
Abstract. Background/Aim: Immunohistochemistry was
used to evaluate 600 carcinomas of major histological types
from various organs to determine the tissue distributions of
the novel markers prostein, uroplakin II and SATB2.
Materials and Methods: We retrieved 30 cases from 20
different carcinomas of systemic organs. Results: All prostate
adenocarcinomas were immunopositive for prostein, and its
reactivity was consistently diffuse. There was faint labeling
of prostein in few cases of the 570 non-prostatic carcinomas.
Uroplakin II was immunopositive in 53% and 60% of
urothelial carcinomas (UC) of the bladder and the ureter,
respectively. There was focal and weak positivity of
uroplakin II in a few cases of non-urinary tract carcinomas.
SATB2 was frequently positive in adenocarcinomas of the
digestive organs, and was also expressed in a minority of the
non-colorectal adenocarcinomas. Conclusion: Prostein and
uroplakin II are immunohistochemical biomarkers of
prostate adenocarcinomas and UCs of the urinary tract. 

Approximately 3-5% of new malignant diagnoses are
classified as carcinomas of unknown primary origin (1). This
type of diagnosis is defined by histologically-confirmed
metastatic carcinoma in the absence of clinical, radiographic,
or pathologic identification of a primary site. Although
patients with unknown primary carcinomas are treated with
surgery, radiation therapy or chemotherapy according to
general carcinoma treatment guidelines, there are specific
treatment guidelines for a primary tumor when identified that
are based on the oncological principles established for each
primary tumor type (2). In the current era of tissue-specific

therapeutic strategies, it is important to establish a tumor’s
origin, even when dealing with metastatic disease, because
targeted treatment can potentially provide better symptomatic
relief and prolonged survival (3). For example, outcomes for
metastatic colorectal cancer patients have improved by
treating patients with anti-epidermal growth factor receptor
antibodies, particularly when combined with predictive
biomarkers to select for patients lacking RAS mutations (4).
Consequently, finding a better way to identify a carcinoma’s
primary site could improve treatment outcome for
carcinomas of unknown origin.

Although histomorphologic examination using hematoxylin
and eosin (HE) stained slides can provide a pathological
diagnosis of a tumor, an accurate diagnosis may be difficult
in small biopsy specimens due to a variety of reasons such as
scant tumor cells, lack of characteristic architecture in small
biopsy specimens, artifacts in specimen preparations, and
differentiation and heterogeneity of the carcinoma. Poorly
differentiated carcinomas are particularly difficult to classify
since they lack specific architectural or cytological features
indicating histologic type. A diagnostic approach using
immunohistochemistry is essential for evaluating biopsies of
carcinomas of unknown origin. This study focused on the
novel markers prostein, uroplakin II and special AT-rich
sequence-binding protein 2 (SATB2). Prostein is a 553-amino
acid protein identified by cDNA library subtraction and
subsequent high-throughput microarray screening of prostate
cancer, and it seems to be selectively expressed in both benign
and malignant prostate epithelium (5). Uroplakin II is a 
15-kDa protein component of the urothelial plaques that
enhances the permeability barrier and strength of the
urothelium (6). The expression of uroplakin II is aberrant in
urothelial carcinoma (UC) of the bladder, and thus, it may be
a useful marker for the diagnosis of bladder carcinoma (6).
SATB2 is a described transcriptional regulator that is involved
in osteoblastic and cortical neuron differentiation and in
skeletal development. Immunohistochemical studies have
shown that SATB2 is not only expressed by normal and
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neoplastic osteoblastic tissues, but it is also strongly expressed
by normal colorectal and appendiceal epithelium (7). Although
there are a few studies examining the use of prostein,
uroplakin II and SATB2 as markers for determining primary
sites of carcinomas of unknown origin, these studies examined
a limited number of carcinoma cases directed at a limited
number of organs (3, 5-20). 

