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Purpose: To investigate the localization and distribution of cytochrome P450 CYP1B1 protein expression in
patients diagnosed with prostate carcinoma compared to those with bladder carcinoma. To validate CYP1B1 as
a molecular target for the development of selective cancer therapeutics for use in combination with radiation.
Methods and Materials: Prostatectomy specimens (n � 33) of moderate Gleason grade (3 � 3 and 3 � 4) were
analyzed immunohistochemically for CYP1B1 protein expression using a specific monoclonal antibody for the
enzyme. The intensity of CYP1B1 staining was assessed both semiquantitatively using visual scoring and
quantitatively by spectral imaging microscopy using reference spectra and compared with bladder carcinoma (n
� 22).
Results: CYP1B1 protein expression was present in 75% of prostate carcinomas (n � 27) compared to 100% of
bladder carcinomas (n � 22). In both cases, CYP1B1 protein expression was heterogeneous and localized in the
cytoplasm of the tumor cells but absent from the surrounding stromal tissue. CYP1B1 was also detected in
premalignant prostatic intraepithelial neoplasia (n � 2, 100%), as well as noncancerous tissues, including benign
prostatic hyperplasia (n � 27, 82%), metaplastic prostatic urothelium (n � 8, 100%), and hyperplastic prostatic
urothelium (n � 14, 100%). Higher CYP1B1 protein expression in bladder vs. prostate carcinoma was confirmed
by their corresponding average normalized absorbances (� standard deviation), measured as 1.40 � 0.44 and
0.55 � 0.09, respectively. Overall CYP1B1 staining intensity in prostate carcinoma was similar to that in prostatic
intraepithelial neoplasia, benign prostatic hyperplasia, and hyper-/metaplastic urothelial tissue. No CYP1B1 was
detected in normal prostate tissue.
Conclusions: CYP1B1 is overexpressed in prostate carcinoma at a high frequency and is also detectable in the
associated premalignant and hyperplastic tissue, implicating a possible link with malignant progression and
CYP1B1 as a suitable target for therapy. Spectral imaging microscopy has highlighted differences in CYP1B1
protein expression between different cancers. © 2004 Elsevier Inc.

Cytochrome P450 CYP1B1, Prostate carcinoma, Bladder carcinoma, Radiation, Hyperplasia, PIN, Spectral
imaging microscopy.

INTRODUCTION

Prostate cancer is the third most common cancer in men
in the world, and in the majority of developed and de-
veloping countries, it is the most commonly diagnosed
neoplasm affecting men beyond middle age (1). Prostate
cancer is present in its preclinical form in men as young
as 30, growing slowly but remaining latent for up to two
decades before developing into aggressive malignant
clinical cancers. There has been a global increase in the

incidence of prostatic cancer, primarily as a result of
earlier diagnosis through increased availability of pros-
tate-specific antigen (PSA) testing during the early to
mid-1990s (2). The options for treatment of localized
prostate carcinoma include radiotherapy (external beam
radiotherapy, brachytherapy, or both), surgery (radical
prostatectomy), and adjuvant hormonal treatment (3).
Once locally advanced or recurrent prostate cancer be-
comes resistant to hormonal modulation, treatment op-
tions are severely limited, and prognosis is dismal (4).
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The identification of new targets associated with the
malignant progression of cancer has heralded the devel-
opment of molecular-targeted drugs for selective cancer
therapy (5, 6). For example, aberrant epidermal growth
factor receptor-tyrosine kinase activity in prostate cancer
results in enhanced tumor cell proliferation and invasion
and the promotion of angiogenesis. The epidermal
growth factor receptor-tyrosine kinase inhibitor ZD1839
(Iressa) inhibits the growth of several human prostate
cancer xenografts (both androgen dependent and inde-
pendent) in combination with radiation, but this approach
has yet to be fully assessed in a clinical context (7).
Another example is imatinib mesylate (Glivec), a plate-
let-derived growth factor receptor inhibitor that is cur-
rently in early clinical trials for the treatment of refrac-
tory prostate cancer (8). However, there is a clear need to
identify and exploit new targets associated with the ma-
lignant progression of prostate cancer, which in turn will
drive the development of novel molecular-targeted drugs
for use in the adjuvant setting with definitive surgery or
radiation.

