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MicroRNAs (miRNAs) are small noncoding RNAs that negatively
regulate protein-coding genes. To identify miRNAs that have a
tumor suppressive function in bladder cancer (BC), 156 miRNAs
were screened in 14 BCs, 5 normal bladder epithelium (NBE)
samples and 3 BC cell fines. We identified a subset of 7 miRNAs
(miR-145, miR-30a-3p, miR-133a, miR-133b, miR-195, miR-125b
and miR-199a%) that were significantly downregulated in BCs. To
confirm these results, 104 BCs and 31 NBEs were subjected to
real-time RT-PCR-based experiments, and the expression levels of
each miRNA were significantly downregulated in BCs (p < 0.0001
in all). Receiver-operating characteristic curve analysis revealed
that the expression levels of these miRNAs had good sensitivity
(>70%) and specificity (>75%) to distinguish BC from NBE. Our
target search algerithm and gene-expression profiling in BCs
(Kawakami ef al., Oncol Rep 2006;16:521-31) revealed that Kera-
fin7 (KRT7) mRNA was a common target of the downregulated
miRNAs, and the mRNA expression levels of KRT7 were signifi-
cantly higher in BCs than in NBEs (p = 0.0004). Spearman rank
correlation analysis revealed significant inverse correlations
between KRT7 mRNA expression and each downregulated miRNA
(p < 0.0001 in all). Gain-of-function analysis revealed that KRT7
mRNA was significantly reduced by transfection of 3 miRNAs
(miR-30-3p, miR-133a and miR-199a™) in the BC cell line (KK47).
In addition, significant decreases in cell growth were observed af-
ter transfection of 3 miRNAs and si-KRT7 in KK47, suggesting
that miR-30-3p, miR-133a and miR-199a* may have a tumor sup-
pressive function through the mechanism underlying transcrip-
tional repression of KRT7.
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Bladder cancer (BC) is among the 5 most common malignan-
cies worldwide, and it is the 2nd most common tumor of the geni-
tourinary tract and the 2nd most common cause of death in
patients with genitourinary tract malignancies. 12 Gene-expression
profiling by microarray analysis is an excellent tool for screening
candidate genes that have a tumor suppressive or ancogenic func-
tion in BC.>*' We previously identified that SKP2 and CKS/ con-
uribute the progression and prognosis in BC by our microarray
analysis.™® However, the hundreds of candidate genes derived
from microarray analysis may embarrass investigators to decide
which gene should be studied. DNA hypermethylation is aberrant
epigenetic event that negatively regulates the expression levels of
tumor Suppressor genes or oncogenes.” Hence, it seems to be a
good strategy to find cancer-related genes by sorting methylated
genes. Another major epigenetic event is caused by microRNA
(miRNA). miRNAs are small noncoding RNA gene products
about 22-nucleotide (at) long, which are cleaved from 70- to 100~
nt hairpin-shaped precursors (pre-miRNA).* Although their pre-
cise biology is not fully understood, miRNAs are found in diverse
organisms and epigenetically function as negative regulators of
gene expression through posttranslational mRNA degradation.™
A mare recent link between miRNA function and cancer pathoge-
nesis is sapported by studies examining the signatures of miRNA
in clinical samples. miRNAs are aberrantly expressed in human
cancer, indicating that they may have a novel oncogenic or tumor

{ﬂ":'_‘-i\;‘_ - Publication of the international Union Against Cancer
S sline

Sataanag e

which revealed 2 miRNAs, miR-I15a and miR-16-1 M

. - . 3 o . - o
suppressive function.' The first evidence of involvement of miR-

NAs in human cancer came from molecular studies characterizing
the 13ql4 deletion in human chronic lymphocytic leukemia,
Subse-
quently, altered miRNA expression has been reported in lung can-
cer,‘l breast cancer,]3 glioblastoma,|4 hepatocellular carcinoma,
papillary thyroid carcinoma,'® colorectal cancer,'” pancreatic
tumors™ and, most recently, bladder and kidney cancer.'” How-
ever, the target genes by these miRNAs were not fully elucidated
especially in BC.

In our study, we determined the miRNA expression signatures
specific to BC by evaluating 156 mature miRNAs expressions in
14 BCs, 5 normal bladder epithelium (NBE) specimens, and 3 BC
cell lines. We identified a subset of 7 downregulated miRNAs that
have a mumor suppressive function based on miRNA expression
signatures of BC. Subsequently, we validated the expression levels
of the miRNAs by using more than 100 clinical specimens. Our
target search algorithm based on the gene-expression profiling in
BCs® indicated that Keratin7 (KRT7) transcript was a common tar-
get of the downregulated miRNAs. We transfected the downregu-
lated miRNAs in a BC cell line (KK47) to examine their transcrip-
tional repression of KRT7. Furthermore, we also examined the cell
growth effect on KK47 cells transfected with the miRNAs to
examine the functional roles of these miRNAs and KRT7 in BC
development.

Material and methods
Clinical BC specimens and BC cells culture

Tissue specimens were from 104 BC patients who had under-
gone cystectomy, or transurethral resection of BC at Kagoshima
University Hospital and 3 affiliated hospitals berween 2003 and
2007. The patients’ backgrounds and clinicopathological charac-
teristics are summarized in Table 1. Our study was approved by
the Bioethics Committee of Kagoshima University; written prior
informed consent and approval were given by these patients.
These samples were staged according to the American Joint Com-
mittee on Cancer-Union Internationale Contre le Cancer tumor-
node-metastasis classification and histologically graded.” There
was a significant difference in median age between BC and non-
BC patients (76 vs. 70 years, respectively, p < 0.001). Of the
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TABLE I~ PATIENTS' CHARACTERISTICS

TABLE I - PATIENTS' CHARACTERISTICS FOR miRNA SCREENING TEST

Bladder cancer (BC)
Total number 104
Median age (range) 76 (33-100) years
Gender
Male 74
Female 30
Stage
Superficial (pTa) 71
Iavasive (ZpThH) 33
Grade
Gl 6
G2 42
G3 56
Operation
Cystectomy 16
TUR-Bt 88

Follow-up period (range) 476 (5-1440) days

Normal bladder epithelium (NBE)

Total number 31
Median age (range) 70 (30-78)
Gender
Male 27
Female 4

104 BCs, 14 BCs were randomly selected for the screening test of
156 miRNAs that were available in November 2006 (Table II).
We could not use the samples with G1 grade for the screening
test, because these samples were obtained from transurethral
resection, and they were too small to extract enough total RNA for
screening 156 miRNAs.

The human BC cell lines (T24, KK47 and BOY?') were main-
tained in the recommended medium mixed with 10% fetal bovine
serum, 50 pg/ml streptomycin and 50 U/mti penicilfin in a humidi-
fied atmosphere of 95% air/5% CO, at 37°C. Routine tests for
mycoplasma infection were negative.

RNA isolation

Tissues and cells, freshly harvested and immediately frozen in
liquid nitrogen and stored at —80°C until processing, were dis-
solved in ISOGEN (Nippon Gene, Tokyo, Japan); we followed the
manufacturer’s protocol for total RNA extraction. The concentra-
tions of RNA were determined spectrophotometrically; integrity
was checked by gel clectrophoresis. The RNA quality was con-
firmed in an Agilent 2100 bioanalyzer (Agilent Technologies,
Santa Clara, CA).

miRNA expression signature and data normalization

Each pooled sample in the 156 panel assay was analyzed in
duplicate. Analysis of relative miRNA expression data was per-
formed using GeneSpring GX version 7.3.1 software (Agilent
Technologies) according to the manufacturer’s instruction. We
employed 2 different approaches for normalizing the miRNA
expression data, global normalization and endogenous gene
(ACTB) normalizatxon Briefly, the Ct values were tmmionned by
the following formula: expression score = 24 (40 — Cr), and the
calculated data were uploaded onto GeneSpring software. We
chose the following methods for global normalization: (i) Per
Chip, normalize to 50th percentile and (ii) Per Gene, normalize to
median; and for ACTB normalization: (i) Per Gene, normalize to
median and (/) Per Gene, normalize to positive control (ACTB)
genes. To prepare a low-level filtered gene list, before analysis,
we excluded miRNAs with Ct values of 35 cycles. The low-level
filtered gene list was turther processed to select only those genes
with a fold change >2.0 or <(.5 in comparison with normal sam-
ples; these were considered as differential expressed genes. Fur-
thermore, a Welch analysis of variance test (parametric test, with
variances not assumed equal, cutoff p value of 0.001), using the
Benjamini and Hochberg method to control the false discovery

No. Age Gender Stage Grude
1 55 F Superficial G2
2 61 M Superficial G2
3 68 M Superficial G2
4 68 M Superficial G2
5 88 M Invasive G3
6 80 M Invasive G3
7 53 F Superficial G2
8 85 M Superficial G2
9 53 M Superficial G2

10 78 M Invasive G3

11 83 M Invasive G2

12 74 F Superficial G2

13 89 M Superficial G3

14 70 M Invasive G3

rate, was performed on the list of differentially expressed genes to

finally generate a list of qtamucally differential expressed miR-
NAs. TagMan™' probe and primers for ACTB were assay-on-
demand gene expression products (P/N: Hs99999903_mi,
Applied).

