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Macrophage scavenger receptor (MSR)-positive inflammatory cells
and tumor-associated macrophages (TAMs) have been reported to
regulate the growth of various cancers. In this study, the infiltra-
tion of MSR-positive cells and TAMs was analyzed to predict the
outcome of repeat biopsy in men diagnosed as having no malig-
nancy at the first prostate biopsy. Repeat biopsy of the prostate
was carried out in 92 patients who were diagnosed as having no
malignancy at the first biopsy. Of these, 30 patients (32.6%) were
positive for prostate cancer at the repeat biopsy. Tumor-associated
macrophages and MSR-positive cells were immunohistochemically
stained with mAbs CD68 and CD204, respectively. Six ocular mea-
suring fields were chosen randomly under a microscope at ·400
power in the initial negative biopsy specimens, and the mean TAM
and MSR counts for each case were determined. No difference in
TAM count was found between the cases with or without prostate
cancer. By contrast, the MSR count in patients with cancer was sig-
nificantly lower than that in patients without cancer at the repeat
biopsy (P < 0.001). Logistic regression analysis indicated that the
MSR count at first biopsy is a significantly better predictive factor
for positive repeat biopsy than PSA velocity, interval between first
and repeat biopsies, or TAM count. Decreased infiltration of MSR-
positive cells in negative first biopsy specimens was correlated
with positive findings in the repeat biopsy. The MSR count might
be a good indicator for avoiding unnecessary repeat biopsies.
(Cancer Sci 2010; 101: 1570–1573)
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P rostate cancer (PCa) is one of the most common cancers in
males in developed countries.(1) Prostate-specific antigen

(PSA) is currently the most useful serum tumor marker for
detecting Pca.(2) However, because of the low specificity of
PSA, many patients undergo unnecessary needle biopsies of the
prostate.(3) Most patients who undergo prostate biopsies and
have negative pathological findings are followed up with peri-
odic PSA measurements. A repeat biopsy might be indicated by
the presence of high-grade prostatic intraepithelial neoplasia
(HGPIN) on the initial biopsy, a low percentage of free PSA, an
increasing PSA velocity, elevated PSA density, or changes on
digital rectal examination.(4–8) Several additional biomarkers
and molecular markers prompt us to carry out a repeat biopsy,
including prostate cancer gene 3 mRNA in the urine,(9,10) hyper-
methylation of the glutathione S-transferase pi 1 gene promoter
in post-biopsy urine specimens,(11) and telomerase activity in
prostate massage samples.(12)

Recurrent or chronic inflammation has been implicated in the
development of many human cancers, including gastric, liver,
colon, and urinary bladder cancers.(13) It has been reported that
some inflammatory cells contribute positively to carcinogenesis
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or cancer progression in the prostate.(14–17) Of the many kinds of
inflammatory cell, decreased infiltration of macrophage scaven-
ger receptor 1 (MSR1)-positive cells has been reported to play
important roles in the progression of PCa.(18) Germ-line muta-
tions in the MSR1 gene leading to defective expression are
involved in prostate carcinogenesis.(19–21) Therefore, we exam-
ined the association between tumor-associated macrophage
(TAM) infiltration or the expression of MSR1 and the rate of
detection of PCa at a repeat biopsy of the prostate in patients in
whom the first biopsy was negative.

Materials and Methods

Patients. Between 1997 and 2000, 373 patients underwent
first prostate biopsy because of elevated serum PSA, positive
digital rectal examination (DRE), or positive findings in trans-
rectal ultrasonography. Of these, 222 patients (59.5%) with neg-
ative biopsy were followed up periodically (usually at 6-month
intervals) with a serum PSA check or DRE. From this group, 92
patients (42.8%) ranging in age from 51 to 82 years (median,
69 years) underwent repeat biopsies of the prostate because of
the increasing serum PSA level, appearance of abnormal nodules
in the prostate by DRE, or their anxiety. Of these 92 patients, 30
(32.6%) were positive for cancer at the repeat biopsy. Written
informed consent was obtained from all patients.

