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Abstract
Background MicroRNAs (miRNAs) are small, non-coding RNAs that are involved in carcinogenesis through posttranscriptional
gene regulatory activity. The current study aimed to evaluate serum miR-21 expression levels as potential biomarkers for
diagnosis and prognosis of colorectal cancer (CRC) patients.
Methods Quantitative real-time RT-PCR was applied to determine the relative expression level of miR-21 in serum. At the same
time, the sensitivity and specificity of this marker were evaluated by receiver operating characteristic (ROC) curve analysis.
Results miR-21 expression levels of serum were 3.4 and 1.25 in patient and control, respectively (p < 0.05). The sensitivity and
specificity of miR-21 were found to be 95.8% and 91.7%, respectively. The high expression level of serum miR-21 were
associated with higher local recurrence, TNM staging, PT staging, venous invasion, liver metastasis, and recurrence (p < 0.05).
Conclusion The results of this study indicated that miR-21 expression levels in serum can be considered as a novel non-invasive
biomarker for early detection and prognosis of CRC patients.
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Introduction

Colorectal cancer is situated in fourth place in the world
regarding neoplastic frequency, it constitutes 9.5% of all
cancers worldwide [1]. Whereas in Egypt, it contributes
6.5% of all cancers [2]. In the European Union, colon
cancer has the third position among the digestive can-
cers, with a relative equality regarding the sex ratio, the
highest incidence being met in the 6–7 decades of life
[3]. In the USA, colorectal cancer (CRC) is the third
most common cancer, but the second most deadly one
[4].

The 5-year survival rate for patients with localized disease
is 89.8%; therefore, colorectal cancer is a potentially curable

disease if diagnosed early. However, only 39.6% of patients
are diagnosed at this stage [5].

Moreover, as most colorectal cancers develop through a
stepwise adenoma–carcinoma sequence or the serrated path-
way, most patients would be cured if the disease were detected
and resected at a precancerous stage. Therefore, detection of
early colorectal neoplasms including precancerous lesions and
early colorectal cancers is essential in reducing mortality as-
sociated with colorectal cancer. Current guidelines recom-
mend colonoscopy and fecal occult blood tests for colorectal
cancer screening [6, 7]. Although colonoscopy is regarded as
the gold standard for detecting colorectal neoplasms, this ap-
proach has several limitations. It is an invasive and expensive
procedure and requires an unpleasant bowel preparation; its
efficacy depends on the skill and experience of the
endoscopist, and a significant percentage of adults prefer
non-invasive options for colorectal cancer screening [8].

Fecal occult blood testing is a commonly used non-invasive
test for colorectal cancer screening and has demonstrated a re-
duction in colorectal cancer mortality from 33 to 15% [8, 9].
However, fecal tests are not recommended for detecting precan-
cerous lesions, due to the limited sensitivity and specificity,
which is further compromised by inappropriate handling of spec-
imens or poor adherence to recommended guidelines [8, 10].
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The most commonly used blood-based CRC biomarker,
carcinoembryonic antigen, which is used for postoperative
surveillance and for monitoring response to therapy, lacks
sensitivity and specificity for screening or for the detection
of recurrent CRC [11]. Thus, alternative minimally invasive
or non-invasive tests to detect early colorectal neoplasms are
urgently needed.

MicroRNAs (miRNAs) are small (18–25 nucleotides) non-
coding RNAs that regulate the translation of specific genes
through sequence-specific binding to the 3′ untranslated re-
gion of target mRNAs. MiRNAs reportedly have important
roles in various cellular processes that are commonly involved
in cancer; these processes include cell growth, differentiation,
invasion, angiogenesis, and epithelial mesenchymal transition
[12, 13]. Due to their oncogenic or tumor-suppressive proper-
ties, certain miRNAs participate in carcinogenesis [14, 15].
miRNAs have been identified in body fluids, such as plasma,
serum, saliva, urine, and feces [16]. They have been shown to
be actively released from cells in microvesicles, exosomes, or
bound to proteins. miRNAs are inherently stable accounting
for the emerging use as potential biomarkers for human dis-
ease and as targets for disease intervention [17, 18].

