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Abstract: Prognosis of chemo-response of patients with colorectal cancer (CRC) is generally poor because of the 
lack of simple, convenient, and noninvasive tools for CRC detection at the early stage. The discovery of microRNAs 
(miRNAs) and their different expression profiles among different kinds of patients has opened a new avenue for 
tumor prediction. The aim of our study is to identify serum miRNA expression in CRC patients with different respond-
ing status to FOLFOX treatment and explore their roles in the diagnosis and prognosis of CRC. Genome-wide miRNA 
analysis by Miseq sequencing followed by two phases of reverse transcription quantitative real-time PCR (RT-qPCR) 
assays were performed on serum from 164 CRC patients showing response and 164 showing no response to 
FOLFOX (oxaliplatin combining 5-fluorouracil and leucovorin) treatment. Our date showed that miR-203, miR-155, 
miR-218 and miR-34 were differently expressed between responding and non-responding CRC patients. Moreover, 
the receiver operating characteristic (ROC) curve analysis showed that the corresponding area under the curves 
(AUCs) of miR-203, miR-155, miR-218 and miR-34 were 0.796, 0.715, 0.709, and 0.698, respectively. In addition, 
low serum miR-203 expression was associated with poor response to FOLFOX treatment. Kaplan-Meier analysis 
showed that patients with CRC with low miR-203 level had worse recurrence-free survival. In multivariate Cox re-
gression analysis, miR-203 was independently associated with tumor recurrence of CRC patients receiving FOLFOX 
treatment. Our systematic approach demonstrated that serum miR-203 can be used as a noninvasive biomarker for 
the diagnosis and prognosis of chemo-response in CRC.
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Introduction

Colorectal cancer (CRC) is one of the most fre-
quent cancers, and the second leading cause 
of cancer-related mortality worldwide [1]. Sur- 
vival rates of patients with CRC have increased 
in the past few years, possibly as a result of 
earlier diagnosis and improved treatment regi-
mens; nonetheless, approximately 30%-50% of 
patients who undergo curative resection subse-
quently experience local and systemic recur-
rence [2]. Currently, standard FOLFOX (oxalip- 
latin combining 5-fluorouracil and leucovorin) 
chemotherapy after surgery resection is one of 
the most frequently used therapeutic strate-
gies [3]. However, large proportion of patients 
receiving chemotherapy finally becomes che-
mo-resistant, and this has been a key barrier to 
the efficacy of CRC treatment [4]. Thus, finding 

new therapeutic and prognostic targets will be 
indispensable for developing effective therapy 
for CRC patients.

MicroRNAs (miRNAs) are a class of short, en- 
dogenous, single-stranded RNAs that regulate 
gene expression. They are increasingly recog-
nized to be key regulators of gene function in 
several biological systems, including cancer [5, 
6]. Altered expression of miRNAs is observed  
in CRC and some of these miRNAs (e.g., miR-
429, miR-218, miR-203) have prognostic rele-
vance [7-9]. These suggest that deregulation of 
miRNA may play vital roles in the carcinogene-
sis of CRC. Moreover, miRNAs sometime exert 
as a role of oncogenes or tumor suppres- 
sor genes through affecting the response to 
various therapeutic regimens. In recent years, 
studies have highlighted the association be- 
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tween miRNAs and response to some tumors 
[10]. These suggest that miRNA can act as 
important regulators during chemoresistance 
among different cancers.

Early detection and removal of cancerous or 
precancerous lesions is thought to be of critical 
importance for reducing the incidence and 
improve the prognosis of CRC [11]. The devel-

quencing followed by two phases of reverse 
transcription quantitative real-time PCR (RT- 
qPCR) assays to test the hypothesis that spe-
cific miRNAs exist in serum and can be useful  
in predicting chemo-response with the hope 
that such findings may guide therapeutic 
choice. Our systematic approach demonstrated 
that serum miR-203 was significantly down-
regulated in non-responding patients and may 

