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Urothelial dysplasia and carcinoma in situ (CIS) are
related to recurrence and progression of urothelial
carcinoma. Distinguishing CIS and dysplasia from
reactive atypia is often difficult on the basis of his-
tological features alone. Cytokeratin 20 (CK20), p53,
and Ki-67 are related either to neoplastic change or
prognosis in urothelial proliferations. The objective
of the present study was to establish the immuno-
histochemical pattern of these three antibodies in
urothelial dysplasia and CIS. Three groups of pa-
tients were evaluated: 40 nonneoplastic urothelial
samples, 50 cases with histologically incontrovert-
ible CIS, and 30 samples with nonconclusive atypi-
cal changes (atypia of unknown significance).
Monoclonal antibodies (MoAb) against CK20, p53,
and Ki-67 (MIB-1) were used on paraffin-embedded
samples. Nonneoplastic urothelium showed no re-
activity to CK20 except for umbrella cells; p53 and
Ki-67 were negative or weakly positive in <10% of
basal cells. In the CIS group, 42% showed positivity
for all three MoAb; 44%, for two; and 14%, only for
one. CK20 was positive through the full thick-
ness of the urothelium in 72% of cases, p53 was
positive in 80% of cases, and Ki-67, in 94% of
cases. In the third group, the suspected dysplas-
tic cells showed strong positivity in scattered
cells through the epithelium in 75% of cases.
Aberrant CK20 expression in urothelial cells
plus overexpression of p53 and Ki-67 are indi-
cators of dysplastic change in urothelial mu-
cosa. Thus, immunohistochemistry is a useful
tool to confirm the diagnosis of CIS and could
be helpful to distinguish dysplastic changes
from reactive atypia.
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Dysplastic changes and particularly the presence of
CIS in urothelium have important clinical implica-
tion both in prognosis and treatment of patients
with urothelial neoplasms (1–3). Thus, identifica-
tion of such cellular alteration is of great impor-
tance for correct management of these patients.
Nevertheless, the interpretation of dysplastic
change in urothelial cells is sometimes difficult on
the basis of histological criteria alone, and fre-
quently pathologists feel uncomfortable evaluating
them, especially in small-cell CIS or when there is a
significant loss of the urothelial lining with few
atypical cells remaining. It is even more difficult to
diagnose dysplasia in those cases in which urothe-
lial atypia is observed in some cells but do not reach
all the morphological criteria to be classified as CIS
(1, 4–6).
Several biological markers have been reported in

the literature to be good objectivemarkers of progres-
sion of different neoplasms. The Ki-67 antigen recog-
nized by the MIB-1 monoclonal antibody is a useful
proliferation marker (7–10). Overexpression of the
p53 gene product has been reported to be amarker of
progression in urothelial carcinoma (11–14). CK20 is
the last known component on the cytokeratin sub-
group of intermediate filaments (15). Its expression
has been described as an objective marker of the
neoplastic change of urothelial cells (16–21). All of
these markers are easy to manage, and their interpre-
tation has been quite standardized.
Thus, the purpose of the present study is to find

whether the immunohistochemical expression of
the panel CK20, p53, and Ki-67 in urothelium can
be a tool for objectively distinguishing the cases
with CIS and dysplastic urothelial changes from
reactive nonneoplastic atypia.

MATERIALS AND METHODS

We studied 50 cases considered as incontrovert-
ible urothelial CIS by two uropathologists after the
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WHO/ISUP criteria (1). Samples were collected
from the files of the pathology department of our
hospital. Samples from both ureter and urinary
bladder were included. Forty cases of nonneoplas-
tic urothelium, including samples of urinary blad-
der from necropsies and sections of ureter from
nephrectomy specimens, were studied. We added a
third group of 30 samples with cellular atypia that
was suspicious but nonconclusive for dysplasia
(atypia of unknown significance); these samples
were obtained from mapping specimens in patients
with concomitant urothelial carcinoma.

Immunohistochemistry was performed using the
Envision (Dako Co, Carpinteria, California) method
on 4-�m-thick sections from formalin-fixed,
paraffin-embedded blocks. MoAb to Ki-67 (MIB-1;
1:200, DAKO, Carpinteria, CA), p53 (1:200, Bio-
Genex, San Ramon, CA), and CK20 (1:200, DAKO)
were used. Samples with known positive reactivity
for each MoAb were used as positive controls. As a
negative control, a section was processed in which
the primary antibody was changed by PBS.

