
Abstract. Regenerating islet-derived family, member 4
(Reg IV) is a candidate marker for cancer and inflammatory
bowel disease and is associated with neuroendocrine and
intestinal differentiation. We have reported that 14% of
prostate cancer (PCa) cases are positive for Reg IV by
immunohistochemistry. In the present study, we performed
immunohistochemical analysis of Reg IV in other major
urological cancers, including 101 renal cell carcinoma
(RCC), and 95 urothelial carcinoma (UC) of urinary bladder
by immunohistochemistry. We also investigated neuro-
endocrine differentiation by chromogranin A and synapto-
physin staining along with intestinal differentiation by
MUC2 staining. Immunohistochemical analysis of Reg IV
revealed no expression of Reg IV in RCC, and only one case
(1%) of UC expressed Reg IV. Neither neuroendocrine nor
intestinal differentiation was found in RCC. Among 95 UC
cases, neuroendocrine differentiation was detected in 13
cases (14%), and intestinal differentiation was observed in
33 cases (35%). In one Reg IV-positive UC case, MUC2
staining was observed. Since Reg IV expression was
frequently found in PCa, we also measured Reg IV levels in
sera from patients with PCa by enzyme-linked immuno-
sorbent assay. The serum Reg IV concentration in PCa
patients (n=38, mean ± SE, 1.69±0.16 ng/ml) was significantly
higher than that in control individuals (n=40, 1.28±0.11
ng/ml, P=0.0199, Mann-Whitney U test). The sensitivity and
specificity for detection of PCa were 34% (13/38) and 90%
(36/40), respectively. These results suggest that among

major urologic cancers, Reg IV is expressed frequently in
PCa, and that serum Reg IV represents a novel biomarker
for PCa.

Introduction

Prostate cancer (PCa) is one of the most common types of
cancer and is the second leading cause of cancer death
among men in the United States (1). Currently, the standard
diagnostic marker for PCa is prostate-specific antigen (PSA)
and the rapid incorporation of aggressive PSA testing has
resulted in dramatically earlier identification of PCa (2).
However, the significantly high false-positive rate of PSA
combined with its widespread clinical application, has lead to
a tremendous increase in the number of unnecessary prostate
biopsies (3). Therefore, there has been an increasing emphasis
in the need to determine multiple protein biomarkers for use in
the diagnosis and prognosis of PCa.

Renal cell carcinoma (RCC) accounts for ~2% of all
human cancers worldwide, and in 2000 189,000 cases and
91,000 deaths were reported (4). RCC is characterized by an
absence of early warning signs leading to a rather high
percentage of advanced, metastatic tumors upon diagnosis.
For example, the classic triad of pain, hematuria, and a
palpable flank mass is encountered in only 10% of patients
and is usually associated with the presence of advanced
disease (5). Unlike other solid malignancies in which
established serum or urinary biomarkers are available for
early detection, relatively few diagnostic tools are currently
available for the early detection of renal tumors. Therefore,
an ideal tumor marker with high sensitivity and specificity
offers the ideal opportunity for early detection of RCC.

Bladder cancer, the majority of which is urothelial
carcinoma (UC) is the sixth most common cancer in the
world. A distinctive feature of UC is that multiple meta-
chronous or synchronous cancers frequently develop, arising
from either a polyclonal origin or metastasis from a single
clone. Thus, bladder cancer patients need a long-term follow-
up with repeated urine cytology and cystoscopy for monitoring.
Conventional urine cytology has been the standard non-
invasive method for cancer detection and disease monitoring.
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However, the sensitivity of this method is known to be low,
especially for low-grade UC. Therefore, a more sensitive,
non-invasive method for cancer detection is required.

We previously performed serial analysis of gene
expression (SAGE) of four primary gastric cancers (6) and
identified several gastric cancer-specific genes (7). Of these
genes, regenerating islet-derived family, member 4 (REG4,
which encodes Reg IV) is a candidate gene for cancer-specific
expression, at least in patients with gastric cancer. REG4 is a
member of the REG gene family, which includes three other
genes, and was originally identified by high-throughput
sequence analysis of a large inflammatory bowel disease cDNA
library (8). Quantitative reverse transcription polymerase chain
reaction (RT-PCR) analysis revealed that ~50% of gastric
cancers overexpress the REG4 gene (6) and Reg IV expression
is associated with the intestinal and neuroendocrine differen-
tiation (9). In addition to gastric cancer, overexpression of
Reg IV in colorectal cancer (10), pancreatic cancer (11) and
PCa (12) has been reported. In our previous immunohisto-
chemical analysis (13), 14% of the PCa cases were positive for
Reg IV and Reg IV positivity was associated with intestinal
and neuroendocrine differentiation. Furthermore, Reg IV
expression is an independent prognostic indicator of relapse
after radical prostatectomy. However, histologically, gastric,
colorectal, pancreatic and prostate cancers are adenocarcinomas,
and expression of Reg IV except for adenocarcinomas, such as
RCC or UC, has not yet been investigated.