Figure 1. Serum samples pooled from four patient showing response and 
four patients showing no response to FOLFOX treatment were subjected to 
Miseq sequencing to identify miRNAs that were significantly differentially 
expressed. Among the 237 serum miRNAs that were scanned by Miseq 
sequencing (≥1 copy), 61 miRNAs were detectable (≥10 copies) in both re-
sponding and non-responding patients.

opment of noninvasive and 
convenient method which can 
complement and improve on 
current CRC screening strate-
gies has become a major ch- 
allenge. Despite of high con-
centration of ribonucleases  
in peripheral blood, studies 
indicated that it is feasible  
to detect circulating RNA in 
serum of tumor patients [12]. 
At present, more and more 
researchers focus on circu- 
lating biomarkers, and a spe-
cific marker is urgently need-
ed for increasing the early 
detection rate and decrea- 
sing the mortality rate in CRC 
[13]. On the other hand, pre-
dictive biomarkers are bet- 
ter blood-based, as blood is 
easily available and provides 
the chance to monitor che- 
motherapy response. Thus, it 
is important to identify cell-
free markers that predict  
a patient’s responsiveness  
to chemotherapy, which may 
allow for the development of 
targeted therapies for over-
coming chemoresistance. The 
previous studies have shown 
that miRNAs exist stably in 
human serum and have po- 
tential role in the diagnosis 
and prognosis of various can-
cers, such as breast cancer, 
prostate cancer, gastric can-
cer [14-16]. However, unique 
serum miRNA that could pre-
dict tumor response to FOL- 
FOX treatment of CRC have 
not been identified.

In current study, we conduct-
ed high-throughput Miseq se- 
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prove useful as serum biomarker for early diag-
nosis prognosis of CRC. In addition, the correla-
tion between the miR-203 and the CRC recur-
rence was further assessed.

Materials and methods

Patients and samples

A multiphase, case-control study was design- 
ed to identify serum miRNAs as potential bio-
markers for differentiating chemo-response to 
standard FOLFOX therapy in CRC. Tumor re- 
sponse status was evaluated according to the 
Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.0 criteria and was assigned 
to patients with complete or partial response 
(CR and PR, respectively) and stable or progres-
sive disease (SD and PD, respectively) in tumor 
measurements confirmed by repeat studies 
performed no less than four weeks after the cri-
teria for response was first met. Briefly, 328 
patients diagnosed with CRC but without other 
diseases were recruited from Zhejiang Provin- 
cial People’s hospital between January 2009 
and February 2012. Among the 324 patients, 
there are 164 patients showing response (CR 
and PR) to FOLFOX treatment while the other 
164 patients showing no response (SD and 
PD). All these participants were allocated to 
three phases. In the discovery phase, serum 
samples pooled from four patient showing re- 

sponse and four patients showing no response 
were subjected to Miseq sequencing to identify 
miRNAs that were significantly differentially 
expressed. In the training phase, the candidate 
miRNAs were tested with RT-qPCR in an inde-
pendent cohort from 70 CRC patients respond-
ing to FOLFOX treatment and 70 patients show-
ing no response to treatment. In the validation 
phase, serum samples from another cohort of 
90 CRC patients with response and 90 patients 
without response to FOLFOX treatment were 
entered into the study to further investigate the 
diagnostic and prognostic accuracy of the can-
didate miRNAs for chemo-response in CRC. All 
the patients were pathologically confirmed and 
the clinical samples were collected before che-
motherapy was started. They were classified 
according to the WHO criteria and staged 
according to the tumor-node-metastasis (TNM) 
classification. Overall survival (OS) was updat-
ed on 1 February 2012 and was defined as the 
time from inclusion to death for any reason. 
Recurrence free survival (RFS) was defined as 
the time from inclusion to recurrence or metas-
tasis progression. Written informed consent 
was obtained from all patients according to 
local ethical regulations of the Ethics Committee 
of the Zhejiang Provincial People’s Hospital.

