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Abstract

Introduction: The catechol-O-methyltransferase (COMT) gene expression
was reported to be associated with the recurrence of prostate cancer. Fur-
thermore, it has been shown that rs165599 SNP in the 3’UTR of COMT af-
fects the interaction between miR-138 and COMT, while another polymor-
phism (rs4680) located in the gene of COMT also affects its expression.
Here, we explored the combined effect of rs165599 and rs4680 on the re-
currence of prostate cancer.

Material and methods: Kaplan-Meier analysis was performed to analyse the
PSA-progression-free survival of prostate cancer patients carrying different
genotypes of rs165599 and rs4680 SNPs. IHC and Western blot were used
to evaluate the expression of COMT. Real-time PCR was carried out to ex-
amine the expression of miR-138 and COMT mRNA. Luciferase assay was
performed to explore the inhibitory role of miR-138 in the expression of
COMT carrying different genotypes.

Results: The PSA-progression-free survival was significantly increased in
prostate cancer patients carrying the rs165599-AA + rs4680-Val/Val gen-
otype. In concordance with this, the expression of COMT was remarkably
elevated in the tissue samples collected from prostate cancer patients car-
rying the rs165599-AA + rs4680-Val/Val genotype. Luciferase assay demon-
strated that COMT-G at rs165599 was effectively suppressed by miR-138
through binding to the 3’ UTR of COMT-G. Furthermore, COMT expression
was notably suppressed by miR-138 precursors in primary prostate cancer
cells carrying GG genotype at rs165599.

Conclusions: The findings of this study demonstrated that the carriers of AA
genotype of rs165599 and Val/Val genotype of rs4680 showed an increased
risk of prostate cancer recurrence, and these 2 polymorphisms may jointly
function as a novel biomarker for the prognosis of prostate cancer recurrence.

Key words: prostate cancer, COMT, miRNA, rs165599, rs4680, recurrence in
prostate cancer.

Introduction

Pancreatic cancer (PC) is the 7 leading contributor for cancer fatal-
ities in China and the 4t leading contributor for cancer fatalities in the
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USA [1, 2]. In the USA alone, more than 250,000
PC patients die annually. As a result of the fact
that little improvement has actually been made in
the diagnosis as well as surgical procedures in the
treatment of PC in recent years, the prognosis of
PC patients is the worst among all kinds of can-
cers [3, 4]. It is vital to find unique approaches to
address the conditions of individual PC patients.

The catechol-O-methyltransferase (COMT) gene
is found on chromosome 22q11.2 [5]. There are ac-
tually 2 forms of COMT proteins translated from
COMT: one is soluble and the other is bound on
cell membrane [6]. COMT is an enzyme associat-
ed with the inactivation of catecholamines as well
as catechol oestrogens, which have been demon-
strated to possess carcinogenetic properties along
with the capacity for DNA damage and induction
of PC in rats [7]. Meanwhile, COMT can catalyse
the O-methylation of catechol oestrogen 2-hydrox-
yestradiol to produce 2-methoxyestradiol, which
has anti-angiogenic and anti-proliferative proper-
ties [8]. A typical polymorphism in COMT is a G to
A mutation that takes place at codon 158, which is
also called Val158 Metorrs4680. The replacement
of G for A causes the substitute of valine by me-
thionine as well as 3- to 4-fold reduction in COMT
activity. The Val/ Val phenotype (or G/G genotype)
of COMT has been shown to be more active and
stable as compared with the Met/Met phenotype
(or A/A genotype). Many studies have performed
genome wide screening without pinpointing the
genres of COMT with considerable prospect for
suicidal behaviours, with a few exceptions [9-12].

