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Abstract. Colorectal cancer is among the leading causes of 
cancer-related mortality, one of the main reasons for which 
is the lack of an effective screening method for early-stage 
disease. The levels of carcinoembryonic antigen (CEA) 
and microRNA (miR)-17-3p in the serum of 70 patients 
with stage I̸II colon cancer and 70 healthy volunteers were 
determined, and the diagnostic value of CEA plus miR-17-3p 
detection for colon cancer was assessed. The levels of CEA 
were measured by a radioimmunoassay method, and those 
of miR-17-3p using the reverse transcription-quantitative 
polymerase chain reaction method. miR-16 was used as the 
endogenous control, as it displayed high stability, high abun-
dance and low variability in the analyzed serum samples. The 
receiver operating characteristic (ROC) curve analysis indi-
cated the potential diagnostic value of the two markers and the 
area under the ROC curve (AUC) for CEA and miR-17-3p was 
0.719 (95% CI: 0.658-0.843) and 0.807 (95% CI: 0.748-0.906), 
respectively. At a threshold of 9.6 ng/ml for CEA, the optimal 
sensitivity and specificity were 74.6 and 84.3%, respectively, 
in discriminating colon cancer patients from healthy controls. 
At a threshold of 2.98 for miR-17-3p, the sensitivity and the 
specificity were 83.6 and 72.9%, respectively. A combined 
ROC analysis using CEA and miR-17-3p revealed an AUC 
of 0.929 (95% CI: 0.834-0.978) with a sensitivity of 96.4% and 
a specificity of 95.7% in discriminating colon cancer patients 
from healthy controls. In conclusion, both CEA and miR-17-3p 
were highly expressed in the serum of our series of colon cancer 
patients. CEA plus miR-17-3p detection significantly increased 
the sensitivity and specificity in discriminating stage I/II colon 
cancer patients from healthy controls. Therefore, combined 

detection of serum CEA and miR-17-3p levels may have the 
potential to become a new laboratory method for the early 
clinical diagnosis of colon cancer.

Introduction

Colorectal cancer (CRC) is the third most common type 
of cancer worldwide and one of the leading causes of 
cancer-related mortality (1). Lack of an effective method for 
screening early-stage colon cancer is an important reason for 
its high mortality rate. Patients with early-stage colon cancer 
have a favorable outcome with treatment, with the 5-year 
survival rates exceeding 70% for stage I/II colon cancer (2,3). 
Colonoscopy has been used for screening early-stage colon 
cancer for several decades as a first choice; however, due to 
its invasive character, it is associated with low compliance in 
the clinical setting. Therefore, cost-effective and non-invasive 
biomarkers with high sensitivity and specificity are needed to 
enable early-detection of stage I/II colon cancer.

Recently, several studies have focused on the role of 
various biomarkers in early-stage cancer progression and diag-
nosis (4-6). Carcinoembryonic antigen (CEA), a well-known 
tumor marker, is found at low levels in the serum of heathy 
adults, but at higher levels in colon cancer patients (4). However, 
CEA is not a reliable independent marker for diagnosing 
cancer or for screening tests to detect early-stage cancer (7), as 
its levels are also increased in certain non-neoplastic diseases, 
including ulcerative colitis, pancreatitis, cirrhosis and hypo-
thyroidism (5). Hence, there remains a high demand for novel 
and reliable biomarkers with high specificity.

An increasing number of recent studies have focused on 
the potential of microRNAs (miRNAs) for assessing colon 
cancer diagnosis or progression. miRNAs have been reported 
to play an important role in a number of important cellular 
processes, and may be involved in colon carcinogenesis through 
deregulation of oncogenes or tumor suppressor genes (8). 
Several studies have recently identified miRNAs expressed 
at different levels in the serum of cancer patients compared 
with healthy controls (9-12). miRNAs have been suggested as 
potential reliable biomarkers for tumor screening (13,14) due 
to their extremely stable nature and the fact that they may be 
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easily measured by common laboratory methods. In 2009, 
Ng et al (15) analyzed 95 miRNAs and identified miRNA 
(miR)-17-3p as exhibiting the most significant overexpres-
sion in the plasma and tumor tissues of colon cancer patients. 
However, a later study found no significant differences 
between miR-17-3p levels in the serum of CRC patients and 
heathy controls (16).

