
ORIGINAL ARTICLE

Expression of alpha-methylacyl-CoA racemase correlates
with histopathologic grading in noninvasive bladder cancer

Sven Gunia & Matthias May & Katharina Scholmann &

Stephan Störkel & Bernd Hoschke & Stefan Koch &

Manfred Dietel & Glen Kristiansen

Received: 29 February 2008 /Revised: 5 May 2008 /Accepted: 12 June 2008 /Published online: 22 July 2008
# Springer-Verlag 2008

Abstract Alpha-methylacyl-CoA racemase (AMACR,
p504S), an enzyme involved in cellular energy metabolism
by the oxidation of branched-chain fatty acids, is a
biomarker that is known to be overexpressed in prostatic
and colorectal carcinoma as well as in papillary renal cell
carcinoma. We aimed to correlate its immunohistochemi-
cally detected expression with histopathological grading in
noninvasive bladder cancer in order to hint at a so far
unknown role of AMACR in the pathobiology of this tumor
entity. Therefore, a cohort of 163 patients (mean age
65.3 years) diagnosed with noninvasive bladder cancer
was immunohistochemically investigated in terms of
AMACR expression. There was variable positive AMACR

staining in 52 (31.9%) of the cases investigated. All tumors
were graded by three independent clinical histopathologists
according to the 1973 World Health Organization (WHO)
and the 1998 WHO/International Society of Urological
Pathology (ISUP) system. We found a significant positive
correlation between AMACR expression and higher tumor
grades using both histopathologic grading schemes. These
novel findings clearly allow including high-grade noninva-
sive bladder carcinomas in the group of AMACR-positive
neoplasms and might reflect a so far unknown role of
AMACR racemase in the pathobiology and tumor cell
energy metabolism of the latter tumor entity.
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Introduction

Noninvasive bladder cancer is a common neoplasm with a
male preponderance frequently encountered in histopatho-
logical practice. For 2008, 68,810 new cases of bladder
cancer (noninvasive and invasive) are expected in the USA
alone [4]. Typically, noninvasive bladder cancer is fre-
quently seen to recur after surgical resection [17] and can
progress to invasive neoplasms, which have a comparatively
worse prognosis. Since it is difficult at present to reliably
predict the individual course of the disease, several studies
have recently addressed the issue of identifying new
prognostic biomarkers.

Alpha-methyl-CoA racemase (AMACR, p504s), a bio-
marker with diagnostic potential in various solid tumors, is
a peroxisomal and mitochondrial enzyme involved in the
oxidation of branched-chain fatty acids and cholesterol
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metabolites [1]. AMACR is widely used as a positive
marker of prostate cancer and has additionally been shown
to bear prognostic significance in prostatic and in colorectal
cancer [7, 10]. Lately, AMACR immunostaining has also
been proposed as a diagnostically useful marker in terms of
discriminating dysplastic from reactive epithelium in
Barrett’s esophagus [2, 8].

So far, little is known about AMACR expression in
noninvasive bladder cancer. This is the first comprehensive
study aiming to correlate the immunohistochemically
detected AMACR expression with both histopathologic
grading schemes established in noninvasive bladder cancer
(1973 World Health Organization and the 1998 WHO/
International Society of Urological Pathology (ISUP)
system) in order to shed light on the so far neglected role
of AMACR in the pathobiology of noninvasive bladder
cancer.

In order to compare AMACR staining results with other
classic but not entirely validated markers, serial sections
from all samples were additionally stained with monoclonal
antibodies directed against p53 and Ki67. No attempt was
made to correlate marker expression with the risk of tumor
progression and/or recurrence during postsurgical follow-up.

