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Abstract 

Background: MicroRNAs (miRNAs) mediate negative regulation of target genes through base pairing, 
and aberrant miRNA expression has been described in cancers. We hypothesized that single nucleotide 
polymorphisms (SNPs) within miRNA target sites might influence clinical outcomes in patients with 
colorectal cancer.  
Methods: Sixteen common SNPs within miRNA target sites were identified, and the association 
between these SNPs and overall survival was assessed in colorectal cancer patients using Kaplan-Meier 
analysis, Cox regression model, and survival tree analysis.  
Results: Survival tree analysis identified a higher-order genetic interaction profile consisting of the 
RPS6KB1 rs1051424 and ZNF839 rs11704 that was significantly associated with overall survival. The 
5-year survival rates were 74.6%, 62.7%, and 57.1% for the low-, medium-, and high-risk genetic profiles, 
respectively (P = 0.006). The genetic interaction profile remained significant even after adjusting for 
potential risk factors. Additional in silico analysis provided evidence that rs1051424 and rs11704 affect 
RPS6KB1 and ZNF839 expressions, which in turn is significantly correlated with prognosis in colorectal 
cancer.  
Conclusion: Our results suggest that the genetic interaction profiles among SNPs within miRNA 
target sites might be prognostic markers for colorectal cancer survival. 
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Introduction 
Colorectal cancer is the most commonly 

diagnosed cancer in Taiwan and the third most 
common cancer worldwide [1]. Despite considerable 
progress in the early detection and treatment of 
colorectal cancer, the overall 5-year survival rate 
remains below 65% [2]. Therefore, identification of 
novel prognostic biomarkers is essential for the 
development of personalized therapeutic strategy that 
can help improve colorectal cancer survival. 

MicroRNAs (miRNAs) are a class of diverse, 
small non-coding RNAs, approximately 25 
nucleotides in length, which regulate gene expression 
by binding complementary sequences of target 
mRNAs in the 3'-untranslated region (3'-UTR), 
leading to mRNA cleavage or translation repression 
[3]. Aberrant expression of miRNAs has been 
described across a range of cancers including 
colorectal cancer [4]. Furthermore, several miRNAs 
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have been proposed as prognostic biomarkers for 
colorectal cancer [5]. Single nucleotide 
polymorphisms (SNPs) situated in the 3'-UTR of 
miRNA target genes may affect miRNA-mRNA 
interaction and the subsequent target gene expression. 
While several studies have reported the association 
between miRNA SNPs and cancer risks [6, 7], only a 
few have investigated the relationship of these SNPs 
to the clinical outcomes of cancers. Therefore, this 
study sought to evaluate the prognostic significance 
of 16 common SNPs inside miRNA target sites on 
colorectal cancer survival.  

Patients and Methods 
Patient recruitment and data collection 

A total of 188 newly diagnosed, histologically 
confirmed colorectal cancer patients were enrolled at 
China Medical University Hospital, Taiwan between 
2001 and 2007. Patients’ clinical and follow-up data 
were collected from medical records. Overall survival 
was defined as the interval from diagnosis to death 
from any cause. This study was approved by the 
Institutional Review Board of China Medical 
University Hospital. All participants provided written 
informed consent, and the study was carried out in 
accordance with approved guidelines. 

SNP selection and genotyping 
We identified SNPs within miRNA target sites 

by intersection HapMap SNPs CHB (Han Chinese in 
Beijing, China) table with TS (TargetScan) miRNA 
sites table [8] from the UCSC table browser 
(NCBI36/hg18) [9]. SNPs with a minor allele 
frequency less than 0.3 in HapMap CHB population 
were excluded. We initially selected 18 SNPs in 
miRNA target sites for analysis. Genomic DNA was 
extracted from peripheral blood using the QIAamp 
DNA Blood Mini Kit (Qiagen, Valencia, CA, USA) 
and stored at -80°C until the time of study. 
Genotyping was performed at the National Center for 
Genome Medicine, Taiwan, using the Agena 
Bioscience iPLEX matrix-assisted laser 
desorption/ionization time-of-flight 
mass-spectrometry technology, as described 
previously [10]. The average genotype call rate for 
these SNPs was 97.1%. SNPs that did not conform to 
Hardy-Weinberg equilibrium (P < 0.001) was 
removed (N = 2). Thus, a total of 16 SNPs were 
included for further statistical analyses. 

