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Overexpression of miR-17
 is correlated with liver
metastasis in colorectal cancer
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Abstract
Background:Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in men and women. The presence of
systemic disease, with metastatic spread to distant sites such as the liver, considerably reduces the survival rate in CRC. Cancer
stem cells contribute to the metastatic potential of CRC. However, the mechanism underlying metastasis in CRC remains unclear.
Thus, this study aimed to examine the expression of microRNAs (miRNAs) in CRC stem cells in cases of liver metastases and assess
their correlation with clinicopathological features.

Methods: miRNAs showing high expression in liver metastases and primary lesions were selected through data mining of gene
expression omnibus datasets, and miRNAs characteristic of stem cells were selected through COREMINE medical text mining.
Subsequently, paired formalin-fixed paraffin-embedded tissue samples of primary CRC and liver metastasis from 30 patients were
examined for the expression ofmiRNAs common to these lists (hsa-miR-20a, hsa-miR-26b, hsa-miR-146a, hsa-miR-17, hsa-miR-451,
hsa-miR-23a, and hsa-miR-29a) using quantitative real-time polymerase chain reaction. Further, miRNA expression was compared
between liver metastases and the primary tumor in each patient and the factors associated with differential expression were analyzed.

Results: hsa-miR-17 was significantly upregulated in liver metastases (P< .05), but no significant difference in the expression of
hsa-miR-26b, hsa-miR-146a, hsa-miR-451, hsa-miR-23a, and hsa-miR-29a was observed between primary tumors and liver
metastases. The higher expression of hsa-miR-17 in liver metastases was associated with the administration of neoadjuvant
chemotherapy and tumor differentiation (P< .05) but was not associated with age, sex, tumor location, or lymphatic metastasis.

Conclusions: High expression of miR-17 may contribute to liver metastasis in CRC. Therefore, an in-depth understanding of its
downstream pathways could help in elucidating themechanisms underlying liver metastases in CRC. However, additional studies are
warranted to validate these findings.

Abbreviations: CRC = colorectal cancer, CSC = cancer stem cell, FFPE = formalin-fixed paraffin-embedded, GEO = gene
expression omnibus, miRNAs = microRNAs, RT-PCR = reverse transcriptase polymerase chain reaction.
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1. Introduction

Liver metastasis in colorectal cancer (CRC) is a worldwide
concern. It is associated with a poor prognosis and reduces the
long term survival of patients.[1] There are about 500,000 cases of
liver metastasis from CRC annually in USA[1] and until recently,
its incidence was still very high.[2] More than 70% of patients
with liver metastases cannot undergo surgery. Even among those
who undergo hepatectomy, the 2-year recurrence rate is as high
as 75%, and the 5-year overall survival rate is only 26.8%.
Although metastasis is the main cause of death in the case of such
tumors, the complex mechanism underlying metastases in CRC
remains poorly understood, and novel and well-characterized
biomarkers – which would be helpful in predicting metastatic
potential and prognosis of CRC and aid in the facilitation of
therapeutic intervention – remain unknown.
MicroRNAs (miRNAs) belong to a class of small noncoding

RNAs that can regulate the expression of target genes during the
post-transcriptional phase.[3] Growing evidence indicates that
miRNAs play an important role in the development of CRC. A
high frequency of miRNA dysfunction is associated with CRC
development and progression, and miRNAs could thus serve as
targets for treatment.[4–6] Thus, miRNAs – many of which have
differential expression profiles – may serve as biological markers
for predicting the development and prognosis of CRC. Although
previous studies have provided valuable data on the potential use
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of miRNAs as biomarkers in CRC,[6] the results for CRC liver
metastasis were limited, and there were inconsistencies in the
findings owing to the use of different sample source.[6,7]

Cancer stem cells (CSC) was reported to have the ability of self-
renewal, sphere formation, migration, invasion, and resistance to
cancer therapy such as radiotherapy and chemotherapy and was
consider the major contributor of the formation of metastasis.
For example, high expression of Oct4 granted cells with ability of
cells and associated with the formation of liver metastasis in
CRC.[8]ManymiRNAswere reported to effect on the stemness of
CSC in CRC,[9] including miR-21,[10] miR146a,[11,12] mir-195-
5p,[13] and so on.
The aim of the present study was to examine the expression of

miRNAs related to CRC stem cells in cases of liver metastases and
assess their correlation with clinicopathological features.
2. Methods

