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Abstract. Colorectal cancer (CRC) is one of the major causes
of cancer-related mortality worldwide. Recent studies revealed
that there is a relationship between CRC occurrence and
microRNA (miRNA) function. Stem cells are a type of cells
that have the ability to self-renew and to proliferate exten-
sively while maintaining the undifferentiated state. Cancer
stem cells (CSCs) are closely linked to tumor recurrence and
metastasis. To this end, we evaluated the miRNA expression
differences between colon CSCs and non-stem cells using the
SW1116 cell line, to determine the relationship between tumor
stem cells and tumor biological behavior. We isolated popu-
lations of colon CSCs with the CD133*/CD44* and CD133"/
CD44  surface phenotype from a human SW1116 colon adeno-
carcinoma cell line using flow cytometry. The expression of
miRNA and mRNA of both sets of cells was examined with
miRNA and mRNA arrays. Bioinformatic methods were used
to analyze microarray results. We completed gene ontology
analysis, pathway analysis, miRNA target gene prediction with
databases. We identified a colon stem cell miRNA expression
profile comprising 31 upregulated and 31 downregulated
miRNAs, such as miR29a, miR29b, miR449b and miR4524.
Some of these differentially expressed miRNAs may be
involved in the regulation of stem cell differentiation. Gene
ontology and pathway analyses showed that the differences are
closely related to the function of the cell cycle, cell differentia-
tion, signaling pathway, cytoskeletal proteins and cell-matrix
adhesion in colon cancer stem cells. We found that miRNAs
play an important role in regulating the expression of colon
CSC characteristics. By regulating the expression of CSC
signaling pathways, cytoskeleton and membrane proteins,
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miRNAs give tumor stem cells the macrobiological behavior
of recurrence and metastasis. This study provides a new
perspective on CRC metastasis and recurrence.

Introduction

Colorectal cancer (CRC) is the third leading cause of
cancer-related mortality worldwide (1) and has created new
challenges to the methods and tools of treatment. CRC is often
the result of a combination of environmental and genetic muta-
tions, accompanied by a variety of gene expression profile
changes (2-4). Genetic mutations, including point mutations,
chromosomal translocation and gene amplification, result in
oncogenes and tumor suppressor gene mutations involved in
cancer development (2). Tumor cells are parts of tissues that
have lost normal regulation of their growth, resulting in clonal
dysplasia and the formation of neoplasm, following the impact
of a variety of carcinogenic factors. Inappropriate expression
of tumor-suppressor genes or oncogenes is regarded the prin-
cipal cause of tumorigenesis.

The biological behavior of cancer, including carcinogenesis
and functional heterogeneity, can be explained by the cancer
stem cell (CSC) hypothesis. According to this model, CSCs,
which exhibit stem-like features, are involved in tumor forma-
tion, proliferation, differentiation, metastasis and resistance to
therapy (5-7). Through their ability of self-renewal and unlim-
ited proliferation, tumor stem cells maintain the vitality of the
tumor cell population, and through their increased movement
and migration, tumor stem cells make cell metastasis possible.
With a variety of drug-resistant molecules, tumor stem cells
allow the tumor to become non-sensitive to external physical
and chemical factors. At the same time, numerous studies
have indicated that some cytokines, protein-coding genes and
its products are involved in the maintenance of the biological
characteristics of CSCs (8-10). However, the underlying
mechanisms remain largely unknown.

microRNAs (miRNAs), approximately 18-24 nt in length,
are a class of non-coding single-stranded RNA molecules in
eukaryotes. miRNAs regulate their target gene expression
through post-transcriptional regulation, which includes medi-
ating degradation of target mRNA, inhibiting target mRNA
translation through complementary combining with the target
mRNA 3'-untranslated region (UTR) completely/incompletely
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(11-14). Similar to other transcription factors, miRNAs are
adjustment factors which can determine cell fate. miRNAs and
other post-transcriptional regulatory mechanisms are regarded
the mechanisms that control gene expression (11,15,16).