Reg IV is a secreted protein which we have previously
shown represents a novel biomarker for gastric cancer (14).
The diagnostic sensitivity of serum Reg IV was superior to
that of serum carcinoembryonic antigen or carbohydrate
antigen 19-9. Serum Reg IV serves as a tumor marker for
colorectal and pancreatic cancer (10,11). These data support
the idea that Reg IV protein has potential as a novel serum
tumor marker for a wide variety of malignancies; however,
serum concentration of Reg IV in major urologic cancers
including PCa, RCC or UC has not previously been measured.

In the present study, we examined the expression and
distribution of Reg IV in human RCC and UC by immuno-
histochemistry. We have reported two Reg IV staining patterns
(mucin-like and perinuclear staining) (9). Mucin-like Reg IV
staining, observed in goblet cells and goblet cell-like vesicles
of tumor cells, is associated with MUC2 (a goblet cell marker)
positivity. Perinuclear Reg IV staining is detected in cells with
neuroendocrine differentiation. Therefore, we also performed
immunohistochemical analysis of MUC2, chromogranin A (a
neuroendocrine cell marker) and synaptophysin (a neuro-
endocrine cell marker). Since Reg IV expression was
frequently found in PCa, we also measured Reg IV levels in
sera from patients with PCa by enzyme-linked immunosorbent
assay (ELISA) to investigate the potential diagnostic utility of
Reg IV measurement.

Materials and methods

Tissue samples. In total, 204 primary tumor samples and 78
serum samples were collected. Patients were treated at the
Hiroshima University Hospital or an affiliated hospital.

For immunohistochemical analysis, we used archival
formalin-fixed, paraffin-embedded tissues from 196 patients

who had undergone surgical excision for either RCC (n=101)
or UC (n=95). All 101 patients with RCC were treated by
radical nephrectomy, and all 95 patients with UC were treated
by cystectomy. Tumor staging was performed according to
the TNM classification system (15).

For Western blot analysis, 8 RCC samples and the
corresponding non-neoplastic kidney samples were used.
The samples were obtained during surgery at Hiroshima
University Hospital or an affiliated hospital. We confirmed
microscopically that the tumor specimens were predominantly
RCC tissue (>80%). Samples were frozen immediately in
liquid nitrogen and stored at -80˚C until use.

All serum samples were collected before prostate biopsy
and stored at -80˚C. Seventy-eight consecutive men who
visited the outpatient clinic of the Department of Urology,
Hiroshima University Hospital due to elevated PSA levels
(>4.0 ng/ml) served as the study population. The PCa
population consisted of 38 men with evidence of cancer from
a prostate biopsy (age range 50-93 years, mean 73 years),
and the remaining 40 men without evidence of cancer from a
prostate biopsy served as a control population (age range 47-
90 years, mean 66 years). In accordance with the Ethics
Guidelines for Human Genome/Gene Research enacted by
the Japanese Government, tissue specimens were collected
and used on the basis of approval from the Ethics Review
Committee of the Hiroshima University School of Medicine
and from the ethics review committees of collaborating
organizations.

Immunohistochemistry. Formalin-fixed, paraffin-embedded
samples were sectioned, deparaffinized and stained with
H&E to ensure that the sectioned block contained tumor
cells. Adjacent sections were then immunohistochemically
stained. Antigen retrieval was performed by microwave
heating in citrate buffer (pH 6.0) for 30 min for Reg IV,
MUC2, chromogranin A and synaptophysin. Peroxidase
activity was blocked with 3% H2O2-methanol for 10 min and
sections were then incubated with normal goat serum (Dako
Cytomation, Carpinteria, CA, USA) for 20 min to block non-
specific antibody binding. Sections were incubated with a
primary antibody against Reg IV (rabbit polyclonal antibody,
diluted 1:50; anti-Reg IV antibody was raised and chara-
cterized in our laboratory) (9), MUC2 (1:50; Novocastra,
Newcastle, UK), chromogranin A (1:50; Novocastra), or
synaptophysin (1:50; Dako Cytomation) for 1 h at room
temperature, followed by incubation with peroxidase-labeled
anti-rabbit or anti-mouse IgG for 1 h. Staining was completed
with a 10-min incubation in a substrate-chromogen solution.
The sections were counterstained with 0.1% hematoxylin.
The specificity of the Reg IV antibody has been characterized
in detail (9). Staining of each antibody was considered
positive if any tumor cells were stained. Intestinal differen-
tiation was defined as positive staining for MUC2. Neuro-
endocrine differentiation was defined as positive staining for
chromogranin A and/or synaptophysin.

