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Association of an miR-502-binding site polymorphism in the
3'-untranslated region of SETS8 with colorectal cancer
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Abstract. The histone methyltransferase SETS is regulated
by microRNA-502 through the binding site in its 3'-untrans-
lated region, and the rs16917496 polymorphism at the
miR-502-binding site in the SET8 gene has been implicated
in a number of cancer types. The rs16917496 polymorphism
including CC, CT and TT genotypes was analyzed in patients
with colorectal cancer; the CC genotype was identified to be
independently associated with longer post-operative survival
times using multivariate analysis (relative risk, 2.406; 95%
confidence interval, 1.017-5.691; P=0.046). In addition,
decreased SETS expression was associated with the SET8 CC
genotype and longer survival times for patients with colorectal
cancer. The results of the present study indicated that miR-502
mediates SETS8 expression at least partly by altering the
binding affinity between miR-502 and SETS so as to modify
the colorectal cancer outcome. The results indicate that SET8
may be a novel target for colorectal cancer therapy.

Introduction

Colorectal cancer (CRC) is responsible for ~7x10° mortali-
ties annually, which makes it the fourth leading cause of
cancer-associated mortality for men and women worldwide (1).
Its incidence has increased significantly in the majority of
developing countries (2). Sporadic CRC, which usually pres-
ents as an isolated colonic or rectal lesion, is the most common
type of CRC that occurs in older individuals without any
family history of the disease. Genetic and epigenetic changes,
dietary patterns (high fat consumption) and environmental
factors are common risk factors for CRC (3,4). A number
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of genetic factors have been identified as predictors for the
prognosis of CRC; however, the precise mechanism of CRC
remains unknown (5-7).

MicroRNAs (miRNAs/miRs), RNAs with a length of
~22 nucleotides, bind to the ‘seed region’ of between 2 and
8 nucleotides at the 3' untranslated region (UTR) to regulate
targeted gene expression. The perfectly complementary base
pairing between the miRNA and its target mRNA sequence
may induce RNA silencing which results in decreased protein
expression levels (8-11). A number of single nucleotide
polymorphisms (SNPs) in the 3' UTR of targeted genes had
been identified for their association with an individual's risk
of cancer by regulating targeted gene expression (12,13).
As a histone H4 Lys?*® monomethyltransferase implicated in
normal cell cycle progression, SET8 (also known as PR-Set7
or KMTS5a) is regulated by miR-502 though the binding site
in the 3' UTR of SET8 mRNA (14-16). Inappropriate SET8
expression induces S-phase defects and increased DNA
damage; SETS also interacts directly with the DNA replica-
tion factor proliferating-cell nuclear antigen and exhibits
specific effects at origins of replication (17-20). During DNA
double-strand break responses, SET8 activation has been
identified to be essential for p53-binding protein 1 (pS3BP1)
recruitment (21). It has been identified that SET8 could
increase the metastatic capacity of breast cancer cells by
promoting epithelial-mesenchymal transition and conferring
TWIST dual transcriptional activities (22).

The SNP rs16917496 was identified previously to be
associated with risk of epithelial ovarian cancer and outcome
of hepatocellular carcinoma, small cell lung cancer and
non-Hodgkin's lymphomas (23-26). In the present study,
this SNP was genotyped in patients with CRC to assess its
association with cancer risk and outcome.

Materials and methods

Blood collection and DNA extraction. Genomic DNA was
extracted from blood samples (0.2 ml) of 109 patients with
CRC who underwent CRC resection at The Fourth Hospital of
Hebei University (Shijiazhuang, China) between March 2006
and December 2008 using a Wizard Genomic DNA extrac-
tion kit (Promega Corporation, Madison, WI, USA). Blood
samples were also collected from 142 age and gender matched
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healthy controls at the same hospital between April and
December 2008. All procedures were supervised and approved
by the Hospital's Human Tissue Research Committee. Written
informed consent was obtained from all patients enrolled in
the present study.