2.1. Data mining of gene expression omnibus (GEO)
datasets

In this study, miRNA profiling datasets generated from paired
primary tumors and liver metastases of CRC patients were
retrieved from the GEO database using the following criteria:
Keywords: colorectal cancer; species: Homo sapiens; analysis

type: miRNA expression profiling by array.
Data profiles of paired primary tumor and liver metastases

were selected manually.
2.2. Differentially expressed miRNAs

The online tool GEO2R was used to compare the expression of
miRNAs between primary and metastatic lesions. Differentially
expressed genes were identified after excluding
(1)
 miRNAs showing a greater than 1.5-fold increase in
expression in less than 20% of samples and
(2)
 miRNAs for which data were missing in 50% or more of the
samples.
After an analysis of the GEO2R results, miRNAs differentially
expressed in primary and metastatic lesions were selected. Using
overlapping and consistent comparison methods, miRNAs
consistently upregulated or downregulated in all chip datasets
were selected. Because the difference between the primary and
metastatic lesions in this study may be influenced by factors such
as smaller stem cell populations, the P-value was adjusted
to +<.05.Moreover, instead of using jlogFold Change (FC)j≥2 as
the threshold, genes showing consistent differential expression
with jlogFCj≥1 were defined as the differentially expressed
miRNAs.
2.3. Text mining of CRC stem cell-related miRNAs

COREMINE-Medical is an ontology-based medical information
retrieval platform, jointly developed by the Norwegian and
Chinese Academy of Sciences, the Chinese Academy of Medical
Sciences, the National Library ofMedicine, and other groups and
is one of the most advanced medical information retrieval
platforms in the world. To identify miRNAs associated with
CSC, we used the COREMINE Medical text mining tool and
applied it to the Pubmed database. Search keyword combinations
included “miRNA,” “Cancer stem cell,” “Colorectal cancer,”
2

“epithelial to mesenchymal transition,” and “Drug Resistance.”
On reading through the literature retrieved by COREMINE,
several miRNAs were selected as CRC stem cell-related miRNAs.
2.4. Tumor specimens

Tissue samples were collected from 30 patients with advanced
CRC who were treated in Guangxi Medical University Cancer
Hospital (GMUCH) from January 1, 2011 to December 31,
2016. The primary lesion and metastases were removed either
simultaneously or at different times using surgery, and the
pathology was confirmed by experienced pathologists. All
specimens were collected within 1 hour after surgical resection,
frozen in liquid nitrogen, and stored in an ultra-low temperature
refrigerator at �80°C.
Meanwhile, demographic and clinical information such as age,

sex, ethnicity, clinical diagnosis, and pathological type were
collected for all patients, who provided signed informed consent
before data and sample collection. Moreover, this study was
approved by the Ethics Committee of the GMUCH.
2.5. RNA extraction

Total RNAwas extracted from 50 to 80mg of tumor tissue using
the Beyozol Reagent (Cat. R0011, Beyotime Biotechnology,
Shanghai, China) according to the manufacturer’s protocol. The
purity and concentration of RNA were determined using
NanoDrop2000 Spectrophotometers Thermo Fisher Scientific
(Waltham, MA, USA) and then stored at �80°C. cDNA was
synthesized using the First Strand cDNA Synthesis Kit
(TOYOBO, Shanghai Biotechnology Co., Ltd, Shanghai, China)
according to the manufacturer’s protocol using 1mg of total
RNA.
2.6. Real-time polymerase chain reaction (PCR)

Primers for real-time PCR were synthesized by Sangon Biotech
(Shanghai, China) Co., Ltd. The primer sequences used are
shown in Table 1. miRNA expression was determined using the
BeyoFast SYBR Green Qpcr Mix (Beyotime). All experiments
were repeated at least thrice, and expression was compared using
the �DDCt method.
2.7. Prediction of target genes

TargetScan, miRanda, miRDB, and PicTar were used to identify
downstream target genes for miRNAs associated with drug
resistance in tumor stem cells, and target genes that could be
simultaneously predicted by at least 3 tools were selected for
further analysis.
2.8. KEGG signal pathway analysis

pathway: Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis was performed using David online analysis tool
to explore the possible biological pathways that the predicted
target genes of differentially expressed miRNAs were involved in.
2.9. Statistical analysis

The data were statistically analyzed using SPSS 13.0 software
IBM SPSS Statistics (Armonk, NY, USA). Continuous variables



Table 1

Primers used in reverse transcription and real-time PCR.