MicroRNA (miRNA) makes up a family of
non-coding RNAs that are less than 23 nucleotides
in size and can control the endogenous expression
of genes through target mRNA degradation and
translational inhibition [13]. In the last few years,
miRNAs have been demonstrated to regulate
several biological activities, such as cell growth,
neuron distinction, and apoptosis [14-16]. Signifi-
cantly, growing evidence indicates that miRNA ex-
pression might be related to cancer cell growth in
PC patients [14, 17, 18]. Amongst many miRNAs,
miR-138 has recently been shown as a significant
tumour suppressor in various cancers, including
osteosarcoma, cervical cancer, ovarian cancer,
non-small cell lung cancer, and gallbladder cancer
[19-21]. Primarily, miR-138 prevents the spread
of cancer cells and causes their apoptosis while
boosting their chemo sensitivity [22-24]. It was
discovered that down-regulation of miR-138-5p
was linked to autophagy in PC cells. Nevertheless,
elevated miR-138-5p expression prevented the
activation of autophagy dependent on the SIRT1/
FoxO1/Rab7 signalling. Also, SIRT1 might repress
the growth of PC cells, making miR-138-5p a pos-
sible target in PC treatment [25].

It has been shown that COMT expression is as-
sociated with prostate cancer recurrence [26]. Fur-
thermore, it has been shown that rs165599 in the
3’ untranslated region (3’'UTR) of COMT affects the
interaction between miR-138 and COMT, and an-
other polymorphism (rs4680) located in the gene
of COMT also affects the expression level of COMT
[27-30]. Moreover, polymorphisms located in oes-
trogen metabolism-related genes, such as the
AA genotype and the A allele of rs4680 in COMT,
have been proven to be inversely associated with
the risk of prostate cancer in Afro-Caribbean and
native African men [31]. In this study, we hypoth-
esized that the genotype difference of rs165599
and rs4680 is associated with the risk of prostate
cancer recurrence and the PSA-progression-free
survival period. To study the effect of genotype
difference on prostate cancer recurrence, we stud-
ied the combined effect of both rs165599 and
rs4680 single nucleotide polymorphisms (SNPs)
on the recurrence of prostate cancer.

Material and methods
Human subjects and sample collection

In this work, to study the combined effect of
rs165599 and rs4680 SNPs on prostate cancer,
we recruited 224 prostate cancer patients and
then partitioned them into 4 groups according to
their genotypes of rs165599 and rs4680 SNPs: (1)
rs165599-AA + rs4680-Val/Val group (N = 62); (2)
rs165599-AA + rs4680- (Val/Met + Met/Met) group
(N = 55); (3) rs165599- (GG+GA) + rs4680-Val/
Val group (N = 58); and (4) rs165599-(GG+GA) +
rs4680- (Val/Met + Met/Met) group (N = 49). The
information of all participants, including their age,
tumour status, and Gleason score, was collected
and compared among the 4 groups. Then, one-way
analysis of variance (ANOVA) was utilized to per-
form the statistical comparison among the above
4 groups. In the next step, tissue and peripheral
blood samples were collected from all subjects for
the analyses described below. The institutional eth-
ical committee approved the protocol of this study.

Genotyping by direct sequencing

Collected tissue and peripheral blood samples
were treated with a GoldMag Mini Purification as-
say kit (GoldMag Co. Ltd., Xi’an, China), in accor-
dance with the specific assay protocol provided
by the assay kit manufacturer, to extract Genomic
DNA content. Then, the quality and the concentra-
tion of each isolated DNA sample were assessed
by using a Nanodrop 3000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA) in accor-
dance with the specific operating protocol provid-
ed by the instrument manufacturer. In the next
step, the genotypes of rs165599 and rs4680 SNPs
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were measured by using a multiplexed SNP Mass
EXTEND assay designed with the Agena Mass
ARRAY version 3.0 software (Agena Bioscience,
San Diego, CA) in accordance with the specific in-
structions provided by the software vendor. The
multiplexed SNP Mass EXTEND assay was carried
out using an Agena Mass ARRAY RS1000 system
in accordance with the specific operating protocol
provided by the instrument manufacturer.