The aim of the present study was to investigate whether 
CEA and miR-17-3p are elevated in the serum of stage I̸II 
colon cancer patients and assess their potential as novel 
biomarkers for this type of cancer.

Subjects and methods

Subjects. Serum samples were obtained from 70 colon cancer 
patients who were diagnosed at the First Affiliated Hospital of 
Soochow University (Suzhou, China) and the First Affiliated 
Hospital of Bengbu Medical College, (Bengbu, China) between 
2011 and 2013. An additional 70 serum samples were obtained 
from healthy control individuals with no previous history of 
any cancer, who were recruited from the same hospitals. All 
the subjects were of the same ethnicity (Chinese Han). The 
clinical and pathological characteristics, including gender, age 
and clinical stage, were recorded for colon cancer patients and 
are summarized in Table I. The patients were selected retro-
spectively on the basis of clinical characteristics to include 
only patients with stage I/II colon cancer. Informed consent 
was obtained from each subject, and the study was approved 
by the Ethics Committee of the First Affiliated Hospital of 
Soochow University, Suzhou, China.

Sample collection. Blood samples were obtained immedi-
ately following diagnosis and prior to the patients receiving 
any oncological treatment. Blood was processed for serum 
within 2 h and stored at -80˚C. The median time from storage 
to endpoint analysis was 12 months. Serum was obtained by 
centrifugation at 12,000 x g for 10 min at 4˚C.

Serum CEA determination. CEA was assayed with a immu-
noradiometric assay (Beijing Dongya Biotechnology; Beijing, 
China) and the threshold for a positive result was 5 ng/ml. The 
assay was performed according to the manufacturer's instruc-
tions.

RNA isolation, reverse transcription (RT) and quantita‑
tive‑polymerase chain reaction (qPCR). Total RNA enriched 
for small RNAs was isolated from 250 µl aliquots of serum 
using Qiagen miRNeasy Mini kits (Qiagen GmbH, Hilden, 
Germany) according to the manufacturer's modified protocol. 
For each sample, 1.25 µl of 0.8 µg/µl MS2 RNA carrier was 
added to 800 µl of QIAzol solution. The extracted RNA 
was eluted in 30 µl of preheated elution solution, and the 
concentration and purity of the RNA were estimated spec-
trophotometrically (A260/280>2.0; A260/230>1.8) using 
a NanoDrop ND-1000 spectrophotometer (Thermo Fisher 
Scientific, Wilmington, DE, USA). The RNA samples were 
either further processed immediately or stored at -80˚C.

Complementary DNA was synthesized from total RNA 
using gene-specific primers according to the TaqMan 
MicroRNA Assay protocol (Applied Biosystems, Foster City, 

CA, USA). For RT reactions, 10 ng of RNA sample, 50 nM of 
stem-loop RT primer, 1X RT buffer, 0.25 mM each of dNTPs, 
3.33 U/µl MultiScribe RT and 0.25 U/µl RNase inhibitor were 
used. The RT mixtures (15 µl) were incubated for 30 min at 
16˚C, 30 min at 42˚C and 5 min at 85˚C, and then maintained at 
4˚C (PTC-200 Thermal Cycler; MJ Research, Inc., Waltham, 
MA, USA). qPCR was performed using the 7500 Real-Time 
PCR system (Applied Biosystems). The 20-µl PCR reaction 
mixture included 1.33 µl of RT product, 1X TaqMan Universal 
PCR master mix, and 1 µl of primer and probe mix from the 
TaqMan MicroRNA Assay kit (Applied Biosystems). The 
qPCR reactions were incubated in a 96-well optical plate at 
95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and 
at 60˚C for 10 min.

