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ABSTRACT 
The present study aimed at clarifying the cell kinetics of the mouse ureteral epithelium by 

focusing on vesicle maturation in the cells and labeling with bromodeoxyuridine (BrdU). 
Electron microscopically, superficial cells were characterized by concave plaques in the apical 
plasma membrane and numerous fusiform vesicles in the cytoplasm. Intermediate cells were 
laden with ellipsoid vesicles, and basal cells had a few or no round vesicles. From the difference 
in number and form of vesicles among the three types of cells, it can be inferred that intermedi
ate cells are immature in comparison with superficial cells, and likewise basal cells in compari
son with intermediate cells. When BrdU was injected intraperitoneally once a day for seven 
days, most BrdU-labeled cells were located in the basal layer. Twelve days after the last injec
tion, BrdU was detected in the intermediate or superficial layer in addition to the basal layer. 
These findings suggest that the basal cell is a progenitor cell giving rise to daughter cells that 
migrate upward to replace intermediate and superficial cells. 
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The pathogenesis of the hydronephrosis (dilated 
renal pelvis) in mouse embryos is ascribed to 
hyperplasia of the ureteral epithelium when preg
nant dams are given dioxin l,lS). The cell kinetics of 
the ureteral epithelium still remains unclear in 
normal as well as pathological conditions. 

The epithelium of the urinary tract, also called 
the urothelium, is composed of three cell layers: 
the basal, intermediate and superficial cell 
layers4). In the mouse, there are about five layers 
of epithelial cells in the ureter, compared with 2-3 
in the urinary bladder10l. The urothelium is 
required to resist the high osmolarity of urine. In 
addition, it must accommodate the contraction
expansion cycle due to volume change. The perme
ability barrier to high osmolarity and accommoda
tion to volume change are considered to be 
maintained by peculiar structures called asym
metric unit membranes4) as well as by the lamina 
propria 17l. 

In a normal steady state, the cell kinetics of the 
urothelium in adult animals is quiescent, as 
revealed by 3H-thymidine autoradiogra
phy2'3'6'11,12,19), by mitotic figuress,7,11), and by 
immunohistochemistry for proliferating antigens5l. 
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Martin11) confirmed by 3H-thymidine autoradiog
raphy that basal cells migrated upward, differenti
ated into intermediate cells, and finally replaced 
superficial cells. Spicer et al17) pointed out that the 
distribution of high molecular weight keratin and 
Na+, K+-ATPase in the urothelium was similar to 
that in stratified squamous epithelium, suggesting 
the stratified nature of the urothelium. 

The superficial cell is characterized by numer
ous fusiform vesicles and peculiar apical plasma 
membranes with concave plaques4). The turnover 
of the vesicles has been well studied 16,18). Concave 
plaques in the apical plasma membrane are endo
cytosed and fuse to form fusiform vesicles. These 
vesicles are incorporated in the apical plasma 
membrane when the lumen is extended in order to 
satisfy the demand of the membrane in the apical 
domain. Thus the fusiform vesicles form a 
turnover or shuttling cycle between the apical 
plasma membrane and the cytoplasm. However, 
these previous studies paid little attention to the 
nature of the vesicles in basal and intermediate 
cells, although the presence of fusiform vesicles 
was reported in intermediate cells8,17). 

In the present study, vesicles in the urothelial 
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cells were precisely examined in relation to the 
cell kinetics. In addition, bromodeoxyuridine 
(BrdU) was applied to label S-phase nuclei. 

MATERIALS AND METHODS 
1) Animals 

Colony-bred female Jcl: ICR mice (Clea Japan, 
Inc., Tokyo, Japan) were acclimatized and bred in 
our laboratory at 22 ± 2°C with 50 ± 10% humidi
ty. 
2) Electron microscopy 

The mice (8-12 week old), anesthetized with an 
intraperitoneally injected overdose of pentobarbi
tal, were perfusion-fixed with 2.5% glutaraldehyde 
in 0.1 M Millonig's phosphate buffer (pH 7.4). The 
ureter was divided into three portions from the 
lower end of the renal pelvis to the urinary blad
der and was collected separately. Since the histol
ogy of the three portions is not different, the 
middle portion of the ureter was served for obser
vation in this experiment. The ureteric pieces 
were fixed by immersion in the same glutaralde
hyde fixative for 2 hours at 4°C, and postfixed in 
1 % osmium tetroxide buffered with 0.1 M 
Millonig's phosphate containing sucrose (5% 
weight/volume) for 1 hour at 4 °C. They were 
rinsed five times .with 10% sucrose solution and 
stained en bloc in 3% uranyl acetate for 1 hour at 
room temperature. The specimen was dehydrated 
in graded ethanol series and propylene oxide, infil
trated in a mixture of Epon and propylene oxide 
(1 : 1, volume : volume), and embedded in Epon 