RNA isolation and real-time PCR

In order to explore the effect of rs165599 and
rs4680 polymorphisms on the expression of their
host gene COMT, we carried out qPCR and ELISA
to analyse the expression of COMT in tissue sam-
ples of prostate cancer as well as peripheral blood
samples collected from all prostate cancer patients
carrying different genotypes. We also performed
gPCR to examine the expression of miR-138 in
these tissue and peripheral blood samples. To car-
ry out the measurements, the total RNA content
was first isolated from each sample by utilizing
an RNAiso Plus RNA extraction reagent (Takara,
Tokyo, Japan) in accordance with the specific pro-
tocol provided by the reagent manufacturer. Then,
the isolated RNA from each sample was reverse
transcribed into cDNA templates using a Tagman
Advanced cDNA Synthesis kit (Thermo Fisher Sci-
entific, Waltham, MA) and a Reverse Transcription
kit (Applied Biosystems, Foster City, CA) in accor-
dance with the specific assay protocols provided
by the assay kit manufacturers. Then, quantitative
real-time PCR was performed by making use of
a Fast-Start Universal SYBR Green Master Mix as-
say kit (Roche, Basel, Switzerland) in accordance
with the specific assay protocol provided by the
assay kit manufacturer. The real-time PCR reaction
was done on an ABI Prism 7900HT real-time PCR
machine (Applied Biosystems, Foster City, CA) us-
ing U6 and GAPDH as the internal controls for the
normalization of measured relative expression of
target genes, i.e. COMT mRNA and miR-138.

Cell culture and transfection

Primary prostate cancer cells were bought from
the Shanghai Cell Bank at the Chinese Academy
of Sciences (Shanghai, China). The cells were cul-
tured in a RPMI 1640 medium added with 10% of
foetal bovine serum (Gibco, Thermo Fisher Scien-
tific, Waltham, MA) and suitable antibiotics. The
culture conditions were saturated humidity at
37°C in 5% carbon dioxide. To further explore the
regulatory network of rs165599 polymorphisms,
miR-138 and COMT, we cultured primary prostate
cancer cells carrying the GG and AA genotypes,
and then transfected them with COMT siRNA
and miR-138 precursors, respectively. In brief,

the primary prostate cancer cells carrying the GG
genotype of the rs165599 SNP were divided into
3 groups: (1) Scramble control group (primary pros-
tate cancer cells treated with 50 nM of a scramble
control siRNA); (2) COMT siRNA group (primary
prostate cancer cells treated with 50 nM of COMT
siRNA); and (3) miR-138 precursor group (primary
prostate cancer cells treated with 50 nM of miR-138
precursors). Similarly, the primary prostate cancer
cells carrying the AA genotype of the rs165599 SNP
were also divided into 3 groups, i.e. (1) Scramble
control group (primary prostate cancer cells treated
with 50 nM of a scramble control siRNA); (2) COMT
siRNA group (primary prostate cancer cells treated
with 50 nM of COMT siRNA); and (3) miR-138 pre-
cursor group (primary prostate cancer cells treat-
ed with 50 nM of miR-138 precursors). In the next
step, the cells were transfected with corresponding
SiRNA/miRNA by using Lipofectamine 3000 (Invitro-
gen, Carlsbad, CA) in accordance with the specific
transfection protocol provided by the manufacturer
of the transfection reagent. At 48 hours post trans-
fection, the cells were harvested for the analysis of
target gene expression.

Vector construction, mutagenesis,
and luciferase assay

Our sequence analysis showed that miR-138
could potentially bind to the 3° UTR of COMT. In or-
der to examine whether rs165599 polymorphisms
affect the expression of COMT, the 3’ UTR of COMT
carrying the A and G allele of the rs165599 poly-
morphism was cloned into pcDNA luciferase vec-
tors (Promega, Madison, WI), respectively, to es-
tablish COMT-G and COMT-A vectors, which were
then transfected into PC3 cells along with miR-138
mimics by using Lipofectamine 3000 in accordance
with the specific transfection protocol provided by
the manufacturer of the transfection reagent. At
48 hours post transfection, the luciferase activity of
transfected cells was assayed by using a Dual Lu-
ciferase reporter gene assay kit (Promega, Madison,
WI) in accordance with the specific assay protocol
provided by the manufacturer of the assay kit.