Polymerase chain reaction (PCR) amplification and sequence
analysis. The DNA fragments flanking rs16917496 in the
SETS 3' UTR were amplified using forward primer 5-TCA
CGACGGTGCTACCTAAG-3' and reverse primer 5'-CAT
GCTGGTGTGACACAGTC-3' designed according to the
National Center for Biotechnology Information database
(www.ncbi.nlm.nih.gov/snp) using a PCR Master mix kit
(Promega Corporation). The cycling conditions were one cycle
of denaturation at 95°C for 3 min, followed by 35 cycles of
denaturation at 95°C for 30 sec, annealing at 55°C for 30 sec,
extension at 72°C for 30 sec and fluorescence acquisition at
72°C for 3 min. Cycle sequencing was performed using a Dye
Terminator Cycle Sequencing Ready Reaction kit (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and analyzed using
an ABI Prism Genetic Analyzer 3100 instrument (Thermo
Fisher Scientific, Inc.). Polymorphisms were confirmed by
repeating the analysis on the two DNA strands.

Determination of SETS8 expression levels in CRC tissue. CRC
tissues collected from the same 109 patients, from which blood
samples were obtained, were fixed in formalin (10%) for 24 h
at room temperature immediately following resection, dehy-
drated in absolute ethanol, embedded in paraffin and serial
sections (4-ym thick). CRC tissue was immunostained using an
anti-SET8 antibody (catalog no. ab3798; Abcam, Cambridge,
UK) at a dilution of 1:100 at 4°C overnight, followed by incuba-
tion with a biotinylated secondary anti-mouse immunoglobulin
G antibody (pre-diluted; catalog no. PV600; Zhongshan, Inc.,
Guangzhou, China) at room temperature for 1 h. Following
incubation at room temperature for 5 min with horseradish
peroxidase-conjugated streptavidin, the staining of CRC tissue
was developed with 3,3-diaminobenzidine.

The stained slides were semi-quantified by two pathologists
who were blinded to the sequencing data using HScore (25).
Briefly, the percentage of positively stained CRC cells in each
of five samples was graded (0, 1+, 2+, 3+ and 4+). The HScore
was calculated as follows: HScore=(i+1)x, where i=1, 2, 3
and 4, and x varied between 0 and 100%. High expression is
defined as a score of >100 and low expression is defined as a
score of <100.

Statistical analysis. The distribution of expression grades for
each SETS8 genotype was compared using a * test. Survival
curves were created using the Kaplan-Meier method with a
log-rank test and multivariate survival analysis was performed
using a Cox proportional hazards model. Statistical analyses
were performed using the SPSS software package (version 18.0;
SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

SETS genotype is associated with CRC survival. A total of
109 patients with CRC were enrolled in the present study.
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The post-operative survival of these patients according
to their clinical characteristics was analyzed using the
Kaplan-Meier method and a log-rank test. The clinical stage
and tumor length were investigated for their association with
survival times of patients with CRC using univariate analysis
(Table I).

The SNP rs16917496 of SETS was genotyped (CC, CT
and TT) in 109 patients with CRC and 142 controls;
the 1516917496 distribution followed a Hardy-Weinberg
equilibrium, and no difference in distribution frequency
of the SETS genotype was identified between patients with
CRC and controls (data not shown). The association of SETS
genotype and post-operative survival of patients with CRC
was assessed using the Kaplan-Meier method; the 5-year
survival rate was 76.0% for patients with the CC genotype
and 51.2% for patients with the CT + TT genotypes (Fig. 1).
The patients carrying the CC genotype was associated with
a significantly longer survival time compared with that
of patients with the CT + TT genotypes (P=0.020). The
multivariate analysis with Cox proportional hazards model
was performed including all CRC survival-associated
predictors (Table II). The SETS genotype was identified
as an independent predictor for the prognosis of patients
with CRC (relative risk, 2.406; 95% confidence interval,
1.017-5.691; P=0.046).