The unsupervised clustering analysis was performed on the stat-
istically differential expressed miRNAs using the condition tree,
gene tree options and the Pearson correlation equation (Gene-
Spring software, Agilent Technologies).

miRNAs signatures in BC determined by stem-loop RT-PCR

Stem-loop RT-PCR (TagMan®™ MicroRNA Assays, Applied
Biosystems, Foster City, CA) was used to quanmate miRNAs
according to the previously published conditions.”” To prepare
cDNA specific to the miRNAs, each 15 pl RT reaction contained
10 ng of purified total RNA, 50 nM stem-loop RT pumer IXRT
buttex 0.25 mM each of dNTPs, 3.33 U/ul MultiScr ibe™ reverse
transcriptase and 0.25 U/l RNase inhibitor. The reactions were
incubated in a 96-well plate for 30 min at 16°C, 30 min at 42°C,
followed by 5 min at 85°C and then held at 4°C. Each stem-loop
RT-PCR for each miRNA assay was carried out in triplicate, and
each 20 pl reaction mixture included 1.33 pl of diluted RT prod-
uct, 10 pl of ’7><TaqMan *" Universal PCR Master Mix and 1 pl of
20X TagMan™ MicroRNA Assay Mix. The reaction was incu-
bated in a 7900HT Fast Real-Time PCR System in 384-well plates
at 95°C for 10 min, followed by 40 cycles at 95°C for 15 sec and
60°C for 1 min. RNA U6B small nuclear (RNUG6B) (42 bp, a small
RNA) served as an endogenous control according to the manufac-
turer’s primary data across several human tissues and cell lines (P/
N: 4373381, Applied).

Real-time quantitative RT-PCR

We synthesized first-strand ¢cDNA with 1 g of total RNA using
random primers of the reverse wanscription (RT) system
(Promega, Tokyo, Japan). The initial PCR step was a 10-min hold
at 95°C; the cycles (n = 40) consisted of a 15-sec denaturation
step at 95°C followed by 1-min annealing/extension at 63°C. The
TagMan™' probe and primers for KRT7 (P/N: Hs00818825_m1l)
were assay-on-demand gene expression products (Applied). All
reactions were performed in triplicate, and a negative control lack-
ing ¢cDNA was included.

Algorithn for target genes

Our plevmm study has demonstrated the original method for
target.” Because many miRNAs cause degradation of their target
mRNAs, expression patterns of miRNAs md their targets can be
expected to indicate reverse relationships. Hence, our method
identifies mRNAs as targets that not only contain complementary
sequences but also show inverse expression pattems to the
miRNA. To predict target mRNAs for the downregulated mi-
RNAs, we identified the upregulated mRNAs that showed a more
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TABLE 01 ~ TWENTY-SEVEN DIFFERENTIALLY EXNPRESSED miRNAS IN BLADDER CANCER
AFTER GLOBAL NORMALIZATION

miRNAs pevatue Cancer seore Normal score Fold change Statux in BC
(cancer/normal)
miR-145 347E-08 0.764 23.838 0.03 Down
miR-06 1.50E-03 1.832 0.072 2544 Up
miR-190 1.50E-05 1.233 0.098 12.58 Up
miR-183 4.43E-05 2.287 0.056 40.84 Up
miR-30a-3p 443E-05 0.756 19.267 0.04 Down
miR- 5.19E-05 0.600 11.261 0.05 Down
miR-150 5.52E-05 0.912 5.928 0.15 Down
miR-133a 5.95E-05 0.940 61.245 0.02 Down
miR-320 1.69E-04 0.629 1.800 0.35 Down
miR-133b 3.84E-04 0.728 23482 0.03 Down
miR-15 3.84E-04 0.706 1.690 042 Down
miR-195 3.84E-04 0.494 7.207 0.07 Down
miR-125h 9.00E-04 0.540 11.658 0.05 Down
miR-132 9.50E-04 0.758 4.315 0.18 Down
miR-218 1.05E-03 0.553 3.900 0.14 Down
miR-199-s 1.11IE-03 1.009 8.689 0.12 Down
miR-99a 1.11E-03 0.295 4.870 0.06 Down
miR-199a* 1.93E-03 0.742 6.469 0.11 Down
miR-223 2.15E-03 1.006 11.276 0.09 Down
miR-139 2.72E-03 0.589 9.017 0.07 Down
miR-130b 5.60E-03 1.353 0.476 2.84 Up
miR-9 7.92E-03 0.731 8.935 0.08 Down
miR-124b 7.96E-03 1.825 0.053 3443 Up
miR-215 8.34E-03 2.260 0.150 15.11 Up
miR-140 8.42E-03 0.684 5.052 0.14 Down
miR-224 8.89E-03 0.956 0.034 28.12 Up
miR-106a 9.50E-03 0.801 0.126 6.36 Up

Underlined miRNAs are commonly detected with global- and beta-actin normalization.

than 2.0-fold increase in expression level in BCs relative to NBEs
in our corresponding expression data.” Subsequently, the targets
including the complementary sites to the miRNAs in the 3'-UTRs
were selected from the upregulated mRNAs using the miRanda
target prediction tool.!

Mature miRNA transfection
Mature miRNA molecules, Pre-miR™ (Applied), were incu-
bated with Llpotectmnmeﬂ\1 RNAIMAX (Invitrogen, Tokyo,
Japan) before platmo Subsequently, the complex was just added
to suspended 4 X 107 cells per well at plating (cotranstecting) in
24-well plates. We first tested the transfection efficacy of miRNA
precursors in BC cell lines based on the downregulation of PTK9
mRNA by overexpression of miR-1 (This method was recom-
mended by the manufacturer).

Small interfering RNA treatment and XTT assay

After cotransfecting small interfering RNA (siRNA)-KRT7 (si-
KRT’/) (L-019277-00; Dharmacon, Lafayette, CO) or nonsilenc-
ing siRNA (Ql-comrol) (D- 001810-10; Dharmacon), KK47 cells
were seeded in 96-well plates at 3 X 10° cells per well. After 48 hr,
cell viability was determined by an XTT assay following the manu-
facturer’s protocol (Roche Applied Sciences, Tokyo, Japan).

Immunoblot

After 48-hr cotransfecting, the celis were harvested, and total
protein lysate was prepared with common detergent lysis buffer in
the presence of a protease inhibitor. The 20 g protein lysate was
separated by NuPAGE™ on 4-129% bis-tris gel (Invitrogen) and
transferred to a polyvinylidene difluoride membrane. Immunoblot
was done with diluted (1:300) monoclonal cytokeratin7 antibody
(clone OV-TL 12/30; No. 7018, Dako, Tokyo, Japan) and GAPDH
antibody (MAB374; Chemicon, Temecula, CA). The membrane
was washed and then incubated with goat anti-mouse IgG horse-
radish peroxidase conjugate (Bio-Rad, Hercules, CA). Specific
complexes were visnalized with an echochemiluminescence detec-
tion system (GE Healthcare, Buckinghamshire, UK.

Statistical analysis

The relationship between the 2 variables and numerical values
obtained by real-time PCR-based experiments was analyzed
with the Mann-Whitney U-test. The relationship between down-
regulated miRNA expression and KRT7 mRNA expression was
analyzed by the Spearman rank correlation. All statistical values
were age-adjusted because the mean ages of the BCs and NBEs
were statistically different. The analysis software was Expert
StatView (version 4, SAS Institute, Cary, NC); differences of p
< 0.05 were considered statistically significant. The cutoff
scores for the analysis were obtained by receiver-operating char-
acteristic (ROC) curve analysis using MedCalc software (Med-
Calc Software, Mariakerke, Belgium).

Results
Identification of differentially expressed miRNAs between BC,
NBE and BC cell lines

We evaluated 156 mature miRNA expression levels of 14
BCs, 5 NBE specimens and 3 BC cell lines. After global nor-
malization of the raw data, we identified 27 differentially
expressed miRNAs between BCs and NBEs when we employed
a cutoff p value of <0.01 to narrow down the candidates (Table
III). Among these miRNAs, 8 were up- and 19 were downregu-
lated in BCs relative to NBEs. When we applied a Bon-ferroni
correction (p < 0.00032), 9 miRNAs were still ditferentially
expressed between BCs and NBEs with a statistical significance
(Table III). After global normalization, hierarchical clustering
analysis based on differentially expressed miRNAs generated a
tree with clear distinction between BCs, BC cells and NBEs
(Fig. 1).