Miseq sequencing

For Miseq sequencing, equal volumes of serum 
from four patients showing chemo-response, 
four patients showing no response with similar 
age and sex distributions were pooled, respec-
tively. Total RNA was extracted and purified 
using miRNeasy Mini Kit (Qiagen, Valencia, CA, 
USA) following the protocol provided by the 
manufacturer. Briefly, a pair of adaptors was 
ligated sequentially to the 3’ and 5’ ends of 
miRNA, and the ligated miRNA molecules were 
amplified by RT-qPCR to construct a cDNA 
library. Quality of the library was measured  
by the KAPA RT-qPCR kit and cDNAs with con-
centrations of higher than 1 nM and no dim- 
mer contamination were used directly for se- 
quencing analysis (Miseq sequencer, Illumina, 
San Diego, CA, USA). The final reads of miRNA 
were identified by normalization with the total 
reads of all called miRNAs in the sample. Bio- 
informatics analysis was conducted by sear- 
ching against the miRBase 17.0 to determine 
known mature miRNAs.

Table 1. Candidate altered miRNAs in serum 
of responding group and nonresponding 
group determined by Miseq sequencing
Deregulated 
miRNAs

Fold change  
(NR vs. R)

P value  
(NR vs. R)

has-miR-155 4.67 <0.05
has-miR-34 3.49 <0.05
has-miR-21 3.28 <0.05
has-let-7g 2.15 <0.05
has-miR-203 0.23 <0.05
has-miR-16 0.42 <0.05
has-miR-135b 2.08 <0.05
has-miR-218 0.33 <0.05
has-miR-205 0.31 <0.05
has-miR-31 0.46 <0.05
has-miR-211 2.26 <0.05
has-miR-206 4.37 <0.05
has-miR-200a-3p 2.41 <0.05
NR: Non-response; R: Response.
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RNA extraction 

Total RNA was isolated from serum samples 
from patients with CRC with or without chemo-
response to FOLFOX treatment by using Trizol 
and acid phenol according to the manufactur-
er’s instructions. The extracted total RNA was 
eluted in 20 μl nuclease-free water and the 
RNA concentration was measured by Nanodrop 
2000 (Thermo Fisher Scientific, Wilmington, 
DE, USA). The samples with A260 nm/A280 nm 
ratios between 1.8 and 2.0 were used for fur-
ther experiments.

Quantitative real-time PCR (RT-qPCR)

For serum miRNA detection, we treated the 
total RNA with a reverse transcription kit 
(Bioteck, Beijing, China) according to the proto-
col to obtain cDNA and then RT-qPCR was per-
formed by using 7500 RealTime PCR system 
(Applied Biosystems). The 2-ΔΔCt method was 

used to determine the relative quantification of 
gene expression levels and U6 was used as a 
housekeeping gene. All reactions were per-
formed in triplicate.

Statistical analysis 

Statistical analyses were performed with Gra- 
phPad Prism 5.0 (GraphPad Software, La Jolla, 
California, USA). The differences between two 
groups were analyzed by the Mann-Whitney 
U-test. Receiver operating characteristic (ROC) 
curves were established to discriminate the 
patients with response from non-response. 
Area under the receiver operating characteris-
tic curve (AUC) was employed as an accura- 
cy index for evaluating the diagnostic perfor-
mance of the selected miRNA. A log-rank test 
was used to analyze the statistical differences 
in survival as deduced from Kaplan-Meier cur- 
ves. Cox proportional-hazard regression analy-
sis was performed to calculate HR and 95% CI 

Figure 2. Concentrations of four miRNAs in CRC patients showing response (n=70) and showing non-response 
(n=70) using RT-qPCR assay in training set (A-D). *, P<0.01.
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for each covariable. All differences were regard-
ed as statistically significant when P<0.05.

Results

High-throughput sequencing of serum miRNAs 
from CRC patients responding or non-respond-
ing to FOLFOX treatment

