WWWw.aging-us.com AGING 2020, Vol. 12, No. 2

Research Paper
CeRNA regulatory network-based analysis to study the roles of
noncoding RNAs in the pathogenesis of intrahepatic cholangiocellular
carcinoma

Weiyu Xu®’, Si Yu?’, Jianping Xiong®", Junyu Long?, Yongchang Zheng?, Xinting Sang?

'Department of General Surgery, Beijing Friendship Hospital, Capital Medical University, Xi-Cheng, Beijing 100050,
People's Republic of China

2Department of Liver Surgery, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Wangfujing, Beijing 100730, People's Republic of China

3Department of Interventional Radiology, Beijing Friendship Hospital, Capital Medical University, Xi-Cheng, Beijing
100050, People's Republic of China

*Equal contributions

Correspondence to: Yongchang Zheng, Xinting Sang; email: zhengyongchang@pumch.cn, sangxt@pumch.cn
Keywords: intrahepatic cholangiocarcinoma, ceRNA, ceRNA regulatory network, biomarkers, prognosis
Received: May 13, 2019 Accepted: December 23, 2019 Published: January 19, 2020

Copyright: Xu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and
source are credited.

ABSTRACT

To explore and understand the competitive mechanism of ceRNAs in intrahepatic cholangiocarcinoma (ICC), we
used bioinformatics analysis methods to construct an ICC-related ceRNA regulatory network (ceRNET), which
contained 340 IncRNA-miRNA-mRNA regulatory relationships based on the RNA expression datasets in the NCBI
GEO database. We identified the core regulatory pathway RP11-328K4.1-hsa-miR-27a-3p-PROS1, which is
related to ICC, for further validation by molecular biology assays. GO analysis of 44 differentially expressed
mRNAs in ceRNET revealed that they were mainly enriched in biological processes including “negative
regulation of epithelial cell proliferation” and "positive regulation of activated T lymphocyte proliferation.”
KEGG analysis showed that they were mainly enriched in the “complement and coagulation cascade” pathway.
The molecular biology assay showed that IncRNA RP11-328K4.1 expression was significantly lower in the
cancerous tissues and peripheral plasma of ICC patients than in normal controls (p<0.05). In addition, hsa-miR-
27a-3p was found to be significantly upregulated in the cancer tissues and peripheral plasma of ICC patients
(p<0.05). Compared to normal controls, the expression of PROS1 mRNA was significantly downregulated in ICC
patient cancer tissues (p<0.05) but not in peripheral plasma (p>0.05). Furthermore, ROC analysis revealed that
RP11-328K4.1, hsa-miR-27a-3p, and PROS1 had significant diagnostic value in ICC. We concluded that the
upregulation of IncRNA RP11-328K4.1, which might act as a miRNA sponge, exerts an antitumor effect in ICC by
eliminating the inhibition of PROS1 mRNA expression by oncogenic miRNA hsa-miR-27a.

INTRODUCTION

Intrahepatic ~ cholangiocarcinoma (ICC) is an
adenocarcinoma that originates from the intrahepatic
secondary bile duct and its branch epithelium. ICC is
anatomically different from the other two types of
cholangiocarcinoma (CCA): perihilar cholangiocarcinoma

(pCCA) and distal cholangiocarcinoma (dCCA) [1, 2].
The incidence of ICC accounts for 10%-15% of primary
hepatic malignant tumors, only second to the incidence
of primary hepatocellular carcinoma [1]. Statistics from
recent years indicate that the morbidity and mortality
rates of ICC continue to show an increasing trend
globally [1, 3]. Due to a lack of obvious clinical
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symptoms and limited effective screening methods in
the early stage of the disease, most ICC patients do not
have the option of surgery at diagnosis; only 30%-40%
of patients have the opportunity to get surgery after
diagnosis [4, 5]. Patients who have not undergone
surgery have an extremely poor prognosis, and few
patients survive for more than three years. The 3-year
survival rate of patients undergoing surgery is only
40%-50% [6]. Therefore, it is particularly urgent and
necessary to better understand the molecular
mechanisms  underlying the pathogenesis and
progression of ICC and to find potential biomarkers for
diagnosis and prognosis as well as therapeutic targets
for ICC.

Early research on the molecular mechanism of
carcinogenesis has mainly focused on different protein-
coding genes. With the development and popularization
of  high-throughput = whole-genome  sequencing
technology, a variety of noncoding ribonucleic acids
(ncRNA) of different lengths have been clearly found to
play key regulatory roles in human carcinogenesis,
including noncoding RNAs (ncRNAs), such as long
noncoding RNA (IncRNA) and microRNA (miRNA)
[7]. IncRNAs are a subset of noncoding transcripts of
over 200 nucleotides in length, with little or no protein-
coding ability, and they play key roles in a series of
biological processes by regulating gene expression
through mechanisms including transcription, splicing,
and translation [8, 9]. Due to their greater tissue
specificity, IncRNAs are more effective as biomarkers
for the early diagnosis and screening of cancer patients
[10]. Recent studies [11, 12] have found that IncRNAs
may be potential diagnostic and prognostic biomarkers
for CCA and that they may be related to the
pathogenesis and progression of CCA. miRNAs are a
class of endogenous small RNAs approximately 20-24
nucleotides in length that play various important
regulatory functions within cells [13]. Each miRNA can
regulate multiple target genes, and several miRNAs can
regulate a single gene. Therefore, this complex
regulatory network can regulate the expression of
multiple genes through a single miRNA or specifically
regulate the expression of a single gene through the
combination of multiple miRNAs [14]. Similarly, some
studies [15-19] also suggest that aberrantly expressed
miRNAs can be used as diagnostic and prognostic
markers for CCA that are closely associated with the
pathogenesis, progression and metastasis of CCA.
However, the underlying mechanisms of IncRNAs and
miRNAs in CCA, especially in ICC, are not fully
understood.

Recent studies have shown that IncRNAs, as
competitive endogenous RNA (ceRNA) with miRNA
response elements (MRE), can compete with mRNAs

for binding with miRNAs, thus affecting gene
expression [20-22]. Abnormal regulation of ceRNA is
involved in multiple types of cancers, such as breast
cancer, lung cancer, gastric cancer, colorectal cancer,
hepatic cancer and CCA [23-29]. Mathematical
modeling, informatics-based analysis and experimental
validation have been used to describe the structure of
ceRNA regulatory networks (ceRNETSs) and their role
in regulating cellular physiology under normal
conditions and pathological conditions such as cancer
[22]. Previous studies have thoroughly discussed the
diagnostic and prognostic value of IncRNA-related
ceRNETs and their pivotal role in the pathogenesis and
progression of HCC. Gao M et al. [30] constructed
ceRNETs of HCC-related IncRNAs (HOTAIR and
MALATI1) by using bioinformatics methods. These
networks predicted that MALAT1 and HOTAIR can act
as miRNA sponges to inhibit hsa-miR-1 and hsa-miR-
20a-5p, thereby removing the inhibition of the
expression of cyclin D1, E2F1, EGFR, MYC, MET,
NOS2A and VEGFA. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
enrichment analyses of these seven HCC-related
miRNA target genes indicates that MALATI and
HOTAIR could promote cell growth, cell cycle
progression and mitosis by involving in cell cycle, focal
adhesion and disease progression pathways. Yan Y et
al. [31] identified nine key IncRNAs in the overall
ceRNET by constructing IncRNA-related ceRNETSs
(HCG18, AC021078.1, ENT-PD1-AS1, MCM3AP-
AS1, GMDS-AS1, AC019080.1, AC245452.1,
LINCO00630 and AP000766.1). Functional enrichment
analysis of coexpressed adjacent mRNAs revealed a
close association with liver function and the
pathogenesis of HCC. Further construction of a ceRNA
subnet associated with HCC prognosis was done by
screening 16 IncRNAs associated with HCC prognosis,
which were further used for constructing a risk scoring
model. According to the median risk score, the overall
survival (OS) was significantly higher in the low-risk
group than in the high-risk group (P = 8.31e-05). At
present, studies on the pathogenesis of CCA by
constructing ceRNETs and examining their role in the
diagnosis, prognosis and treatment of CCA are
relatively rare and lack depth. The limited CCA-related
ceRNETSs constructed by Song W et al. [29] contain 116
IncRNAs, 14 miRNAs and 59 mRNAs. Functional
enrichment analysis revealed that these ncRNAs
promote CCA progression mainly through the estrogen
signaling pathway and MAPK. Meanwhile, seven
IncRNAs with negative correlations with CCA
prognosis and four IncRNAs with positive correlations
with CCA prognosis were identified. However, CCA
includes three types, ICC, pCCA and dCCA, which are
significantly different in anatomical location, clinical
manifestation, morphology and epidemiology. At
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present, the role of ceRNETs in ICC remains
unclarified.

In this study, to determine the diagnostic, therapeutic,
and prognostic value of IncRNA-related ceRNETs and
their key role in the pathogenesis and progression of
ICC, we performed integrated analysis of expression
profile data on ICC-related IncRNA, miRNA and
mRNA from National Center for Biotechnology
Information Gene Expression Omnibus (NCBI GEO).
Afterwards, we integrated these identified differential
expression (DE) RNAs and constructed a IncRNA-
miRNA-mRNA  regulatory network.  Moreover,
functional enrichment analysis was performed on
mRNA involved in ceRNET construction. Then, based
on the ranking of each ceRNA in ceRNETs (including
connectivity and log-fold change, logFC), their
relationships (whether their direction of expression
changes is consistent or opposite), and their mention in
the results of previous studies in other tumors, we
identified the most related core regulatory pathways of
ICC. Finally, we experimentally validated the mRNA
and corresponding protein in the core ceRNET
regulatory pathway with ICC fresh tissues, blood, and
paraffin sections. We also clinically validated the RNAs
in the core ceRNET regulatory pathway with datasets
from the NCBI GEO and TCGA. In combination with
experimental results, clinical outcomes, and previous
research, the mechanism of these noncoding RNAs and
their constituent pathways in ICC was further discussed.