A recent study has shown that in prostate carcinoma,
the level of hypoxia (median PO2 � 2.4 mm Hg) corre-
lates with PSA failure after radiotherapy (9, 10). It is
recognized that nitric oxide is a potent hypoxic tumor cell
radiosensitizer that can significantly enhance the effec-
tiveness of tumor treatment by radiation provided it can
be targeted selectively (11–13). The Gray Cancer Insti-
tute’ s strategy is to develop selective CYP1B1-activated
prodrugs designed to target nitric oxide to prostate car-
cinoma as a means of improving tumor response to
radiation treatment.

Cytochrome P450s are a multigene family of constitu-
tively expressed and inducible enzymes involved in the
oxidative metabolic activation and deactivation of carcino-
gens and cancer therapeutics (14). Cytochrome P450
CYP1B1 is a member of the CYP1 gene family, which also
includes CYP1A1 and CYP1A2 (15, 16). Using an antibody
raised against a specific peptide sequence for CYP1B1, it
has been demonstrated that the enzyme is overexpressed at
a high frequency in a range of human malignancies, but not
in the associated normal tissue (17–20). The expression of
CYP1B1 has been observed also in breast tumors, but not in
normal breast tissue (21, 22). By far the most comprehen-
sive study of CYP1B1 protein expression in tumors has
demonstrated CYP1B1 overexpression in both primary (in-
cluding serous and mucinous carcinoma, n � 170, 80%) and
secondary metastatic (secondary ovarian carcinoma, n �
48, 80%) ovarian cancer (23). CYP1B1 has been heralded
as a new target for cancer chemotherapeutics, because of
this consistent overexpression of CYP1B1 protein in a
broad range of cancers compared to most drug metabolizing
cytochrome P450s, including CYP1A1, CYP3A4, and
CYP2D6 (14). Moreover, CYP1B1 may play an important
role also in anticancer drug resistance (19, 24).

A recent study has shown that CYP1B1 mRNA is
consistently expressed in prostatic tumors (25). The ap-

plication of cDNA microarray technology to profile gene
expression associated with prostate tumorigenesis has
shown differential gene expression of CYP1B1 between
malignant and normal tissue (26). CYP1B1 mRNA has
also been detected in benign prostatic hyperplasia (BPH),
and CYP1 enzymes are capable of metabolic activation of
compounds suspected of being prostate carcinogens (27).
Although normal tissues are capable of expressing
CYP1B1, the detection of CYP1B1 mRNA does not
necessarily result in the concomitant CYP1B1 protein
expression. For example, CYP1B1 mRNA is expressed in
human liver, and the levels are increased in smokers, but
the CYP1B1 protein is undetectable (28). Nevertheless,
CYP1B1 protein has been detected in normal prostate
tissue, albeit for a small sample size (29).

This prospective study focuses on the “profiling” of
CYP1B1 protein expression in prostatic cancer to ascer-
tain the localization and distribution of the enzyme in the
carcinoma and associated premalignant and hyperplastic
tissue. CYP1B1 protein expression has been detected
immunohistochemically using a selective monoclonal an-
tibody for CYP1B1, and staining intensity in the prostate
tissue has been compared retrospectively to that of blad-
der carcinoma, where CYP1B1 protein is known to be
overexpressed (20). As well as the standard semiquanti-
tative approach, this work also exploits spectral imaging
microscopy to quantify CYP1B1 staining intensity. This
has enabled direct comparisons of both intra- and inter-
patient CYP1B1 protein expression in prostate tissue and
between different clinical tumors.

METHODS AND MATERIALS

Patient population
Informed consent was obtained from 33 patients un-

dergoing radical prostatectomy for localized prostate car-
cinoma (Stage T1cN0M0 –T3bN0M0, UICC 1997) at
Mount Vernon and Watford hospitals. The median age
was 62 years (range: 49 –75 years), and the median
presenting PSA was 6.7 (range: 3.53–39.1). Informed
consent was obtained also from 22 patients undergoing
definitive transurethral resection of transitional cell car-
cinoma of the bladder. The median age of patients was 68
years.