Materials and methods

Selection of tumor samples

Retrospective computerized database analysis was per-
formed in order to identify all patients with newly
diagnosed noninvasive bladder cancer who underwent
transurethral surgical resection (TUR) at the Carl-Thiem
Klinikum Cottbus, Germany, between 1997 and 2004. This
analysis yielded a total of 147 individuals with the
following distribution: 102 tumors were graded as G1, 42
tumors were graded as G2, and only three tumors were
graded as G3, respectively. In order to expand the latter
“critical” group, a thorough retrospective medical chart
review was performed at the archives of the HELIOS
Klinikum Bad Saarow (the former HUMAINE Klinikum),
Germany. Surveying the period of time between 1977 and
2007, another 27 archived wax-embedded noninvasive
tumors graded as G3 were subsequently retrieved from the
Department of Pathology, HELIOS Klinikum Bad Saarow
to be also investigated in this study. Therefore, wax-
embedded archived tissues sampled from a total of 174
patients diagnosed with noninvasive bladder cancer (102
G1, 42 G2, and 30 G3 tumors; 144 low-grade and 30
high-grade tumors according to WHO/ISUP 1998) were
retrieved for this study. Notably, papillary urothelial neo-
plasms of low malignant potential (PUNLMP) and invasive
bladder cancer were not assessed.

Central review of histology

Hematoxylin and eosin (H&E)-stained tissue sections were
reviewed for histopathologic stage and grade by three
independent clinical histopathologists (S.G., G.K., and S.S.).
The tumors, all pTa according to the latest TNM classification
[11], were graded by the 1973 World Health Organization
(WHO) and by the 1998 WHO/International Society of
Urological Pathology (ISUP) systems. In equivocal cases,
final judgement of grading to be used for statistical analyses
was consistently performed by the reference histopathologist
of this study (S.S.).

Tissue microarray construction

Formalin-fixed wax-embedded surgically resected tissues
were retrieved from the surgical pathology archives at
Carl-Thiem Klinikum Cottbus, Germany and from the
HELIOS Klinikum Bad Saarow, Germany. Suitable areas
for tissue retrieval were marked on H&E-stained sections,
punched out of the paraffin block (1.5 mm punch
diameter), and one punch from each tumor investigated
was subsequently inserted into a recipient block as
described elsewhere [6]. The tissue arrayer was purchased
from Beecher Instruments (Woodland, USA). The tissue
array was cut into 4 μm sections without any sectioning
aids like tapes or additionally coated slides. Eleven
samples (6.3%) were lost during tissue arraying and
sectioning. Therefore, this study was finally conducted
upon a total of 163 individuals (Table 1).

Immunohistochemistry

Immunohistochemical staining for AMACR was performed
on the tissue microarray (TMA) slides using the standard
streptavidin–biotin–peroxidase procedure. Freshly cut
(4 μm) sections were mounted on superfrost slides
(Menzel-Gläser, Germany), dewaxed with xylene, and
gradually hydrated. The primary antibody was a rabbit
monoclonal AMACR antibody (Biologo, Kronshagen,
Germany; clone 13H4), which was diluted 1:200 using a
background reducing dilution buffer from Zytomed Sys-
tems (Berlin, Germany). No other blocking agents were
employed. The primary antibody was incubated at room
temperature for 1 h, following IVIEW detection on the
Ventana Benchmark XT (pretreatment “CC1 mild”).

In order to investigate the distribution pattern of
AMACR expression within the tumor tissue (diffuse versus
patchy/focal cytoplasmic expression), a total of 60 random-
ly selected tumor samples were stained prior to TMA
generation. These selected samples also contained adjacent
nonneoplastic urothelial mucosa for comparative assess-
ment of AMACR expression.
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Semiquantification of AMACR immunostaining was
performed at high power (×40 objective) according to the
approach recently published by Lin et al. [7] with minor
modifications. Briefly, positive staining was defined as to
having more than 5% of tumor cells showing diffuse
cytoplasmic staining. This cut-off was chosen in order to
exclude possible nonspecific and/or artificial staining. The
staining intensity was graded as negative (0), weak (1+),
moderate (2+), or strong (3+). Examples are illustrated in
Fig. 1. Since the distribution of AMACR immunoreactivity
in the tumors was fairly homogeneous, evaluation of the
staining intensity was straightforward, allowing for omit-
tance to incorporate the percentage of positive tumor cells.

Using serial sections, all samples were additionally
stained with monoclonal antibodies directed against p53
(DAKO; clone DO-7; dilution 1:50) and against Ki67
(DAKO; clone MiB-1; dilution 1:100), respectively. The
latter two markers were semiquantified by recording the

percentage of positively stained tumor cell nuclei consid-
ering all tumor cells depicted by means of each punch
investigated.