In this study, immunohistochemistry was used to
systematically evaluate 600 cases of 20 major histological
types of carcinoma arising from 16 organs (larynx,
esophagus, stomach, colon, thyroid, lung, liver, extrahepatic
bile duct, gallbladder, pancreas, urinary bladder, ureter,
prostate, breast, uterine corpus and ovary). We hoped to
determine the tissue distributions of prostein (as a marker for
prostatic adenocarcinoma), uroplakin II (as a marker for UC
of the urinary tract) and SATB2 (as a marker for colorectal
adenocarcinoma) and to examine the usefulness of these
markers for determining the primary sites of carcinomas of
unknown origin.

Materials and Methods
Patients. We collected 30 samples from each of the following primary
tumor types: conventional squamous cell carcinomas (SCCs) of the
larynx, SCCs of the esophagus, tubular adenocarcinomas of the
stomach, poorly cohesive carcinomas of the stomach, ordinary
adenocarcinomas of the colon, mucinous adenocarcinomas of the
colon, papillary carcinomas (PCs) of the thyroid, adenocarcinomas of
the lung, SCCs of the lung, classical hepatocellular carcinomas
(HCCs) of the liver, adenocarcinomas of the liver, ordinary
adenocarcinomas of the extrahepatic bile duct, ordinary
adenocarcinomas of the gallbladder, ductal adenocarcinomas of the
pancreas, infiltrating UCs of the urinary bladder, infiltrating UCs of
the ureter, acinar adenocarcinomas of the prostate, invasive carcinomas
of no special type (IC-NSTs) of the breast, endometrioid carcinomas
(ECs) of the uterine corpus and clear cell carcinomas (CCCs) of the
ovary obtained surgically at the University of Yamanashi Hospital.
Two pathologists (K.M. and T.K.) independently reviewed HE stained
slides blinded to the original pathological diagnosis. The Research
Ethics Committee of Faculty of Medicine, University of Yamanashi
approved this study (approval number 1664 and 1850).

Immunohistochemistry. Sections 4-μm thick were cut from formalin-
fixed, paraffin-embedded tissue blocks that were dewaxed and
rehydrated. Representative slides received immunohistochemical
staining. Table I lists the primary antibodies used, their dilutions and
their sources. Antigen retrieval was accomplished through heat
treatment before performing the primary antibody reactions:
autoclaving at 120˚C for 10 min in Antigen Retrieval Solution pH9
(Nichirei Biosciences, Tokyo, Japan) for prostein and SATB2, and
120˚C for 10 min in citrate buffer pH6 for uroplakin II. After
inhibiting endogenous peroxidase, positive controls were used to
perform the primary antibody reactions. N-Histofine Simple Stain
MAX PO (MULTI) (Nichirei Biosciences, Tokyo, Japan) was used
with diaminobenzidine as a chromogen and a light counterstain with
hematoxylin to perform immunohistochemistry. Two pathologists
(K.M. and T.K.) simultaneously reviewed immunostained sections
using a double-headed light microscope. They scored the extent of

immunohistochemical staining among the tumor cells as 0=0%
reactive tumor cells, 1+=1% to 10% reactive tumor cells; score
2+=11% to 50% reactive tumor cells, and 3+=51% to 100% reactive
tumor cells. Specimens assessed at 1+, 2+ or 3+ were defined as
immunopositive and sections assessed at 0 as immunonegative. 

Results

Table II shows the results of the immunohistochemical
staining of prostein. Prostein expressed in only 3 types of
carcinoma. Acinar adenocarcinoma of prostate samples had
3+ expression in 100% of the cases (Figure 1A and B).
However, liver adenocarcinoma had 1+ expression in 1 (3%)
case, and IC-NST of breast samples had 2+ expression in 1
(3%) case (Figure 1C and D). The sensitivity and specificity
of prostein for the diagnosis of acinar adenocarcinoma of
prostate origin were 100% and 99.6%, respectively.