Circulating miRNAs can withstand unfavorable physiolog-
ical conditions, such as extreme variations in pH, temperature,
and multiple freeze/thaw cycles [19]. Furthermore, the pro-
files of circulating miRNAs show consistent expression levels
across physiologically healthy individuals [20]. To date, sev-
eral interesting circulating miRNAs have been a candidate as
CRC molecular biomarkers; however, it is difficult to draw a
definite conclusion [21, 22].

The current study aimed to evaluate serum miR-21 expres-
sion levels as potential biomarkers for diagnosis and progno-
sis of CRC patients.

Subjects and Method

Study Subjects

The study was conducted in Medical Biochemistry
Department and the scientific, medical research center
(ZSMRC) and department of general surgery. Approval for
the study was obtained from the International Review Board
(IRB), Faculty of Medicine, Zagazig University. This is a
case-control study and 98 adult subjects were included in it.
Informed written consents were obtained from all of them to
use their samples and clinical data in this study according to
the Declaration of Helsinki using a dedicated form. Forty-
eight subjects with histopathological confirmation of the diag-
nosis of CRC, adequate hepatic, renal, cardiac, and respiratory
functions were included in the study and individuals with a
personal history of malignant tumors in other organs, inflam-
matory bowel disease, familial adenomatous polyposis, or

Lynch syndrome, patients (or their guardians) refusing to par-
ticipate in study were excluded. In addition, 48 subjects who
were enrolled as a healthy control group age and sex-matched
with the patients. They randomly selected from various clinics
of same ethnic origin and no family history.

Blood Sampling

Whole blood samples were collected from each participant
into 5-ml RNase-free tubes. The serum was then separated.
The miRNeasy (Cat number: Q217004; Qiagen, Germany)
were used to extract miRNAs from serum and detection of
serum CEA level were determined by means of an enzyme
immunoassay test kit (catalog no. 201–12-1715).

Real-Time RT-PCR

Serum levels of microRNA-21 (miR-21) were examined by
real-time RT-PCR using TaqMan MicroRNA Assays
(Applied Biosystems, catalog number 4427975). A fixed vol-
ume (2 μL) of total RNA was reverse transcribed using
TaqMan MicroRNA Reverse Transcription Kits (Applied
Biosystems, catalog no. 4366596) in a total volume of
15 μL with the following conditions: 16 °C for 30 min,
42 °C for 30 min, 85 °C for 5 min and maintained at 4 °C.
Real-time PCR was conducted using MicroRNA Assay Kits
and TaqMan Universal Master Mix II, no UNG (Applied
Biosystems, catalog no. 4440040) and performed in duplicate
on the StepOne Plus system (Applied Biosystems) with the
following cycling conditions: 95 °C for 10 min, followed by
40 cycles of 95 °C for 15 s and 60 °C for 1 min. Cycle
threshold (Ct) values were calculated using Step One
Software v2.3 (Applied Biosystems). Expression levels of
miRNAs were normalized to those of RNU6 and determined
by the 2−ΔΔCt method [23].ΔCt was calculated as follows:
ΔCt = Ct (miRNA of interest)–Ct (RNU6). Then,ΔΔCt was
calculated by using a sample from a healthy volunteer as a
calibrator: ΔΔCt =ΔCt (tested sample)–ΔCt (calibrator).

Statistical Analysis

Data were analyzed using SPSS version 22, and data were
expressed as mean ± SD for quantitative parametric variable,
median for non-parametric one, categorical variable expressed
as frequency and percentage, Student’s t test, Mann-Whitney,
and chi-squared test were usedwhen appropriate. p < 0.05was
considered statistically significant. The analysis was based on
the accuracy of the identified miRNAs to diagnose the pres-
ence of CRC as determined using receiver operator character-
istic (ROC) curves as area under the curve (AUC) value and
sensitivity and specificity.
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Results

Demographic and Serum miR-21 Expression
among the Studied Groups

The studied groups were comparable as regards age and gen-
der distribution.