mixture. Transverse ultrathin sections were cut in 
a Porter-Blum ultramicrotome (MT-1 type), doubly 
stained with 3% uranyl acetate and Reynolds' lead 
citrate, and examined in a Hitachi H7100-type 
transmission electron microscope at 75 kV. 
3) Labeling with BrdU and immunohisto

chemical detection 
In order to label S-phase cells, a cell prolifera

tion kit (RPN20, Amersham Life Science, 
England) was used. In each labeling regimen, a 
labeling reagent containing 5-bromo-2'-deoxyuri
dine (BrdU) was administered intraperitoneally (i. 
p.) to three female mice (8-12 week old) for each 
experimental group as shown below. The injected 
dose was 3 mg/kg body weight/day. We made three 

groups following Jost6>. 
a) Single-pulse labeling. Mice were given an i. p. 
injection of the BrdU labeling reagent at 10 a.m. 
The mice were sacrificed two hours after the injec
tion. 
b) Seven-time labeling. BrdU was injected once a 
day at 10 a.m. for 7 days. The mice were sacrificed 
two hours after the last injection. 
c) Trace labeling. After the seven-time labeling, 
the mice were allowed to survive for the next 12 
days and sacrificed in order to study the fate of the 
labeled cells. 

The mice were fixed by perfusion with 10% neu
tral formalin in 0.1 M phosphate buffered saline. 
The ureter was taken out and embedded in paraf
fin. Cross sections of ureters were soaked in 1 N 
hydrochloric acid for 20 min at room temperature. 
Endogenous peroxidase activity was blocked by 
soaking the sections in 0.3% hydrogen peroxide/ 
methanol for 30 min. The sections were incubated 
in a mouse anti-BrdU antibody (RPN20, 
Amersham Life Science, England) for one hour at 
room temperature, and in a caprine anti-mouse 
IgG2a antibody conjugated with horse-radish per
oxidase (RPN20, Amersham Life Science, 
England) for 30 min at room temperature. The 
sections were incubated in a medium containing 
hydrogen peroxide and 3,3'-diaminobenzidine 
tetrahydrochloride (RPN20, Amersham Life 
Science, England) for 10 min at room temperature, 
and counter-stained with eosin for 5 min. 

RESULTS 
1) The epithelial layer 

The epithelial layer was four-cell thick on the 
basal lamina (Fig. 1), and composed of basal, 
intermediate, and superficial cells. 
a) The basal cell (Figs. 1 and 2) 

Basal cells were small and had a relatively high 
nuclear to cytoplasmic ratio (N/C ratio) compared 
with intermediate or superficial cells. In the pre
sent observation, no mitotic figures were seen. The 
rough endoplasmic reticulum was poorly devel
oped. Some basal cells had small round vesicles, 
150-200 nm in diameter, in the supranuclear cyto
plasm (Figs. 2b and 2c), while many basal cells 
lacked such vesicles. The plasma membrane of 

Fig. 1. Electron micrograph of the epithelium in a cross-sectioned mouse ureter. An epithelial fold protrudes into 
the lumen (L) on the right side of the micrograph. The urothelium is four-cell thick in the fold as well as in the thin 
area (the left side of the micrograph). Basal cells (B) are rather small and have faintly stained cytoplasm. According 
to the location of cell nuclei, the intermediate layer (cells 1-8) is further subdivided into two layers: a layer located 
rather basally (cells 1-4) (the second layer) and a layer located more superficially (cells 5-8) (the third layer). 
Among intermediate cells, cells 1, 3 and 4 contain round vesicles whereas cell 2 has both round and oval vesicles. 
Cell 2 extends a cell process (asterisk) onto the basal lamina. The third layer intermediate cells (cells 5-8) contain a 
larger number of oval to ellipsoid vesicles. The cells in the thin area (cells 5 and 6) contain a smaller number of 
vesicles than those in the fold area (cells 7 and 8). Large superficial cells (81 and 82) cover the lumenal surface. 
The lateral borders of a superficial cell (81) are shown by two arrows. In superficial cells, numerous vacuoles (mul
tivesicular bodies) and dense bodies are apparent in addition to fusiform vesicles. Invaginations (arrowheads) are 
found along the apical surface. Abbreviation: P, lamina propria. Scale bar: 5 µm. 
All the following figures are shown with the lumenal side upwards. 
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basal cells was symmetrically thick. The unit 
membrane of the round vesicles was also symmet
ric (Fig. 2c). The term "symmetric" signifies a nor
mal cell membrane, where the electron-dense 
outer (lumenal) leaflet and inner (cytoplasmic) 
leaflet are identically thick. 
b) The intermediate cell (Figs. 1 and 3) 