In recent years, the combination of computer science,
information technology, mathematical theory and gene chip
technology, has given rise to an interdisciplinary science,
bioinformatics. Bioinformatics includes biological data
handling, processing of the genetic and physical map, nucleo-
tide and amino acid sequence analysis, the discovery of new
genes and protein structure prediction. With bioinformatics we
can increase our knowledge of genes, and from our previous
understanding of a single gene, we can now examine the
genes in the whole genome level organizational structure and
information structure, and examine the mutual relationships
between gene location, structure and function.

However, the reasons underlying the generation, develop-
ment, recurrence and metastasis of CRC remain unclear and
the role of stem cells in the tumor biological processes has yet
to be fully elucidated. Using a combination of bio-chip and
computer bioinformatics, herein we report a comprehensive
analysis of stem cell properties in the CRC cell line.

Materials and methods

Cell culture and tissues. The SW1116 human CRC cell line
was obtained from the Shanghai Chinese Academy of Sciences
(CAS). The CRC cells were carefully cultured in RPMI-1640
medium containing 10% fetal bovine serum, 50 U/ml peni-
cillin and 50 pg/ml streptomycin. Cells were cultured at 37°C,
in a 5% CO, atmosphere with 95% humidity.

We separated CD133*CD44*-positive and CD133-CD44-
-negative cells using flow cytometry. CD133*CD44*-positive
cells were cultured in serum-free DMEM/F12 with EGF
(10 ng/ml) and BEGF (10 ng/ml). CD133-CD44 -negative cells
were cultured in DMEM/F12 medium with fetal calf serum.
Cells were cultured at 37°C, in a 5% CO, atmosphere with 95%
humidity (Fig. 1).

Extraction of total cellular RNA. Total-RNA extraction was
performed with TRIzol (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions. Extracted RNA
samples were quantified by NanoDrop 1000 (Nanodrop,
Wilmington, DE, USA). To remove any genomic DNA
contamination, the samples were treated by DNase (DNA-free
kit; Ambion, Austin, TX, USA).

miRNA chip analysis. The samples were analyzed with Human
microRNA OneArray® v3 which is produced by Phalanx
Biotech Group (Belmont, CA, USA). Human microRNA
OneArray microarrays are made of polydeoxynucleotide
probes spotted onto a proprietary chemical layer coated on top
of a 1"x3" (25x75 mm) standard format microarray glass slide.
Each probe is spotted onto the array in a highly consistent
manner using proprietary, non-contact spotting technology.
Each microarray contains 1711 unique human miRNA probes
and 189 experimental control probes. Each unique probe has
3 features, and probes contain 100% of Sanger miRBase v17
miRNA content. We used ULS miRNA labeling kit (Kreatech,
Durham, NC, USA) to label target. We used miRNA OneArray
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Hyb Buffer V3 and miRNA OneArray Hybridization Buffer
II to complete the hybridization process. All these steps were
conducted in accordance with the manufacturer's instruc-
tions. We used an Axon 4000B scanner (Molecular Devices,
Sunnyvale, CA, USA) to scan miRNA chip, and GenePix 4.1
data analysis software.

mRNA chip analysis. We analyzed samples with Illumina®
Whole-Genome Gene Expression Direct Hybridization Assay
system (direct hybridization assay) which integrates Illumina
proprietary BeadArray technology, a precise microarray scan-
ning system (the Illumina HiScan™ or iScan System or the
Illumina BeadArray™ Reader), hybridization equipment and
accessories, and standard, off-the-shelf sample labeling proto-
cols. First we amplified RNA samples with Illumina® TotalPrep
RNA Amplification kit. The procedure consists of reverse
transcription to synthesize first strand cDNA, second strand
cDNA synthesis, cDNA purification, in vitro transcription to
synthesize cCRNA and cRNA purification. All steps followed
the instruction manual. The BeadArray chip analysis and data
analysis were performed by YiKe Co., Shanghai, China. All
analyses were conducted in accordance with the manual.