Data normalization and statistical analysis. The cycle 
threshold (Ct) values were calculated using SDS 2.0.1 
software (Applied Biosystems) using the default threshold 
settings (automatic baseline, threshold 0.2). All the qPCR 
reactions were run as triplicates and the mean Ct and standard 
deviation values were calculated. The average expression 
levels of miR-17-3p were normalized using miR-16 (Applied 
Biosystems) as a reference gene and subsequently the 2-ΔΔCT 
method was applied. The Mann-Whitney U test was used to 
compare the serum CEA and miRNA expression between 
the different groups, as it is a non-parametric test of the null 
hypothesis that two samples come from the same population 
against an alternative hypothesis, particularly that one popula-
tion tends to exhibit larger values compared with the other, and 
may be applied on unknown distributions. Receiver operating 
characteristic (ROC) curves and the area under the ROC curve 
(AUC) assessed the feasibility of using serum miRNA as a 

Table I. Summary of expression levels of CEA and miR-17-3P 
detected in serum of colon cancer patients and healthy donors 
expressed as median and interquartile range.

  Colon cancer
 Healthy donors patients
Variables (n=70) (n=70) P-valueb

Age (years)
  Mean ± SD 47.34±10.13 49.58±12.62
Gender, no.
  Male 40 48
  Female 30 22
Stage, no.
  I  14
  II  56
CEA (ng/ml)
  Mean ± SD 1.76±0.88 9.79±3.43 0.032
miR-17-3pa

  Mean ± SD 0.61±0.48 3.25±2.69 0.01

aThe values for miR-17-3p were multiplied by 1,000. bThe 
Mann-Whitney U test was used to determine statistical significance. 
CEA, carcinoembryonic antigen; SD, standard deviation.
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diagnostic tool for colon cancer. The Youden index determined 
the threshold for the plasma miRNA concentrations. All the 
tests were two-sided and P<0.05 was considered to indicate 
statistically significant differences. The statistical analysis 
was conducted using SPSS 16.0 software (SPSS Ltd., Woking, 
Surrey, UK) and the graphs were generated with GraphPad 
Prism 5.0 (GraphPad Software Inc., San Diego, CA, USA).

Results

Serum sample examination. To evaluate the diagnostic 
value of miR-17-3p and CEA that were identified in previous 
studies (16,17), serum samples of 70 stage I/II colon cancer 
patients and 70 healthy controls were examined by radioim-
munoassay and RT-qPCR, respectively. miR-16 was used as 
the endogenous control, as it displayed high stability, high 
abundance and low variability in analyzed serum samples.

CEA a n d  m iR‑17‑3p  seru m leve l s.  Usi ng  t he 
Mann-Whitney U test, the CEA levels were found to be signifi-
cantly elevated in the serum of stage I/II colon cancer patients 
compared with healthy controls (P<0.01). Moreover, miR-17-3p 
also exhibited significantly different expression levels 
(P<0.001) between colon cancer patients and controls (Fig. 1). 
Additionally, the ROC curve analysis indicated their potential 
diagnostic values: The AUCs for CEA and miR-17-3p were 
0.719 (95% CI: 0.658-0.843) and 0.807 (95% CI: 0.748-0.906), 
respectively. At a threshold of 9.6 ng/ml for CEA, the optimal 
sensitivity and specificity were 74.6 and 84.3% in separating 
colon cancer patients from normal controls. At a threshold of 
2.98 for miR-17-3p, the sensitivity and the specificity were 
83.6 and 72.9%, respectively. When the test results for CEA 

and miR-17-3p were considered jointly, the ROC analysis 
revealed an AUC of 0.929 (95% CI: 0.834-0.978) with a sensi-
tivity of 96.4% and specificity 95.7% in discriminating colon 
cancer patients from healthy controls.

Discussion

Several studies recently reported that CEA and miR-17-3p 
individually may be used as potential markers for the 
diagnosis of CRC (16) and pancreatic cancer (17) by its 
differentiated expression level in the plasma or serum. In this 
study, we analyzed the levels of CEA and miR-17-3p in the 
serum of stage I̸II colon cancer patients and healthy controls. 
Compared with healthy controls, both CEA and miR-17-3p 
were overexpressed in the serum of colon cancer patients. 
Moreover, the results of the ROC analysis using a combina-
tion of CEA and miR-17-3p revealed an AUC of 0.927 with a 
sensitivity of 93% and a specificity of 94.7% in discriminating 
colon cancer patients from healthy controls.

