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Abstract: Background and purpose: MicroRNA-128 (miR-128) has been identified as a negative regulator of malig-
nant phenotypes of prostate cancer (PCa) cells. The aim of this study was to evaluate the prognostic implications of
both tissue and serum levels of miR-128 expression in PCa patients undergoing radical prostatectomy. Methods: A
series of 128 cases with PCa were evaluated for both tissue and serum levels of miR-128 expression by quantita-
tive reverse-transcription PCR. Results: Compared with non-cancerous prostate tissues and normal sera, both tissue
and serum levels of miR-128 expression were significantly decreased in PCa patients (both P<0.001). Importantly,
there was a close correlation between tissue and serum levels of miR-128 expression in PCa patients (rs=0.808,
P<0.001). Then, low miR-128 expression in both PCa tissues and patients’ sera were dramatically associated with
aggressive clinicopathological features, including advanced pathological stage (both P=0.001), positive lymph node
metastasis (P=0.006 and 0.01, respectively), high preoperative PSA (both P=0.01) and positive angiolymphatic
invasion (both P=0.02). Moreover, Kaplan-Meier survival analysis showed that low miR-128 expression in both
PCa tissues and patients’ sera were significantly associated with short biochemical recurrence (BCR)-free survival.
Furthermore, multivariate analysis indicated that both tissue and serum levels of miR-128 expression were inde-
pendent prognostic factors for BCR-free survival of PCa patients. Conclusion: Our data suggest that the decreased
expression of miR-128 in both tissue and serum samples of PCa patients may be associated with tumor malignant
progression and BCR-free survival. Particularly, serum miR-128 may be developed as a novel noninvasive biomarker
for PCa diagnosis and prognosis.
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Introduction pharmacological intervention will help us
reduce the burden of this disease. Several clini-
copathological features, including tumor vol-
ume, pathological grade, status of lymph node
metastasis, preoperative PSA, Gleason score,
have been used for diagnosis and prognosis.
However, there is no widely accepted method
for quantifying tumor volume [5]; pathological
grade scoring methods can result in significant
inter-observer variations, particularly when
defining intermediate tumor grades [6]; accu-

Prostate cancer (PCa) represents the most
common type of cancer and the third leading
cause of cancer death among men in the devel-
oped world [1]. About one in three men over the
age of 50 years shows histological evidence of
this cancer [2]. Despite the advancement of
therapeutic strategies, there are few effective
therapeutic options for advanced PCa. The
annual morbidity rate of this cancer has
increased by 14% since 1990 [3]. PCa is a clini-

cally heterogeneous-multifocal and aggressive
disease, the course of which is highly variable
and difficult to predict because a significant
proportion of cases are indolent and do not
require curative treatment [4]. Thus, better
understanding of factors that modify the risk of
PCa and its preventive measures that include

mulating studies have found that PCa patients
with the equivalent PSA level could have vari-
ous clinical outcomes because of the molecu-
larly heterogeneous subtypes [7]. To overcome
these limitations, it appears that novel and effi-
cient biomarkers are needed for the diagnosis
and prognosis of patients with PCa.
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Table 1. Correlation of miR-128 expression with clinicopathological features of PCa patients

miR-128 expression

Clinicopathological features Cases No (n, %)

Low-tissues (n, %) P Low-sera (n, %) P
Age
<70 70 (54.69) 36 (51.43) NS 35 (50.00) NS
>70 58 (45.31) 32 (55.17) 30 (51.72)
Preoperative PSA
<4 ng/mL 3(2.34) 0(0) 0(0)
4-10 ng/mL 35 (27.34) 12 (34.29) 0.01 10 (28.57) 0.01
>10 ng/mL 90 (70.31) 56 (62.22) 55 (61.11)
Gleason score
4-6 62 (48.44) 31 (50.00) 31 (50.00)
7 30 (23.44) 19 (63.33) NS 16 (53.33) NS
8-10 36 (28.13) 18 (50.00) 18 (50.00)
Pathological stage
T1 72 (56.25) 20 (27.78) 20 (27.78)
0.001 0.001
T2/T3 56 (43.75) 48 (85.71) 45 (80.36)
Lymph node metastasis
Negative 106 (82.81) 48 (45.28) 50 (47.17)
" 0.006 0.01
Positive 22 (17.19) 20 (90.91) 15 (68.18)
Angiolymphatic invasion
Negative 110 (85.94) 55 (50.00) 52 (47.27)
N 0.02 0.02
Positive 18 (14.06) 13 (72.22) 13 (72.22)
Surgical margin status
Negative 108 (84.38) 56 (51.85) NS 53 (49.07) NS
Positive 20 (15.62) 12 (60.00) 12 (60.00)

Note: ‘NS’ refers to the difference without statistic significance.