In each experiment, a negative control was included in
which the primary antibody was replaced by nonhuman
reactive rabbit IgG (DAKO). Positive controls used in this
study were sections from a prostate that contained both
adenocarcinoma and benign prostatic glands. The slides
were independently read by three clinical histopathologists
(S.G., G.K., and K.S.) blinded with respect to the speci-
mens. In order to assess reproducibility of the data, the
slides were reassessed some weeks later.

Statistical analysis

The Spearman correlation was used to determine the
magnitude and direction of the association between marker
expression and histopathological tumor grade according to

Fig. 1 Noninvasive bladder
cancer with lacking (a), weak
(b), moderate (c), and strong
(d) cytoplasmic AMACR
expression. Anti-AMACR
(×40 objective)

Table 1 AMACR expression
in the tumor samples
investigated

AMACR staining
intensity

Tissue loss during
tissue arraying

Total number
of cases

0 1 2 3

Grading by WHO 1973
G1 85 8 4 – 5 102
G2 24 6 2 4 6 42
G3 2 9 10 9 – 30
Grading by WHO/ISUP 1998
Low grade 86 9 4 2 6 107
High grade 25 14 12 11 5 67
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the 1973 World Health Organization (WHO) and the 1998
WHO/International Society of Urological Pathology (ISUP)
systems. All differences were considered statistically
significant if p<0.05; p values are two-tailed. All calcu-
lations were performed using the statistical software
package SPSS version 13.0.

Results

Reproducibility of staining evaluation

Intraobserver and interobserver variability of staining
evaluation was found to be less than 2%. The rare
equivocal cases were critically discussed among the clinical
histopathologists involved in this study in order to establish
consensus.

AMACR expression in tumor samples and in nonneoplastic
urothelium

In all 60 randomly selected tumor samples immunohisto-
chemically investigated prior to TMA construction, cyto-
plasmic expression of AMACR was found to be evenly
distributed throughout the entire tumor tissue in a fairly
homogeneous pattern. There was no focal and/or patchy
staining pattern. The adjacent nonneoplastic urothelium
either failed to show any AMACR expression at all or
showed only patchy weak expression (Table 2). AMACR
expression did not appear to be related to foci of mucosal
inflammation.

Correlation between AMACR expression
and histopathologic grading

Among the 163 tumor samples included in the final
analysis, positive staining was detected in 52 (31.9%)
carcinomas. Twenty-three cases (14.1%) showed weak, 16
cases (9.8%) showed moderate, and 13 cases (7.9%)

showed strong immunostaining. The remaining 111 sam-
ples (68.1%) showed no immunoreactivity at all (Table 1).

There was a significant positive correlation between
AMACR expression and grading by WHO 1973 (correlation
coefficient ρ=0.62; p<0.01) and also between AMACR
expression and grading by the WHO/ISUP system (correla-
tion coefficient ρ=0.48; p<0.01).

Correlation of p53 and Ki67 with histopathologic grading

There was no significant correlation between p53 expression
and grading byWHO 1973 (correlation coefficient ρ=0.19; p=
0.35) or between p53 expression and grading by the WHO/
ISUP system (correlation coefficient ρ=0.13; p=0.16).

Ki67 expression showed a significant positive correla-
tion with tumor grading by WHO 1973 (correlation
coefficient ρ=0.25; p=0.02) but failed to show any
significant correlation with tumor grading by the WHO/
ISUP system (correlation coefficient ρ=0.06; p=0.54),
respectively.

Discussion

Among the limited number of studies reporting on
AMACR expression in bladder cancer [12, 13], this is the
first comprehensive study that correlates the immunohis-
tochemically detected AMACR (racemase) expression with
both established histopathologic grading schemes in a
larger cohort of noninvasive urothelial carcinomas. So far,
the rates of AMACR expression and its role in the
pathobiology of noninvasive bladder cancer are essentially
unknown.

