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Abstract To investigate the expressions of PIM-1 and
hK2 mRNA in normal prostate, benign prostatic glandular
hyperplasia (BPH), and prostate cancer (PCa), and to
explore the association of PIM-1 and hK2 expressions with
PCa progression. The samples were harvested from 37
patients with BPH, 23 patients with PCa, and three with
normal prostate tissues. Total RNA was extracted from
their prostate tissues and analyzed for PIM-1 and hK2
mRNA levels using SYBR green I-based quantitative real-
time RT-PCR (QRT-PCR) assays and Southern blot
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analysis. The differences of gene expressions were calcu-
lated based on standard curve. Quantitative expressions of
PIM-1 and hK2 mRNA in normal prostate, BPH, and PCa
were 1.05 = 0.04, 2.57 £ 0.74, 4.45 £ 0.63, and 1.02 +
0.03, 2.264 £ 0.46, 5.905 £ 0.78, respectively. PIM-1 and
hK2 were expressed higher in PCa than those in BPH and
normal prostate tissues, the differences among which had
statistic significance (P < 0.05). Our results support the
hypothesis that PIM-1 and hK2 play a significant role in the
growth of PCa and the detection of PIM-1 and hK2 mRNA
expressions by QRT-PCR provided more reliable and
helpful information on diagnosis, treatment, and prognosis
of PCa.
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Introduction

In both Europe and the United States, prostate carcinoma
(PCa) is the most frequently diagnosed tumor among adult
males [1]. Over the past years, incidence of PCa has been
on the rise in China; thus the identification of high-risk
patients and the prediction of tumor aggressiveness have a
great importance for prognosis [2].

PIM-1, an oncogenic serine-threonine kinase of an ill-
defined function that has been implicated in lymphoma-
genesis, plays an important role in apoptosis, proliferation
and differentiation of cell, and progression of cancer [3, 4].
It is widely expressed in tissues, with the highest expression
found in hematopoietic tissues and testes, and can be
induced by a number of cytokines in hematopoietic cells
where it enhances cellular survival. Recently, when differ-
entiate expression of PIM-1 in normal prostate and PCa was
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analyzed by gene chip analysis, over-expression of PIM-1
in PCa has been demonstrated [5, 6]. Human glandular
kallikrein (hK2) is an androgen-regulated protein that has
high identity with prostate-specific antigen (PSA) and is
expressed almost exclusively in prostatic epithelial cells [7,
8]. Although the expression of PSA has been found to be
reduced in higher grade and presumably more biologically
active disease, the expression of hK2 has been found to
increase gradually from benign epithelium to prostatic
intraepithelial neoplasia and to prostate cancer. Further-
more, hK2 expression was directly associated with the
Gleason grade of the primary tumor, and foci of prostate
cancer metastatic to the lymph nodes have been found to
demonstrate the highest level of expression [9, 10].

Quantitative real-time RT-PCR (QRT-PCR) is a highly
sensitive technique to detect small quantities of mRNA
within the peripheral blood, within other body fluids, or
tissues. RT-PCR is superior to cytology and immunological
approaches in sensitivity and specificity for detecting dis-
seminated cells in peripheral blood [11, 12]. Therefore, in
this study we examined the expression of two established
molecular markers—PIM-1 and hK2 in the prostate tissues
of 37 patients with benign prostatic hyperplasia (BPH), and
of 23 patients with PCa for preoperative staging and
exploring clinical significance of PIM-1 and hK2 in PCa
diagnosis.

Materials and methods
Cases selection

In this study, 23 patients with biopsy-proven PCa (mean
age was 70.16 £ 1.29) and 37 patients with biopsy-proven
BPH (mean age was 67.18 £ 2.76) treated at the Urology
Department of First Municipal People’s Hospital in
Guangzhou Medical College were enrolled. In addition
three healthy volunteers (mean age was 35.72 +
2.01 years), without prior history of a malignancy or any
urological disease, were recruited as control.

Design of oligonucleotide primers

The Sequences of normal mRNA of PIM-1, hK2, and
f-actin gene were obtained from GeneBank in NCBI
(National Center for Biotechnology Information) website,
and were used to design the primers PIM-1 (F: 5'-ACG
CTT GCT CTG TTT GTG G-3, R: 5-CTG GAA GGC
ACA CCA TCC-3/, 184 bp), hK2 (F: 5'-TCT GTA ATG
GTG TGC TTC AAG G-3, R: 5-GTG TCC AGC ATC
CAG AAA GG-3/, 218 bp), and f-actin (F: 5'-ACT GGA
ACG GTG AAG GTG ACA G-3/, R: 5-GGT GGC TTT
TAG GAT GGC AAG-3, 161 bp). The melting
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temperature (7,,,) was estimated by using the formulae of
Thomas and Dancis, and Lathe [13]. Relative T, values
obtained using 0.3 M as a standard salt concentration
helped to design pairs of primers with similar high melting
temperatures. The presence of primer dimmers was dis-
carded by analysis of the melting curve in RT-PCR using
Cycler 1Q software (Bio-Rad Laboratories, Hercules, CA).
The designed oligonucleotides were synthesized by SBS
Genetech (Beijing, China).