Intermediate cells were located in the middle 
layer of the epithelium. As shown in Fig. 1, this 
layer was two-cell thick: intermediate cells located 
basally (the second layer) and more superficially 
(the third layer). Some of the second layer inter-

Fig. 2. Electron micrographs of basal cells (B). 

mediate cells extended cell processes onto the 
basal lamina (Fig. 1, cell 2). A large number of 
oval to ellipsoid vesicles were prominent in the 
cytoplasm of intermediate cells (Fig. 3a). At higher 
magnifications, the vesicles were shown to have 
asymmetrically thick unit membranes (Fig. 3b and 
3c). The lumenal leaflet was thicker than the cyto
plasmic one. In addition to these oval to ellipsoid 
vesicles, intermediate cells contained round vesi
cles with symmetric unit membranes. When the 
number and shape of the vesicles were compared 
between intermediate cells in the second layer and 

a: The nucleus/cytoplasm ratio is large. No cytoplasmic vesicle is seen. The Golgi apparatus (G) is small and does 
not show any sign of vesicle formation. Neighboring intermediate cells contain round or oval vesicles (arrows). 
Capillary endothelial cells, ensheathed by processes of pericytes, are poor in fenestration. Abbreviations: C, capil
lary; P, lamina propria; arrowheads, basal lamina. Scale bar: 2 µm. 
b: A somewhat matured basal cell (B) contains small round vesicles (arrows) in the supranuclear region. Some 
round and oval vesicles have formed in the Golgi area. Intermediate cells (I) contain round to ellipsoid vesicles in 
areas shown by asterisks. Scale bar: 2 µm. 
c: In a basal cell, both the round vesicles (V) and opposing plasma membranes (arrowheads) are symmetrically 
thick. Scale bar: 100 nm. 
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those in the third layer, the ellipsoid vesicles were 
more numerous and more elongated toward the 
fusiform in the third layer intermediate cells (Fig. 
1, cells 7 and 8). 
c) The superficial cell (Figs. 1, 3a and 4) 

Superficial cells were large cells lining the lume
nal surface of the epithelium and were often char
acterized by large nuclei. Superficial cells 
extending cytoplasmic processes to the basal lami
na were not seen. Neighboring superficial cells 
were connected by junctional complexes and 
desmosomes (Fig. 4a). The apical plasma mem
brane showed a scalloped appearance with con-

cave plaques and interplaque regions (Fig. 4b). 
The unit membrane of the concave plaque was 
about 120 A in thickness and its outer (lumenal) 
leaflet was thicker than the inner (cytoplasmic) 
leaflet. On the contrary, in the interplaque ridge, 
the outer leaflet looked thin (Fig. 4b). Various 
numbers of plaques were fused to form invagina
tions along the lumenal surface (Fig. 1, arrow
heads). The basolateral plasma membrane was 
symmetric. 

Fusiform vesicles were quite numerous in the 
cytoplasm. Their limiting membranes were asym
metrically thick except in the hinge region, where 

Fig. 3. a: Electron micrographs of a third layer intermediate cell (I) and a superficial cell (S) containing numerous 
vesicles. Vesicles (asterisks) in the intermediate cell are oval to ellipsoid, while those in the superficial cell are 
fusiform (arrowheads). Abbreviation: L, ureteric lumen. Scale bar: 2 µm. 
b: Oval to ellipsoid vesicles (o) and round vesicles (r) in intermediate cells. The vesicles contain flocculent materials 
in the lumen. Arrowheads depict plasma membranes of two opposing intermediate cells. Scale bar: 200 nm. 
c: Higher magnification of an oval vesicle in an intermediate cell. The lumenal leaflet of the membrane (arrow
heads) is thicker than the cytoplasmic leaflet. The thickness of the unit membrane is 12 nm. Scale bar: 100 nm. 
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the membrane was symmetrically thick (Fig. 4c). 
A large number of multivesicular bodies was 

found in the cytoplasm. Electron dense bodies, 
probably primary and secondary lysosomes, were 
also seen. The rough endoplasmic reticulum was 
poorly developed, and mitochondria were abun
dant. 

Fig. 4. Electron micrographs of superficial cells. 