Primer names Sequences (50→30)

Primers for reverse transcription
Sense primers R-hsa-miR-146a CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACCCATG

R-hsa-miR-17 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACCTGC
R-hsa-miR-20a CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACCTGC
R-hsa-miR-451 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACTCAGT
R-hsa-miR-23a CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGAAATCC
R-hsa-miR-29a CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGAAATCC
R-hsa-miR-26b CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCTAAACC

Anti-sense primer R-U6 AACGCTTCACGAATTTGCGT
Primers for real-time PCR
Sense primers F-hsa-miR-146a ACACTCCAGCTGGGTGAGAACTGAATTCCA

F-hsa-miR-17 ACACTCCAGCTGGGCAAAGTGCTTACAGTGC
F-hsa-miR-20a ACACTCCAGCTGGGTAAAGTGCTTATAGTGC
F-hsa-miR-451 ACACTCCAGCTGGGAAACCGTTACCATTAC
F-hsa-miR-23a ACACTCCAGCTGGGATCACATTGCCAGGG
F-hsa-miR-29a ACACTCCAGCTGGGACTGATTTCTTTTGGT
F-hsa-miR-26b ACACTCCAGCTGGGGCTGGTTTCATATGGTGG
F-U6 AACGCTTCACGAATTTGCGT

Anti-sense primer URP TGGTGTCGTGGAGTCG

PCR = polymerase chain reaction.
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were expressed as mean± standard deviation (x± s), and the
differences between groups were analyzed using a paired samples
2-sided t test. Discrete variables were expressed as frequency or
percentage (%) and were compared using the x2 test. Differences
with P< .05 were considered statistically significant.
3. Results

3.1. Mining for miRNAs differentially expressed in liver
metastasis using GEO

After screening the GEO database for miRNA array analyses
involving paired primary CRC lesions and related liver
metastases, GSE56350 – completed by an Ohio State University
group using the GPL16744 platform and containing data from
33 lymph nodes and 15 pairs of matched primary CRC and liver
metastases tissues – was selected for the present study. Using
GEO2R analysis, 43 differentially expressedmiRNAswere found
in both GSE56350 analyses (Table 2), among which 34 genes
were upregulated and 9 were downregulated in liver metastases
(Table 2).
3.2. Text-mining of CRC stem cell-related miRNAs

Using COREMINE text mining, papers were retrieved using
the keywords combinations described in material and
methods. After reviewing the literature, 29 related miRNAs,
including 11 that were upregulated and 18 that were down-
regulated, were mined after screening for miRNAs shown to be
associated with epithelial mesenchymal transition or self-
renewal, asymmetric division, and high drug resistance in CSC
(data not shown).
After comparing these miRNAs with those screened by GEO, 7

candidate miRNAs – hsa-miR-26b,[14]hsa-miR-146a, hsa-miR-
17,[15]hsa-miR-20a,[16]hsa-miR-451,[17]hsa-miR-23a,[18] and
hsa-miR-29a[16,19] – were selected for further validation
(Table 3).
3

3.3. Expression of identified miRNAs in CRC and liver
metastasis

The expression of hsa-miR-26b, hsa-miR-146a, hsa-miR-17, hsa-
miR-20a, hsa-miR-451, hsa-miR-23a, and hsa-miR-29a was
examined in 30 liver metastases and paired primary tumor
samples from the same patient. Unfortunately, amplification
could not be achieved using the primers for hsa-miR-20a, hsa-
miR-23a, hsa-miR-146a, and hsa-miR-451, and only the
upregulation of hsa-miR-17 in liver metastasis was confirmed
(P< .05 when compared with the expression in the primary
lesion). Although hsa-miR-29a also appeared to be differentially
expressed, the difference was not statistically significant (P> .05,
data not shown)

3.4. Correlation of miR-17 expression with
histopathological features

Patients were classified according to whether they showed higher
or lower miR-17 expression in the liver metastases than in the
paired primary colorectal tumors (Table 4). Higher miR-17
expression in liver metastases was not significantly correlated
with sex (P= .68), age (P= .68), tumor location (P= .97), or
lymphatic spread (P= .19). However, it showed a significant
correlation with tumor differentiation (P= .03) and the adminis-
tration of neoadjuvant chemotherapy (P= .03).
When the patient’s primary tumor was poorly differentiated,

miR-17 expression in the metastatic tissue was higher than that in
the primary tumor tissue. This trend was true for 100% (11/11)
of the poorly differentiated primary tumors, but only for 63.2%
of moderately differentiated primary tumors. The expression of
miR-17wasmore likely to be higher in liver metastases in patients
who received chemotherapy before surgery, whereas only 45.5%
of patients who did not receive chemotherapy before surgery
showedmiR-17 upregulation in metastatic lesions; this difference
was significant (P= .03). There was no significant difference in the
upregulation ofmiR-17 in liver metastases according to sex, age,
primary tumor location, or lymph node metastasis (P> .05).

http://www.md-journal.com


Table 2

miRNA analysis in pair-match colorectal cancer tissue samples.

