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Abstract: Colorectal carcinoma (CRC) is one of the deadliest killers worldwide and its processes of genesis include a
sequence of molecular pathway from adenoma to cancer. Previous study showed that microRNAs played an impor-
tant role in carcinogenesis. In this study, the different expressions of microRNA-21 (miRNA-21) and microRNA-146a
(miRNA-146a) were investigated by quantitate real-time polymerase chain reaction (QRT-PCR) from the tissues of
colorectal carcinoma (CRC), colorectal adenoma (CRA) and healthy controls as well as their matched stool samples.
The relationship between the expression levels of miRNAs and clinicopathological features were analyzed. Then,
the diagnostic values of stool-specific miRNAs for colorectal neoplasms were evaluated. As a result, the expres-
sion levels of miRNA-21 were confirmed to be significantly higher in stool and tissue samples of CRC and CRA
patients than in healthy controls (P<0.01). The expression of miRNA-21 in CRCs was notably higher than in CRAs
(P<0.05). High miRNA-21 expression in CRC patients was strongly associated with advanced TNM stage and lymph
node metastasis. The expression level of miRNA-21 in CRA patients was correlated to histological types (P<0.05).
There was a statistically positive correlation between miRNA-21 expression in CRC stools and matched tissues
samples. Compared with healthy control subjects, the expression of miRNA-146a in CRC patients were decreased
(P<0.01). No statistically significant differences were observed in miRNA-146a expression between CRA patients
and healthy controls (P>0.05). The expression of miRNA-146a in CRCs was reduced compared with CRAs (P<0.01).
Furthermore, the reduced expression of miRNA-146a in CRC patients was correlated with differentiation and TNM
staging. Nevertheless, no significant correlation was found between miRNA-146a and clinicopathological features
including age, gender, adenoma location, adenoma size, histology and CEA in CRA patients (P>0.05). MiRNA-21,
miRNA-146a and combined expression levels in stool robustly distinguished (AUC = 0.877, 0.794, 0.878) CRC
and (AUC = 0.769, 0.698, 0.761) CRA patients from controls. And they yielded AUC of 0.699, 0.815 and 0.729 in
discriminating CRC patients from CRA patients. We conclude miRNA-21 and miRNA-146a in stool samples have
potential values for early detection of colorectal cancer.
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Introduction It's great significance that searching for new
biomarkers which possess higher sensitivity
and specificity for early diagnosis and illness

monitoring. MicroRNAs (miRNAs) are a type of

Colorectal cancer (CRC) is the common malig-
nant tumor in digestive system with an

increased incidence and mortality year by year.
A majority of CRC originates from colorectal
adenoma (CRA), a kind of precancerous lesion.
The early diagnosis of Colorectal tumors plays
a crucial role in reducing mortality and improv-
ing long-term prognosis. However, dissatisfied
sensitivity and specificity of traditional test and
examination methods for early detection in CRC
and CRA have been showed in clinical practice.

noncoding single-chain small RNA and respon-
sible for negative regulation of gene expression
in post-transcriptional level. Results suggested
that differential expression of miRNAs related
to the occurrence and progression of CRC [1].

MiRNA-21 gene, which is located on chromo-
some 17g21.1, is one of the miRNAs that man-
kind discovers at the earlier stage. Some
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Table 1. The expression level of miRNA-21 and
miRNA-146a in each sample groups (X+S)

miR-21 Normal CRA CRC
Stool 0.133+0.142 0.346+0.093 0.393+0.083
Tissue 6.32840.911 7.836+1.038 8.522+0.901
miR-146a Normal CRA CRC
Stool 0.373+0.043 0.316+0038 0.286+0.031

Tissue 4.003+0.518 3.766+0.506 3.136+0.422

researches prove high expression of miRNA-21
in various kinds of tumors, which include pan-
creatic cancer, breast cancer, lung cancer, gas-
tric cancer, etc [2, 3]. It has been reported that
mMiRNA-146a, the corresponding gene located
on chromosome 5q34, expresses highly in thy-
roid cancer and breast cancer nevertheless low
in pancreatic cancer and gastric cancer [4]. Our
study was designed to analyze the relationship
between expression level of miRNA-21, miRNA-
146a and clinical and pathological features,
then discuss values of fecal miRNAs for early
detection of CRC.

