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Abstract: Circulating microRNAs (miRNAs) have been demonstrated to be potential diagnostic and prognostic mark-
ers for many types of cancers including colorectal cancer (CRC). The aim of current study was to determine the clini-
cal significance of serum miR-193b in CRC. The expression of serum miR-193b in CRC patients and healthy controls
was detected by quantitative reverse transcription-polymerase chain reaction. Then the value of serum miR-193b
as marker for CRC prognosis was evaluated. Our results showed that the expression levels of serum miR-193b were
significantly reduced in CRC patients compared to healthy volunteers. Serum miR-193b discriminated CRC patients
from healthy subjects with high accuracy. In addition, serum miR-193b levels were increased in CRC patients who
received surgery treatment. Low serum miR-193b was associated with TNM stage, grade and lymph node metasta-
sis. The overall/disease free survival time of patients with low serum miR-193b expression was significantly shorter
compared to those with high serum miR-193b expression. Moreover, multivariate analysis showed that low serum
miR-193b level predicted poor prognosis independently. These findings indicate that serum miR-193b serves as a
promising novel prognostic biomarker for CRC.
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Introduction tion, differentiation, apoptosis and survival [5].
Increasing studies have shown that circulating
mMiRNAs are promising diagnostic and prognos-
tic biomarkers for various types of cancers
including CRC for the following reasons. Firstly,
miRNAs might function as oncomiRs or tumor
suppressor genes in cancer, thus deregulation
of miRNAs might promote tumorigenesis [6].
Secondly, cancer cells actively secrete miRNAs
into the circulation system [7]. Moreover, miR-
NAs are very stable in plasma or serum [8].
Zekri et al reported that the expression levels of
miR-17, miR-19a, miR-20a and miR-223 were
significantly elevated in patients with CRC and
these four molecules might be used as dia-
gnostic biomarkers for CRC [9]. Low levels of

Colorectal cancer (CRC) is one of the most com-
monly diagnosed cancer and a leading cause of
cancer associated mortality around the world
[1, 2]. Regular screening and removal of polyps
have significantly reduced the incidence of
CRC. Metastasis is considered to be associat-
ed with poor clinical outcome of CRC. The prog-
nosis of CRC patients diagnosed at the stage IV
is dismal, with a five year overall survival rate of
less than 10% [3]. Therefore, it is necessary to
identify novel prognostic biomarkers that con-
tribute to precise prediction of survival in CRC
patients to determine optimal treatment modal-
ities in clinical practice.

MicroRNAs (miRNAs) are a class of evolutionary
conserved small non-coding RNA that negative-
ly regulates gene expression by binding the
3’-untranslated region (UTR) of target mRNAs
at the post-transcriptional level [4]. miRNAs
plays important roles in various cellular pro-
cesses including, but no limited to, prolifera-

serum miR-21 were associated with higher risk
of recurrence and mortality. In addition, redu-
ced serum miR-21 was demonstrated to be an
independent predictor of survival [10].

miR-193b is located on 16p13.12 and belongs
to the miR-193b-365 cluster. Previous studies
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Table 1. Relation between serum miR-193b expression level and
the clinicopathologic characteristics of CRC patients

patients with any other type
of cancer or/and liver and

p kidney dysfunction were ex-

Variables Cases Serum miR-193b levels
Low (n=43) High (n=47) cluded from the. current
study. None of subjects had
Age 0.7183 . . .
received preoperative radia-
<60 38 (42.22%) 19 (21.11%) 19 (21.11%) tion or chemotherapy before
>60 52 (57.78%) 24 (26.67%) 28 (31.11%) sample collection. The clini-
Gender 0.1021 cal stages were determined
Male 56 (62.22%) 23 (25.56%) 33 (36.67%) according to the criteria pro-
Female 34 (37.78%) 20 (22.22%) 14 (15.56%) posed by International Union
Tumor size (cm) 0.0590 Against Cancer (UICC) crite-
<5 63 (70.00%) 26 (28.89%) 37 (41.11%) ria. The demographic and
>5 27 (30.00%) 17 (18.89%) 10 (11.11%) clinicopathological data of
Depth of invasion 0.0730 all enrolled. CRQ patients
T1T2 15 (16.67%) 4 (4.44%) 11 (12.22%) was summarized in Table 1.
T3T4 75 (83.33%) 39 (43.33%) 36 (40.00%) Serum sample harvesting
Lymph node metastasis 0.0212
Negative 59 (65.56%) 23 (25.56%) 36 (40.00%) Whole blood sample was
Positive 31 (34.44%) 20 (22.22%) 11 (12.22%) obtained from each partici-
Distant metastasis 0.1063 pant and the processed with
Negative 82 (91.11%) 37 (41.11%) 45 (50.00%) tih : fat;rpfgs”e‘x;g 22?}:’;’
Positive 8 (8.89%) 6 (6.67%) 2 (2.22%) fuged at 3000 g for 10 min
TNM stage 0.0034
at room temperature, fol-
-l 48 (53.33%) 16 (17.78%) 32 (35.56%) lowed by 10,000 g for 5 min.
-V 42 (46.67%) 27 (30.00%) 15 (16.67%) The serum samples were
Grade 0.0121 flash-frozen into liquid nitro-

HI 76 (84.44%) 32 (35.56%)
1l 14 (15.56%) 11 (12.22%)

44 (48.89%)
3(3.33%) -80°C.

gen and thereafter stored at

have shown that miR-193b is aberrantly
expressed in many types of cancer such as
pancreatic cancer, ovarian cancer and epider-
mal squamous cell carcinoma [11-13]. In this
study, we aimed to investigate the expression
pattern of serum miR-193b as well as its poten-
tial diagnostic and prognostic value in CRC.

