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Abstract. - OBJECTIVE: The goal of our study
was to identify the regulatory mechanisms of gene
expression mediated by miRNAs and DNA methyl-
ationin colon adenocarcinoma (COAD).

MATERIALS AND METHODS: The miRNAs and
mRNAs expressionand DNAmethylation data of CO-
AD and adjacent normal tissues were obtained from
The Cancer Genome Atlas (TCGA) database. Based
onthe differentially expressed miRNAs and mRNAs,
miRNA-mRNA pairs were obtained by correlation
analysis and prediction algorithms. Finally, CO-
AD-specific miRNA-mRNA regulatory network was
generated. Additionally, the biological functions of
miRNA targets were further revealed by GO and
KEGG enrichment analysis. Besides, the correlation
analysis between gene expression and DNA methyl-
ation was also performed after differential analysis.

RESULTS: We identified 55 differentially ex-
pressed miRNAs and 1291 differentially expressed
mRNAsin COAD compared with adjacent normal tis-
sues. We observed a global miRNA up-regulation in
tumors. Atotal of 58 miRNA-mRNA pairs were noton-
ly predicted by algorithms but also negatively cor-
related. The increased expression of has-mir-141,
-19a, -20a 19b-1, 19b-2, 16, 590 and -335 were closely
associated with the carcinogenesis of COAD. Func-
tional enrichment analysis showed that the miRNA
targets were significantly enriched in pancreatic se-
cretion, salivary secretion, gastricacid secretionand
bile secretion. Regarding the regulatory role of DNA
methylation, we identified 11 genes whose expres-
sions were negatively correlated with DNA methyla-
tionlevel. Amongthose genes, MSX1and KRT7 were
down-regulated and hypermethylatedin COAD com-
pared with adjacent normaltissues.

CONCLUSIONS: These eight miRNAs (has-

mir-141, -19a, -20a 19b-1, 19b-2, 16, 590 and -335)
and two genes (MSX1 and KRT7) may play arole in
the process of COAD. These findings highlighted
the potential regulatory mechanisms of miRNA
and DNA methylation on mRNA expression in CO-
AD carcinogenesis.
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Introduction

In terms of occurrence, Colon cancer ranks
third, and it is also the fifth leading cause of can-
cer-related deaths!. As the most frequent subtype
of colon cancer, colon adenocarcinoma (COAD)
is increasingly occurring in China. COAD de-
velops through a multi-stage process via trans-
forming normal mucosa to adenoma and then
to carcinoma®. At present, optical colonoscopy
is considered as the gold standard for COAD
screening. However, optical colonoscopy is costly
and invasive with a low rate of compliance and
unfavorable prognosis®**. Therefore, it is import-
ant to develop the non-invasive diagnostic mark-
ers for detection of COAD.

Up to now, potential diagnostic and prognostic
biomarkers of colon cancer have been identified.
Dysregulation of fibulin-3, HSP70 and Caspase-3
were found in colon cancer, which can serve as
diagnostic biomarkers for colon cancer™®. Several
prognostic factors of colon cancer including stath-
min 1, p21, p53, Cyclooxigenase-2, E-cadherin,
CD44 and the Ki-67 protein have also been iden-
tified’'2. Recently, some long noncoding RNA was
used as biomarkers in colon cancer®'*!,

The aberrant microRNA (miRNA) expression
also has a functional role in the development and
progression of COAD by acting as oncogenes
and tumour suppressors>'7. Moreover, miRNAs
can target hundreds of mRNAs and disturb cell
signaling pathways. Particularly, the circulating
miRNAs have been widely considered as the
non-invasive early detection biomarkers'*'. Pre-
vious microarray studies have shown a bunch
of miRNA/mRNA deregulated pairs involved
in COAD tumorigenesis, which provided new
clues for the pathogenesis of COAD?. In addi-
tion, accumulating evidence demonstrated that
alterations in DNA methylation also play im-
portant roles in tumor formation and progression

2114 Corresponding Author: Fengjun Liu, MD; e-mail: fengjunliudoctor@sina.com



Comprehensive analysis of microRNA/mRNA signature in colon adenocarcinoma

by affecting gene expression®°. Understanding
epigenetic modification of COAD can facilitate
the etiological research of this disease.