Immunohistochemistry. Biopsy specimens were fixed in 10%
neutral buffered formalin and routinely processed for paraffin
embedding. Serial 5-lm-thick sections were cut, and one section
was stained with H&E and reviewed by a pathologist (K.A., one
of the authors) to obtain the pathological diagnosis. Tumor-asso-
ciated macrophages and MSR-positive inflammatory cells were
labeled immunohistochemically using mAbs CD68 (1:100 dilu-
tion; Dako, Glostrup, Denmark) and CD204 (1:100 dilution;
Trans Genic, Kobe, Japan), respectively, and were visualized
using an LSAB kit (Dako). For systematic counting, six ocular
measuring fields, each with a real area of 0.06175 mm2, were
chosen randomly under a microscope at ·400 in the first nega-
tive biopsy specimens. For each case, the mean numbers of the
TAMs and MSR-positive cells were determined as the TAM and
MSR count of each case.

Statistical analysis. Statistical analysis was carried out using
StatView (SAS Institute, Cary, NC, USA). Differences in the
PSA value, TAM count, and MSR count between the cancer and
normal groups were evaluated using the Mann–Whitney U-test.
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Fig. 1. Representative immunostaining for macro-
phage scavenger receptor (MSR) cells from men
who underwent repeat biopsy of the prostate.
Representative cases with low (A) and high (B) MSR
counts are shown. Arrowheads indicate MSR-
positive cells.

(A)
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The correlation between TAMs, MSR infiltration by immunohis-
tochemistry, and categorical variables were evaluated using the
chi-square test and Fisher’s exact probability test. Statistical sig-
nificance was considered at P < 0.05. Logistic regression analy-
sis was carried out to determine significant useful predictors for
positive repeat biopsy.

Results

Immunohistochemical findings. Representative immunohisto-
chemical findings are shown in Figure 1. Macrophage scavenger
receptor-positive cells were observed among the connective tis-
sue. Prostatic epithelial cells, interstitial cells, or basal cells were
not stained with antibody CD204.

Prostate-specific antigen and pathological diagnosis. The
PSA value at the first biopsy ranged from 1.7 to 43.12 ng ⁄ mL
(median, 8.80). The median interval from the first biopsy to the
second was 21.6 months (range, 4–84 months). These data are
summarized in Table 1. The serum PSA levels at the first biopsy
(mean ± SD) did not differ statistically between the patients
with final pathological diagnoses of PCa and benign prostate, as
shown in Figure 2(A) (11.95 ± 8.39 versus 9.19 ± 4.60;
P = 0.075). In contrast, the PSA level at the repeat biopsy was
significantly higher in patients with PCa than in patients with
benign prostate (19.65 ± 14.19 versus 11.40 ± 8.19; P = 0.004;
Fig. 2B). No statistical difference in the PSA velocity between
PCa and benign prostate was found, as shown in Table 2.

Tumor-associated macrophage count and pathological diag-
nosis. The TAM count at the first biopsy did not differ between
the patients who were diagnosed with PCa and those with
benign prostate (16.13 ± 5.85 versus 15.70 ± 4.24; P = 0.364),
as shown in Figure 3.

Macrophage scavenger receptor count and pathological
diagnosis. The MSR count at the first biopsy was significantly
lower in those patients who were diagnosed with PCa than in
Table 1. Patients’ characteristics

Range Median

Age at the first biopsy (years old) 51 to 82 69

PSA value at the first biopsy (ng ⁄ mL) 1.70 to 43.12 8.80

PSA value at the repeat biopsy (ng ⁄ mL) 1.90 to 52.68 10.00

Time from the first to the repeat biopsy (months) 4 to 84 21.6

PSA velocity (ng ⁄ mL ⁄ year) )3.77 to 37.50 1.6

PSA, prostate-specific antigen.

