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Normal Anatomy and Histology

Embryology

Early in fetal life, when cloacal dilation first appears and
the hindgut ends in a blind sac, an ectodermal depression
develops under the root of the tail.! This depression, known
as the proctoderm, deepens until only a thin layer of tissue,
the cloacal membrane, remains between the gut and the out-
side of the body. The division of the cloaca results from
development of the urorectal fold that closes caudally toward
the cloacal membrane. As the urorectal fold cuts progres-
sively deeper into the cloaca, a wedge-shaped mass of mes-
enchyme accompanies it and forms a dense septum between
the urogenital sinus anteriorly and the rectum posteriorly.
This separation of the cloaca is completed before the cloacal
membrane ruptures so that its two parts open independently.
When it first opens to the outside, the urogenital sinus, that
is the ventral division of the cloaca, is tubular and continu-
ous with the allantois. At this stage, it can be divided into a
ventral or pelvic portion, which will become the bladder
proper, and a urethral portion, which receives the mesone-
phric and fused miillerian ducts and later becomes the
prostatic and membranous urethra in the male and the entire
urethra in the female.?

After eight weeks, the ventral part of the urogenital sinus
expands to form an epithelial sac, the apex of which tapers
into an elongate narrowed urachus. The splanchnic meso-
derm surrounding both segments differentiates as interlacing
bands of smooth muscle fibers and an outer fibroconnective
tissue coat. By 12 weeks, the layers of the adult urethra and
bladder can be recognized. This sequence of events indicates
that the detrusor muscle and the urethral musculature have
the same origin, constituting one uninterrupted structure.’
This arrangement is easily observed in the female, in that the
bladder and urethra form one tubular unit with expansion of
the upper part. However, in the male, the structure is compli-
cated by simultaneous development of the prostate gland.
The developmental sequence is the same in both sexes, and
the structural arrangement in the male is only slightly more
complex than that in the female.>

Anatomy

Gross Anatomy

The bladder is a hollow muscular organ whose main func-
tion is that of a reservoir. When empty, the adult bladder lies
behind the symphysis pubis, and is largely a pelvic organ. In
infants and children, it is more cephalad than in adults. When
full, the bladder rises above the symphysis and can readily
be palpated or percussed. When overdistended, as in acute
and chronic urinary retention, it may cause the lower

abdomen to bulge visibly and is easily palpable in the
suprapubic region. The empty bladder has an apex (superior
surface), two infralateral or anterolateral surfaces, a base
(posterior surface), and a neck. The apex extends a short
distance above the pubic bone and ends as a fibrous cord
derivative of the urachus. This fibrous cord extends from the
apex (or dome) of the bladder to the umbilicus between the
peritoneum and the transversalis fascia. It raises a ridge of
peritoneum called the median umbilical ligament. There is a
peritoneal covering at the apex in both sexes that also covers
a small part of the base in men.>?

The apex of the bladder is apposed to the uterus and ileum
in the female, and the ileum and pelvic portion of the colon
in the male. The base of the bladder faces posteriorly and is
separated from the rectum by the uterus and vagina in the
female, and by the vasa deferentia, seminal vesicles, and
ureters in the male. The anterolateral surface on each side of
the bladder is apposed to the pubic bone, levator ani, and
obturator internus muscles but the central anterior bladder is
separated from the pubic bone by the retropubic space that
contains abundant fat and venous plexuses. The neck of the
bladder, its most inferior part, connects with the urethra.
When the bladder is distended with urine, the neck remains
fixed and stationary, whereas the dome rises above the pelvic
cavity into the lower abdomen, touching the posterior aspect
of the lower anterior abdominal wall and the small and large
bowels.?

