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Differential expression of serum miR-126, miR-141 and miR-21
as novel biomarkers for early detection of liver metastasis in
colorectal cancer
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Objective: MicroRNAs (miRNAs) have potential as diagnostic biomarkers in cancer. Evaluation of the
association between miRINA expression patterns and early detection of liver metastasis in colorectal cancer
(CRC) has not been reported.

Methods: We investigated the expression of metastasis-associated miRs-31, 335, 206, 141, 126, 200b, 200c,
21, Let7a, Let7b and Let7c in localized, liver-metastatic and other organ-metastatic CRC (OM-CRC).
Expressions of target miRNAs in serum were evaluated in 116 consecutive localized CRC (L-CRC), 72
synchronous liver-metastatic CRC (SLM-CRC) and 36 other OM-CRC by quantitative real-time PCR.
Results: Seven of 11 tested miRNAs could be detected from serum. Four miRINAs, miR-126, Let-7a, miR-
141 and miR-21 were identified as metastasis-associated miRNAs. Compared with L-CRC, significant up-
regulated expression was observed for miR-141 and miR-21 in SLM-CRC and OM-CRC, down-regulated
expression was observed for miR-126 in SLM-CRC and OM-CRC, and up-regulated expression of Let-7a
in OM-CRC. The receiver operating characteristic (ROC) curve showed serum miR-126 had a cut-off [logy,
relative quantity (log,,*?)=—0.2005] with 77.78% sensitivity and 68.97% specificity with an area under curve
(AUC) of 0.7564, miR-141 had a cut-off (logy"?=-0.2285) with 86.11% sensitivity and 76.11% specificity
with an AUC of 0.8279, and miR-21 had a cut-off (longQ:—O.BlO) with 73.61% sensitivity and 66.38%
specificity with an AUC of 0.7479.

Conclusions: We identified liver metastasis-associated miRNAs, suggesting serum miR-126, miR-141 and

miR-21 may be novel biomarkers for clinical diagnosis of early stage liver-metastatic CRC.
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Introduction regulatory RNAs, microRNAs (miRNAs), has emerged

as possible serum markers for human diseases including
cancers, due to their relative stability in the circulation (3).
Evolving evidence suggests that miRNAs play an
important role in carcinogenesis and cancer progression
through their ability to affect the expression of genes that
can regulate the tumorigenic process (4). miRNAs are

Colorectal cancer (CRC) is one of the most common, lethal
diseases. Synchronous liver metastases (SLM) account for
approximately 15% of newly diagnosed CRC, which are
often resistant to conventional therapies and lead to a poor
prognosis (1). Up to 50% of patients with CRC will have

colorectal liver metastasis (CLM) at some point (2). Novel
biomarkers that are of clinical value are thus in urgent need
to improve compliance rates. Recently, a family of small
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small non-coding RNAs (18-22 nucleotides in length) that
regulate the expression of target genes by interfering with
transcription or inhibiting translation (5). Studies have
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shown that miRNA expression levels differ between normal
and tumor tissues and vary among tumor types (6). The
implication that they play an important role in oncogenesis
has led to the notion of miRNAs as potential biomarkers
for the early diagnosis of cancer, predicting prognosis or
treatment responses or even as targets in cancer treatment
strategies (7).

Studies of miRNAs in CLM have been limited, and
most data are from miRNA expression profiles that
compared early stage colonic tumors to metastatic CRC
(mCRC). Cheng et al. (8) demonstrated plasma miR-141
was a biomarker for detecting colon cancer with distant
metastasis, and was associated with poor survival. MiRs-21,
135a, 335, 206 and Let-7a could detect the presence of
metastases and had a specificity of 87% and a sensitivity
of 76% for the presence of metastases (9). However, data
for a large cohort of circulating serum sample study of
CRC liver metastases have not been reported. The hope
is that several liver metastasis-associated miRNAs can be
identified by evaluating their expression in well-defined
cohorts of early stage CRC. By studying CLM, we expect to
identify several miRNAs that allow the earlier detection of
CLM. In this study, we evaluated the expression of various
metastasis-associated miRINAs in serum samples of localized
CRC (L-CRC) and mCRC, including synchronous liver
metastasis CRC (SLM-CRC) and other organ-metastasis
CRC (OM-CRC). We demonstrated differential expression
of 3 of 7 tested miRINAs in CLM. A signature composed of
the expression levels of miR-126, miR-141 and miR-21 in
the serum significantly correlated with the presence of early
stage CRC liver metastases.

