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SUMMARY

The kid ney is one of the main ex cre tory and homeostatic or gans of the
body. It ex cretes most of the fi nal prod ucts of me tab o lism, and con trols the
con cen tra tion of cer tain con stit u ents of the body flu ids. Organogenesis of the
kid ney is com plex and step wise pro cess with the suc ces sive ap pear ance of
pronephros, mesonephros, and metanephros. Pronephros and mesonephros
are the tran sient struc tures with lit tle ex cre tory ca pac ity, which pre cede the
for ma tion of the adult (metanephric) kid ney. Metanephros grow as the re sult 
of the re cip ro cal in duc tive in ter ac tions be tween the two pri mor dial
mesodermal deri vates: ureteric bud, an ep i the lial out growth of the Wolffian
duct, and metanephric blastema, a group of mesenchymal cells. The ureteric
bud causes the metanephric mesenchyme to dif fer en ti ate and form nephrons, 
whilst the metanephric mesenchyme causes the ureteric bud to grow and bi -
fur cate to form col lect ing ducts. The nephron pro gresses through four de vel -
op men tal stages, which are de scribed as 1) ves i cle, 2) comma-shaped and
S-shaped stages, 3) de vel op ing cap il lary loop, and fi nally 4) ma tur ing
glomerulus stage. 

Despite its importance, the origin of the kidney vasculature is not
completely elucidated. As the renal vesicle invaginates, signals, presumably
elaborated by the cells of the vascular cleft, recruit angioblasts or endothelial
cells into the forming glomerulus. Once within the vascular cleft, the
endothelial cells undergo mitosis and assemble into a capillary as the
glomerulus expands. The glomerular basement membrane is assembled from 
extracellular matrix components produced by both the endothelium and
podocytes. Finally, mesangial cells or “glomerular pericytes” are also
recruited into the glomerulus and they contribute to the stabilization of the
glomerular capillary tuft. 

The fetal kidney produces dilute urine which is a major input into the
amniotic fluid. Any factor preventing urine production by the kidneys could
thus induce fetal abnormalities. Recently, several studies emphasized the
relation of kidney development and adult renal diseases.
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IN TRO DUC TION

The kid ney is one of the main ex cre tory and
ho meo static or gans of the body that evolved as
proto vertebrates mi grated into fresh wa ter to keep
their in ter nal en vi ron ment of high osmolarity from
sur round ing fresh wa ter (1). It ex cretes most of the
fi nal prod ucts of me tab o lism, re mov ing them from
the blood and con trols the con cen tra tion of cer tain
con stit u ents of the body flu ids, such as salt and uric
acid, man ag ing their ex cre tion and re ab sorp tion (2).

The knowl edge of hu man fe tal kid ney deve -
lopment is still lim ited. Sev eral stud ies em pha sized
the re la tion of fe tal kid ney de vel op ment, es pe cially
nephro genesis, to adult re nal dis eases. It has been
pro posed that kid ney dis ease may be de ter mined by
events that oc curred dur ing fe tal de vel op ment (3,4).
Brenner et al. (5) sug gested that con gen i tal nephron
def i cits pre dis pose in di vid u als to hy per ten sion later
in life. It has been also doc u mented that any dis tur -
bance of the ureteric bud out growth dur ing re nal
organogenesis and/or its branch ing pat tern may lead 
to re nal mal for ma tion and var i ous de gree of
oligonephronia (6). 

The hu man kid ney is con sti tuted of blood ves -
sels, con nec tive tis sue, and ep i the lial cells. How all
of these el e ments get there?

HU MAN KID NEY DE VEL OP MENT

Two pro cesses are re spon si ble for the or gan
growth and de vel op ment: organogenesis, the pro -
cess of spe cific in duc tion and dif fer en ti a tion of
cells, and mat u ra tion, the pro cess dur ing which an
or gan achieves its com plete func tional ma tu rity (7).