Materials and methods
Patients

Serum samples were obtained from 90 CRC
patients and 40 healthy volunteers who
received treatment or physical examination in
our hospital. Informed consent was obtained
from each participant before serum samples
collection. The study was approved by the
Ethics Committee of the Cancer Hospital of
China Medical University, Liaoning Cancer
Hospital & Institute. Inclusion criteria were a
diagnosis of CRC based on histopathology. CRC
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RNA isolation and quantita-
tive reverse transcription-polymerase chain
reaction (RT-qPCR)

Total RNA was isolated from serum samples
using miRNeasy Mini kits (Qiagen, Inc., Valencia,
CA, USA), following the manufacturer’s proto-
col. The quality and quantity of isolated RNA
was assessed using a NanoDrop 1000 spectro-
photometer (Thermo Fisher Scientific, Inc.,
Wilmington, DE, USA). Reverse transcription of
total RNA was performed using miScript reverse
Transcription Kit (Qiagen). miScript SYBR Green
PCR Kit (Qiagen) was used to amplify the first
strand cDNA. qRT-PCR was carried out on an
Applied Biosystems 7900HT Fast Real-Time
PCR System (Applied Biosystems, Foster City,
CA, USA) with the following conditions: 95°C for
10 min, followed by 40 cycles of 95°C for 15
sec and 60°C for 1 min. Fold-change was calcu-
lated using the delta Ct method. U6 small
nuclear RNA was used as an internal control to
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Figure 1. The expression levels of serum miR-193b
in CRC patients and healthy controls.
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Figure 2. The diagnostic value of serum miR-193b
in CRC.

normalize the amount of miR-193b. Each sam-
ple was run in triplicate.

Statistical analysis

All statistical analyses were performed by Gr-
aphPad Prism 6 software (GraphPad Software,
Inc., San Diego, CA, USA). Mann-Whitney U test
was used to compare the relative expression of
serum miR-193b between CRC patients and
healthy volunteers. The relationship between
expression of serum miR-193b and clinicopath-
ologic characteristics was examined using x?2
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test. Receiver operating characteristic (ROC)
curve was drawn to examine the effectiveness
of serum miR-193b in distinguishing CRC from
healthy volunteers. Survival curves were plot-
ted using the Kaplan-Meier method and com-
pared by log-rank test. Univariate and multivari-
ate analyses were performed to identify the
independent prognostic factors. A P-value less
than 0.05 was considered as statistically
significant.

Results

Serum miR-193b expression is reduced in CRC
patients versus healthy volunteers

To evaluate the expression level of serum miR-
193b, serum samples from 90 CRC patients
and 40 healthy controls were used. The results
of qRT-PCR showed that the expression levels
of serum miR-193b were dramatically decre-
ased in CRC patients compared to the healthy
volunteers (**P<0.01) (Figure 1). Then ROC an-
alysis was performed to examine the diagnostic
performance of serum miR-193b, the results
revealed that serum miR-193b was able to
discriminate CRC patients from healthy volun-
teers with relative high accuracy (Sensitivity
=76.67%, Specificity =80.00%, area under the
curve (AUC) =0.853) (Figure 2).

Serum miR-193b levels was sensitive to sur-
gery therapy

Seventy-five CRC patients received surgery
therapy. We compared the expression levels of
serum miR-193b before the operation and after
surgery. Our results demonstrated that serum
miR-193b levels were remarkably upregulated
in CRC patients who received surgery treatment
(**P<0.01) (Figure 3A). However, no signifi-
cance in miR-193b levels was found in the
other 15 stage IV CRC patients who did not
receive surgery (P>0.05) (Figure 3B).

Association between serum miR-193b levels
and clinicopathological parameters of CRC

Chi-square test was used to reveal the correla-
tion between serum miR-193b levels and clini-
copathological parameters of CRC. The results
showed that serum miR-193b was associated
with lymph node metastasis (P=0.0212), TNM
stage (P=0.0034), and grade (P=0.0121). Wh-
ile it was not correlated with age, gender, depth
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Figure 3. Serum miR-193b levels were increased in
CRC patients who received surgery treatment.

of invasion, tumor diameter, distant metastasis
(Table 1).

Association of serum miR-193b levels with
survival in patients with CRC

The Kaplan-Meier survival curve and the log-
rank test were applied to explore whether
serum miR-193b levels were correlated with
survival. As anticipated, patients with lower lev-
els of serum miR-193b had significantly worse
five year overall survival (P=0.0026; log-rank
test). Moreover, patients in the low serum miR-
193b group also suffered a shorter five year
disease free survival (P=0.0002; log-rank test)
(Figure 4A, 4B).