When we employed another normalization using the internal
reference, ACTB, 10 miRNAs still had a p value of <0.05, and
all were downregulated in BCs. Seven miRNAs were commonly
detected with the 2 different approaches; miR-145, miR-30a-3p,
miR-133a, miR-133b, miR-195, miR-125b and miR-199¢«* (Table
11, underlined).
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Verification of downregulated miRNAs expression in
clinical specimens

To validate the results of our screening test, we subjected 6
miRNAs (miR-145, miR-30a-3p, niiR-133a, miR-195, miR-125
and miR-199¢*), which were selected as downregulated miRNAs
by both different normalization methods to stem-loop RT-PCR on
BCs (n =104) and NBEs (# = 31). We did not examine miR-133b
because it was considered to function similar to miR-133a, and
they have very similar sequences (miR-133«: UUGGUCCCCUU-

miR-106a
miR-224

FiGure 1 — Hierarchical clustering of BCs, NBEs and BC cells. 14
BCs, S NBEs and 3 BC cells were clustered according to the expres-
sion signature of 27 miRNAs differentially expressed between BCs
and NBEs.

JCHIMI ET AL.

CAACCAGCUGU, miR-133h: UUGGUCCCCUUCAACCAG-
CUA). The 6 miRNAs shown by our signature to be downregu-
lated did indeed have a lower expression in BCs than in NBEs
(miR-145: 0.079 = 0.019 (BC) ws. 0.897 = 0.197 (NBE), p <
0.0001; miR-30a-3p: 0.145 = 0.036 (BC) vs. 0.747 = 0.095
(NBE), p < 0.0001; miR-133a: 0.048 = 0.016 (BC) vs. 0.960 =
0.196 (NBE), p <'0.0001; miR-195: 0.124 = 0.012 (BC) vs. 0.688
* 0.088 (NBE), p < 0.0001; miR-125h: 0.069 = 0.013 (BC) vs.
0.939 = 0.171 (NBE), p < 0.0001; miR-199«*: 0.099 = 0.015
(BC) vs. 1.043 = 0.194 (NBE), p < 0.0001) (Fig. 2a). Our cohort
showed no significant relationship between the miRNA expression
and clinicopathological parameters.

ROC curve analysis demonstrated that each miRNA had good
sensitivity and specificity with optimal cutoff values as follows:
miR-145: 90.5% (sensitivity), 77.4% (specificity), 0.173 (cutoff);
miR-30a-3p: 94.3% (sensitivity), 76.7% (specificity), 0.310
(cutoff); miR-133a: 93.3% (sensitivity), 77.4% (specificity), 0.140
(cutoff); miR-195: 91.4% (sensitivity), 80.0% (specificity), 0.273
(cutoff); miR-125b: 89.4% (sensitivity), 77.4% (specificity), 0.206
(cutoff); miR-199«¢*: T72.1% (sensitivity), 90.3% (specificity),
0.087 (cutoff). Each miRNA had a good area under curve (AUC)
of >0.7 (Fig. 2b).

Identification of target genes of the downregulated
miRNAs in our algorithm

We devised an original algorithm based on our BC mRNA pro-
file to predict target genes for the miRNAs differentially expressed
in BCs and NBEs. Table 1V shows the predicted target genes for
the downregulated miRNAs, which were sorted by number of pre-
dicted target sites. Interestingly, 12 genes were common targets
among the 39 predicted target genes for the 6 miRNAs as follows:
KRT7 for all, ALK for niR-145 and miR-30a-3p, LOC400451 for
miR-145 and miR-133a, PSMA7 for miR-145 and miR-133a.
S100A14 for miR-145 and miR-125h, WWOX for miR-145 and
miR-125b, FLNB for miR-145, miR-30a-3p, miR-133a and miR-

a miR-145 miR-303-3p miR-133a miR-195 miR-125 miR-199a*
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FiGURE 2 — (a) The 6 miRNAs that were commonly dowmregulated with 2 different normalizations in the screening test were significantly
dawnregulated in BCs relative to NBEs (p < 0.0001). (h) ROC curve analysis showed each miRNA had good sensitivity and specificity to distin-

guish BC from NBE.
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TABLE IV - ALGORITHM FOR PREDICTED TARGET GENES FOR THE DOWNREGULATED miRNAS IN BLADDER CANCER

miR-145 miR-30a-3p miR-133x
Unigene ID Gene symbol Target sites Unigene 1D Gene symbot Target sitex Unigene TD Gene symbo Target sites
Hs.411501 KRT7 17 Hs. 445890 CNIH4 8 Hs411501 KRT7 16
Hs.196534 ALK 10 Hs.196534 ALK S Hs.233952 PSMA7 7
Hs.27373 LOC400451 9 Hs.437656 LEPRE1 4 Hs.411573 GUCY1B2 7
Hs.233952 PSMA7 7 Hs.491912 COPSS 4 Hs 476448 FLNB 7
Hs.288998 S100A14 7 Hs.2233 CSF3 3 Hs.520967 MDH2 7
Hs.461453 WWOX 7 Hs.411501 KRT7 3 Hs.27373 LOC400451 6
Hs.259412 Clorf63 6 Hs. 440961 CAST 3 Hs.533782 KRT8 6
Hs. 476448 FLNB 6 Hs.476448 FLNB 3 Hs.129673 EIF4A1 4
Hs.2785 KRT17 5 Hs.504609 ID1 3 Hs.2233 CSF3 4
Hs.356794 RPS24 5 Hs.534169 HSPA14 3 Hs.27475 CYB5D1 4
miR-195 miR-125b miR-199a*
Unigene ID Gene symbol Target sites Unigene ID Gene symbol Target sites Unigene ID Gene symbol Target sites
Hs.90093 HSPA4 1 Hs.411501 KRT7 12 Hs.90073 CSEIL 2
Hs.533782 KRTS8 1 Hs.437656 LEPRE1 5 Hs.534169 HSPA14 2
Hs.529989 RNASET2 1 Hs.461453 WWOX 4 Hs 48029 SNAIL 2
Hs.524219 TPI11 1 Hs.288998 S100A14 3 Hs. 445890 CNIH4 2
Hs.498397 SCCPDH 1 Hs.489287 CPSF4 3 Hs.356794 RPS24 2
Hs.490394 TAS2RS5 1 Hs 495728 PIR 3 Hs.213470 PSMB7 2
Hs 487774 HNRPA2B1 1 Hs.519756 STK10 3 Hs.197071 NEK6 2
Hs 476448 FLNB 1 Hs.159918 PHF14 2
Hs. 443831 PDCD5 1 Hs.80545 RPL37 1
Hs.411501 KRT7 1 Hs 411501 KRT7 1
a 3
KRT7 . miR145 , miR133a
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FIGURE 3 — (a) KRT7 mRNA expression was significantly higher in

between KRT7 mRNA expression and the downregulated miRNAs.

195, CNIH4 for miR-30a-3p and miR-199a*, LEPREI for miR-
30a-3p and miR-125h, CSF3 for miR-30a-3p and miR-133a,
HSPAI4 for miR-30a-3p and miR-199* and KRTS for miR-133a
and miR-195 (Table IV and Supporting Information Table SI).

KRT7 mRNA expression and its correlation with each
miRNA expression

We focused on KRT7 because it was the most frequent target of
all miRNAs and was listed at the top in 3 of 6 miRNAs in our
algorithm (Table IV, Supporting Information Table SI). Real-time
RT-PCR revealed that the mRNA expression levels of KRT7 were
significantly higher in BCs than in NBEs (8.220 = 0.973 (BC) vs.

miR125 axpression (AU} miR1883” expression {A.1).}

BCs than in NBEs. (b) There were significant inverse correlations

3.119 = 0.762 (NBE), p = 0.0004) (Fig. 3a). Spearman’s rank
correlation test indicated that there were significant inverse corre-
lations between KRT7 mRNA expression and the downregulated
miRNAs (miR-145, miR-30a-3p, miR-133a, miR-195, miR-125
and miR-199%«*) (p < 0.0001 for all miRNAs examined) (Fig. 3h).

Effects of miRNA transfection on KRT7 expression in BC cell lines

To determine whether KRT7 expression is actually downregu-
lated by miRINAs from our algorithm, we transfected the 6 miR-
NAs (mature miRNAs; Pre-miR™) to KK47 cells, which over-
whelmingly expressed KRT7 mRNA compared to T24 or BOY
(Fig. 4a). After 24- or 48-hr transfection, KRT7 mRNA expression
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FIGURE 4 - (@) KRT7 mRNA expression in 3 BC cells (BOY, T24 and KK47) by real-time RT-PCR. (b) KRT7 mRNA expression after 24-
and 48-hr transfection of miRNAs (miR-145, niR-30a-3p, miR-133a, miR-195, miR-125 and nmiR-199a*) (right). *p < 0.05. (¢) Immunoblot
revealed that various KRT7 isotypes were markedly decreased in miR-199a* transfectant and slightly decreased in miR-145- and miR-30a-3p

transfectant.

was significantly repressed (p < 0.05) by miR-30a-3p, miR-133a
and miR-199a* (Fig. 4b). Particularly, miR-1994* transfection
caused KRT7 mRNA expression to decrease by 35% of the control
(Fig. 4b). Immunoblot also showed that the protein expression of
various KRT7 isotypes was markedly decreased in miR-199«*
transfection and slightly decreased in miR-145- and miR-30a-3p
transfection (Fig. 4c).