Materials and methods
Patients and tissue samples

150 CRC and 120 CRA patients’ feces and
endoscopic biopsy tissue specimens were
selected from the affiliated hospital of Qingdao
university between January and June in 2015.
Meanwhile, 98 age and gender matched
(P>0.05) healthy physical examinees were
recruited as controls. All of feces specimens
were preoperative results and patients’ diagno-
ses had been verified by postoperative patho-
logical results. Any radio-chemotherapy and
immunotherapy weren’'t applied to recruited
volunteers. There weren’'t any other basic dis-
eases and primary diseases among selected
patients and healthy examinees. The clinical
stage (I-IV) of all CRC patients was done accord-
ing to TNM staging system established by
American Joint Committee on cancer (AJCC)
and Union for International Cancer Control
(UICC). Among controls, the age range was from
30 to 82 with a median of 63 years, examina-
tion results by colonoscopy were negative.
Serum CEA, CA199 level and abdominal CT
image suggested normal and all of them had no
primary malignancy history. The course of col-
lecting all the specimens acquired the patients’
informed-consent. Our research had been
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approved by ethics committee of the affiliated
hospital of Qingdao university.

Sample disposal

Fresh tissue samples were snap-frozen in liquid
nitrogen immediately after resection and stored
at -80°C. All stool samples were collected in
the morning with a 40 ml aseptic specimen
cup. Prior to reaching the laboratory, the stool
samples were kept at -20°C freezer for short-
term and then transferred to -80°C freezer
within 24 h for long-term storage.

RNA extraction and reverse transcription

Detection expression of miRNA-21 and miRNA-
146a by means of RT-PCR: Total RNA was
extracted from stool and tissue specimens by
using routine TRIzol reagent. The concentration
of RNA was detected by spectrophotometer.
Then the RNA extracted was stored at -80°C
and prepared for using. Using SYBR® Prime-
Script™ miRNA RT-PCR Kit (TaKaRa, Bio, Kyoto,
Japan) and 1 ug of the above RNA, cDNA was
synthesized under the reactive condition of
37°C for 60 min, 85°C for 5 s. Then two-step
real-time PCR was performed with reverse tran-
scription products (cDNA) according to the
instructions of LightCycler Real Time PCR
Amplifier. The reactive condition: predenatur-
ation at 95°C for 5 s, then incubated by 40
amplification cycles of 95°C for 5 s, 60°C for
20 s. Meanwhile, adding the tubes without PCR
template as negative control, each specimen
was repeated as the above steps for three
times and average values were gained. After
reaction, the threshold cycle of fluorescence
(Ct) were calculated and to analyze expression
level of miRNA in specimens by utilizing endog-
enous control UG. The relative expression was
expressed by 2-ACT (ACT = CT

target gene_CTreference

gene)'

Statistical analysis

Statistical analysis was performed by using the
Statistical Program for Social Sciences (SPSS)
software 18.0 (SPSS Incorporated, Chicago, IL,
USA). The comparison of expression levels
between tissue and stool specimens was made
by method of Mann-Whitney U test and Kruskal-
Wallis H test. P<0.05 was considered signifi-
cant. Spearman test was utilized for analyzing
the association of miRNA expression between
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Table 2. Relationship between miRNAs expression and clinicopathological features in CRC