Western blot analysis

The total protein content was extracted from
each sample by making use of a radio immuno-
precipitation assay kit (Solarbio Science & Tech-
nology Co. Ltd., Beijing, China) in accordance
with the specific assay protocol provided by the
assay kit manufacturer. Then, 50 pg of each pro-
tein sample was resolved by using SDS-PAGE and
blotted onto polyvinylidene fluoride (PVDF) mem-
branes, which was then blocked by utilizing 5%
skimmed milk at ambient temperature for 1 hour
before they were incubated for 24 hours at 4°C
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with anti-COMT primary antibody (Abcam, Cam-
bridge, MA) followed by incubation with suitable
HRP-conjugated secondary antibodies for 1 hour
at room temperature in accordance with the spe-
cific instructions provided by the antibody man-
ufacturer. After colour development by utilizing
an enhanced chemiluminescence (ECL) assay kit
(Amersham Pharmacia, Piscataway, NJ) in accor-
dance with the specific assay protocol provided
by the assay kit manufacturer, the relative protein
expression of COMT in each sample was deter-
mined by means of a Bio-Rad imaging system
(Bio-Rad Laboratories, Hercules, CA) in accor-
dance with the instructions provided by the ma-
chine manufacturer.

Immunohistochemistry (IHC)

In order to explore the effect of rs165599 and
rs4680 polymorphisms on the expression of their
host gene COMT, we collected prostate cancer
tissue samples from all patients and performed
immunohistochemistry to evaluate COMT expres-
sion in each sample. In brief, the collected pros-
tate cancer tissue samples were embedded in
paraffin, fixed, deparaffinized, made transparent,
and blocked with 5% goat serum before they were
treated with anti-COMT primary antibodies and
matching Alexa Fluor 488-labelled secondary an-
tibodies in sequence (Santa Cruz Biotechnology,
Santa Cruz, CA) in accordance with the instruc-
tions provided by the antibody manufacturer. After
counterstaining with DAPI, the positive expression
of COMT in each sample was evaluated by using
a confocal microscope.

ELISA

The COMT activity in the collected peripheral
blood samples was measured using a commercial
ELISA assay kit (Thermo Fisher Scientific, Waltham,

MA) in accordance with the specific assay protocol
provided by the assay kit manufacturer.

Statistical analysis

Data analysis was carried out using SPSS 19.0
software (SPSS, Chicago, IL). The Kaplan-Meier meth-
od was used to compare the prostate-specific anti-
gen (PSA)-progression-free survival of patients in the
4 groups. Comparisons between 2 groups was done
by using Student’s ¢ tests. The results are presented
as mean + standard deviation. One-way ANOVA was
used to compare multiple groups. A p value of < 0.05
was deemed statistically significant.

Results

Patients with rs165599-AA + rs4680-Val/
Val genotypes had the highest
PSA-progression-free survival

In this work, we recruited 224 prostate cancer
patients and partitioned them into 4 groups ac-
cording to their genotypes at rs165599 and rs4680
SNP. The information of participants including
their age, tumour status, and Gleason score was
collected and is shown in Table I. ANOVA was uti-
lized to perform the statistical comparison among
the above 4 groups, and the results revealed that
there is no obvious difference in all characters
among the groups. The Kaplan-Meier method was
used to compare the PSA-progression-free surviv-
al of patients in the 4 groups. The PSA-progres-
sion-free survival was highest in patients carrying
the rs165599-AA + rs4680-Val/Val genotype, and
it was lowest in patients carrying the rs165599-
(GG+GA) + rs4680- (Val/Met + Met/Met) genotype.
The PSA-progression-free survival of patients car-
rying the rs165599-AA + rs4680- (Val/Met + Met/
Met) and rs165599- (GG+GA) + rs4680-Val/Val
genotypes was moderate (Figure 1).

Table 1. Basic information of participants grouped according to their genotypes

Character- Rs165599-AA + Rs165599-AA + Rs165599- (GG+GA) + Rs165599-(GG+GA) + P value
istics Rs4680-Val/Val  Rs4680- (Val/Met + Rs4680-Val/Val Rs4680- (Val/Met +
(N =62) Met/Met) (N = 55) (N = 58) Met/Met) (N = 49)

Age [years] 73.4 5.4 70.6 £5.6 74.0 £5.8 71.2 5.1 0.772
Tumour 0.632
status

T1 1(1.6) 1(1.8) 2 (3.4) 1(2.0)

T2 10 (16.1) 11 (20.0) 8 (13.8) 8 (16.3)

T3 33 (53.2) 28 (50.9) 30 (51.7) 28 (57.1)