Organogenesis of the kid ney is a com plex and
step wise pro cess with the suc ces sive ap pear ance of
pronephros, mesonephros, and metanephros (8).
Orga nogenesis in volves many cel lu lar pro cesses,
such as cell pro lif er a tion, cell ad he sion, apoptosis,
cell dif fer en ti a tion, changes in cell shape and cell
mi gra tion, all of which re quire mol e cules from dif -
fer ent classes and fam i lies (2).

Two em bry onic kid neys (the pronephros and
mesonephros) pre cede the for ma tion of the adult
(metanephric) kid ney in rep tiles and hu mans,
whereas the mesonephros is the adult kid ney in fish
and am phib i ans (9). In mam mals, pronephros and
me sonephros are tran sient struc tures with lit tle ex -
cre tory ca pac ity. How ever, they are im por tant for
the ap pro pri ate de vel op ment of the metanephros,
the de fin i tive mam mal kid ney (10).

THE PRONEPHROS

In mam mals, the pronephros is non-functio -
nal, but in some lower ver te brates, such as amphibia
and fish, the pronephros acts as the em bry onic kid -

ney and is es sen tial for sur vival (11). In the
pronephros, af ter fil tra tion through the glomus, fluid 
en ters the coelomic cav ity, also known as the
nephrocoel. From there the fil trate is col lected via
cil i ated fun nels (nephrostomes) con nected to the
pronephric tu bules. Sur rounding these tu bules is a
blood si nus into which re ab sorbed fluid passes,
whilst un ab sorbed fluid is ex creted via the
pronephric (Wolf fian) ducts (12).

THE MESONEPHROS 

The mam ma lian mesonephros de vel ops from
a mesodermal re gion called the AGM zone (aorta -
–go nad–mesonephros). The AGM re gion ap par -
ently con trib utes to the de vel op ment of the aorta and 
go nads, but it is also the source of hematopoietic
stem cells (13). Organogenesis of the mesonephros
is ini ti ated when the pronephric duct reaches the
pre sump tive mesonephric mesenchyme and in duces 
ad ja cent mesenchymal cells to con dense. There af ter 
the con den sate will con trib ute to the for ma tion of
the mesonephric tu bules that de velop into nep hrons
(8). In the hu man em bryo at day 24–26, meso -
nephric ducts form on the lat eral and ven tral sides of
the nephrogenic ridge and in duce for ma tion of the
mesonephros (14). By day 28, these ducts join the
cloa ca and by 8 weeks post con cep tion, the hu man
me sonephros has reached its max i mal size and starts 
to re gress. Com plete re gres sion oc curs by week 16
(15). Mesonephric de vel op ment and com plex ity va -
r ies sig nif i cantly be tween spe cies, whilst in some
spe cies the mesonephros ap pears to have an ex cre -
tory ca pac ity, in oth ers it is clearly non-functional.
Gen erally, the glomeruli of the mesonephros are rel -
a tively large com pared to those of the metanephros
but there are many smaller among them too (be -
tween 10 and 50 per kid ney) (12). In prin ci ple,
nephro genesis is very sim i lar in the meso- and
metanep hros. How ever, it should be noted that in the 
meso ne phros the tu bules are formed along the
Wolffian duct whereas in the metanephric kid ney
they are or ga nized around the ureter tree and are ap -
par ently reg u lated by dif fer en tial ep i the lial
morphogenesis. Mam ma lian mesonephric nephrons 
con sist of glo meruli like struc tures and prox i mal
and dis tal ducts. The size, dis tri bu tion, func tional
ma tu rity and de vel op men tal fate of these nephrons
dif fer sig nif i cantly be tween spe cies. Even tually,
mesonephric tu bules start to re gress, lead ing to the
com plete dis ap pear ance of the or gan in the fe male.
In male em bryos, some cau dal tu bules and duct re -
main and de velop fur ther as part of the male gen i -
tals. The fac tors that reg u late these events in the
mesonephros may be in volved in set ting the pri mary 
sex as well (16) (fig. 1).
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THE METANEPHROS