Histologic assessment of prostate and bladder tissue
samples

Operative specimens were initially fixed in 10% neu-
tral buffered formalin for 24 hours at room temperature
before being embedded in paraffin wax before his-
topathologic analysis. Sequential sections from each
block were cut to 4 �m, mounted on coated slides (Sur-
gipath Europ Limited, Peterborough, UK), and examined
by light microscopy. Histopathologic diagnosis of hema-
toxylin and eosin (H&E) stained sections was made by an
experienced urologic histopathologist (R.E.S.) using es-
tablished histopathologic criteria. The Gleason system,
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based on glandular differentiation, was used to assess the
grading of prostate carcinoma (30). The majority of sam-
ples were of moderate Gleason grade (3 � 4, 17 patients;
and 3 � 3, 11 patients). Three patients were scored as 2
� 3 (low grade) and 2 as high grade (4 � 4). Differen-
tiation of benign from malignant glands was confirmed
using cytokeratin 5/6 (CK5/6) staining of the basal cell
layer, based on a literature method (31). The majority of
bladder tumors were moderate to high grade (Grade 2:
10, Grade 3: 10), and the remaining were low grade.
Sections were initially dewaxed in xylene and rehydrated
through graded alcohols into water. Endogenous peroxi-
dase was blocked using peroxidase (Dako, Denmark
House, Angel Drove, Ely, Cambridgeshire, UK) for 5
min. Sections were then washed well in running tap
water. A plastic trough containing 250 mL of 10-mM
citric acid was prepared, and the pH was adjusted to 6.0
using 2 M sodium hydroxide. Sections were then placed
into the trough, covered, and then microwaved on high
power (850 W microwave) for 3 � 5-min intervals, with
lost volume replaced as required. The slides were then
left to stand for 10 min at room temperature. Sections
were washed in water for 5 min and then rinsed in
Tris-buffered saline. All sections were transferred to an
automated immunostainer (Dako Autostainer S3400),
and a routine program was run using Dako ChemMate
reagents and CK5/6 antibody (Dako) diluted 1:300 in
Tris-buffered saline. This consisted of serial incubations
of 30 min each with CK5/6 primary antibody, biotinyl-
ated secondary antibody, and then the tertiary reagent
(Dako ChemMate HRP kit K5001). The antigen–anti-
body immunoreaction was visualized using 3,3�-diami-
nobenzidine (ChemMate DAB). Slides were then washed
well in running tap water and counterstained with May-
er’ s hematoxylin for 10 –60 s. Sections were then dehy-
drated in increasing concentrations of alcohol, cleared,
and mounted in DPX.

Immunohistochemical detection of CYP1B1 protein
expression

The localization and distribution of CYP1B1 protein
expression in prostate tissue and bladder carcinoma were
determined immunohistochemically using a well-charac-
terized monoclonal antibody selective for CYP1B1. This
antibody was produced using an immunogen, a synthetic
peptide corresponding to amino acids 437 and 451 of the
human amino acid sequence (18). Slides were prepared
for immunostaining as described above, except that the
microwave time was 5 � 4-min intervals. All sections
were transferred to a Dako Autostainer, and a routine
program was run using Dako ChemMate reagents and
CYP1B1 antibody diluted 1:25 in antibody diluent (Dako
S2022). This consisted of a 60-min incubation of
CYP1B1 primary antibody, 30 min incubation of second-
ary and tertiary reagents, followed by 5 min in DAB
(DAKO ChemMate HRP kit K5001). Slides were then
washed well in running tap water and counterstained with

Mayer’ s hematoxylin for 10 –60 s. Sections were then
dehydrated in increasing concentrations of alcohol,
cleared, and mounted in DPX. CYP1B1 immunoreactiv-
ity within tumors was assessed as either strong (3�),
moderate (2�), or weak (1�) vs. a strong bladder carci-
noma positive control (3�). Both bladder and prostate
tissue sections were run against the same positive control
to maintain consistency. A tumor was classified as neg-
ative if less than 5% of tumor cells showed positive
reactivity. No immunoreactivity was observed when the
primary CYP1B1 antibody was excluded from the stain-
ing protocol.

