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Abstract The origin of a primary or metastatic carcinoma in
the pelvic area is sometimes difficult to establish, in particular
the distinction between those originating in the bladder and the
prostate. A candidate marker is theHOXB13 gene, essential for
prostate development. Some studies have shown expression of
HOXB13 protein by immunohistochemistry in the nuclear
compartment of benign prostate luminal epithelium and prostate
carcinoma. Forty-two cases of biopsies and resection specimens
of the prostate and urinary bladder, metastatic lymph nodes, and
pelvic masses were retrieved from our databases. In all cases,
doubt persisted regarding prostatic versus urothelial origin. All
cases were stained for CK7, p63, p504s, PSA, CK20, and
HOXB13. Chromogranin A, CD56, and synaptophysin were
used when neuroendocrine differentiation was suspected.
HOXB13 staining was negative or only weakly positive in all
carcinomas of urothelial origin. Three of four carcinomas with
neuroendocrine differentiation did not express HOXB13. The
fourth carcinoma, in a patient with a history of prostate carci-
noma, was positive. In two cases with a synchronous prostatic
and urothelial carcinoma, HOXB13 was exclusively expressed
in the prostatic carcinoma. Our results demonstrate that

HOXB13 expression identifies prostatic origin of a carcinoma
with good sensitivity (89 %) and very good specificity (100 %).
HOXB13 is a specific and sensitive marker for prostate cells
and a valuable diagnostic tool, especially when poorly differen-
tiated or neuroendocrine tumors are encountered. These results
justify testing of HOXB13 as a prostate-specific carcinoma
marker in larger cohorts for a more thorough evaluation of its
sensitivity and specificity.
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Introduction

TheHOXB13 gene is a member of the homeobox gene family
and encodes a transcription factor which is essential for pos-
terior abdominal vertebrate development during embryogen-
esis. The HOXB13 protein contains a homeodomain (approx-
imately 60 amino acids), coded by a highly conserved DNA
sequence (approximately 180 bp) with which it can bind
DNA. Prostate development depends on HOXB13 function.
HOXB13 maintains a high expression level into adulthood in
the normal prostate. Recently, Ewing et al. showed that the
HOXB13 G84E variant is associated with a significantly
increased risk of hereditary prostate cancer [1].

Few studies have confirmed the expression of HOXB13 in
the nuclear compartment of benign prostate luminal epitheli-
um and prostate carcinoma cells by immunohistochemistry
(IHC) [2]. Expression of HOXB13 in cells with urothelial
origin has not been reported. HOXB13 might be a sensitive
marker for prostatic cells (benign or neoplastic) and, as such, a
valuable diagnostic tool for genitourinary tract carcinomas,
particularly in case of doubt regarding urothelial or prostatic
origin.
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The distinction between tumors of bladder and prostatic
origin in biopsy or resection specimens can be extremely
challenging. Immunohistochemical markers such as CK7
and p63 are expressed in normal and tumoral urothelial tissue.
PSA is expressed in prostatic tissue, and p504s shows cyto-
plasmic expression in prostate carcinoma. These markers are
helpful, but sometimes insufficient to determine the origin of a
neoplasm in the genitourinary tract, notably when a carcinoma
with a neuroendocrine component or a poorly differentiated
carcinoma is encountered.

There are limited IHC data for HOXB13. The aim of
this study was to assess the sensitivity and specificity of IHC
HOXB13 staining as a marker of prostate carcinoma.
Furthermore, the utility of this marker was evaluated for its
ability to distinguish the origin of carcinomas in the genito-
urinary tract.

Materials and methods

Tissue selection

The initial antibody screening was performed with a tissue
microarray (TMA) of normal tissues (prostate, rectum, colon,
small intestine, stomach, liver, bladder, ureter, kidney, testis,
breast, pancreas, thyroid, adrenal gland, lymph node, and
skin) from the Department of Pathology of the University
Hospital de la Pitié-Salpêtrière. Ten cases were selected for
each organ from our archives. Each tissue sample was fixed in
formalin and paraffin-embedded (FFPE), and three 0.6-mm
cores were included in the TMA. Ten cases each of confirmed
prostate carcinoma and of confirmed urothelial carcinoma
were also tested.