MicroRNAs (miRNAs) are small (18-28 nt), non-
coding, well-conserved RNA molecules, which
play crucial roles in the regulation of basic bio-
logical processes, including cell growth, apop-
tosis and differentiation, by negatively regulat-
ing gene expression via binding to imperfect
complementary sites within the 3’ untranslated
region (UTR) of their mRNA target at the post-
transcriptional level [8]. Until now, there have
been more than 1,400 human miRNA sequenc-
es identified and many of them have been
reported to be implicated into cancer patho-
genesis [9]. Functionally, miRNAs can act either
as oncogenes or tumor suppressors according
to the roles of their target genes. Growing evi-
dence also show the potential of miRNAs for
biomarker applications since various cancer-
specific miRNAs have been detectable in cell-
free blood fluids such as serum and plasma. In
relation to PCa, accumulating studies have
reported circulating miRNAs that can assist in
diagnosis or the stratification of metastatic
from localized disease. For example, Srivastava
et al. [10] reported that circulatory miR-628-5p

8395

was downregulated in PCa patients, and might
be further developed as a biomarker, which can
serve as novel noninvasive biomarker for PCa
diagnosis and prognosis; Selth et al. [11] indi-
cated that circulating miR-146b-3p and miR-
194 were associated with disease progression
in PCa, and multivariate analysis revealed that
miR-146b-3p possessed prognostic informa-
tion beyond standard clinicopathological para-
meters.

MiR-128 is encoded by two distinct genes, miR-
128-1 and miR-128-2, which are both intronic
and present on two different chromosomes.
miR-128-1 is embedded in the R3HDM1 (R3H
domain containing 1) gene on chromosome
2g21.3 and miR-128-2 is in the ARPP21 (cyclic
AMP-regulated phosphoprotein, 21 kDa) on
chromosome 3p22.3, respectively. MiR-128-1
and miR-128-2 are processed into an identical
mature sequence [12]. As a brain-enriched
miRNA, most of the studies of miR-128 in carci-
nogenesis are focusing on glioma. The tumor
suppressive roles of miR-128 have been found
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in glioma, neuroblastoma, and PCa [13-16].
Especially, Medina-Villaamil et al. [15] identi-
fied a candidate circulating biomarker to screen
risk groups in PCa; Khan et al. [16] also revealed
miR-128 as a potentially important negative
regulator of PCa cell invasion. The aim of the
current study was to assess the role of both tis-
sue and serum expression of miR-128 in PCa
patients with focus on diagnosis and prognosis.
Toward this aim, we detected the expression
levels of miR-128 in PCa tissues and patients’
sera by quantitative reverse-transcription PCR.
Then, we evaluated the possible prognostic
implications of both tissue and serum levels of
miR-128 expression in PCa patients undergo-
ing radical prostatectomy.

Materials and methods
Patients and samples

The study was approved by the Research Ethics
Committee of Xi"an Hong Hui Hospital and Xi'an
Electricity Power Center Hospital. Written
informed consent was obtained from all of the
patients. All specimens were handled and
made anonymous according to the ethical and
legal standards.

One hundred and twenty-eight primary PCa tis-
sues samples, patients’ sera and correspond-
ing noncancerous prostate tissue samples
from the same specimens (n=128) were col-
lected from Xi'an Hong Hui Hospital and Xi'an
Electricity Power Center Hospital, from 1996 to
2008. None of the patients received androgen
deprivation treatment, chemotherapy, or radia-
tion therapy prior to radical prostatectomy. All
128 patients with PCa received radical prosta-
tectomy. The complete records of the cases
pre- and post-operation, and samples of the
primary tissue, had been preserved. The follow-
ing clinicopathological parameters, including
preoperative PSA, Gleason score, pathological
stage, lymph node status, angiolymphatic inva-
sion, margin status, and biochemical relapse,
were recorded. The clinicopathological informa-
tion of the patients is shown in Table 1. In addi-
tion, age-matched serum samples from 100
healthy individuals were obtained from Xi'an
Hong Hui Hospital and Xi'an Electricity Power
Center Hospital.