Parameters N =150 miRNA-21 miRNA-146a
Stool Tissue Stool Tissue

Gender

Male 98 (65%) 0.380+0.091 8.552+0.887 0.287+0.029 3.159+0.330

Female 92 (35%) 0.395+0.083 8.736+0.902 0.280+0.632 3.120+0.421

P value 0.31 0.36 0.65 0.72
Age*

>64y 60 (40%) 0.394+0.087 8.752+0.892 0.276+0.033 3.135%0.413

<64y 90 (60%) 0.376+£0.090 8.498+1.002 0.290+0.030 3.223+0.379

P value 0.22 0.18 0.27 0.65
Tumor location

Colon 56 (37.5%) 0.362+0.084 8.600+0.790 0.293+0.028 3.302+0.403

Rectum 94 (62.5%) 0.391+0.090 8.802+0.929 0.285+0.031 3.086+0.320

P value 0.72 0.07 0.55 0.17
Tumor size**

>5cm 45 (30%) 0.412+0.101 8.725+0.908 0.278+0.029 3.105+0.365

<5cm 105 (70%) 0.345+0.084 8.367+0.901 0.289+0.035 3.213+0.398

P value 0.06 0.08 0.17 0.20
TNM stage

I+l 68 (45%) 0.321+0.089 8.268+0.812 0.291+0.027 3.269+0.375

H+1V 82 (55%) 0.410+£0.078 8.990+0.799 0.265+0.032 2.936+0.288

P value 0.003 0.01 0.03 0.001
Differentiation

Well 11 (7.5%) 0.361+0.091 8.273+0.907 0.288+0.031 3.328+0.406

Intermediate 101 (67.5%) 0.386+0.101 8.511+0.768 0.276+0.034 3.116+0.400

Poor 38 (25%) 0.421+0.085 8.732+0.801 0.254+0.028 2.854+0.380

P value 0.16 0.17 0.03 0.01
Lymph node metastasis

Negative 86 (57.5%) 0.360+0.083 8.403+0.811 0.291+0.031 3.142+0.382

Positive 64 (42.5%) 0.4331£0.093 9.172+0.788 0.280+0.630 3.076+0.395

P value 0.03 0.01 0.41 0.44
Histology

Adenocarcinoma 128 (85%) 0.389+0.080 8.501+0.721 0.292+0.033 3.201+0.401

Mucinous adenocarcinoma 19 (12.5%) 0.380+£0.079 8.600+0.803 0.285+0.027 3.106+0.397

Signet ring cell cancer 3 (2.5%) 0.403+0.087 8.659+0.807 0.278+0.031 3.083+0.425

P value 0.56 0.38 0.61 0.58
CEA (ng/ml)

>5 45 (30%) 0.384+0.079 8.734+0.898 0.281+0.032 3.099+0.388

<5 105 (70%) 0.393+0.087 8.603+0.900 0.290+0.030 3.128+0.450

P value 0.37 0.49 0.50 0.75
Distant metastasis

Negative 128 (85%) 0.372+0.090 8.329+0.821 0.293+0.031 3.103+0.411

Positive 22 (15%) 0.396+0.082 8.667+0.809 0.279+0.030 2.967+0.393

P value 0.18 0.10 0.35

*The median age was 64 years. **The median tumor size was 5 cm.

in tissue and stool. The evaluation of stool
mMiRNA-21 and miR146a in diagnosis of colorec-

tal cancer was assessed by receiver operating
characteristics (ROC) analysis. Logistic Regre-
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Table 3. Relationship between clinicopathological features and miRNAs expression in CRA

Parameters N =120 miRNA-21 miRNA-146a
Stool Tissue Stool Tissue

Gender

Male 67 (56%) 0.388+0.110 7.972+1.101 0.317+0.037 3.806+0.433

Female 53 (44%) 0.352+0.082 7.806+0.832 0.320+£0.036 3.923+0.560

P value 0.67 0.65 0.78 0.41
Age*

>62y 56 (47%) 0.415+0.112 8.103+1.201 0.296+0.040 3.739+0.489

<62y 64 (53%) 0.349+0.080 7.506+0.918 0.309+0.039 3.896+0.491

P value 0.25 0.20 0.36 0.15
Adenoma location

Colon 57 (47.5%) 0.366+0.092 7.722+0.856 0.319+0.036 3.900+0.488

Rectum 63 (52.5%) 0.412+0.121 8.263+1.115 0.202+0.038 3.736%0.475

P value 0.15 0.17 0.29 0.53
Adenoma size**

>1.2cm 53 (44%) 0.408+0.106 8.436+0.925 0.251+0.036 3.764+0.486

<1.2cm 67 (56%) 0.362+0.098 7.703+1.003 0.364+0.039 3.899+0.501

P value 0.17 0.08 0.25 0.19
Histology

Tubular adenoma 37 (31%) 0.334+0.090 7.216+0.835 0.322+0.038 3.901+0.469

Ubulovillous adenoma 60 (50%) 0.398+0.083 7.418+1.023 0.286+0.039 3.673+0.513

Villous adenoma 23 (19%) 0.449+0.079 8.932+1.366 0.280+0.035 3.526+0.506

P value 0.03 0.008 0.12 0.09

*The median age was 64 years. **The median tumor size was 5 cm.

ssion Analysis was performed for evaluating
the diagnostic Value of combined detection of
fecal miRNA-21 and miR146a.