Table III shows the results of the immunohistochemical
staining of uroplakin II. Uroplakin II expressed in 6 types of
carcinoma. Infiltrating UC of the urinary bladder had 16
(53%) positive cases: 4 at 1+, 7 at 2+ and 5 at 3+ (Figure 2A
and B). Infiltrating UC of the ureter had similar results with
18 (60%) cases: 7, 7 and 4 cases at 1+, 2+ and 3+,
respectively. Ordinary adenocarcinoma of the colon, SCC of
the lung, and EC of the uterine corpus had 1 (3%) case each
that scored 1+, and classical HCC of the liver had 3 (10%)
cases that scored 1+. The HCC cells exhibited uroplakin II
immunoreactivity in the intracytoplasmic hyaline bodies
characteristically and exclusively (Figure 2C and D). The
sensitivity and specificity of uroplakin II for the diagnosis of
UC of urinary tract origin were 57% and 99%, respectively.

Table IV shows the results of immunohistochemical
staining for SATB2. Ordinary adenocarcinoma of the colon
had 29 (97%) positive cases: 2 at 1+, 2 at 2+ and 25 at 3+
(Figure 3A and B). Mucinous adenocarcinoma of the colon
had similar results with 26 (87%) cases: 3, 4 and 19 cases at
1+, 2+ and 3+, respectively. SATB2 was frequently positive
in adenocarcinomas of the digestive organs (stomach (Figure
3C and D), colon, liver, extrahepatic bile duct, gallbladder,
pancreas), and it also expressed in a minority of the non-
colorectal adenocarcinomas. The sensitivity and specificity
of SATB2 for the diagnosis of adenocarcinoma of colorectal
origin were 92% and 71%, respectively.
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Table I. Antibodies.

Antibody                                                      Source                       Dilution

Prostein                   10E3             Dako, Glostrup, Denmark         1:400
Uroplakin II           BC21                    Biocare Medical,                1:100
                                                           Pacheco, CA, USA
SATB2             EPNCIR130A       Abcam, Cambridge, UK          1:600
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Table II. Expression of prostein in 600 carcinomas from various primary sites.

Primary tumor type                                                                                                Immunohistochemical score*                               Positive cases**(%)

                                                                                                                 0                       1+                   2+                     3+                            

Conventional squamous cell carcinoma, larynx (n=30)                      30                       0                      0                       0                           0 (0 %)
Squamous cell carcinoma, esophagus (n=30)                                      30                       0                      0                       0                           0 (0 %)
Tubular adenocarcinoma, stomach (n=30)                                           30                       0                      0                       0                           0 (0 %)
Poorly cohensive carcinoma, stomach (n=30)                                     30                       0                      0                       0                           0 (0 %)
Ordinary adenocarcinoma, colon (n=30)                                             30                       0                      0                       0                           0 (0 %)
Mucinous adenocarcinoma, colon (n=30)                                            30                       0                      0                       0                           0 (0 %)
Papillary carcinoma, thyroid (n=30)                                                    30                       0                      0                       0                           0 (0 %)
Adenocarcinoma, lung (n=30)                                                              30                       0                      0                       0                           0 (0 %)
Squamous cell carcinoma, lung (n=30)                                                30                       0                      0                       0                           0 (0 %)
Classical hepatocellular carcinoma, liver (n=30)                                30                       0                      0                       0                           0 (0 %)
Adenocarcinoma, liver (n=30)                                                              29                       1                      0                       0                           1 (3%)
Adenocarcinoma, extrahepatic bile duct (n=30)                                  30                       0                      0                       0                           0 (0 %)
Adenocarcinoma, gallbladder (n=30)                                                   30                       0                      0                       0                           0 (0 %)
Ductal adenocarcinoma, pancreas (n=30)                                            30                       0                      0                       0                           0 (0 %)
Infiltrating urothelial carcinoma, urinary bladder (n=30)                   30                       0                      0                       0                           0 (0 %)
Infiltrating urothelial carcinoma, ureter (n=30)                                   30                       0                      0                       0                           0 (0 %)
Acinar adenocarcinoma, prostate (n=30)                                               0                       0                      0                     30                         30 (100%)
Invasive carcinoma of no special type, breast (n=30)                         29                       0                      1                       0                           1 (3%)
Endometrioid carcinoma, uterine corpus (n=30)                                 30                       0                      0                       0                           0 (0 %)
Clear cell carcinoma, ovary (n=30)                                                      30                       0                      0                       0                           0 (0 %)

*Score 0: 0% reactive tumor cells; 1+: 1% to 10% reactive tumor cells; 2+: 11% to 50% reactive tumor cells and 3+: 51% to 100% reactive tumor
cells. **Data for any amount of reactivity considered positive.