Statistical analysis 
Patient clinicopathologic characteristics were 

summarized as number and percentage of patients or 
median and interquartile range (IQR) of values. The 
associations of individual SNPs and clinicopathologic 

characteristics with overall survival were assessed 
using log-rank tests. Higher order SNP-SNP 
interactions were evaluated using survival tree 
analysis by STREE software (http://c2s2.yale.edu/ 
software/stree/), which uses recursive partitioning to 
identify subgroups of individuals with similar risk 
[11]. Patients were categorized into low-, medium-, 
and high-risk groups based on the survival tree 
analysis. Multivariate Cox regression was carried out 
to determine the interdependency of genetic 
interactions and other known prognostic factors such 
as carcinoembryonic antigen (CEA) levels, tumor 
stage, lymphovascular invasion, perineural invasion, 
and lymph node involvement [12-14]. The Statistical 
Package for the Social Sciences software version 22.0.0 
(IBM, Armonk, NY) was used for other statistical 
analyses. A two-sided P value of < 0.05 was 
considered statistically significant.  

Bioinformatics analysis 
 Genotype-Tissue Expression (GTEx) data were 

used to identify the correlation between SNPs and 
gene expression levels [15]. The publicly available 
SurvExpress database [16] and The Cancer Genome 
Atlas (TCGA) dataset for colorectal adenocarcinoma 
[17] were utilized in order to analyze RPS6KB1 and 
ZNF839 gene expressions and clinical outcomes. 

Results 
The clinical characteristics and their associations 

with overall survival in 188 colorectal cancer patients 
are shown in Table 1. During the median follow-up of 
60.1 months, 61 patients died and the 5-year overall 
survival rate was 69.3%. Higher CEA levels, tumor 
stage, positive lymphovascular invasion, perineural 
invasion, and lymph node involvement were 
significantly associated with lower survival rate (P ≤ 
0.005). 

We first assessed the associations between 16 
miRNA target site SNPs and overall survival using 
the log-rank test (Table S1). None of the tested SNPs 
were associated with overall survival in colorectal 
cancer, while only a marginal association was 
observed for RPS6KB1 rs1051424 (P = 0.075). 
Therefore, we further investigated whether higher 
order SNP-SNP interactions among these miRNA 
target site SNPs could affect colorectal cancer 
survival. Survival tree analysis identified a higher 
order genetic interaction between RPS6KB1 rs1051424 
and ZNF839 rs11704, and the final tree structure 
identified 3 terminal nodes with low-, medium-, and 
high-risk of mortality (Figure 1A). The overall 
survival decreased in accordance with an increase in 
risk classification by miRNA target site SNPs 
(log-rank P = 0.006, Table 2 and Figure 1B). When 
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using low-risk node 4 as the reference group (major 
allele carriers of RPS6KB1 rs1051424 and ZNF839 
rs11704), the hazard ratio (HR) was 2.03 [95% 
confidence interval (CI), 1.14-3.62; Table 2] for 
medium-risk node 3, and 2.14 (95% CI, 1.09-4.19) for 
high-risk node 1 (P for trend = 0.007).  

To evaluate the predictive abilities of the genetic 
interaction profile beyond the clinical characteristics 
to influence overall survival, we performed a 
multivariate analysis, adjusting for CEA levels, tumor 
stage, lymphovascular invasion, perineural invasion, 
and lymph node involvement. After adjusting for 
these predictors, the genetic interaction profile 
remained significant (P for trend = 0.009; Table 2). 
These data suggest that the genetic interaction profile 
among miRNA target site SNPs might be an 
independent predictor for colorectal cancer survival. 