Results

Expression levels of miRNA-21 and miRNA-
146a in tissue and stool

The expression level of miRNA-21 and miRNA-
146a in each groups is shown in Table 1. The
levels of mMiRNA-21 were higher in CRC and CRA
tissue than in healthy control (P<0.01).
Meanwhile, in contrast to healthy control,
miRNA-21 in CRC and CRA patients’ stool
expressed higher (P = 0.001, P<0.01). The level
of miRNA-21 was significantly higher in CRC
than in CRA (P = 0.01, P<0.01). The tissue and
stool levels of miRNA-146a in CRC patients
were lower than in healthy control (P<0.01).
However the tissue and stool levels of miRNA-
146a were not significantly different between
CRA patients and the healthy control (P>0.05)

The correlation between the miRNA-21 and
miRNA-146a expression levels and clinical fea-
tures of colorectal tumors

As shown in Table 2, the over-expression of
mMiRNA-21 in CRC tissue and stool was related
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to clinical stage (I+ll, llI+IV) and lymph node
metastasis, whereas irrelevant to age, sex,
tumor size, tumor location, differentiation
degree, serum CEA and distant metastasis
(P>0.05) (Table 2). MiRNA-21 expressed in CRA
was relevant to pathological types. The more
villiform ingredients CRA had, the higher level
mMiRNA-21 expressed (Table 3). Decreased
degree in miRNA-146a expression of CRC tis-
sue and stool was associated with clinical stage
(11, NI+IV) and tumor differentiation. The
degree in miRNA-146a was decreased along
with the progressing of clinical stage and poor
differentiation (Table 2). The low expression of
miRNA-146a was not significantly correlated
with clinical features, including sex, age, loca-
tion, size, pathological type, serum CEA
(P>0.05) (Table 2).

The value of stool miRNA-21 and miRNA-146a
on diagnosing colorectal cancer

ROC curve analyses were performed with data
from 150 CRC patients to evaluate the stool
miRNA-21 and miRNA-146a diagnostic value to
distinguish between CRC patients and healthy
subjects, which showed AUCs (areas under the
ROC curve) of 0.877 (95% Cl: 0.810 to 0.972)

Int J Clin Exp Med 2016;9(8):16441-16449
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for miRNA-21, 0.794 (95%
Cl: 0.669 to 0.913) for
miRNA-146a and 0.878
(95% Cl: 0.779 to 0.965)
for combination with mi-
RNA-21 and miRNA-146a.
At the optimal cutoff value
of 1.4589 for miRNA-21,
the sensitivity and speci-
ficity were 90.3% and
75.2%, and at the optimal
cutoff value of 0.2691 for
mMiRNA-146a, the sensitiv-
ity and specificity were
77.2% and 68.1%. The se-
nsitivity and specificity of
combined detection of mi-
RNA-21 and miRNA-146a
were 87% and 81.7%
(Figure 1A, 1B, 1G). For
the purpose of discussing
the diagnostic value of
colorectal adenoma (main
precancerous changes of
CRC) via detecting stool
miRNA-21  and miRNA-
146a, analyzing data from
120 patients’ stool speci-
men, ROC curve suggest-
ed AUCs of 0.769 (95% Cl:
0.672-0.912) for miRNA-
21, 0.698 (95% CI: 0.558-
0.813) for miRNA-146a
and 0.761 (95% CI: 0.654-
0.912) for combination
with miRNA-21 and miR-
NA-146a. At the optimal
cutoff value of 1.4089
for miRNA-21, the sensi-
tivity and specificity were
85.1% and 62.7%, and at
the optimal cutoff value of
0.2679 for miRNA-146a,
the sensitivity and spe-
cificity were 77.5% and
66.7%. The sensitivity and
specificity of combined de-
tection of miRNA-21 and
miRNA-146a were 78.9%
and 66.8% (Figure 1C, 1D,
1H). At the same time, we
used ROC curve analysis
to differentiate CRC from
CRA. The results showed
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that AUC was 0.699, 0.815 and 0.729 respec-
tively, the sensitivity and specificity were 74.9%
(79.7%), 88.5% (68.9%) and 78% (69.7%)
(Figure 1E, 1F, 1l).