To identify novel serum miRNAs involved in 
response to FOLFOX therapy, we determined 
the miRNA expression profile in 4 CRC patients 
showing response (CR and PR) and 4 showing 
non-response (SD and PD) to FOLFOX treat-
ment through small RNA deep sequencing. 
Among the 237 serum miRNAs that were 
scanned by Miseq sequencing (≥1 copy), 92 
and 108 miRNAs were detectable (≥10 copies) 
in responding group and non-responding group, 
respectively. Besides, 61 miRNAs were detect-
able in both responding and non-responding 
patients (Figure 1). Expression of a miRNA was 
considered altered only if at least 50 copies 
were detected by Miseq sequencing together 
with significant deregulations larger than two-

pared with responding patients (all at P<0.01, 
Figure 2). The concentrations of the four miR-
NAs were further measured using the vali- 
dation cohort consisted of 90 responding pa- 
tients and 90 non-responding patients. There 
was no significant difference in the distribution 
of age, sex and tumor characteristics between 
the training and the validation sets for the re- 
sponding group (Table 2) and non-responding 
group (Table 3). Alterations in miRNA expres-
sion pattern of validation set were consistent 
with those of training set (Figure 3).

Correlation between the four miRNAs and clini-
copathological characteristics in CRC

After having found the deregulations of the  
four miRNAs, we then sought to evaluate the 
correlation between miRNAs expression levels 
and clinical pathological characteristics. The 
data summarized in Table 4 showed the rela-
tionship between the four miRNAs and the clini-
copathological characteristics of the patients 
with CRC in the validation set. Higher levels of 
serum miR-155 and lower levels of miR-203 

Table 2. Characteristics of responding patients in training 
set and validation set

Variable Training set 
(n=70)

Validation set 
(n=90) P-value

Age (years) 61 (53-78) 63 (49-77) 0.48
Sex 0.87
    Male 44 (62.86%) 58 (64.44%)
    Female 26 (37.14%) 32 (35.56%)
Tumor location 0.75
    Colon 33 (47.14%) 45 (50.00%)
    Rectum 37 (52.86%) 45 (50.00%)
Differentiation 0.18
    Well 18 (25.71%) 21 (23.33%)
    Moderate 31 (44.29%) 41 (45.56%)
    Poor 21 (30.00%) 28 (31.11%)
Lymph node metastasis 0.61
    Negative 21 (30.00%) 31 (34.44%)
    Positive 49 (70.00%) 59 (65.56%)
Tumor stage 0.54
    II 21 (30.00%) 27 (30.00%)
    III 31 (44.29%) 44 (48.89%)
    IV 18 (25.71%) 19 (21.11%)
Histology subtype 0.99
    Adenocarcinoma 52 (74.29%) 67 (74.44%)
    Mucous adenocarcinoma 10 (14.29%) 13 (14.44%)
    Anaplastic carcinoma 8 (11.43%) 10 (11.12%)

fold change in non-responding group 
vs. responding group comparison. 
Based on these criteria, 13 miRNAs 
were selected as differentially ex- 
pressed in which 8 miRNAs were  
up-regulated and 5 miRNAs were 
down-regulated in non-responding 
patients compared with responding 
patients (Table 1). Thus, 13 miRNAs 
were selected as candidates for fur-
ther testing via RT-qPCR.

Evaluation of miRNA expression by 
RT-qPCR 

The 13 candidate miRNAs were first 
tested with RT-qPCR using an inde-
pendent cohort of 70 responding 
patients and 70 non-responding 
patients. MiRNAs with a Cq value  
of >35 and detection rate of <75%  
in either responding group or non-
responding group were excluded 
from further analysis. Two miRNAs 
(miR-155 and miR-34) showed sig-
nificant increased expression levels 
while two miRNAs (miR-203 and 
miR-218) showed significant down-
regulated expression levels in non-
responding patients when com-
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significantly correlated with advanced tumor 
stage (P<0.05). Lower levels of miR-203 and 
miR-218 correlated with positive lymph no- 
des metastasis (P=0.02 and 0.01, respective- 
ly). However, no significant associations were 
found between the four miRNAs with age, sex, 
tumor location and tumor differentiation (all  
at P>0.05).

Investigation of the diagnostic value of four 
candidate miRNAs in differentiating respond-
ing from non-responding patients

We then sought to evaluate the potential diag-
nostic role of the four miRNAs in differentiating 
patients between the responding and non-
responding group by using the validation set. 
By performing the receiver operating character-
istic (ROC) curve analysis, we found that the 
corresponding area under the curves (AUCs) of 
miR-203, miR-155, miR-218 and miR-34 were 
0.796, 0.715, 0.709, and 0.698, respectively 
(Figure 4). MiR-203 showed the largest AUC but 
no statistical significance was found (P=0.062). 