Western blot analysis. Preparation of whole cell lysates from
the RCC samples and Western blotting were performed as
previously described (16). Protein concentrations were
determined by Bradford protein assay (Bio-Rad, Richmond,
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CA, USA) with BSA used as the standard. Protein (20 μg per
lane) was electrophoresed on SDS-PAGE gels and trans-
ferred to nitrocellulose filters. Filters were incubated for 1 h
at room temperature with anti-Reg IV antibody (rabbit
polyclonal antibody raised in our laboratory). Peroxidase
conjugated anti-rabbit IgG was used in the secondary reaction.
The immunocomplexes were visualized with an ECL Western
blot detection system (Amersham Biosciences, Piscataway,
NJ, USA). The quality and amounts of proteins on the gel
were confirmed by detection with anti-ß-actin antibody
(Sigma-Aldrich, St. Louis, MO, USA).

ELISA. For measurement of the serum Reg IV concentration,
a sandwich ELISA method was developed as previously
described (14). First, polystyrene microtiter plates were
coated with mouse monoclonal anti-Reg IV antibody (R&D
Systems, Abingdon, UK) by overnight incubation of 50 μl/

125 ng per well of antibody diluted in Tris buffer (pH 7.4).
The plates were then washed 3 times with wash buffer. After
the plates were blocked with 1% milk in phosphate-buffered
saline, 50 μl of recombinant Reg IV standard or sample was
added to each well and incubated overnight at 4˚C. After 3
washes, 50 μl of biotinylated goat polyclonal anti-Reg IV
antibody (R&D Systems) in assay buffer [1% BSA, Tris
buffer (pH 7.4) and 0.05% normal goat serum] was added to
each well (75 ng antibody per well). The mixture was then
incubated for 1 h with shaking at 37˚C and washed 3 times
with wash buffer. The plates were incubated with 50 μl per
well alkaline phosphatase-conjugated streptavidin (Dako)
diluted 1:2000 in diluent containing 1% BSA and Tris buffer
(pH 7.4) for 1 h at 37˚C and washed 3 times. Color develop-
ment was performed with the addition of pNPP chromogenic
substrate (Sigma-Aldrich) followed by incubation at 37˚C for
1 h. Absorbance at 405 nm was measured with an ELISA
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Figure 1. Immunohistochemical analysis of Reg IV expression in UC of the urinary bladder. (A) Immunostaining of Reg IV in UC. In case 37, mucin-like
staining of Reg IV is present in goblet cell-like vesicles of tumor cells. (B) In case 37, PAS staining was observed in gland-like lumina. (C) Immunostaining
of chromogranin A in UC. (D) Immunostaining of synaptophysin in UC. (E) Immunostaining of MUC2 in UC. In case 37, mucin-like and perinuclear staining
are observed in tumor cells. Arrowhead indicates mucin-like staining of MUC2. (F) Immunostaining of MUC2 in UC. Perinuclear staining of MUC2 is
present in tumor cells.
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plate reader. As a reference standard, known concentrations
of human recombinant Reg IV (9) from 0 to 30 ng/ml were
tested in triplicate.

Statistical methods. Association between clinicopathologic
variables and Reg IV expression was analyzed by Fisher's
exact test. Differences in the serum Reg IV concentration
between the two groups were tested by the non-parametric
Mann-Whitney U test. Correlations between the serum Reg IV
concentration and the serum concentration of PSA were
assessed by Spearman's rank correlation test. P<0.05 was
considered statistically significant.

Results

Expression of Reg IV and neuroendocrine and intestinal
differentiation in RCC. We performed immunohistochemical
analysis of Reg IV in 101 RCC samples; however, no staining
of Reg IV was found. In adjacent non-neoplastic kidney
tissues, no Reg IV staining was found. Western blot analysis
of Reg IV was also performed in 8 RCC samples (data not
shown), in which no Reg IV expression was confirmed in the
RCC samples nor in adjacent non-neoplastic kidney samples.
We also performed immunohistochemical analysis of chromo-
granin A, synaptophysin and MUC2; however, no staining
was detected.