Materials and methods

Patients and serum samples

Serum samples (N=224) from CRC patients that had been
surgically treated were obtained from Beijing Friendship
Hospital between 2007 and 2013, including 116 consecutive
patients of L-CRC between January 2008 and June 2010, and
108 consecutive patients of mCRC between September 2007
and April 2013. Two cohorts of CRC patients were selected
for analysis. The first cohort included 116 serum samples
of L-CRC. The second cohort included 108 serum samples
of mCRC, including two subgroups, 72 with SLM-CRC
and 36 with OM-CRC. No patients recruited to this study
had received chemotherapy or radiotherapy prior to blood
sampling. Venous blood (5 mL) was collected from each
patient before surgery and centrifuged at 3,000 r/min for
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10 min. Supernatants were recovered and stored at —-80 °C
until further analysis. Follow-up data for all recruited
patients were acquired and survival time was calculated
from the date of surgery to the date of death or last follow-
up on 10 June 2013. The study was approved by the Ethics
Review Board of Beijing Friendship Hospital, and written
informed consent was obtained from each patient.

RNA extraction and reverse transcription

RNA was isolated using a miRcute miRNA isolation kit
(Tiangen, China), following the manufacturer’s protocol
for serum/plasma samples with some modification. Briefly,
300 pL of human serum was mixed with 300 pL of MZ
lysis buffer. After phase separation, the aqueous phase was
mixed with ethanol then applied to miRspin and miRelute
columns. The miRNAs were eluted with 30 pL. of RNase-
free water, with 18 pL used for reverse transcription. RNA
concentration and purity were assessed using an Eppendorf
Biophotometer. RNA concentrations ranged from 26 to
54 ng/pL. Purity of RNA was verified by measuring the
absorbances of samples at 260 and 280 nm and determining
the 260/280 ratio (acceptable range 1.77-1.92).

Reverse transcription was carried out using an all-in-
one miRNA first-strand ¢cDNA synthesis kit (Genecopoeia).
Final reaction volumes were 25 pL containing 1 pL of 2.5 U/pL
poly-A polymerase, 1 pLL of RTase Mix, 5 pL of 5x reaction
buffer and 18 pL of purified miRNA. Reverse transcription
was performed in a PTC-200 peltier thermal cycle at 37 °C
for 60 min and then 85 °C for 5 min.

Detection of serum miRNAs by quantitative PCR (¢qPCR)

qPCR was conducted on an ABI 7500 instrument in 96-
well plates. Each miRNA assay was performed in duplicate
with a non-template control contained in each plate. To
control for inter-assay variation, samples analyzed on the
same plate were for one specific miRNA. We used an all-
in-one miRNA qPCR kit (Genecopoeia), with 20 pL. qPCR
mixtures containing 10 pL. of 2x all-in-one gPCR Mix, 2 pLL
of all-in-one miRNA qPCR primer, 2 pL of universal
adaptor primer, 0.4 pL of 50x ROX reference dye and
5.6 pL of ¢cDNA. For normalization of sample-to-sample
variation during the RNA isolation procedures, synthetic
Caenorhabditis elegans miRNA cel-miR-39 was added to
each denatured sample. Amplification was performed on
an Applied Biosystems 7500 thermal cycler with a cycling
profile of 50 °C for 2 min, 95 °C for 10 min, followed by
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Table 1 Patient characteristics
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Characteristics L-CRC (N=116)

mCRC (N=108)
SLM-CRC (n=72)

OM-CRC (n=36)

Median age at diagnosis (range), years

Sex

Male 60 (52%)

Female 56 (48%)
Primary tumor location

Colon 75 (65%)

Rectum 41 (35%)
Tumor stage

T1 3 (3%)

T2 24 (20%)

T3 59 (51%)

T4 30 (26%)
Lymph node involvement

Yes 25 (21%)

No 91 (79%)
Stage at presentation

| 22 (19%)

Il 69 (60%)

1] 25 (21%)

\% 0
Median follow-up years (range) 3.5 (0.3-5.4)

60.7 (30.3-84.5)

61.2 (51.2-74.1) 59.3 (29.3-80.6)

38 (53%) 23 (65%)
34 (47%) 13 (35%)
48 (66%) 19 (53%)
24 (34%) 17 (47%)
0 3 (8%)
0 3 (8%)
22 (31%) 9 (24%)
50 (69%) 21 (60%)
63 (88%) 28 (79%)
9 (12%) 8 (21%)
0 0
0 0
0 0
72 (100%) 36 (100%)
1.2 (0.2-6.0) 1.1 (0.1-5.0)

L-CRC, localized colorectal cancer; mCRC, metastatic colorectal cancer; SLM-CRC, synchronous liver-metastatic colorectal

cancer; OM-CLC, other organ-metastasis colorectal cancer.