Hu man fe tal kid ney de vel op ment runs
through se ries of de pend ent changes dur ing which it
achieve its mor pho log i cal and func tional ma tu rity
(7). In hu mans, metanephros grow as the re sult of
the re cip ro cal in duc tive in ter ac tions be tween the
two pri mor dial mesodermal deri vates: ureteric bud,
an ep i the lial out growth of the Wolffian duct, and
metanephric blastema, a group of mesenchymal
cells. The metanephric kid ney be gins to de velop af -
ter the Wolffian duct has ex tended cau dally along
the body axis and has pro duced an out growth called
the ureteric bud. The ureteric bud is an ep i the lial tis -
sue that in vades the metanephric blastema at around
em bry onic day (E)10.5–E11 in mouse and E35–E37 
in hu mans (2). Af ter the ureteric bud has formed, re -
cip ro cal in duc tive in ter ac tions oc curs. The ureteric
bud causes the metanephric mesenchyme to dif fer -
en ti ate and form nephrons, whilst the metanephric
mesenchyme causes the ureteric bud to grow and bi -
fur cate to form col lect ing ducts. It is not known
whether the metanephric mesenchyme ini ti ates
organogenesis by in duc ing the for ma tion of the
ureteric bud, which then in vades the mesenchyme
and starts to branch re peat edly (a pro cess termed
branch ing morphogenesis), or whether the ini tial
sig nals de rive from the Wolffian duct be fore bud -
ding of the ureteric bud.

Around the fifth week of ges ta tion in hu mans,
the ureteric bud in duces the mesenchyma to form tu -
bu lar and glo mer u lar epithelia. The nephron arises
from the metanephric mesoderm, while the col lect -
ing ducts, ca ly ces and re nal pel vis arise from the
ureteric bud (8). Metanephros, the de fin i tive hu man
kid ney is first vis i ble at about the 5th week of
intrauterine life (7). From the 8th through out the 32nd

to 36th weeks, nephrogenesis is con tin u ously in -
duced by ureteral bud ram i fi ca tions (10,17). The
nephron pro gresses through four de vel op men tal
stages, which are de scribed as 1) ves i cle, 2)
comma-shaped (or lipped) and S-shaped stages, 3)
de vel op ing cap il lary loop, and fi nally 4) ma tur ing
glomerulus stage (8,18,19, 20). 

Dur ing hu man nephrogenesis, branch ing is re -
peated 15 times to give rise to ap prox i mately 65000
col lect ing ducts (21). Dur ing the lat ter stages of re -
nal embryogenesis, the first five gen er a tions of the
ure teric bud un dergo trans for ma tion into the pel vis
and ca ly ces by in creased growth and di la ta tion of
these tu bules. The ureteric bud in duces the
mesenchyme to un dergo mesenchymal–ep i the lial
trans for ma tion, lead ing to the for ma tion of the
glomerulus, prox i mal tu bule, loop of Henle, and dis -
tal tu bule. Each tip of the branch is ca pa ble of in duc -
ing about 100 mesen chymal cells to sur vive, pro lif -
er ate and to un dergo mesenchymal to ep i the lial
trans for ma tion lead ing to the gen er a tion of the ep i -
the lial cells of the nephron (22).

It is in ter est ing that among large num bers of
un dif fer en ti ated (stem) cells, only a few are se lected
to en ter the de vel op men tal path way be cause they
have been res cued from apoptosis. The con ver sion
from in duced mesenchymal cell to ep i the lial cell
phe no type is com plex (22,23,24). The first step, af -
ter res cue from apoptosis, is cell to cell ad he sion that 
di rects mesenchymal cells to con dense and to form
glob u lar ag gre gates. Within the ag gre gates,
mesenchymal cells be gin to ex press the po lar ized
epithelia (18,25). Po lar ity does not mean pos i tive
and neg a tive charges, but im plies that cer tain mem -
brane pro teins, es pe cially re cep tors, are lo cal ized to
a spe cific side of the cell. Mesenchymal cells are not 
po lar ized. They are char ac ter ized by ran dom dis tri -
bu tion of cell mem brane re cep tors over the whole
cell sur face. For the con ver sion of mesenchymal
into ep i the lial cells to oc cur, spe cific cel lu lar ad he -
sion mol e cules are re quired to bind cells one t an -
other and to the un der ly ing basal lamina. These ad -
he sion mol e cules have a role in cell ori en ta tion and
po lar ity (26).