All 128 patients with PCa were given a follow-
up exam ranging from three to ten years. All the
patients who died from diseases other than
PCa or from unexpected events were excluded
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from the case collection. For the analysis of bio-
chemical recurrence-free survival, the date of
prostatectomy was used to represent the
beginning of the follow-up period. The endpoint
was the time to biochemical relapse which was
defined as the period between surgical treat-
ment and the measurement of two successive
values of serum PSA level > 0.2 ng/ml.

Quantitative reverse-transcription PCR

RNA was extracted from fresh tissues or sera
of patients with PCa using Trizol Reagent
(Invitrogen, USA) according to the manufactur-
er’s protocol. One microgram of total RNA was
reverse-transcribed using SuperScrip Il
(Invitrogen, USA). After cDNA was synthesized
with a miRNA-specific stem-loop primer, the
quantitative PCR was performed with the spe-
cific primers as follows: miR-128_F, 5-GCC
GGC GCC CGA GCT CTG GCT C-3’; miR-128_R,
5-TCA CAG TGA ACC GGT CTC TTT-3’; U6_F,
5’-CTC GCT TCG GCA GCA CA-3’; U6_R, 5-AAC
GCT TCA CGAATT TGC GT-3'. Real-time PCR was
performed using an Applied Biosystems 7500
real-time PCR system using 1 ul reverse tran-
scriptase samples in a 20 pl final reaction mix-
ture. 1X TagMan Universal PCR master mix
(Takara, Japan) was used for general PCR.
RNU6B was used as an internal control.
Relative quantification of target miRNA expres-
sion was evaluated using the comparative cycle
threshold (CT) method. Each sample was exam-
ined in triplicate and the amounts of the PCR
products produced were nonneoplasticized to
RNUGB.

Statistical analysis

Statistical analysis was performed using the
software of SPSS version12.0 for Windows
(SPSS Inc, IL, USA). Continuous variables were
expressed as mean * S.D. Fisher’s exact test
and Pearson x? test were respectively used to
analyze 2x2 tables and non-2x2 tables.
Kaplan-Meier and Cox Regression methods
were used for the question of survival analysis.
Differences were considered statistically sig-
nificant when P was less than 0.05.

Results

Decreased expression of miR-128 in PCa tis-
sues and patients’ sera

Compared with non-cancerous prostate tis-
sues and normal sera, both tissue and serum
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Figure 1. microRNA-128 (miR-128) expression in 128 prostate cancer (PCa) tissues and matched non-cancerous
prostate tissues normalized to RNUGB detected by quantitative reverse-transcription PCR (QRT-PCR) assay. The ex-
pression levels of miR-128 were detected and analyzed in 128 pairs of PCa and adjacent non-cancerous prostate
tissues by qRT-PCR analysis. The results showed that miR-128 expression level was significantly lower in PCa tissues
compared to that in adjacent non-cancerous prostate tissues (1.05+0.63 vs. 2.92+0.98, P<0.001).

levels of miR-128 expression were significantly
decreased in PCa patients (both P<0.001,
Figure 1A and 1B). Importantly, there was a
close correlation between tissue and serum
levels of miR-128 expression in PCa patients
(rs=0.808, P<0.001, Figure 1C).

In addition, the median values of miR-128
expression levels in all PCa tissues and
patients’ sera were respectively 1.66 and 1.55,
which were used as cutoff points for the pati-
ents’ grouping. Thus, all 128 PCa patients were
divided into miR-128-low-PCa-tissue group
(n=68, based on a relative expression level in
PCa tissues lower than 1.66), miR-128-high-
PCa-tissue group (n=60, based on a relative
expression level in PCa tissues higher than
1.66), miR-128-low-PCa-serum group (n=65,
based on a relative expression level in PCa pati-
ents’ sera lower than 1.55), miR-128-high-PCa-
serum group (n=63, based on a relative expres-
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sion level in PCa patients’ sera higher than
1.55).

Decreased expression of miR-128 in PCa tis-
sues and patients’ sera both correlate with
aggressive clinicopathological features

Table 1 summarized the correlation between
miR-128 expression and clinicopathological
features of patients with PCa. Our data showed
that low miR-128 expression in both PCa tis-
sues and patients’ sera were dramatically asso-
ciated with aggressive clinicopathological fea-
tures, including advanced pathological stage
(both P=0.001), positive lymph node metasta-
sis (P=0.006 and 0.01, respectively), high pre-
operative PSA (both P=0.01) and positive
angiolymphatic invasion (both P=0.02). How-
ever, the expression status of miR-128 was not
associated with patients’ age, Gleason score,
and surgical margin status.