P>0.05, Figure 5B-D). Thus, we focused on 
miR-203. By performing the Kaplan-Meier sur-
vival analysis, we revealed that patients with 
high level of circulating miR-203 level had a sig-
nificant better survival than did those with a 
low miR-203 expression level (P<0.0001, 
Figure 5E). The 5-year survival rate of the CRC 
patients whose serum expressed low levels of 
miR-203 was 34.4% (31/90), which was signifi-
cantly lower than that of the patients whose 
tumors expressed high levels of miR-203 
(68.8%, 62/90); this difference was statistical-
ly significant (P<0.001). To conclude, our date 
reveals that circulating miR-203 level is signifi-
cantly correlated with chemo-response to 
FOLFOX treatment in CRC patients. 

Serum miR-203 expression is associated with 
tumor recurrence and metastasis progression 
in patients with CRC

miR-203 was found significantly correlated to 
OS in our cohort of patients treated with FOL- 
FOX. We considered the possibility that miR-

Table 3. Characteristics of non-responding patients in train-
ing set and validation set

Variables Training set 
(n=70)

Validation set 
(n=90) P-value

Age (years) 64 (51-76) 66 (54-81) 0.62
Sex 0.61
    Male 46 (65.71%) 63 (70.00%)
    Female 24 (34.29%) 27 (30.00%)
Tumor location 0.99
    Colon 39 (55.71%) 51 (56.67%)
    Rectum 31 (44.29%) 39 (43.33%)
Differentiation 0.41
    Well 16 (22.86%) 24 (26.67%)
    Moderate 32 (45.71%) 41 (45.56%)
    Poor 22 (31.43%) 25 (27.78%)
Lymph node metastasis 0.72
    Negative 23 (32.86%) 32 (35.56%)
    Positive 47 (67.14%) 58 (64.44%)
Tumor stage 0.38
    II 22 (31.42%) 27 (30.00%)
    III 31 (44.29%) 44 (48.89%)
    IV 17 (24.29%) 19 (21.11%)
Histology subtype 0.41
    Adenocarcinoma 54 (77.14%) 69 (76.67%)
    Mucous adenocarcinoma 8 (11.43%) 15 (16.67%)
    Anaplastic carcinoma 8 (11.43%) 6 (6.67%)

Besides, their diagnostic sensitivity 
and specificity were 71.4% and 
72.0%, 69.3% and 64.1%, 69.2% 
and 61.5%, 64.0% and 68.0%, re- 
spectively. Thus, miR-203 yielded 
the highest diagnostic value in dif-
ferentiating responding status in 
CRC patients receiving standard 
FOLFOX treatment.

Serum miR-203 expression is as-
sociated with response to standard 
FOLFOX treatment in CRC

Based on the above results, we fur-
ther investigated the correlation 
between the four miRNAs expres-
sion and chemo-response to FOL- 
FOX treatment. When we stratified 
patients into a high (n=90) and a low 
(n=90) miR-203 expressing group 
with median value as optimal cut-
offs on the validation set, the pro-
portion of patients not responding 
to chemotherapy was significantly 
higher in the high miR-203 expre- 
ssing group than in the low group 
(P<0.01, Figure 5A). However, no 
statistical significance was found  
in the other three miRNAs (all at 
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203 might be prognostic in addition to predic-
tive. To address this possibility, we examined 
whether serum miR-203 level was associated 
with metastatic recurrence of disease cur- 
atively intended surgery in validation cohort. 
Kaplan-Meier survival analysis revealed that 
patients with low miR-203 levels had a mark-
edly lower recurrence-free survival (RFS) rather 
than those with high miR-203 levels (P<0.001, 
Figure 6A). On the other hand, serum miR-203 
expression was significantly suppressed in re- 
currence patients compared with non-recurr- 
ence patients (P<0.01, Figure 6B). Univariate 
Cox proportional hazards regression model 
analysis revealed a statistically significant cor-
relation between RFS of CRC patients and  
miR-203 level (P=0.016), lymph node metas- 
tasis (P=0.024) and tumor stage (P=0.012). 
Parameters significantly related to recurrence 
in the univariate analysis were put into the mul-
tivariate analysis to identify the independent 
factors for prognoses. The results showed that 

miR-203 level and tumor stage maintained 
their significance as independent prognostic 
factors for RFS of CRC patients receiving 
FOLFOX treatment (P=0.011 and 0.015, re- 
spectively) (Table 5).  