RESULTS

ICC-related differentially expressed IncRNAs,
miRNAs and mRNAs based on GEO microarray chips

From the GSE61850 dataset, a total of 3533 differentially
expressed mRNAs (1650 upregulated and 1883
downregulated mRNAs) and 692 differentially expressed
IncRNAs (286 upregulated and 406 downregulated
IncRNAs) were obtained. The heat map and volcano map
are shown in Figures 1 and 2, respectively (partial data
are shown in Supplementary Tables 1 and 2):

From the GSE103909 dataset, a total of 948
differentially expressed mRNAs (447 upregulated and
501 downregulated mRNAs) and 283 differentially
expressed IncRNAs (56 wupregulated and 227
downregulated IncRNAs) were obtained. The heat map
and volcano map are shown in Figures 3 and 4,
respectively (partial data are shown in Supplementary
Tables 3 and 4):

From the GSES57555 dataset, a total of 2047
differentially expressed mRNAs were obtained (942
upregulated and 1105 downregulated mRNAs), and 106

differentially expressed miRNAs (64 upregulated and
42 downregulated miRNAs) were obtained. The heat
map and volcano map are shown in Figures 5, 6,
respectively (partial data are shown in Supplementary
Tables 5 and 6):

From the GSE53992 dataset, a total of 155 differentially
expressed miRNAs (71 upregulated and 84
downregulated miRNAs) were obtained. The heat map
and volcano map are shown in Figure 7 (partial data are
shown in Supplementary Table 7):

From the GSE53870 dataset, a total of 207 differentially
expressed miRNAs were obtained (104 upregulated and
103 downregulated). The heat map and volcano map are
shown in Figure 8 (partial data are shown in
Supplementary Table 8):

The intersections of differentially expressed mRNAs,
differentially expressed IncRNAs, and differentially
expressed miRNAs are shown in the Venn map (Figure
9), with a total of 236 consensus differentially
expresssd mRNAs, 71 consensus differentially
expressed IncRNAs, and 16 consensus differentially
expressed miRNAs. Some of the results are shown in
Supplementary Tables 9—11.

Coexpression analysis and miRNA target gene
prediction analysis for constructing IncRNA-miRNA
and miRNA-mRNA relationship pairs

Coexpression analysis and the intersection of GSE61850
and GSE103909 datasets revealed 1403 IncRNA-mRNA
relationship pairs with synergistic expression, including
194 mRNAs and 54 IncRNAs (some results are shown in
Supplementary Table 12). Coexpression analysis of the
GSES57555 dataset revealed 1166 miRNA-mRNA
inversely correlated relationship pairs, including 16
miRNAs and 220 mRNAs (some results are shown in
Supplementary Table 13).

The online tool mirwalk2.0 was used to perform target
gene prediction on the above 16 miRNAs. A total of
29,426 miRNA-mRNA relationship pairs were obtained
(some results are shown in Supplementary Table 14).
By intersecting with the miRNA-mRNA obtained in the
first step, a total of 113 miRNA-mRNA relationship
pairs were obtained, including 12 miRNAs and 58
mRNAs (detailed results are shown in Supplementary
Table 15). A total of 54 IncRNAs and 16 miRNAs from
the coexpression analysis were extracted for the
prediction of miRNA-IncRNA binding sites by using
the local software Miranda (v3.3a), which revealed 362
miRNA-IncRNA relationship pairs, including 16
miRNAs and 53 IncRNAs (some results are shown in
Supplementary Table 16).
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Figure 1. Heat map (A) and volcano map (B) of differentially expressed mRNAs in the GSE61850 dataset.
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Figure 2. Heat map (A) and volcano map (B) of differentially expressed IncRNAs in the GSE61850 dataset.
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Construction of a ceRNA regulation network
(ceRNET) based on GEO chip databases

To further explore how IncRNAs regulates mRNA
expression by binding to miRNAs in ICC, based on the

miRNA-IncRNA and miRNA-mRNA relationship pairs
obtained from the previous step and according to the
premise that mutual ceRNAs with the same miRNA
binding sites exist in the ceRNA network, we first
screened the mRNAs and IncRNAs regulated by the
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Figure 3. Heat map (A) and volcano map (B) of differentially expressed mRNAs in the GSE103909 dataset.
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Figure 4. Heat map (A) and volcano map (B) of differentially expressed IncRNAs in the GSE103909 dataset.
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same miRNA. Then, according to the consistent
expression trend among ceRNAs and the synergistic
expression relationships between mRNAs and
IncRNAs, we finally obtained 340 pairs of IncRNA-
miRNA-mRNA regulatory relationships, containing 44

mRNAs, 12 miRNAs and 24 IncRNAs (some of the
results are shown in Supplementary Table 17).

Cytoscape 3.4.0 was used to construct a ceRNA
network for the 340 IncRNA-miRNA-mRNA regulatory
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Figure 5. Heat map (A) and volcano map (B) of differentially expressed mRNAs in the GSE57555 dataset.
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relationships obtained above. We also determined the
upregulation and downregulation of these nodes (some
results are shown in Supplementary Table 18). The
ceRNA network is shown in Figure 10.

GO and KEGG pathway enrichment analyses of
differentially expressed mRNAs in the constructed
ICC-related ceRNETSs

Functional enrichment analysis was performed on
differentially expressed mRNA in the constructed ICC-

L) |

-log10 (p-value)

related ceRNETSs (shown in Figure 11 and Table 1). GO
analysis revealed that the biological processes associated
with differentially expressed mRNAs and tumors were
mainly involved in the negative regulation of epithelial
cell proliferation and the positive regulation of activated
T cell proliferation. KEGG analysis revealed that
differentially expressed mRNAs were mainly involved in
the complement and coagulation cascade pathways.

Meanwhile, the Cytoscape plugin CytoNCA was used
to analyze the node connectivity of the network, with
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Figure 7. Heat map (A) and volcano map (B) of differentially expressed miRNAs in the GSE53992 dataset
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Figure 8. Heat map (A) and volcano map (B) of differentially expressed miRNAs in the GSE53870 dataset
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unweighted parameters. The node size in the figure
indicates the degree of connectivity in the network: the
larger the node, the higher the degree of connectivity
(some of the data are shown in Supplementary Table 19
for details). Based on the ranking of network nodes, the
reproducibility of expression trends in several GEO
datasets, the logFC and ceRNA relationship, and previous
outcomes in other types of tumors, the following ceRNA
regulatory relationships were finally chosen for further
validation: RP11-328K4.1-hsa-miR-27a-3p-PROSI;
RP11-328K4.1-hsa-miR-27a-3p-METTL7A; RP11-
328K4.1-hsa-miR-200a-3p-METTL7A; RP11-328K4.1-
hsa-miR-200a-3p-CECR2;  ADORA2A-AS1-hsa-miR-
200b-3p-CECR2; ADORA2A-AS1-hsa-miR-27a-3p-
PROSI; ADORAZ2A-AS1-hsa-miR-200c-3p-CECR2;
LINCO01485-hsa-miR-200c-3p-CECR2; LINCO01485-hsa-
miR-200b-3p-METTL7A; and LINC01485-hsa-miR-
200b-3p-CECR2.

After comprehensive analysis, we finally obtained the
ICC-related core regulatory pathway, RP11-328K4.1-
hsa-miR-27a-3p-PROS1, which was further validated
in relevant fresh tissue, blood samples and paraffin
sections. The results are shown as follows: The
expression of IncRNA RP11-328K4.1 in 10 pairs of
fresh ICC cancer and adjacent paracancerous tissues is
shown in Figure 12. The expression of IncRNA RP11-
328K4.1 was significantly decreased in the ICC
experimental group (cancer tissue) compared to that in
the control group (paracancerous tissue) (P =
0.000007).

The expression level of IncRNA RP11-328K4.1 in the
peripheral plasma of 10 ICC patients and 10 healthy
subjects is shown in Figure 13. The expression of

A common_diff_mRNA B

249

1013 L 621

common_diff_IncRNA

IncRNA RP11-328K4.1 was significantly decreased in
the experimental group (peripheral plasma of ICC
patients) compared to that in the control group
(peripheral plasma of healthy controls) (P=0.036093).

The expression levels of hsa-miR-27a-3p in 10 pairs of
fresh ICC cancer and adjacent tissues are shown in
Supplementary Figure 1. The expression level of hsa-
miR-27a-3p was significantly higher in the
experimental group (ICC cancer tissue) than that in the
control group (paracancerous tissues) (P = 0.00016).

The expression levels of hsa-miR-27a-3p in the
peripheral plasma of 10 ICC patients and 10 healthy
subjects are shown in Supplementary Figure 2 below.
The expression of hsa-miR-27a-3p was significantly
higher in the experimental group (peripheral plasma of
ICC patients) than that in the control group (peripheral
plasma of healthy subjects) (P=0.04942034).

The expression levels of PROS1 mRNA in 10 pairs of
fresh ICC cancer and paracancerous tissues are shown
in Supplementary Figure 3. The expression of PROSI
mRNA was significantly decreased in the experimental
group (ICC cancer tissues) compared with that in the
control group (paracancerous tissues) (P = 0.006611).

The expression levels of PROS1 mRNA in the
peripheral plasma of 10 ICC patients and 10 healthy
subjects are shown in Supplementary Figure 4. The
expression of PROS1 mRNA was decreased in the
experimental group (peripheral plasma of ICC patients)
compared to that in the control group (peripheral plasma
of healthy subjects), however, the difference was not
statistically significant (P=0.171259).
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Figure 9. Venn diagram of differentially expressed mRNAs, IncRNAs, miRNAs in all datasets (from A to B to C: mRNA, IncRNA, miRNA).
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Figure 10. The ICC-related ceRNA network map (green circles indicate the downregulated mRNAs, red circles indicate the
upregulated mRNA, dark blue diamonds indicate the downregulated IncRNA, light purple diamonds indicate the
upregulated IncRNA, pink triangles indicate the upregulated miRNA, brown triangles indicate the downregulated miRNA,
and gray triangles indicate that upregulation or downregulation of miRNAs cannot be determined. The gray arrow indicates the
regulatory relationship between miRNA and IncRNA, the yellow arrow indicates the regulatory relationship between miRNA and mRNA, and

the green dotted line indicates the synergistic expression relationship between IncRNA and mRNA).
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Figure 11. GO terms (including biological process (BP), cellular component (CC) and molecular function (MF)) and KEGG

pathways involved in the construction of ICC-related ceRNETs of 44 DE mRNAs.
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Table 1. Specific DE mRNAs enriched in each GO term and KEGG pathway in ICC-related ceRNA networks.