Sample preparation and RNA extraction

Prostate tissue samples obtained from all the cases men-
tioned above were stored in liquid nitrogen until RNA
extraction. Informed consent was obtained from the sub-
jects, and the study was approved by the Zhongshan
University Ethics Committee. In all the cases, PCa or BPH
was confirmed by pathological diagnosis. Patients under-
going androgen deprivation therapy were excluded from
this study. In addition, patients were not permitted to
receive androgen-associated treatments or to undergo rectal
touching one week prior to sample collection. Total RNA
was isolated using TRIZOL reagent (Invitrogen, Madison,
US). Samples were diluted in DEPC and supplemented
with protease inhibitors (Takara Biotechnology, Dalian,
China) prior to storage at —70°C.

Quantitative real time RT-PCR

Single-stranded cDNAs were generated using Superscript
II reverse transcriptase (Invitrogen) as per the manufac-
turer’s directions. In brief, reverse transcription of 2 pg of
DNase-I-treated RNA was performed in a 20 pl reaction
mixture containing 0.75 pl oligodT, 1 pl Primer Mix
(10 mM, reaction concentration was 0.4 mM), 0.25 ul
random hexamer, 4 pl 5 x Reaction Buffer, 0.5 pul RNase
Inhibitor (Takara Biotechnology), 4 ul dNTP (10 mM),
and 1 ul MMLV reverse transcriptase (Promega, Madison,
USA).

Quantitative Real-time PCR experiments were per-
formed on a RotorGene 2000 system (Corbett Research,
Mortlake, Australia), using SYBR Green PCR Master Mix
according to the manufacturer’s protocol (Shanghai Kaif-
ang S&T Company, Shanghai, China). Using f-actin
plasmid DNA constructed by us as a positive control and
based on 10 times concentration gradients, fluorogenic
quantitative PCR was performed between 2 and 20,000 pg/
1 concentration gradients. The amount of target gene
expression was extrapolated from the standard curve and
normalized to f-actin. Data were analyzed using Rotor-
Gene v5.0 (Corbett Research).

PCR was carried out in 25 pl reaction mixture con-
taining 1 pl cDNA, 2 pl primers, 1.25 pl 20 x SYBR
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Green I, 0.5 pul 50 x Rox Dye (Invitrogen), 2.5 pl
10 x PCR Buffer (mM MgCl,), 1 pl Mg2+ (25 mmol/l),
2 pl ANTP Mix (2.5 mmol/l per nucleotide), and 0.125 pl
Hot Star Taq E (Takara Biotechnology). The thermal
cycling conditions were as follows: 4 min at 94°C, 20 s at
94°C, and 20 s at 55°C (35 cycles), and 72°C for 40 s.
Duplicate PCR amplifications were performed for each
sample.

Southern blot analysis

Genomic DNA was isolated from prostate tissues of all the
cases mentioned above by standard methodology [14].
Specific antisense oligonucleotide probes (PIM-1: 5'-CAT
CCG CGT CTC CGA CAA CTT GC-3’; hK2: 5-GCT
AGA GCT TAC TCT GA-3'; Clontech, USA) were end-
labeled using T4 polynucleotide kinase (Boehringer
Mannheim GmbH) and [y-32P] ATP (Bhabha Atomic
Research Centre, India), and used for Southern hybridiza-
tion. Following agarose gel electrophoresis, DNA was
denatured in 0.5 M NaOH and 0.15 M NaClI for 30 min,
neutralized for 30 min in Tris-saline buffer (1.5 M Tris-
HC1 and 0.15 M NaCl, pH 7.5), blotted by the capillary
blot method on Nytran membranes (pore size, 0.22 pum),
UV-cross-linked at 254 nm for 2 min, and dried at 80°C
for 1 h. The dried membrane was subjected to prehybrid-
ization in a solution containing 6x saline-sodium citrate
(SSC), 10 mM EDTA (pH 7.5), 2x Denhardt’s solution,
100 pg/ml denatured DNA, and 0.5% SDS for 1 h at 55°C.
After adding the labeled probes, the membranes were
further incubated at 55°C for 16 h. The membranes were
washed in 2 x SSC and 0.05% SDS for 30 min at room
temperature and for 20 min at 55°C. They were exposed to
X-ray film for 1-2 h and developed.