Each branch of the ureteric bud and its daugh -
ter col lect ing duct in duces the for ma tion of one
nephron. Thus, for ma tion of 15 gen er a tions of
ureteric buds: col lect ing ducts in duces an iden ti cal
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Fig ure 1. Kid neys in mam mal de vel op ment. Em bry onic pre -
cur sors of metanephros, pronephros and mesonephros are se -
quen tially in duced and formed. (Adapted from Perantoni AO.
Sem i nars in Cell & De vel op men tal Bi ol ogy 2003;14:201–08.)



num ber of nephrons. This num ber is lower than the
num ber of nephrons in one hu man kid ney (ap prox i -
mately 1000000). The re main ing nephrons de velop
by in duc tion of ap prox i mately ten nephrons around
the stem of each elon gat ing branch. The con nect ing
tu bules of each of these nephrons then at tach to the
stem of the col lect ing duct branch in se ries to form
an ar cade. Af ter the ar cades form, the ter mi nal
branch of the 15th gen er a tion be gins to elon gate and
de velop a suc ces sion of ampullae that in duce ne -
phrons on each side of the ter mi nal branch (20,
27,28). As the ureteric bud branches in the meta -
nephric mesenchyme, it in duced the mesenchymal
cells to con dense around the tip of the bud form ing a
cap-like struc ture (fig. 2). Shortly af ter ag gre ga tion,
each mesenchymal con den sate un der goes a phe -
notypic switch to be come a hal low sphere or ves i cle
of ep i the lial cells. Fol low ing these phenotypic
changes, the ep i the lial cells at the lower pole of the
ves i cle, op po site to the ureteric bud, then change
their shape and a cleft ap pears, form ing a comma -
-shaped body. Next, a sec ond cleft forms at the op -
po site pole of the comma-shaped body, which is
termed an S-shaped body. The lower cleft of the
S-shaped body is in vaded by en do the lial cells and
pre sum ably also by pre cur sors of mesangial cells.
These cells even tu ally give rise to the glo mer u lar
cap il lary loops and mesangium. These events seem
to oc cur con com i tantly with the de vel op ment of the
glo mer u lar ar te ri oles. The glo mer u lar cells con tinue 
their mat u ra tion and achieve their adult fea tures. In
hu mans, nephrogenesis is com pleted at about 34 to
35 weeks of ges ta tion. The per ma nent mam ma lian
kid ney is de rived from nephrogenic cord mesoderm. 
The nephron arises from the metanephric me so -
derm, and the col lect ing ducts, ca ly ces and re nal
pel vis arise from the ureteric bud that branches off
the mesonephric duct (8,20) (fig. 3).

The cells lin ing these ves sels are the source of
glo mer u lar vasculature (11,12). At the on set of the
comma shaped stage and con tin u ing into the
S-shaped stage, mor pho log i cal seg men ta tion of the
de vel op ing nephron in to glo mer u lar and tu bu lar re -
gions can be re cog nised. The S-shaped body be gins
to elon gate and it fuses with the ureteric bud (29,30). 
The tu bules con tinue to elon gate and be come more
con vo luted. Glo mer u lar cells con tinue to dif fer en ti -
ate un til they ac quire their adult fea tures (form ing
ma tur ing stage glomeruli in the de vel op ing kid -
neys). The morphogenesis of in di vid ual nephrons
takes place in a tem po ral and cen trip e tal man ner, so
that the en tire range of struc tures found dur ing
nephrogenesis can be ob served in a sin gle kid ney
sec tion. The num ber, shape, size, and dis tri bu tion of
nephrons con tain im por tant in for ma tion about the

or ga ni za tion of the stud ied kid ney (31). Fe tal glo -
mer u lar fea tures change dur ing de vel op ment (32).