Category Term Count Genes PValue
muscle cell
GOTERM_BP cellular 2 CFL2, SOD1 0.033571
homeostasis
positive regulation
GOTERM_BP of activated T cell 2 IGF2, IGFBP2 0.035927
proliferation
GOTERM_BP regulation of 2 AGTRI, ADRA2B 0.03121
- vasoconstriction
GOTERM_BP single fertilization 2 AR, CECR2 0.052263
negative
GOTERM_BP regulation of 2 AR, MCC 0.09083
- epithelial cell
proliferation
GOTERM_BP spermatogenesis 3 AR, SERPINAS, SOD1 0.058154
SERPINAT11, CFL2, SERPINAS5, CCBEL, CIRL,
GOTERM_CC extracellular space 10 RELN, IGF2, IGFBP2, SODI, GREM2 1.36E-04
extracellular THRB, C6, IGF2, ISOC1, METTL7A, SODI,
GOTERM_CC Xe osonllle 15 ALDH7A1, GPM6A, SERPINAS, CFL2, CIRL, 2.97E-04
X GFRAI, PEBPI1, IGFBP2, PROS1
GOTERM_MF steroid binding 2 AR, PAQRY 0.024354
GOTERM_MF steroid hormone 2 THRB, PAQR9 0.094041
= receptor activity
serine-type
GOTERM_MF endopeptidase 3 SERPINAT11, SERPINAS, PEBPI 0.01002
inhibitor activity
KEGG PATHWAY Prion diseases 2 C6, SOD1 0.090786
Complement and
KEGG _PATHWAY coagulation 3 SERPINAS, C6, PROS1 0.017377
cascades

Western Blot (WB) assay to detect protein
corresponding to PROS1 mRNA in tissues

The expression levels of the protein corresponding to
PROS1 mRNA in 10 pairs of fresh ICC cancer and
adjacent noncancer tissues are shown in Supplementary
Figures 5, 6. The expression of protein corresponding to
PROS1 mRNA was lower in the experimental group
(ICC cancer tissue) than that in the control group
(paracancerous tissues), however, the difference was not
statistically significant (P = 0.668353048).

WB assay to detect protein corresponding to PROS1
mRNA in plasma

The expression levels of the protein corresponding to
PROS1 mRNA in the peripheral plasma of 10 ICC
patients and the peripheral plasma of 10 healthy

subjects are shown in Supplementary Figures 7 and 8.
The expression of protein corresponding to PROSI1
mRNA was increased in the experimental group
(peripheral plasma of ICC patients) compared to that in
the control group (peripheral plasma of healthy
subjects), however, the difference was not statistically
significant (P=0.597799476).

Immunohistochemistry (IHC) results of PROS1
expression in paraffin sections from ICC patients

In this study, we performed IHC on paraffin sections
from 88 ICC patients. The median age of patients was
62 years (range: 30-83 years). There were 52 males and
36 females, with a male:female ratio of 1.75:1. A total
of 56 patients underwent radical surgery, accounting for
63.6% of the total number of patients. The detailed data
are shown in Table 2. The IHC results of PROS1
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Figure 12. gRT-PCR analysis showed the difference in
IncRNA  RP11-328K4.1  expression between the
experimental group and control group in ICC fresh tissue
samples after normalization to internal controls. RP11-
328K4.1 was normalized to B-actin.

RP11-328K4.1

0.008+

0.006

Expression
o
o
£

0.002+

E& Control Group
Experimental Group

E::-'-.'.:.':::'.:._.:.

RP11-328K4.1

Figure 13. gRT-PCR analysis showed the difference in

IncRNA

RP11-328K4.1

expression between the

experimental group and control group in peripheral
plasma samples after normalization to internal controls.
RP11-328K4.1 was normalized to B-actin.

Table 2. The baseline characteristics and IHC of 88 ICC patients receiving surgery.

Characteristics Number of patients (n=154) Characteristics Number of patients (n=154)
Age (year) 62 (30-83) yes 1(1.1)
<60 34 (38.6) jaundice
> 60 54 (61.4) no 71 (80.7)
Gender yes 17 (19.3)
male 52 (59.1) Blood type
female 36 (40.9) A 27 (30.7)
smoking B 33 (37.5)
no 59(67.1) AB 6 (6.8)
yes 29(32.9) o 22 (25.0)
alcohol GGT 270.1(12-2769)
no 71(80.7) <50 24 (27.3)
yes 17(19.3) >50 64 (62.7)
BMI 24.10 (16.9-32.6) differentiation
<18.5 1(1.1) Poorly differentiated 29 (33.0)
>18.5 and <24 42(47.8) Moderately-well

. i 59 (67.0)
24 45(51.1) differentiated
gallstone Margin status
no 74 (84.1) negative 56 (63.6)
yes 14 (15.9) positive 32 (36.4)
cholangiolithiasis Largest tumor diameter (cm) 4.83(1.0-14)
no 80(91) <5 53 (60.2)
yes 8(9) >5 35(39.8)
cholecystitis T stage
no 70(79.5) Tis-Tla 21(23.9)
yes 18(20.5) T1b 18 (20.5)
diabetes T2 16(18.2)
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no 69 (78.4)
yes 19 (21.6)
hypertension

no 61(69.3)
yes 27(30.7)
Fatty liver

no 86(97.7)
yes 2(2.3)
cirrhosis

no 82(93.2)
yes 6(6.8)
HBV

no 77(87.5)
yes 11(12.5)
HCV

no 87(98.9)
total bilirubin (umol/L) 39.9 (5.9-420)
<17.1 58 (65.9)
>17.1 30 (34.1)
albumin level (g/L) 41.5(29.0-51.0)
<28 0(0.0)

T3 15 (17.1)

T4 18 (20.5)
N stage
0 stage 62 (70.5)
1 stage 26 (29.5)
M stage
no 73 (83.0)
yes 15 (17.0)
TNM stage
1A-IB 31(35.3)
II 10 (11.4)
IITA-IIIB 33 (37.5)
v 14 (15.9)
CA199 (U/ml) 1829.2 (0.5-28411)
<39 29 (40.0)
>39 59 (60.0)
28-35 9(10.2)
> 35 79 (89.8)
AFP(ug/L) 20.3 (0.6-1091)
<25 83 (94.3)
>25 5(5.7)

staining in cancer tissues and adjacent normal tissues
were analyzed and are shown in Supplementary Figure
9A-9D: PROS1 showed positive staining in the
cytoplasm of ICC cancer tissues, and the staining
intensity could be divided into high, medium and low
degrees. However, the expression of PROS1 in the
cytoplasm of normal adjacent tissue was nearly
negative.

Receiver Operating Characteristic (ROC) analysis of
RP11-328K4.1, hsa-miR-27a-3p and PROS1

ROC curves indicated that RP11-328K4.1, hsa-miR-
27a-3p and PROS1 exhibited great diagnostic efficiency
in ICC tumor tissues and nontumor tissues (Figure
14A—-14C). The areas under the ROC curve (AUCs) of
RP11-328K4.1 were 1.000, 0.802, and 1.000 in
GSE61850, GSE103909, and TCGA, respectively. The
AUCs of hsa-miR-27a-3p were 0.965, 0.814, 0.748 and
1.000 in GSES53870, GSE53992, GSES57555, and
TCGA, respectively. The AUCs of PROS1 were 0.967,
1.000, 0.852, and 1.000 in GSE57555, GSE61850,
GSE103909 and TCGA, respectively

When comparing different clinical stages of ICC, hsa-
miR-27a-3p was a promising biomarker with an AUC of
0.821. However, the AUC of RP11-328K4.1 was 0.670,

and the AUC of PROS1 was 0.554, which suggested that
they have limited diagnostic utility (Figure 14D).

DISCUSSION

ICC, the second most common malignant hepatic
tumor, second only to hepatocellular carcinoma (HCC).
Although ICC is far less common than extra-
cholangiocarcinoma (ECC), the morbidity and mortality
rates of ICC have been increasing for the last 10 to 20
years [3, 32, 33]. Therefore, increasing attention has
been paid to the pathogenesis and prognosis of ICC
[34]. In recent years, the roles of ncRNAs in the
pathogenesis and progression of tumors have become
increasingly important. The ceRNA hypothesis, which
was proposed in 2011, is considered to be a landmark in
understanding the mutual regulatory relationship and
interactions of RNA-RNA in their entirety.
Accumulated evidence suggests that the dysregulation
of ceRNA interactions and ceRNETs is involved in the
pathogenesis, progression and prognosis of a variety of
cancers, including HCC [31] and CCA [29, 35]. Of
note, ICC is not only significantly different from HCC
in terms of etiology, pathogenesis and invasion and
metastasis mode but is also significantly distinct from
pCCA and dCCA (another two types of CCA) in terms
of anatomical location, pathogenesis and prognosis.
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Therefore, it is of great importance to further use the
ceRNET theory to study the pathogenesis of ICC, to
explore the key regulatory pathways causing ICC and to
screen potential molecular biomarkers for optimizing
individualized and precise therapy of ICC.

Based on the ceRNET theory and the GEO microarray
database, for the first time, we constructed ICC-related
ceRNETs by wusing a bioinformatics method,
subsequently screened the core regulatory pathway
related to the pathogenesis of ICC:RP11-328K4.1-hsa-
miR-27a-3p-PROS], and finally conducted preliminary
experimental validation of the expression levels,
expression trends and regulatory relationships of the
screened ceRNAs of this core regulatory pathway by
using molecular experiments. In our previous
bioinformatic analysis, the expression of IncRNA
RP11-328K4.1 and PROS1 mRNA was downregulated

in cancer tissues compared to that in adjacent normal
tissues in ICC, while the expression of miRNA hsa-
miR-27a-3p was upregulated in ICC cancer tissues,
which was consistent with the mechanism of action and
expression trends between ceRNA and miRNA in the
ceRNA hypothesis. Our subsequent gRT-PCR
validation in tissue and plasma also revealed low
expression of IncRNA RP11-328K4.1 and PROSI
mRNA but high expression of miRNA hsa-miR-27a-3p
in cancer tissue and peripheral plasma compared to the
levels observed in adjacent normal tissue and healthy
human peripheral plasma. These results suggest that the
upregulation of IncRNA RP11-328K4.1 could eliminate
the inhibited expression of PROS1 mRNA by
oncogenic mMiRNA hsa-miR-27a through sponge
adsorption. Therefore, IncRNA RP11-328K4.1 could
exert its role as a tumor suppressor gene in ICC.
Meanwhile, the expression of the protein corresponding
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Figure 14. (A—C) ROC analysis of RP11-328K4.1, hsa-miR-27a-3p, and PROSL1 in ICC tumor tissues and matched adjacent nontumor tissues.
(D) ROC analysis of RP11-328K4.1, hsa-miR-27a-3p, and PROS1 in early ICC and advanced ICC.
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to PROS1 mRNA was preliminarily validated in the
fresh tissue specimens, peripheral plasma and paraffin
specimens of ICC patients. In addition, to clinically
validate the differential diagnostic ability of the RNAs
in this core regulatory pathway of the ICC-related
ceRNET, not only in distinguishing ICC tumor tissues
and matched adjacent nontumor tissues but also in
identifying ICC of different stages, ROC analysis was
performed by utilizing data from the NCBI GEO
database and the TCGA database. ROC analysis
revealed that elements of the core regulatory pathway,
including RP11-328K4.1, hsa-miR-27a-3p, and PROSI,
might play important roles in ICC diagnosis.
Specifically, hsa-miR-27a-3p might have significant
diagnostic value in identifying ICC of different clinical
stages, while RP11-328K4.1 and PROSI1 does not.