Statistical analysis

Statistical package SPSS12.0 (SPSS incorporate, Chicago)
was used for all analyses. Chi-square test was used for
comparison of categorical variables. P < 0.05 was accep-
ted as level of statistical significance. All data are
expressed as mean £ SD (X +).

Results
Drawing standard curve

The mean critical threshold (Ct) values for -actin plasmid
DNA concentrations ranging from 0.005 pg to 500 ng per
reaction were shown in Table 1 and Fig. 1. Based on the
relationship between concentration of f-actin plasmid
DNA and Ct value, a standard curve was obtained by

software Rotor-Gene 5.0. f-actin plasmid DNA concen-
trations and Ct values were highly correlated (r = 0.991)
(Fig. 2).

Quantitative expressions of PIM-1 and hK2 mRNA
in different prostate tissues

In order to examine the tissue-specific distribution of PIM-1
and hK2 mRNAs in different prostate tissues, we performed
Quantitative Real-time RT-PCR and Southern blot analyses.
The PIM-1 and hK2 mRNAs showed dominant expression in
the PCa tissues (Figs. 3, 4), whereas lower levels were
detected in BPH and normal prostate tissues. The expression
of f-actin mRNA was detected as an internal standard. The
mean PIM-1 and hK2 mRNA levels in tissues from patients
with PCa (N = 23)and BPH (N = 37) are shown in Table 2.
All values are expressed relative to those in tissues from
healthy individuals (N = 3). The quantity expressions of
PIM-1 mRNA in normal, BPH, and PCa groups were
1.05 £ 0.04, 2.57 £ 0.75, and 4.45 £ 0.63, respectively,
and showed significant differences among three groups
(P = 0.0230, 0.0071). On the other hand, PCa tissues were
found to express hK2 mRNA in dramatic ally higher levels
than BPH and normal tissues (P = 0.0127, 0.0068). On the
other hand, the differences in the expression levels of hK2
mRNA between BPH and normal prostate tissues had no
statistic significance (Table 3).

Discussion

Over the past years, there has been a substantial increase in
incidence of PCa among the Chinese males. Thus, early
diagnosis and treatment is the key to determine prognosis
of PCa. Prostate specific antigen (PSA) as a biomarker for
PCa has been widely recognized in clinical practices [15].
However, serum PSA has proven to be an inaccurate
diagnostic tool, particularly within the gray zone ranging
from 4 to 10 ng/ml, where BPH is often misdiagnosed as
PCa at higher serum PSA levels [16]. Adding to the lack of
specificity of this marker, PSA levels are known to increase
with age in healthy men. Ostrander et al. found that PSA
levels increase by 0.04 ng/ml per year in men aged above
60 years [17]. Furthermore, BPH patients on non-surgical
treatments may show artificially suppressed serum level of

Table 1 f-actin mRNA levels versus critical threshold values (Ct) as
measured by QRT-PCR

Concentration of f-actin plasmid DNA (ng/reaction)

500 50 5 0.5 0.05 0.005 0.0005 0.00005

Ct 324 329 7.53 1093 1423 17.73 2122 2373
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Fig. 1 Determination of detection limit of PCR for fS-actin cDNA.
Dilution experiments carried out with 0.5, 0.05, 0.005 ng/reaction,
0.5, 0.05, 0.005,0.0005 pg/reaction of the f-actin plasmid cDNA
(from lane 1 to lane 8). QRT-PCR assay results are reproducibly
sensitive to at least six copies of PSA ¢cDNA. The lane marked M is
molecular weight marker

R=095802 R 2 =0.93604 Efficiency=1.04
M=-0.303 B=5.90
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Fig. 2 FQ-PCR standard curve of fS-actin plasmid cDNA

Pim-1 hK2
BPH PCa

Fig. 3 SYBR green I-based quantitative RT-PCR analysis of the
gene expression in different groups. f-actin was used as an internal
standard. M, marker; PIM-1 (184 bp), hK2 (218 bp), and f-actin
(161 bp) expressions in prostatic tissues of BPH and PCa group were
shown as indicated in the figure

PSA, which would potentially mask the concurrent or
subsequent presence of PCa. Therefore, more precise
diagnostic approaches are needed for the early diagnosis of
PCa and for guiding the clinical management of this dis-
ease [18].