SETS8 expression mediated by miR-502 is associ-
ated with CRC outcome. The association between the
miR-502-binding site SNP rs16917496 and SETS expression
was investigated in CRC tissues (Fig. 2). The HScore of
SET8 was calculated and the SNP rs16917496-based SET8
expression in patients with CRC is presented in Table III.
The SET8 CC genotype was associated with lower levels
of SETS expression compared with that of the TT genotype
by y? test (P<0.001). Survival analysis referring to SET8
expression was performed, the patients with low SET8
expression had a longer lifespan compared with that of
patients with high SET8 expression (5-year survival rate,
75.7 vs. 47.2%; P=0.005).

Discussion

The methyltransferase SET8 has been implicated in a number
of cancer processes (23-28). The results of the present study
indicated that the SNP rs16917496 in the miR-502-binding site
of the SETS 3' UTR was associated with the survival time of
patients with CRC. In addition, this SNP may eliminate the
binding affinity between miR-502 and SET$ so as to modulate
SETS expression, with altered SETS8 expression contributing to
the progression of CRC.

The association of the miRNA-binding site SNP with
cancer risk and outcome has been well-studied (25,29-32).
Consistent with previous studies that identified the prognostic
value of the rs16917496 on the outcome of patients with small
cell lung cancer, hepatocellular carcinoma and non-Hodgkin's
lymphomas with the CC genotype being associated with longer
survival (23-26), the results of the present study indicate that
the CC genotype tends to lead to a long lifespan in patients
with CRC. The convergence of the SETS CC genotype and low
SETS expression which was identified in patients with breast
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Table I. Univariate analysis of clinical characteristics associ-
ated with post-operative survival in patients with colorectal
cancer.

Characteristic n  5S-year survival rate, %  P-value
Sex 0.649
Male 61 55.7
Female 48 58.3
Age, years 0.664
<60 53 58.5
>60 56 554
Tumor length, cm 0.034
<6 69 63.8
>6 40 45.0
Tumor location 0.161
Right colon 57 509
Transverse colon 7 100.0
Left colon 43 58.1
Rectum 2 50.0
Clinical stage 0.001
I+11 57 71.9
HI+1vV 52 404

Table II. Multivariate analysis of prognostic factors associated
with post-operative survival in patients with colorectal cancer
with Cox hazard model.

Factor RR 95% CI P-value
1s16917496 2.406 1.017-5.691 0.046
Tumor length 1.425 0.788-2.576 0.241
Clinical stage 2.406 1.289-4.491 0.006

RR, relative risk; CI, confidence interval.

Table III. Association of SET8 expression with SET8 geno-
type.

Low High
Genotype expression expression P-value
CcC 17 8 <0.001
CT+TT 20 64

cancer and hepatocellular carcinoma was also confirmed in
CRC tissue (25,33).

SET8 methylates Lys*? of p53 to modulate p53 activity,
which is implicated in cell death and cell cycle arrest
following DNA damage; furthermore, SETS depletion could
abrogate the accumulation of 53BP1 in DNA double-strand
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Figure 1. Significant difference in survival time for patients with colorectal
cancer with the CC and CT + TT genotypes of rs16917496. Cum, cumulative.

Figure 2. SET8 expression in patients with CRC. (A) Low SETS expression
with an HScore of 40 for the SET8 CC genotype in CRC tissues. (B) High
SET8 expression with an HScore of 300 for the SET8 TT genotype in CRC
tissues. Original magnification, x400. CRC, colorectal cancer.

breaks to render cells sensitive to apoptosis (21,27). SETS
could methylate the promoters of the TWIST target genes
of breast cancer cell to promote epithelial-mesenchymal
transition and enhance the invasive potential (22). Although
SETS would be a novel therapy target for CRC treatment,
the underlying molecular mechanism of miR-502-mediated
SETS expression and whether SET8 modifies the develop-
ment of CRC via its methyltransferase requires further
investigation.
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