Table III. Expression of uroplakin II in 600 carcinomas from various primary sites.

Primary tumor type                                                                                                Immunohistochemical score*                               Positive cases**(%)

                                                                                                                 0                       1+                   2+                     3+                            

Conventional squamous cell carcinoma, larynx (n=30)                      30                       0                      0                       0                           0 (0%)
Squamous cell carcinoma, esophagus (n=30)                                      30                       0                      0                       0                           0 (0%)
Tubular adenocarcinoma, stomach (n=30)                                           30                       0                      0                       0                           0 (0%)
Poorly cohensive carcinoma, stomach (n=30)                                     30                       0                      0                       0                           0 (0%)
Ordinary adenocarcinoma, colon (n=30)                                             29                       1                      0                       0                           1 (3%)
Mucinous adenocarcinoma, colon (n=30)                                            30                       0                      0                       0                           0 (0%)
Papillary carcinoma, thyroid (n=30)                                                    30                       0                      0                       0                           0 (0%)
Adenocarcinoma, lung (n=30)                                                              30                       0                      0                       0                           0 (0%)
Squamous cell carcinoma, lung (n=30)                                                29                       1                      0                       0                           1 (3%)
Classical hepatocellular carcinoma, liver (n=30)                                27                       3                      0                       0                           3 (10%)
Adenocarcinoma, liver (n=30)                                                              30                       0                      0                       0                           0 (0%)
Adenocarcinoma, extrahepatic bile duct (n=30)                                  30                       0                      0                       0                           0 (0%)
Adenocarcinoma, gallbladder (n=30)                                                   30                       0                      0                       0                           0 (0%)
Ductal adenocarcinoma, pancreas (n=30)                                            30                       0                      0                       0                           0 (0%)
Infiltrating urothelial carcinoma, urinary bladder (n=30)                   14                       4                      7                       5                         16 (53%)
Infiltrating urothelial carcinoma, ureter (n=30)                                   12                       7                      7                       4                         18 (60%)
Acinar adenocarcinoma, prostate (n=30)                                             30                       0                      0                       0                           0 (0%)
Invasive carcinoma of no special type, breast (n=30)                         30                       0                      0                       0                           0 (0%)
Endometrioid carcinoma, uterine corpus (n=30)                                 29                       1                      0                       0                           1 (3%)
Clear cell carcinoma, ovary (n=30)                                                      30                       0                      0                       0                           0 (0%)

*Score 0: 0% reactive tumor cells; 1+: 1% to 10% reactive tumor cells; 2+: 11% to 50% reactive tumor cells and 3+: 51% to 100% reactive tumor
cells. **Data for any amount of reactivity considered positive.



Discussion

Immunohistochemistry is often used as a diagnostic tool to
determine the primary site of carcinomas of unknown origin.
Although a common method for immunohistochemistry uses
tissue microarray array (TMA) blocks, we used whole
paraffin blocks in our study. Utilizing whole paraffin blocks
decreases the chance of false-negative results compared to
TMA blocks, which increases the accuracy of our results for
prostein, uroplakin II and SATB2 expression.

All prostate adenocarcinomas were immunopositive for
prostein with consistently diffuse reactivity. Only rare cases
(1 hepatic adenocarcinoma and 1 mammary carcinoma) of
the 570 non-prostate carcinomas had labeling for prostein,

and it was always focal. Prostein is a highly sensitive and
specific marker of prostate adenocarcinomas. Although
prostate-specific antigen (PSA) is the most commonly-used
immunohistochemical marker for identification of tumors of
prostate origin, Sheridan et al. showed that prostein is a more
effective marker than PSA (5). They reported that prostein
was positive in 2 cases of metastatic adenocarcinoma of the
prostate that were PSA-negative. It had no significant
background staining and consistently exhibited a perinuclear
cytoplasmic staining pattern that was easily interpretable in
most cases (5).