It has been suggested that PIM-1, as an important
component of signal transduction pathway of cell prolif-
eration, involves in inhibiting cell apoptosis accompanied
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Fig. 4 Southern blot analyses of PIM-1 and hK2 expressions in
prostate tissues of PCa and BPH cases. The PCR signals are verified
by Southern hybridization with PIM-1 and hK2-specific oligonucleo-
tide probes, respectively. M, Marker; lanes 1 and 2 refer to PIM-1
(184 bp) expressed in PCa and BPH tissues, respectively; lanes 3 and
4 refer to hK2 (218 bp) expressed in PCa and BPH tissues,
respectively

by anti-apoptosis molecule bcl-2 and Gfi-1 [19, 20]. PIM-1
also promotes formation of important complex via phos-
phorylation during mitosis. In progression of prostate
carcinoma, PIM-1 might transform prostate epithelial into
carcinoma cell by combining and activating c-Myb, and
inhibiting apoptosis. Overexpression of PIM-1 protein
kinase is probably the main transduction pathway in
tumorigenesis and progression of PCa. These findings have
great significance for exploring progression of prostate
carcinoma and improving therapeutic regimen of patients.

hK2 is one of the three serine proteases encoded by the
human glandular kallikrein (hK) gene family. Consisting of
287 amino acids and with a 79% amino acid sequence
similarity to PSA, hK2 is secreted by prostate epithelia [19,
20]. The mRNAs of both hK2 and PSA are up regulated by
androgen and progestogen [21, 22]. It has been demon-
strated that serum hK2 levels are more sensitive than serum
PSA levels in diagnosing PCa [23]. Consistent with these
findings, our data revealed that higher hK2 expression
correlates more with cancerous prostate tissue than with
benign prostate tissue. As a new detectable serine protease,
hK2, due to its specificity in molecular structure, in-vivo
distribution, and metabolism, has been showing to be a
promising potential in early diagnosis, pathological clas-
sification, metastasis monitoring, and the evaluation of
chemotherapeutic prognosis of prostate carcinoma [24].
However, studies employing larger sample sizes will be
necessary to confirm the utility of hK2 before it is widely
implemented in a clinical setting. Nevertheless, it has
already been clearly demonstrated that combining hK2
with other PCa serum markers such as total and free PSA,
using a multielemental data aggregate analysis method,
significantly increases the sensitivity and specificity of
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Table 2 Relative PIM-1 mRNA expression levels in prostate tissues
from patients with PCa and BPH

Experimental Sample PIM-1 mRNA p-actin P value
group No. levels® value
PCa 23 4.45 £+ 0.63 1.00
BPH 37 2.57 £0.74 1.00 0.0230°
NT 3 1.05 £+ 0.04 1.00 0.0071°

* Expressed as enrichment over NT

® PIM-1 mRNA levels were significantly increased in PCa samples
versus BPH (P = 0.0230) and normal tissue samples (P = 0.0071)

Table 3 Relative levels of hK2 mRNA expression in prostate tissues
from patients with PCa and BPH

Experimental Sample hK2 mRNA p-actin P value
group No. levels* value

PCa 23 5.905 £ 0.78"  1.00

BPH 37 2264 £ 046 100 0.0127°
Normal Tissue (NT) 3 1.02 £ 0.03  1.00 0.0068°

* Expressed as enrichment over NT

" hK2 mRNA levels were significantly increased in PCa samples
versus BPH (P = 0.0127) and normal tissue samples (P = 0.0068)

early PCa diagnosis and markedly improves PCa man-
agement [25, 26].

A cost-effective RT-PCR assay based on SYBR green I
has been developed in this study for detecting the gene
expression in samples from PCa, BPH, and normal control
cases. This panning system only reports the quantitative
status of the sample as either positive or negative for PIM-1
and hK2. It could be completed in 1 h and has been a rapid
method allowing the fast detection and confirmation of
target genes in clinical samples. The use of SYBR green
had reduced our material costs for diagnosis by half com-
pared with other methods that used probes. It has been
demonstrated that the SYBR green RT-PCR displayed
equal or higher sensitivity than the probe-based multiplex
assays when RNA, prepared from viruses grown in cell
culture or from clinical samples was used as a template.
However, using DNA construction as a template rendered
the SYBR green assays to become equally or less sensitive
(by 1 log unit) than the probe-based multiplex assays [27].
This is likely due to the fact that the optimization of the
assays was performed on RNA prepared from viruses
grown in cell culture or from clinical samples, and the
assays may not be optimal for plasmids isolated from
bacterial cell culture. From the results, we found that the
expressions of PIM-1 and hK2 mRNA were higher in PCa
than those in normal tissue (NT) and BPH, which sug-
gested that PIM-1 and hK2 can be used as diagnostic
markers for PCa. Of note, RT-PCR with fluorescent

detection, such as has been employed here, not only
increases the specificity in detecting substrate, but also
allows for the quantification of substrate [28]. Furthermore,
because this technique has no use for post-treatment of
PCR products, it decreased the possibility of cross con-
tamination of samples.

In conclusion, PIM-1 and hK2 mRNA, as measured by
SYBR green I-based RT-PCR, may be useful adjuvant
markers for the diagnosis, treatment, and monitoring of
PCa. Future studies will be necessary to understand whe-
ther PIM-1 and hK2 will be effective in evaluating the
management and prognosis of PCa.
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