Effects of si-KRT7 and miRNA transfection on the cell growth

We then determined whether KRT7 and the 6 miRNAs contrib-
ute to cell viability. After 48-hr transfection, an XTT assay dem-
onstrated that cell growth was significantly decreased in si-KRT7-
transfected KK47 cells in comparison with the si-control-transfec-
tant or moc (lipofectamine only) (80.3% of the moc, p < 0.001)
(Fig. 5a). In addition, significant decreases in cell growth (p <
0.05) occurred in miR-30-3p-, miR-133a-, miR-195- and miR-
199¢* transfectant (88, 86, 82 and 88% of the si-control-transfec-
tant, respectively) (Fig. 5b).

Discussion

The screening test identified 27 miRNAs that were up- or down-
regulated in BCs differently from those in NBEs. Among them, 7

miRNAS (miR-145, miR-30a-3p, miR-133a, miR-133b, miR-195,
miR-125b and miR-199a*) were persistently remained as the
downregulated miRNAs in BC after 2 different normalizations
were applied. Stem-loop RT-PCR confirmed that these miRNAs
were actually downregulated in 104 BCs when compared to 31
NBEs with a significant p value. Recent investigations detected
several up- or downregulated miRNAs in breast cancer (miR-145
and miR-125b), hepatocellular cancer (miR-199a, miR-195 and
miR-224) and colorectal cancer (miR-145, miR-133a, miR-133b,
niiR-195, miR-125b, miR- 199(1 miR-96 and miR-215), which were
identical to our results.'>! Thcﬁe miRNAs might be part of the
underlying mechanism of carcinogenesis in various cancers.
Recently, Gottardo er of. identified 10 miRNAs that were signifi-
cantly upregulated in 25 BCs in comparison with only 2 NBE% by
using their custom oligonucleotide micrachip for miRNA." How-
ever, our study and theirs had no miRNAs in common, and the
did not detect any miRNAs that were downregulated in BCs.

We found that both up- and downregulated miRNAs in BCs in the
stem-loop RT-PCR experiment, which carries the advantages of
accuracy, specificity and reproducibility for miRNA-detection.” =
ROC cuwrve analysis demonstrated that the miRNAs showed a
good AUC of >0.7 with good sensitivity and specificity (>70%)
to distinguish BC from NBE when an appropriate cutoff value was
employed. These results suggest that miRNA can be used as an

9
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FiGure 5§ — (a) Effects of si-KRT7 transfection on the cell growth
determined by XTT assay. si-KRT7-transfected KK47 cells exhibited
a significant decrease in cell growth in comparison with si-control-
transfectant or moce (lipofectamine only). (h) The cell growth was also
significantly reduced in comparison with the control by transfection of
the downregulated miRNAs (miR-30a-3p, miR-133a, miR-195 and
miR-199a%). #p < 0.05, *¥p < 0.001.

outstanding diagnostic biomarker for BC if it could be detected in
serum or urine samples. These ideas are still speculative, and stud-
ies of miRNAs as diagnostic biomarkers are now underway in our
laboratory.

We devised an algorithm based on our BC mRNA profile” to
predict target genes for the miRNAs differentially expressed in
BCs and NBEs. Twelve genes were the common targets among
the 39 predicted target genes, implying that one target gene is not
regulated by one miRNA, and one miRNA regulates several target
genes. Namely, there are one-to-many and many-to-one relation-
ships between miRNAs and the target genes. To verify our algo-
rithm’s results, we focused on KRT7, which was the most frequent

target of all miRNAs and was at the top of most miRNA lists. We
found significant inverse correlations between KRT7 mRNA
expression and each miRNA expression in clinical BCs. More-
over, significant decreases in KRT7 mRNA expression were
observed in some miRNA transfectants (miR-30a-3p, miR-133a
and miR-199a*). Unexpectedly, miR-145 transtection did not
decrease the KRT7 mRNA expression, regardless of the fact that
miR-145 has the most predicted targeting sites'” on KRT7, while
miR-199a¢* has only one target site in our algorithm (Table IV,
Supporting Information Table SI). Our data suggest that, for
mRNA cleavage of the target genes, the specific region targeted
by the corresponding miRNA may have an advantage over the
number of the targeting sites. This hypothesis is consistent with a
previous report demonstrating that an arrangement of miRNA rec-
ognition site through interaction with other miRNAs as well as the
number of the targeting sites can influence the degree and specific-
. .. . . 5 7 . s

ity of miRNA-mediated gene repression.™ Considering this phe-
nomenon from another aspect, immunoblot revealed that miR-145
transfection decreased small KRT7 isoformes (3040 kDa). Taq-
Man™ probes and primers for KRT7 transcript (assay-on-demand,
Applied) were designed to cover the last exon-junction (around
4,000 bp from 5’ region) but unfortunately, uncovered small tran-
script variants (for example, accession No: BC107082.1 or
BC107083.1), suggesting that miR-I45 may target these small
transcript variants of KRT7. Thus, our algorithm is incomplete,
and some targets might be regulated by secondary effects of the
miRNAs. However, the algorithm could provide novel candidates
of miRNA targets based on miRNA signatures in human BC. In
our study, miR-195 transfectant showed significant cell growth in-
hibition, even though it had no etfect on KRT7 expression in the
BC cell line. Other rargets of miR-195 may be involved in cell
growth inhibition. Further investigations are necessary to validate
the interactions between the miRNAs and predicting miRNA-tar-
geted genes.

KRT7 is a member of the cytokeratin gene family and encodes
type 11 cytokeratin, which is a useful biomarker for detecting BC
or making a differential diagnosis of the origin of a tumor.”® How-
ever, the functional role of KRT7 in cancer development has not
been elucidated. In our study, cell proliferation assays showed that
a significant decrease in cell growth occurred in si-KRT7-transfec-
tants in comparison with the controls. This result suggests that the
KRT7 gene may have an oncogenic function in human BC and
that these miRINAs may play a role of tumor suppressive function.
In our cohort, there was no significant relationship between the
miRNA expressions and clinicopathological parameters including
tumor stage, tumor grade or patient’s prognosis. Altered expres-
sion of the miRNAs is a frequent event, but it may function in the
early step of BC carcinogenesis.

Ours is the first study demonstrating that miR-30-3p, miR-133a
and miR-199«* have a tumor suppressive function in human BC.
These miRNAs from our algorithim lead us to a new strategy to
find novel oncogenes, such as KRT7, and we believe that they are
promising candidates for biomarkers and gene therapy of human
BC.
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Objective: We investigated the clinical safety and feasibility of an algorithm we developed for
the decision-making on neurovascular bundle preservation in radical prostatectomy to
decrease the incidence of positive surgical margins.

Methods: We prospectively applied our algorithm to 82 patients {164 prostate sides) with
clinically localized prostate cancer who underwent radical prostatectomy at our institution
between October 2004 and September 2006. The algorithm was developed using the apical
core characteristics, clinical T stage, preoperative prostate-specific antigen level and Gleason
sum. All prostate sides were divided into two groups by the algorithm: 115 sides (70.1%)
were qualified for neurovascular bundle preservation (favorable algorithm side group) and 49
sides (29.9%) for non-neurovascular bundie preservation (unfavorable algorithm side group).
Resuits: Median patient age was 66 years (range: 52—77) and median prostate-specific
antigen was 7.1 ng/ml (range: 1.4-29.6). Overall, a positive surgical margin was observed in
23 sides (14.0%). The incidence of positive surgical margins at the apex was significantly cor-
related with the maximal diameter of the tumor in the apex (P < 0.001). The incidence of
positive surgical margins was 8.7% in the favorable algorithm group, whereas it was 26.5% in
the unfavorable algorithm group (P = 0.003). When this algorithm was combined with sur-
geons' intraoperative assessments, the incidence of positive surgical margins was 2.1% in
neurovascular bundle preservation sides, compared with 25.0% in non-neurovascular bundle
preservation sides (P = 0.002).

Conclusions: This simple algorithm is safe and feasible for the decision-making on neuro-
vascular bundle preservation from the aspect of cancer control in radical prostatectomy
patients.

Key words: radical prostatectomy — nerve sparing — indication

INTRODUCTION

life of patients with organ-confined prostate cancer (1).

Nerve-sparing radical prostatectomy (RP) is an important ~ However, it is still controversial whether this procedure com-
procedure for the recovery of the erectile function after  promises surgical margin (SM) status. The neurovascular

surgery, which leads to

the improvement in the quality of  bundles (NVBs) are located outside of the prostatic capsule,

© The Author (2009). Published by Oxford University Press. All rights reserved.
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and positive SMs can occur as a result of either incising into
prostate cancer that extends beyond the prostatic capsule or
the anterior side of the apex lacking the prostate capsule or
incising into an intracapsular cancer via an inadequate pro-
cedure (2). Many studies have indicated that a positive SM is
an independent risk factor for disease progression and mor-
tality (2—4). Therefore, NVBs should be preserved appropri-
ately without compromising SM status, and the decision for
NVB preservation should be made carefully.

In this study, we validated an algorithm we developed as a
decision-making tool for NVB preservation in RP to confirm
its clinical safety and feasibility for SM status.