Real-time polymerase chain reaction assay for miRNA.
Total-RNA was extracted from cells with TRIzol (Invitrogen).
Total-RNA was assessed by measuring the absorbance at
260 nm. cDNA was synthesized using ImProm-II reverse
transcriptase. With strand cDNA (0.5 ul), forward and reverse
primers (both 0.5 ul) and SYBR green supermix (12.5 pul),
real-time qPCR was performed. Quantitative real-time PCR
reaction was performed with the 7000 Sequence Detection
System (ABI). Relative expressions were calculated using
the formula 2-24€T values (ACt=Cte*"-Ct*°™"), The primer
sequences and PCR conditions are summarized in Table I.

miRNA target gene prediction. The target gene prediction soft-
ware TargetScan was used to analyze differentially expressed
miRNA (TargetScan human V6).

miRNA-mRNA correlation analysis. Negative regulation
underlines the miRNA-mRNA relationship. We performed
negative correlation analysis of significant expression patterns.
We focused on the intersection of the 6444 miRNA target
genes and the 2049 mRNA gene.

Gene ontology analysis of inversely related target genes. We
first mapped target genes to each node of the gene ontology
(GO) database. The analysis was carried out using the soft-
ware DAVID (http://david.abcc.ncifcrf.gov/), according to
the statistical test method (P-value) of significantly enriched
categories (P<0.01 as a result of the final output).

Pathway analysis of inversely related target genes. We first
mapped target genes to the KEGG pathway database. We used
the software DAVID for analysis (http://david.abcc.nciferf.
gov/). P<0.05 was regarded as statistically significant.

Network analysis of inversely related target genes
Functional regulatory network of miRNA target genes: the
miRNA-GO-network. The target gene cluster was classified in
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Figure 1. Isolation and characterization of colon stem cells in the SW1116 cell line. (A) CD44 was analyzed using FITC-labeled antibody. CD133 was analyzed
using PE-labeled antibody. Top, methodology of flow cytometry cell sorting in the SW1116 cell line. P2, CD44*CD133* sorting area; P3, CD44°CD133" sorting
area. P2 accounted for only 1.2% of the total number of cells; P3 accounted for only 6.1% of the total number of cells. (B and C) The expression of cell surface

CD44 and CD133 antibody following amplification.

Table 1. Sequences of primers and parameters for reverse-transcription and real-time PCR.

Forward primer (5'-3")

Reverse primer (5'-3")

MiR-29a ACACTCCAGCTGGGTAGCACCATCTGAAAT Kit provides

MiR-29b ACACTCCAGCTGGGTAGCACCATTTGAAATC Kit provides

MiR-449b ACACTCCAGCTGGGAGGCAGTGTATTGTTA Kit provides

MiR-4524a ACACTCCAGCTGGGATAGCAGCATGAACCT Kit provides

[8[ CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

NRAS TGAAACCTCAGCCAAGACCAGACA TGGCAATCCCATACAACCCTGAGT
FOS TGTCTGTGGCTTCCCTTGATCTGA TGGATGATGCTGGGAACAGGAAGT
WASF2 AGATGCTGCAGGACACCAAGGATA ACCAAAGTGGGTGGATACCCAGAA
COL5A1 TGCTCCAGGGATTCCTTCAAGGTT ATAGGAGAGCAGTTTCCCACGCTT
CDK6 TGCACAGTGTCACGAACAGACAGA TTAGATCGCGATGCACTACTCGGT
CCND1 AGAAGCTGTGCATCTACACCGACA TGATCTGTTTGTTCTCCTCCGCCT
E2F3 AGTTCATTCAGCTCCTGAGCCAGT CAGCCCATCCATTGGACGTTGTTT
GNG12 AGCACCAACAATATAGCCCAGGCA ACTCCTGGCATGTTCCTCACAGTA
GNA12 TCAAGAAGCACTTCCCGGACTTCA TTTCACAGCATGGAACACGAAGCG
[-actin ACCAACTGGGACGACATGGAGAAA TAGCACAGCCTGGATAGCAACGTA

accordance with the classification of the GO BP. miRNA-GO
network was built. The network reflects the target miRNA
target gene function. Network eigenvalue (degree) was calcu-
lated according to the location of each miRNA function. The
miRNAs with the highest eigenvalues which regulate a number
of gene functions and the sample status, are always located in
pivotal positions in the network.