The correlations between miRNA-21, miRNA-
146a expression in CRC tissue and in CRC
patients’stool

The positive correlation between the expres-
sion of miRNA-21 in CRC tissue and in CRC
patients’ stool was observed by using Spearman
rank correlation analysis (r = 0.461, P<0.01),
however, no significant correlations of miRNA-
146a.

Discussion

In recent years, the relationship between
mMiRNA and cancer has become the research
focus. Detecting aberrantly expressed miRNA
in stool has emerged as a promising non-inva-
sive approach to CRC screening [5-7]. In this
study, it was shown that stool and cancer tissue
mMiRNA-21 increased in CRC patients, which
related to clinical stage and lymph node metas-
tasis, but not to age, sex, size, location, differ-
entiation degree and serum CEA level. More-
over, significant high level of miRNA-21 found in
patients with advanced clinical stage and
lymph node metastasis indicated that miRNA-
21 maybe play some role in infiltration and
metastasis of cancer cells. Nevertheless, some
study suggested that expression level of
mMiRNA-21 in CRC patients’ serum was lower
than those in healthy controls [8]. The discrep-
ancy remains to be further validated because
of only several samples put in that research
and it is not clear whether the expression of
serum and tissue is consistent. It is reported
that the CRC size and degree of distant metas-
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tases were also concerned
with expression level of mi-
RNA-21 [9], which was in in-
consistent with the result we
concluded. The possible rea-
son was that relevant deficient
sample amount. In addition,
the research as well indicated
overexpression of miRNA-21 in
stool of CRAs and the differ-
ence was statistically signifi-
cant. Our study also found
mMiRNA-21 expressed higher
obviously in CRC group than
CRA group no matter in tumor tissue or stool. At
the same time, there was a correlation between
the increase of miRNA-21 in tumor tissue and
stool. Therefore, miRNA-21 associated with
tumor possiblely derived from tumor tissue and
secreted into stool to be detected. Thus, it's
possible to distinguish between CRC and CRA
patients by detecting stool miRNA-21 level.
However, the research still showed the expres-
sion of miRNA of stool and tissue in some cases
is not consistent. We speculate that it may be
related to tumor size, activity, tumor invasive-
ness and individual differences, which need to
be further explored. In addition, the present
study first reported the correlation between
expression level of miRNA-21 and clinical fea-
tures of CRC by simultaneous detection of stool
and tissue miRNA-21 level. The experimental
results revealed that miRNA-21 expressed in
CRA tissue and stool higher than healthy con-
trols respectively and was relevant to pathologi-
cal types. The more villiform ingredients CRA
had, the higher level miRNA-21 expressed.
Hence, it was indicated that miRNA-21 exerted
its role on precancerous lesion of CRC and
probably participated in the progression of CRA
with malignant change.