Int J Clin Exp Pathol 2015;8(7):8394-8401
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Figure 2. Biochemical recurrence (BCR)-free survival curves for two groups defined by low and high expression of
miR-128 in PCa tissues (A) and patients’ sera (B). The patients with low miR-128 expression in both PCa tissues
and patients’ sera had significantly shorter BCR-free survival after radical prostatectomy than patients with high

miR-128 expression did (both P<0.001).

Table 2. Univariate survival analysis of biochemical recurrence (BCR)-free

survival in 128 patients with PCa

BCR-free survival

free survival after radi-
cal prostatectomy th-
an patients with high

Variables miR-128  expression
Bp(B) oo%C1 P did (both P<0.001

Age (<70 vs. 270) 268 017503 NS Figure 2). In addition,
Preoperative PSA (<10 ng/mL vs. 210 ng/mL) 2.34 0.11-4.48 NS the univariate analysis
Gleason score (4-6 vs. 7-10) 2.26 0.10-4.32 NS with Cox proportional
Pathological stage (T1-2 vs. T3-4) 5.61 1.12-11.28 <0.001 hazards model found
Lymph node metastasis (Negative vs. Positive) 413 0.82-8.22 0.002 that miR-128 expres-
Angiolymphatic invasion (Negative vs. Positive) 5.62 1.12-11.39 <0.001  sion status in both
Surgical margin status (Negative vs. Positive) 227 0104.82 NS PCa tissues and pa-
miR-128 expression in PCa tissues (High vs. Low) 6.06 1.22-13.09 <0.001 tients” sera (both .P<
miR-128 expression in patients’ sera (High vs. Low) 5.62 1.18-11.86 <0.001 0.001), pathological
stage (P<0.001), ly-

Note: ‘NS’ refers to the difference without statistic significance.

Decreased expression of miR-128 in PCa
tissues and patients’ sera both predict poor
prognosis

To evaluate the possible prognostic value of
miR-128, we performed BCR-free survival anal-
ysis for all 128 PCa patients undergoing radical
prostatectomy. As shown in Figure 2, Kaplan-
Meier curves were plotted between high or low
miR-128 expression (tissues and sera) and
BCR-free survival. Notably, patients with low
miR-128 expression in both PCa tissues and
patients’ sera had significantly shorter BCR-
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mph node metastasis

status (P=0.002), and
positive angiolymphatic invasion (P<0.001)
were significantly associated with BCR-free sur-
vival, while patients’ age, preoperative PSA,
Gleason score, and surgical margin status were
not significant factors (all P>0.05, Table 2).

Furthermore, the Cox multivariate analysis
demonstrated the value of miR-128 expres-
sion, and other clinicopathologic features for
predicting BCR-free survival of patients with
PCa. As shown in Table 3, miR-128 expression
status in both PCa tissues and patients’ sera
(both P=0.01), pathological stage (P=0.001),

Int J Clin Exp Pathol 2015;8(7):8394-8401
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Table 3. Multivariate survival analysis of biochemical re-
currence (BCR)-free survival in 128 patients with PCa

was originally identified in glioblasto-
ma. Papagiannakopoulos et al. [19]

BCR-free survival

identified miR-128 as a glioma tumor

Variables

p suppressor that targets receptor tyro-

Exp (B) 95% Cl ) - ’ § )
Pathological stage 411 102808 0001  Sine kinases signaling to repress glio-
Lymph node metastasis 3.13 0.81-4.20 0.03 ma-initiating neural ste'm Ce”S, §elf—
Angiolymphatic invasion 462 1.13-9.09 0.001 renewal and enhfance dlfferentlatlon.
miR-128 expression in PCa tissues 3.96 1.02-8.12 0.01 ilf‘]r:i%riie:elele)rriTi?:’Zt?;r:nIt?);léligecilijr:(;
miR-128 expression in patients’ sera 3.32 0.92-6.91 0.01

Note: ‘NS’ refers to the difference without statistic significance.

lymph node metastasis status (P=0.03), and
positive angiolymphatic invasion (P=0.001)
were all independent prognostic factors for pre-
dicting BCR-free survival of patients with PCa.