A search in the patient data files of the Department of
Pathology allowed us to identify cases for which the pathol-
ogist had requested IHC because of difficulties in determining
the origin of a carcinoma, in particular of urothelial or pros-
tatic origin. From the period between January 1998 andMarch
2013, 40 cases were retrieved. Two cases were contributed by
the Department of Pathology of the Indiana University School
of Medicine. Overall, 42 cases of biopsy or resection speci-
mens of the prostate and urinary bladder, metastatic lymph
nodes, and samples of pelvic masses were retrieved. For
diagnostic reasons, all of these cases had been subjected to
IHC using antibodies against CK7, p63, p504s, and
PSA. In cases with a suspicion of neuroendocrine differenti-
ation, antibodies against Chromogranin A, synaptophysin,
and CD56 were also applied. One representative block
from each case was used for the study. Two whole tissue
sections from each case were used; one was stained by hema-
toxylin–eosin saffron, the other by IHC. The gold standard for
the diagnosis was the signed reports, all signed by the same
senior uropathologist (EC), except for the two cases from
Indianapolis which were signed by LC, with diagnosis con-
firmed by EC.

The last step of our investigation was to perform HOXB13
staining on confirmed prostate cancer and normal prostatic

Table 1 HOXB13 immunohistochemistry staining of normal tissues

Organ Not
contributive

Expression
of HOXB13
0

Expression
of HOXB13
1 (weak)

Expression
of HOXB13
2 (strong)

Prostate 0 0 0 10

Rectum 2 0 6 2

Colon 2 0 8 0

Small intestine 2 0 8 0

Stomach 0 0 10 0

Liver 0 10 0 0

Bladder 0 6 4 0

Ureter 1 7 2 0

Pancreas 1 7 2 0

Thyroid 1 2 7 0

Adrenal gland 0 8 2 0

Lymph node 0 10 0 0

Skin 1 0 9 0

Breast 3 5 2 0

Testis 2 2 6 0

Kidney 2 6 2 0

Fig. 1 Hematoxylin and eosin
(a) and HOXB13 (b) staining of
normal bladder tissue. In the basal
layer of normal urothelial cells,
the nuclei are not stained or only
weakly stained
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tissue samples, in order to confirm the reproducibility of
staining on a larger scale. We applied this staining to TMAs,
which we had already used for another study with FFPE
tissues from our department.

Immunohistochemistry and scoring

Tissue sections were deparaffinized and rehydrated. The
HOXB13 antibody (sc-28333, Santa Cruz Biotechnology,
Dallas, TX, USA) was chosen in view of its prior use in other
publications. It is a mouse monoclonal antibody raised against
amino acids 1–284 of HOXB13 of human origin. The anti-
body dilution used in this study was 1:100.

The stained tissues were scored by the two pathologists (JV
and EC). Tissues or tumors that showed nuclear staining of at
least 10 % of the cells were recorded as positive, while cases
with staining of less than 10 % of the cells were classified as
negative. The intensity of the staining was estimated as weak
(1) or strong (2).

Results

Staining scores of all normal tissues are presented in Table 1.
Normal urothelial tissue sometimes showed weak nuclear
staining in the basal cell layer of normal urothelium (Fig. 1).
The ten cases of confirmed prostate carcinoma were strongly
positive (Fig. 2); in the ten cases of urothelial carcinoma, no or
very weak focal staining was noted (Fig. 3).

The patients of the 42 biopsy or resection specimens of
prostate and bladder cancer, metastatic lymph nodes, and
pelvic masses (for more details, see Table 2) had a median

age of 70 years (range, 42–87). Two patients had repeated
resections, of which only the first was taken into consideration
in this study. Most of these cases were transurethral resections
of the prostate or bladder (n =22). In some cases, only biopsy
material from either the prostate or bladder was available (n =
7). In two cases, the exact site of the resection was unknown,
but both bladder and prostate tissue were recognized in the
histological slides. Also included in this series were lymph
node metastases of carcinomas of undetermined origin, pelvic
masses, one liver metastasis, and other samples from the
genitourinary region, for which doubt regarding the primary
origin of the tumor persisted. Detailed results are listed in
Table 2.