SNPs located in miRNA target sites might affect 
miRNA binding, the expression of their host genes, 
and subsequent disease progression. We used the 
GTEx database to investigate whether rs1051424 and 
rs11704 were associated with the expressions of 
RPS6KB1 and ZNF839, respectively. Individuals 
carrying a genotype with the variant G at rs1051424 
showed a trend of increased expression of RPS6KB1, 
and individuals carrying a genotype with the variant 
C at rs11704 also showed a trend of increased 
expression of ZNF839, compared with those with the 
wild-type homozygous genotypes (P < 0.001, Figure 
2A). We further evaluated the prognostic value of 
RPS6KB1 and ZNF839 expression in colorectal cancer 
survival using the publicly available TCGA dataset. 
The risk score for each patient was derived from 
RPS6KB1 and ZNF839 gene expression and their Cox 
regression coefficients, and was used to divide 
patients into low-, medium-, or high-risk groups 
using an optimization algorithm for the minimum P 
value. There was a significant decrease in patient 
survival with increasing risk score (log-rank P < 0.001, 

Figure 2B). These data suggest that the RPS6KB1 and 
ZNF839 gene expression signature might be able to 
predict the prognosis of patients with colorectal 
cancer. 

Table 1. Demographic and clinical characteristics of colorectal 
cancer patients. 

Characteristics Overall survival 
N (%)* N of 

deaths* 
5-year survival 
rate, % 

P† 

All patients 188 61 69.3  
Age, years     
    Median (IQR) 65 (54-73)    
    <65 90 (47.9) 30 67.6 0.823 
    ≥65 98 (52.1) 31 70.9  
Gender     
    Male 97 (51.6) 37 63.4 0.092 
    Female 91 (48.4) 24 75.6  
CEA, μg/L     
    Median (IQR) 4.6 (1.8-14.4)   
    <5 89 (51.4) 13 86.4 <0.001 
    ≥5 84 (48.6) 40 53.9  
Differentiation     
    Well 39 (22.0) 10 74.0 0.147 
    Moderate 117 (66.1) 38 69.6  
    Poor 21 (11.9) 10 52.4  
Stage‡     
    I-III 152 (81.3) 36 78.2 <0.001 
    IV 35 (18.7) 25 29.8  
Lymphovascular invasion     
    Negative 136 (72.3) 32 78.3 <0.001 
    Positive 52 (27.7) 29 45.6  
Perineural invasion     
    Negative 161 (85.6) 44 74.1 <0.001 
    Positive 27 (14.4) 17 40.1  
Lymph node involvement     
    Negative 98 (54.4) 23 78.8 0.005 
    Positive 82 (45.6) 35 58.5  
Abbreviations: CEA, carcinoembryonic antigen; IQR, interquartile range. 
*Column subtotals do not sum to N of patients and N of deaths due to missing data. 
†P values were calculated using the log-rank test. 
‡According to the American Joint Committee on Cancer - Cancer Staging Manual 
(version 6.0). 
P < 0.05 are in boldface. 

 

 
 

Figure 1. Potential 
higher order SNP-SNP 
interactions among 
miRNA target site 
polymorphisms in 
colorectal cancer. (A) 
Survival tree analysis 
revealed the interactions 
between miRNA target 
site SNPs, RPS6KB1 
rs1051424, and ZNF839 
rs11704. (B) Kaplan-Meier 
curves of overall survival 
based on the survival tree 
analysis. Numbers in 
parentheses indicate the 
number of patients. 
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Table 2. Cox proportional hazards analysis of genetic interactions among miRNA target site SNPs with overall survival. 

Groups N (%) N of deaths 5-year survival rate, % P Univariate analysis Multivariate analysis* 
HR (95% CI) P HR (95% CI) P 

Low risk 117 (62.2) 30 74.6 0.006 1.00  1.00  
Medium risk 43 (22.9) 19 62.7  2.03 (1.14-3.62) 0.016 1.89 (0.99-3.59) 0.053 
High risk 28 (14.9) 12 57.1  2.14 (1.09-4.19) 0.026 2.57 (1.15-5.73) 0.021 
Trend     1.53 (1.12-2.08) 0.007 1.65 (1.13-2.40) 0.009 
Abbreviations: CEA, carcinoembryonic antigen; HR, hazard ratio; CI, confidence interval. 
*CEA levels, tumor stage, lymphovascular invasion, perineural invasion, lymph node involvement, and genetic risk classification by miRNA target site SNPs† were 
included in the multivariate analysis. 
†miRNA target site SNPs refer to RPS6KB1 rs1051424 and ZNF839 rs11704. 
P < 0.05 are in boldface. 