Discussion

The identification of diagnostic and prognostic
biomarkers for human PCa is needed for opti-
mizing management and treatment strategies.
The accessibility and high stability of miRNAs in
the circulation make them perfect biomarkers,
especially for surveillance of early stage, pres-
ymptomatic diseases in at-risk patients [17,
18]. In the current study, we found significantly
decreased miR-128 levels in both tissue and
serum samples of PCa patients comparing to
those of adjacent non-cancerous prostate tis-
sues and healthy sera, respectively. Low miR-
128 serum concentrations and tissue expres-
sions were both associated with aggressive
clinicopathological features, including advan-
ced pathological stage, positive lymph node
metastasis, high preoperative PSA and positive
angiolymphatic invasion, but not with patients’
age, Gleason score, and surgical margin status.
Furthermore, analyzing the circulating miR-128
levels for the first time in the literature, we iden-
tified low miR-128 serum level as an indepen-
dent, unfavorable prognostic factor for BCR-
free survival in patients with PCa.

Recent studies have revealed that miR-128
could be implicated into malignant diseases
and function as a tumor suppressor or an onco-
gene in different cancers, which may be depen-
dent on cellular context [13-16, 19-24]. It has
been demonstrated that the abnormal expres-
sion of miR-128 might contribute to the malig-
nant phenotypes of cancer cells, such as prolif-
eration, cell motility, invasion, apoptosis, and
self-renewal. The decreased level of miR-128
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E2F3a and Bmi-1, and reduce neuro-
blastoma cell motility and invasive-
ness through inhibiting Reelin and
DCX [20]. Hu et al. [21] indicated that the
expression level of miR-128 was significantly
downregulated in non-small cell lung cancer
(NSCLC) tissues and cancer cells, and was sig-
nificantly correlated with NSCLC differentiation,
pathological stage and lymph node metastasis.
In contrast, miR-128 expression levels in osteo-
sarcoma tissues were significantly higher than
those in noncancerous bone tissues, and its
overexpression was associated with aggressive
progression and poor prognosis of human
osteosarcoma [22]; miR-128 has been found to
be more highly expressed in drug-resistant
breast cancer samples than in drug-sensitive
samples [23]. Downregulation of miRNA-128
could sensitise breast cancer cell to chemo-
drugs by targeting Bax [23]. Although previous
studies also reported that miR-128 might be
act as a potentially important negative regula-
tor of malignant phenotypes of PCa cells and a
candidate circulating biomarker to screen risk
groups in PCa [15, 16], its prognostic implica-
tions in this cancer remain unexplored.
Supporting these previous studies, we in the
current study observed the decreased expres-
sion of miR-128 in both PCa tissues and
patients’ sera, which were dramatically associ-
ated with malignant phenotypes and short
BCR-free survival of patients with this cancer.

This study has some potential limitations
regarding the low number of patients with
lymph node metastasis. Furthermore, we did
not investigate the mechanism of miR-128 act-
ing on PCa. Since miRNAs exert functions via
regulating the expression levels of their target
genes, it is of great significance to identify the
target genes of miR-128 in PCa and to investi-
gate the involvement of their interactions in this
malignancy. According to miRTarBase (http://
mirtarbase.mbc.nctu.edu.tw/), which has accu-
mulated more than fifty thousand miRNA-target

Int J Clin Exp Pathol 2015;8(7):8394-8401
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interactions (MTls) validated experimentally by
reporter assay, western blot, microarray and
next-generation sequencing experiments, there
are 13 potential target genes, including BMI1,
CTDSP1, DCX, E2F3, EGFR, FBXW7, KLF4,
NTRK3, POU5F1, RELN, SIRT1, SOX2 and
TGFBR1, for miR-128. Among them, BMI1 was
identified as a direct target of miR-128 in glio-
ma cells and miR-128/BMI1 axis might play a
crucial role in gliomagenesis [24]; MiR-128 up-
regulation was reported to inhibit DCX expres-
sion and to reduce neuroblastoma cell motility
and invasiveness [20]; Overexpression of miR-
128 could specifically inhibit the truncated iso-
form of NTRK3 in neuroblastoma cells and be
involved in apoptosis, cell survival and prolifer-
ation [14]. Based on these previous studies, we
speculate that miR-128 might be involved into
prostate carcinogenesis through regulating
expression levels of its candidate targets.
Further studies are needed to validate the miR-
128-target interactions in PCa cells and to con-
firm their roles in this cancer.

In conclusion, our data suggest that the
decreased expression of miR-128 levels in both
tissue and serum samples of PCa patients may
be associated with tumor malignant progres-
sion and BCR-free survival. Particularly, serum
miR-128 may be further developed as a novel
noninvasive biomarker for PCa diagnosis and
prognosis.
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