miRNA-gene network. Using the Sanger miRNA database, we
screened target genes regulated by differentially expressed
miRNAs (TargetScan). Then we took the differentially
expressed genes and the intersection of target genes and
differentially expressed genes, which is differential target
genes regulated by differential miRNA. Classifying this part

of differential target genes regulated by differential miRNA
with GO BP, we found that significantly differential target
genes belong to significant GO (P<0.01). Using the relationship
between miRNA and target gene, we built the miRNA-gene
network.

Network of significant, differentially expressed target genes:
miRNA-path network. With pathway analysis results, we
built the pathway network. The network reflects the relation-
ship between miRNAs and pathways. We calculated the
specific degree according to the location of each miRNA
and pathways in the network. miRNAs and pathways with
the highest degree are always located in pivotal positions in
the network.
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Figure 2. Differential miRNA profile expression in colon cancer stem and non-stem cells. All 31 upregulated and 31 downregulated miRNAs are listed. The
degree of differentially expressed miRNAs compared to non-stem cells is listed in the table.
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Figure 3. (A) The expression levels of miR29a, miR29b, miR449b and miR4524 were detected using RT-PCR. We found that miR29a and miR29b were
upregulated while miR449b and miR4524 were downregulated in colon stem cells compared with non-stem cells (P<0.05). (B) The expression levels of NRAS,
FOS, WASF2, COL5A1, CDK6, CCNDI1, E2F3, GNGI2 and GNA12 were detected using RT-PCR. NRAS, FOS, WASF2 and COL5A1 were downregulated
in colon stem cells (P<0.05). On the contrary, CDK6, CCNDI, E2F3, GNG12 and GNA12 were upregulated (P<0.05).
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Figure 4. Differentially expressed mRNAs regulated by differentially expressed miRNAs involving a total of 34 significant GOs in the biological process,
5 GOs in molecular function and 14 GOs in cellular component. Counts indicate enriched levels of genes acting on notes by the statistical test method (P<0.01).

Results

Differential miRNA expression profile in colon CSCs and non-
stem cells. We used an array-based miRNA chip to investigate
the differential miRNA expression profile in colon CSCs and
non-stem cells. A total of 1711 human miRNAs were exam-
ined. There are 31 miRNAs significantly upregulated and 31
miRNAs significantly downregulated. Of these, miR-4521
was the most significantly upregulated miRNA. Similarly,
miR-194 was the most significantly downregulated miRNA
(Fig. 2).

Differential mRNA expression profile in colon CSCs and non-
stem cells. We used mRNA chip to investigate the differential
mRNA expression profile in colon CSCs and non-stem cells.
We examined 34694 mRNAs. There are a total of 2049 differ-
entially expressed mRNAs detected (Fig. 3).

GOs are regulated by miRNAs. We found that GOs were
significantly regulated by differentially expressed genes
in the biological process, molecular function and cellular
component. Results show differentially expressed mRNAs
regulated by differentially expressed miRNAs involving
a total of 34 significant GOs in the biological process, 5
GOs in the molecular function and 14 GOs in the cellular
component. The most differentially expressed GOs in the