Beneath the urothelial lining of the inner bladder, there is
loose connective tissue that permits considerable stretching
of the mucosa. As a result, the urothelial mucosal lining is
wrinkled when the bladder is empty but smooth and flat when
distended. This arrangement exists throughout the bladder
except at the trigone, where the mucous membrane adheres
firmly to the underlying muscle; consequently, the trigone is
always smooth, regardless of the level of distension (Figs. 1-1
and 1-2). At the lateral points of the trigone, the ureters empty
into the bladder cavity through the ureteral orifices. The mus-
cle of the trigone is derived from the detrusor muscle of the
bladder and the muscle of the ureters. Within the wall of the
bladder, the ureters are surrounded by sheaths of muscle and
fibrous tissue known as Waldeyer sheath. The ureters pass
obliquely through the wall of the bladder in such a way that
when the bladder fills, the pressure compresses and closes the
ureters, preventing reflux.**

Blood Supply and Lymphatic Drainage

The bladder is supplied by the superior, middle, and inferior
vesical arteries; all of which are branches of the anterior
division of the hypogastric artery. Between the bladder wall
proper and the outer adventitial layer, there is a rich plexus
of veins that ultimately terminate in the hypogastric veins
after converging in several main trunks. The bladder
lymphatics drain into the external iliac, hypogastric, and
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Figure 1-1  Normal trigone (A and B).

common iliac lymph nodes. There are rich lymphatic anasto-
moses between the pelvic and genital organs.!%!2

Nerve Supply

The bladder is richly innervated by divisions of the auto-
nomic nervous system.>'3 Sympathetic nerves originate
from the lower thoracic and upper lumbar segments, mainly
T11toT12 and L1 to L2. These sympathetic fibers descend
into the sympathetic trunk and the lumbar splanchnic
nerves, connecting with the superior hypogastric plexus, an
inferior extension of the aortic plexus. The latter separates
into the right and left hypogastric nerves, and these extend
inferiorly to join the pelvic plexus of the pelvic parasympa-
thetic nerves. Parasympathetic nerves arise from sacral
segments S2 to S4, and these form the rich pelvic
parasympathetic plexus. This plexus joins the sympathetic
hypogastric plexus, and vesical branches emerge from this
plexus toward the bladder base, innervating the bladder
and urethra.'>!*

Figure 1-2  Normal trigone in a woman during the
reproductive years. Note the squamous mucosa and closely
packed underlying muscle (A and B).

Normal Histology

Urothelium

The urothelium is a unique stratified epithelium of variable
thickness (Figs. 1-3 to 1-6). The number of cell layers
depends on the degree of distension of the bladder, usually
varying from three to seven layers. When distended, the blad-
der is three to six cell layers thick, although the typical biopsy
contains about five layers; in the contracted state, it consists
of six to eight layers.'> For practical purposes, urothelium
composed of more than seven cell layers is considered abnor-
mal unless this finding can be attributed to tangential cutting
of tissue.'®!” In addition, the urothelium is thought to be mon-
oclonal in origin, with some features of mosaicism.'®

The normal urothelium contains a layer of large superfi-
cial cells that are frequently binucleated or multinucleated,
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Figure 1-3  Normal urothelium. The thickness of urothelium

is variable, up to seven cell layers in normal urothelium. Note
the prominent superficial umbrella cells.

Figure 1-4 Normal urothelium (A and B). Cytoplasmic
vacuolization is observed. In this preparation, the urothelium
is up to seven cells in thickness (B).

Figure 1-5 Normal urothelium. Note the orderly arrangement of
the urothelial cells. The long axis of urothelial cells is often
perpendicular to the mucosal surface. The superficial cells are less
distinct. Prominent nuclear grooves are noted in some cells.

Figure 1-6  Cytokeratin 20 immunostains highlight
superficial umbrella cell.

often referred to as umbrella cells (Figs. 1-7 to 1-9). These
cells have abundant eosinophilic cytoplasm, with large
nuclei whose long axes are perpendicular to those of the
smaller cells of the underlying basal and intermediate cell
layers. The superficial cells vary in size and configuration
according to the degree of bladder distension and angle of
tissue section; they may appear cuboidal in the distended
bladder but are often flattened. In addition, superficial cells
are loosely attached to the underlying cells despite being
interconnected with each other by extensive junctional
complexes, and may be absent from otherwise normal
urothelium in routine biopsies.!” Superficial umbrella cells
express uroplakins, cytokeratin 20, and GATA3 (Table 1-1).
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Figure 1-7  Normal urothelium. Note the prominent superficial
cells. Nuclear vacuolization is occasionally seen in intermediate
cells. Some variation of cell size and shape can be observed in
normal urothelium and should not be interpreted as dysplasia.

Figure 1-8 Normal urothelium. Note the prominent
superficial cells.