The ceRNET constructed in this study contains 340
IncRNA-miRNA-mRNA  regulatory  relationships.
Functional enrichment analysis of 40 DE mRNAs in
this regulatory network revealed that this regulatory
network is primarily associated with the regulation of
proliferation of epithelial cells and activated T cells,
which might play a role via the complement
andcoagulation cascade pathways in ICC. ICC is a
malignant tumor derived from the bile duct epithelium at
the proximal end of the secondary branch of the
intrahepatic bile duct [36]. The proliferation of biliary
epithelial cells promotes CCA progression. Studies have
shown [37] that the proliferation capacity of activated T
and T lymphocyte-mediated killing activity are
significantly decreased in patients with malignant tumors.
It is conceived that the occurrence of tumors can activate
the antitumor immune response of activated T
lymphocytes. However, tumor cells and their metabolites
will block host T lymphocytes in response to tumor
progression, thereby leading to dysregulated metabolism
of T lymphocytes, weakened immune response against
tumor antigens, hindered differentiation of effector cells
and suppressed tumor immunity. In addition, their study
indicates that the active proliferative response of T
lymphocytes stimulated by antigens is an important part
of mediating the effects and roles of cellular immunity in
vivo. Meanwhile, bioinformatics analysis of proteomics
and genomics regarding differentially expressed genes in
prostate cancer also shows [38] that the complement and
coagulation cascades are involved in the pathogenesis of
prostate cancer. However, the specific mechanism of its
action in cancer has not yet been reported, but deserves
continuous attention and in-depth discussion in the future.

At present, there are few studies on the expression level,
diagnostic and prognostic value of IncRNA RP11-
328K4.1 in malignant tumors. In a Chinese study on the
expression of IncRNA in gastric cancer and its

prognostic value by the Center for Gastric Cancer
Diagnosis and Treatment of Sun Yat-sen University,
Chen W et al. [39] investigated the expression and
prognostic value of IncRNAs in gastric cancer tissues.
In this study, the expression of IncRNA RP11-328K4.1
was downregulated in gastric cancer tissues compared
to normal tissues, which was consistent with the
bioinformatic analysis and experimental validation in
our study. In addition, their subsequent survival analysis
showed that IncRNA RP11-328K4.1 was a protective
factor for the prognosis of gastric cancer patients;
gastric cancer patients with high expression of IncRNA
RP11-328K4.1 had a better prognosis. Therefore, they
suggested that IncRNA RP11-328K4.1 is expected to
become a new targeted therapeutic target and prognostic
molecular marker for gastric cancer. Similarly, in the
present study, we found that the expression of IncRNA
RP11-328K4.1 was decreased in the cancer tissue and
peripheral plasma of ICC patients, suggesting that it
may be a protective factor for the prognosis of ICC
patients that plays a role as a tumor-suppressor gene.
However, the mechanism of how IncRNA RPI11-
328K4.1 acts as a tumor suppressor gene in gastric
cancer is not mentioned in the study by Chen W et al.
[39]. In our study, the RP11-328K4.1-hsa-miR-27a-3p-
PROSI regulatory pathway in ICC was detected and
can provide ideas and references for the mechanism of
action of IncRNA RP11-328K4.1 in gastric cancer.

MicroRNA-27a (miR-27a) is located on chromosome 19.
The abnormal expression of miR-27-3p, one of two
isoforms of mature miR-27a (the other isoform is miR-27-
5p), has been found to play a role in various types of
tumors. Wu XZ et al. [40] showed that the expression of
miR-27a-3p was significantly increased in esophageal
squamous cell carcinoma (ESCC) tissues and cell lines. In
Ecal09 esophageal cancer cells, ectopic overexpression of
miR-27a-3p promoted cell proliferation, while inhibition
of miR-27a-3p decreased cell proliferation. Further
studies indicated that downregulation of miR-27a-3p
expression could induce cell cycle arrest at GI1/S.
Mechanistic studies demonstrated that miR-27a-3p
significantly inhibited the expression of FBXW?7.
FBXW7 is a tumor suppressor factor that exerts a
significant inhibitory effect on the proliferation of Ecal09
cells. Finally, they concluded that miR-27a-3p exerted a
tumorigenic effect by targeting FBXW?7. The above
findings suggest that miR-27a-3p may be a potential
therapeutic target for ESCC. In addition, Zhou L et al [41]
showed that miR-27a-3p was abnormally highly
expressed in gastric cancer tissues and cell lines, and this
could induce cell cycle arrest at G1/S to initiate the miR-
27a-3p/BTG2/Ras/MEK/ERK pathway by inducing B-
cell translocation gene 2 (BTG2) (pro-apoptotic), thereby
promoting gastric cancer cell proliferation and tumor
growth in vivo and in vitro. The miR-27a-3p/BTG2 axis is
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believed to be promising as not only a diagnostic
biomarker for patients with gastric cancer but also a
potential therapeutic target for gastric cancer. Liang J et
al. [42] showed that the expression of miR-27a-3p was
upregulated in colorectal cancer (CRC) and this was
closely associated with histological differentiation,
clinical stage, distant metastasis, and survival of CRC
patients. Mechanistic studies have shown that miR-27a-
3p inhibits apoptosis in vivo and in vitro and promotes
proliferation, migration, and invasion of CRC cells by
activating the Wnt/B-catenin pathway via targeting the
downstream gene RXRa. Therefore, miR-27a-3p is
considered to be a prognostic biomarker and/or a
potential therapeutic target for CRC patients. Li L et al.
[43] also confirmed that miR-27a-3p was upregulated in
nasopharyngeal carcinoma. Mechanistic studies have
shown that miR-27a-3p promotes the proliferation,
migration, and invasion of nasopharyngeal carcinoma
cells by directly inhibiting the 3’ untranslated region
(3’-UTR) of Mapk103. Wang WS et al. [44] confirmed
that the expression of miR-27a-3p was significantly
increased in the peripheral blood of patients with
pancreatic cancer and that its expression level can
effectively distinguish between pancreatic cancer,
benign pancreatic disease, and healthy subjects. Our
bioinformatic analysis and experimental validation of
miR-27a-3p in ICC are consistent with the above
results, confirming the high expression of miR-27a-3p
in the cancer tissues and peripheral blood of ICC
patients, suggesting that miR-27a-3p might become a
potential prognostic and prognostic biomarker and
therapeutic target for ICC patients. The mechanism and
pattern of miR-27a-3p expression in promoting
carcinogenesis in the above-described tumors are
similar to the findings in this study on ICC; all of the
observed effects depend on the action of miR-27a-3p on
downstream mRNA to cause corresponding pathway
changes. In turn, these data support the scientific nature
of our approach to studying the pathogenesis of ICC by
constructing ceRNETs. However, Zhao N et al. [45]
suggested that the expression miR-27a-3p s
downregulated in cancer tissues and cell lines of HCC,
which is significantly associated with early metastasis
of HCC. Mechanistic studies have shown that the
elevated expression of miR-27a-3p can inhibit
metastasis and angiogenesis by directly targeting a
vasculogenic  mimicry-associated cadherin  (VE-
cadherin), thereby acting as a tumor suppressor gene.
This is inconsistent with the expression trend and role
of miR-27a-3p in other types of tumors and our findings
in ICC, indicating the universality of tumor
heterogeneity and different mechanisms of pathogenesis
and biological behavior in different malignancies. The
inconsistent expression level and role of miR-27a-3p in
HCC and ICC cancer tissues make it useful in clinical
practice of hepatic surgery. This is because the early

clinical manifestations, tumor markers and imaging
signs between HCC and ICC are not distinct, causing
great difficulty in differentiating between ICC and HCC
during diagnosis, which has been troublesome for
hepatic surgeons for a long time. The comparison of the
above results suggests that, through further basic
experiments and clinical validation, miR-27a-3p is a
potentially valuable biomarker for the early distinction
of HCC and ICC during diagnosis in the future.

At present, there is a relative lack of studies on the
relationship between PROS1 and cancer. Most of the
studies were limited to the experimental research level,
lacking validation of its clinical diagnostic and
prognostic capacities. Che Mat M et al. [46] showed
that the expression of PROS1 was significantly
increased in pleomorphic glioblastoma and that
silencing the expression of PROS1 could effectively
reduce the activity of pleomorphic malignant
glioblastoma cells, inhibiting their proliferation,
migration, and invasion and inducing apoptosis. The
same phenomenon was also present in castrated prostate
cancer cells. Saraon P et al. [47] showed that the
addition of the purified human PROS1 gene
significantly increased the migration capacity of these
cells, which is inconsistent with our findings. In our
study, we show that PROS1 mRNA is significantly
decreased in cancer tissues and peripheral plasma of
ICC patients, which might play a role as a tumor
suppressor gene in ICC. The PROS1 gene encodes a
vitamin K-dependent plasma protein, protein S (PS),
which is an essential anticoagulant and a
multifunctional protein. A lack of PS can cause
anticoagulant mechanism disorder, leading to the
formation of thrombosis [48]. In the early stage of
multiple types of malignant tumors, coagulation
dysfunction is first manifested as a hypercoagulable
state of the systemic blood that is conducive to the
formation of a thrombus. The hypercoagulable state of
the blood and the long-term existence of a thrombus
further aggravate the progression of malignant tumors
[48]. We could boldly speculate that elevated
expression of oncogenic miR-27a-3p not only promotes
carcinogenesis but also inhibits the expression of
PROS1 in ICC patients, thereby supporting the
hypercoagulable state of blood and likelihood of
thrombosis in ICC patients. Existence of a coagulation
disorder and formation of a thrombus, in turn, promote
ICC progression. This is also consistent with our
pathway enrichment analysis, which shoes that the DE
mRNA in ICC are predominantly enriched in the
complement and coagulation cascades. As we have also
mentioned before, previous studies suggest that
complement and coagulation cascades are also involved
in the pathogenesis of prostate cancer. However, further
basic experiments and clinical studies are still needed
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regarding the expression level and the specific
mechanism of PROST mRNA in ICC.