Discussion

Currently, the major challenge to improve the 
clinical outcome of patients with CRC is the 
chemotherapy failure caused by drug resis-
tance. Identification of noninvasive and inva-
sive phenotypes is vital to rational clinical man-
agement. Yet, little was known about noninva-
sive miRNA biomarkers that can effectively 
accomplish this task. In the present study, our 
analysis revealed that miR-203, miR-155, miR-
218 and miR-34 were differently expressed 
between CRC patients responding and non-
responding to FOLFOX treatment in a specific 
manner. Moreover, serum miR-203 demon-
strated high accuracy for diagnosis and progno-

Figure 3. Concentrations of four miRNAs in CRC patients showing response (n=90) and showing non-response 
(n=90) using RT-qPCR assay in validation set (A-D). *, P<0.01.
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sis of CRC chemo-response. 
To our knowledge, this is the 
first study to characterize a 
serum miRNA expression sig-
nature for distinguishing re- 
sponse and non-response to 
standard FOLFOX treatment 
in CRC patients by use of the 
genome-wide Miseq sequen- 
cing platform.

Many studies have found that 
miRNA expression is aberrant 
in CRC development; howev-
er, most of these studies fo- 
cused on the expression of 
miRNAs in tumor tissues and 
cells. Although tissue miRNAs 
can provide an accurate diag-
nosis for various types of can-
cer, the difficulty in collect- 
ing tissue samples limits its 
application for the detection 
of cancer biomarkers. Acquir- 
ing tissue samples is an inva-
sive procedure and depends 
on surgical sections after ini-
tial clinical classification. The 
search for noninvasive tools 

Table 4. Correlations between miRNA concentrations and clinicopathological characteristics of CRC 
patients in validation set [median (interquartile range)]
Parameters Total cases miR-203 P miR-155 P miR-218 P miR-34 P
Age 0.44 0.82 0.10 0.76
    <65 97 3.87 (1.08-7.94) 4.51 (1.14-8.45) 4.41 (1.30-7.65) 4.10 (0.36-7.77)
    ≥65 83 4.31 (1.25-8.06) 4.86 (1.13-9.27) 4.03 (1.27-8.85) 3.83 (1.30-7.09)
Sex 0.35 0.51 0.57 0.58
    Male 121 4.04 (1.18-7.94) 4.86 (1.14-8.06) 4.06 (1.30-7.81) 4.08 (1.30-7.89)
    Female 59 4.30 (1.50-6.57) 4.40 (1.04-7.83) 4.33 (1.26-7.46) 3.68 (0.40-7.35)
Tumor location 0.89 0.96 0.99 0.21
    Colon 96 4.32 (1.09-6.89) 4.47 (1.23-7.68) 4.21 (1.23-8.32) 4.23 (1.21-6.78)
    Rectum 84 4.16 (1.12-7.78) 4.69 (2.01-8.36) 4.09 (0.99-7.87) 3.86 (1.00-7.31)
Lymph node metastasis 0.02 0.36 0.01 0.81
    Negative 63 3.56 (1.12-6.57) 5.09 (1.14-8.94) 4.79 (2.33-8.95) 4.23 (1.33-8.09)
    Positive 117 4.90 (1.39-8.48) 4.57 (1.00-7.44) 3.32 (0.21-6.46) 4.02 (1.29-7.69)
Differentiation 0.07 0.26 0.43 0.93
    Well 45 4.56 (1.29-7.94) 4.34 (1.14-7.80) 4.46 (1.31-7.74) 4.16 (1.29-7.92)
    Moderate 82 3.74 (1.14-2.97) 4.68 (1.13-7.85) 4.11 (1.24-7.78) 4.27 (1.36-7.99)
    Poor 53 3.92 (1.22-3.02) 5.03 (2.12-8.77) 3.86 (0.67-8.78) 4.36 (1.39-8.03)
Tumor stage 0.01 0.02 0.09 0.06
    II 54 5.76 (2.74-9.08) 3.17 (0.32-6.55) 4.78 (1.79-8.46) 3.84 (0.35-6.01)
    III 88 4.23 (1.03-3.34) 4.60 (1.20-7.41) 4.26 (1.90-8.61) 4.36 (1.25-7.65)
    IV 38 3.74 (1.21-2.90) 4.75 (2.30-8.83) 4.06 (1.14-7.29) 4.53 (1.38-8.83)