2) Labeling with BrdU (Fig. 5) 
Few epithelial cells were labeled with BrdU in 

the single-pulse labeling group. In the seven-time 
labeling group, some basal cells were labeled (Fig. 
5a). The labeling index in basal cells was 3.9 ± 
2.8%. The number of positively labeled cells in a 
ureteric cross section was 2.0 ± 1.5 (mean± S. D., 

a: The junctional complex between neighboring superficial cells consists of zonula occludens (Z), zonula adherens 
(A) and desmosomes (D). The apical plasma membrane in concave plaques is asymmetrically thick (arrowheads). 
The lateral plasma membrane is symmetric. Part of a fusiform vesicle (F) is seen in the right lower corner of the 
micrograph. The unit membrane of the fusiform vesicle is asymmetrically thick, while the membrane is not clear at 
the edge. Abbreviation: L, ureteric lumen. Scale bar: 100 nm. 
b: Concave plaques and an interplaque ridge along the apical plasma membrane. The outer (lumenal) membrane 
leaflet of concave plaques is thicker than the inner (cytoplasmic) leaflet (arrowheads), while the outer leaflet of the 
interplaque ridge is thin (arrow). Scale bar: 100 nm. 
c: Fusiform vesicles (F). The lumenal membrane leaflet (arrowheads) is thicker than the cytoplasmic leaflet. The 
unit membrane is symmetrical in the hinge region (arrow). Scale bar: 100 nm. 
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Fig. 5. Cross-sections of the ureter with BrdU/anti
BrdU immunohistochemistry. 
a: Ureter after the seven-time labeling with BrdU. 
Two labeled cells are seen in the basal layer of the 
urothelium. Arrowheads show the location of the 
basal lamina. 
band c: Ureter after the trace labeling. Two labeled 
nuclei are seen in the superficial layer (b). A labeled 
cell is seen also in the basal layer (c). Abbreviations: 
L, ureteric lumen; P, lamina propria; M, smooth mus
cle layer. Scale bar: 10 µm. 

n = 33 sections). The mean number of basal cells 
per section was 51.6. Only a small number of 
intermediate cells and no superficial cells were 
labeled in this group. 

In the trace labeling group, where mice were 
allowed to live 12 days after seven-time labeling 
with BrdU, some nuclei of superficial cells were 
labeled (Fig. 5b) in addition to some basal and 
intermediate cells (Fig. 5c). When BrdU was 
administered once a day for 19 days (total 20 
times), all three types of urothelial cells were 
labeled (data not shown). 

DISCUSSION 
The present study revealed that the urothelium 

is fundamentally a kind of stratified epithelium: 
the basal cell is the progenitor cell, it goes up to 
the intermediate layer and finally matures into 
superficial cells. It was proposed in previous stud
ies that every type of cell, including superficial 
cells, extends its cell processes onto the basal lam
ina in the urothelium15,20). However, superficial 
cells in contact with the basal lamina were never 
found. The present study showed that neighboring 
superficial cells are connected by a tight junction. 
Intermediate cells and basal cells neither face the 
lumen nor have a tight junction. Thus the cells in 
the urothelium can be categorized into two types: 
superficial and non-superficial cells. Whether 
superficial cells extend cell processes onto the 
basal lamina or not, urothelial cells are stratified 
in this sense. 

The membrane kinetics of the superficial cell 
has been extensively studied. Fusiform vesicles 
are incorporated into the apical plasma membrane 

in order to extend the apical cell surface9,14). The 
present study is the first to precisely examine var
ious vesicles in the three types of cells in relation 
to cell kinetics. Severs and Hicks16) showed by 
freeze fracture replicas that membrane compo
nents matured into vesicles after they left the 
Golgi apparatus, and vesicle membranes incorpo
rated some subunits during this process, to 
acquire asymmetricity. It is considered that ellip
soid vesicles in intermediate cells are not incorpo
rated into the plasma membrane, but incorporated 
into the apical plasma membrane, when the cells 
are exposed to the lumen to be superficial cells. 

This is the first report demonstrating the label 
of superficial cells with DNA precursors or their 
analogs. Basal cells were labeled in the seven-time 
labeling group, and superficial cells only in the 
trace labeling group. These facts suggest that the 
superficial cell is a descendant of the basal cell. 

Exfoliation of superficial cells from the urotheli
um could not be found in the present study. This 
may be attributed to the quiescent nature of the 
urothelium. The reason why superficial cells are 
sometimes binuclear could not be explained. 

In summary, the present study indicates that 
the urothelium is a kind of stratified epithelium. 
It is also suggested by the maturation of vesicles 
and BrdU labeling that the superficial cell is the 
final descendant of the basal cell which prolifer
ates very slowly. 
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