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Abstract Dysregulation of microRNA-100 (miR-100)
has been shown to be involved in cancer tumorigenesis and
progression of several cancer types. However, its expres-
sion patterns in tumors are controversial. The aim of this
study was to investigate the expression and clinical sig-
nificance of miR-100 in colorectal cancer (CRC). Quanti-
tative real-time PCR was used to analyze the expression of
miR-100 in 138 pairs of human CRC and adjacent normal
tissues. The prognostic values of miR-100 in CRC were
also analyzed. The results showed that the miR-100
expression was significantly downregulated in CRC tissues
when compared to adjacent normal tissues (P < 0.001).
Also, low miR-100 expression was observed to be signif-
icantly correlated with larger tumor size (P = 0.023),
higher incidence of lymph node metastasis (P = 0.009),
and advanced TNM stage (P = 0.016). More importantly,
Kaplan—Meier analysis showed that CRC patients with low
miR-100 expression tended to have shorter overall sur-
vival. In multivariate analysis stratified for known prog-
nostic variables, low miR-100 expression was identified as
an independent prognostic factor for overall survival. In
conclusion, our data indicated for the first time that the
downregulation of miR-100 was associated with advanced
clinical features and poor prognosis of CRC patients,
suggesting that miR-100 downregulation may serve as an
unfavorable prognostic biomarker in CRC.
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Introduction

Colorectal cancer (CRC) is one of the leading causes of can-
cer-related death worldwide, with high possibilities of recur-
rence and metastasis [1]. The prognosis for CRC patients has
shown little improvement despite advances in treatment
approaches over the last decades. Consequently, there is an
ongoing effort to identify novel and effective targets to
improve therapeutic efficacy and clinical outcome for CRC.

MicroRNAs (miRNAs) are a class of small non-coding
RNA molecules that regulate gene expression by binding to
the 3’ untranslated regions (3’ UTR) of target miRNAs,
repressing miRNA translation or cleaving target miRNA
[2, 3]. As master regulators of gene expression, miRNAs
are involved in modulating diverse biological processes,
such as metabolism, survival, differentiation, and apoptosis
[2]. The deregulation of expression of miRNAs has been
shown to contribute to the multistep processes of carcino-
genesis in human by modification of either oncogenic or
tumor suppressor function [4]. Moreover, accumulating
evidence indicated that miRNAs are potential biomarkers
of diagnosis, treatment, and outcomes, which are highly
tissue specific for cancer patients [5-9].

Dysregulated expression of miR-100 has been found in
various types of cancers. MiR-100 can act as either oncogene
or tumor suppressor in different cancers. For example, it has
been demonstrated to be involved in nasopharyngeal cancer
[10], bladder cancer [11], epithelial ovarian cancer [12], and
hepatocellular carcinoma [13] by deregulation of its target
genes as a tumor suppressor; it has also been found to pro-
mote tumorigenesis in renal cell carcinoma [14] and acute
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myeloid leukemia [15] as an oncogene. Recently, Peng et al.
[16] reported that the enforced expression of miR-100 could
markedly suppresses the proliferation of CRC cells by tar-
geting RAP1B, indicating that downregulation of miR-100
might play an important role during CRC progression.
However, the clinical significance of miR-100 in CRC has
not yet been elucidated. In the present study, we investigated
the expression level of miR-100 in human CRC tissues and
analyzed its correlation of miR-100 expression with clini-
copathological factors of patients. The prognostic value of
miR-100 expression in CRC was also analyzed.

Materials and methods
Patients and tissue samples

Human CRC tissues (n = 138) and adjacent normal tissues
(n = 138) were obtained through the Department of Gen-
eral Surgery at Zaozhuang Mining Group Central Hospital
(Zaozhuang, China), between June 2005 and November
2008. None of the patients recruited in this study received
preoperative treatment, such as radiotherapy or chemo-
therapy. The tissue specimens were immediately frozen in
liquid nitrogen after surgical removal and stored at —80 °C
until analysis. The diagnoses were confirmed by patho-
logical findings. All tumors were classified according to the
seventh edition of the UICC TNM staging system for CRC.
Written informed consent was obtained from each patient,
and research protocols were approved by the Ethical
Committee of Zaozhuang Mining Group Central Hospital.

All CRC patients have been followed up at intervals of
3 months during the first 2 years and 6 months up to the fifth
year, and the date of latest record retrieved was December 31,
2013. Overall survival was calculated from the date of the initial
surgical operation to the date of death or last date of follow-up.