Figure 4. ROC curves analysis for detection of chemo-response status using 
(A) miR-203, (B) miR-155, (C) miR-218, (D) miR-34 in CRC patients showing 
chemo-response to FOLFOX treatment (n=90) and showing non-response to 
FOLFOX treatment (n=90) in validation set.
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Figure 5. Serum miR-203 expression is associated with response to standard FOLFOX treatment in CRC. (A) The pro-
portion of patients responding to chemotherapy was significantly higher in the high miR-203 expressing group than 
in the low group (P<0.01). While no statistical significance was found in (B) miR-155, (C) miR-218 and (D) miR-34 
(P>0.05). (E) Kaplan-Meier survival analysis revealed that patients with high level of circulating miR-203 level had a 
significant better survival than did those with a low miR-203 expression level (P<0.0001).

for the diagnosis of cancer has long been a goal 
of many researchers, and much of the interest 
has been on the circulation of nucleic acids in 
plasma and serum. Compared with DNA and 
mRNA, circulating miRNAs show remarkable 
stability after prolonged incubation at room 
temperature and/or multiple freezing-thawing 
processes [17]. In our study, we screened the 
whole miRNA profile serum samples from CRC 
patients via Miseq sequencing, which enabled 
us to have better chance to identify potential 
diagnostic biomarkers. Miseq sequencing is a 
high-throughput assay to initially screen miR-
NAs and could exclude possible contamination 
by other small RNA and DNA fragments. How- 
ever, the Miseq results from pooled serum 
samples might include inaccurate information 
owing to the individual variation. For this rea-
son, candidate miRNAs revealed by Miseq se- 
quencing were evaluated by two phases of 
RT-qPCR assays using a large number of indi-
vidual samples.

Resistance to chemotherapy is one of the major 
causes for treatment failure in advanced CRC. 
Thus, predictive markers are required to in- 
crease the efficacy of chemotherapy and may 
also be helpful in monitoring therapy respon- 
se in CRC. The standard FOLFOX treatment 
method is one of the most common used first-
line chemotherapy regimens in advanced CRC 
patients. However, there are currently no avail-
able molecular predictive markers for these 
combination regimens. The identification of 
cancer-specific miRNAs is critical for under-
standing the roles of miRNAs in tumorigenesis 
and may be important for defining novel thera-
peutic targets. Previous studies identified that 
a circulating microRNA signature was of much 
importance for CRC detection [18]. Besides, 
various reports also showed that miRNAs may 
play important roles during chemoresistance  
in several cancers. Zhang et al reported that 
cell-free miR-155 in urine is up-regulated and 
plays a potential role in diagnosis and progno-
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sis for non-muscle invasive bladder cancer 
[19]. Li et al demonstrated that miR-218 is a 
chemotherapeutic factor in CRC and promotes 
5-fluorouracil induced cell apoptosis [8]. Simi- 
larly, Siemens et al revealed that repression  
of c-Kit by p53 is mediated by miR-34 and  
is associated with reduced chemoresistance, 
migration and stemness [20]. Our date showed 
that miR-155 and miR-34 expression levels are 
significantly elevated while miR-218 is down-
regulated in non-responding patients. These 
are consistent with previous conclusion about 
miR-218, miR-155 and miR-34. As miR-203, 
there exist contradictory conclusions on its  
role in CRC chemoresistance. Zhou et al dem-
onstrated that miR-203 induces oxaliplatin re- 

sistance in CRC cells [21], while another report 
by Li showed that miR-203 enhances chemo-
sensitivity to 5-fluorouracil by targeting thymi-
dylate synthase in colorectal cancer [22]. Our 
date indicated that serum miR-203 level is  
significantly decreased in non-responding pa- 
tients compared responding patients. These 
results revealed a potential clinical value of  
the four candidate circulating miRNAs in CRC 
chemotherapy.