PATIENTS AND METHOD

Between October 2004 and September 2006, 95 patients
with clinically localized prostate cancer underwent RP at our
institution. A total of 13 patients (11 with neoadjuvant hor-
monal treatment and 2 with an insufficient total number of
biopsy cores of less than 6) were excluded from the study.
Finally, 82 patients were enrolled in this study.

All patients had serum prostate-specific antigen (PSA)
determination (ECLusys PSA 1l assay) before prostate
biopsy. Systematic prostate biopsy was performed by taking
14 cores from each of 16 patients in our institution, and a
median of 8 (range: 6—12) biopsy cores in 66 patients who
underwent biopsy in other clinics. Clinical stage was deter-
mined by digital rectal examination, transrectal ultrasound,
abdominal computed tomography, chest X-ray and bone
scanning. Magnetic resonance imaging was performed when
prostatic capsular penetration was suspected. The preoperative
erectile function was evaluated by the International Index
of Erectile Function Questionnaire (11EF5) and the penile
circumferential change by nocturnal penile tumescence (5).

RP was done through a standard retropubic approach with
limited pelvic lymph node dissection. The nerve-sparing pro-
cedure was performed as described by Walsh (6). An optical
loupe was not routinely used during the operation in the
series of this study. Fourteen surgeons and 7 staff members
participated in the radical prostatectomies in this
academic-institution setting.

The algorithm for the decision-making on NVB preser-
vation consisted of four elements, including the clinical T
stage, preoperative PSA, Gleason sum on biopsy and cores
in the apex (Fig. 1a and b). These parameters have been pre-
viously reported to predict SM status (2,7—12). If 6—10
biopsy cores incorporating a sextant biopsy and 1—4 lateral
sides were obtained, a core in the apex was defined as a
distal core on sextant biopsy (Fig. 1a). If 12 biopsy cores
incorporating a sextant biopsy and 6 lateral sides were
obtained, a core in the apex was defined as a distal or lateral-
distal core. If apical anterior core biopsy was performed, a
positive core in the apex was defined as an apical anterior
core in addition to a distal and lateral-distal core. Of all the
prostate sides, 32 (19.5%) were in the 6-core pattern, 54

Indication for nerve-sparing radical prostatectomy

(32.9%) in the 8-core pattern, 44 (26.9%) in the 10-core
pattern, 2 (1.2%) in the 12-core and 32 (19.5%) in the
14-core and apical anterior core pattern. The cutoff values
for the other parameters were 10 ng/ml for PSA and 7 for
the Gleason sum on biopsy.

The algorithm we used in this study is shown in Fig. 1b.
In this algorithm, nerve-sparing RP was not offered to
patients with T2¢ because it has been shown to indepen-
dently predict the likelihood of a positive SM (2,13). In .
patients with Tlc, T2a or T2b, the presence of a positive
core in the apex was evaluated for each prostate side. If a
core in the apex was negative, or positive with a preoperative
PSA level of <10 ng/ml and Gleason sum of 6 or less, the
NVB on that side was preserved. The decision-making for
NVB preservation was generally done based on this algor-
ithm for all sides. However, in some cases, the NVB was
resected due to the patient’s preference or surgeons’ assess-
ment of cancer biology; for example, a positive core rate on
biopsy, or palpable induration or adhesion of the prostate
during the operation.

Both biopsy specimens and prostatectomy specimens were
histologically examined by several pathologists. All biopsy
specimens from other clinics were reviewed by pathologists
in our institution. The prostatectomy specimens were hori-
zontally sectioned at 5 mm intervals. In addition, apical
specimens were longitudinally sectioned at 5 mm intervals.
Stage and histological grade were assigned using the 2002
UICC-American Joint Committee on Cancer TNM system
and the Gleason system, respectively. A positive SM was
defined as cancer tissue present at the inked specimen edge.
Extraprostatic extension (EPE) was defined as cancer exten-
sion over the prostatic capsule. 1f the NVB was preserved,
EPE in the NVB was defined as EPE in the posterolateral
region of the prostate. A tumor in the apex was defined as a
tumor in a 5 mm section of the apex in a prostatectomy
specimen, and the maximal diameter of the tumor in the
apex as the long diameter of the tumor estimated from all
sections of the apex.

All prostate sides were divided into two groups by the
algorithm: the favorable algorithm side group qualified for
NVB preservation, and the unfavorable algorithm side group
for non-NVB preservation. The chi-square test, Fisher’s
exact test and Mann—Whitney U-test were carried out to
compare various clinical and pathological parameters
between the groups. A P value of <0.05 was considered to
be statistically significant. We used the computer program
StatView 5.0 for Windows (SAS Institute, Cary, NC, USA)
for statistical analyses.

RESULTS

The characteristics of patients are shown in Table 1. Of the
82 patients, bilateral NVB preservation was done for 47
(57.3%), unilateral NVB preservation for 21 (25.6%) and
non-NVB preservation for 14 (17.1%) according to our
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Figure 1. (a) Schematic drawing of a 614 core (circles and triangle) biopsy site on the posterior surface of the unilateral prostate. A core in the apex is
drawn as a black circle or black triangle. If 6—10 biopsy cores (A and B) incorporating sextant biopsy and 14 lateral sides were obtained, a core in the apex
was defined as a distal core on sextant biopsy. If 12 biopsy cores (C) incorporating a sextant biopsy and 6 lateral sides were obtained, a core in the apex was
defined as a distal and lateral-distal core. 1f apical anterior core biopsy (D) was performed with 14 biopsy cores, a core in the apex was defined as an apical
anterior core (black triangle) in addition to a distal and lateral-distal core. (b) The algorithm for the decision-making on neurovascular bundle (NVB) preser-
vation. First, the clinical stage was determined by digital rectal examination (DRE). If the clinical stage was T2¢, bilateral NVB were not preserved. Next, the
presence of a positive core in the apex was evaluated in each prostate side. If cores in the apex were negative, ipsilateral NVB were preserved. If a core in the
apex was positive with a PSA level of <10 ng/ml and a Gleason sum of 6 or less, ipsilateral NVB were preserved.

algorithm. Of all the prostates sides, 115 (70.1%) were in the
favorable algorithm side group and 49 (29.9%) in the unfa-
vorable algorithm side group.

The incidence of pathologically confirmed organ-confined
disease (OCD) was significantly higher in the favorable
algorithm side group than in the unfavorable algorithm side
group (91.3% vs. 57.1%, respectively, P < 0.001) (Table 2).
A tumor in the apex was observed in 79 sides (48.2%),
including 47 sides of the favorable algorithm side group and
32 sides of the unfavorable algorithm side group. The
median maximal diameter of the tumor in the apex was
5.0 mm (range: 1.0—17.0) in the favorable algorithm side
group compared with 7.0 mm (range: 2.0-20.0) in the unfa-
vorable algorithm side group (£ = 0.019).

Overall, positive SMs were observed in 23 sides (14.0%),
with 11 sides at the apex. The rate was 6.0% in sides with
pathologically confirmed OCD, but increased to 48.4% in
those with non-OCD (£ < 0.001). The incidence of positive

SMs at the apex was correlated with the maximal diameter
of the tumor in the apex (Fig. 2). The overall incidence of
positive SMs was significantly lower in the favorable algor-
ithm side group than in the unfavorable algorithm side group
(8.7% vs. 26.5%, P = 0.003) (Table 3). In the favorable
algorithm side group, 48 sides (41.7%) actually had NVB
preservation, and 32 sides (27.8%) had non-NVB preser-
vation based on the surgeons’ assessments of biological risk.
In these 32 sides, the positive core rate was significantly
higher than that of the other sides in the favorable algorithm
side group (median: 0% vs. 31.0%, P < 0.001). When this
algorithm was combined with the surgeons’ assessments, a
positive SM and EPE were observed in one side (2.1%) and
zero in NVB-preservation sides, compared with eight
(25.0%) and four (12.5%) non-NVB preservation sides,
respectively (P = 0.002, P = 0.022). Neither a positive SM
nor EPE in NVB was observed in NVB sides preserved
according to the algorithm.
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Table 1. Clinical characteristics of all patients

Indication for nerve-sparing radical prostatectomy

Table 2. Pathological features in sides according to the algorithm

Number of patients 82
Median age (range) 66 (52-77)
Median preoperative PSA (range) (ng/mi) 7.1 (1.4-29.6)
Clinical stage (%)
Tle 52(634)
T2a 19(23.2)
T2b 7(8.5)
T2c 4(4.9)
Gleason sum on biopsy (%)
<6 36 (43.9)
7 32 (39.0)
>8 14 (17.1)
Median number of total biopsy cores (range) 8 (6—14)

Median positive core rate (range) (%) 23.2 (7.1-100)

Positive core in apex (%)

No 33 (40.2)

Yes 49 (59.8)
Median 11EFS score (range) 13 (0-25)
Median penile circumferential change (range) (mm) 30 (5—50)
Indication of nerve-sparing RP (%)

Bilateral nerve sparing 47 (57.3)

Ipsilateral nerve sparing 21 (25.6)

Bilateral non-nerve sparing 14 (17.1)

11EFS, International Index of Erectile Function Questionnaire 5; RP, radical
prostatectomy; PSA, prostate-specific antigen.