Fig. 2. Association between the final pathological results and the
serum prostate-specific antigen level at the first (A) and repeat (B)
biopsies of the prostate. Boxed areas represent the 25th and 75th
percentiles, and error values; error bars represent the 10th and 90th
percentiles.
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Table 2. Association of clinicopathological parameters with biopsy

results

Benign

prostate

Prostatic

cancer
P-value

Age at the repeat biopsy (years) 68.38 ± 6.27 68.98 ± 7.09 0.356

PSA at the first biopsy (ng ⁄ mL) 9.19 ± 4.60 11.95 ± 8.39 0.075

PSA at the repeat biopsy (ng ⁄ mL) 11.40 ± 8.19 19.65 ± 14.19 0.004

PSA velocity (ng ⁄ mL ⁄ year) 1.49 ± 4.45 2.72 ± 4.74 0.083

TAM count 15.70 ± 4.24 16.13 ± 5.85 0.364

MSR count 38.70 ± 9.95 27.13 ± 5.28 <0.001

MSR, macrophage scavenger receptor; PSA, prostate-specific antigen;
TAM, tumor-associated macrophage.

Fig. 3. Association between the tumor-associated macrophage count
and pathological results in patients who underwent repeat biopsies of
the prostate. Boxed areas represent the 25th and 75th percentiles,
and error values; error bars represent the 10th and 90th percentiles.

Fig. 4. Association between the macrophage scavenger receptor count
and pathological results in patients who underwent repeat biopsies of
the prostate. Boxed areas represent the 25th and 75th percentiles, and
error values; error bars represent the 10th and 90th percentiles.

Table 3. Sensitivity, specificity, PPV and NPV stratified by PSA, TAM

count and MSR count at the first biopsy

Parameter Benign Cancer
Sensitivity ⁄
Specificity

PPV* ⁄ NPV

High PSA (‡8.8) 27 21 21 ⁄ 30 21 ⁄ 48

Low PSA (<8.8) 35 9 35 ⁄ 62 35 ⁄ 44

High TAM count (‡16) 25 14 14 ⁄ 30 14 ⁄ 39

Low TAM count (<16) 37 16 37 ⁄ 62 37 ⁄ 53

Low MSR count (<32) 18 25 44 ⁄ 62 44 ⁄ 49

High MSR count (‡32) 44 5 25 ⁄ 30 25 ⁄ 43

PSA, prostate-specific antigen; TAM, tumor-associated macrophage;
MSR, macrophage scavenger receptor; *PPV, positive predictive value;
NPV, negative predictive value.

Table 4. Logistic regression

Parameters
Regression

coefficient
P value

Age 0.039 0.5583

PSA at the first biopsy 0.0433 0.5182

PSA at the repeat biopsy 0.0531 0.1983

PSA velocity )0.0639 0.2838

Periods between the first and

the repeat biopsy

0.3048 0.1514

TAM count 0.0321 0.6269

MSR count )0.1972 0.0004

PSA, prostate-specific antigen; TAM, tumor-associated macrophage;
MSR, macrophage scavenger receptor.
those with benign prostate (27.13 ± 5.28 versus 38.70 ± 9.95;
P < 0.001) as shown in Figure 4.

Sensitivity and specificity of PSA level, and TAM and MSR
counts at first biopsy. The PSA at the first biopsy and the TAM
and MSR counts were divided into high and low groups com-
pared to the mean values of 8.80 ng ⁄ mL, 16, and 32, respec-
tively. Based on these groupings, sensitivity, specificity, positive
predictive value, and negative predictive value were calculated
as markers for detecting PCa in the repeat biopsy (Table 3). In
Table 3, categories positively associated with cancer are placed
upper for PSA, TAM, and MSR. In terms of sensitivity and
specificity, the MSR count was superior to the TAM count or
PSA level at the first biopsy.

Logistic regression analysis. Among the clinicopathologic
parameters analyzed, MSR count was the only useful predictor
for positive repeat biopsy (Table 4).