The MaxArray Human Normal Tissue Microarray
(Zymed Laboratory Inc., San Francisco, CA, USA) was
used to investigate CYP1B1 protein expression in normal
prostate tissue.

Spectral imaging microscopy and absorbance intensity
“mapping”

Each tumor was then analyzed using spectral imaging
microscopy to give a quantitative assessment of staining
intensity. This technology has been developed at the
Gray Cancer Institute and exploits the characteristic
spectra of individual stains to distinguish stained from
nonstained areas, or colocalization of stains (32). The
spectral imaging device uses a standard monochrome
CCD camera (Type 4912, Cohu Inc., USA) with an
upright microscope (Optiphot, Nikon, UK). Representa-
tive tumor fields of 760 by 570 pixels were selected for
image capture with a resolution of 0.91 �m/pixel (eye-
piece magnification �100), and spectral analysis of the
entire field was carried out. The captured image was
“unmixed” using reference spectra for CYP1B1 and he-
matoxylin. A histogram of frequency vs. normalized ab-
sorbance intensity (against reference spectra for CYP1B1
and hematoxylin stains) was used to select an optimal
threshold level for segmentation, ensuring that only the
areas of interest (namely those stained for CYP1B1)
contribute to the measurements. This in effect excludes
the normal stromal tissue, where CYP1B1 staining is
undetectable. CYP1B1 staining intensity across the entire
field is given as mean normalized absorbance (� standard
deviation [SD]). All images were captured from 400 nm
to 700 nm in 24-nm steps, allowing an optimal speed of
analysis time of 80 s per image. The standard deviation in
mean absorbance intensity for the positive control mea-
sured on different staining runs was small (SD � 0.05).

RESULTS

CYP1B1 protein expression in prostate and bladder
carcinoma

Immunohistochemistry for CYP1B1 protein expression
indicated that the enzyme is present in 75% of the 33
prostate tumors and 100% of the 22 bladder tumors
analyzed. Prostate carcinoma arises from the epithelial
lining of the prostatic gland. Panels A, C, and D in Fig.
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Fig. 1. Immunohistochemical detection of CYP1B1 protein expression in bladder and prostate carcinoma. (A, C, and D)
Heterogeneity of CYP1B1 staining, which is absent from the supporting stromal tissue, in prostate carcinoma
(magnification �200). (B) CYP1B1 is localized in the cytoplasm of the tumor cells, as exemplified by prostate
carcinoma at higher magnification �400. (E) Absence of CYP1B1 in normal prostate (magnification �200). (F–H)
Typify the heterogeneity of CYP1B1 protein expression in bladder carcinoma (magnification �200).
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Fig. 2. Immunohistochemical detection of CYP1B1 protein expression in benign prostatic hyperplasia, hyperplastic
urothelium, metaplastic urothelium, and prostatic intraepithelial neoplasia. (A–C) Confirm CYP1B1 protein expression
in benign prostatic hyperplasia. (A) H&E-stained section (magnification �100) of BPH. (B) Benign glands were
differentiated from malignant glands by cytokeratin 5/6 staining of the basal cells (B) (magnification �200). (C)
CYP1B1 protein expression in prostate glands designated as benign (magnification �200), because they contain a basal
cell layer. (D–F) Prostatic urothelium; (D and E) Squamous metaplastic changes at magnification �100 and �400,
respectively. (F) An example of benign hyperplastic tissue magnification �200. (G) CYP1B1 protein expression in
premalignant PIN at magnification �200. Within the same gland and adjacent gland are areas of BPH.
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1 are representative sections showing the localization of
CYP1B1 protein expression in glandular epithelium of
moderate-grade prostate carcinoma. Figure 1B shows the
subcellular localization of CYP1B1 that is present in the
cytoplasm of the tumor cells. In all cases, CYP1B1 is
absent from the surrounding stromal tissue. The variabil-
ity of CYP1B1 staining intensity (Figs. 1A, 1C, and 1D)
typifies the interpatient variability of protein expression
in prostatic cancer. No CYP1B1 protein expression was
detected in normal prostate tissue, as shown in Fig. 1E, in
marked contrast to the overexpression of CYP1B1 in
prostate carcinoma (Compare Fig. 1A and Fig. 1E).