In comparison to the control group, the miR-21 expression
levels in serum in CRC patients were upregulated (p < 0.05).
A significant association was found between the miR-21 ex-
pression level in serum of CRC patients using the Mann-
Whitney statistical test (p < 0.05) (Table 1).

MiR-21 as a Non-invasive Biomarker for CRC
Diagnosis

ROC curve analysis indicated that the serum miR-21 expres-
sion level could be considered as a promising marker for the
diagnosis of CRC patients with a sensitivity and specificity of
95.8% and 91.7%, respectively (an area under the ROC curve,
AUC 0.94) (Fig. 1).

Relationship between Serum miR-21 Expression
Levels and Clinicopathological Parameters

The clinicopathological variable associated with high miR-21
expression levels were TNM staging, PT classification, size >
5, venous invasion, liver metastasis, and also in recurrence
while location, LN metastasis, peritoneal invasion, and che-
motherapy were not statistically significant (Table 2, Figs. 2,
3, and 4).

Discussion

Nowadays, non-invasive biomarkers are being widely ex-
plored as a reliable tool for cancer diagnosis. Colorectal cancer
(CRC) is the second leading cause of cancer death in the world
[24].

Early detection of tumor improves the overall survival rate
of CRC patients, which highlights an urgent need to find spe-
cific, sensitive, and non-aggressivemolecular biomarkers suit-
able for the early diagnosis of CRC [25]. In recent years, there
has been an increased interest in finding prognostic bio-
markers for CRC to evaluate the expression profiles of single
or multiple miRNA in tumor tissues [26, 27].

The findings of the present study demonstrated that miR-21
is up-regulated in serum samples from CRC patients com-
pared to controls. Also, Liu et al. [21] indicated that miR-21
serum level in patient with CRC and advanced adenoma were
significantly higher than those in healthy controls.

The sensitivity and specificity of miR-21 expression levels,
as a CRC molecular biomarker, were assessed in the serum of
CRC patients using ROC curve analysis. MiR-21 expression
levels in serum showed high sensitivity and specificity, so had
a significant diagnostic value for CRC patients. In a study
carried out by Toiyama et al. [26], it turned out that the sensi-
tivity and specificity of serum miR-21 expression levels were
82.8% and 90.6% for CRC detection, respectively. While
Huang et al. [28] founded that combined ROC analysis using
to target microRNAs yield an increased AUC of 0.88 from
0.84 with 83% sensitivity and 84% specificity in discriminat-
ing CRC from controls.

In accordance with our results Liu et al. [21], Toiyama et al.
[26] indicated that the miR-21 expression level is increased in
different TNM stages of CRC, from the early to later stages.

Table 1 Demographic and Serum miR-21 expression among the stud-
ied groups

Cases (n = 48) Controls (n = 48) p

Age (years) 55.2 ± 7.9 55.9 ± 7.1 > 0.05

Gender

Male n (%) 32 (66.7) 30 (62.5) > 0.05

Female n (%) 16 (33.3) 18 (37.5)

CEA (mediun) 5.5 1.25 0.001

miR-21 3.46 ± 1.32 1.23 ± 0.38 < 0.001

CEA carcinoembryonic antigen; miR-21 microRNA-21

Fig. 1. Receiver operating characteristic (ROC) curve analysis to evalu-
ate serum miR-21 expression levels for the detection of CRC patients.
Serum miR-21 level for the detection of CRC patients; the area under the
ROC curve (AUC) 0.94; sensitivity 95.8%; and specificity 91.7%
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While Bastaminejad et al. [29] found no obvious dif-
ferences were detected in miR-21 expression levels be-
tween stages III/IV, while a significant increase was found
between stages I/II. This difference could be attributed to
the number of cases studied in each stage. It is important
to note that if the cancer is detected at early stages I/II, the
survival rate increases. Considering this fact, using ROC
analysis, the sensitivity and specificity of miR-21 expres-
sion were assessed in serum of CRC patients to distin-
guish stages I/II from stages III/IV. Comparison between
ROC curves showed statistically significant difference be-
tween TNM stage I/II and those TNM stage III/IV. The
results of this study suggested that miR-21 expression
level in serum could be considered as a valuable marker
for CRC prognosis.