Expression of Reg IV and neuroendocrine and intestinal
differentiation in UC. We performed immunohistochemical
analysis of Reg IV in 95 UC samples. In adjacent non-
neoplastic urinary bladder tissues, no Reg IV staining was
found. In UC tissues, Reg IV staining was observed in 1
(1%) of 95 UC cases. In this Reg IV-positive UC case (case
37), Reg IV-positive tumor cells were observed in 10% of
tumor cells, and mucin-like staining (Fig. 1A) was observed.
In case 37, Reg IV staining was observed in gland like

lumina, and periodic acid-Schiff (PAS) staining was also
observed in gland-like lumina (Fig. 1B), indicating that this
Reg IV-positive case represents glandular differentiation.
Analysis of the relationship between Reg IV staining and
clinicopathologic characteristics showed that Reg IV did not
correlate with gender, age, pT category, pN category or tumor
stage (data not shown).

Immunostaining of chromogranin A and synaptophysin
was also performed. Representative results of chromo-
granin A and synaptophysin immunostaining in UC are
shown in Fig. 1C and D, respectively. Of the 95 UC cases,
chromo-granin A-positive cases were observed in 3 cases
(3%) and synaptophysin-positive cases were found in 11
cases (12%). In total, UC cases showing neuroendocrine
differentiation were found in 13 cases (14%). However, case
37 (Reg IV-positive UC case) did not show neuroendocrine
differentiation. Analysis of the relationship between neuro-
endocrine differentiation and clinicopathologic characteristics
showed no correlation between neuroendocrine differen-
tiation and gender, age, pT category, pN category or tumor
stage (data not shown).

In UC tissues, MUC2 staining was observed in goblet
cell-like vesicles (Fig. 1E) and perinuclear regions (Fig. 1F)
of tumor cells. Of the 95 UC cases, MUC2-positive cases
were observed in 33 cases (35%). Among the 33 UC cases
showing positive results for MUC2, one case, case 37 (Reg IV-
positive UC case), showed MUC2 staining in goblet cell-like
vesicles and perinuclear regions. The remaining 32 cases
showed only perinuclear MUC2 staining. Analysis of the
relationship between MUC2 positivity and clinicopathologic
characteristics showed no correlation between MUC2-
positivity and gender, age, pT category, pN category or tumor
stage (data not shown).

Serum Reg IV concentration in patients with PCa. As Reg IV
expression was frequently found in PCa, we also measured
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Figure 2. ELISA of serum samples from 40 control individuals and 38 patients with PCa. (A) Detection of Reg IV protein in serum samples by ELISA.
Yellow bars indicate the cut-off levels defined on the basis of the previous study [2.00 ng/ml (14)]. Red bars indicate the mean ± SE. Differences in the serum
concentration of Reg IV between two groups are tested by Mann-Whitney U test (*). (B) Relation between serum concentrations of Reg IV and PSA.
Correlation is examined using Spearman's rank correlation (**).
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Reg IV levels in sera from patients with PCa by ELISA to
investigate the potential diagnostic utility of Reg IV
measurement. Serum Reg IV levels in 40 control individuals
and 38 patients with PCa prior to biopsy are shown in Fig. 2A.
The serum Reg IV concentration in PCa patients (n=38,
1.69±0.16 ng/ml, mean ± SE) was significantly higher than
that in control individuals (n=40, 1.28±0.11 ng/ml, P=0.0199,
Mann-Whitney U test), even at stage II (n=31, 1.69±0.18 ng/ml,
P=0.0354, Mann-Whitney U test) (Fig. 2A). The mean of
serum Reg IV concentration in PCa patients at stage IV (n=7,
1.68±0.26 ng/ml) was higher than that in control individuals
(n=40, 1.28±0.11 ng/ml); however, statistical difference was
not found (P=0.1276, Mann-Whitney U test). The Reg IV
concentration in serum samples from patients with PCa
showing a Gleason score of ≤7 (n=22, 1.75±0.21 ng/ml) was
not significantly different from those showing a Gleason
score of ≥8 (n=16, 1.60±0.24 ng/ml) (P=0.7448, Mann-
Whitney U test). In our previous study, the cut-off level for
Reg IV was set at 2.00 ng/ml (14). In the group showing
serum PSA levels of >4 ng/ml, the sensitivity and specificity
for detection of PCa were 34 (13/38) and 90% (36/40),
respectively. Spearman's rank correlation test revealed that
significant correlation was not found between serum Reg IV
and PSA levels (r=0.1987, P=0.2317) (Fig. 2B).