 

 

 
Figure 2. Functional analyses of RPS6KB1 rs1051424 and ZNF839 rs11704. (A) Correlation of rs1051424 genotypes with RPS6KB1 expression (left) and 
rs11704 genotypes with ZNF839 expression (right) (GTEx dataset). Numbers in parentheses indicate the number of cases. (B) The prognostic value of RPS6KB1 and 
ZNF839 expression in colorectal cancer. Kaplan-Meier curves of overall survival based on the risk score generating from RPS6KB1 and ZNF839 gene expression in 
TCGA dataset. Numbers in parentheses indicate the number of patients. 

 

Discussion 
Taking advantage of our study designs of 

miRNA target sites and genome-wide approaches, we 
have identified a higher-order genetic interaction 
profile consisting of RPS6KB1 rs1051424 and ZNF839 
rs11704 that was associated with overall survival in 
colorectal cancer patients. We further confirmed 
functional relevance of these SNPs/genes by 
assessing their correlation with patients’ prognosis in 
publicly available datasets. 

The SNPs rs1051424 and rs11704 are located in 
putative miRNA target sites within the 3'-UTR of 
RPS6KB1 and ZNF839, respectively. RPS6KB1, 
ribosomal protein S6 kinase B1, is a member of the 
ribosomal S6 kinase family of serine/threonine 
kinases regulated by phosphatidylinositol 3-kinase 
(PI3K)/Akt/mammalian target of rapamycin (mTOR) 
pathway. Activated RPS6KB1 phosphorylates 
ribosomal protein S6 leading to an increase in protein 
synthesis, cell growth/size, and cell survival [18]. It 
has been shown that RPS6KB1 on chromosome 17q23 
is frequently amplified and overexpressed in certain 
cancers, particularly breast cancer, and this 
phenotype correlates with poor prognosis [19]. 
Moreover, previous studies have demonstrated that 

Akt, mTOR, and RPS6KB1 are significantly activated 
in colorectal cancer tumors [20, 21]. The function of 
the ZNF839, zinc finger protein 839, is not well 
characterized, but it has been identified as a renal-cell 
carcinoma antigen involving in the humoral immune 
response to cancer [22]. Bioinformatic analysis using 
SNPinfo [23] revealed that rs1051424 A to G and 
rs11704 G to C transitions lost binding sites for 
multiple miRNAs. These transitions would be 
expected to result in higher expressions of RPS6KB1 
and ZNF839, which is consistent with the results of 
our expression quantitative trait loci analysis, that 
individuals carrying rs1051424 G and rs11704 C 
alleles had increased expressions of RPS6KB1 and 
ZNF839 (Figure 2A). In addition, the risk score 
derived from RPS6KB1 and ZNF839 gene expression 
correlated significantly with overall survival in TCGA 
colorectal adenocarcinoma dataset (Figure 2B). 
Together, the effect of these SNPs on colorectal cancer 
survival might be a result of their influence on the 
expressions of RPS6KB1 and ZNF839, altering 
PI3K/Akt/mTOR signaling and host immunity. 

In summary, this study systematically evaluated 
common SNPs within miRNA target sites in relation 
to the survival of colorectal cancer patients. A 
higher-order genetic interaction profile among SNPs 
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in miRNA target sites was identified as a prognostic 
predictor for colorectal cancer, even after adjusting for 
other clinical factors. However, this study is limited 
by its relatively small sample size and the use of 
multiple comparisons. Moreover, our findings might 
be less applicable to other ethnic groups due to our 
homogeneous Taiwanese study population. Further 
investigations of the biological relevance of these 
SNPs/genes with larger populations are needed to 
validate our findings. 

Supplementary Material  
Table S1.  http://www.medsci.org/v14p0053s1.pdf 
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