No miRNA logFC (LM/pCRC) Expression P

1 hsa-miR-150 1.44121521 Upregulated <.05
2 hsa-miR-26b 3.042809662 Upregulated <.05
3 hsa-miR-26a 2.989694935 Upregulated <.05
4 hsa-miR-107 2.46669294 Upregulated <.05
5 hsa-miR-126 2.462329369 Upregulated <.05
6 hsa-miR-103 2.443362984 Upregulated <.05
7 hsa-miR-146a 2.407266533 Upregulated <.05
8 hsa-miR-146b-5p 2.405194867 Upregulated <.05
9 hsa-miR-17 2.247419531 Upregulated <.05
10 hsa-miR-20a 2.244837492 Upregulated <.05
11 hsa-miR-768-3p 2.099100179 Upregulated <.05
12 hsa-miR-451 2.025926211 Upregulated <.05
13 hsa-miR-23a 2.020844489 Upregulated <.05
14 hsa-miR-29a 1.934377709 Upregulated <.05
15 hsa-miR-30b 1.866169725 Upregulated <.05
16 hsa-miR-361-5p 1.785818251 Upregulated <.05
17 hsa-miR-223 1.784888487 Upregulated <.05
18 hsa-miR-130a 1.756488367 Upregulated <.05
19 hsa-miR-29b 1.735648306 Upregulated <.05
20 hsa-miR-106a 1.63358599 Upregulated <.05
21 hsa-let-7a 1.632446757 Upregulated <.05
22 hsa-miR-20b 1.548306502 Upregulated <.05
23 hsa-miR-16 1.543327386 Upregulated <.05
24 hsa-miR-29c 1.460181434 Upregulated <.05
25 hsa-miR-100 1.408565544 Upregulated <.05
26 hsa-miR-142-5p 1.344774014 Upregulated <.05
27 hsa-miR-155 1.325498511 Upregulated <.05
28 hsa-miR-27a 1.308410336 Upregulated <.05
29 hsa-miR-609 1.246966162 Upregulated <.05
30 hsa-miR-25 1.245321948 Upregulated <.05
31 hsa-miR-342-3p 1.140261388 Upregulated <.05
32 hsa-miR-660 1.096854544 Upregulated <.05
33 hsa-let-7g 1.080856807 Upregulated <.05
34 hsa-let-7d 1.03458277 Upregulated <.05
35 hsa-mir-626 -1.023148869 Downregulated <.05
36 hsa-miR-453 -1.046954183 Downregulated <.05
37 hsa-miR-92b -1.133985141 Downregulated <.05
38 hsa-miR-652 -1.143015829 Downregulated <.05
39 hsa-miR-622 -1.174694123 Downregulated <.05
40 hsa-miR-663 -1.244705037 Downregulated <.05
41 hsa-miR-627 -1.326751156 Downregulated <.05
42 hsa-miR-375 -1.440217786 Downregulated <.05
43 hsa-miR-560 -1.470880614 Downregulated <.05

FC = fold change, LM = liver metastasis, miRNAs = microRNA, pCRC = primary colorectal cancer.

Table 3

Integrated-signature miRNAs in CRC.

miRNA expression profiles analysis Database analysis result

miRNA Accession Symbol logFC Expression Reference

hsa-miR-26b MI0000084 HGNC:MIR26B 3.0428 Upregulated Ma YL et al
hsa-miR-20a MI0000076 HGNC:MIR20A 2.2448375 Upregulated Zhang H et al
hsa-miR-146a MI0000477 HGNC:MIR146A 2.4073 Upregulated Hwang WL et al
hsa-miR-17 MI0000071 HGNC:MIR17 2.2474 Upregulated Kong W et al
hsa-miR-451 MI0001729 HGNC:MIR451 2.0259 Upregulated Bitarte N et al
hsa-miR-23a MI0000079 HGNC:MIR23A 2.0208 Upregulated Jahid S et al
hsa-miR-29a MI0000087 HGNC:MIR29A 1.9344 Upregulated Kriegel AJ et al

FC = fold change, miRNAs = microRNA, CRC = colorectal cancer.
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Table 4

Relationship between the expression level of miR-17 in the primary
tumor and clinicopathologic parameters in colorectal cancer
patients with liver metastases.