RNA isolation

Total RNA was extracted from tissue samples using TRIzol
(Invitrogen, Carlsbad, CA) according to the manufacturer’s
protocol. The concentration and purity of RNA were
measured spectrophotometrically at 260 and 280 nm,
whereas RNA integrity was evaluated by agarose gel
electrophoresis. Only the samples with the OD A260/A280
ratio close to value of 2.0, which indicates that the RNA is
pure, were subsequently analyzed.

MiRNA detection by real-time quantitative RT-PCR
(qQRT-PCR)

cDNA were generated from 1 pl total RNA using One Step
PrimeScript miRNA cDNA Synthesis Kit (Takara, Japan)
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according to the manufacture’s instructions. Real-time
PCR was performed using SYBR Premix Ex TaqTM II
(Takara, Japan) on an ABI 7500 Real-Time PCR System
(Applied Biosystems, USA) with the amplification steps as
follows: 95 °C for 10 s, and 40 cycles at 95 °C for 5 s and
60 °C for 34 s. At the end of the PCR cycles, melting curve
analyses were performed in order to validate the specific
generation of the expected PCR product. Each sample was
run in duplicates for analysis. The expression levels of
miR-100 were normalized to U6 small nuclear RNA (U6)
and were calculated utilizing the 27AAC method [17].

Statistical analysis

The Kruskal-Wallis test or the Mann—Whitney U test was
performed to compare miRNAs levels between groups. The
chi-square or Fisher’s exact probability test was used to
examine possible correlations between miR-100 expression
and clinical features. Survival curves were constructed with
the Kaplan—-Meier method and compared by the log-rank
test. The influence of each variable on survival was
examined by the Cox multivariate regression analysis. All
statistical analyses were carried out by using SPSS 13.0
software (SPSS Inc., IL, USA), and a P < 0.05 was con-
sidered statistically significant.

Results
MiR-100 expression in CRC patients

MiR-100 expression was detected in 138 pairs of CRC tis-
sues and adjacent normal tissues by qRT-PCR. Expression of
miR-100 was normalized with U6, and the values obtained
were compared. The results showed that miR-100 expression
in human CRC tissues was significantly lower than in adja-
cent normal tissues (Fig. 1a, P < 0.001). In addition, the
miR-100 expression was found to be decreased at least
twofold compared with adjacent normal tissues in 57.2 %
(79/138) of CRC cases (Fig. 1b). The median expression
level of miR-100 (1.26) was used as a cutoff point to divide
all 138 patients into two groups: CRC patients expressing
miR-100 at levels less than the cutoff value were assigned to
the low expression group (median expression value 0.61,
n = 69), and those samples with expression equal or above
the cutoff value were assigned to the high expression group
(median expression value 2.13, n = 69).

Association of miR-100 expression
with clinicopathological characteristics of CRC patients

Table 1 summarized the association between miR-100
expression and clinicopathological characteristics of CRC
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Fig. 1 MiR-100 expression is downregulated in CRC tissues than
adjacent normal tissues (P < 0.001). a MiR-100 expression is
examined using qRT-PCR in 138 pairs of human CRC tissues
(Cancer) and adjacent normal tissues (Normal), and its expression is
normalized to the level of U6 in each sample. Data are shown

patients. Low miR-100 expression was observed to be
closely correlated with larger tumor size (P = 0.023),
higher incidence of lymph node metastasis (P = 0.009),
and advanced TNM stage (P = 0.016). In contrast, there
was no association between miR-100 expression and other
clinical factors, such as gender, age, tumor location, local
invasion, distant metastasis, and histology grade (all
P > 0.05).

Association of miR-100 expression with prognosis
of CRC patients

The prognostic value of miR-100 expression was investi-
gated using the Kaplan—Meier method and log-rank test. As
shown in Fig. 2, there was a significant correlation between
miR-100 expression and 5-year overall survival of CRC
patients (P = 0.006, log-rank test). The cumulative 5-year
overall survival rate of CRC patients with low miR-100
expression was significantly lower than that of those
patients with high miR-100 expression. Univariate Cox
proportional hazards regressions model analysis demon-
strated that local invasion, lymph node metastasis, distant
metastasis, TNM stage, histology grade, and low miR-100
expression were statistically significant risk factors affect-
ing the overall survival of patients with CRC (Table 2). No
significant associations were found for gender, age at
diagnosis, location, tumor size, and patient outcome.
Multivariate analysis using the Cox proportional hazard
model for all variables that were significant in the univar-
iate analysis confirmed that the status of lymph node
metastasis (P = 0.031), distant metastasis (P = 0.028),
and the level of miR-100 expression (P = 0.017) were
independent prognostic factors for patients with CRC
(Table 2). These findings imply that miR-100 affects the
prognosis of CRC patients and that low miR-100 expres-
sion might be a poor prognostic factor.