The Cancer Genome Atlas (TCGA) Data Por-
tal contains clinical information, genomic charac-
terization data, and high level sequence analysis
on cases and controls of COAD. Consequently,
TCGA can provide unprecedented opportunities
to reveal the molecular mechanisms of COAD.
In the present study, we obtained the miRNA,
mRNA expression and DNA methylation data
of a large number of patients with COAD from
the TCGA database. Based on these data, we
performed a comprehensive analysis by using a
bioinformatics approach to discover the regulato-
ry roles of miRNAs and DNA methylation in the
development of COAD.

Materials and Methods

Integrated Profiles in TCGA

TCGA is a central bank for multidimension-
al experimental cancer data, providing unprece-
dented opportunities to reveal molecular mecha-
nisms of cancer. At the time of January 5, 2016,
TCGA consisted of 459 COAD patients with
clinical data. In this work, the mRNA expres-
sion, miRNA expression, DNA methylation data
and clinical data were downloaded from TCGA
(https://tcga-data.nci.nih.gov/tcga/tcgaHome?2.
jsp). The patients with other malignancy history
or neoadjuvant treatment history were excluded.
Only patients who were diagnosed as COAD
histologically were included.

ldentifying miRNAs and mRNAs
to Distinguish Tumour from Normal
Based on the read count of each sample, the
differentially expressed miRNAs and mRNAs in
COAD compared to adjacent tissues were calcu-
lated via R-bioconductor package DESeq2?’. We
performed multiple comparisons by using the
Benjamini and Hochberg method to obtain the
false discovery rate (FDR)?*. The threshold for
the expression of differentially expressed miR-
NAs was FDR<0.0001 and |Log,fold change[> 4.
For differentially expressed mRNAs, the thresh-
old was defined as FDR<0.0001 and |Log,fold
change[> 2. In search of a reasonable amount of
differently expressed miRNAs and mRNAs, the
absolute Log2 fold change values were deter-
mined by the Volcano plots of miRNAs and mR-
NAs (Supplementary Figure S1 and Figure S2).

Identifying mRNA Targets of miRNA

The pairwise Pearson correlation coefficients
between differentially expressed miRNAs and dif-
ferentially expressed genes were calculated. Sta-
tistical significance was defined as p<0.05 and
r< -0.3*. Moreover, the putative targets of dif-
ferentially expressed miRNAs were predicted by
six bioinformatic algorithms (RNA22, miRanda,
miRDB, miRWalk, PICTAR?2 and Targetscan), and
the targets recorded by more than 4 algorithms were
selected. All the miRNA-target pairs were finally
obtained, and the miRNA-target regulatory network
was constructed, which was visualized using Cyto-
scape software (http:/www.cytoscape.org/).

Functional Annotation of miRNA Targets

To uncover the biological functions and detect
the potential pathways of miRNA targets, the
online software GeneCodis*® was used to perform
the functional annotation. The analysis of Gene
Ontology (GO) classification (molecular functions,
biological processes and cellular component)*
and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment®? were performed.
Statistical significance was defined as FDR<0.05.

Differential Methylation Analysis

By using COHCAP package in R (https:/
sourceforge.net/projects/cohcap/), the differen-
tially methylated genes in COAD compared to
adjacent normal tissues were identified*. Theses
differentially methylated genes were involved
with differentially methylated sites and regions
which can regulate the expression of their down-
stream genes. FDR<0.05 was indicated the sig-
nificant difference.

Correlation Analysis Between Differential
mRNAs and DNA Methylation

To analyze the association between gene ex-
pression and DNA methylation, we identified
the genes which were not only differentially ex-
pressed, but also differentially methylated. Since
DNA methylation negatively influences the cor-
responding gene expression, the differentially
expressed genes whose expression was inverse-
ly correlated with DNA methylation level were
identified with COHCAP package in R.

Confirmation of Differentially Expressed
miRNAs and mRNAs

The tumor and adjacent normal tissues were
obtained from three patients who were diagnosed
as COAD. The resected tissues were immediately
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frozen in liquid nitrogen. We obtained the in-
formed consent and the approval from the Ethics
Committee of our hospital.