The kid ney mesenchyme also gives rise to cell 
types other than those that con trib ute to the nephron. 
One such cell type is the stromal cell, which does not 
dif fer en ti ate into nephrons or into the col lect -
ing-duct sys tem. The role of the stromal com part -
ment in kid ney de vel op ment has been over looked in
past years, but stud ies in mice have shown that the
stroma is an im por tant source of sig nal ing in kid ney
organogenesis, in ad di tion to the ureteric bud and
the nephrogenic mesenchyme sig nal ling cen ters (27).

There are many rea sons why the study of kid -
ney de vel op ment is im por tant. Hu man de vel op ing
kid ney has not been quan ti fied. It has been pro posed 
that many re nal dis ease in adult may be de ter mined
by events that oc curred dur ing fe tal de vel op ment
(33). The fe tal metanephric kid ney pro duces di lute
urine which is a ma jor in put into the amniotic fluid
which is es sen tial as an aque ous en vi ron ment, for
the sym met ri cal growth of the fe tus, and cor rect
lung de vel op ment. Any fac tor that pre vents urine
be ing pro duced by the kid neys could re sult in fe tal
ab nor mal i ties (34,35).
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Fig ure 2. Ureteric bud (hu man fe tal kid ney in IV lu nar
month). Haematoxylin–eosin X 200
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Fig ure 3. Dif fer ent stages of nephron de vel op ment (A–con den sa tion of metanephric mesenchyma around the tip of ureteric bud;
B–ves i cle; C–comma shaped; D–S shaped; E–de vel op ing glomerulus; F–ma tur ing glomerulus). Haematoxylin–eosin X 400



VAS CU LAR DE VEL OP MENT

Microvessel as sem bly in the de vel op ing kid -
ney may oc cur through vasculogenic, angiogenic, or 
both pro cesses(36). Angiogenesis re fers to the as -
sem bly of a new blood ves sel from pre-existing
vasculature. First, a tis sue in need of a vas cu lar sup -
ply must sig nal vic i nal en do the lial cells that a new
ves sel is re quired. Sec ond, the re spond ing vas cu lar
en do the lial cells form a sprout, un dergo mi to sis, and 
mi grate to ward the source of the angiogenic sig nal.
Finally, the mi grat ing en do the lial cells ag gre gate
tightly one the an other, a base ment mem brane is
pro duced by the en do the lial cells and pericyte en ve -
lope, and the new en do the lial tube is sta bi lized. A
sec ond pro cess of blood ves sel for ma tion is termed
vasculogenesis, and this oc curs pre dom i nately in the 
em bryo (37). The over all se quence is sim i lar to what 
oc curs with angiogenesis, but here the en do the lial
cells are not de rived from ex ist ing ves sels but in -
stead orig i nate from dis tinct en do the lial pre cur sor
cells called angioblasts. Upon ap pro pri ate stim u la -
tion, these angioblasts di vide, mi grate, ag gre gate to
as sem ble a tube and, fi nally, dif fer en ti ate into vas -
cu lar en do the lial cells (38).

In spite of its im por tance, the or i gin of the kid -
ney vasculature is not com pletely clear. Un til re -
cently, it was ac cepted that the re nal ves sels orig i -
nated by branch ing off pre ex ist ing (angiogenesis)
extrarenal ves sels (8). From those ex per i ments, it
was con cluded that en do the lial and mesangial cells
de rived from angiogenic sprouts orig i nat ing out side
the kid ney (eg, aorta or its branches) (39). How ever,
re cent ex per i ments chal lenge the ex clu sive, angio -
genic, extrarenal or i gin of the kid ney vasculature.
Using spe cific mark ers, sev eral lab o ra to ries have
iden ti fied vas cu lar pre cur sors in the em bry onic kid -
ney, be fore ves sels could be de tected mor pho log i -
cally (18).

