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ABSTRACT: Prostate cancer (PC) is the second most common diagnosed malignant disease. Long non-coding RNAs
(lncRNAs), which account for approximately 98% of the human genome, are becoming increasingly interesting with
regard to various diseases and have great potential for diagnosis and prognostic monitoring of PC. To identify a new
diagnosis marker for metastatic PC, we enrolled a total of 144 patients with PC, including 57 metastatic and 87 localized
PC patients, and 148 healthy subjects. Patients were followed up routinely at 3-month intervals for 5 years. The
expression of 10 selected lncRNAs in peripheral blood from participants was measured. Among the 10 selected lncRNAs,
the expression of PCGEM1 in the metastatic group was 2.57 times that in the localized group (p< 0.001) and 2.96 times
that in the control group (p < 0.001). Patients with higher AJCC stage had significantly elevated PCGEM1 expression
(one-way ANOVA, p < 0.001). The relative expression of PCGEM1 in patients with higher Gleason score was also
higher than that in patients with lower Gleason score (p = 0.003). Moreover, patients with more than 5 years survival
time had significantly lower PCGEM1 expression than the rest (p = 0.017) and patients with elevated PCGEM1 relative
expression had significantly shorter survival time (p < 0.001). The present study suggested that PCGEM1 expression
in peripheral blood could act as a diagnostic marker of metastatic PC. It would also be a prognostic marker to predict
the survival time.
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INTRODUCTION

Prostate cancer (PC) is the second most common
diagnosed malignant disease and the sixth leading
cause for cancer related death among men world-
wide. It was estimated that there were 899 000 new
cases and 258 000 deaths in 2008 worldwide1. With
the use of prostate-specific antigen in the serum,
the proper rate of PC diagnosis increased over the
past decades2; however, this procedure is limited
by false-negative biopsies and overdiagnosis of clin-
ically insignificant malignancies3.

The ENCODE project has recently reported that
more than 90% of the human genome can be tran-
scribed and approximately 98% of these transcripts
were of no protein-coding capacity, among which
long non-coding RNAs (lncRNAs) are the most com-
mon type4. They are arbitrarily defined as being
more than 200 nt in length and are involved in
regulating a wide variety of important cellular func-
tions, such as genome imprinting, gene expression,
recruitment of chromatin modifying machinery, and
regulation of X chromosome inactivation5.

Notably, lncRNAs were found to be specifically
regulated, suggesting the potential to serve as novel
biomarkers and therapeutic targets6. Until now,
many lncRNAs were detected in PC patients with
specific expression pattern and were suggested to be
biomarker of PC. For example, lncRNA PCA3 was
found to be strongly expressed in more than 95%
of primary PC specimens and was not expressed
in other normal human tissues7. The PROGENSA
PCA3 test is the first urine-based molecular diag-
nostic test for PC which was approved by American
FDA8. The lncRNA metastasis-associated lung ade-
nocarcinoma transcript 1 (MALAT1) was another
marker of PC, the expression of which was corre-
lated with poor prognosis in PC patients9. Crea et al
found a total of 153 upregulated and 77 downreg-
ulated lncRNAs in metastatic versus nonmetastatic
xenografts and focused on PCAT18 for biomarker
analysis10. Based on the expression profiles, we
investigated the expression pattern of the 10 most
dysregulated lncRNAs in our blood samples of PC
patients and normal controls, and found PCGEM1
could serve as a new diagnosis marker for metastatic
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prostate cancer for AJCC for the following rea-
sons: (1) the expression of PCGEM1 was higher in
metastatic group than that in localized and control
groups (p < 0.001); (2) PC patients with higher
AJCC stage had significantly elevated PCGEM1 ex-
pression (p < 0.001); (3) PC patients with lower
PCGEM1 showed prolonged survival time.