The protein corresponding to PROS1 mRNA had lower
overall expression in cancer tissues than in adjacent
tissues from the fresh tissue specimens of ICC patients,
and this was consistent with the expression trend of
PROS1 mRNA in ICC cancer tissues and adjacent
tissues, however, there was no statistically significant
difference. To our confusion, the protein corresponding
to PROS1 mRNA had higher expression in peripheral
blood and paraffin sections than in healthy subjects and
adjacent tissues; however, this difference was not
statistically significant. This reflects the inconsistent
expression trend of PROS1 between the mRNA and
protein levels in ICC patients. In previous studies,
Guoan Chen et al. [49] also observed the same
phenomenon in lung adenocarcinoma. They
quantitatively analyzed the mRNA and protein
expression of 98 genes in lung adenocarcinoma patients.
As a result, the expression of only 21 genes was
significantly associated with the abundance of its
protein; for five of these genes, the protein abundance
was significantly different between stage I and stage 111
lung adenocarcinoma. This suggests a more complex
regulatory mechanism between mRNA expression and
protein translation. In addition, this may occur for the
following reasons: First, the different sensitivities of the
detection methods might be responsible. PCR has high
specificity for RNA detection, while Western blotting
has relatively poor specificity for protein detection. The
expression level of mRNA and the level of translated
protein are not related in a linear, parallel manner. In
addition, posttranslational regulation and modification
of proteins transcribed from mRNA lead to different
isomers. In this case, increased protein expression level
could be observed with Western blotting. Second,
protein expression occurs more slowly than mRNA
expression. When the amount of mRNA expression
decreases, the protein expression could be increased by
stabilizing mRNA by increasing the length of the polyA
tail (increasing the activity of polyA polymerase) or by
decreasing mRNA degradation, causing enhanced
mRNA half-life. Third, when mRNA expression is
reduced, protein expression could be increased by
modifying the protein, decreasing the protein
degradation (protease degradation systems such as
ubiquitin) and prolonging the half-life of the protein.
Fourth, in this study, we detected the mRNA expression
in the fresh cancer tissue samples and peripheral plasma
of ICC patients by qRT-PCR, and we detected the
protein expression in fresh ICC tissue samples, paraffin
sections and peripheral plasma from healthy subjects by
Western blotting. However, the samples were not
completely matched. We can eliminate the effect of this
incomplete matching by further expanding the sample

size to detect the protein expression in the fresh cancer
tissue samples of ICC patients by Western blotting. The
detection of protein itself is an indirect method to
validate the expression of mRNA. The expression of
mRNAs and ncRNAs from the whole core regulatory
pathway could be directly detected in the fresh ICC
tissue samples by gene sequencing to obtain more direct
and reliable outcomes in the future.

There are certain limitations to our study. First, the
ceRNETSs we constructed are based on the bioinformatic
analysis of the expression profile data in the GEO
microarray database, while the ICC datasets in the GEO
database lack the clinical survival information of
patients, leading to the inability to perform prognostic
analysis and construct prognostic models and
nomograms for the DE ncRNAs (IncRNAs and
miRNAs) and DE mRNAs screened in the ceRNA
networks. Likewise, the rigor of diagnostic analysis
might be limited by the various baseline data of
different databases and the small size of the ICC dataset
in TCGA. Second, due to the rarity of ICC, the number
of ICC specimens used to validate the identified core
ceRNA regulatory pathways was relatively small.
Although the results of the experimental validation and
bioinformatic analysis were consistent, it affected the
statistical validity of the experimental validation data to
some extent. Third, due to the inconsistent expression
trend between experimentally validated mRNA and
corresponding protein in different samples, we were
unable to perform subsequent prognosis analysis by
using IHC analysis of the paraffin specimens of 88 ICC
patients, which influenced the detection of prognostic
ability of mRNAs in our core regulatory pathway.
Fourth, the statistical validity of our ROC analysis,
which was conducted to validate the abilities of the
RNAs in the core ceRNET regulatory pathway to
distinguish ICC tumor tissues and matched adjacent
nontumor tissues and to distinguish different tumor
stages, was also limited by the sample sizes of datasets
in the GEO and TCGA. This suggests that a prospective
study should be conducted in the future by performing
qRT-PCR or high-throughput sequencing of a large
number of fresh tissue samples from ICC patients to
enhance the persuasiveness and reliability of the
validation and to conduct subsequent prognostic studies.

In conclusion, construction of a ceRNET is an effective
way to study the pathogenesis of ICC. The pathogenesis
of ICC is associated with the regulation of epithelial cell
and activated T lymphocyte proliferation, which also
involves the complement and coagulation cascades.
Upregulated expression of IncRNA RP11-328K4.1 can
eliminate the suppression of PROS1 mRNA expression
caused by oncogenic miRNA hsa- miR-27a through
sponge adsorption, and this thereby illustrates the
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protective effect of IncRNA RP11-328K4.1 in ICC
inhibition. The IncRNA RP11-328K4.1, miRNA hsa-
miR-27a-3p and mRNA PROSI1, which are central
nodes with high connectivity in the ICC ceRNET,
exhibited great ability to distinguish ICC tumor tissues
and matched adjacent nontumor tissues and to
distinguish ICC tumor stages. They would be ideal
diagnostic and prognostic biomarkers and therapeutic
targets for ICC patients in the future.

MATERIALS AND METHODS
Study flow

The study was divided into two sections: 1) prediction,
construction, bioinformatics screening and functional
analysis, and 2) experimental validation. The specific
process is shown in Figure 15.

Analysis of differentially expressed miRNAs,
mRNAs and IncRNAs in ICC based on the GEO
database

GEO dataset selection

We searched ICC-related expression profile datasets of
IncRNAs, miRNAs and mRNAs in the NCBI GEO
(https://www.ncbi.nlm.nih.gov/geo) database [50]. Only
original experimental microarray studies analyzing the
expression profile data of IncRNAs, miRNAs, and
mRNAs between human ICC or CCA tumor tissue
containing ICC and matched nontumor tissue were
included. The IncRNA expression profile data were
obtained from GSE61850 (five pairs of ICC tumor
tissue and matched adjacent nontumor tissue) and
GSE103909 (nine pairs of CCA tumor including ICC
and adjacent nontumor tissue sample) datasets. miRNA
expression profiling data were obtained from

IncRNA chip mRNA chip miRNA chip
| GEO |
differential IncRNA differential mRNA differential miRNA
{ co-expression regulatory
analysis > prediction analysis
I Upstream | i
based on || miRNA-mRNA | relationship fipNA-mRrNA H Pasedon | TP E
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qRT-PCR, Western blot and IHC validation of tissue, blood Experimental
and paraffin sections from corresponding ICC patients validation | !
. . Clinical
ROC analysis of the elements in the core regulatory pathway validation

Figure 15. The flowchart of the study.
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GSE53992 (14 pairs of ICC tumor tissues and matched
adjacent nontumor tissues), GSE53870 (63 ICC tumor
tissues and nine matched adjacent nontumor tissues)
and GSE57555 (11 pairs of ICC tumor tissues and
matched adjacent nontumor tissues) datasets. mRNA
expression profile data were obtained from GSE61850
(five pairs of ICC tumor tissue and matched adjacent
nontumor tissue), GSE103909 (nine pairs of CCA
tumor including ICC and matched adjacent nontumor
tissues) and GSE57555 (11 pairs of ICC tumor tissue
and matched adjacent nontumor tissues) datasets.

Differential expression analysis of ICC-related
IncRNAs, miRNAs, and mRNAs in GEO datasets
Differential analysis was performed on IncRNAs,
miRNAs and mRNAs in tumor (T), paracancerous (C)
vs normal (N) samples from all datasets by using the
classic Bayes method provided by the limma package
[51] (Version 3.10.3, http://www.bioconductor.org/
packages/2.9/bioc/html/limma.html). Specificallypaired
t-tests were used for GSE61850, GSE103909,
GSE57555 and GSES53992, while group t-tests were
utilized for GSE53870 for significant analysis. All
genes were tested to obtain the corresponding P values,
followed by multiple test corrections using the
Benjamini and Hochberg [52] method to acquire the
corrected p-value (adj.P.Value) Log-fold. change
(logFC) and significance (p.value or adj.P.Value) were
used to measure the differential expression levels of
genes. The thresholds were set as follows: GSE61850,
mRNA and IncRNA adj.P.Value<0.05 and |logFC]>1;
GSE103909, mRNA and IncRNA P.Value<0.05 and
[logFC[>0.585; GSES57555, mRNA adj.P.Value< 0.05
and |logFC[>1 and miRNA P. Value<0.05 and
[logFC[>0.263; GSES53992, miRNA P.Value<0.05;
GSE53870, miRNA adj.P.Value<0.05 and
[logFC[>0.585. The differentially expressed (DE) RNA
obtained from each dataset are shown as heat maps and
volcano maps.

Data integration

The intersection of DE mRNAs, DE IncRNAs, and DE
miRNAs obtained from each dataset is shown in the
Venn  diagram  (http:/bioinformatics.psb.ugent.be/
beg/tools/venn-diagrams).

Construction of the ceRNA network of ICC based on
the GEO database

Coexpression analysis

We calculated the Pearson correlation coefficient of
differentially expressed IncRNAs and differentially
expressed mRNA from the GSE61850 and GSE103909
datasets by the one-to-one correspondence of the
samples, followed by correlation validation. According
to the consistent trend of the expression levels between

ceRNAs, IncRNA-mRNA relationship pairs with a
Pearson correlation coefficients r>0.7 and a p.values
<0.05 were screened, and the two datasets were
overlapped. For GSE57555, the Pearson correlation
coefficient of differentially expressed mRNA and
differentially expressed miRNA was calculated by one-
to-one correspondence of the samples, followed by a
correlation test. According to the mechanism of miRNA
action, that is, blocking the expression of the target
gene, mIRNA-mRNA relationship pairs with Pearson
correlation coefficients less than 0 were screened.

miRNA target gene prediction analysis

Target gene prediction was performed on miRNAs
obtained by differential expression analysis using the
online tool mirwalk2.0 (http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk2/) [53]. There were 12
databases of miRNA-target gene relationship pairs in
miRWalk, including miRWalk, MicroT4, miRanda,
miRBridge, miRDB, miRMap, miRNAMap, PICTAR?2,
PITA, RNA22, RNAhybrid, and Targetscan. The
criterion was set as follows: the predicted miRNA-
target gene relationship pairs should be present in at
least six of the above-described databases, indicating
that the miRNA regulates the corresponding target gene.
These miRNAs were further intersected with miRNA-
mRNA pairs obtained from the above-described
coexpression analysis to obtain the final miRNA-
mRNA relationship pair.

The DEIncRNAs and DEmiRNAs obtained by
differential expression analysis were extracted, followed
by a prediction of the miRNA-IncRNA binding site
using the local software Miranda (v3.3a) [54]. The
threshold was set at score>140 and energy<-20, to
obtain the final miRNA-IncRNA relationship pairs.

ceRNA relationship integration and network
construction

Based on the miRNA-IncRNA and miRNA-mRNA
relationship pair obtained in the previous step,
according to the premise that RNAs with the same
miRNA binding sites were complementary ceRNAs in
the ceRNA network, we first screened the mRNAs and
IncRNAs regulated by the same miRNA. Then,
according to the consistent trend of expression level of
the ceRNAs, combined with the synergistic expression
relationship between the mRNA and IncRNA, we
obtained the final IncRNA-miRNA-mRNA regulatory
relationship. The ceRNA network was constructed
using Cytoscape (version 3.4.0, http://chianti.ucsd.
edu/cytoscape-3.4.0/) [55] to determine the IncRNA-
miRNA-mRNA regulatory relationship obtained above
and the expression changes in these nodes. If the
upregulation and downregulation patterns of a IncRNA
in GSE61850 and GSE103909 were inconsistent, then
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the IncRNA was not considered to have a regulatory role.
If the upregulation and downregulation patterns of a
mRNA were not consistent in GSE61850, GSE103909,
and GSE57555, then the mRNA was not considered to
have a regulatory role. If the wupregulation and
downregulation of patterns a miRNA in GSE57555,
GSE53992, and GSE53870 were not consistent, then the
miRNA was not regarded to have a regulatory role. The
Cytoscape  plugin  CytoNCA  (Version  2.1.6,
http://apps.cytoscape.org/apps/cytonca) [56] was used to
analyze the node connectivity of the network, with the
parameters were not weighted. The node size in the
figure indicates the degree of connectivity in the network:
the larger the node, the higher the connectivity.