We recorded the percentage of positive cells for
each marker in each group of cases as well as the
distribution of expression and its intensity. As pre-
viously reported, Ki-67 was considered positive
when �10% of cells showed nuclear positive ex-
pression (9); p53 was considered positive when
�20% of cells showed nuclear positivity (12), and
CK20 expression was considered aberrant when
there was cytoplasmic expression on urothelial cells
other than superficial umbrella cells (21).

RESULTS

In nonneoplastic urothelium, CK20 was negative
in the whole epithelium and expressed cytoplasmic
positivity in a patchy way, just in umbrella cells in
14 cases. Ki-67 was expressed in basal cells with a
weak-mild intensity in �5% of cells in 18 cases
(45%). Similarly, p53 was expressed weakly in nuclei
of some scattered cells, predominantly in a basal
distribution, in 15 (37.5%) cases, always in �5% of
cells. (Fig. 1)

When CIS immunohistochemical profile was an-
alyzed, cases were considered positive by strict ad-
herence to the criteria mentioned above. Thus,
some cases were recorded as negative for some of
the MoAb according to the percentage of positive
cells, although some of them showed a variable
number of intense positive cells (Cases 1, 30, 33,
and 41). Results for the CIS group are summarized
in Table 1. Among the 50 CIS cases, 21 (42%)
showed reactivity for the whole panel, 22 (44%)
reacted to two markers, and 7 (14%) reacted just to
one of them. Ki-67 reacted in 47 cases (94%), show-
ing �50% of positive cells in 18/47 cases (38.3%);

p53 was considered positive in 40 cases (80%), with
28/40 (70%) showing �50% of positivity. CK20
showed positive reactivity in 36 cases (72%), with
31/36 (86%) showing a strong full-thickness posi-
tivity of �50% of atypical cells (Table 2, Fig. 2).

In the group of unknown significance atypia, we
found 73.3% positivity for p53, 40% positivity for
Ki-67, and 30% positivity for CK20. Also, 23.3% of
cases were negative to the whole panel, 36.7% were
positive just for one antibody, 13.3% were positive
for two antibodies, and 26.7% were positive for the
whole panel (Table 2). If we considered as positive
the cases with intense, incontrovertible reaction to
any of the MoAb in some cells, irrespective of the
percentage, nuclear reactivity to p53 and Ki-67 was
observed in 67.85% and 35.7% of cases, respec-
tively. CK20 expression was cytoplasmic on scat-
tered basal or intermediate cells in 25% of cases
(Fig. 3). Differences between the two groups are
reflected in Table 3.

DISCUSSION

Urothelial carcinoma is a recurrent neoplasm
with a significant number of cases in which neo-
plasm progresses to an infiltrating, very aggressive
disease. CIS is a neoplastic change of the urothe-
lium considered to be a high-grade neoplasm and is
an indicator of progression of urothelial neoplasm
that requires specific treatment (1, 2, 22). There are
cases in which cell pleomorphism is so evident that
it is easy to make a diagnosis of CIS. Nevertheless,
there are still many cases such as small-cell CIS, or
the clinging form with denuded epithelium and few
remaining cells, in which pathologists do not feel
absolutely confident in the diagnosis of CIS.
Urothelial dysplasia has been considered a putative

FIGURE 1. Normal urothelium (A): Expression of CK20 is restricted
to the superficial umbrella cells (B), whereas only scattered nuclei
(arrows) show positivity against p53 (C) and Ki-67 (d). Original
magnification: 600�.
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precursor of CIS, an invasive urothelial carcinoma
of the urinary tract (1). Nevertheless, the distinction
between reactive and dysplastic changes has not
been resolved, even after publication of the WHO/

ISUP classifications (4–6). There still are no definite
morphological criteria to diagnose CIS, and there is
great inter- and intraobserver disagreement. Fur-
thermore, little is known about the evolution of
cases with dysplastic changes in the absence of CIS
or invasive neoplasia (23). Finding objective mark-
ers to aid in the distinction of true dysplastic
changes from reactive cellular alterations is one of
the challenges for uropathologists. Proliferation
markers, oncogene products, adhesion molecules,
and many other types of biological markers (24–26)
have been studied to find a way to distinguish those