There are two prob a ble em bry onic sources for
the glo mer u lar en do the lium (8). Metanephric me -
senchymal cells may mi grate into the vas cu lar cleft
and, by vasculogenesis, es tab lish the glo meruli. The 
pos si bil ity that glo mer u lar en do the lium stems from
from metanephric vasculogenic angio blasts is still
with out di rect ex per i men tal sup port (36). An other
pos si ble source for em bry onic kid ney en do the lial
cells is from the ingrowth of tube like angiogenic
sprouts de rived from ex ter nal ves sels. The for ma -
tion of ar te ri oles is in suf fi ciently un der stood, par tic -

u larly re gard ing their ac qui si tion of smooth mus cle
and juxtaglomerular cells. 

For ap pro pri ate glo mer u lar cap il lary de vel op -
ment, glo mer u lar vascularization must co in cide
with podocyte de vel op ment (19).

 As the re nal ves i cle invaginates, sig nals, pre -
sum ably elab o rated by the cells of the vas cu lar cleft, 
re cruit angioblasts or en do the lial cells into the form -
ing glomerulus. Once within the vas cu lar cleft, the
en do the lial cells un dergo mi to sis and as sem ble into
a cap il lary as the glomerulus ex pands. The glo mer u -
lar base ment mem brane is as sem bled from extra -
cellular ma trix com po nents pro duced by both the
en do the lium and podocytes. Finally, mesangial
cells or “glo mer u lar pericytes” are also re cruited
into the glomerulus and con trib ute to sta bi li za tion of 
the glo mer u lar cap il lary tuft (fig. 4).
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Fig ure 4. Ma jor events in vascularisation of the nephron.
Mesenchymal cells are pre cur sors for en do the lial, smooth

mus cle/mesangial, or renin pro duc ing cells.
JG–juxtaglomerular UB–ureteric bud. (Adapted from Gomez

RA et al. Microsc Res Tech 1997;39: 254–60.)



REF ER ENCES

1. Kitamoto Y, Hiroshi Tokunaga H, Tomita K.
Vascular endothelial growth factor is an essential mole -
cule for mouse kidney development: Glo merulogenesis
and Nephrogenesis. J Clin Invest 1997; 99:2351–2357.

2. Vainio S, Lin Y. Coordinating early kidney
development: les sons from gene targeting. Nat Rev Ge -
net. 2002; 3:533–543.

3. Welham SJM, Wade A, Woolf AS. Protein re -
striction in the pregnancy is associated with increased
apoptosis of mesenchymal cells at the start of rat me -
tanephrogenesis. Kidney Int 2002; 61:1231–1242.

4. Ingelfinger JR, Woods LL. Perinatal pro gra -
mming, renal Development, and adult renal function.
AJH 2002;15:46S–49S.

5. Brenner BM, Garcia DL, Anderson S. Glomeruli 
and blood pressure. Less of one more of the other? Am J
Hypertens 1988;1:335–347.

6. Gilbert T, Cibert C, Moreau E, Geraud G, Mer -
le t-Benichou C. Early defect in branching morphogene sis 
of the ureteric bud in induced nephron deficit. Kidney Int
1996; 50: 783-795.

7. Dodge AH. Introduction: review of microscopic
studies on the fetal and neonatal kidney. Micr Res Techn
1997;39:205–210.

8. Saxen L. Developmental and cell biology se ries:
organogenesis of the kidney. New York: Cam bridge
University Press; 1987.

9. Vize PD, Woolf AS, Bard JBL. The kidney:
from normal development to congenital disease, San
Diego, Academic Press, 2003.

10. Robert B, Abrahamson DR. Control of glo  -
merular capillary development by growth facto r/receptor
kinases. Pediatr Nephrol 2001;16:294–301.

11. Vize PD, Seufert DW, Carroll TJ, Wallingford
JB. Model systems for the study of kidney development:
analysis of organ induction and patterning. Dev Biol
1997;188:189–204.