Two cases (13 %) were retrospectively confirmed as
urothelial carcinomas, with no or very weak, focal labeling
with HOXB13 (Fig. 4). Of the four cases with neuroendocrine
differentiation, three did not express HOXB13. In one case, a
final diagnosis of prostate carcinoma with neuroendocrine
differentiation was confirmed; this case was strongly positive,
and the patient had a prior history of prostate carcinoma
(Fig. 5). In the two other cases, a minor component (<2 %)
of urothelial carcinoma was observed. Based on these find-
ings, we considered the third case as a neuroendocrine
urothelial carcinoma, despite the fact that no urothelial carci-
noma was found.

In two cases with concurrent prostate and bladder
cancer, HOXB13 was exclusively expressed in the pros-
tate cancer (Fig. 6). Both cases were not challenging
from a diagnostic point of view but confirm our obser-
vations (see Table 3). Sensitivity of HOXB13 staining for
determining a prostatic origin was 89 % with 100 % specific-
ity (Table 4).

Fig. 2 Hematoxylin and eosin
(a) and HOXB13 (b) expression
in a well-differentiated prostate
carcinoma. The nuclei of tumor
cells are strongly stained

Fig. 3 Hematoxylin and eosin
(a) and HOXB13 (b) labeling
in well-differentiated urothelial
carcinoma. The nuclei of tumor
cells are weakly and focally
positive
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In all tested normal prostate tissues, only the luminal
prostatic cells were strongly stained by the HOXB13 anti-
body, while the basal cells never displayed any staining
(Fig. 7). In the 120 cases of normal prostatic tissue, we
observed strong nuclear staining of HOXB13 in the secre-
tory cells in all cases. All 400 cases of prostate carcinoma
on the TMA also showed strong nuclear staining without
any cytoplasmic staining. Additional information about
Gleason scores, pT stage, and surgical margins is provided
in Table 5.

Discussion

Reliable markers are needed in order to distinguish the tissue
of origin in cases of poorly differentiated carcinomas, espe-
cially in the genitourinary tract. Several markers have been
studied, such as HOXB13, which is expressed in normal as
well as tumor tissue of the prostate [2]. There is little data on
HOXB13 expression at the protein level; our study is the first
to test HOXB13 expression in tissues other than the prostate
by IHC, with particular emphasis on its use in diagnosis.

Our results demonstrate that HOXB13 staining is highly
specific for prostate tissue. We show that normal prostate or
prostate cancer tissue strongly expresses HOXB13; in all other
normal tissues, except for two cases of the rectum, only weak
focal expression was found or no staining at all (1). This is
helpful in difficult cases of carcinoma in the genitourinary tract,
notably when doubt remains regarding prostatic or urothelial
origin. Even cases with neuroendocrine differentiation, or cases
with distant metastasis, which are suspected to be of genitouri-
nary origin, could be successfully resolved.

Unfortunately, especially in poorly differentiated cases,
distinguishing high-grade prostate carcinoma from poorly
differentiated urothelial carcinoma is exceedingly difficult,
especially on limited biopsy material. The treatments for
prostate carcinoma and urothelial carcinoma are completely
different. Advanced prostate carcinoma is commonly treated
with hormonal therapy, while high-stage, metastatic urothelial
carcinoma is treated with chemotherapy. Therefore, it is of
major importance to distinguish between the different origins
of poorly differentiated carcinomas in the genitourinary tract,
or distant metastatic localizations in patients with a clinical
history of urothelial carcinoma and/or prostate carcinoma. An
accurate diagnosis is essential for optimal patient care.

Morphology is helpful, with a cribriform pattern and prom-
inent nucleoli, sheet, and cords of uniform cells in favor of
prostate carcinoma. However, for some poorly differentiated
carcinomas or carcinomas with neuroendocrine differentia-
tion, the diagnosis can be very challenging. The presence of
a coexisting low-grade papillary urothelial tumor or urothelial
carcinoma in situ would favor a diagnosis of high-grade
urothelial carcinoma, but the possibility of synchronous pros-
tate carcinoma would have to be excluded, since both tumor
types occur in elderly men. Morphological characteristics and
clinical manifestations can overlap between the carcinomas,
but their distinction has significant implications on staging
and therapy.