The role of oncogene or anti-oncogene may be
played by miRNA-146a in course of cancer gen-
esis and progression. According to the present
reports, the effects taken by miRNA-146a were
inconsistent among different cancers. The
research showed that the elevated expression
of miRNA-146a were observed in cervical and
thyroid cancer [10, 11], nevertheless, decrea-
sed expression in prostatic, pancreatic and
gastric cancer [12, 13]. Meanwhile, abnormal
expression of miRNA-146a also was verified in
kinds of cancer cell lines [14, 15]. In animal
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experiment, miRNA-146a deletion led to the
regulation disturbance in NF-kB signal path-
way, which further resulted in the genesis and
progression of myeloid malignant tumors [16].
Some other researchs on miRNA-146a in vitro
showed that high level of miRNA-146a may
have inhibition of proliferation and inducing
apoptosis for cancer cells by affecting NF-kB
signal pathway [14, 17, 18]. Nowadays, the
study on miRNA-146a mostly focused on single
nucleotide polymorphism [19, 20] and rarely on
level of expression and function. It's reported
that low level of expression of miRNA-146a was
found in tissues of colorectal malignant tumor
[24]. In addition, the decreased expression of
mMiRNA-146a in CRCs was associated with clini-
cal stage (I+l1, llI+IV) and tumor differentiation.
The lower-expression of miRNA-146a consis-
tents with more advanced clinical stage and
poor differentiation. Further conclusion based
on above is that miRNA-146a probably inhibits
the invasion and differentiation of malignant
tumor, and specific mechanism of which is still
not certain. But the differential expression of
miRNA-146a lacking of organ specificity blurs
the clinical value for diagnosis, so that which
needs further researches. Besides, our study
showed that the decreased expression of miR-
NA-146a in CRC group was significant com-
pared with the CRA group. However, there was
rare relevance with tissue and stool based on
further analyses for miRNA-146a expression, it
needs further studies if detection results of
stool miRNA-146a could distinguish between
CRC and CRA or not. Some other research con-
sidered miRNA-146a expressed higher in CRC
group [22], which was inconsistent with ours,
and the reason may be the different origin of
samples. Meanwhile, our study suggested the
decreased expression of miRNA-146a in CRC
group compared with the healthy controls was
not statistically significant and irrelevant to clin-
ical features. Up to the present, conclusion
above had not been reported temporarily and
need to be testified in further large sample
studies.

At present, the most commonly used screening
tests for CRCs are colonoscopy, fecal occult
blood tests, fecal DNA, detection of serum CEA
and CA-199, and fecal immunochemical tests.
However, there was a lack of a low-cost, nonin-
vasive screening method that has high sensitiv-
ity and specificity. Colonoscopy is invasive
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operation, which confines its application.
However, other choices above also have its own
limitation such as low specificity and sensitivity
[23, 24]. ROC curve analysis showed that the
stool miRNA-21 and miRNA-146a has high sen-
sitivity and specificity to distinguish CRC and
CRA. Therefore, stool miRNA-21 and miRNA-
146a could contribute to early detection of
colorectal neoplasms. In comparison with the
invasive operation, such as colonoscopy, stool
miRNA detection owned advantages of good
compliance, easy collection, noninvasive and
relatively high specificity and sensitivity and
was used hopefully for early screen of colorec-
tal tumor. Unfortunately, addition of miRNA-
146a did not improve the differential power of
miRNA-21 in discriminationg CRC, CRA and
healty controls. Nevertheless, as the published
researches, combined two or more miRNAs
revealed a significant improved diagnostic effi-
ciency. Hence it’s hopefully to improve diagnos-
tic sensitivity and specificity with screening
more kinds of miRNAs and performing com-
bined detection. Although differential expres-
sion of stool mMiRNAs possesses great value for
diagnosis of colorectal tumor, there are certain
limitations as the early-diagnosis biomarker.
Previous studies have described the level of
miRNAs in solid cancers, such as colorectal
cancer, breast cancer, lung cancer, etc [25-27]
and emphasized the organ and disease speci-
ficity regarding miRNA as independent biomark-
er. So it's worth to be questioned that the
expression level of stool miRNA-21 and miRNA-
146a is whether only associated with colorec-
tal tumors themselves or the outcome respond-
ed by host immune system existing universally
in the progression of all kinds of tumor. Our
study discussed miRNA-21 and miRNA-146a
expressed in each stage of coloreactal tumor
development, including CRA, stage of I+l and
IlI+1V of CRC. If research will take the expres-
sion level of stool miRNAs in postoperative
patients into account simultaneously, it will
more powerfully demonstrate the great value of
stool miRNAs for colorectal diagnosis. In addi-
tion, considering our specimen selected from
the same area and race as well as small sam-
ple size, the diagnostic value needs further
amounts of experiments and clinical practices
to verify.

In a word, although detectable rate of colorec-
tal tumor increases slightly, the present specif-
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ic biomarker for early diagnosis of colorectal
tumor is still unsatisfied. Our study showed
miRNA-21 and miRNA-146a was of great value
for early diagnosis, however further researches
need to be done before the application of
miRNA-21 and miRNA-146a detection to clini-
cal practice.
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