The apical plasmalemma is thickened, with stiff plaques,
unlike the short microvilli seen in the underlying intermedi-
ate cells.”” However, the trigonal superficial cells of women
during the reproductive years have a cobblestone pattern
with long clubbed microvilli.*® Superficial cells may persist
on the surface of papillary urothelial carcinoma, particularly
low-grade carcinoma; a finding of potential importance in
pathologic grading of bladder cancer (also see Chapter 9).
Basal and intermediate cells are located between the
basal lamina and the superficial cells (Figs. 1-8 to 1-10).
These cells are morphologically identical to each other, and
are distinguished only by their position in the mucosa.'
They are regularly arranged, with distinct cell boundaries
and oval, round, or fusiform nuclei with occasional promi-
nent nuclear grooves. The nuclei are located centrally in the

Figure 1-9  Normal urothelium. Basal and intermediate cells
are located between the basal lamina and the superficial cells.
Occasional prominent nuclear grooves may be seen. Note the
binucleated superficial umbrella cells.

cells and contain finely granular chromatin that often accen-
tuates the nuclear borders. Nucleoli are usually small and
difficult to detect. Mitotic figures are rare in the normal
urothelium. The basal layer of epithelial cells expresses
Bcl-2 while the intermediate cells express RB1 and PTEN at
varying intensities. HER2 and p53 are not expressed by nor-
mal urothelial cells. Ki67, indicating proliferation, may not
be expressed in a single field. The long axis of the basal and
intermediate cells is perpendicular to the basement mem-
brane. The basement membrane is usually not visible in rou-
tine hematoxylin and eosin or periodic acid-Schiff-stained
sections but appears as a razor-thin layer beneath the mucosa
when present. Basement membrane markers, such as laminin
and type IV collagen, may be useful diagnostically in select
cases to define the basement membrane, but are not rou-
tinely employed.?”!

Delicate capillaries of the lamina propria (or subepithelial
connective tissue) are in intimate association with the base-
ment membrane, and invaginations or tangential cutting may
create the factitious appearance of intraepithelial extension.*
Frequently, the urothelium invaginates to the lamina propria
forming von Brunn nests which may be solid or show a small
central lumen. Occasionally, von Brunn nests may become
numerous or hyperplastic, a finding that should not be
misdiagnosed as cancer in frozen sections.*?*2

The urothelium is able to respond to thermal, mechani-
cal, and chemical stimuli (“sensor functions”), and has the
ability to release chemicals (“transducer functions”).?
Urothelial basal cells express certain receptors and ion
channels (e.g., vanilloid receptor-1), similar to afferent
nerves.”” The presence of afferent nerves adjacent to the
urothelium suggests that these cells may be targets for trans-
mitter release from bladder nerves or that chemicals released
by urothelial cells may alter afferent excitability.
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Table 1-1  Common Immunohistochemical Biomarkers to Identify the Different Compartments in the Urothelium

Staining Pattern; Expression in Benign

Antibody Urothelium Expression in Other Tissues

CK7 Full thickness (C, M); 90% to 100% Simple epithelia, gallbladder, esophagogastric
junction, lung, salivary glands, thyroid,
placenta, prostate, endometrium

CK20 Umbrella cells (C, M); 67% of cells Gastrointestinal mucosa, particularly the colon
and appendix, small intestine, gastric mucosa,
Merkel cells

CD44 Full thickness (M); 90% to 100% of cells Stem cell marker in the breast, colorectal,
stomach, lung, ovary, liver, and prostate

High molecular weight Basal cells (C); 90% to 100% of cells Basal cells of the prostatic glands, skin

cytokeratin (clone 34BE12)

P63 Basal cells (N); 90% to 100% of cells Squamous epithelium of various organs, basal

cells of the prostate, bronchiolar epithelium,
adnexal structures, epithelial cells of the
Bowman capsule, cytotrophoblast, basal
epithelium of the breast

Uroplakins I and IlI Apical surface of umbrella cells; 90% to Urothelium

100% of cells

Thrombomodulin Variable and patchy (C, M); 40% of cells  Stratified squamous mucosa of different organs,

GATA3 Full thickness (N); >95% cells

ureter, endothelium, mesothelium

Breast gland epithelium, T-lymphocytes,
thymocytes, adipose tissue, kidney, seminal
vesicles, epididymis, sympathetic nervous
system, ductal epithelium of salivary glands
adnexal structures of the skin

C: Cytoplasmic staining; M: Membranous staining; CK: Cytokeratin; N: Nuclear.