Relatlve expression of mIR-100

(log2 fold changed)

-

-4 Em Underexpression
-6 =m Unchanged

-8 R Overexpression
-10

separately in human samples. b Fold changes of miR-100 of each
individual paired sample. The data are represented as log2-fold
change (Cancer/Normal), which was defined as >1 (overexpression)
and, <1 (underexpression); the remaining fold changes are defined as
unchanged

Discussion

CRC remains one of the leading causes of cancer-related
death worldwide4, so finding new molecular targets for its
diagnosis, prognosis, and treatment has the potential to
improve the clinical strategy and outcome of this disease
[18, 19]. In this retrospective study of 138 patients with
newly diagnosed CRC, there are three significant findings
according to our results: Firstly, miR-100 expression in
CRC tissues was significantly lower than that in adjacent
normal tissues; the reduced expression of miR-100 was
significantly associated with the advanced clinical features
of CRC patients; and both univariate and multivariate
analyses revealed that the expression level of miR-100 was
a significant risk factor affecting the overall survival of
patients with CRC. These results suggest that miR-100
expression could be a valuable biomarker of the progres-
sion and the prognosis in CRC. To the best of our
knowledge, this is the first study to analyze the expression
patterns and clinical significance of miR-100 in a large
number of CRC patients.

MiRNAs are small endogenous non-coding RNAs that
bind to partially complementary recognition sequences of
target mRNAs, causing either degradation or preventing
their translation [2, 3]. Since their discovery in 1993, altered
expressions of miRNAs have been associated with a variety
of human diseases, including cancer [5, 20]. To our inter-
ests, recent studies have witnessed dysregulation of multi-
ple miRNAs in CRC. For example, Asangani et al. [21]
reported that miR-21 expression was significantly increased
in CRC tissues and cell lines and that miR-21 contributed to
the malignant potential such as cell proliferation, migration,
and invasion in CRC. CRC patients with high miR-21
expression tended to have a poorer prognosis than those
with low miR-21 expression [22]. Chen et al. [23] found
that miR-103 targets the known metastasis suppressors
death-associated protein kinase and Kruppel-like factor four
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Table 1 Association between miR-100 expression and clinicopath-
ological characteristics of patients with colorectal cancer (n = 138)

Variable Number of  MiR-100 expression P value
cases Low High
(n=69) (n=069)

Gender 0.362
Male 78 43 35
Female 60 26 34

Age (years) 0.851
<60 57 32 25
>60 81 37 44

Tumor location 0.524
Colon 72 39 33
Rectum 66 30 36

Tumor size (cm) 0.023*
<5 82 24 58
>5 56 45 11

Histology grade 0.430
Well and 86 47 39

moderately

Poorly 52 22 30

Local invasion 0.228
T1-T2 64 37 27
T3-T4 74 32 42

Lymph node 0.009*
metastasis
Negative 65 10 55
Positive 73 59 14

Distant 0.067
metastasis
Negative 113 56 57
Positive 25 13 12

TNM stage 0.016*
I-1I 58 16 42
I-1v 80 53 27

* P <0.05

in CRC cells, resulting in increased cell motility and cell—
matrix adhesion. Overexpression of miR-106a could
increase CRC cell migration and invasion by inhibiting
transforming growth factor-f receptor [24]. Zhang et al.
[25] also reported that miR-143 was downregulated in CRC
tissues and cell lines and that enforced expression of miR-
143 inhibited cell invasion and migration of CRC cells.
These findings suggested that deregulation of miRNAs may
play a vital role in the tumorigenesis and progression of
CRC. More extensive investigations are required to eluci-
date the roles of miRNAs in the development of CRC so as
to identify those miRNAs that may serve as novel prognosis
predictor or as therapeutic targets for CRC.
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Fig. 2 Kaplan—-Meier curves for overall survival in patients with
CRC divided according to miR-100 expression: significantly poorer
overall survival for patients with low miR-100 expression (green line)
than for those with high miR-100 expression (blue line; P = 0.006,
log-rank test)