Total RNA was extracted with the Trizol reagent
(Invitrogen, Shanghai, China). 1 ng RNA was used
to synthesize cDNA using SuperScript® III Reverse
Transcriptase (Invitrogen, Shanghai, China). Quan-
titative PCR was performed with Power SYBR"
Green PCR Master Mix (Applied Biosystems, Carls-
bad, CA, USA) in ABI7500 real-time PCR system
(Applied Biosystems, Carlsbad, CA, USA). The
reverse transcriptions of miRNAs were performed
using the miScript II RT Kit (Qiagen, Hilden,
Germany). Quantitative PCR was performed with
miScript SYBR Green PCR Kit (Qiagen, Hilden,
Germany). Relative gene expression was analyzed
using 222 method. The human 18srRNA and U6
were used as endogenous controls for mRNA and
miRNA expression in analysis.

In addition, a miRNA expression dataset of
COAD (GSES83924) derived from the Gene Ex-
pression OMBINUS (GEO) was used to verify
the expression of miRNAs as well. To evaluate
the efficiency of differentially expressed miRNAs
as potential diagnostic biomarkers of COAD, the
Receiver Operator Characteristic (ROC) curves
between COAD patients and healthy controls were
obtained via R-bioconductor package pROC.

Results

Identification of Differentially
miRNAs and mRNAs

Clinical data of 459 patients with COAD
were obtained from TCGA data portal. Based on
clinical data, 62 patients with other malignancy
history or neoadjuvant treatment were excluded.
Moreover, 60 patients who were diagnosed as
colon mucinous adenocarcinoma, not available or

discrepancy were also excluded. According to the
inclusion criteria, 337 COAD patients were en-
rolled in this study. The miRNA expression was
performed on the IlluminaHiSeq-miRNASeq
platform measuring the expression of 1046 miR-
NAs. According to principal component analysis
(PCA, Supplementary Figure S3 and Figure S4),
9 discrete samples were eliminated, leaving a
final cohort of 193 tumors and 5 adjacent normal
tissues of the same patients. For MiRNAs with
read count value=0 in more than 20% tumors
(n=40) or in more than 20% adjacent samples
(n=1), they were considered to be difficultly de-
tected miRNAs. After filtering the miRNAs dif-
ficultly detected, 407 miRNAs were retained.
The mRNA expression was performed on the
[NluminaHiseq RNASeqV2 platform measuring
the expression of 20531 genes. The final cohort
was consisted of 219 tumors and 29 adjacent tis-
sues of the same patients (Supplementary Figure
S5). MRNAs with read count value=0 in more
than 20% tumors (n=43) or in more than 20% adja-
cent samples (n=5) were considered to be difficult
to detect. After filtering the mRNAs difficultly
detected, 16142 mRNAs were retained. The final
cohort contained 219 cases and 29 normal samples.

Differentially Expressed miRNAs
and mRNAs in COAD

There were 55 differentially expressed miR-
NAs (15 down-regulated and 40 up-regulated
miRNAs) between COAD and normal tissues
with FDR<0.0001 and |Log2 fold change|>4 (Fig-
ure 1). Moreover, 1291 differentially expressed
mRNAs (803 down-regulated and 488 up-reg-
ulated mRNAs) between COAD and normal
tissues were identified with FDR<0.0001 and
|[Log2 fold change[>2. The heat-map of top 100
differentially expressed mRNAs was displayed
in Figure 2.

Figure 1. The heatmap of differentially expressed miRNAs in COAD compared to adjacent tissues.
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Figure 2. The heat map of top 100 differentially expressed mRNAs in COAD compared to adjacent tissues.

miRNA-mRNA Interactions in COAD
MiRNAs are negative regulators of the expres-
sion of targets were negatively associated with
miRNAs*. According to the miRNA-mRNA
expression correlation analysis, we obtained 778
miRNA-mRNA pairs which were negatively cor-
related (p<0.05, r<-0.3)*°. Moreover, we obtained
1388 miRNA-mRNA pairs predicted by more than
four algorithms, consisting of 472 down-regulat-
ed miRNA-mRNA pairs (Supplementary Figure
S6) and 1916 up-regulated miRNA-mRNA pairs
(Supplementary Figure S7). Taken together, we
obtained 2623 miRNA-mRNA pairs in total, in
which 58 miRNA-mRNA pairs were not only pre-
dicted by algorithms but also negatively correlated
(Table I). Based on the miRNA-mRNA pairs, the
miRNA-mRNA regulatory network was generat-
ed, which consisted of 8 miRNAs (hsa-mir-141,
hsa-mir-16-2, hsa-mir-19a, hsa-mir-19b-1, hsa-mir-

19b-2, hsa-mir-20a, hsa-mir-335 and hsa-mir-590)
and 47 mRNA targets (Figure 3). In the network,
the hsa-mir-141 regulated the most target genes.