50 cycles of 95 °C for 15 s and 60 °C for 1 min. At the end
of the 50th cycle, a melt curve analysis was carried out to
verify any non-specific amplification.

Statistical analysis

The relative levels of miRNAs were quantified using the
27**“ method, and the data were analyzed as log,, of the
relative quantity (log;,"?) of the target miRNAs. Statistical
analysis was performed with SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA) and graphs were generated using
Graphpad Prism 6.0. Significance of difference between
cohorts (L-CRC and mCRC) was determined by two tailed
unpaired 7-test. A one-way analysis of variance (ANOVA)
for variance P value was also performed for the comparison
of the L-CRC, SLM-CRC and OM-CRC. Receiver
operating characteristic (ROC) curves were generated to
assess the diagnostic accuracy of each parameter, and the
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sensitivity and specificity of the optimum cut-off point were
defined as those values that maximized the area under the
ROC curve [area under curve (AUC)]. All statistical tests
were two-sided, and P<0.05 was considered statistically
significant.

Results
Patient characteristics

Two cohorts of patient specimens were chosen from the
CRC tumor bank at the Beijing Friendship Hospital.
Patient characteristics are shown in 7able 1. The median
age in L-CRC was 60.7 years compared with 61.2/59.3 years
in SLM-CRC/OM-CRC, and males were the most
common sex in the three subgroups (52%, 53% and 65%,
respectively). Most of the tumors in the three groups were
of colonic origin (65% in L-CRC, 66% in SLM-CRC and
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Table 2 MiRNAs and their proposed function with target genes according to published literature

MiRNA Proposed function

Target gene

hsa-miR-21

metastasis promoting via changes in cell motility and ECM remodeling (9,10)

PTEN, Pdcd4, TPM

let-7a metastasis promoting via regulation of KRAS oncogene expression (9,11-13) KRAS, c-myc, Lin28
let-7b metastasis suppressing via regulation of KRAS expression, Lin28 oncogene (12) KRAS, Lin28

let-7c metastasis suppressing via inhibition of migration, invasion (14) K-RAS, MMP11, PBX3
hsa-miR-206 metastasis suppressing via inhibition of migration, invasion (9,15) c-Met

hsa-miR-141 Epithelial-to-mesenchymal transition (16,17) ZEB1,ZEB2
hsa-miR-200b Epithelial-to-mesenchymal transition (18) ZEB1,ZEB2
hsa-miR-126 metastasis suppressing via inhibition of migration, invasion (15) CXCR4

hsa-miR-200c Epithelial-to-mesenchymal transition (16,18) ZEB1,ZEB2
hsa-miR-31 metastasis suppressing via inhibition of migration, invasion (19,20) ITGA5, RDX ,RhoA
hsa-miR-335 metastasis suppressing via inhibition of migration, invasion (9,15) SOX4,PTPRN2,MERTK

ECM, extracellular matrix; miR, microRNA.

53% in OM-CRC). L-CRC had a T3 depth of invasion
(51%) and the other two subgroups had a T4 depth of
invasion (69% in SLM-CRC and 60% in OM-CRC).
Of note, a high proportion of patients in SLM-CRC and
OM-CRC (88% and 79%) showed mostly lymph node
involvement compared with L-CRC (21%). Most patients
in L-CRC were at stage II.

The miRNAs evaluated in this study included miRs-31,
335, 206, 141, 126, 200b, 200c, 21, Let7a, Let7b and Let7c
that were previously demonstrated to play a role in the
metastatic process in a number of tumor models (Table 2).
We examined these selected candidate miRNAs by qPCR
and only detected the expressions of miRs-31, 141, 126, 21,
Let7a, Let7b and Let7c in serum samples, but could not
detect miRs-335, 206, 200b and 200c.

Identification of CRC metastasis-associated miRNAs in
serum samples

Statistical analyses to determine significant differences in
miRNAs expression between L-CRC and mCRC (SLM-
CRC and OM-CRC) were performed for all miRNAs
evaluated. Among the seven miRNAs that were evaluated,
significant changes in expressions were observed for miR-
126, Let-7a, miR-141 and miR-21 in mCRC compared
with L-CRC (Figure I).