biological process are hormone stimulus, membrane orga-
nization, response to organic substance, vesicle-mediated
transport, endogenous stimulus, regulation of cell prolifera-
tion, interphase of mitotic cell cycle, positive regulation of
cyclin-dependent protein kinase activity and regulation
of cell cycle. The most differentially expressed GOs in
molecular function are transcription regulator activity, cyto-
skeletal protein binding, lipid binding, RNA binding and
GTPase activity. The most differentially expressed GOs in
cellular component are golgi apparatus, cytosol, membrane
fraction and intracellular organelle lumen. Genes were clas-
sified in accordance with the GO biological process, and we
constructed the miRNA-GO-network. miRNAs in different
locations of the network have a different degree. The miRNA
which has the highest degree is located in the central position
of the network. From the network, we find that hsa-miR-29a,
hsa-miR-29b, hsa-miR-449b, hsa-miR-4524 and hsa-miR-7
are involved in more GOs related to the characteristics of
the sample. Regulation of cell proliferation, vesicle-mediated
transport, response to organic substance and protein localiza-
tion are important GOs represented by miRNA target genes
(Figs. 4 and 5).

Signaling pathways are regulated by miRNAs. We used the
KEGG database to analyze target genes. The target genes
regulated by differentially expressed miRNAs involving a
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Figure 5. A network diagram showing the relationship between miRNAs and GOs. The rectangles represent miRNAs, the circles represent the GO functional
annotation, a straight line indicates the regulation of relations between the miRNA and GO. The more GO miRNA was regulated, the greater its area; similarly,

the more GO was regulated by miRNA, the greater its area.

total of 18 significant pathways, containing 47 genes. These
pathways include pathways in cancer, endocytosis, regulation
of actin cytoskeleton, the VEGF signaling pathway, the insulin
signaling pathway, colorectal cancer and RNA degradation.
Seen from the significant pathway relationship network, the
main signal pathways are CRC, chronic myeloid leukemia,
glioma, regulation of actin cytoskeleton, endocytosis and
the VEGEF signaling pathway, of which regulation of actin

cytoskeleton and pathways in cancer have the largest degree.
miRNA-29a, miRNA-449b, miRNA-29b, miRNA-4524,
miRNA-194 are at the key position in the miRNA-pathway-
network. This is essentially the same as the result of the
miRNA-GO-network (Figs. 6 and 7).

Regulation network of differentially expressed miRNAs. There
are 62 miRNAs, 34 GOs, 18 pathways that have significant
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5 ¢ hsa-miR-29a m hsa-miR-3145-5p w hsa-miR-5096 ag hsa-miR-5095 aq hsa-miR-4253 ba hsa-miR-4323

6 Endocytosis d hsa-miR-4651  n hsa-miR-7 x  hsa-miR-766 ah hsa-miR-4725-3p ar hsa-miR-1229  bb hsa-miR-1972

7 Glioma e hsa-miR-4688 o hsa-miR-449b y hsa-miR-2116  ai hsa-miR-1202 as hsa-miR-4254  bc hsa-miR-1273e

8 Melanoma f  hsa-miR-365 p hsa-miR-4524  z hsa-miR-4701-5p aj hsa-miR-1265 at hsa-miR-4769-3p bd hsa-miR-885-3p

9  Non-small cell lung cancer g hsa-miR-222 q hsa-miR-29b 3a hsa-miR-486-3p ak hsa-miR-4784 au hsa-miR-4722-3p be hsa-miR-2114