Discussion

With widespread PSA screening, PCa is often detected at an
early stage.(2) However, because of the low positive predictive
value of PSA, up to 75% of men with gray zone PSA (4–
10 ng ⁄ mL) cannot escape an unnecessary biopsy.(3) Based on
periodic checks, patients with an increasing serum PSA undergo
repeat prostate biopsy. Even in those cases, the detection rate of
PCa remains between 10% and 35%.(8,21) This means that many
people undergo unnecessary biopsies. One of the most serious
problems is that indications for repeat biopsy and the timing of
the procedure are not clearly defined.(4) Therefore, it is very
important to discover a good indicator for a repeat biopsy of the
prostate.
1572
In our institute, repeat biopsies were carried out based on the
doctors’ preference and policy according to PSA increase, but
not based on definite criteria. Therefore, the interval from the
first biopsy to a repeat biopsy was not constant. As shown in
Table 2, the PSA levels at the first biopsy of patients with cancer
at repeat biopsy were not significantly higher than those of
patients without cancer, whereas the PSA levels at the repeat
biopsy were higher in patients with cancer than those in patients
without cancer. Moreover, PSA velocity tended to be greater in
patients with cancer than in patients without cancer. In general,
repeat biopsies were likely to be carried out based on the PSA
velocity, increased PSA density, low free ⁄ total PSA ratio, or the
presence of HGPIN.(22–24)

Chronic inflammation of the prostate has been reported to be
one of the risk factors for prostate carcinogenesis.(14–17) Several
doi: 10.1111/j.1349-7006.2010.01563.x
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specific inflammatory cells have been implicated in carcinogen-
esis or the progression of PCa. The infiltration of TAMs is more
prominent in cancer tissue than in normal prostate tissue, and an
association between increased infiltration of TAMs and progres-
sion of PCa has also been reported.(25,26) Therefore, TAMs
might work as cancer-stimulating factors and are usually seen at
the tumor–normal tissue interface.(27,28)

Among several species of macrophages, MSR-positive
inflammatory cells have been also considered to be M2-polar-
ized and to be involved in the progression of glioma and ovarian
epithelial tumor.(29,30) Germ-line mutations of the MSR1 gene
are involved in alterations in host defense immunity as associ-
ated with an increased risk of PCa. It has been postulated that
defective expression of MSR1, which is associated with macro-
phage function, could lead to serious inflammatory damage
resulting in carcinogenesis.(19–21) Yang et al.(18) reported that
reduced expression of MSR1 is associated with progression of
PCa. Our previous data also showed that decreased infiltration
of MSR-positive cells in the prostate biopsy specimens was
associated with poor prognosis of the PCa.(31) Moreover, the
expression of MSR is inhibited by transforming growth factor-
b1 in human monocyte ⁄ macrophage cell line THP-1.(32) In
humans, an increased level of transforming growth factor-b1 is
associated with PCa progression and metastasis.(33) These find-
ings all give us a good reason to accept the results that decreased
MSR-positive staining was well correlated with the presence of
Nonomura et al.
PCa in the repeat biopsy. Macrophage scavenger receptor-posi-
tive cells in the prostate might play protective roles in tumor
progression, contrary to other types of malignancies, in spite of
no apparent reason.

No reliable or definitive predictor of repeat biopsy outcome is
currently available. Other than PSA-related markers, only a few
factors have been discussed. Among them, prostate cancer gene
3 mRNA in the urine has been reported to be very useful for
patients with elevated serum PSA levels and negative biopsy
findings.(9,10) The microvessel density and presence of HGPIN
in biopsy specimens have also been reported as useful markers
for considering repeat biopsy.(34) In addition, telomerase activity
in prostate massage samples and hypermethylation of the gluta-
thione S-transferase gene promoter in the urine after prostate
biopsy might be predictive markers, although they have not been
evaluated as indicators for a repeat biopsy.(11,12)

Our data needs to be evaluated in a larger sample or pursuing
validation study. However, this kind of approach is essential for
the discovery of new predicting markers to avoid unnecessary
prostate biopsy.
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