T4 18 (29.1) 15 (27.3) 18 (31.1) 12 (24.6)
Gleason 0.717
score

2-7 32 (51.6 30 (54.5) 30 (51.7 22 (44.9)

8-10 30 (48.4 25 (45.5) 28 (48.3) 27 (55.1)
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The expression of COMT in tissue samples
and peripheral blood was remarkably
elevated in patients carrying the
rs165599-AA + rs4680-Val/Val genotype

We performed immunohistochemistry to eval-
uate COMT expression in various samples. The ex-
pression of COMT was significantly higher in tis-
sue samples collected from patients carrying the
rs165599-AA + rs4680-Val/Val genotype, and it
was remarkably lower in tissue samples collected
from patients carrying the rs165599-(GG+GA) +
rs4680- (Val/Met + Met/Met) genotype (Figure 2).
Moreover, we carried out gPCR and ELISA to anal-
yse the expression of COMT in tissue samples and
peripheral blood. The expression of COMT mRNA
in tissue samples (Figure 3 A) and peripheral blood
(Figure 3 B) was in good agreement with that re-
vealed by IHC analysis.

MiR-138 inhibited the expression of COMT
carrying the rs165599-G genotype by
binding to the 3’ UTR of COMT

No obvious difference was observed for the ex-
pression of miR-138 in either tissue samples (Fig-
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Figure 1. The PSA-progression-free survival was
significantly higher in patients carrying the rs165599-
AA + rs4680-Val/Val genotype and lower in patients
carrying the rs165599-(GG+GA) + rs4680- (Val/Met +
Met/Met) genotype

ure 4 A) or peripheral blood (Figure 4 B). Sequence
analysis showed that miR-138 could potentially
bind to the 3’ UTR of COMT (Figure 5 A). In or-
der to examine whether rs165599 polymorphisms
affect the expression of COMT, luciferase vectors
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Figure 3. The expression and activity of COMT were increased in patients carrying the rs165599-AA + rs4680-Val/
Val genotype and decreased in patients carrying the rs165599-(GG+GA) + rs4680- (Val/Met + Met/Met) genotype.
A — QPCR analysis showed that the expression of COMT mRNA was increased in the tissue samples collected from
patients carrying the rs165599-AA + rs4680-Val/Val genotype and decreased in the tissue samples collected from
patients carrying the rs165599-(GG+GA) + rs4680- (Val/Met + Met/Met) genotype. B — ELISA analysis showed that
the activity of COMT was increased in the serum collected from patients carrying the rs165599-AA + rs4680-Val/
Val genotype and decreased in the serum collected from patients carrying the rs165599-(GG+GA) + rs4680- (Val/
Met + Met/Met) genotype
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Figure 4. No obvious difference was observed for the expression of miR-138 in the tissue samples and serum
collected from patients carrying different genotypes. A — No apparent difference was observed for the expression
of miR-138 in the tissue samples collected from patients carrying different genotypes. B — No apparent difference
was observed for the expression of miR-138 in the serum collected from patients carrying different genotypes

carrying COMT-G and COMT-A were established
and transfected into PC3 cells along with miR-138
mimics. The luciferase activity of COMT-G vector
was significantly suppressed by miR-138 mimics,
whereas no apparent suppression was observed
for COMT-A vector (Figure 5 B).

MiR-138 precursors effectively suppressed
the expression of COMT in primary prostate
cancer cells carrying the GG genotype

To further explore the regulatory network of
rs165599 polymorphisms, miR-138 and COMT, we
cultured primary prostate cancer cells carrying the
GG and AA genotypes, and then transfected them
with COMT siRNA and miR-138 precursors, re-
spectively. The dramatically elevated expression of
miR-138 in primary prostate cancer cells carrying
the GG (Figure 6 A) and AA (Figure 7 A) genotypes

indicated successful transfection of miR-138 pre-
cursors. QPCR and Western blot analysis showed
that the expression of COMT mRNA (Figure 6 B)
and protein (Figure 6 C) was notably decreased in
primary prostate cancer cells carrying the GG gen-
otype after transfection with miR-138 precursors.
The inhibitory effect of miR-138 precursors on the
expression of COMT in primary prostate cancer
cells carrying the GG genotype was even strong-
er than that of COMT siRNA. In addition, the ex-
pression of COMT mRNA (Figure 7 B) and protein
(Figure 7 C) was decreased to a lesser extent in
primary prostate cancer cells carrying the AA gen-
otype after transfection with miR-138 precursors.