MiR-100, as a potential tumor related miRNA, has
been reported to be involved in tumorigenesis and tumor
development [26]. Notably, the roles of miR-100 in dif-
ferent cancers are quite contradictory as it can behave
either as an oncogene or a tumor suppressor gene,
depending on the tumor type examined. For example, Shi
et al. [10] reported that underexpressed miR-100 leads to
PIkl overexpression, which in turn contributes to naso-
pharyngeal cancer progression. Oliveira et al. [11] also
confirmed that miRNA-100 acts as a tumor suppressor in
human bladder carcinoma 5,637 cells. Peng et al. [12]
demonstrated that low miR-100 expression may be an
independent poor prognostic factor for human epithelial
ovarian cancer. Huang et al. [27] found that downregu-
lation of miR-100 was significantly associated with
advanced FIGO stage, the presence of lymph node
metastasis, and reduced survival of small-cell carcinoma
of the cervix patients. In addition to these, the downreg-
ulation of miR-100 was also shown in hepatocellular
carcinoma [13], oral cancer [28], and adrenocortical
cancer [29]. In contrast, an upregulation of miR-100 has
been observed in renal cell carcinoma, acute myeloid
leukemia, and prostate cancer [14, 26, 30]. In particular,
in CRC, the previous study of Peng et al. [16] found the
decreased expression of miR-100 in CRC cells. In line
with this finding, our data also validated the downregu-
lation of miR-100 in a large number of clinical CRC
cases. In addition, we found that the decreased expression
of miR-100 was significantly associated with larger tumor
size, higher incidence of lymph node metastasis, and
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Table 2 Univariate and multivariate analysis of overall survival in colorectal cancer patients (n = 138)

Variables Univariate analysis Multivariate analysis

HR (95 % CI) P value HR (95 % CI) P value
miR-100 expression 4.261 (1.108-9.426) 0.009* 3.675 (1.547-10.140) 0.017*
Gender 1.316 (0.538-2.962) 0.272
Age 1.028 (0.645-1.675) 0.508
Tumor location 1.854 (0.812-2.773) 0.389
Tumor size 0.859 (0.597-1.366) 0.186
Histology grade 1.577 (0.825-2.341) 0.013* 1.373 (0.472-2.568) 0.182
Local invasion 1.384 (0.398-2.159) 0.028* 1.086 (0.651-1.943) 0.351
Lymph node metastasis 5.413 (2.326-10.354) 0.002* 2.436 (0.867-6.953) 0.031*
Distant metastasis 1.498 (0.803-2.783) 0.014* 1.265 (0.316-2.604) 0.028*
TNM stage 3.206 (1.596-8.644) 0.038* 1.883 (0.704-3.065) 0.268
HR hazard ratio, CI confidence interval
* P <0.05
advanced TNM stage, which raises the possibility that  References

miR-100 might have an important role in the development
or pathogenesis of CRC. More importantly, we proved
that miR-100 expression was significantly associated with
overall survival of patients with CRC. In support of this,
Kaplan—-Meier analysis of overall survival showed that
patients whose tumors had low miR-100 expression tend
to have a significantly worse overall survival than those
with high miR-100 expression, indicating that low miR-
100 level is a marker of poor prognosis for patients with
CRC. Cox proportional hazards model adjusted for known
prognostic variables such as lymph node metastasis and
distant metastasis proved that miR-100 was an indepen-
dent prognostic marker for CRC. Thus, miR-100 could be
used as a molecular prognostic marker additive to the
known prognostic indicator, identifying patients who are
more likely to have higher risk of death, thus, should
receive more aggressive treatment. Of course, as the size
of tissue samples in this study is still small, multicenter,
randomized studies should be necessary to testify the
prognostic values of miR-100 expression.

In conclusion, this is the first report demonstrating that
the downregulation of miR-100 was associated with
advanced clinical features and poor prognosis of CRC
patients, suggesting that miR-100 downregulation may be
used as an unfavorable prognostic biomarker in CRC.
Further studies are needed to investigate the precise
molecular mechanism of miR-100 in the tumorigenesis and
progression of CRC and illustrate whether miR-100 may be
used as a potential therapeutic target for the treatment of
CRC patients.
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