MATERIALS AND METHODS

Study population

A total of 292 participants, which included 144
consecutive patients who had a histopathologic di-
agnosis of PC and 148 geographically and sexu-
ally matched healthy controls, were recruited from
outpatient Department of the Second Hospital of
Sichuan. Detailed clinical and pathology data were
obtained from physician records and hospital notes.
Among the 144 patients, cancer metastasis was
diagnosed in 57 patients (40%); the metastatic sites
included lymph nodes, bones, and other distant
organs. All patients were followed-up at 3-month
intervals for 5 years, routinely. At each visit, a com-
prehensive examination was carried out. Survival
time was measured from the date of histopathology
diagnosis until the date of death or last follow-up.
Two or more pathologists classified the stages of PC
patients according to the American Joint Committee
on cancer (AJCC), 7th edition11. Each subject
signed written informed consent to participate in the
study. This study was approved by the Institutional
Review Board of the Second Hospital of Sichuan
(project no. B-133).

RNA samples

At the first visit, 5 ml venous blood samples of each
subject were collected into a blood collection tube.
Total RNA was extracted from lymphocytes using
PAXgene RNA collection tubes (QIAGEN, USA). The
concentration of RNA samples was quantified using
a NanoDrop ND-1000 spectrophotometer; the qual-
ity of RNA was assessed with denaturing agarose gel
electrophoresis.

Real-time PCR

First, total RNA was reversely transcribed to cDNA
with PrimeScript RT reagent Kit equipped with
gDNA Eraser (TaKaRa, China) strictly according to
the manufacturer’s instructions. Then, real-time
PCR was performed using SsoFast EvaGreen Super-
mix (Bio-Rad, USA) on a CFX96 Real-Time PCR
Detection System (Bio-Rad, USA).

The PCR procedures included an initial step at
95 °C for 30 s, followed by 40 cycles of amplification
and quantification (95 °C for 5 s, 60 °C for 5 s).
Each cDNA sample was performed in triplicate in
a final volume of 25 µl containing 1 µl of cDNA
and 400 nmol of forward and reverse gene-specific
primers.

Relative gene expression level was quantified
based on the cycle threshold (Ct) values, where
GAPDH was used as an internal control whose ex-
pression was stable in primary and metastatic PC10.
For quantitative results, expression of each gene was
represented as a fold change using the following
mathematical model:

fold change=
(Etarget)∆Cttarget

(Eref)∆Ctref

where Etarget and Eref are the PCR efficiency of target
gene transcript and reference gene transcript, re-
spectively; ∆Cttarget and ∆Ctref are the Ct deviation
of control minus sample of the target gene transcript
and the reference gene transcript, respectively12.
All primer pairs are available upon request.

Statistical analysis

The programs GRAPHPAD PRISM 5, SPSS 17.0, and
MICROSOFT OFFICE EXCEL 2007, were used for data
analysis. The data are presented as mean±SD for
continuous variables or percentages for categorical
variables. Specific analysis methods were used with
detailed description. A value of p < 0.05 indicated
a statistically significant result.

RESULTS

Cohort characteristics

A total of 292 subjects, including 144 BC patients
(aged between 38 and 81, median 72 years) and 148
age- and gender-matched healthy controls (aged
between 42 and 77, median 67 years) were enrolled
in the present study. The clinical characteristics of
all participants are summarized in Table 1. The dis-
tribution of race and marital status were compatible
in both groups.

Real-time PCR validation of 10 lncRNAs
candidates

Through RNA sequencing, Crea et al identified
153 upregulated and 77 downregulated lncRNAs in
metastatic xenografts, compared to nonmetastatic
xenografts10. We selected 10 lncRNAs with
most drastic expression fluctuation for validation
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Table 1 Characteristics of the study participants.

Characteristics Bladder Healthy p value
cancer population

(n= 144) (n= 148)

Age (median, range) 72 (38–81) 67 (42–77) 0.271
(years)
Race:

Han (n, %) 132 (92%) 139 (94%) 0.456
Non-Han (n, %) 12 (8%) 9 (6%)

Marital status:
Married (n, %) 119 (83%) 124 (77%) 0.794
Not married (n, %) 25 (17%) 24 (23%)

Smoker (n, %) 96 (67%) 43 (34%) < 0.001

in our cohorts consisting of 20 metastatic sam-
ples and 20 nonmetastatic samples. The 10
lncRNAs included 7 upregulated lncRNAs, namely
GTF2IRD2P1, C3orf51, LOC339535, LOC285692,
PCGEM1, SH3GL1P1, and TYRO3P; and 3 downreg-
ulated lncRNAs, namely LOC100132215, FLJ37307,
and AMZ2P1. A general consistent result of each
lncRNA between our cohort and the cohort used
by Crea was confirmed in 7 lncRNAs in terms
of regulation direction (upregulation or down-
regulation) and significance except LOC285692,
LOC100132215 and AMZ2P1 (Fig. 1). Among the
7 lncRNAs, PCGEM1 expression in metastatic group
was 2.57 times compared to the expression in non-
metastatic group. We therefore focused on this
lncRNA in further analysis.