Functional enrichment analysis of differentially
expressed mRNASs in the constructed ICC-related
ceRNETs

To further understand the potential functions and action
mechanisms of differentially expressed mRNAs in
constructed ceRNETs of ICC, the Database for
Annotation, Visualization, and Integrated Discovery
(DAVID) bioinformatics tool (https://david.ncifcrf.
gov/) version 6.8 was used. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analyses were performed on 44
differentially expressed mRNAs.

Determination of the ceRNA core regulatory pathway
for experimental validation

According to whether the ranking of the network node of
differentially expressed RNA was consistent with the
expression trend among the various GEO data sets and
according to the logFC and ceRNA relationship and
previous outcomes in other types of tumors, we
determined the core ceRNA regulatory relationships and
pathways for further molecular biological experimental
validation.

Molecular biological experimental validation of ICC-
related ceRNA core regulatory pathway

Sample collection

(1) Fresh ICC tissue (obtained by removal of necrotic
tissue) and adjacent normal tissues (normal liver tissue
more than 1 cm from tumor) were collected from ICC
patients admitted to Peking Union Medical College
Hospital of China Academy of Medical Sciences from
November 2018 to March 2019, and the samples were
conserved at -80 °C. (2) Peripheral venous blood was
collected from 10 ICC patients three days before surgery
and from ten healthy controls with matched baseline
characteristics by using EDTA-coated (ethylene diamine
tetraacetic acid) anticoagulant tubes. The upper plasma
layer was collected after centrifugation at 3000 rpm/min
for 15 min and further stored at -80 °C. (3) A total of 88

paraffin-embedded samples were collected from ICC
patients who underwent surgery at Peking Union Medical
College Hospital of China Academy of Medical Sciences
from 2011 to 2016. The sample collection, storage and
subsequent experimental procedures were approved by
the Peking Union Medical College Ethics Committee.
Written informed consent was signed by all patients and
healthy donors.

Quantitative real-time polymerase chain reaction (qRT-
PCR)

Total RNA from ICC tissues, adjacent normal tissues and
plasma was extracted by wusing TRIzol reagent
(Invitrogen, Life Technologies). Afterwards, the
concentration and purity of total RNA were determined
by a NanoDrop instrument, and the degradation of RNA
was detected by agarose gel electrophoresis. RNA was
reverse transcribed into cDNA by using the
SuperScriptTM 1III Reverse Transcriptase (Invitrogen)
Kit according to the manufacturer’s instructions. RP11-
328K4.1, PROS, p-actin, hsa-miR-27a-3p and U6
primers were all synthesized by Yingjun Biotechnology
Co., Ltd. (primer sequences shown in Table 3).
Subsequently, 2X Master Mix, forward and reverse
primers for each gene, cDNA and ddH>O were added and
mixed by using the Arraystar Real-Time PCR Kit
according to the manufacturer’s instructions, and this was
followed by RT-qPCR performed separately in an AB
Applied Biosystems Viia7 DX (Life Technologies, USA)
(for RP11-328K4.1) or a QuantStudio5 Real-time PCR
System (Applied Biosystems) (for hsa-miR-27a-3p and
mRNA PROS1). The PCR amplification reaction
program was set as the follows: 95 °C, 10 min; 40 PCR
cycles (95 °C, 10 sec; 60 °C, 60 sec). After completion of
the amplification reaction, a melt curve of the PCR
product was established (95 °C, 10 sec; 60 °C, 60 sec; 95
°C, 15 sec). The expression of hsa-miR-27a-3p was
normalized to the internal control, U6. The expression of
IncRNA RP11-328K4.1 and PROSI mRNA was
normalized to the internal control, B-actin. The 2-AACT
method was used for data analysis.

Western blot analysis

Total protein from ICC tissues and adjacent noncancer
tissues was extracted with protein extraction reagent
(KangChen, KC-415) containing protease inhibitor,
PMSF and phosphatase inhibitor, followed by protein
quantification by using the BCA Protein Quantitation Kit
(Kang Chen, KC-430) according to the manufacturer’s
instructions. Protein samples were separated by 10%
SDS-PAGE and transferred to PVDF (Polyvinylidene
Difluoride) membranes (Millipore, Bedford, MA, USA)
at a constant current of 120 mA. The PVDF membrane
was blocked with 5% BSA on a shaker at a room
temperature for 1 h. Afterwards, the membrane was
incubated with anti-PROS1 antibody (1:1000 dilution,
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Table 3. PCR primers.

Gene

Primer (5'—3")

RP11-328K4.1

PROS

B-actin (H)

hsa-miR-27a-3p

F: TTGTTTTGCTTATTGGTGTTTA
R: CAGAGTCAGTCTCCTCATTTCA
F: CCGATTAACCCTCGTCTA
R: CAAGGCAAGCATAACACC
F: GTGGCCGAGGACTTTGATTG
R: CCTGTAACAACGCATCTCATATT
GSP: GGGTTCACAGTGGCTAAG
R: CAGTGCGTGTCGTGGA

F: GCTTCGGCAGCACATATACTAAAAT
R: CGCTTCACGAATTTGCGTGTCAT

U6

F: forward primer, R: reverse primer, GSP: specific primer for corresponding miRNA.

Proteintech) or anti-B-actin antibody (1:5000 dilution,
Kangcheng) at 4 °C overnight. After washing with
TBST, the membrane was reacted with the appropriate
anti-IgG  antibody  (1:5000 dilution, Shanghai
Kangcheng Bioengineering Co., Ltd.) on a shaker at
room temperature for 1 h. After washing with TBST,
KC™ chemiluminescence solution (KangChen, KC-
420) was added dropwise to the membrane, followed by
visualization of the protein band with X-ray film in the
dark. Image] software was used to determine the
grayscale value of the protein band.

Immunohistochemistry (IHC)

Paraffin-embedded ICC tissue samples were sectioned
into 5 pum-thick tissue sections. Each slice was hydrated
with an ethanol gradient and then placed in PBS buffer
under high pressure for antigen retrieval. Endogenous
peroxidase was blocked with 3% hydrogen peroxide.
Then, rabbit anti-PROS1  polyclonal antibody
(Proteintech, 1:20-1:200, AG10539) was added
dropwise to the slices and incubated for 90 min at room
temperature. After rinsing with PBS buffer, HRP-
labeled goat anti-rabbit IgG antibody (KPL, 1:200, 074-
1506) was added dropwise and incubated at room
temperature for 30 min. After rinsing, diaminobenzidine
substrate solution (DAB kit) was added to the slices for
visualization. Specific staining of tissue sections was
observed under a microscope (Nikon), and the number
of positive cells was counted from at least five views of
each region.

Clinical validation of the ICC-related ceRNA core
regulatory pathway

Expression profiles of RP11-328K4.1, hsa-miR-27a-3p,
and PROST in ICC tumor tissues and matched adjacent
nontumor tissues were obtained from the TCGA

database and the NCBI GEO database. The pROC
package [57] was used to plot ROC curves and to
calculate the area under the ROC curve (AUC). To
assess the diagnostic capacity of the elements of the
core regulatory pathways in different stages of ICC,
expression profiles of T1 and T2 stage in TCGA were
merged into the early group, and those of T3 stage were
the advanced group for ROC analysis.

Statistical analysis

Statistical analysis was performed using SPSS software.
Data with a normal distribution are shown as the mean +
standard deviation, and data without a normal distribution
are shown as the median and interquartile range. An
independent sample t-test was used to compare two
groups. A P <0.05 was considered statistically significant.
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SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. qRT-PCR analysis revealed the difference in miRNA hsa-miR-27a-3p expression between the

experimental group and control group in fresh ICC tissue samples after normalization to internal controls. hsa-miR-27a-3p was
normalized to U6.
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Supplementary Figure 2. qRT-PCR analysis showed the difference in miRNA hsa-miR-27a-3p expression between the

experimental group and control group in peripheral plasma samples after normalization to internal controls. hsa-miR-27a-3p
was normalized to U6.
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Supplementary Figure 3. qRT-PCR analysis showed the difference in PROS1 mRNA expression between the experimental
group and control group in fresh ICC tissue samples after normalization to internal controls. PROS1 was normalized to B-actin.
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Supplementary Figure 4. qRT-PCR analysis showed the difference in PROS1 mRNA expression between the experimental
group and control group in peripheral plasma samples after normalization to internal controls. PROS1 was normalized to B-actin.
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Supplementary Figure 5. (A-C) Western blot analysis showed the difference in the protein expression of PROS1 between the control
group (paracancerous tissue) and the experimental group (ICC cancer tissue) specimens of ICC patients. Ca indicates the experimental group,

and N indicates th

e control group.
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Supplementary Figure 6. The grayscale comparison of the protein expression of PROS1 in the control group (paracancerous
tissue) and the experimental group (ICC cancer tissue) of ICC patients detected by Western blotting.
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Supplementary Figure 7. (A-C) Western blot analysis showed the difference in the protein expression of PROS1 in peripheral plasma
between the control group and the experimental group. Ca indicates the experimental group, and N indicates the control group.
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Supplementary Figure 8. The grayscale comparison of the protein expression of PROS1 in peripheral plasma between the
control group and the experimental group detected by Western blotting.
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Supplementary Figure 9. (A-D) The expression of PROS1 in ICC cancer tissues and adjacent normal tissues (both magnified 200 times
under a microscope). Figure (A—C) shows the high, medium and low intensity of PROS1 expression in ICC cancer tissues. (D) shows the
expression intensity of PROS1 in normal adjacent tissues.
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Supplementary Tables

Supplementary Table 1. Partial data used for the heat map and volcano map, which are shown in Figure 2.

mRNA logFC AveExpr t P.Value adj.P.Val B

SPP2 -7.46113 1.083621 -36.4085 3.66E-09 6.18E-06 10.97354
ASPDH -7.43768 -0.7132 -33.2134 6.89E-09 6.18E-06 10.58324
DIO1 -7.38381 -1.81958 -19.8824 2.32E-07 3.12E-05 7.859624
NRI1I12 -7.36892 -1.30911 -28.5065 1.97E-08 6.53E-06 9.863584
HFE2 -7.0824 -0.56367 -26.7451 3.05E-08 8.20E-06 9.538484
SLCI3AS -7.07661 0.712433 -33.5333 6.45E-09 6.18E-06 10.62548
GDF2 -7.05172 -2.59008 -28.0007 2.23E-08 7.08E-06 9.773759
MOGAT2 -7.03964 -2.36947 -29.7618 1.47E-08 6.36E-06 10.07516
ABCGS5 -6.95963 -1.38571 -28.9127 1.79E-08 6.50E-06 9.933778
SLCIA2 -6.95539 0.128473 -31.633 9.64E-09 6.18E-06 10.36303

Supplementary Table 2. Partial data used for the heat map and volcano map, which are shown in Figure 3.