Alpha-methylacyl-CoA racemase (AMACR, p504s), a
peroxisomal and mitochondrial enzyme involved in the
oxidation of branched-chain fatty acids and cholesterol
metabolites, has recently emerged as a novel tumor
biomarker [1]. Since AMACR is not tissue-specific, its
diagnostic utility is restricted to specific clearly defined

Table 2 AMACR expression
in nonneoplastic urothelium
adjacent to noninvasive bladder
cancer (n=60)

Cytoplasmic AMACR staining
intensity in nonneoplastic
urothelium adjacent to
noninvasive bladder cancer

Total number
of cases (n=60)

0 1 2 3

Grading of the adjacent tumor by WHO 1973
G1 17 3 0 0 20
G2 19 1 0 0 20
G3 18 2 0 0 20
Grading of the adjacent tumor by WHO/ISUP 1998
Low grade 37 3 0 0 40
High grade 18 2 0 0 20
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areas [14]. AMACR expression proved to be a sensitive
and specific biomarker for the diagnosis of prostate cancer
except for a few uncommon variants (e.g., atrophic, foamy
gland, and pseudohyperplastic variants) [3] and was also
suggested to bear clinical significance in colorectal carci-
noma [7]. Our findings are in keeping with previous studies
reporting on the insignificant association between p53
expression and both grading schemes [15, 16].

Evaluating a total of 20 specimens, Krüger et al. found
Ki67 to be correlated with tumor grade in noninvasive
bladder cancer [17]. Surveying a much larger cohort, our
data support this notion in terms of tumor grading by WHO
1973 but failed to establish a significant correlation
between Ki67 and tumor grading by the WHO/ISUP
system. This discrepancy might be explained by the
strikingly different total number of specimens assessed.

Compared with the latter classic but not entirely
validated markers, our immunostaining data suggest
AMACR to be implicated in the pathobiology of noninva-
sive bladder cancer. One reasonable interpretation of this
novel observation is based on the notion that endogenous
fatty acids represent an exploitable storage of energy for
human bladder cancer [18]. Fatty acid synthase (FAS), a
key lipogenic enzyme, is involved in the biological
activities of bladder cancer in which it has been reported
to be overexpressed [19]. Since both established histopath-
ological grading systems of noninvasive bladder cancer
conventionally reflect cellular differentiation, one might
suggest cellular dedifferentiation occurring in the latter
tumor entity to be accompanied by a possible change in
tumor cell energy metabolism characterized by increased
oxidation of branched-chain fatty acids which might be
brought about by AMACR [20]. The observation that
AMACR expression appears to be evenly distributed
throughout the entire tumor tissue while being absent or
only weakly expressed in the adjacent urothelium strongly
supports the concept of intrinsic genetic alterations rather
than aberrant epiphenomenon. The lacking association
between AMACR expression and foci of mucosal inflam-
mation also supports this hypothesis. However, it should be
kept in mind that immunohistochemically detected
AMACR expression at the cellular protein level does not
necessarily reflect enzymatic activity. Therefore, further in
vitro studies are clearly needed. The elucidation of a so far
unknown possible implication of AMACR racemase in the
pathobiology of invasive bladder cancer might also be an
interesting focus to be targeted in the future.

Our observations contrast with the inverse correlation
which has been reported between AMACR expression and
histopathologic grading in colorectal cancer [5]. This
discrepancy might be attributable to a completely different
pivotal biological role of AMACR which might be
involved in the tumorigenesis of colon cancer by bringing

about the oxidation of branched-chain fatty acids from red
meat and certain dairy products, the consumption of which
increases the risk of colorectal cancer [5, 9]. With respect to
noninvasive bladder cancer, there is currently no scientific
data that might suggest any link between AMACR and the
carcinogenesis behind the development of the latter tumor
entity. However, our findings might hint at a so far neglected
role of AMACR in the pathobiology of noninvasive bladder
cancer, and—according to our immunostaining data—might
suggest a possible implication in tumor cellular energy
metabolism. Thus, further studies are clearly needed to back
this up and to clarify whether this observation might provide
the basis for novel targeted therapy strategies applicable in a
subset of noninvasive bladder cancer.

However, given the relatively low rate of its expression
in low-grade tumors observed in our study, it appears
unlikely that AMACR might become a diagnostic biomarker
in low-grade bladder cancer contrasting with its possible role
as a diagnostic marker in high-grade noninvasive tumors.
Further studies including detailed follow-up data in terms of
tumor progression and recurrence are needed to address the
issue of a possible prognostic value of AMACR in bladder
cancer which might be suggested by its positive correlation
to higher tumor grades.
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