomeruli (Fig 5). We identified glomeruli 
scattered in the whole thickness of the renal 
cortex. In the renal pyramids we identified the 
renal tubules, which also increased in number 
and size with the gestational age (Fig. 4C). 

dIScuSSION
During fetal life, newer and newer genera-

tions of nephrons appear in the nephrogenic 
zone of the cortex. The nephrogenic zone has 
a band-like position in the outer portion of the 
renal cortex.

The formation of the nephrons starts with 
the renal vesicle, which elongates and gives 

fig. 1.A. Fetal kidney, 13 - 16 weeks; B. Fetal kidney, 17-20 weeks

fig. 2. Nephogenic zone 17-20 weeks, HE, 4x

                              A                                                                  B
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birth to the S-shaped body of the developing 
nephron. The end of the S shaped body where 
it unites with the collecting duct from the ure-
teric bud, forms the distal tube. The middle 
portion gives birth to the Henle loop, while the 
proximal segment is organized in two layers of 
epithelium, forming the Bowman-capsule and 
the podocytes (4). 

The nephrogenic zone is composed of thick 
undifferentiated blastema cells, which gives 
basophilic staining to this portion of the cortex. 

Histologically, based on the location of the 
glomeruli, the newly formed nephrons are or-
ganized in layers. The oldest nephrons are lo-
cated in the inner portion of the cortex, while 
the youngest nephrons are located in the outer 
layer of the cortex, immediately under the ne-
phrogenic zone. By the end of the fetal nephro-
genesis, the nephrogenic zone disappears at 36 
weeks (2).

In the early stages of the nephrogenesis, 
Six2+ multipotent progenitor cells are sur-

fig. 3.A. Ureteric bud (UB), 21-24 weeks, HE, 20x; B. Ureteric bud (UB) and mesenchymal cap 
(MC), 21-24 weeks, HE, 20x; c. Pretubular aggregates (PA) next to the ureteric bud (UB), 21-24 

weeks, HE, 20x; d. Renal vesicle (RV), 21-24 weeks, HE, 20x

                              A                                                                  B

                              c                                                                  d
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rounding the mesenchymal cap and the ureter 
bud. The progenitor cells of the mesenchymal 
cap, on the induction from the ureteric bud, 
self-renew or give birth to the nephron’s ducts. 
Thus from the Six2+ cells first forms the renal 
vesicle and after that the S-shaped body. The 
progenitor pool of the renal vesicle gives birth 
to many types of epithelial cells, which will 
form the renal tubules’ different types of epi-
thelium (proximal tubular cells, distal tubular 
cells, linking tubular cells and podocytes). The 
Six2+ cells don’t have role in the development 
of the collecting ducts, vascular network of the 

nephron and of the interstitium (5, 6). 
Based on the newest data from the literature, 

epigenetic mechanisms have an important role 
in the molecular regulation of renal develop-
ment. Inhibition of histone-deacytelase (HDAC) 
results in large scale apoptosis in the primitive 
nephron and ureteric bud derivates. These mal-
formations are realized by modifications in the 
cell cycle, canonic Wnt, TGFb/Smad, or PI3K/
AKT pathways. The absence of numerous sub-
types of HDAC from the ureteric bud or the 
nephron progenitor cells causes renal cystic 
hypodysplasia. It also disturbs the dichotomic 

                              A                                                                  B

                              c                                                                  d

fig. 4.A. Comma-shaped body (asterisk), 21-24 weeks, HE, 20x; B. S-shaped body, 21-24 weeks, HE, 
20x; c. Maturating nephrons, 21-24 weeks, HE, 5x; d. Maturating glomerule, 21-24 weeks, HE, 20x
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morphogenesis in the ureteric bud, causing de-
creased cell proliferation and increased apop-
tosis. In the nephron progenitors it disturbs cell 
proliferation and the development of the ne-
phron stops in the stage of renal vesicle. Both 
cases showed increased acetylation of p53. The 
most affected signaling pathways were the Wnt 
Hedgehog and p53 signaling pathways (7).

The presence of p53 and its negative regula-
tors Mdm2 and Mdm4 is very important in 
renal development. These proteins show up on 
every lineage of kidney development, their ex-
pression changes in time. Deletion of Mdm2 
and the absence of Mdm4 cause branching dis-
orders of the ureteric bud, resulting in smaller 

ureteric bud tips. This causes communication 
problems between the ureteric bud and the mes-
enchymal cap, thus disturbing the development 
of the nephron. The p53 deletion in the ure-
teric bud results in dysplasia and double ureter 
because of the overstimulation of the Akt medi-
ated pathway. In the mesenchymal cap, the de-
letion of p53 causes the loss of progenitor cells, 
elongation of the cell cycle, hypoplasia and 
nephron deficit (5). 

cONcLuSIONS
The development of the nephron in humans 

follows the development of the nephron under-
stood from the studies made on mice and rats. 

                              A                                                                  B
fig. 5.A. Fetal renal cortex (C), 13-16 weeks, HE, 5x; 

B. Fetal renal cortex (C), 21-24 weeks, HE, 5x
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