12. Moritz KM, Wintour EM. Functional de ve -
lopment of the meso- and metanephros. Pediatr Nephrol
1999;13:171–178.

13. Medvinsky A, Dzierzak E. Definitive he ma -
 topoiesis is autonomously initiated by the AGM region.
Cell 1996;86:897–906.

14. De Martino C, Zamboni L. A morphologic
study of the mesonephros of the human embryo. J
Ultrastruct Res 1966;16:399–427.

15. Beck F, Moffat DB, Davies DP (1985) Human
embryology. Blackwell Scientific Press, Oxford, 246–26.

16. Kuure S, Vuolteenaho R, Vainio S. Kidney
morphogenesis: cellular and molecular regulation. Mech
Development 2000;92:31–45.

17. Lechner MS, Dressler GR. The molecular basis 
of embryonic kidney development. Mech Dev 1997;
62:105–120.

18. Gomez RA, Norwood VF, Tufro-McReddie A.
Development of the kidney vasculature. Microsc Res
Tech 1997;39: 254–260.

19. Abrahamson DR. Glomerulogenesis in the de-
ve loping kidney. Seminars in Nephrology 1991; 11:
375–389.

20. Dakovi}-Bjelakovi} M. Razvojne karakteri -
stike nefrona kod humanog fetusa. Magistarski rad. Niš,
Medicinski fakultet; 1999.

21. Al-Awqati Q, Goldberg MR. Architectural
patterns of the branching morphogenesis in the kidney.
Kidney Int 1998;54:1832–1842.

22. Koseki C, Herzlinger D, Al-Awqati Q.
Apoptosis in metanephric development. J Cell Biol
1992;119:1327–1333.

23. Vainio S, Jalkanen M, Bernfield M, Saxen L.
Transient expression of syndecan in mesenchymal cell
aggregates of the embryonic kidney. Dev Biol 1992;
152:221–232. 

24. Horster M, Huber S, Tschop J, Dittrich G,
Braun G. Epithelial nephrogenesis. Pflüger Arch
1997;434:647–660.

25. Reddi V, Zaglul A, Pentz ES, Gomez RA:
Renin-expressing cells are associated with branching of
the developing kidney vasculature. J Am Soc Nephrol
1998;9:63–71.

26. Glassberg KI. Normal and abnormal
development of the kidney: a clinician’s interpretation of
current knowledge. J Urol 2002;167:2339–2351.

27. Piscione TD, Rosenblum ND. The malformed
kidney: disruption of glomerular and tubular
development. Clin Genet 1999;56:341–356.

28. Potter EL. Normal and Abnormal Development 
of the Kidney. Chicago: Year Book Medical Publishers,
1972.

29. Perantoni AO. Renal development: per spe-
 ctives on a Wnt-dependent process. Seminars in Cell &
Developmental Biology 2003;14:201–208.

30. Wallner EI, Carone FA, Abrahamson DR,
Kumar A, Kanwar YS. Diverse aspects of metanephric
development. Microsc Res Tech 1997;39:261–284.

31. Bertram JF, Young RJ, Spencer K Gordon I.
Quantitative analysis of the developing rat kidney:
absolute and relative volumes and growth curves. Anat
Rec 2000; 258:128–135.

32. Nyengaard JR. Stereologic methods and their
application in kidney research. J Am Soc Nephrol
1999;10:1100–1123.

33. Naruse K, Fujieda M, Miyazaki E, Hayashi Y,
Toi M, Fukui T, Kuroda N, Hiroi M, Kurashige T, Euzdn
H. An immuchishistachemiocal study of developing
glomeruli in human fetal kidney. Kidney ut 2000; 57:
1836-1846

34. Law CM, Sheill AW. Is blood pressure inver-
sely related to birth weight? The strength of evidence
from systematic review of the literature. J Hypertens
1996;14:935–941.