MiR-126 levels were significantly down-regulated in
mCRC when compared with L-CRC (mean log;,"%: —0.3980
vs. —0.0204, P<0.0001). But, Let-7a expression levels
were significantly up-regulated in mCRC compared with
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L-CRC (mean log,,"% -0.1076 vs. =0.2747, P=0.0120).
Similarly, both serum levels of miR-21 and miR-141
could significantly up-regulated in mCRC from L-CRC
by statistical analysis (mean log,*%: 0.1026 vs. —-0.3655,
P<0.0001; 0.1625 vs. —0.4976, P<0.0001). In contrast,
serum levels of Let-7b, miR-31and Let-7¢ did not show
significant differences between mCRC and L-CRC (mean
log;"% —0.2321 vs. -0.2617, P=0.7133; -0.3779 vs. —0.2925,
P=0.2517;-0.3289 vs. —0.2944, P=0.6830). Therefore, based
on these observations, miR-126, Let-7a, miR-21 and miR-
141 were identified as metastasis-associated miRINAs.

Differential expression of miR-126, miR-141 and miR-21
in CRC with liver metastasis

To identify CRC liver metastatic-associated miRNAs in
serum samples, we divided the 108 serum samples from
mCRC into 72 SLM-CRC and 36 OM-CRC. Among the
seven miRNAs that were evaluated, significant changes in
expression were observed for miR-126, miR-21 and miR-
141 in SLM-CRC compared with L-CRC (Figure 2).
Similar to metastasis-associated miRINAs, miR-126 levels
were significantly down-regulated in SLM-CRC and OM-CRC
compared with L-CRC (mean log;,"% -0.4610 vs. —0.0204,
P<0.0001; -0.2720 vs. -0.0204, P=0.0165), but miR-126
expression levels were not significantly different when SLM-
CRC was compared with OM-CRC (Figure 24). MiR-141
levels were significantly up-regulated in SLM-CRC and
OM-CRC compared with L-CRC (mean log;,"% 0.0726
vs. —0.4976, P<0.0001; 0.3422 vs. —0.4976, P<0.0001), and
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Figure 1 Serum microRNA (miRNA) levels in localized colorectal cancer (L-CRC) and metastatic CRC (mCRC). (A-D) Compared with
L-CRC, serum Let-7a, miR-141 and miR-21 were significantly up-regulated in mCRC, and miR-126 levels were significantly down-
regulated in mCRC; (E-G) Serum levels of Let-7¢, miR-31 and Let-7b did not show significant differences between mCRC and L-CRC.
mCRC includes synchronous liver-metastatic colorectal cancer (SLM-CRC) and organ-metastatic colorectal cancer (OM-CRC).
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Figure 2 Serum microRNA (miRNA) levels in CRC liver metastases. (A-C) Serum miR-126 levels were significantly down-regulated

in synchronous liver-metastatic colorectal cancer (SLM-CRC) and organ-metastatic colorectal cancer (OM-CRC) when compared with
localized colorectal cancer (L-CRC). MiR-141 and miR-21 levels were significantly up-regulated in SLM-CRC and OM-CRC when
compared with L-CRC; (D) Let-7a levels were up-regulated in OM-CRC in comparison with L-CRC; (E-G) Serum levels of Let-7¢, miR-
31 and Let-7b did not show significant differences in these three subgroups.

miR-141 expression levels were also significantly different
when SLM-CRC was compared with OM-CRC (mean
log;,"% 0.0726 vs. 0.3422, P=0.0100) (Figure 2B). Similarly,
miR-21 levels were significantly up-regulated in SLM-CRC
and OM-CRC compared with L-CRC (mean longQ: 0.1005
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vs. —0.3655, P<0.0001; 0.1068 vs. —0.3655, P<0.0001), but
miR-21 expression levels were not significantly different
when SLM-CRC was compared with OM-CRC (Figure 2C).

Of interest, Let-7a levels were not significantly different in

SLM-CRC compared with L-CRC (mean logmRQ
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Figure 3 Serum microRNAs (miRNAs) were potential early diagnosis signature for colorectal cancer (CRC) liver metastates. (A) Serum
miR-126 had a cut-off with 77.78% sensitivity and 68.97% specificity with an area under curve (AUC) of 0.7564; (B) Serum miR-141 had a
cut-off with 86.11% sensitivity and 76.11% specificity with an AUC of 0.8279; (C) Serum miR-21 had a cut-off with 73.61% sensitivity and

66.38% specificity with an AUC of 0.7479.

vs. —0.2747, P=0.3203), but were significantly up-regulated
in OM-CRC when compared with L-CRC and SLM-CRC
(mean log;,"“: 0.0843 vs. -0.2747, P<0.0001; 0.0843 vs. —0.2036,
P=0.0083) (Figure 2D). The other three miRNAs miR-31,
Let-7b and Let-7¢ were not significantly different when
SLM-CRC was compared with L-CRC. Therefore, miR-
126, miR-21 and miR-141 were proposed as CRC liver
metastasis-associated miRINAs.