Immunohistochemistry is often needed to resolve differen-
tial diagnoses. Several immunohistochemical markers have
been described to distinguish between prostatic and urothelial
tissue. PSA and PSAP are highly specific for prostate epithe-
lium [3]. In our experience, PSA staining may be weak and
focal. Therefore, strong nuclear HOXB13 staining should be

Fig. 4 Hematoxylin and eosin
(a) and HOXB13 (b) expression
in a poorly differentiated
carcinoma. The absence of
staining for HOXB13 suggests an
origin other than prostatic

Table 2 List of surgical specimens

Type of sample Number of
examined samples

TURB 16

TURP 6

Cystectomies and cysto-prostatectomies 5

Bladder biopsies 3

Urethral biopsies 3

Prostate and bladder biopsies from the same patient 2

Pelvic mass 1

Foreskin 1

Prostate biopsies 1

Nephro-ureterectomy 1

Peritoneum 1

Liver biopsy 1

Metastatic lymph node 1

Total 42
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an improvement on PSA for diagnostic use. Another useful
marker is p504s (AMACR), also known as alpha-methyl-
acyl-CoA racemase, expression of which is upregulated in
prostate carcinoma, and which has given good results for
prostatic-specific staining, even in metastatic lesions [4, 5].
Recently, a new marker, NKX3.1, has been tested. This
antibody shows high sensitivity for nontreated, metastatic
prostate carcinoma, with 98.6 % of the cases stained in some
studies. Nevertheless, it occasionally also stains lobular breast
carcinoma [3].

For urothelial carcinoma, many excellent markers are avail-
able, such as high molecular weight cytokeratins, which are
expressed in 65 % of urothelial carcinomas but in only 6 % of
prostate carcinomas [6]. For example, CK7 and CK20 are
expressed in 40–60% of urothelial carcinomas; often urothelial

carcinomas coexpress both cytokeratins. The relatively new
biomarker p63 has also shown utility in the distinction between
genitourinary carcinomas of different origin. It is a member of
the p53 family, predominantly expressed in the basal layer of
the urothelium, and has shown reactivity in squamous and
urothelial carcinomas [7, 8]. Staining p63 is negative in 2–
17 % of high-grade urothelial carcinomas, while positive in
0–3% of high-grade prostate carcinoma [9–13]. Placental S100
(S100P) staining has also recently been noted in 78 % of
urothelial carcinomas; a combination of S100 and p63 stained
95 % of urothelial carcinomas [14].

Recent studies have shown that a new marker, GATA3, is
expressed in 67–80 % of urothelial carcinomas, but not in
prostate carcinoma [15, 16]. GATA3 has the potential to serve
as a useful immunohistochemical marker that distinguishes

Table 3 Initial and final diagnoses

Sample Bladder Prostate Bladder and prostate Other Total

Number 25 (59 %) 9 (21 %) 2 (5 %) 6 (15 %) 41 (100 %)

Initial diagnosis UCa 18 (72 %) 1 (12.5 %) 1 (50 %) 5 (83 %) 25 (61 %)

PCa 1 (4 %) 7 (75 %) 1 (50 %) 0 9 (22 %)

UCa and PCa 2 (8 %) 1 (12.5 %) 0 0 3 (7 %)

Other 3 (12 %) 0 0 0 3 (7 %)

Undetermined 1 (4 %) 0 0 1 (17 %) 2 (5 %)

Final diagnosis Corrected 2 (8 %) 0 0 1 (17 %) 3 (7 %)a

UCa urethelial carcinoma, PCa prostatic carcinoma
aOne case of poorly differentiated carcinoma in the bladder: HOXB13 2+ was considered as a PCa; one case of neuroendocrine PCa in the bladder: no
expression of HOXB13 was considered as a neuroendocrine UCa; one case of poorly differentiated carcinoma in a lymph node did not express
HOXB13; final diagnosis: metastasis of UCa

Fig. 6 Hematoxylin and eosin
(a) and HOXB13 by
immunohistochemistry (b) in
urothelial carcinoma concurrent
with prostate carcinoma. Only the
prostate carcinoma strongly
expresses HOXB13