Figure 1-10  Normal urothelium. Basal and intermediate
cells are more densely packed with higher nuclear:
cytoplasmic ratio than superficial cells.

6

A recent advance related to the neoplastic process in the
urothelium includes a hypothesis in which cells in normal
appearing urothelium that line bladder and the urinary pas-
sages accumulate mutations caused by endogenous muta-
genic processes (mostly APOBEC mediated) or by exogenous
mutagens (mostly chemical compounds and tobacco deriva-
tives).>* Some of these mutations, observed in KMT2D and
KDM6A chromatin modifying genes, confer competitive
advantage and allow extending and colonizing of large
regions of the urothelium.?* Additional mutations, perhaps in
commonly altered genes in bladder cancer, such as TP53,
PIK3CA, FGFR3, or RB1, and other changes are needed
to trigger malignant transformation as we see it in bladder
cancer.”*

Nonkeratinizing, glycogenated squamous epithelium
seen in the adult female bladder trigone is currently regarded
as a normal variation of the urothelium. This metaplastic
epithelium expresses markers of squamous differentiation
including desmoglein 3, MAC387, HMWCK, and CK14.
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Bladder Wall

The lamina propria, located beneath the basement membrane,
consists of a compact layer of fibrovascular connective tissue
(Figs. 1-11 to 1-13). It may contain an incomplete muscula-
ris mucosae composed of thin delicate smooth muscle fibers
that may be mistaken for muscularis propria in biopsy speci-
mens (Figs. 1-14 to 1-16; Table 1-2).2°32 The muscularis
mucosae is an important diagnostic pitfall in evaluating blad-
der carcinoma because the management of cancer invading
the muscularis propria is different from that of tumors lim-
ited to the lamina propria and surrounding the muscularis
mucosae. Therefore, it is important for pathologists to be
aware of the existence of the delicate muscle bundles of the
muscularis mucosae within the lamina propria.**¥** In
biopsy specimens, these smooth muscle fibers may appear as
a continuous layer, a discontinuous or interrupted layer, or as
scattered thin bundles of smooth muscle fibers that do not
form an obvious layer (Fig. 1-17).3'** These thin muscle

Figure 1-11  Normal lamina propria.

Figure 1-14  Muscularis mucosae in the lamina propria
(A and B). The muscularis mucosae consists of scant delicate
muscle bands interspersed with blood vessels and connective

Figure 1-13  Normal lamina propria. tissue stroma.
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Figure 1-16  Muscularis mucosae.

Figure 1-17  Muscularis mucosae in the biopsy specimen.

fibers lie parallel to the mucosal surface, midway between
the urothelium and the underlying muscularis propria.
Moderate-sized or large thick-walled blood vessels are a
constant feature of the lamina propria, running parallel to the
surface urothelium in close association with the smooth
muscle fibers of the muscularis mucosae (Fig. 1-18).
However, these vessels are variable in distribution and may
be close to the superficial lamina propria (Figs. 1-19
and 1-20). Therefore, large vessels cannot be used as a sub-
stitute for muscularis mucosae as some studies have done. It
may be difficult to distinguish muscularis mucosae from
muscularis propria (detrusor muscle), and trichome staining
may be useful in resolving difficult cases.* Smoothelin can
also differentiate muscularis mucosae (negative or weak)
from muscularis propria (positive and intense) (Fig. 1-21;
Table 1-2).%3% To avoid overstaging bladder cancer, it is
also important for the pathologist to be aware of the existence

Table 1-2  Microscopic Characteristics of the Smooth Muscle Present in the Wall of the Urinary Bladder

Muscularis Mucosae (MM)

Muscularis Propria (MP) (detrusor muscle)

A continuous MM is only rarely seen. Thin, disorganized,
and discontinuous wispy fascicles of smooth muscle of
variable caliber separated by fibrovascular stroma are
the usual appearance.

In the trigone or bladder dome, MM is frequently seen as
small individual round to oval dense bundles of
smooth muscle separated by fibrovascular stroma.