Patient
characteristics N

miR-17
overexpression

Rate
(%) P-value

Gender
Male 16 13 81.3 .68
Female 14 10 71.4

Age, yr
�55 14 10 71.4 .68
>55 16 13 81.3

Tumor location
Ascending colon 8 5 62.5 .97
Descending colon 3 3 100
Sigmoid cancer 9 7 77.8
Rectal cancer 10 8 80

Tumor differentiation
Poor differentiation 11 11 100.0 .03
Well differentiation 19 12 63.2

Lymphatic metastasis
Yes 17 15 88.2 .19
No 13 8 61.5

Neoadjuvant chemotherapy
Yes 19 18 94.7 <.05
No 11 5 45.45
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3.5. Prediction of miR-17 target genes

Through a thorough search of the 4 databases, as mentioned
previously, 614 target genes of hsa-miR-17 were identified and
selected for further KEGG pathway. Target genes of hsa-miR-17
mostly showed enrichment in the endocytosis, MAPK signaling
pathway, axon guidance pathway, pathways in cancer, FoxO
signaling pathway, etc. The pathways showing a P-value< .01
and their key genes were listed in Table 5.

4. Discussion

CRC is one of the most prevalent malignant tumors world-
wide.[20] CSC contribute to the formation of liver metastases[8,9]

in such cases, which leads to a poor prognosis.[21] In this study,
Table 5

KEGG pathways enrichment of predicted target genes of hsa-mir-17

Term Count % P-value

hsa04144:Endocytosis 23 3.75 7.2E-06 PARD6B, LDLR, R
PSD, RABEP1,

hsa04010:MAPK signaling pathway 22 3.58 4.9E-05 FGF5, TGFBR2, T
MAP3K8, PDGF
MAP3K11

hsa04360:Axon guidance 13 2.12 .00068 PLXNA1, LIMK1,
SRGAP1

hsa05212:Pancreatic cancer 9 1.47 .00098 E2F1, E2F2, CCN
hsa05219:Bladder cancer 7 1.14 .00172 RPS6KA5, E2F1,
hsa05215:Prostate cancer 10 1.63 .00183 E2F1, E2F2, CDK
hsa05220:Chronic myeloid leukemia 9 1.47 .00192 E2F1, E2F2, CDK
hsa04068:FoxO signaling pathway 12 1.95 .0035 CDKN1A, CCND1,
hsa05214:Glioma 8 1.30 .00437 E2F1, E2F2, CDK
hsa05200:Pathways in cancer 23 3.75 .00673 E2F1, COL4A3, F

CDKN1A, HIF1A
hsa05218:Melanoma 8 1.30 .00711 E2F1, FGF5, E2F2
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we identified 7 cancer stem-cell related miRNAs that showed
higher expression levels in liver metastases than in primary
lesions through a combination of GEO dataset and COREMINE
medical text mining. We further validated the expression of those
miRNAs in paired primary tumor and liver metastases specimens.
Through our study, we confirmed that a higher expression of hsa-
miR-17 in liver metastases was associated with the administra-
tion of neoadjuvant chemotherapy and tumor differentiation but
not with age, sex, tumor location, or lymphatic metastasis.
MiR-17 can enhance cell proliferation and metastasis in colon

cancer and has been considered a promising biomarker for CRC
in several previous studies.[22] Previous reports show thatmiR-17
is upregulated in various human cancers, including CRC,[23–25]

and the miR-17 cluster is associated with the progression of
colorectal adenoma to adenocarcinoma. Other studies have
found that miR-17 levels continue to rise during the progression
of adenoma to adenocarcinoma.[26] Our present study showed
that miR-17 expression increases during progression from the
primary tumor to liver metastasis, consistent with findings from
Wang et al., who reported a similar miR-17 expression pattern
using qRT-PCR.[27] Our results indicate that miR-17 may be
involved in metastatic spread to the liver in CRC.
However, we were unable to present a large patient cohort for

an analysis of miR-17 expression in primary CRC and the
corresponding liver metastases, and larger sample sizes need to be
analyzed in order to confirm our findings.
Previous studies revealed some possible mechanisms about

howmiR-17 promoted the metastasis. It was shown thatmiR-17
could promote CRC cell proliferation andmetastasis by targeting
transforming growth factor-b receptor 2.[28]MiR-17 could
induce drug resistance in CRC cells and negatively regulate
PTEN expression.[29] miR-17 was reported to promote hepato-
cellular carcinoma cells through p38 mitogen-activated protein
kinase-heat shock protein 27 pathway.[30] MiR-17 could
promote normal ovarian cancer cells to CSC development via
suppression of the lkb1-p53-p21/waf1 pathway, but whether it
was true in CRC was unknown. In our study, we found that the
downstream target genes of miR-17 were enriched in MAPK
pathways, the tyrosine kinase signaling pathway, cell cycle
pathways, and insulin signaling pathway (Table 4), all of which
.