PCGEM1 expression was positively correlated
with PC progression

We further investigated the expression of PCGEM1
in another large cohort consisting of 148 healthy
controls, 59 metastatic PC patients and 85 localized

Table 2 Relative expression of PCGEM1 in PC patients of
different AJCC stages and Gleason score.

Patients Relative expression p value
(n, %) of PCGEM1

AJCC stage:
I/II 31 (22%) 1.00±0.37
III 29 (20%) 1.49±0.88 < 0.001
IV 84 (58%) 3.9±1.3

Gleason score:
¶ 5 9 (6%) 1.00±0.29
6 16 (11%) 1.7±1.0 0.003
7 58 (40%) 1.92±0.92
¾ 8 61 (42%) 4.2±1.9

Tumour metastasis:
Metastasis 57 (40%) 1.00±0.49 < 0.001
Localized 87 (60%) 3.5±1.7

PC patients (Table 2). The results showed that
the expression of PCGEM1 was higher in metastatic
group than that in localized and control groups (p<
0.001, Fig. 2).

According to AJCC, we divided all the PC pa-
tients into 4 stages, namely I, II, III, and IV stage.
The number of patients and the relative expression
of PCGEM1 are described in Table 2. A total of 31
patients (22%) were grouped into stage I and II,
29 (20%) in group III, and 84 (58%) in group IV.
Patients with higher AJCC stages had significantly
elevated PCGEM1 expression (one-way ANOVA, p <
0.001). The relative expression in patients with dif-
ferent Gleason scores (¶ 5, 6, 7, and ¾ 8) were also
investigated, of which the result was consistent to
the result reflected by AJCC stage (one-way ANOVA,
p = 0.003).

Besides, the cases with tumour metastasis had
significantly higher PCGEM1 expression compared
with those with localized tumours (non-paired
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Fig. 1 Real-time PCR validation of 10 lncRNAs candidates. Fold changes were calculated by the 2−∆∆Ct method. The
data were analysed using two-way ANOVA. The bars represent the means±SEM (n= 20). *p < 0.05, **p < 0.01, and
***p < 0.001, which were determined using Bonferroni’s post-hoc test, represented significant differences; n.s., not
significant.
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Fig. 2 Relative expression of PCGEM1 in peripheral blood
in metastatic PC, localized PC, and control groups. Fold
changes were calculated by the 2−∆∆Ct method. Error bars
represent means±SEM. The data were analysed using
one-way ANOVA. ***p < 0.001, which were determined
using Turkey multiple comparison test, represent signifi-
cant differences.
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Fig. 3 PC patients surviving over 5 years had lower
PCGEM1 relative expression. Comparison between two
groups was performed by Mann-Whitney test. Survival
time: the time from the date of histopathology diagnosis
to the date of death.

t-test, p < 0.001).

Patients with lower PCGEM1 expression showed
prolonged survival time

To analyse the association of PCGEM1 expression
with patients’ survival time, we first compared the
relative PCGEM1 expression in those with survival
time more than 5 years and those died in recent
5 years. The result showed that patients with
more than 5 years survival time had significantly
lower PCGEM1 expression than the rest (p = 0.017,
Fig. 3).
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Fig. 4 PC patients with lower PCGEM1 relative expression
had longer survival time.

We further divided all the cases into two groups
according to the relative PCGEM1 expression to
controls, one with elevated PCGEM1 relative ex-
pression (> 1.5, n = 76) and the other with lower
PCGEM1 relative expression (< 1.5, n = 68). Sur-
vival curve analysis revealed that patients with ele-
vated PCGEM1 relative expression had significantly
shorter survival time (p < 0.001) and were at 2.54
times higher risk of death compared with those
with lower PCGEM1 relative expression (p < 0.001,
Fig. 4).