CEA is one of the most widely used tumor markers, and has 
been found to be elevated in the plasma or serum of patients 
with various types of cancer, including CRC, pancreatic, lung 
and breast cancer (17,18). Based on the high expression of CEA 
in colon cancer, the diagnosis of colon cancer was improved 
via CEA level detection (19,20). However, CEA expression has 
also been reported to be increased in certain non-cancerous 
conditions, such as ulcerative colitis, pancreatitis, cirrhosis 
and hypothyroidism (5,21). Therefore, CEA alone may not 
offer a reliable screening test for early cancer detection (7). 
Our results confirmed that CEA is elevated in the serum of 
patients with stage I/II colon cancer compared with healthy 
controls, and demonstrated that the combined ROC analysis 
using both CEA and miR-17-3p may significantly increase the 
sensitivity and specificity of CEA; thus, CEA may be a useful 
component in combined biomarker detection due to its high 
sensitivity.

miRNAs play an important role in carcinogenesis, they have 
been assessed as diagnostic biomarkers (13,22) and prognostic 
factors (23) and have been used in the therapeutic strategies for 
various cancers (13). Various miRNAs have been found to be 
present at reduced or elevated levels in the serum or plasma of 
colon cancer patients (12,22,24). Considering miR-17-3p levels 
in the serum of colon cancer patients, previous investigations 
have yielded contradictory results. In 2009, Ng et al identi-
fied an elevation of miR-17-3p levels in the plasma of CRC 
patients (15). Our results support this finding, as we found 
elevated miR-17-3p levels in the serum of early-stage colon 
cancer patients. However, in 2013, Faltejskova et al reported 
that there was no significant difference in the serum levels of 
miR-17-3p between CRC patients and healthy controls (16). As 
we analyzed miR-17-3p expression using the same protocol as 
that used in the Faltejskova et al study, we also used miR-16 as 
control to evaluate the expression. A potential explanation for 
these contradictory results may be that the study of Ng et al 
and our study were performed on Asian populations, whereas 
the study of Faltejskova et al included a Caucasian population.

Combining detection of different biomarkers has been 
reported to be a useful strategy in several studies (12,13,17,22), 
as it increases the sensitivity and specificity of each biomarker. 
In the present study, CEA exhibited high specificity and low 

Figure 1. ROC curve analysis of serum CEA and microRNA (miR)-17-3p 
levels. At a threshold of 9.6 ng/ml for CEA, the optimal sensitivity and 
specificity were 74.6 and 84.3% in separating colon cancer patients from 
healthy controls. At a threshold of 2.98 for miR-17-3p, the sensitivity and the 
specificity were 83.6 and 72.9%, respectively. Combined ROC curve analysis 
using CEA and miR-17-3p revealed an AUC of 0.929 (95% CI: 0.834-0.978) 
with a sensitivity of 96.4% and a specificity of 95.7% in discriminating colon 
cancer patients from healthy controls. CEA, carcinoembryonic antigen; 
ROC, receiver operating characteristic AUC, area under the ROC curve; 
CI, confidence interval.
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sensitivity, while miR-17-3p exhibited the opposite properties. 
In a combined ROC analysis using the two markers, both 
sensitivity and specificity reached a relatively high value in 
discriminating early-stage colon cancer patients from healthy 
controls. To date, no reliable independent biomarker has been 
established for early-stage colon cancer screening. Our results 
suggest that the combination of CEA and miR-17-3p serum 
assays may offer a useful tool for the detection of early-stage 
colon cancer detection.

In conclusion, the combined detection of CEA and 
miR-17-3p may prove to be of clinical value for the early 
screening of colon cancer. Combined CEA and miR-17-3p 
detection was found to significantly increase sensitivity and 
specificity in early-stage colon cancer diagnosis. Therefore, 
the combined detection of serum CEA and miR-17-3p may 
have the potential to become a new laboratory method for the 
clinical diagnosis of colon cancer.
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