Figure 1F and Fig. 1H show the heterogeneity of
CYP1B1 protein expression in bladder carcinoma where
CYP1B1 localization (present in the cytoplasm of tumor
cell and absent from stroma) is similar to that of prostate
carcinoma, although the tumor architecture is quite differ-
ent. Table 1 shows the visual scoring of CYP1B1 staining
intensity (number and frequency) for both prostate and
bladder carcinoma. CYP1B1 staining intensity in bladder
carcinoma was moderate to strong, in contrast to prostate
carcinoma, in which staining was weak to moderate overall.
The 2 patients exhibiting the strongest CYP1B1 staining are
the only 2 examples of high-grade prostate carcinoma
(Gleason 4 � 4). In both cases, there is a complete loss of
glandular pattern with the formation of solid sheets of
poorly differentiated carcinoma.

CYP1B1 protein expression in benign prostatic epithelium
Figure 2A is a representative H&E section of prostate

tissue containing BPH that is characterized by a bilayer of
myoepithelium. Cytokeratin 5/6 staining of the basal cell
layer (Fig. 2B) was used to distinguish BPH from malignant
glands. Epithelial CYP1B1 protein expression is detectable
at a high frequency (n � 27, 82%) in BPH (Fig. 2C and
Table 1) and is of mainly moderate intensity.

CYP1B1 protein expression in metaplastic and
hyperplastic urothelium

Figures 2D and 2E are examples of CYP1B1 expression
in metaplastic prostatic urothelium characterized by a mul-

tilayered epithelium where the cell type changes from the
typical transitional cell morphology to that which is squa-
mous in nature. In the latter case, the cells become elon-
gated, and vacuolation is apparent more distal from the
basal layer (Fig. 2E). Throughout the epithelial layer, the
CYP1B1 is localized in the cytoplasm of the cells and is
completely absent from the adjacent stroma. CYP1B1 was
present in 100% of the 8 samples where the metaplasia was
recognized and was moderate to strong in staining intensity
(See Table 1).

CYP1B1 is present also in hyperplastic urothelium (Fig.
2F) that has a conserved transitional cell morphology dis-
tinct from metaplastic urothelium (Fig. 2E). CYP1B1 was
detected in all cases where hyperplastic urothelium was
identified (n � 14, 100%) and was weak to moderate in
staining intensity (See Table 1).

CYP1B1 protein expression in premalignant prostatic
intraepithelial neoplasia

Isolated glands containing prostatic intraepithelial neo-
plasia (PIN), composed of dysplastic cells with luminal cell
phenotype (33), were present only in 2 of the prostate
samples analyzed for CYP1B1 staining. As a consequence,
it was difficult to make definitive conclusions regarding the
frequency of CYP1B1 protein expression therein. Figure 2G
shows CYP1B1 protein expression in PIN, and it is inter-
esting to note that the same gland also contains BPH, which
is contained also in adjacent glands in the same section
(Compare Figs. 2C and 2G).

Determination of CYP1B1 staining intensity by spectral
imaging microscopy

Spectral imaging microscopy was used to “map”
CYP1B1 staining intensity in prostate tissue and bladder
carcinoma. Figure 3A is a captured image of prostate car-
cinoma taken from the original tissue section, where hema-
toxylin in blue (Fig. 3B), is “unmixed” from CYP1B1 in
brown (Fig. 3C). The absorbance intensity histogram (Fig.
3D) was generated by normalization to the individual ref-
erence spectra of hematoxylin and CYP1B1. To segment
the areas of significant staining that are used to calculate an

Table 1. CYP1B1 protein expression in bladder carcinoma and prostate carcinoma plus associated prostatic tissues

Tissue type

No.
positive/no.