Functional Enrichment Analysis
of miRNA Targets

GO enrichment analysis (Figure 4) revealed
that the miRNA targets were significantly en-
riched in cell adhesion (FDR=2.76E-11), positive
regulation of cell proliferation (FDR= 1.61E-07),
cell differentiation (FDR=1.28E-06) and negative
regulation of cell proliferation (FDR=7.62E-06)
(data not shown). KEGG pathway enrichment
showed that several pathways associated with
digestion were enriched, including pancreatic
secretion (FDR= 1.09E-06), salivary secretion
(FDR= 5.58E-05), gastric acid secretion (FDR=
6.66E-05) and bile secretion (FDR=0.00149901)
(Table II and Figure 5)

Table I. miRNA-mRNA pairs not only predicted by algorithms but also had the negative correlations.

miRNA Regulation  Count of Target mRNAs
(miRNAs) targets

hsa-mir-141 Up 19 CACNA2D1,PEG3,PGR,SCN2B,SCN4B,CXCL12,SLIT3,TLL1,
TNS1,ANGPTL1,DAAM2,PAMRI,NECABI,LYNX1,KIAA1644,
ZDHHCI15,ATP6V0OD2,RSPO2,KIAA2022

hsa-mir-16-2 Up 14 MEIS1,MYLK,PGR,TCF21,PPAP2A,DCLK 1,P2RY 14,EDIL3,
ARHGAP20,NECAB1,CLIP4,RERG,CNTN4,NEGR 1

hsa-mir-19a Up 3 JAM2,CLIP4,NEGR1

hsa-mir-19b-1 Up 1 HPGDS

hsa-mir-19b-2 Up 5 CFL2,DCLK1,JAM2,CLIP4,NEGR1

hsa-mir-20a Up 2 FGL2,JAM2

hsa-mir-335 Up 12 BMP2,PTPRH,GCNT3,SMPDL3A,PLAC8,TMCC3,TMCC3,
KIAA1211,MMP28,CCDC68,ZBTB7C,EIF4E3

hsa-mir-590 Up 2 SIGLEC6,NEGRI1
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Figure 3. The miRNAs-targets interactions in COAD that were not only predicted by algorithms but also had the negative
correlations. The green rectangle represented down-regulation of miRNAs, and the red ellipse represented the up-regulation
of target genes. The arrow lines indicated miRNAs-targets pairs with negative correlations, in which blue color indicated the
miRNAs-targets pairs were predicted by algorithms and pink color indicated the miRNAs-targets pairs were validated by

experiment.
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Figure 4. The significantly enriched GO terms of differentially miRNA targets in COAD compared to adjacent tissues.
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Table II. Top 20 enriched KEGG pathways of differentially expressed target genes.

KEGG ID Items p-value FDR
hsa04020 Calcium signaling pathway 4.77E-11 8.53E-09
hsa04724 Glutamatergic synapse 1.95E-09 1.17E-07
hsa04080 Neuroactive ligand-receptor interaction 1.47E-09 1.31E-07
hsa04060 Cytokine-cytokine receptor interaction 1.68E-08 7.51E-07
hsa04972 Pancreatic secretion 3.04E-08 1.09E-06
hsa04974 Protein digestion and absorption 1.27E-07 3.79E-06
hsa04270 Vascular smooth muscle contraction 1.22E-06 3.11E-05
hsa04970 Salivary secretion 2.49E-06 5.58E-05
hsa04960 Aldosterone-regulated sodium reabsorption 3.08E-06 6.13E-05
hsa04971 Gastric acid secretion 3.72E-06 6.66E-05
hsa04978 Mineral absorption 1.40E-05 0.000227
hsa00982 Drug metabolism - cytochrome P450 2.15E-05 0.000297
hsa03320 PPAR signaling pathway 2.15E-05 0.000297
hsa00512 Mucin type O-Glycan biosynthesis 4.06E-05 0.00052
hsa04062 Chemokine signaling pathway 6.58E-05 0.000785
hsa04640 Hematopoietic cell lincage 8.46E-05 0.000947
hsa04964 Proximal tubule bicarbonate reclamation 9.54E-05 0.001004
hsa00500 Starch and sucrose metabolism 0.000117 0.001159
hsa04976 Bile secretion 0.000159 0.001499
hsa04975 Fat digestion and absorption 0.000287 0.002572