After having found the deregulation of the four 
miRNAs, we then investigated their diagnos- 
tic value in distinguishing responding patients 
from non-responding patients. Our date show- 
ed that all the four miRNAs exerts relative high 

Figure 6. Serum miR-203 expression is associated with tumor recurrence and metastasis progression in patients 
with CRC. A: Kaplan-Meier survival analysis revealed that patients with low miR-203 levels had a markedly lower 
recurrence-free survival (RFS) rather than those with high miR-203 levels (P<0.001). B: Serum miR-203 expression 
was significantly suppressed in recurrence patients compared with non-recurrence patients (P<0.01).

Table 5. Univariate and multivariate Cox proportional hazards regression model analysis of RFS in 
patients with CRC in validation set

Characteristics
Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Age 1.132 0.689-3.013 0.398
Sex 1.408 0.756-3.457 0.231
Tumor location 0.792 0.417-1.901 0.635
Differentiation 1.471 0.625-2.867 0.303
Lymph node status 2.353 1.014-3.726 0.024 2.384 1.213-4.126 0.057
TNM stage 3.582 1.502-7.471 0.012 3.578 1.489-7.492 0.015
MiR-203 expression 2.549 1.215-4.457 0.016 2.553 1.223-4.601 0.011
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diagnostic accuracy in the validation set, and 
the high diagnostic accuracy indicated that  
the expression profile of the four miRNAs could 
serve as an accurate biomarker for the detec-
tion of chemo-response in CRC patients. More- 
over, the miR-203 and miR-155 were signifi-
cantly correlated with tumor stage and progres-
sion. Based on these findings, the serum miR-
NAs provides a much more sensitive detection 
of chemo-response. Furthermore, technically 
speaking, serum test is more convenient and 
noninvasive, and thus being an ideal for the 
investigation of a panel containing a small num-
ber of miRNAs.

Finally, we focused on the predictive role of 
serum miRNA in CRC chemoresistance. Our 
date showed that the proportion of patients not 
responding to chemotherapy was significantly 
higher in the high miR-203 expressing group 
than in the low group, while no significant dis-
crepancy was found in miR-218, miR-155 and 
miR-34. Moreover, CRC patients expressed 
high serum miR-203 levels showed a short 5- 
year survival rate than patients with low se- 
rum miR-203 levels. Additionally, the survival 
analysis indicated that overall survival of CRC 
patients with high level of miR-203 who recei- 
ved FOLFOX chemotherapy was better than 
that of patients with low-level serum miR-203. 
This suggests that serum miR-203 is signifi-
cantly correlated with chemo-response to FOL- 
FOX treatment in CRC patients. On this basis, 
we further considered the possibility that miR-
203 might be prognostic in addition to predic-
tive. To address this possibility, we examined 
whether serum miR-203 level was associated 
with metastatic recurrence of disease curative-
ly intended surgery in validation cohort. Kaplan-
Meier survival analysis revealed that patients 
with high miR-203 levels had a markedly low- 
er recurrence-free survival (RFS) rather than 
those with low miR-203 levels. These data, to- 
gether with our Cox proportional hazards re- 
gression model analyses, suggest that serum 
miR-203 is an independent prognostic indica-
tor of survival and metastatic recurrence in 
CRC patients receiving FOLFOX treatment.

In conclusion, the present work has identified 
serum miR-203 as an effective biomarker re- 
lated response to first-line FOLFOX treatment  
in CRC patients. These findings may provide a 
foundation for development of a novel noninva-

sive test to predict chemo-response and deter-
mination of innovative therapeutic strategies.
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