IncRNA logFC AveExpr t P.Value adj.P.Val B

A1BG-AS1 0.65408 -1.98753 2.572355 0.037251 0.10418 -4.6229
A2M-AS1 -0.66045 -0.52705 -3.14625 0.016486 0.062544 -3.77236
AA06 0.980128 -4.54291 2.78679 0.027356 0.085065 -4.30342
AATBC 0.463641 -2.64832 2.159106 0.068152 0.156847 -5.23523
ABALON 0.45691 -3.97925 1.597015 0.154796 0.276406 -6.02634
ABHDI11-AS1 0.608142 -4.14432 2.963899 0.021274 0.072385 -4.04072
AC000067.1 1.587322 -6.59809 4.286306 0.003726 0.024653 -2.18003
AC000068.5 0.617275 -2.74619 2.399994 0.047874 0.123122 -4.87953
AC000095.11 0.008573 -5.25044 0.028827 0.977817 0.986028 -7.26132
ACO000111.6 1.158307 -6.70436 2.046788 0.080382 0.175714 -5.39883
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Supplementary Table 3. Partial data used for the heat map and volcano map, which are shown in Figure 4.

mRNA logFC AveExpr t P.Value adj.P.vVal B

PAH -4.55162 0.009728 -2.50052 0.029807 0.420194 -3.34572
ALB -4.26961 0.901973 -2.07149 0.063038 0.457798 -3.93243
AHSG -4.2643 1.348979 -2.01834 0.069048 0.463418 -4.00296
APOH -4.14661 2.161237 -2.13924 0.056092 0.446171 -3.84166
CRP -3.99838 1.482156 -2.71715 0.020308 0.407668 -3.04304
SERPINCI1 -3.97214 0.727557 -1.84267 0.092931 0.482655 -4.23104
CYP4A11 -3.94755 0.066893 -1.94236 0.078576 0.472544 -4.10262
SULT2AL1 -3.8835 0.235051 -1.75875 0.106839 0.492011 -4.33682
HRG -3.87318 0.898442 -1.81924 0.096637 0.485545 -4.2608
CYP2A7 -3.81305 0.218281 -1.91201 0.082714 0.474909 -4.14202

Supplementary Table 4. Partial data used for the heat map and volcano map, which are shown in Figure 5.

Inc logFC AveExpr t P.Value adj.P.Val B

A1BG-ASI 0.049647 -1.65149 0.24432 0.811556 0.936493 -5.57293
A2M-ASI -0.45159 -1.43034 -1.44543 0.176682 0.558864 -4.70836
AA06 -0.00068 -1.89126 -0.0015 0.998827 0.999484 -5.60109
AATBC -0.08132 -1.18167 -0.46454 0.651471 0.870353 -5.50012
ABALON -0.24596 -1.48391 -1.4461 0.176497 0.558535 -4.70761
ABHDI11-AS1 0.789853 -1.93259 2.615783 0.024308 0.411877 -3.1849
AC000067.1 -0.1894 -5.84724 -1.05229 0.315609 0.675434 -5.10558
AC000068.5 -0.12718 -3.31176 -0.84586 0.415951 0.747094 -5.27469
AC000095.11 -0.58473 -3.88572 -3.4773 0.005301 0.40026 -1.99064
AC000111.6 -0.19752 -3.60153 -0.78261 0.450649 0.765889 -5.32023
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Supplementary Table 5. Partial data used for the heat map and volcano map, which are shown in Figure 6.

mRNA logFC AveExpr t P.Value adj.P.Val B

SYNGR2 1.952891 9.695844 8.707606 6.04E-07 0.003782 6.317625
FOXS1 3.108929 7.947939 8.659109 6.45E-07 0.003782 6.259634
COL15A1 3.77972 6.222853 8.249504 1.13E-06 0.003782 5.757117
HS3ST1 2.703481 8.550209 8.22796 1.17E-06 0.003782 5.730045
KCNQ1 2.834809 8.175687 8.17903 1.25E-06 0.003782 5.668317
GLS2 -4.89212 8.213377 -8.09083 1.41E-06 0.003782 5.556202
PLGLBI -4.36149 8.673836 -8.0758 1.44E-06 0.003782 5.536983
CDH11 3.121206 6.575013 8.006235 1.59E-06 0.003782 5.447624
GPR128 -3.08117 5.873277 -7.87956 1.91E-06 0.00402 5.283121
SLC44A2 2.90093 7.392111 7.773046 2.23E-06 0.00402 5.143004

Supplementary Table 6. Partial data used for the heat map and volcano map, which are shown in Figure 7.

miRNA logFC AveExpr t P.Value adj.P.Val B

hsa-miR-199b-5p 1.416778 5.601492 6.321877 5.33E-05 0.106904 1.576166
hsa-miR-1306-3p -0.53955 4.498833 -5.45611 0.00019 0.190301 0.667024
hsa-miR-4711-3p -0.19598 3.293092 -4.73714 0.00059 0.313941 -0.19265
hsa-miR-330-3p 0.323968 3.330821 4.700887 0.000626 0.313941 -0.23854
hsa-miR-4727-3p -0.49023 3.542294 -4.4513 0.000945 0.315992 -0.56091
hsa-miR-4481 -0.86347 5.04559 -4.36131 0.001099 0.315992 -0.67986
hsa-miR-21-5p 1.940798 13.44862 4.359168 0.001103 0.315992 -0.68271
hsa-miR-23a-3p 1.32475 10.20463 4.276406 0.001268 0.317861 -0.79337
hsa-miR-99b-5p 1.457838 5.661595 4.107612 0.001689 0.320464 -1.02263
hsa-miR-383 -0.22044 3.274829 -4.02246 0.001955 0.320464 -1.14003
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Supplementary Table 7. Partial data used for the heat map and volcano map, which are shown in Figure 8.

miRNA logFC AveExpr t P.Value adj.P.Val B
hsa-miR-182-5p 4.635451 -8.32478 4.205006 0.000964 0.073333 -0.60214
hsa-miR-141-5p 4.257346 -9.28875 4.087029 0.001207 0.08261 -0.81923
hsa-miR-96-5p 3.876296 -4.58163 3.554282 0.003372 0.144264 -1.81028
hsa-miR-135b-5p 3.774617 -3.34834 3.617931 0.00298 0.135977 -1.69131
hsa-miR-221-5p 3.51104 -8.96189 3.216891 0.00651 0.184768 -2.44049
hsa-miR-200c-3p 3.303703 -0.78762 5.609218 7.55E-05 0.015287 1.857204
hsa-miR-141-3p 3.096806 0.503038 5.589431 7.82E-05 0.015287 1.824462
hsa-miR-133a 2.916509 -9.99264 2.944093 0.011082 0.216474 -2.94601
hsa-miR-200a-3p 2.853824 0.024705 6.166488 2.96E-05 0.012558 2.754537
hsa-miR-429 2.846444 -2.40456 6.036198 3.67E-05 0.012558 2.549069
Supplementary Table 8. Partial data used for the heat map and volcano map, which are shown in Figure 9.
miRNA logFC AveExpr t P.Value adj.P.Val B
hsa-miR-451a -2.79155 10.03294 -11.4952 4.89E-18 5.35E-15 30.65943
hsa-miR-187-5p -1.24298 9.774973 -10.9533 4.63E-17 2.53E-14 28.45716
hsa-miR-195-5p -2.30883 9.872653 -10.5473 2.54E-16 9.26E-14 26.7874
hsa-miR-1 -1.19837 9.010703 -10.2269 9.83E-16 2.69E-13 25.4586
hsa-miR-566 2.637499 12.442 10.00175 2.56E-15 5.60E-13 24.51965
hsa-miR-3120-3p -1.01183 9.249268 -9.88415 4.22E-15 6.83E-13 24.02767
hsa-miR-130b-3p -0.72228 9.605988 -9.84453 5.00E-15 6.83E-13 23.86169
hsa-miR-145-5p -3.58445 11.05105 -9.79989 6.05E-15 6.83E-13 23.67456
hsa-miR-101-3p -1.67609 9.324401 -9.79579 6.16E-15 6.83E-13 23.65738
hsa-miR-3197 2.196498 12.61633 9.77256 6.80E-15 6.83E-13 23.55993
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Supplementary Table 9. Partial data used for the heat map and volcano map, which are shown in Figure 10.

IncRNA logFC AveExpr t P.Value adj.P.vVal

AC005550.3 1.6364344 -2.699809 3.425693415 0.00580161 0.400259503
AC016768.1 -0.65367 -3.37412 -2.22933654 0.04797486 0.438528511
AC068535.3 -1.651389 -3.844059 -2.44491353 0.03287971 0.426785395
AC092159.3 -0.73845 -0.991457 -2.87286841 0.01540249 0.407667987
AC099684.1 -0.634109 -3.771207 -2.75676339 0.0189292 0.407667987
AC104809.4 -0.954105 -5.04172 -2.68705323 0.02142236 0.407667987
AC132217.4 -1.118647 3.6700493 -2.71392257 0.02042491 0.407667987
ADORA2A-AS1 -1.763306 -2.986681 -2.35006429 0.03884782 0.429910777
AF131215.2 0.8215994 -5.341839 2.218198624 0.04891381 0.43948318
AF131215.3 0.8735371 -4.753748 2.743348025 0.01938546 0.407667987

Supplementary Table 10. Partial data used for the heat map and volcano map, which are shown in Figure 10.