Fig. 5 Hematoxylin and eosin
(a) and HOXB13 (b) expression
in a poorly differentiated
carcinoma. Strong nuclear
staining suggests prostatic origin
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between urothelial carcinoma and other genitourinary tumors,
such as prostate carcinoma and renal cell carcinoma [17].
Another advantage of GATA3 is its homogenous staining.
Chang et al. demonstrated that GATA3 performs better
than Uroplakin III, which is considered an antigen
highly specific for urothelium [18]. It has a sensitivity
of 31–60 % for primary invasive urothelial carcinomas and
53 % for metastatic urothelial carcinomas. One problem
with Uroplakin III as a distinguishing marker is that its
expression decreases with increasing grade and stage of
urothelial carcinomas, while poorly differentiated cases do not
express Uroplakin III at all. Furthermore, Uroplakin III stain-
ing is difficult for pathologists to interpret, as it is heteroge-
neous [10, 17, 18].

In daily practice, classical IHC markers used for distingui-
shing tumor origin in the genitourinary tract, such as p504S,
PSA, and PSAP, are positive in cases of prostatic origin, and
negative in cases of urothelial origin, while the inverse is true for
p63 and CK7. None of these markers have 100 % sensitivity
and specificity; for example, about 12 % of urothelial

carcinomas are p504S positive [9]. In particular, poorly differ-
entiated cases can lose immunohistochemical expression of
several antigens.

Although our study is limited by the small set of 42
cases with diagnostic uncertainty, we show that HOXB13
staining has good sensitivity (89 %) for prostate carcinoma
and very high specificity (100 %). These data were confirmed
by a supplementary study using normal prostatic tissue,
as well as confirmed prostate cancer tissue, retrieved
from radical prostatectomies. These results should be con-
firmed in larger studies. Nevertheless, these results are very
promising and permitted us to reevaluate several very chal-
lenging cases.

As described above, sometimes very weak, focal staining
of HOXB13 was observed in the basal layer of the urothelium

Table 4 Results of standard and HOXB13 immunohistochemistry

Final diagnosis

Antibody UCa PCa UCa and
PCa

Other Total

Number 27 (65 %) 9 (21 %) 3a (7 %) 3 (7 %) 41 (100 %)

CK7+ 24 (89 %) 0 1 (33 %)

p63+ 19 (70 %) 0 0

PSA+ 0 7 (88 %) 0

p504S+ 4 (15 %) 7 (88 %) 0

HOXB13+

0 26 0 2 (66 %)

1 1 (4 %) 2 1

2 0 7 (88 %) 0

UCa urethelial carcinoma, PCa prostatic carcinoma
a In these three cases, UCa were CK7+, p63+, PSA−, and p504S−, and
PCa were CK7−, p63−, PSA+, and p504S+

Fig. 7 Hematoxylin and eosin
(a); HOXB13
immunohistochemistry (b) with
nuclear labeling of secretory
cells of normal prostatic tissue

Table 5 Details of the TMA of
radical prostatectomies

a No cases of negative or weak
staining were observed
bMean age of the patients from
whom the tissues were obtained
was 63 years

ADK prostate
HOXB13
2 (strong)a

Number
of prostate
cancer cases,
n =400b

Gleason score

≤6 183 (46 %)

7 (3+4) 125 (31 %)

7 (4+3) 55 (14 %)

≥8 37 (9 %)

pT

pT2 286 (71 %)

pT2a 6 (1 %)

pT2b 16 (4 %)

pT2c 243 (61 %)

pT2x 21 (5 %)

pT3 114 (29 %)

pT3a 76 (19 %)

pT3b 38 (10 %)

Surgical margin

Negative 322 (80 %)

Positive 78 (20 %)
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or colonic mucosa. We observed two cases of normal rectum
that exhibited strong staining in the crypts. As a consequence,
HOXB13 might not be the ideal marker to distinguish be-
tween colon and prostate cancer. However, Alcian blue or
PAS staining would be helpful in those cases, as well as
CK20 and CDX-2 staining.

The major difficulty in uropathology remains the differen-
tial diagnosis between bladder and prostate cancer. In the
differential diagnosis between poorly differentiated prostate
carcinoma and urothelial carcinoma, we suggest that PSA,
PSAP, p504s, CK7, and p63 remain the first screening
markers. If PSA, PSAP, and p504s are negative, HOXB13
might direct the diagnosis towards prostate carcinoma. If all
prostate markers are negative, it is extremely unlikely that the
tumor is of prostatic origin.
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