DISCUSSION

NVB preservation is mandatory to maintain the erectile func-
tion of patients with RP (1). The rate of recovery of the post-
operative erectile function, although depending on age, is
higher in patients with bilateral NVB preservation than in
those with unilateral preservation (14). Our previous study
revealed that the efficacy of phosphodiesterase type 5 inhibi-
tors also depended on NVB preservation (15). A recent
study suggested that bilateral NVB preservation could also
contribute to early recovery of urinary continence after RP
(16). Therefore, it is important to increase the number of
candidates for nerve-sparing RP with respect to quality of
life, as long as it does not compromise SM status.

Who is an ideal candidate for nerve-sparing RP? The cri-
teria to select candidates may require decreasing the inci-
dence of positive SMs and increasing the proportion of
NVBs preserved (9). The incidence of positive SMs has
been reported to range from 2.5% to 34% in nerve-sparing
RP based on various criteria (7—10,17,18). Several preopera-
tive parameters, including the clinical T stage, PSA value,
Gleason sum, number of positive biopsy cores and tumor
length of a single core, are thought to be factors that affect

Favorable Unfavorable P value
algorithm algorithm
side group side group
(n=115) (n=49)
Gleason sum on RP (%) 0.018°
<6 25217 3(6.1)
7 76 (66.1) 34 (69.4)
>3 14 (12.2) "12(24.5)
Organ-confined disease (%) 105 (91.3) 28 (57.1) <0.001°
Extraprostatic extension (%) 6(5.2) 19 (38.8) <0.001°
Seminal vesicle involvement (%) 6 (5.2) 6(12.2) 0.129"

Median maximal diameter of
tumor in apex® (mm)

5.0 (1.0-17.0) 7.0 (2.0-20.0)  0.019°

*Mann—Whitney U-test.
PChi-square test.
“Tumor in apex appeared in 79 sides.

O Qverall
At apex

Positive surgical margins rate (%)

Spemngns tark correlation P £

<5 6—10 11-15 216

Maximal diameter of tumor in apex {mm)

Figure 2. The relationship between surgical margin (SM) status and
maximal diameter of the tumor in the apex. The incidence of positive SMs
related to the maximal diameter of the tumor in the apex (£ < 0.001). In
addition, the incidence of positive SMs at the apex increased with tumor
extension in the apex (P < 0.001).

the SM status (2,7,9—12). The incidence of positive SMs is
known increase depending on the tumor extension (2,7—11).
Several studies have shown that EPE commonly occurs in
the posterolateral region near the NVB (2,10). This indicates
that the majority of cancer with EPE is likely to have a risk
of a positive SM with the nerve-sparing procedure. Walsh
(17) reported that it was possible to preserve NVBs in all
patients with OCD without compromising SM status.
Therefore, the selection criteria for NVB preservation need
to predict OCD by using preoperative factors that affect SM
status. Moreover, this assessment should be performed for
each prostate side separately in order to maximize the pro-
portion of NVBs preserved (9—11).

However, it is notable that positive SMs occur in 2.5—
27% of cases despite the presence of OCD (7—11,17). The
apex, which lacks the prostate capsule, is the most common
site of positive SMs (2,4,7,8). The present study revealed
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Table 3. Incidence and location of EPE and positive SMs in sides according to the algorithm
NVB preservation Number of sides EPE (%) Positive SM (%)
Overall NVB Overall NVB Apex

Favorable algorithm side group 115 6(5.2) 3 (2.6) 10 (8.7) 2(1.7) 4(3.5)

NVB preservation according to algorithm 48 0 0 1 @2.1) 0 12.1)

Non-NVB preservation by patient’s preference 3s 2(5.7) 0 1 (2.9 0 0

Non-NVB preservation by surgeons’ assessments 32 4 (12.5) 3(94) 8 (25.0) 2 (6.3) 3094
Unfavorable algorithm side group 49 14 (28.6) 13 (26.5) 1(2.0) 7(14.3)

NVB, neurovascular bundle; EPE, extraprostatic extension; SM, surgical margin.

that the maximal diameter of a tumor in the apex was related
to the incidence of positive SMs at the apex. The short
length of the inferior pedicle allows a tumor in the apex to
spread more easily into the perineural spaces (2). These find-
ings suggested that predicting the extension of a tumor in the
apex could contribute to decreasing the incidence of positive
SMs in nerve-sparing RP. Moreover, it was reported that
careful excision at the apex could improve the recovery of
the erectile function (19). Therefore, evaluation of the tumor
extension in the apex may be important for the decision-
making on NVB preservation.

We developed an algorithm that aimed to decrease the
incidence of positive SMs by predicting OCD and tumor
extension in the apex for each prostate side. This is a simple
algorithm mainly based on biopsy core features in the apex.
Of all sides, 115 (70.1%) were qualified for NVB preser-
vation according to the algorithm. The present study also
confirmed that our algorithm could predict OCD and tumor
extension in the apex. As a result, the incidence of positive
SMs was only 2.1% when NVBs were preserved according
to the algorithm. Similar to our results, several studies have
shown that algorithms using risk factors for positive SMs
decrease the incidence of positive SMs and increase the pro-
portion of NVBs preserved (9,10). Shah et al. (9) developed
an algorithm based on the Gleason score, percent tumor
volume and perineural invasion in the biopsy specimen. Of
526 sides with clinically localized prostate cancer, 483 sides
(91.8%) were qualified for NVB preservation. The incidence
of positive SMs was 4.6%. Likewise, Kamat et al. (10)
reported an algorithm including tumor length in the biopsy
core and the location of positive cores. Their algorithm led
to NVB preservation in 502 (93.3%) of 538 sides with clini-
cally localized prostate cancer, which resulted in decreasing
the incidence of positive SMs (2.5%).

In the present study, at 32 sides of the favorable algorithm
side group NVBs were resected based on the surgeons’
assessmernts contrary to the algorithm. This was associated
with the positive core rate. These sides had a high incidence
of positive SMs similar to that of the unfavorable algorithm
side group. In addition, three sides (9.4%) had EPE in
NVBs, implying a risk of positive SMs (12). If NVB were
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19 (38.8)

preserved in these sides, there might likely be an increase in
the incidence of positive SMs. Thus, intraoperative assess-
ment of EPE by surgeons should not be ignored in the
decision-making on NVB preservation, as reported by Walsh
(17). Our algorithm and the surgeons’ assessments led to
prevention of an increase in positive SMs in the nerve-
sparing procedure. We propose that this algorithm and the
surgeons’ intraoperative assessments are equally important to
prevent positive SMs.

We prospectively investigated the usefulness of the
algorithm for the decision-making on NVB preservation
before RP. However, the present study had some limitations.
The total number of biopsy cores and the locations of
biopsy cores varied because the majority of patients under-
went prostate biopsy in other clinics. In our academic
training-institution setting, multiple surgeons and pathol-
ogists were involved. The proportion of NVBs qualified for
preservation was lower with our algorithm than with others.
In addition, only 48 (41.7%) of all sides in the favorable
algorithm side group actually had NVB preservation.
However, the present algorithm was simple and safe from
the aspect of cancer control. Furthermore, it became a more
powerful tool when combined with surgeons’ assessments.
In a future study, we need to investigate other aspects of the
usefulness of this algorithm such as the postoperative erectile
function and prognosis.

CONCLUSIONS

We developed a simple algorithm for decision-making on
NVB preservation based on the apical core characteristics,
clinical T stage, preoperative PSA level and Gleason sum.
NVB preservation was achieved without affecting SM status
by using this algorithm. This algorithm is safe and feasible
for decision-making on NVB preservation from the aspect of
cancer-control in RP patients.
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Isoflavone supplements stimulated the production of serum equol

and decreased the serum dihydrotestosterone levels in healthy male

volunteers
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The aim of this study was to evaluate the effect of supplementing healthy men with soy isoflavones
on the serum levels of sex hormones implicated in prostate cancer development. A total of 28
Japanese healthy volunteers (18 equol producers and 10 equol non-producers) between 30 and 59
years of age were given soy isoflavones (60 mg daily) supplements for 3 months, and the changes in
their sex hormone levels were investigated at the baseline and after administration. The serum and
urine concentrations of daidzein, genistein, and the levels of equol in the fasting blood samples
and 24-h stored urine samples were also measured. All 28 volunteers completed the 3-month
supplementation with isoflavone. No changes in the serum levels of estradiol and total testosterone
were detected after 3-month supplementation. The serum levels of sex hormone-binding globulin
significantly increased, and the serum levels of free testosterone and dihydrotestosterone (DHT)
decreased significantly after 3-month supplementation. Among the 10 equol non-producers, equol
became detectable in the serum of two healthy volunteers after 3-month supplementation. This
study revealed that short-term administration of soy isoflavones stimulated the production of
serum equol and decreased the serum DHT level in Japanese healthy volunteers. These results
suggest the possibility of converting equol non-producers te producers by prolonged and

consistent soy isoflavones consumption.