stained

Staining intensity

Visually scored
Spectral imaging

microscopy
mean normalized

absorbance �
SDStrong Moderate Weak

Bladder carcinoma 22/22 12 (55%) 9 (41%) 1 (4%) 1.40 � 0.44
Prostate carcinoma 25/33 2 (6%) 8 (24%) 15 (45%) 0.55 � 0.09
Prostatic intraepithelial neoplasia 2/2 2 (100%) 0.73 � 0.20
Metaplastic urothelium 8/8 3 (37.5%) 3 (37.5%) 2 (25%) 0.69 � 0.19
Hyperplastic urothelium 14/14 1 (7%) 8 (57%) 5 (36%) 0.64 � 0.12
Benign prostatic hyperplasia 27/33 6 (18%) 20 (61%) 1 (3%) 0.55 � 0.11
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average staining intensity for the image, a threshold of 0.47
normalized absorbance intensity was applied to all sections.
Above this threshold, absorbances are recognized as
CYP1B1-specific staining; below the threshold are weak,
potentially nonspecific CYP1B1 staining, plus hematoxylin
staining. The threshold chosen is optimal for the segmenta-
tion of the CYP1B1 and hematoxylin spectra under the
experimental conditions used for this study.

Figure 4 shows the mean normalized absorbance (�
mean SD) for CYP1B1 staining in individual patients with
(upper panel) prostate carcinoma and (lower panel) bladder
carcinoma as measured by spectral imaging microscopy. In
both cases, the mean standard deviation reflects the hetero-
geneity of CYP1B1 protein expression within the chosen
field. In the case of prostate carcinoma, only 3 patients out
of the 33 samples did not exhibit staining above the thresh-
old value of 0.47 normalized absorbance intensity. This
indicates that spectral imaging has detected CYP1B1 in 5
additional patients with prostate carcinoma that were pre-
viously deemed negative by standard visual scoring (See
Table 1). In marked contrast, CYP1B1 was detectable in all
the patients (n � 22) with bladder carcinoma, where
CYP1B1 protein expression was significantly higher overall
(range: �0.47 to 2.4) than in prostate carcinoma (range:
�0.47 to 1.0).

Figure 5 and Table 1 show the average normalized ab-

sorbance (� average SD) for all the patients with bladder
carcinoma and prostate carcinoma, plus the associated BPH,
PIN, and metaplastic and hyperplastic urothelial tissue as
measured by spectral imaging microscopy. This emphasizes
that under identical staining conditions, CYP1B1 protein
expression in bladder carcinoma is at least twice that in
prostate carcinoma. For all the areas where CYP1B1 was
detected within prostatectomy sections, the measured aver-
age normalized absorbances were fairly similar with no
discernible trend.

DISCUSSION

This study has demonstrated that CYP1B1 protein is
overexpressed with a high frequency in prostate carcinoma
and absent from the surrounding normal stromal tissue. This
observation is consistent with CYP1B1’s being a tumor-
related cytochrome P450 that is upregulated in a range of
tumor malignancies of different histogenetic types (carcino-
mas, lymphomas, sarcomas, neuroepithelial tumors, and
germ cell tumors) (18, 20–23, 34). However, contrary to
previous immunohistochemical studies (18, 20), CYP1B1
protein expression is clearly not homogeneous in tumors
with intra- and interpatient variability observed in both
prostate and bladder carcinomas. Both visual scoring and
spectral imaging microscopy have confirmed that CYP1B1

Fig. 3. Staining intensity mapping of tissue sections using spectral imaging microscopy. (A) Prostate carcinoma section
stained for CYP1B1 (brown) and hematoxylin counterstain (blue) that has been spectrally unmixed and digitally
separated into the component images in (B) and (C) of CYP1B1 alone and the counterstain alone, respectively. (D)
Histogram of CYP1B1 staining intensity normalized to a CYP1B1 reference spectrum. A threshold of 0.47 was selected
to segment the areas of intense staining that are used to calculate an average staining intensity for an image.
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staining intensity is stronger in bladder carcinoma than in
prostate carcinoma and highlight the potential differences in
CYP1B1 protein expression in clinical tumors. However,
strong immunoreactivity for CYP1B1 was observed in the 2
prostate tumors of high Gleason grade (4 � 4), whereas the
majority of prostate carcinomas in this study were moder-
ately differentiated and exhibited weak to moderate immu-
noreactivity. No evidence was obtained for CYP1B1 ex-
pression in the nucleus (29) with protein expression present
exclusively in the cytoplasm of the tumor cells.