TABLE 1. Immunohistochemistry Results in the 50 CIS

Cases*

Case Number p53 (%) CK20 (%) Ki-67 (%) N MoAb �

1 10 80 20 2
2 20 — 30 2
3 90 30 80 3
4 — 50 80 2
5 — 50 20 2
6 — 20 80 2
7 90 90 50 3
8 70 90 90 3
9 25 50 50 3
10 — 90 25 2
11 — — 15 1
12 90 70 10 3
13 80 90 90 3
14 20 — 90 2
15 30 50 30 3
16 90 80 10 3
17 5 50 50 2
18 10 2 20 1
19 30 — 10 2
20 20 — 10 2
21 25 90 90 3
22 — 40 25 2
23 55 90 10 3
24 20 90 90 3
25 10 90 90 2
26 30 50 90 3
27 — 90 90 2
28 20 50 90 3
29 — 60 60 2
30 10 99 20 2
31 40 — 90 2
32 50 — 90 2
33 20 5 50 2
34 10 50 — 1
35 10 — 30 1
36 50 30 50 3
37 20 30 80 3
38 50 10 80 2
39 50 90 80 3
40 20 40 30 3
41 80 5 50 2
42 50 — — 1
43 80 — — 1
44 90 30 20 3
45 — 90 5 1
46 80 — 30 2
47 20 — 10 2
48 90 50 90 3
49 90 50 50 3
50 50 50 60 3

* Results for the CIS group expressed in percentage of positive cells for
each MoAb and case and the number of MoAb considered positive. Note
that in cases 1, 30, 33, and 41 only 2 MoAb were considered positive
although few cells reacted for the third MoAb.

TABLE 2. Number of MoAb Positive for Each Group

Number MoAb Positive CIS (n � 50) ATYPIA (n � 30)

0 0 7 (23,3%)
1 7 (14%) 11 (36,7%)
2 22 (44%) 4 (13,3%)
3 21 (42%) 8 (26,7%)

FIGURE 2. Carcinoma in situ (A): diffuse expression of CK20
throughout the thickness of the urothelium (B). p53 (C) and Ki-67 (D)
are expressed intensely and in a high percentage of the neoplastic cells.

FIGURE 3. Nonconclusive atypia (A): CK20 shows a clear aberrant
expression (B). p53 is strongly positive in most of the atypical nuclei
(C). Ki-67 is positive in a high number of cells (D).

TABLE 3. Number of Cases Positive for Each MoAb in

CIS and Nonconclusive Cases

p53 CK20 Ki-67

CIS (n � 50) 40 (80%) 36 (72%) 47 (94%)
ATYPIA (n � 30) 22 (73.3%) 9 (30%) 12 (40%)
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patients with a poorer prognosis of their disease in
order to offer the best treatment. In this way, p53
uniformly has been reported as a marker of pro-
gression in transitional cell carcinoma (11–14).
CK20 has been proposed as a marker of neoplastic
change as well as a predictor for progression of
urothelial carcinoma (18–21). Ki-67 is a prolifera-
tion marker, with demonstrated usefulness in many
neoplasms in determining their progression (7–11).

Our results confirm the normal immunohisto-
chemical profile in nonneoplastic urothelium.
Harden et al. (21) have already described the aber-
rant pattern of expression for CK20 as the presence
of cytoplasmic immunostaining of urothelial cells
other than superficial, umbrella cells. Ki-67 and p53
in nonneoplastic urothelium have been considered
to be nonexpressed. Some of our cases have shown
some weak positivity in the basal cell layer. Because
of that, we consider positivity for MoAb only when
there is intense nuclear reaction.