To further evaluate the prognostic value of
serum miR-193b, the univariate and multivari-
ate Cox regression analyses were performed.
The univariate Cox regression analysis showed
that TNM stage, grade and serum miR-193b
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Figure 4. Kaplan-Meier survival analysis in CRC pa-
tients based upon serum miR-193b levels.

were the prognostic factors for the CRC
patients. The multivariate Cox regression analy-
sis revealed that serum miR-193b was an inde-
pendent risk factor for CRC (HR=2.498, 95%
Cl=1.381-4.140, P=0.021) (Table 2).

Discussion

Our results showed that serum miR-193b was
significantly reduced in CRC patients and found
to correctly discriminate CRC patients from
healthy controls with an AUC value of 0.853.
Serum miR-193b levels were remarkably ele-
vated in CRC patients who received surgery
treatment. We also investigated the associa-
tion of serum miR-193b expression with clinico-
pathological features. Low serum miR-193b
levels were correlated with multiple parameters
including differentiation, TNM stage and lymph
node metastasis. Survival analysis revealed
that CRC patients with lower serum miR-193b
expression had worse outcome. Moreover, mul-
tivariate analysis showed that serum miR-193b
was an independent prognostic factor of overall
survival.

These data indicate that miR-193b acts as a
tumor suppressor in CRC and downregulation
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Table 2. Univariate and multivariate analyses of prognostic factors

predicting the overall survival of CRC patients

advanced pathological T
stage, indicating miR-193b

Variable Univariate analysis

Multivariate analysis

methylation might account

HR 95% CI P HR

95% Cl P

for the initiation and pro-

Serum miR-193b

Low vs high
Gender

Male vs female 1.210 0.887-1.831 0.318
Age

>60 vs <60 1.294 0.913-1.927 0.283
Tumor size (cm)

>5vs <b 1.519 0.944-2.415 0.192
Depth of invasion

T3/T4vs T1/T2 1.435 0.932-2.207 0.215
LN metastasis

2.643 1.425-4.309 0.013 2.498 1.381-4.140 0.021

gression of prostate can-
cer [18]. Similarly, miR-
193b was remarkably re-
duced in breast cancer ce-
Il lines. Overexpression of
miR-193b inhibited the pr-
oliferation, migration and
invasion capacity of breast
cancer cells. DNAJC13
and RAB22A was demon-
strated to be the down-
stream targets [19].

Yes vs ho 1.711 0.991-2.853 0.056 HOWGVGr, miR-193b also
Distant metastasis plays an oncogenic role in
Yes vs no 1.683 0.984-2.720 0.072 some types of cancer. Se-
TNM stage rum miR-193b was signifi-
-1V vs |- 3.120 1.941-5.752 0.006 3.418 1.861-6.346 0.005 cantly increased in pati-
Grade ents with non-small cell
I vs Il 1.921 1.080-3.282 0.043 1.747 0.990-3.050 0.053 lung cancer (NSCLC) com-

of miR-193b promotes its development. Serum
miR-193b might serve as a potential prognostic
biomarker for patients with CRC. Despite these
findings, investigations at a large-scale are
needed to validate the clinical significance of
serum miR-193b in CRC. In addition, serum
miR-193b levels are also found to increase in
other diseases such as prediabetes, sepsis,
chronic hepatitis B infection [14-16]. Thus
these factors are required to be considered
when interpreting the serum miR-193b levels in
patients with CRC.

Consistent with results of previous study, miR-
193b was significantly reduced in CRC tissues
compared with normal controls. In addition, low
tissue miR-193b expression was associated
with poorer overall survival. Ectopic expression
of miR-193b suppressed the proliferation and
invasive capacity of cancer cells and vice versa.
Moreover, stathmin 1 was identified as a down-
stream target of miR-193b [17]. miR-193b has
also been reported to function as a tumor sup-
pressor in other types of cancer. For instance, it
was common to observe that miR-193b was
methylated in prostate cancer samples com-
pared with benign prostate hyperplasia. Lower
miR-193b levels were associated with more
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pared with healthy volun-
teers, indicating that miR-
193b might act as an oncomiR in NSCLC [20].
miR-193b expression was upregulated in both
glioma tissues and cell lines, In addition, down-
regulation of miR-193b inhibited proliferation
capacity of cancer cells by targeting Smad3
[24]. Similarly, miR-193b was overexpressed in
head and neck squamous cell carcinomas
(HNSCC) tissues and cell lines. Knockdown of
miR-193b suppressed the proliferation, migra-
tion and invasion capacity in vitro as well as
reduced tumor growth in vivo [22]. Therefore,
the role of miR-193b is cancer type depen-
dent.

In conclusion, we have observed for the first
time the prognostic significance of serum miR-
193b in CRC. Serum miR-193b might be a novel
and promising biomarker for CRC. Future stud-
ies are required to interpret the underlying
molecular mechanisms.
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