Discussion

The findings of this study support our hypoth-
esis that the genotypes of rs165599 and rs4680

hsa-miR-138/rs165599(A) 1.5
miR-138 3’ GCCGG-----ACUAAGUGUU G-U GGUCGA 5
T[] z
COM_A 5" AGCCCCAUGGGG--ACGACUGCCAGCC 3 %
hsa-miR-138/rs165599(G) s 1.0
miR-138 3’ GCCGGACUAAGUGU UGU--------- GGUCGA 5’ §
[[11]] |11 2
=)
5’ CCGGCCUGGGAAACGAAGAGGAGUCAGC 3’ e
£ 051
s
K]
o
0-
Luc-COMT-G -
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miR-138 mimics

+
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+ 10+

|
L+ o+
+ 0+
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Figure 5. The luciferase activity of COMT-G was inhibited by miR-138. A — Sequence analysis showed that miR-138
could potentially bind to COMT carrying the G allele of rs165599 SNP. B — The luciferase activity of COMT-G was
suppressed by miR-138 in PC3 cells (* P value < 0.05 vs. miRNA controls)
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are associated with the risk of prostate cancer
recurrence and the PSA-progression-free survival
period. In this study, we found that the PSA-pro-
gression-free rate was highest in patients carrying
the rs165599-AA + rs4680-Val/Val genotype and
lowest in patients carrying the rs165599-(GG+GA)
+ 1s4680- (Val/Met + Met/Met) genotype. In ad-
dition, the expression and activity of COMT were
significantly higher in samples collected from
patients carrying the rs165599-AA + rs4680-Val/
Val genotype, and they were remarkably lower
in samples collected from patients carrying the
rs165599-(GG+GA) + rs4680- (Val/Met + Met/
Met) genotype.

Yu et al found that miR-138-5p displayed
a suppressive impact on the growth of PC, sup-
pressing the formation of tumours [30]. Tian et al.
showed that miR-138-5p inhibited autography
and PC growth, suggesting that miR-138-5p could
function as a vital factor in PC [25, 32]. One SNP
rs165599, demonstrated the highest correlation
with mental illness [33]. While SNP rs165599 is
actually located downstream of the site of COMT
polyadenylation and hence cannot be found in
a lot of EST sequences recorded in the GenBank
database, this SNP could be amplified from brain
cDNA free of genomic contamination, which con-
firms that SNP rs165599 is actually expressed in
the brain [34]. As a result, the site of COMT with
additional 3 polyadenylation should also be pres-
ent in the human brain. When SNP rs165599 was
utilized as an expression tag for COMT transcripts
containing the 3 sequence, notable variations
were seen in allelic expression, indicating that the
SNP is actually linked to larger modifications in
the transcripts containing the 3’ UTR. In this study,
we carried out luciferase assays to explore the
effect of rs165599 polymorphisms on the expres-
sion of COMT. The luciferase activity of COMT-G
vector was remarkably suppressed by miR-138
mimics. Furthermore, we cultured primary pros-
tate cancer cells carrying GG and AA genotypes to
explore the effect of miR-138 precursors on the
expression of COMT. MiR-138 precursors showed
a stronger effect on suppressing the expression
of COMT mRNA and protein than COMT siRNA
in primary prostate cancer cells carrying the GG
genotype, but not in primary prostate cancer cells
carrying the AA genotype.

However, there are limitations to our study.
The number of patients included in our study for
genetic analysis was too small to be convincible
and supportive. Also, the genetic analysis was not
comprehensive. In our future study, it will be nec-
essary to include a more comprehensive genetic
analysis.

In conclusions, the findings of this study
demonstrate that the carriers of the AA genotype
of rs165599 and Val/Val genotype of rs4680 SNPs

showed an increased risk of prostate cancer recur-
rence and shorter PSA-progression-free survival
period, both of which indicated a worse progno-
sis. Therefore, these 2 polymorphisms may jointly
function as a novel biomarker for the prognosis of
prostate cancer recurrence.
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