10 RNA degradation h hsa-miR-221 r  hsa-miR-4487 ab hsa-miR-194 al  hsa-miR-3150b-3p av hsa-miR-4451

11 VEGF signaling pathway i hsa-miR-4763-5p s hsa-miR-4521 ac hsa-miR-31 am hsa-miR-3676 aw hsa-miR-4450

12 Chondroitin sulfate biosynthesis | hsa-miR-4259 t hsa-miR-1273f ad hsa-miR-4792 an hsa-miR-210 ax hsa-miR-1234

Figure 7. A network diagram showing the relationship between miRNAs and pathways. The rectangles represent miRNAs, the circles represent the pathways,
the straight lines represent the regulation of relations between the miRNAs and the pathways. The more the gene miRNA was regulated, the greater its area;
similarly the more the pathways was regulated by miRNAs, the greater its area.
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—@n
1 GMEB2 16 CLASP1 31 CTGF a6 RABGB 61 NUPEZ 76 ADA 91 FOXF1 106 RND3 121 RAPGEF2 136  MFGES
2 5LC30A1 17 RAB13 32 CEBPA 47 SPRED1 62 ATGT 77 PPPICB a2 SAR1A 107  TUBGCPS 122 SYNCRIP 137  RABSB
3 PCGF2 18 VPS37D 33 EZR 48 TRPCAAP 63 OXR1 78 APLP1 93 PPP2CA 108 PPP1R10 123 AFF4 138 LMANZL
4  YBX2 19 MYOS5A 34 PPP3CB 49 SIXS 64 END2 79 NAPE 94 H5PA4 109 WIBG 124 SERPINE1 139 SF3B3
5 CHMP4B 20 DUSP16 35 SNCA 50 bCp2 65 VCP 80 SHROOM3 95 E2F3 110 SLC25A36 125 FOS 140  RAB31
& PALLD 21 XPOB 36 EIF4EBPZ 51 TCF2 66 SERP1 81 NACC2 96 CALM1 111 Cavl 126 WASF2 141  KHSRP
7  FNBP1 22 RBM12 37 PACS1 52 XPO4 67 PANZ 82 SYVNL a7 EIF2C2 112 ARLZ 127 GDI1 142 GNAL2
8 PTGS2 23 VAMP2 38 POLR2F 53 COL5A1 [ CNOTS 83 PAPOLA 98 CXADR 113 RAB1D 128 VPS3TC 143 SLC9A1
9  VAMPA 24 DNAJCE 39 IRS2 54 SPHE2 69 LASP1 84 HMGB2 99 SH3KEPL 114 BCL2L11 128  CDKs 144 PXN
10 CRK 25 LRP10 40 ADCYE 55 KLF4 70 MCL1 85 PAFAH1B1 100  TCEB3 115 PRDM4 130  AP4E1 145  RABL3
11 NUDC 26 OBFC2A 41 CNN3 56 GNG12 71 TPM1 86 NOTCH1 101 FOSsL1 116  RBM3 131 NRAS 146  NUPR1
12 pOoMmi21C 27 TESK2 42 FOXO4 57 PiM1 72 cpPs1 87 BAGALTY 102  GRSF1 117 CDKNIC 132 SKAP2 147 TPD52L1
13 58H2 28 MBPR 43 CCND1 58 INFIX 73 CAv2 88 HCFC1 103 HNRNPAL 118 NQO1 133 SIK1 148 EGFR
14 PTGS1 29 RBEP4 a4 BMPR2 59 NSF 74 BTG2 89 NEK2 104  HNRNPD 119  HNRNPA3Z 134  RAB3S 149  ROD1
15 PRPF19 30 SRF a5 TFRC 60 CYTH2 75 LOX 90 CHP 105 AP1S1 120 GNAI3 135 RNMT 150  NRP1
a hsa-miR-4521 p hsa-miR-1229 ae hsa-miR-4323 at hsa-miR-4725-3p
b hsa-miR-4487 q hsa-miR-5095 af hsa-miR-4741 au  hsa-miR-877
¢ hsa-miR-4763-5p r hsa-miR-365 ag  hsa-miR-221 av  hsa-miR-2114
d hsa-miR-1234 s hsa-miR-4728-3p ah  hsa-miR-222 aw  hsa-miR-1273e
e hsa-miR-3149 t hsa-miR-486-3p ai hsa-miR-4784 ax hsa-miR-4450
f hsa-miR-3676 u hsa-miR-3145-5p  aj hsa-miR-3150b-3p ay  hsa-miR-3135b
g hsa-miR-4451 v hsa-miR-4524 ak hsa-miR-885-3p az hsa-miR-1287
h hsa-miR-4722-3p w hsa-miR-4448 al hsa-miR-194 ba  hsa-miR-7
i hsa-miR-4651 x hsa-miR-1976 am  hsa-miR-2116 bb  hsa-miR-210
j  hsa-miR-1273f ¥ hsa-miR-1265 an  hsa-miR-197 be  hsa-miR-574-5p
k hsa-miR-766 z hsa-miR-4769-3p ao hsa-miR-4701-5p bd hsa-miR-4253
I hsa-miR-4428 aa  hsa-miR-449b ap  hsa-miR-4254 be  hsa-miR-4259
m hsa-miR-31 ab  hsa-miR-4792 aq  hsa-miR-1972
n  hsa-miR-1285 ac  hsa-miR-1202 ar hsa-miR-29a
o hsa-miR-5096 ad  hsa-miR-4688 as hsa-miR-29b