In cases of bladder outlet obstruction (i.e., benign
prostatic hyperplasia), there may be marked increased
numbers of MM fascicles, but they remain disorganized
and arrayed in multiple directions. This is frequently
described as compensatory hyperplasia of the MM.

Compact and dense smooth muscle bundles forming large
solid aggregates separated by variable interspersed
fibroblasts and collagen fibers and frequent adipose tissue.

In some cases, there may be dispersion of superficial MP
bundles into the subepithelial connective tissue, a situation
in which it is difficult to establish it from hypertrophic MM.

Some authors suggest using the solid compact layer of
smooth muscle as the line of demarcation between MP
and MM. It is acceptable to report the specimen as
indeterminate for type of muscle and ask for a repeat
transurethral resection in difficult cases.
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Figure 1-18 Muscularis mucosae in close proximity of large
vessels (A and B).

Figure 1-19  Large vessels may be seen in superficial lamina
propria and may or may not be associated with muscularis
mucosae. Therefore, large vessels cannot be used as substitute
for muscularis mucosae.

Figure 1-20 Variable distribution of large vessels and
variable sized muscularis mucosae bundles.

of fat within the lamina propria and the muscularis propria
(Figs. 1-22 and 1-23).%°

Occasional bizarre stroma cells may be seen in the lamina
propria and can be mistaken for invasive cancer cells. In dif-
ficult cases, immunostains for cytokeratin reveal that these
bizarre stroma cells are negative, unlike cancer cells
(Figs. 1-24 and 1-25). An important pitfall to be avoided is
related to the positivity of myofibroblasts with pan-
cytokeratin and smooth muscle actin. Awareness of this
immunoprofile will prevent misclassification of few
cytokeratin-positive or smooth muscle actin-positive cells as
malignant cells infiltrating lamina propria.*?

The muscle proper (or detrusor muscle) of the bladder,
the muscularis propria, is moderately thick and consists of
an inner longitudinal layer, middle circular layer, and outer
longitudinal layer (Fig. 1-26). It spirals around each ureteral
orifice and increases in thickness around the internal urethral
orifice, forming the internal sphincter of the bladder. The
muscularis is surrounded by a coat of fibroelastic connective
tissue, adventitia, and perivesical fat (Table 1-2).

Paraganglionic Tissue

Paraganglia are rarely found in routine sections of the urinary
bladder.*’ Their presence in a bladder biopsy may be confused
with neoplasm. Distinguishing features that are useful include
the distinctive arrangement of cell nests, sinusoidal vascular
pattern, monotonous benign cytology of the cells, and absence
of a stromal reaction.”' Paraganglionic tissue typically dem-
onstrates immunoreactivity with neuroendocrine markers,
such as chromogranin, synaptophysin, and neuron specific
enolase. The reported expression of GATA3 in paraganglionic
tissue and paraganglioma should not be mistaken as malig-
nancy in small biopsies of the bladder. The sustentacular cells
exhibit immunostaining for S100 protein.
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Figure 1-22  Adipose tissue can be seen in the lamina
propria.
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Figure 1-21  Muscularis mucosae is negative or shows
weaker staining as compared to muscularis propria (A-C).
Smoothelin usually stains strongly in muscularis propria
(detrusor muscle) (C).

i

Figure 1-23  Adipose tissue is present in both the lamina
propria and muscularis propria (A and B). The presence of fat
invasion in transurethral resection specimens does not
indicate extravesical extension.
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Figure 1-26 Muscularis propria (detrusor muscle). Note the
contrast between detrusor muscle and muscularis mucosae in
the lamina propria.
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Figure 1-24  Bizarre stromal cells in the lamina propria
(Aand B). The Urachus