It is well known that miR-21 is one of the prominent
miRNAs implicated in the genesis, progression, and promo-
tion of tumor growth and the proliferation of human cancer
[30]. Until now, the source of circulating serum miRNAs was
unclear.

Table 2 Relationship between serum miR-21 expression levels and
clinicopathological parameters

miR-21 expression levels p

TNM stage

I–II 2.67 ± 0.84 < 0.001
III–IV 4.78 ± 0.82

Location

Colon 3.53 ± 1.46 0.33
Rectum 3.35 ± 1.17

PT classification

PT2–PT3 3.0 ± 1.26 0.012
PT4a–Pt4b 4.38 ± 0.9

Histological type

Differentiated 3.2 ± 1.5 0.4
Undifferentiated 3.53 ± 1.3

Size

≤ 5 2.96 ± 1.0 0.04
> 5 4.04 ± 1.46

Venous invasion

No 3.04 ± 1.1 0.002
Yes 5.06 ± 0.3

Lymph node metastasis

No 3.4 ± 1.47 0.75
Yes 3.5 ± 1.2

Peritoneal invasion

No 3.38 ± 1.3 0.68
Yes 3.87 ± 1.2

Liver metastasis

No 2.73 ± 0.94 < 0.001
Yes 4.68 ± 0.9

Chemotherapy

No 3.27 ± 1.4 0.6
Yes 3.62 ± 1.2

Recurrence

No 2.73 ± 0.9 0.016
Yes 4.19 ± 1.28

miR-21 microRNA-21

Fig. 3 Receiver operating characteristic (ROC) curve analysis to detect
miR-21 expression in differentiating liver metastasis. The area under the
ROC curve (AUC) 0.93

Fig. 2 Receiver operating characteristic (ROC) curve analysis to detect
miR-21 expression in differentiating TNM staging. The area under the
ROC curve (AUC) 0.82
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MiR-21 is one of the most representative oncogenic
miRNAs, being overexpressed in various types of tumor.
Recently, several papers have reported the usefulness of serum
miR-21 levels as a biomarker for diagnosis in CRC patients
[17]. However, the clinical significance of serum miRNA as a
biomarker for diagnosis is still controversial, and some papers
have indicated that serological miR-21 does not have any
impact on diagnosis in CRC patients [31, 32]. One reason
for this controversy may be the instability of miRNA in plas-
ma/serum.

Contrary to the results of this study, the patients with local
recurrence and mortality in Menendez et al. [33] found that it
exhibited decreased expression of serum miR-21 and when
the miR-21 expression levels and survival were analyzed with
the Kaplan–Meier method. Although, a reduction in the ex-
pression of miR-21 exhibited a trend toward a correlation with
poorer survival.

The association between prognosis and serum miR-21 ex-
pression might be due to the anti-angiogenic function of miR-
21. Studies of miR-21 have shown a correlation between tis-
sue and serum overexpression with a poorer prognosis [34,
35]. To date, there are no studies where the under expression
of miR-21 is related to the CRC outcome; therefore, one pos-
sible interpretation of the data is that miR-21 demonstrates
different behaviors depending on the environment. MiR-21
is overexpressed in most malignancies and favors tumor
growth and invasion. However, the results obtained in some

studies resemble those published by Sabatel et al. [36]. Who
reported that the expression of miR-21 was associatedwith the
inhibition of angiogenesis; the mRNA of which contains a
binding site for the 3′UTR of miR-21. Although the measure-
ment of serum miR-21 has demonstrated a relationship with
CRC outcome, there are several possible biases.

Our study is a preliminary study in the Egyptian popula-
tion; we concluded that circulating miR-21 has potential diag-
nostic value with adequate sensitivity and specificity for CRC
and could be considered as a valuable marker for CRC diag-
nosis. Also, miR-21 may be a promising prognostic tumor
marker, and its determination could select candidate patients
to a more aggressive adjuvant treatment or use the novel ther-
apeutics options for the correction of the abnormal miRNAs
expressions.
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