Figure 8. A network diagram showing the relationship between miRNAs and genes. The rectangles represent miRNAs, the circles represent genes, the straight
lines represent the regulation of relations between miRNAs and genes. The more the gene miRNA was regulated, the greater its area; the more the gene was
regulated by miRNAs, the greater its area.

differences between colon CSCs and non-stem cells. Therefore,
regulatory networks of differentially expressed miRNAs
displaying the miRNAs with the highest degree affected the

surrounding genes hsa-mi-29a, hsa-miR-29b, hsa-miR-4524,
hsa-miR-449b, and hsa-miR-31 confirming previous results.
Details are shown in Fig. 8.
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Discussion

Cancer microRNA (miRNA) expression profiling has been
widely reported. Tumors of various organs in the body have
corresponding miRNA expression profile changes. Therefore,
miRNAs, as regulators of gene expression, are involved in the
tumor development process, acting as oncogenes or tumor
suppressor genes (17-20). Changes in miRNA expression
profile are found at various stages of colon tumor development.
Li et al reported that overexpression of miR-203 can signifi-
cantly decrease cell proliferation and survival, and induce cell
apoptosis in the p53-mutated colorectal cancer (CRC) cells
(21). Strillacci er al demonstrated that downregulation of the
miR-101 level could represent one of the leading causes of
COX-2 overexpression in CRC cells (22). Li et al also reported
that miR-181b can suppress proliferation of U87 glioma stem
cells. Overexpression of miR-181b can reduce chemoresistance
to temozolomide in U87 glioma stem cells (23). Therefore,
these data show that miRNAs are related to the characteristics
of tumor cells. Li et al recently found expression of breast
cancer resistance protein BCRP/ABCG?2 regulatory miRNAs
(hsa-miR-328, -519¢ and -520h) in stem-like ABCG2* cancer
cells (24). Zhang et al identified a colon cancer stem cell
(CSC) miRNA signature comprising a total of 19 differentially
expressed miRNAs, such as miR-429, miR-155, and miR-
320d, in the HT29 adenocarcinoma cell line (25). The above
show that the special phenotype and biological characteristics
of CSCs are results of miRNA regulation. However, differ-
ences in expression profiles of miRNA between colon CSCs
and non-stem cells and the relationship between differential
miRNA expression and the function of stem cells are rarely
reported. Therefore, in our study, expression profiling of 1711
miRNAs based on OneArray microarray platform and 34694
mRNAs based on [llumina Whole-Genome system of samples
of stem cells and non-stem cells of the SW1116 human CRC
cell line was carried out to further explore the characteristics
of CRC. The array data were confirmed using RT-PCR. We
also classified colon stem cells with the profiling of miRNA.
By defining miRNAs that are related to the characteristics of
colon CSCs we will be able to further clarify the regulatory
pathway and gain insight into the features of colon CSCs.