Potential miRNASs as an early diagnosis signature for CRC

liver metastatic disease

These results demonstrated that among the seven selected
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miRNAs, miR-126, miR-141 and miR-21 were significantly
correlated with CRC liver metastasis. The ROC curve was
plotted to identify a cut-off value that could distinguish
SLM-CRC from L-CRC. The scatter plot showed that
at the optimal cut-off, serum miR-126 had a cut-off
(log,,"9=-0.2005) with 77.78% sensitivity and 68.97%
specificity with an AUC of 0.7564 (Figure 3A4), serum miR-
141 had a cut-off (log,,"%=-0.2285) with 86.11% sensitivity
and 76.11% specificity with an AUC of 0.8279 (Figure 3B),
and serum miR-21 had a cut-off (log;,“?=—0.1310) with
73.61% sensitivity and 66.38% specificity with an AUC of
0.7479 (Figure 3C). These results suggest that serum miR-
126, miR-141 and miR-21 might be a novel early diagnosis
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signature for CRC liver metastatic disease.

Discussion

In the present study, using patient serum, we showed that
previously suggested metastasis-associated miRNAs (21)
are also important in the progression and metastatic
potential of CRCs. We showed the differential expression
of miR-126, miR-141 and miR-21 during the progression
of liver mCRC. Identification of miRNA prognostic
signature suggests that miRNA profiles may compliment
clinicopathologic variables in predicting the risk of liver
metastasis in resected colorectal tumors.

We examined selected candidate miRNAs by qPCR and
only detected the expression of 7 of 11 tested miRNAs in
serum samples. miRs-335, 206, 200b and 200c were not
detected. The most robust data regarding these 4 miRINA
expression profiles were reported by researches using tumor
tissues or cells lines, but few have used serum samples
(9,15,16,18). Therefore, miR-335, 206, 200b and 200c may
not be secretory miRNAs, which may explain why they
were not observed in serum of CRC patients.

Our findings fail to confirm that miR-31, Let-7b and
Let-7¢ are CRC metastasis-associated miRNAs. Previous
studies showed that expression of miR-31 inhibited breast
cancer metastasis in tumor cells via regulation of a cohort
of metastasis-associated genes, including I7GA5, RDX, and
RhboA (19,20). Let-7b can suppress the expression of tumor
promoter gene LIN28B, which promotes cell migration and
invasion, and transforms immortalized colonic epithelial
cells (12). Han et al. (14) demonstrated that Let-7c, in
addition to its role in tumor growth suppression, could
also function as a tumor metastasis suppressor in CRC by
directly destabilizing the mRNAs of MMPI11 and PBX3.
Our data were inconsistent with these reports, possibly
because our research samples were serum from CRC
patients, adding further evidence that there are significant
differences between in vitro and in vivo studies. Further
validation in a larger cohort of samples is needed to
determine conclusively whether miR-31, Let-7b and Let-7¢
serve as circulating markers for CRC metastasis-associated
miRNAs.

Let-7a is expressed at higher than normal levels in many
cancers including CRC, and plays a role in the inhibition of
tumor growth by targeting oncogenes such as KRAS (22) and
NIRF, and several cell cycle-related genes (23). Experimental
and early clinical data revealed Let-7 had these effects and
had up-regulating expression in the metastatic disease,
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especially in the presence of KRAS mutations. Vickers et al.
showed elevated expression in metastatic disease compared
to normal mucosa or non-metastatic disease, and only in
KRAS mutation positive tumors (9). In the present study,
we found that serum levels of Let-7a were significantly
up-regulated in mCRC and OM-CRC when compared
with L-CRC (P=0.0120 and P<0.0001, respectively).
One limitation of our study was not evaluating the KRAS
mutation status in tumors, and the failure to gain further
insight into the molecular mechanisms and the correlation
between Let-7a and KRAS.