DISCUSSION

In recent years, the functions of lncRNAs in dif-
ferent diseases have been widely investigated and
reported. For example, spinocerebellar ataxia type 8
(SCA8) patients have a trinucleotide expansion in
ataxin 8 opposite strand (ATXN8OS), a lncRNA that
is antisense to the KLHL1 gene13. High expression
levels of lncRNA HOTAIR has been shown to be an
independent prognostic factor of hepatocellular car-
cinoma after liver transplantation14. In PC students,
dysregulation of lncRNAs was noticed in several
studies. However, we found that most of these stud-
ies focused on tumour tissues, but not peripheral
blood, for lncRNAs analysis, which conferred big
trouble for diagnosis and prognostic monitoring of
PC. If dysregulated expression of certain lncRNAs
can be detected in peripheral blood, it may bring
great convenience for PC diagnosis.

In the present study, we found that the expres-
sion of PCGEM1 in the metastatic group was signif-
icantly higher than that in the localized and control
groups. Besides, patients with higher AJCC stages
had significantly elevated PCGEM1 expression, com-
pared to those with lower AJCC stages. Moreover,
patients with more than 5 years survival time had
significantly lower PCGEM1 expression than the
rest; and vice versa, patients with elevated PCGEM1
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relative expression had significantly shorter survival
time. All the abovementioned evidence suggested
that PCGEM1 could act as a potential biomarker for
PC diagnosis and prognostic monitoring. Besides,
PCGEM1 could potentially become a part of prog-
nosticating tool along with GPS and Polaris biopsy
PCR kits to determine suitability of men on active
surveillance.

In previous studies, PCGEM1 was identified as
a prostate cancer specific lncRNA that is capable
of promoting proliferation and inhibiting apoptosis.
PCGEM1 overexpression in LNCaP cells results in
delayed induction of p53 and p21 induced by dox-
orubicin, which could therefore inhibit cell apop-
tosis15. Besides, PCGEM1 is an in vivo androgen-
regulated transcript with potential nuclear and/or
cytoplasmic function16. Although the involvement
of PCGEM1 in PC was widely reported, the role of
PCGEM1 in PC is still controversial. For example,
androgen deprivation is able to induce PCGEM1
and causes its accumulation in nuclear speckles17,
while this was not the case in another study which
revealed that PCGEM1 was stimulated by andro-
gen and downregulated by castration in xenograft
models16. Similarly, PCGEM1 along with PRNCR1
can impact AR signalling through interaction with
AR to promote castration resistance18, however,
this is not supported by a comprehensive analysis
of RNA-sequencing data19. Genetic analysis also
supported the involvement of PCGEM1 in PC risk.
PCGEM1 polymorphisms might contribute to PC risk
in Chinese men and SNP rs6434568 C carriers or
rs16834898 C carriers had significantly decreased
risk of PC20.

For real-time PCR validation, we only selected
10 lncRNA candidates. In fact, many other lncRNAs
surpassing the lncRNA list in our study could be
potential biomarker for PC, since as many as 153
upregulated and 77 downregulated lncRNAs have
been identified10. It is quite meaningful to investi-
gate the potential of other lncRNAs to be biomarker
of PC.

Another issue to be considered is the accu-
racy of a single molecule to diagnose diseases. In
fact, many studies showed that combinational usage
of several molecules could be more efficient for
diagnosis and prognostic monitoring of diseases.
Meng et al21 showed that a four-lncRNA (U79277,
AK024118, BC040204, AK000974) expression sig-
nature could be used to predict breast cancer sur-
vival21. Using a risk score based on the expres-
sion signature of these lncRNAs, the authors sepa-
rated the patients into low-risk and high-risk groups

with significantly different survival times, which
was validated in three other cohorts21. Li et al22

identified a three-lncRNA signature (including the
lncRNAs ENST00000435885.1, XLOC_013014, and
ENST00000547963.1) that was able to classify the
oesophageal squamous cell carcinoma patients into
two groups with significantly different overall sur-
vival22. In a future study, we could investigate using
lncRNA combination(s) to diagnose PC.
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