In a recent review by Murray et al., the importance of
studies to examine the expression of CYP1B1 in different

types of benign tumor was recognized, to identify at what
stage during tumor development and progression alterations
in CYP1B1 expression actually occur (16). An important
observation from this work is that not only is CYP1B1
present in prostate carcinoma, but it is also expressed at a
high frequency in the associated prostate tissues, including
PIN and BPH. It is recognized that PIN is the most likely
precursor of invasive carcinoma of the prostate (35, 36).
PIN is characterized by progressive abnormalities of phe-
notype that are intermediate between normal prostatic epi-
thelium and cancer, but the exact origin of PIN (33) and
whether it is derived from BPH remain unresolved.
CYP1B1 protein expression has been detected in PIN, sug-
gesting that the enzyme is expressed during premalignancy
and is upregulated at an early stage of carcinogenesis.
However, PIN was only present in large areas in 2 of the 33
prostatectomy specimens analyzed, which may reflect the
possibility that the moderately differentiated prostate carci-
noma may have overgrown the areas once occupied by PIN
(37). This conclusion is supported by the fact that PIN was
present in areas with a high density of BPH. In some
instances, individual prostate glands appear to contain both
PIN and benign epithelium, and both these neoplastic and
normal/hyperplastic phenotypes express CYP1B1 protein.
The detection of CYP1B1 protein expression in BPH cor-
roborates a previous study where CYP1B1 mRNA was
detected in the same tissue type (27). Whether BPH is a
precursor to PIN and subsequently to carcinoma is unclear,
because the various stages of malignant progression to
prostate carcinoma remain to be fully resolved. However,
BPH contains functional CYP1 family proteins, including
CYP1A1 and CYP1B1, which are capable of metabolically
activating compounds suspected of being prostate carcino-

Fig. 4. The mean normalized absorbance for CYP1B1 protein
expression in each individual patient with prostate carcinoma (n �
33) in the upper panel compared to patients with bladder carci-
noma (n � 22) in the lower panel. In both cases, a threshold value
of 0.47 was used to distinguish between sections that stained
positive for CYP1B1 vs. those that were negative for CYP1B1.
The mean standard deviation reflects the heterogeneity of CYP1B1
protein expression in the carcinoma tissue of individual patients.

Fig. 5. A plot of the averaged normalized absorbance for all
bladder carcinoma patients (n � 22) compared to all patients with
prostate carcinoma (n � 33), plus associated prostatic tissue,
including benign prostatic hyperplasia (n � 27), metaplastic
urothelium (n � 8), hyperplastic urothelium (n � 14), and pros-
tatic intraepithelial neoplasia (n � 2).
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gens (27). CYP1B1 protein expression was detected also in
hyperplastic prostatic urothelium and metaplastic prostatic
urothelium; the latter could be a premalignant stage of
transitional cell carcinoma.

Spectral imaging microscopy has proven to be a useful
technique, providing quantitative information on the
CYP1B1 staining intensity in clinical tumors (32). The
ability to segment and quantify overlapping stains will
provide a useful means to study the potential colocalization
of CYP1B1 with other biomarkers for prostatic cancer, as

well as support future investigations aimed at identifying
the tumor microenvironmental factors that cause the over-
expression of CYP1B1 in so many malignancies.

In conclusion, this study has demonstrated that CYP1B1
is overexpressed not only in prostate carcinoma but also in
premalignant prostatic intraepithelial neoplasia and benign
prostatic hyperplasia. Should this expression pattern reflect
the malignant progression of prostatic cancer, CYP1B1 may
prove to be an excellent target for cancer chemotherapeu-
tics, including biologic modifiers of radiation response.
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