The UCs had focal and diffuse immunopositivity for
uroplakin II: 53% of the urinary bladder cases and 60% of
the ureter cases. Only rare cases of the 540 non-urinary
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Figure 1. Representative immunohistochemical images of prostein in carcinoma tissues. Acinar adenocarcinoma of the prostate (A) which exhibits
prostein immunoreactivity (B) in the cytoplasm with Golgi-type distribution. Invasive carcinoma of no special type of the breast (C) which exhibits
prostein immunoreactivity (D) in the cytoplasm. Original magnification ×200.



tract carcinomas (1 colorectal adenocarcinoma, 1
pulmonary SCC, 3 hepatic HCCs and 1 uterine EC) of 540
carcinomas of the non-urinary tract had labeling for
uroplakin II, and it was always very focal. Uroplakin II is
a moderately sensitive and highly specific marker of UCs
of the urinary tract. Although immunohistochemical
analyses regarding p63, p40, GATA3, and uroplakin III
expression are often used to help identify the urothelial
origin of UC, p63 and p40 are expressed in almost all SCCs
of various organs, and GATA3 is frequently expressed in
invasive breast carcinomas (1, 6, 16, 20, 21). In addition,
Hoang et al. showed that uroplakin II and uroplakin III
immunostaining had sensitivities of 79% and 34-55% for
UCs of the urinary bladder, respectively (6). Li et al.

showed by immunohistochemistry that uroplakin II
expression was higher than uroplakin III expression in
bladder UCs (44% versus 17%) and upper urinary tract UCs
(67% versus 46%) (16). Furthermore, Smith et al. showed
that uroplakin II immunostaining had greater intensity and
proportion than uroplakin III in metastatic UCs, consistent
with its higher sensitivity (73% vs. 37%, respectively) (20).
These results indicate that immunohistochemical analysis of
uroplakin II is a more valuable marker than uroplakin III for
confirming the urothelial origin of carcinomas.

Although CDX2 has been proposed as a colorectal
adenocarcinoma immunohistochemical diagnostic marker, it
is also frequently expressed in adenocarcinomas of the
stomach, the pancreas, the biliary tract and the ovary (1).
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Figure 2. Representative immunohistochemical images of uroplakin II in carcinoma tissues. Infiltrating urothelial carcinoma of the urinary bladder
(A) which exhibits uroplakin II immunoreactivity (B) in the cytoplasm. Classical hepatocellular carcinoma of the liver (C) which exhibits uroplakin
II immunoreactivity (D) in the intracytoplasmic hyaline bodies. Original magnification ×200 (A and B); ×400 (C and D).



Our results showed that SATB2 as well as CDX2 expressed
in carcinomas of organs other than the colorectal region
(larynx, esophagus, stomach, thyroid, lung, liver,
extrahepatic bile duct, gallbladder, pancreas, ureter, prostate,
breast, uterine corpus and ovary), and reactivity for SATB2
may be focal or diffuse. In particular, it was frequently
expressed in adenocarcinomas of digestive organs. Our
results showed that SATB2 may be a highly sensitive marker
of colorectal adenocarcinoma but suffered from lower
specificity, which suggests that immunostaining for SATB2
can add important information to, at least, rule out
adenocarcinomas of colorectal origin. 

In conclusion, transcription factors offer superior
sensitivity and specificity compared to cytoplasmic markers.

Nevertheless, our results indicate that prostein and uroplakin
II are very useful markers for diagnosing the site of origin
in carcinomas of unknown primary origin. Meanwhile,
SATB2 could add important information to help rule out
adenocarcinomas of colorectal origin.
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Figure 3. Representative immunohistochemical images of SATB2 in carcinoma tissues. Ordinary adenocarcinoma of the colon (A) which exhibits
SATB2 immunoreactivity (B) in the nucleus. Tubular adenocarcinoma of the stomach (C) which exhibits SATB2 immunoreactivity (D) in the nucleus.
Original magnification ×200.
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cells. **Data for any amount of reactivity considered positive.
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