Prostate Cancer and Prostatic Diseases (2009) 12, 247-252; doi:10.1038/pcan.2009.10; published online 14 July 2009
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Introduction

Epidemiological studies have shown that the incidences
of malignancies, such as prostate cancer, breast cancer
and colon cancer, are commonly high in the Western
Europe and United States of America, but low in the
Asian populations who consume large amounts of soy
bean foods." Soy bean products are rich in isoflavones,
such as genistein and daidzein. Isoflavones have been
suggested as the principal chemical constituents respon-
sible for the potential preventive effect of soy bean
against prostate cancer.” Possible mechanisms have been
proposed for the anti-tumor activity of soy isoflavones
against prostate cancer, including estrogen-like effects,’
prevention of oxidative DNA damage,® reduction in
cancer cell proliferation® and inhibition of angiogenesis.®
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It has been argued for long whether the lower
incidences of prostate cancer among the Asian people
are because of the inhibitory effects of isoflavones
(contained abundantly in soy beans) and equol (directly
metabolized from daidzein by the intestinal bacterial
microflora) against prostatic carcinogenesis. Equol has a
weak phytoestrogen activity.” Especially, equol and iso-
flavones have a binding affinity to estrogen receptor B.”
In addition, equol can bind to the sex hormone-binding
globulin (SHBG),”'® and inhibit the growth of prostate
cells in vitro.!** Therefore, equol can act as an anti-
androgen and inhibit the development of sex hormone-
dependent tumors, such as mammary gland cancer and
prostate cancer.'” Earlier, we reported that some people
can metabolize daidzein into equol, whereas others
cannot, and showed that the intake quantity of isofla-
vones and the proportions of equol producers differed
significantly among the races and age stratifications."

In this intervention study, to elucidate the biological
impact of isoflavones on equol-producing ability and sex
hormonal variation in association with prostate carcino-
genesis, we investigated whether the constant daily
consumption of isoflavone supplements influenced the
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serum levels of isoflavones, equol and sex hormonal
biomarkers in healthy Japanese men.

Participants and methods

A total of 28 Japanese healthy volunteers (18 equol
producers and 10 equol non-producers), between 30 and
59 years of age were given soy isoflavones (60mg per
day) for 3 months, and the changes in the serum levels of
sex hormones, cholesterol and isoflavones were mea-
sured at the baseline, and at 1 month and 3 months later.
This protocol was designed with reference to earlier
studies."*™*® This study was conducted to determine the
persistence of diet-induced effects on isoflavone meta-
bolism and disposition. Whether a volunteer is an equol
producer or non-producer was determined as in our
earlier study, in which we conducted a food survey on
the daily intake of soybean isoflavone and measured the
serum concentrations of isoflavone and equol in all
participants.” Five tablets of Isofla A (Fuji Oil Co. Ltd,
Osaka, Japan) were administered immediately before
breakfast and dinner twice a day to all volunteers. In
total, 10 tablets per day contained 60 mg isoflavone, 2.4 g
carbohydrate, 80 mg protein, 70mg lipid, 100 mg cal-
cium, 60mg magnesium, 301U vitamin D3, and 3mg
vitamin E. Isoflavone (60mg) consisted of 19.1mg
daidzin, 3.5 mg genistin, 10.4 mg glycitin, 8.1 mg malonyl
daidzin, 2.2 mg malonyl genistin, 3.4 mg malonyl glyci-
tin, 7.3 mg acetyl daidzin, 1.9mg acetyl genistin, 3.6 mg
acetyl glycitin, 0.2mg daidzein, 0.1 mg genistein and
0.3 mg glycitein,

The institutional reviewer board approved this study,
and a written informed consent was obtained from all
the volunteers. Each volunteer was given packages of
Isofla A tablets with a log at the baseline visit. At 1
month and 3 months later, the residual tablets, used
packages and log for counting the residual tablets were
collected from all the volunteers to check the intake
adherence. The intake of isoflavones from daily foods
varied among the volunteers, but they maintained the
same life style, including diet, exercise, work and sleep
patterns, while being enrolled in this study.

Blood samples at 0800 hours before breakfast (after
10-h fasting) and 24-h urine samples were taken at the
baseline, and at 1 month and 3 months after starting
isoflavone administration. For all volunteers, blood
samples were taken before breakfast, and the separated
sera were stored at —20°C or lower. Urine was taken for
24h in dark plastic bottles containing 2 g ascorbic acid,
and kept in a cool place during storage. The urine was
mixed well and a sample was frozen directly after
measuring the volume. These serum and urine samples
were subsequently transported on dry ice to the
laboratory of SRL Co. Ltd (Tokyo, Japan). The sample
size of all volunteers for detecting the serum isoflavone
concentration was not calculated, but it was regulated by
the feasibility for each investigator.

The concentrations of genistein, daidzein and equol in
the serum and urine samples were measured by
reversed-phase high-performance liquid chromatogra-
phy-multiple reaction ion monitoring mass spectrome-
try.19 The serum concentrations of cholesterols (total,
high-density lipoproteins and low-density lipoproteins),
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estradiol, SHBG, total and free testosterone and dihy-
drotestosterone (DHT) were measured at the same time
points at SRL Co. Ltd.

In addition to comparing the serum concentration of
isoflavones in the two participant groups, we also
compared the participants on the basis of their capability
of equol production. The non-producers were defined as
having a serum equol concentration below the limit of
detection by the present assay system, that is, 0.5ng ml™.

Statistical analyses were carried out using non-para-
metric Wilcoxon's test and yz*test. A P-value of <0.05
was considered as representing a statistically significant
difference. '

Results

The demographic characteristics of the healthy volun-
teers are shown in Table 1. Between the equol producers
and the non-producers, there was a significant difference
in age. All 28 volunteers completed the 3-month
isoflavone administration as scheduled. No statistically
significant adverse events were reported by the study
participants. Diarrhea was the most frequently reported
adverse event and occurred in 3 (11%) of the 28
participants. Two participants had diarrhea of grade 1
according to the Common Terminology Criteria for
Adverse Events (v3.0) several times during the con-
secutive 2 days, and one complained of grade 1 diarrhea
once only. No participant discontinued the study regi-
men or withdrew from the study because of these
adverse events. The mean adherence rate was more than
99% during the whole study period. During the 3 months
of Isofla A administration, all participants showed no
marked change in their life styles.

No significant difference was noticed in the total
cholesterol between the mean serum levels at the
baseline and the end of study period. Although the
mean high-density lipoprotein-cholesterol level at 3
months increased significantly when compared with
that of the baseline, the mean low-density lipoprotein-
cholesterol significantly decreased during 3-month iso-
flavone administration (Table 2). No significant changes
in the mean serum levels of esiradiol and total
testosterone after 3-month administration were noticed
when compared with the baseline (Table 2). However,
the mean level of SHBG significantly increased after 3
months of isoflavone administration, and the mean
serum levels of free testosterone and DHT decreased

Table 1 Demography of healthy male volunteers

Equol non- Equol
producers producers
(n=10) n=18)

Age (years) 36.7+5.2 432178 P<0.05
Height (cm) 1708173 169.51£6.9 ns
Weight (kg) 64.8+4.1 67.8+3.9 ns
BMI (kg m2) 22.2+0.6 23.610.7 ns
Former or current smoker 50.0% 55.6% ns
Family history of cancer 40.0% 44.4% ns
Family history of benign 30.0% 31.1% ns

prostatic hyperplasia

Abbreviations: BMI, body mass index; ns, non-significant.
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Table 2 Variations of the mean serum levels of cholesterols and sex hormones after isoflavone supplementation

Before supplementation

1 month later 3 months later

Serum cholesterol

Total cholesterol (mg per 100 ml) 209.0+355
HDL-cholesterol (mg per 100 ml) 5541118
LDL-cholesterol (mg per 100 ml) 13221349
Serum sex horiones

Estradiol (pgml™) 250156
Sex hormone-binding globulin (nmoll™) 522+19.8
Dihydrotestosterone (ng ml™) 0.9610.27
Free testosterone (pgml™) 749135
Total testosterone (pgml™) 541.0+125.0

206.7 £30.7 20451317 ns
57.3+£10.0 59.8+11.4 P<0.05

127.0+30.9 118.4£30.1 P<0.05
259156 252+6.5 ns
4711151 612+199 P<0.05
0.78+0.23 0.79+0.23 P<0.05
71.8£11.9 70.9+£11.2 P<0.05

569.0 £108.0 576.0+135.0 ns

Abbreviations: HDL, high-density lipoproteins; LDL, low-density lipoproteins; ns, non—signiﬁcant.‘

Table 3 Variations of the mean serum and urine levels of genistein, daidzein and equol after isoflavone supplementation

Before supplementation

1 month later 3 months later

Serum isoflavone

Genistein (ngml™") 81.7 £80.0 108.0+106.4 97.6197.8 P<0.05

Daidzein (ngml™) 40.5+484 132.7 £109.7 133.8+107.0 P<0.01

Equol (ngml™) 21.0+448 41.3+69.7 64.7 £125.9 P<0.01
Urine isoflavone

Genistein (nmol per day) 23.9%205 88.7 £66.7 103.1+£737 P<0.01

Daidzein (nmol per day) 358 +36.2 417 £28.7 50.1t416 P<0.05

Equol (nmol per day) 127 +£198 36.4+40.5 3791614 P<0.05
after 3-month administration when compared with the Discussion

baseline (Table 2).