The urachus is an intraabdominal embryonic remnant. It
contains the allantois, connecting the apex of the urinary blad-
der to the body wall at the umbilicus. The allantois originates
in the portion of the yolk sac that gives rise to the cloacal
portion of the hindgut. As the embryo grows, the urachus elon-
gates to maintain its connection with the bladder dome and the
body wall. At birth, the dome of the bladder and the umbilicus
are closely opposed, and the urachus is only 2.5 to 3 mm long,
with a diameter of 1 mm throughout most of its course and
3mm where it joins the bladder.** The urachus lies in a space
anterior to the peritoneum, bounded anteriorly and posteriorly
by the umbilicovesical fascia.** Laterally, it is bounded by the
two umbilical arteries, which, in turn, are surrounded by
umbilicovesical fascia. Inferiorly, the umbilicovesical fascial
layers cover the surface of the dome of the bladder. This space,
the space of Retzius, is roughly pyramidal, and fascial planes
separate it from the peritoneum and other structures. At the
junction with the urinary bladder, the adult urachus is 4 to
Figure 1-25  Bizarre stromal cells in the lamina propria. 8 mm wide, narrowing to about 2mm at its superior end.
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Figure 1-27  Patterns of intramural urachal canals. A, Tubular canal without complexity. B, Type Il: Tubular canal with marked
segmental dilatation and variable curvature. C, Type Ill: Tubular canal with marked tortuosity and distortion, including segmental

dilatation.

The urachus has three segments: supravesical, intramural,
and intramucosal.* Tubular urachal remnants are found
within the wall of the urinary bladder in approximately one-
third of adults and are evenly distributed between men and
women. There are three architectural patterns of intramural
urachal canals, varying from simple tubular canals to com-
plex branching canals (Fig. 1-27).* The mucosal portion of
the urachus may have a wide diverticular opening, papilla, or
a small opening flush with the mucosal surface. The major-
ity (70%) of intramural urachal remnants are lined by urothe-
lium; the remainder are lined by columnar epithelium,
occasionally with small papillae or, rarely, mucous goblet
cells or mucus-secreting columnar epithelium in women
(Figs. 1-28 and 1-29).% In rare cases, urachal remnants are
lined by flattened epithelium and some may lack a covering
epithelium.

The Renal Pelvis and Ureters

The ureter and renal pelvis develop from the ampullary bud,
which arises from the distal mesonephric duct during the
fourth week of development. As the ureter elongates, there is
a period of luminal obliteration followed by recanalization
in the fifth week. Recanalization begins in the middle of the
ureter and extends proximally and distally with the uretero-
pelvic and ureterovesical junctions; these are the last seg-
ments to recanalize. The mesonephric duct distal to the
ampullary bud (the common nephric duct) is incorporated
into the developing urogenital sinus, while the ureteral ori-
fice migrates to the trigone and contributes to the prostatic
urethra in the male. Concomitant development of the male
and female reproductive tract forms the mesonephric
(Wolffian) and miillerian ducts, respectively; division of the
cloaca into bladder and hindgut occurs as the ureter and kid-
ney develop. As a consequence, multiple malformations in
these areas often occur together.
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Figure 1-28 Normal urachus lined by stratified urothelium
(A and B).

The lumen of the renal pelvis and ureter is lined by
urothelium that rests on a basement membrane (Fig. 1-30).
The urothelium is composed of three to five layers of cells
in the pelvis and four to seven layers of cells in the ureter.
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Figure 1-29  Urachal remnants (A to D).

A

Figure 1-30 Normal ureter (A and B).




Normal Anatomy and Histology

The pelvis and ureter have a continuous muscular wall that
originates in the fornices of the minor calyces as small inter-
lacing fascicles of the smooth muscle cells. The muscularis
propria is not divided into distinct layers. Near the bladder,
the ureter acquires an external sheath from the detrusor mus-
cle, and the muscle fascicles become oriented longitudinally.
The longitudinal fibers continue through the wall of the
bladder and into the submucosa, where they surround the
ureteral orifice and contribute to the trigone muscle.

The Urethra

The epithelium of the urethra is derived from the urogenital
sinus, which is formed when the endodermal cloaca divides
into the rectum dorsally and the urogenital sinus ventrally,
separated by the urorectal septum. In females, the epithelium
of the urethra is derived from endoderm of the urogenital
sinus, while the surrounding connective tissue and smooth
muscle arise from splanchnic mesenchyme. In males, the
epithelium is also derived from the urogenital sinus except in
the fossa navicularis where it is derived from ectodermal
cells migrating from the glans penis. As in females, the con-
nective tissue and smooth muscle surrounding the male ure-
thra is derived from splanchnic mesenchyme.