Correlation of DNA Methylation
and mRNA Expression

The DNA methylation was performed on the
MethylJHU-USC Human Methylation450 plat-
form, and a final cohort was consisted of 277 tu-
mors and 19 adjacent normal tissues of the same
patients. A total of 275 differentially methylated
regions involved 235 genes were identified with
FDR<0.05 in COAD.

The correlations between DNA methylation
and mRNA expression were analyzed. We iden-
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Figure 5. The significantly enriched KEGG pathways of
differentially miRNA targets in COAD compared to adja-
cent tissues.

tified 11 genes with inverse correlations between
mRNA expression and DNA methylation. All
these 11 differentially mRNAs were down-reg-
ulated and hypermethylated in COAD compared
with adjacent normal tissues including PDX1,
SIM2, SLC4A11, MSX1, ACAN, TLX1, KRT7,
TBX15, F7, IGF2, DLXS5 (Table III).

Confirmation of Differentially
Expressed miRNAs and mRNAs

Three pairs of COAD and the adjacent tissues
were used to verify the expression of integrat-
ed analysis. Two miRNAs (miR-141 and miR-
335) and three targets (RSPO2, CXCLI12 and
BMP2) were selected. The results revealed that
the expression of miR-141 and miR-335 showed
significant up-regulation. Moreover, RSPO2 and
CXCL12 were down-regulated, while BMP2 was
up-regulated in COAD compared with the adja-
cent tissues (Figure 6).

According to GSE83924, miR141 (p-val-
ue=0.05755), miR19a (p-value=0.01209), miR20a
(p-value=5.574E-07) was up-regulated in COAD.
However, there was no significant difference in
the expression of miR-19b-2 between tumors and
adjacent normal tissues of COAD (Figure 7). The
ROC curve of miR-20a between COAD patients
and healthy controls was illustrated in Figure 8,
suggesting its potential use in clinical diagnosis
of COAD.
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Table Ill. Differentially genes whose expression was inversely correlated with DNA methylation in COAD compared with
adjacent tissues.

Gene_ID Gene symbol Log2 fold change Position in cpg.island FDR
6493 SIM2 -4.00027699 chr21:38079941-38081833 3.42834E-07
3651 PDX1 -4.792034073 chr13:28498226-28499046 7.90262E-06
1749 DLXS5 -2.038160709 chr7:96650221-96651551 2.2815E-05
3481 IGF2 -2.834876417 chrl11:2158951-2162484 8.80473E-05
4487 MSX1 -3.071848907 chr4:4861227-4862241 0.005017089
83959 SLC4A11 -4.481436767 chr20:3218578-3220930 0.005444961
176 ACAN -2.854507436 chr15:89346043-89347203 0.009866599
3195 TLX1 -3.64693574 chrl10:102893660-102895059 0.011652729
6913 TBX15 -2.895168069 chrl:119522385-119522638 0.018428163
3855 KRT7 -2.673534548 chrl12:52626793-52627577 0.018495013
2155 F7 -2.83236385 chrl13:113761566-113765534 0.026554773
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Figure 6. qRT-PCR results of RSPO2, CXCL12, BMP2, miR-141-3p and miR-335-5p in COAD. * p<0.05.
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Figure 7. The expression of miR-141, miR-20a, miR-19a and miR-19b-2 in COAD based on GSE83924.
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Figure 8. The ROC curve of miR-20a between COAD
patients and healthy controls. The ROC curve is shown to
evaluate diagnostic ability of miR-20a with the proportion
of true positive (Sensitivity) and false positive (1-Specifici-
ty). With the optimal cutoff value, the proportion of Sensi-
tivity is 85.0% and the proportion of 1-Specificity is 80.0%.
The AUC (area under curve) value is 0.912 which indicates
an accurately diagnostic ability.