The mean serum concentration of isoflavones and
equol at the baseline, and at 1 month and 3 months after
isoflavone administration are shown in Table 3. Genistein
increased more significantly in the urine than in the
serum, Daidzein and equol showed marked increases in
the serum as well as in the urine after 3-month
administration. Two equol non-producers became equol
producers after 3 months of isoflavone administration.
Of these two volunteers, one had serum equol levels of
<05ngml~!, <0.5ngml~! and 1.1ngml~}, whereas the
other had <0.5ngml?, 1.Ingml ™" and 24.1 ngml™' at
the baseline, 1 month, and 3 months after isoflavone
administration, respectively.

The mean serum levels of cholesterol, SHBG, estra-
diol, testosterone and its metabolites were analyzed
in the equol producers and non-producers (Table 4).
The mean high-density lipoprotein-cholesterol level
significantly increased and the mean low-density lipo-
protein-cholesterol level showed a significant decrease
after 3-month isoflavone administration in the equol
producers. Neither the equol producers nor the non-
producers showed any changes in the mean serum
level of estradiol during the study period. Equol
producers showed a significant increase in the mean
SHBG level and a significant decrease in the mean
DHT level 3 months later. The free testosterone level
showed a significant decrease in the equol produ-
cers, but not in the non-producers, whereas the total
testosterone level showed no significant increase in
both groups.

Prostate cancer has recently become an increasingly
important public health issue in Japan. Despite the
extensive studies on the pathogenesis and clinical
behavior of prostate cancer, the etiological origins or
the host-environmental risk factors, which promote its
progression, have not yet been well elucidated.? In fact,
the African-American men have the highest morbidity
rates of prostate cancer in the world, whereas the Asian
men natives to their countries, such as the Japanese,
Korean and Chinese, have the lowest rates.?*

However, the incidence of prostate cancer in Japan has
recently increased as the diets and life styles became
westernized. Although latent or clinically insignificant
prostate cancer is detected at a high rate—similar to that
in the American men—in autopsy studies on the Asian
men, the morbidity rate of clinically significant prostate
cancer is 80-fold higher in USA.? This suggests that the
same dietary factors may also promote the progression of
latent or microscopic prostate cancer to clinically
significant and metastatic prostate cancer.® Some epide-
miological studies indicated that the level of dietary soy
consumption may be linked to a decreased risk of
prostate cancer.** The standard intake of isoflavones by
the American men was commonly a couple of milligrams
per day. The ninefold decrease in prostate cancer
mortality among the Japanese men as compared with
that in USA may be attributed, in part, to the high soy
protein content in the Japanese diet®

Isofla A tablets are commercially sold in Japan as a
supplement, and the most dominant flavonoid was an
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Table 4 Variations of the mean serum levels of cholesterols and sex hormones in equol producers and non-producers after isoflavone

supplementation

Before supplementation

1 month later 3 months later

Total cholesterol (ing per 100mi)

Equol producers 209.2440.1

Equol non-producers 208.5+27.3
HDL-cholesterol (g per 100 ml)

Equol producers 53.1+103

Equol non-producers 59.5+13.8
LDL-cholesterol (mg per 100 ml)

Equol producers 134.9+384

Equol non-producers 127.4+289
Estradiol (pgml™")

Equol producers 24.7+47

Equol non-producers 255+7.2
Sex hormone-binding globulin (nmol 1)

Equol producers 50.1£172

Equol non-producers 56.1+243
Dilydrotestosterone (ngml™")

Equol producers 0.93+0.25

Equol non-producers 1.03+£0.32
Free testosterone (pgmi™)

Equol producers 746£3.8

Equol non-producers 754130
Total testosterone (pgmi™)

Equol producers 529.0£119.0

Equol non-producers 561.0 140.0

205.6130.2 20411343 ns
208.7£33.0 20524283 ns
56.1+10.7 57.7+11.6 P<0.05
59.5+88 63.5+104 ns
126.3+31.5 117.1+£308 ‘ P<0.05
128.7 £33.0 120.8+30.3 ns
25.7+51 246+54 ns
263%6.7 270+7.6 ns
459+14.9 60.7£22.1 P<0.05
49.3%158 62.0£16.3 ns
0.77+£0.24 0.75+£0.18 P<0.05
0.82+0.22 0.86+0.23 ns
74.0+£4.0 70.1t4.6 P<0.05
67.8119.2 73.612.6 ns
564.0+107.0 541.0+114.0 ns
578.0+114.0 638.01153.0 ns

Abbreviations: HDL, high-density lipoproteins; LDL, low-density lipoproteins; ns, non-significant.

isoflavone glycoside daidzin. The second dominant
flavonoid glycitin is an isoflavone glycoside present in
foods containing soybean. The metabolite of glycitin
synthesized by intestinal microflora is glycitein, which
scavenges the intracellular reactive oxygen species. The
other ingredients are malonyl or acetyl glycosides and
isoflavone aglycones. Diverse bacterial strains of human
origin have specific B-glucosidase and B-glycuronidase
activity in the metabolism of dietary isoflavones from
glycosides to aglycones. Aglycone and sulfate of
genistein and daidzein have estrogen-like activity and
so does equol.

Genistein reportedly inhibits the growth of androgen-
dependent and androgen-independent prostate cancer
cell lines® and inhibits the development of prostate-
related cancers in Wistar rats.?” The mechanism of action
by which genistein exerts this anti-tumor angiogenesis is
not well understood. Enough scientific data have
accumulated to allow clinical intervention of soy protein
in human trials as an adjuvant supplementation for the
treatment of prostate cancer, but the optimal and
effective doses of soy protein are not yet known. In this
study, we also assessed the effects of the daily consump-
tion of isoflavone supplements on the serum high-
density lipoprotein-cholesterol and low-density lipopro-
tein-cholesterol levels, and measured the isoflavone
concentrations in the blood and urine of healthy men.
Importantly, our results, as well as those of an earlier
study, supported the hypothesis that the continuous
intake of isoflavones is likely to play a promising role in
chemoprevention against cardiovascular disease.
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In a recent study, it was found that isoflavones could
increase the production of SHBG in the liver and bind to
biologically active testosterone. Consequently, lowering
the free testosterone levels and its bioavailability to the
target prostate cells should theoretically halt cancer cell
proliferation, inhibit tumor progression and reduce the
tumor volume in accordance with the changes in the
prostate-specific antigen.'® In our study, the SHBG level
significantly increased, whereas the free testosterone
level and DHT level decreased after 3-month isoflavone
administration as compared with the baseline. This result
is in consensus with several earlier studies and a recent
review on the effects of isoflavone.!1%%

On the other hand, there are some limitations of the
product used in our study. The interactions of isofla-
vones and other nutrients included in Isofla A tablets
were not considered. The other ingredients, such as
vitamin D or E, may have some effect on SHBG, DHT or
testosterone levels, although our earlier study showed
that the intake amounts of vitamin D and E were not risk
factors for the development of prostate cancer in
Japanese men.?® Furthermore, supplementation is usual-
ly a high-dose and unbalanced administration unlike the
physiological condition, and we donot know whether the
supplemental isoflavones behave exactly the same as
isoflavones from the actual food, particularly because the
intestinal microflora variability or genetic differences in
isoflavone metabolism may vary among the individuals
or the races. It is still a question how the food substances
work in the actual food in comparison with their action
in the supplemental form.



In our earlier case—control study, the ability of producing
equol or equol itself closely correlated with the lower
incidence of prostate cancer®® At 3 months after soy
isoflavone supplementation, serum equol was detected in
two healthy volunteers among the equol non-producers
group. This suggests the possibility of converting equol
non-producers to producers by prolonged and consistent
isoflavones consumption. Moreover, prolonged and con-
sistent isoflavones consumption could potentially delay
the onset of prostate cancer by interfering with carcino-
genesis. A public health initiative now may exist to
identify non-toxic therapies for cancer. Several clinical
trials evaluated the role of various nutritional supplemen-
tations in the treatment of localized prostate cancer. On the
basis of updated scientific evidences, numerous nutritional
strategies could be used for clinical nutrition interventional
trials on the use of individual supplements or dietary
modification versus the incorporation of multiple nutri-
tional strategies. As prostate cancer grows relatively slowly
in comparison with other malignancies, the potential
impact of nutritional intervention may spare patients from
undergoing a variety of toxic treatments for prostate
cancer, and therefore improve their quality of life. The
results of our study warrant further preclinical and clinical
trials focusing on the role of isoflavone in chemopreven-
tion against prostate cancer.

Conclusion

This study revealed that short-term administration of soy
isoflavones to Japanese healthy volunteers increased the
SHBG level, and decreased the free testosterone and
DHT levels. Moreover, equol was detected in the serum
of two healthy volunteers among the equol non-
producers group. These results suggest the possibility
of converting equol non-producers to producers by
prolonged and consistent soy isoflavones consump-
tion, and that a diet based on soy isoflavones will be
useful in preventing prostate cancer development.
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