The male urethra is 15 to 20cm long and is divided into
three anatomical segments (Figs. 1-31 and 1-32). The pros-
tatic urethra begins at the internal urethral orifice at the
bladder neck and extends through the prostate to the pros-
tatic apex. In the central part of the urethral crest is an emi-
nence called the verumontanum. The verumontanum
contains a slit-like opening that leads to an epithelium-lined
sac called the prostatic utricle, a miillerian vestige. The
ejaculatory ducts empty into the urethra on either side of the
prostatic utricle. The membranous urethra extends from
the prostatic apex to the bulb of the penis. Cowper glands
are located on the left and right sides of the membranous
urethra and their ducts empty into it. The penile urethra
extends from the lower surface of the urogenital diaphragm
to the urethral meatus in the glans penis. Bulbourethral
glands are located in the proximal (bulbous) portion of the
penile urethra. In addition, scattered mucus-secreting periu-
rethral glands (Littre glands) are present at the periphery of
the penile urethra except anteriorly (Fig. 1-33). The major-
ity of unmyelinated nerve fibers penetrate the smooth mus-
cle layers at 5 o’clock and at 7 o’clock, whereas the majority
of myelinated nerve fibers penetrate the striated muscles
of the prostatic capsule and of the urethral sphincter at
9 o’clock and at 3 o’clock.

The type of epithelium lining the urethra varies along its
length (Fig. 1-34). In general, urothelium lines the prostatic
urethra, pseudostratified columnar epithelium lines the
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Figure 1-31 Normal urethra in male patient (A and B).

membranous segment and most of the penile urethra, and
nonkeratinized stratified squamous epithelium lines the
fossa navicularis and external urethral orifice. In females,
the proximal one-third of the urethra is lined by urothelium
and the distal two-thirds by nonkeratinized stratified
squamous epithelium. The proximal one-third consists of a
circular smooth muscle sphincter, the middle one-third of
two circular layers of smooth and striated muscle fibers, and
the distal one-third of a circular layer of smooth muscle fib-
ers surrounded by an omega-shaped layer of striated muscle
fibers. In the proximal one-third of the urethral sphincter,
myelinated fibers run with unmyelinated fibers from the
pelvic plexus. These fibers are closely related to the lateral
and anterior aspects of the vagina. Unmyelinated fibers enter
the smooth muscle part of the sphincter at 4 o’clock and at
8 o’clock, whereas most myelinated fibers enter the sphincter
at 3 o’clock and at 9 o’clock. The female urethra is approxi-
mately 4cm long and, at its periphery, contains paraurethral
Skene glands.



Normal Anatomy and Histology

Figure 1-34 Transition from urothelium to squamous
epithelium in the urethra.

Immunohistochemistry

The urothelium has a characteristic immunophenotype. It
expresses cytokeratins of both low and high molecular
weights, including cytokeratins 7, 8, 13, and 19; cytokerat-
ins 18 and 20 are present in the superficial cells.*’-* This
pattern of expression differs from that of normal stratified
squamous epithelium, which shows predominantly high
molecular weight keratin immunoreactivity and from endo-
metrium, endocervix, colorectum, and prostate, which dem-
Figure 1-32  Normal urethra and periurethral glands onstrate a preponderance of low molecular weight keratin.
(Aand B). High molecular weight keratin immunoreactivity is
restricted to the basal cell layer of the urothelium and squa-
mous mucosa of the trigone. This can also be readily stained
with antikeratin MAC387, which is not present in basal
cells but in squamous cells of the trigone.?' Other epithelial
markers, such as epithelial membrane antigen, carcinoem-
bryonic antigen, and LeuM1, are found on the surface of the
urothelium. The normal urothelium synthesizes blood
groups isoantigens A, B, and H (O), as well as Lewis blood
group antigens.” As mentioned above, the basal layer of
urothelial cells expresses Bcl-2 while the intermediate cells
express RB1 and phosphatase and tensin homolog deleted
on chromosome ten (PTEN gene) at varying intensities.
HER?2 and p53 are not expressed by normal urothelial cells.
Ki67, indicating proliferation, is uncommon in the normal
urothelium. Prostate-specific antigen (or human glandular
kallikrein 3), prostatic acid phosphatase, prostate-specific
membrane antigen, and human glandular kallikrein 2 are
not produced by the urothelium. Table 1-1 shows a sum-

L mary of staining patterns and expressions of commonly
Figure 1-33 Littre glands are lined by mucus secreting used antibodies in diagnostic immunohistochemistry of the

columnar cells. urothelium.*?
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