Discussion

COAD remains the major type of colon cancer
worldwide. Sensitive biomarkers can facilitate
disease detection, staging and prediction of ther-
apeutic outcome. To discover the non-invasive
markers that can distinguish COAD from the
surrounding normal tissues, we integrated the
miRNA and mRNA expression data and methyl-
ation data from TCGA data portal to identify the
entire transcription profile of COAD compared to
the normal colon mucosa.

A previous study showed that plasma miR-141
was significantly associated with stage IV colon
cancer and distant metastasis, and high levels of
miR-141 in plasma were associated with poor
prognosis®. Serum miR-141 was up-regulated
in synchronous liver-metastatic colorectal can-
cer compared to consecutive localized colorectal
cancer, and it was considered as a biomarker for
early detection of liver metastasis in colorec-
tal cancer’®’’. A recent study also reported that
miR-141 showed a trend of being higher in stage
IV colorectal cancer (CRC) and can differenti-
ate stage IV colorectal cancer from stage I-III
patients®®. The miRNA signature of stage III

colorectal cancer showed that miR-141 was sig-
nificantly over-expressed in tumor samples when
compared with normal samples®. Induction of
epithelial-mesenchymal transition and down-reg-
ulation of miR-141 was associated with oxal-
iplatin-resistant colorectal cancer cells*. RSPO2,
one of the miRNA-141 targets, functioned as a
tumour suppressor and was down-regulated in
human CRCs due to promoter hypermethylation,
which correlated with tumor differentiation, size
and metastasis*'. Comparing with normal tissues,
we also found that miR-141 was up-regulated
while RSPO2 was down-regulated in COAD.
Moreover, miR-141 regulated most of the targets,
indicating that miR-141 will be a promising bio-
marker for early detection of COAD.

It has been found that miR-19a can be induced
by phosphatase of regenerating liver-3 and contrib-
ute to the increased proliferation and invasiveness
of the colon cancer cells*. Huang et al* reported
that high expression of miR-19a was associated
with lymph node metastasis and played an im-
portant role in TNF-a-induced EMT in colorectal
cancer cells and it may serve as a potential marker
of lymph node metastasis. MiR-19a can be used to
screen for patients with colorectal polyps, adeno-
mas, or both*!. Herein, miR-19a was up-regulated
in COAD, showing the diagnostic value of serum
expression of miR-19a in COAD patients.

MiR-19b has found to be associated with colon
cancer by regulating the cell proliferation and cell
cycle®. Moreover, up-regulation of miR-19b was
detected in the transitional zone from normal to
adenomatous tissue*. According to our miRNA
and mRNA expression analysis, both miR-19b-1
and miR-19b-2 were up-regulated in tumor tis-
sues of COAD which emphasize the importance
of miR-19b in COAD. However, the levels of
miR19b-2 made no difference between tumor and
adjacent tissues of COAD based on GSE83924,
which needs further research.

MiR-335 was reported up-regulated in colonic
cancer tissues, compared with the para-cancerous
control?, and high miR-335 expression level was
markedly associated with the tumor size and
differentiation of CRC*. Increased expression of
miR-335 was associated with clinical progression
of CRC*. BMP2, one target gene for miR-335,
was a secreted member of the BMP superfamily,
which can inhibit normal and cancerous colonic
epithelial cell growth and promotes apoptosis
and differentiation®®'. Our findings showed that
miR-335 was up-regulated in COAD, providing
additional evidence that miR-335 could play an
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important role in the carcinogenesis of COAD.

MiR-20a was reported to be an important miR-
NA that appeared to differentiate between car-
cinoma and normal mucosa for both colon and
rectal cancer™. Increased expression of miR-20a in
CRC tissues was associated with tumor invasion
and lymph node metastasis by modulating matrix
metalloproteinases™. MiR-20a was significantly
higher in faecal samples from CRC patients, and
miR-20a can be used as a potential non-invasive
biomarker for CRC screening®. Moreover, miR-
20a-5p was correlated with survival in CRC*. Our
study suggested that the up-regulation of the miR-
20a in tumors was significant, and the ROC curve
of miR-20a revealed its application value in clinical
diagnosis for COAD. The findings in our study
highlighted the miR-20a as promising biomarkers
for the screening and monitoring of COAD patients.