The results, by microarray analysis in the SW1116 CRC
cell line, showed 62 miRNAs and 2049 mRNAs differentially
expressed in colon stem cells compared to non-stem cells.
Among these differentially expressed miRNAs, 31 miRNAs
represented overexpression in colon stem cells, whereas
the remaining 31 miRNAs demonstrated underexpression.
Among these miRNAs, overexpression of mir-29a, mir-29b
and underexpression of mir-449b, mir4524 were confirmed
by quantitative RT-PCR assay, proving the chip results. This
miRNA expression profiling indicates characteristics of
colon CSCs. Thus, miRNA regulation is intricately related to
distinctive features and the biological performance of colon
CSCs.

Gene cluster controlling the cell cycle gene cluster is
extremely important for the maintenance of stem cell growth
and proliferation characteristics. GO analysis showed that
there is a noticeable change (PPP1CB, CCNDI, CDKNI1C
and CDKG6) in cell cycle-related (GO: 0051329, interphase
of mitotic cell cycle; GO: 0045787, positive regulation of
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cell cycle; GO: 0000080, G1 phase of mitotic cell cycle; GO:
0051726, regulation of cell cycle) gene cluster. This shows that
the change of cell cycle of stem cells is key to maintaining
its important characteristics, and this distinguishes stem cells
from non-stem cells. This feature gives stem cells their charac-
teristics and their ability to proliferate and metastasize.

The change in the characterization of cell differentiation
is an important feature of tumor stem cells that differentiates
them from non-stem cells. Numerous studies have shown that
the change of cell differentiation plays a crucial role in tumor
occurrence, development and metastasis. We found that GO
0042127 (regulation of cell proliferation) related genes have
significantly altered. Thirty-four genes correspond to this GO,
including CAV1, KLF4, SERPINE1 and BMPR2. This reflects
the need of the stem cells to maintain the level of the high-
density proliferation, in order to progress to distant metastases,
cell proliferation-related gene expression was significantly
changed.

Many signal transduction pathways in stem cells also
changed. The most important change is the MAPK signaling
pathway. MAPK, downstream signaling molecules with serine
and threonine protein kinase activity in the Ras pathway,
can format AP-1 acting on the nucleus to activate specific
genes in order to pass the signal by activating the C-Fos,
C-Jun transcription regulator. The MAPK signal transduction
pathway plays an important role in stress responses such as
inflammation and apoptosis. MAPK can promote endothelial
cell proliferation and angiogenesis. Tumor angiogenesis can
provide more nutrients to accelerate the growth of the tumor
and to promote the proliferation of cancer cells. The MAPK
pathway plays a unique role in the growth of the tumor stem
cell and its transfer characteristics (26). The Wnt pathway is
also involved. The majority of downstream target genes of the
Wnt pathway is involved in cell proliferation and apoptosis
genes. Playing a key role in the embryo during development,
the Wnt pathway occurs with a variety of human tumors,
especially in CRC. In colon CSCs, Wnt pathway-related genes
(FOSL1, CCND1, CHP, FZD9 FZD4, PPP3CB PPP2CA,
TBLI1X) change (27). In addition, the Jak-STAT signaling
pathway, ErbB signaling pathway, VEGF signaling pathway
also showed varying degrees of change in colon CSCs.

Changes in cytoskeletal proteins may also be involved in
stem cells. We found that the pathway of regulation of actin cyto-
skeleton is involved in a significant change. Kasper et al found
that actin cytoskeleton is involved in mesenchymal stem cell
aging (28). Cell-matrix adhesion is closely related to a variety
of cellular processes such as cell migration, cell differentiation,
and cell proliferation. Pathways such as focal adhesion, gap
junction, adherens junction and tight junction are also involved.

In conclusion, by analyzing the difference of miRNA and
mRNA expression in colon CSCs and non-stem cells, we found
that miRNAs play an important role in the expression of stem
cell characteristics. This study provides a new perspective on
CRC metastasis and recurrence and the findings of this study
may contribute to the treatment and diagnosis of CRC.
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