The tumor suppression genes PTEN, Pdcd4 and
tropomyosin 1 (TPM1I) were suggested as targets of miR-
21 (9,24,25). Clinically, higher miR-21 expression increased
with tumor metastatic potential by evaluating the expression
of target miRNAs in micro-dissected paraffin embedded
CRC tumors, adjacent normal tissue and corresponding
liver metastatic tissues (9). Toiyama ez 4/. found that serum
miR-21 was a promising biomarker for the early detection
and prognosis of CRC when compared with CRC patients,
advanced adenoma and control subjects (26). However
in contrast to this previous study that analyzed miRNAs
isolated from stage IV, we evaluated miRNA expression
specifically in SLM-CRC and OM-CRC. Our findings
validate that miR-21 levels were significantly up-regulated
in mCRC, SLM-CRC and OM-CRC compared with
L-CRC. So serum miR-21 was significantly correlated with
CRC liver metastasis.

MiR-126 is essential in angiogenesis by modulating
vascular endothelial growth factor receptor (VEGFR 2)
related signal transduction through the RAS/ERK and
PI3K/AKT pathways by inhibiting regulatory units.
High levels of miR-126 in CRC are associated with
high VEGFR-2 mRNA and protein levels and a higher
density of newly formed microvessels (27). As a metastasis
suppressor miRNA, miR-126 was originally defined in
breast cancer (15). Zhang er al. described a previously
unrecognized role of miR-126 and miR-126* in inhibiting
breast cancer metastasis by impeding cytokine-dependent
infiltration of two important metastasis-promoting stromal
cell types into the primary tumor (28). Recently, miR-126
was shown to suppress metastatic endothelial recruitment
and angiogenesis at the site of metastatic colonization by
coordinating the targeting of pro-angiogenic IGFBP2,
PITPNCI and MERTK genes (29). Kang et 4/. demonstrated
that both strands of the miR-126 duplex could inhibit lung
metastasis to reduce the recruitment of mesenchymal stem
cells and inflammatory monocytes to primary tumours (30).
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Consistent with these reports, we present further evidence
that miR-126 levels were significantly down-regulated in
mCRC, SLM-CRC and OM-CRC when compared with
L-CRC (P<0.0001, P<0.0001 and P=0.0165, respectively).
Schepeler er al. (31) demonstrated that miRNA-126 was
up-regulated in the primary tumor tissue from patients
with stage II microsatellite stable (MSS) colon cancers who
experienced relapse significantly later compared with those
who did not. That study used tumor tissue samples and
only included MSS. The results of miR-126 were obtained
from miRNA microarray expression profiles, which
failed to amplify miRNA expression by real-time reverse
transcription-PCR. However, the underlying mechanisms
of its decrease in mCRC require further investigation.

MiR-141 belongs to the miR-200 family, and functions
as a switch that can regulate epithelial-to-mesenchymal
transition (EMT) and mesenchymal-to-epithelial
transition (MET) in human CRC metastasis (16), which
promotes MET by inhibiting the expression of E-cadherin
transcriptional suppressors ZEBI and ZEB2 (17). In this
study, we found miR-141 was up-regulated in mCRC,
SLM-CRC and OM-CRC (P<0.0001, P<0.0001 and
P<0.0001, respectively) by quantitative real-time PCR
(qQRT-PCR) when compared with L-CRC. Cheng et al.
found that plasma miR-141 was significantly elevated in
stage IV cases when compared with stage I-II, stage III
and stage I-1II combined (8), which was consistent with
the results of our study. Hur ez a/. demonstrated that liver
metastasis tissues showed higher expression of miR-141
and miR-200c compared with primary CRC (16). However,
the liver metastases tissues were not matched to primary
tumors and the miR-141 data from circulating serum were
not reported. The concentration of miRNAs is not equal
in different sources of samples, such as serum and tissue. In
our study, miR-141 expression levels were also significantly
different when SLM-CRC was compared with OM-
CRC (P=0.0100), increased serum miR-141 might reflect
increased miR-141 levels in the primary tissue and newly
formed metastatic foci, and different organs’ metastatic foci
maybe induce different miRNAs levels. This hypothesis
will need to be tested with circulating serum and matching
primary tumors and metastases in the future.

In conclusion, serum miR-126, miR-141 and miR-
21 levels in liver mCRC were significantly differential
expression compared with L-CRC, suggesting serum
miR-126, miR-141 and miR-21 may be novel biomarkers
for the clinical diagnosis of early stage liver mCRC, but
whether they are biomarkers of liver-specific expression, the

© Chinese Journal of Cancer Research. All rights reserved.
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expressions of these miRNAs and their downstream target
genes in pairs of primary CRC and corresponding liver
metastasis tissue specimens need to be analyzed.
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