35. Wintour EM, Alcorn D, Rockell MD (1998)
Development and function of the fetal kidney. In: Brace
RA, Hanson MA, Rodeck CH (eds) Fetus and

169

HUMAN KIDNEY DEVELOPMENT



neonate-physiology and clinical applications. Cambridge 
University Press, Cambridge, pp 3–56.

36. Abrahamson DR, Robert B, Hyink DP, St. John 
PL, Daniel TO. Origins and formation of microvascu-
lature in the developing kidney. Kidney Int 1998;54 suppl 
67:s7–s11.

37. Risau W (1997) Mechanisms of angiogenesis.
Nature 1997;386:671–674.

38. Daniel TO, Abrahamson D. Endothelial signal
integration in vascular assembly. Annu Rev Physiol
2000;62:649–671.

39. Ekblom P, Sariola H, Karkinen-Jaaskelainen
M, Saxen L: The origin of glomerular endothelium. Cell
Differentiation 1982;11:35–39. 

RAZVOJ HUMANOG BUBREGA

Marija Dakovi}-Bjelakovi}1, Natalija Stefanovi}1, Slobodan Vlajkovi}1, Rade ^ukuranovi}1, Svetlana An ti}1,
Goran Bjelakovi}2, Dejan Miti}3

1Institut za anatomiju, Medicinski fakultet, Univerzitet u Ni{u; 2Odeljenje interne medicine, Medicinski fakultet,
Univerzitet u Ni{u; 3Klinika za ginekologiju i aku{erstvo, Klini~ki centar, Ni{

SA@ETAK

Bubreg je jedan od glavnih ekskretornih i homeostatskih organa u telu. On ekskretuje
krajnje produkte metabolizma, i kontroli{e koncentraciju odre|enih sastojaka telesnih
te~nosti. Organogeneza bubrega je kompleksan i postepen proces sa sukcesivnom pojavom
pronefroza, mezonefroza i metanefroza. Pronefroz i mezonefroz su prolazne strukture sa
malim ekskretornim kapacitetom koje prethode nastanku zrelog (metanefri~kog) bubrega.
Metanefros nastaje kao rezultat recipro~nog induktivnog delovanja ureteralnog pupoljka,
epitelnog izra{taja Wolfovog kanala, i metanefri~ke blasteme, grupe mezenhimnih }elija.
Ureteralni pupoljak uti~e na diferencijaciju metanefri~kog mezenhima i nastanak nefrona, dok 
metanefri~ki mezenhim dovodi do rasta i grananja ureteralnog pupoljka od koga nastaju
sabirni kanali}i. Nefron prolazi kroz ~etiri stadijuma razvoja, koji su opisani kao 1) vezikula, 2)
zapeta- oblik i S- oblik 3) glomerul u razvoju i 4) zreo glomerul. 

Uprkos njenom zna~aju, poreklo vaskulature bubrega nije u potpunosti jasno. Nakon
invaginacije renalne vezikule signali nastali u }elijama vaskularnog `leba dovode do
privla~enja angioblasta ili endotelijalnih }elija u glomerul u razvoju. Kada se jednom na|u u
vaskularnom `lebu, endotelijalne æelije podle`u mitozi i organizuju se u kapilare paralelno sa
{irenjem glomerula. Glomerularna bazalna membrana izgra|ena je od komponenti ekstra -
}elijskog matriksa produkovanih od strane endotela i podocita. Najzad, mezangijalne }elije ili
“glomerularni periciti” se tako|e regrutuju u glomerul doprinose}i stabilizaciji glomerularnog
klup~eta.

Fetalni bubrezi stvaraju razbla`eni urin koji daje glavni doprinos nastanku amnionske
te~nosti. Bilo koji faktor koji uti~e na prestanak stvaranja mokra}e mo`e dovesti do fetalnog
poreme}aja. Nekoliko novijih studija istaklo je povezanost razvoja bubrega i bubre`nih bolesti
kod odraslih.

Klju~ne re~i: bubreg, razvoj, nefron
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