Genes

AB5B, TSG101, KIF5A, TGFBR2, EEA1, LDLRAP1, RAB11FIP5, AP2B1, DAB2, GBF1,
ZFYVE9, PDGFRA, NEDD4L, ITCH, RAB10, ARAP2, RAB11FIP1, HSPA8, IQSEC2
AOK3, MKNK2, PPP3R1, RPS6KA5, MAP3K5, DUSP2, MAP3K3, MAP3K2, SOS1,
RA, MAPK9, RAPGEF2, MAP3K14, DUSP8, CRK, MAP3K12, HSPA8, AKT3,

PPP3R1, NTN4, DPYSL5, DPYSL2, EPHA5, EPHA4, EPHA7, CFL2, SEMA7A, SEMA4B,

D1, TGFBR2, MAPK9, JAK1, RB1, AKT3, STAT3
E2F2, CDKN1A, CCND1, RB1, MMP2
N1A, CCND1, SOS1, PDGFRA, CREB5, RB1, TCF7L1, AKT3
N1A, CCND1, SOS1, TGFBR2, RB1, CRK, AKT3
S1PR1, RBL2, SLC2A4, STK11, SOS1, TGFBR2, MAPK9, CCNG2, AKT3, STAT3
N1A, CCND1, SOS1, PDGFRA, RB1, AKT3
GF5, E2F2, TGFBR2, EGLN3, RB1, MMP2, STAT3, TCF7L1, ARHGEF11, CCND1,
, LAMA3, SOS1, PDGFRA, MAPK9, GNB5, JAK1, PLCB1, CRK, AKT3
, CDKN1A, CCND1, PDGFRA, RB1, AKT3
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are involved in cancer formation. Further studies are necessary to
confirm the mechanisms underlying this process.
Although we could not confirm the correlation between the

expression of the other 5 CSC-related miRNAs and liver
metastases, we cannot exclude the possibility that those miRNAs
could also affect metastases of CRC. For example, miR-23a is
highly expressed in various cancers and acts as an oncogenic
miRNA.[31] Previous reports indicate thatmiR-23a functions as a
growth-promoting and antiapoptotic factor in hepatocellular
carcinoma cells, and it also promotes the growth of gastric
adenocarcinoma cells and downregulates the expression of the
interleukin-6 receptor.[32] Moreover, miR-23a promotes the
transition of CRC from the indolent to invasive phenotype and
promotes the invasive ability of glioma cells by directly targeting
HOXD10.[33] Further, miR-451 is linked to cancer development
and is considered a tumor suppressor based on clinicopathologi-
cal and cell biological evidence.[34] From a clinicopathological
perspective, miR-451 expression is downregulated in various
types of cancers, and its lower expression is correlated with a
worse prognosis in cancers such as non-small cell lung cancer,
gastric cancer, and hepatocellular cancer.[35,36] As previously
reported, miR-26b is strongly associated with Ulcerative Colitis-
associated Carcinogenesis,[37] and higher expressionmiR-26was
reported be associated with metastasis in head and neck
squamous cell carcinoma.[38] In prostate cancer, miR-29a is
considered a putative tumor-suppressive miRNA, contributing to
cell migration and invasion.[39] The miR-29 family plays a
dominant role in regulating extracellular matrix genes, such as
collagen, LAMA2, integrin b, Mmp2, fibrillin, secreted protein,
acidic, and Sparc, consequently contributing to the promotion of
cancer cell migration and metastasis. Despite its low expression,
we found an upregulation of both miR-26 and miR-29 in CRC
liver metastases specimens, although this difference was not
significant. Thus, the function of these miRNAs in CRC liver
metastasis still needs to be elucidated in the future.
In summary, highermiR-17 expression may contribute to liver

metastases of CRC. An in-depth understanding of its down-
stream pathways could help in elucidating the mechanisms
underlying liver metastases in CRC.
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