In our work, miR-590 was up-regulated in
COAD according to the integrated analysis.
Up-regulated miR-590 has been detected in a
variety of cancers®", suggesting that miR-590
may be a possible oncomiR. A recent paper®® in-
dicated that miR-590 can repress the angiogenesis
and metastasis of colorectal cancer which may be
a key regulator of the process of COAD.

MiR-16 has reported to be a tumor inhibitor in
many types of cancers®’, miR-16 was down-regu-
lated in 67% of colorectal cancer tissues and can
repress the proliferation and induce apoptosis of
tumors cells in colorectal cancer’*®. According
to GSE83924, miR-16 was also down-regulated in
tumor tissues of COAD which expressed in con-
trary pattern with that in our integrated analysis.
The precise role of miR-16 needs further research.

Previous studies®® have identified some
key miRNAs associated with colorectal can-
cer through integrated analysis of paired miR-
NA-mRNA expression profiles based on GEO.
In our study, miRNA-mRNA expression correla-
tions analysis in COAD was performed based on
TCGA and the results were different from that
based on GEO, which provided new clues for the
pathogenesis of COAD.

To understand the functional information of
differentially expressed miRNAs, the miRNA
targets were obtained by prediction or correla-
tion analysis. Functional enrichment analysis of
miRNA targets revealed that pancreatic secre-
tion, salivary secretion, gastric acid secretion and
bile secretion were significantly enriched, which
were all associated with digestive tract cancer.
A recent study®® indicated that miRNAs will be
potential cancer biomarker for digestive tract
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cancers. Our results proposed that the specific
miRNA signature may be an emerging cancer
biomarker for digestive tract cancers.

To identify sensitive and specific DNA meth-
ylation markers of COAD, we analyzed the DNA
methylation of COAD, and further investigated
the influence of methylation on gene expres-
sion. Compared to adjacent tissues, a total of
11 down-regulated and high-melthylated genes
(PDX1, SIM2, SLC4A11, MSX1, ACAN, TLXI,
KRT7, TBX15, F7, IGF2, and DLX5) in COAD
were identified. The expression of these 11 genes
may be inhibited by high-methylation.

Among those genes, MSXI1 is a member of
the muscle segment homeobox gene family. De-
ficiency of MSX1 was common in a variety of
cancers and over-expressed MXSI can repress the
proliferation of tumor cells®”-®. In addition, MXS1
has found to be methylated in breast cancer, colon
cancer, lung cancer and prostate cancer frequently
which suggested that methylation of MSX1 may be
a tumor-acquired methylation. Hence, hypermeth-
ylation of MXS1 was speculated to play a role in
COAD by down-regulation of MXSI.

KRT?7 (cytokeratin 7) has been served as an
effective immunohistochemical diagnostic tool
to study cancer-initiating mechanisms in mul-
tiple organs™. The KRT7-/KRT20+ expression
pattern has found to be highly traits of colorectal
cancer’'”. Previous studies™’” have reported that
negative KRT7 is typically detected in adenocar-
cinoma of the colorectal region. We speculated
that hypermeltylation of KRT7 may involve in
the pathogenesis of COAD.

Conclusions

Our findings identified eight differentially
miRNAs (hsa-mir-141, hsa-mir-16-2, hsa-mir-
19a, hsa-mir-19b-1, hsa-mir-19b-2, hsa-mir-20a,
hsa-mir-335 and hsa-mir-590) in patients with
COAD compared to normal colon tissues which
may be potential diagnostic biomarkers. Togeth-
er, miRNA seems to be an excellent tool for
effectively monitoring and targeting COAD. Two
differentially methylated and expressed genes
(MSX1 and KRT7) in COAD were identified
which may provide new clues for the strategies
of diagnose and treatment.
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Figure S1. The volcano plots of differentially expressed miRNAs.
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Figure S2. The volcano plots of differentially expressed mRNAs.
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Figure S6. The down-regulated miRNA-mRNA pairs in COAD compare to adjacent tissues.

Figure S7. The up-regulated miRNA-mRNA pairs in COAD compare to adjacent tissues.
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