miRNA logFC AveExpr t P.Value adj.P.Val
hsa-miR-10b-5p -0.956408693 9.936683356 -5.706773475 2.32E-07 2.57E-06
hsa-miR-125a-5p -1.824751787 10.68652528 -8.212104985 5.66E-12 2.29E-10
hsa-miR-127-3p -0.860799904 9.421909804 -5.892159791 1.09E-07 1.28E-06
hsa-miR-141-3p -1.223498764 10.06599566 -4.347989522 4.38E-05 0.000277291
hsa-miR-143-5p -0.82372149 9.554404984 -5.441789649 6.74E-07 6.58E-06
hsa-miR-144-3p -0.9593441 9.17534841 -8.386951378 2.66E-12 1.12E-10
hsa-miR-145-5p -3.584451532 11.05104708 -9.799887104 6.05E-15 6.83E-13
hsa-miR-200a-3p -1.281155798 10.21173014 -4.33829334 4.54E-05 0.000283899
hsa-miR-200b-3p -1.520142469 10.58453108 -3.634169022 0.00051608 0.002267434
hsa-miR-200c-3p -1.523708226 10.62717915 -3.058778929 0.003107539 0.010333276
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Supplementary Table 11. Partial data used for the heat map and volcano map, which are shown in Figure 10.

mRNA logFC AveExpr t P.Value adj.P.Val

ABCA6 -3.390247733 9.903068297 -4.909588198 0.000246808 0.008869186
ABCAS -2.169812358 5.973369157 -3.905808602 0.001652638 0.022740539
ACACB -1.573924692 8.138055726 -4.867175919 0.000266838 0.009263157
ACADL -3.375837068 7.172923236 -6.151065795 2.80E-05 0.005603656
ACOX2 -3.633032103 10.54599544 -5.563022309 7.64E-05 0.006555141
ACSL1 -2.259342462 11.0665055 -3.482538723 0.003781246 0.037582696
ACSS3 -3.028431074 8.207668847 -4.538725872 0.000491969 0.012075846
ADAMTS14 1.760100244 4.526309904 3.797717562 0.00203964 0.025938427
ADRA2B -2.060357703 5.650165274 -4.277942057 0.000806697 0.015352334
AGTRI1 -3.250938945 7.748404791 -4.845118311 0.000277915 0.009359392

Supplementary Table 12. Some of the results of the coexpression analysis and intersection of GSE61850 and
GSE103909 datasets.

miRNA IncRNA Tot Score Tot Energy  Max Score Max Energy mi_len Inc_len
hsa-miR-10b-5p PVTI 6805 -732.12 164 -24.21 23 306721
hsa-miR-10b-5p RP11-434D9.1 4354 -490.26 163 -25.89 23 425861
hsa-miR-10b-5p U91319.1 3936 -451.21 161 -23.47 23 316603
hsa-miR-10b-5p THRB-AS1 2625 -282.95 159 -21.1 23 187625
hsa-miR-10b-5p RP11-328K4.1 2352 -259.95 168 -23.15 23 197500
hsa-miR-10b-5p AC016768.1 2189 -244.12 160 -23.9 23 180932
hsa-miR-10b-5p RP11-767120.1 1735 -208.32 154 -22.18 23 215789
hsa-miR-10b-5p RP11-215P8.4 1717 -169.55 149 -19.81 23 31565
hsa-miR-10b-5p LINCO00937 1480 -169.41 157 -23.49 23 100818
hsa-miR-10b-5p LINC01620 1584 -158.04 154 -22.6 23 29178
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Supplementary Table 13. Some of results of the coexpression analysis and intersection of GSE57555 datasets.

miRNA mRNA r p-value

hsa-miR-125a-5p ABCA6 -0.53128 0.010947
hsa-miR-141-3p ABCA6 -0.50615 0.016239
hsa-miR-143-5p ABCA6 -0.54408 0.008855
hsa-miR-200a-3p ABCA®6 -0.61577 0.002282
hsa-miR-200b-3p ABCA6 -0.65849 0.000862
hsa-miR-200c-3p ABCA6 -0.53211 0.010801
hsa-miR-27a-3p ABCAG6 -0.49978 0.017865
hsa-miR-320b ABCAG6 -0.58921 0.003909
hsa-miR-338-3p ABCA6 -0.43223 0.044541
hsa-miR-99b-5p ABCAG6 -0.59728 0.003335

Supplementary Table 14. Some of the results from a total of 29,426 miRNA-mRNA relationships predicted by the
online tool mirwalk2.0.

miRNA Gene
hsa-miR-10b-5p GTF2H1
hsa-miR-10b-5p PAFAHI1BI1
hsa-miR-10b-5p TFAP2C
hsa-miR-10b-5p FXR2
hsa-miR-10b-5p ZMYNDI1
hsa-miR-10b-5p SLC38A2
hsa-miR-10b-5p ANK1
hsa-miR-10b-5p COL4A4
hsa-miR-10b-5p CREBL2
hsa-miR-10b-5p ESRRG
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Supplementary Table 15. Detailed results of 113 miRNA-mRNA total relationship pairs by intersecting with the
miRNA-mRNA.

mi mRNA r p-value

hsa-miR-125a-5p ACACB -0.42755 0.047167
hsa-miR-125a-5p AR -0.47674 0.024879
hsa-miR-125a-5p PROSI1 -0.50034 0.017716
hsa-miR-125a-5p GFRA1 -0.56083 0.006622
hsa-miR-125a-5p MOCSI -0.48891 0.020942
hsa-miR-125a-5p SERPINAS -0.4716 0.02671

hsa-miR-125a-5p CIRL -0.54227 0.009128
hsa-miR-125a-5p SEFXNS5 -0.5187 0.013384
hsa-miR-141-3p MYRIP -0.61345 0.002396
hsa-miR-141-3p THRB -0.49564 0.01899

Supplementary Table 16. Some of the results obtained for 362 miRNA-IncRNA relationship pairs that were predicted
by using the local software Miranda (v3.3a).

miRNA IncRNA Tot Score Tot Energy Max Score Max Energy
hsa-miR-10b-5p PVTI1 6805 -732.12 164 -24.21
hsa-miR-10b-5p RP11-434D9.1 4354 -490.26 163 -25.89
hsa-miR-10b-5p U91319.1 3936 -451.21 161 -23.47
hsa-miR-10b-5p THRB-AS1 2625 -282.95 159 -21.1
hsa-miR-10b-5p RP11-328K4.1 2352 -259.95 168 -23.15
hsa-miR-10b-5p AC016768.1 2189 -244.12 160 -23.9
hsa-miR-10b-5p RP11-767120.1 1735 -208.32 154 -22.18
hsa-miR-10b-5p RP11-215P8.4 1717 -169.55 149 -19.81
hsa-miR-10b-5p LINC00937 1480 -169.41 157 -23.49
hsa-miR-10b-5p LINC01620 1584 -158.04 154 -22.6
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Supplementary Table 17. Some of the results from a total of 340 pairs of regulatory relationships that were used to
construct the ICC-related ceRNETSs.

Gene mi IncRNA

AOX1 hsa-miR-338-3p AC104809.4
AOX1 hsa-miR-27a-3p AC104809.4
AR hsa-miR-125a-5p AC104809.4
AR hsa-miR-338-3p AC104809.4
AR hsa-miR-320b AC104809.4
CIRL hsa-miR-125a-5p AC104809.4
CIRL hsa-miR-320b AC104809.4
C6 hsa-miR-320b AC104809.4
CCBEL1 hsa-miR-27a-3p AC104809.4
CECR2 hsa-miR-27a-3p AC104809.4
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Supplementary Table 18. Some of the results of the upregulated and downregulated nodes in the constructed ICC-
related ceRNETSs.

IncRNA
IncRNA GSE61850 GSE103909 up_down
RP11-328K4.1 -6.791 -2.115 down
AC068535.3 -6.018 -1.651 down
ADORA2A-AS1 -5.816 -1.763 down
RP11-685F15.1 -4.589 -1.262 down
FAMS83A-ASI -4.273 -0.999 down
RP11-215P8.4 -3.985 -0.91 down
LINCO01485 -3.975 -2.214 down
CTD-2527121.4 -3.749 -1.173 down
AC104809.4 -3.65 -0.954 down
RP11-372H2.1 -3.57 -0.766 down

miRNA
miRNA GSES57555 GSE53992 GSE53870 up_down
hsa-miR-10b-5p 1.3457 1.1616 -0.956 unsure
hsa-miR-125a-5p 1.1796 0.8644 -1.825 unsure
hsa-miR-127-3p 0.9055 0.4767 -0.861 unsure
hsa-miR-141-3p 2.4001 3.0968 -1.223 unsure
hsa-miR-143-5p 0.393 1.2037 -0.824 unsure
hsa-miR-144-3p 2.3 -1.028 -0.959 down
hsa-miR-145-5p 0.8671 0.8803 -3.584 unsure
hsa-miR-200a-3p 1.4671 2.8538 -1.281 unsure
hsa-miR-200b-3p 1.8032 2.728 -1.52 unsure
hsa-miR-200c-3p 2.6416 3.3037 -1.524 unsure

mRNA
mRNA GSE61850 GSE103909 GSES57555 up_down
ABCAG6 -4.474 -1.557 -3.39 down
ABCAS8 -4.523 -1.243 -2.17 down
ACACB -3.313 -0.917 -1.574 down
ACADL -6.679 -2.234 -3.376 down
ACOX2 -5.668 -1.6 -3.633 down
ACSL1 -4.204 -1.478 -2.259 down
ACSS3 -4.242 -1.538 -3.028 down
ADRA2B -3.571 -0.802 -2.06 down
AGTRI -4.405 -1.669 -3.251 down
AKRI1C4 -3.861 -2.596 -4.08 down

WWWw.aging-us.com 1085 AGING



Supplementary Table 19. Partial results of key nodes in the constructed ICC-related ceRNETSs.

node degree node_type logFC

ADORA2A-ASI 40 Inc_down -5.816275703 -1.76330582

RP11-328K4.1 40 Inc_down -6.791185406 -2.11469899

LINCO01485 22 Inc_down -3.975134266 -2.21436574

RP4-639F20.1 21 Inc_down -1.871698678 -0.70354943

AC104809.4 18 Inc_down -3.6500429 -0.95410501

CTD-2527121.4 18 Inc_down -3.748693699 -1.17309379

METTL7A 15 m_down -3.526876688 -1.09831686 -2.76726
AR 13 m_down -3.72196991 -1.2864071 -3.22778
CECR2 13 m_down -3.906689217 -1.2685956 -1.2702
PROS1 12 m_down -3.407107204 -1.22277576 -2.534
C6 11 m_down -6.206844508 -2.80975279 -4.82322
IVD 11 m_down -1.565671255 -0.89605639 -1.74028
hsa-miR-200a-3p 26 mi_unsure 1.467072735 2.853823558 -1.28116
hsa-miR-27a-3p 25 mi_unsure 1.178734196 1.201162186 -2.96797
hsa-miR-200c-3p 23 mi_unsure 2.641633829 3.303703476 -1.52371
hsa-miR-141-3p 22 mi_unsure 2.40005083 3.09680579 -1.2235
hsa-miR-200b-3p 20 mi_unsure 1.803157787 2.727988339 -1.52014
hsa-miR-125a-5p 19 mi_unsure 1.179603522 0.864363512 -1.82475
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