According to our results, the immunohistochem-
ical panel composed of p53, Ki-67, and CK20 is
useful for confirming the presence of dysplastic
changes in the urothelium. The positivity was al-
ways strong and, in many cases, in a high percent-
age of cells (ranging from 50–90%). This immuno-
histochemical profile is clearly different from the
one observed in normal urothelium, in which the
whole panel is always negative or just weakly pos-
itive in few cells. From this comparison, we can
conclude that our proposed immunohistochemical
panel for studying dysplastic urothelial changes is
adequate. McKenney et al. (27) recently have pub-
lished similar results for CK20 and p53 in a series of
21 CIS cases and 25 nonneoplastic urothelia. Al-
though our results are in agreement with those of
that study, we have found that Ki-67 is the most
constant marker associated with CIS and in a higher
percentage. In the same way, in the group of atyp-
ical nonconclusive changes, Ki-67 expression was
the most evident and confident. Although in the
control group there was some positivity for Ki-67, it
was always weak and in a basal distribution.

In daily practice we have found the immunohis-
tochemical panel with CK20, Ki-67, and p53 MoAb
of great help in confirming CIS, particularly in cases
with denuded epithelium but suspicious cells or in
small-cell CIS.

Because the immunohistochemical profile ob-
tained for the group of unknown-significance
atypia was also substantially different from the nor-
mal, nonneoplastic urothelium, we could anticipate
that the expression of those MoAb might be useful
for distinguishing preneoplastic urothelial changes
from reactive atypia. Among this group of cases, we
found intense and aberrant expression for the
MoAb evaluated. Evaluation of those markers can
be of aid in better defining the histological criteria

of urothelial dysplasia. According to our results, the
presence of intense positivity of suspicious cells for
at least one of the MoAb would confirm the pres-
ence of dysplastic changes. Prospective clinical cor-
relation of large series with patients without con-
comitant CIS or invasive carcinoma is needed to
confirm that hypothesis and to understand its clin-
ical implication.
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Book Review

Ironside JW, et al., editors: Diagnostic Pathol-
ogy of Nervous System Tumours, 664 pp,
London, Churchill Livingstone, 2002
($259.00).

I suspect that many pathologists, plagued with
copious amounts of free time, frequently find
themselves pondering the meaning of the term
‘ecchordosis physaliphora.‘ The first edition of
Diagnostic Pathology of Nervous System Tumours
answers this vexing question and many more in
a well-formatted, visually pleasing textbook.
Ironside and colleagues present a complete ref-
erence of nervous system neoplasms based on
the World Health Organization 2000 classifica-
tion scheme. In addition to covering all of the
primary nervous system tumor types, the book
includes separate chapters on the following top-
ics: metastatic cancers, pituitary fossa neo-
plasms, cysts and tumor look-alikes, local neo-
plastic extensions into the nervous system, and
dysgenetic syndromes. Each diagnostic entity in-
cludes epidemiological, clinical, radiological,
and gross pathologic descriptions in addition to
histologic and immunohistochemical features.
And because neuropathologists tend to earn a
significant portion of their paychecks in the fro-
zen section room, a segment on intraoperative
diagnosis is included for each tumor type as well.
The photographs are of uniformly high quality,
nicely illustrating the key features of each tumor.

Ironside’s book compares favorably with
other neuropathology tomes published over the

past year, including the fourth edition of Surgical
Pathology of the Nervous System and Its Cover-
ings, by Burger, Scheithauer, and Vogel ($225.00)
and Greenfield’s Neuropathology, edited by Gra-
ham and Lantos ($499.00). Compared with Burg-
er’s book, Ironside has a more expanded text,
with greater discussion of differential diagnosis,
molecular genetics, and other features of each
tumor. On the other end of the scale, the ency-
clopedic Greenfield’s Neuropathology’s may be
more in-depth than is needed for the practicing
pathologist. Of course, Ironside’s book confines
itself principally to tumors, whereas the other
two texts cover the entire range of neuropatho-
logic nosology.

I highly recommend this textbook to anyone
needing a superb reference of nervous system
tumors. And, finally, to satiate the curiosity of all
those who patiently read the entirety of this re-
view, “ecchordosis physaliphora” is from the
Greek meaning bubble-like forms coming from a
cartilaginous growth, referring to the noto-
chordal vestige that is occasionally seen anterior
to the pons as an incidental postmortem finding.
See page 565 of Ironside’s exquisitely photo-
graphed book for an excellent gross anatomic
image of this entity.

Brian E. Moore
Roger Williams Medical Center
Providence, Rhode Island
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