Discussion

Previously, we showed that 14% of the PCa cases were
positive for Reg IV, and Reg IV positivity was associated
with intestinal and neuroendocrine differentiation (13). These
PCa cases were all adenocarcinomas. In the present study,
immunohistochemical analysis of Reg IV was performed in
other major urologic cancers including RCC and UC, both
of which are not adenocarcinomas. Immunohistochemical
analysis of Reg IV revealed that Reg IV expression was not
found in RCC, and only 1% of UC expressed Reg IV. These
results and our previous immunohistochemical analysis of
Reg IV in PCa indicate that Reg IV is expressed frequently in
PCa among major urologic cancers. Furthermore, we showed
that the serum Reg IV concentration in PCa patients was
significantly higher than that in control individuals. The
sensitivity of serum Reg IV concentration was 34%, and the
specificity was 90%. It has been reported that the specificity
of the PSA test is only 20% at a sensitivity of 80% (17),
indicating that serum Reg IV concentration serve as a
diagnostic tumor marker with high specificity. Since serum
Reg IV concentration was measured in the group showing
serum PSA levels of >4 ng/ml, the sensitivity and specificity
calculated in the present study may differ from those in
healthy individuals, and serum concentration of Reg IV
should also be measured in the group showing serum PSA
levels of <4 ng/ml.

In urologic cancers including PCa, RCC and UC, urine
represents a particularly useful fluid in which to examine
tumor markers because of its enhanced potential to contain
higher concentrations of directly released tumor-derived
products and the fact that collection is non-invasive. In the
present study, Reg IV was detected in serum samples from
patients with PCa. Reg IV expression was not found in RCC,
and only 1% of UC expressed Reg IV. In adjacent non-

neoplastic kidney and urinary bladder tissues, no Reg IV
staining was found. These results suggest that Reg IV
concentration in urine may represent a novel marker for PCa
at high specificity.

In RCC, no Reg IV expression was detected. Although
neuron-specific enolase (a neuroendocrine cell marker) is
frequently expressed in RCC, chromogranin A expression is
rare (18). It has been reported that staining of MUC2 is not
found in 16 RCC cases (19). In the present study, we also
observed that RCC showed neither neuroendocrine differen-
tiation based on chromogranin A and synaptophysin staining
nor MUC2 staining. As Reg IV expression is associated with
neuroendocrine and intestinal differentiation, these results
are accordance with immunonegativity of Reg IV in RCC.

In UC, only 1 (1%) UC case showed Reg IV staining. In
the Reg IV-positive UC case, Reg IV staining was observed
in gland-like lumina. Although this case was UC, PAS
staining was also observed in gland-like lumina, indicating
that this Reg IV-positive case possessed glandular differen-
tiation. These results indicate that conventional UC is
negative for Reg IV; however, UC with glandular differen-
tiation may express Reg IV. A previous immunohistochemical
study demonstrated that expression of chromogranin A is seen
in 63.5% of UC cases (20). Yet, in the present study, only 14%
of UC cases showed neuroendocrine differentiation and did
not exhibit Reg IV expression. However, in gastric cancer,
chromogranin A-positive tumor cells are not always positive
for Reg IV (9). Furthermore, the one UC case with glandular
differentiation was positive for MUC2 in goblet cell-like
vesicles. Yet, Reg IV staining was not found in UC cases
showing perinuclear MUC2 staining, nor was glandular
differentiation observed in these cases. Based on this evidence,
Reg IV expression is not likely involved in neuroendocrine
differentiation of UC but is likely associated with glandular
differentiation.

In conclusion, we showed that serum Reg IV concentration
serves as a diagnostic tumor marker with high specificity for
PCa. As the significantly high false-positive rate of PSA has
lead to a tremendous increase in the number of unnecessary
biopsies of the prostate (3), measurement of serum concen-
tration of Reg IV may decrease the number of unnecessary
prostate biopsies. Reg IV is correlated with relapse-free
survival of patients with PCa (13), and hormone-refractory
PCa has been reported to express high levels of REG4
mRNA (12). Therefore, serum concentration of Reg IV may
predict relapse-free survival and resistance to androgen-
deprivation therapy.
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