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1 | INTRODUCTION

Cholangiocarcinoma (CCA) is a highly heterogeneous malignant tumor
that originates from bile duct epithelium.! Clinically, CCA is often cat-

egorized as two categories, intrahepatic CCA and extrahepatic CCA,
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Cholangiocarcinoma (CCA) is a malignant tumor originating from bile duct epithelium
and its incidence is increasing year by year. In recent years, long noncoding RNAs
(IncRNASs) have been found to play an important role in the occurrence and progres-
sion of malignant tumors. In the present study, for the first time, abnormal expression
of Inc-RNA component of mitochondrial RNA processing endoribonuclease (RMRP)
and its possible role in CCA were found. We explored the effects of RMRP on vari-
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sequencing, we explored the microRNA expression profiles that RMRP may affect in
the HCCC-9810 cell line. We also validated and explored the role of microRNA-217
(miR-217) with high differential expression by in vitro experiments. Our findings indi-
cated that RMRP can play a part in promoting cancer by regulating the expression of
miR-217. RMRP is involved in the progression of CCA and can be a novel indicator of
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according to its position in the bile duct tree. The occurrence of CCA
in the primary tumor of the hepatobiliary system is inferior only to the
first primary liver cancer, accounting for approximately 10%-15% of
hepatobiliary malignancies. The incidence of CCA has increased year

by year worldwide, especially in Western countries.? Due to the rapid
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progression and lack of specific biomarker, CCA is often diagnosed at
an advanced stage when patients have missed the opportunity for ef-

fective surgical treatment.>®

Thus, seeking key molecules in the pro-
gression of CCA is of great importance for the diagnosis, treatment
and prognosis of CCA.

LncRNA (long noncoding RNA) is a type of transcript that is lon-
ger than 200 nt and has no ability to code protein. Initially, noncoding
RNAs (ncRNAs) were considered to be transcriptional noise of genes
as a result of their inability to encode proteins. Genome-plan research
shows that, among the 3 billion base pairs that make up the human
genome, only 1.5% of nucleic acid sequences are used for protein cod-
ing, which means the other 98.5% has no protein-coding function.* In
recent years, growing evidence has suggested that IncRNAs partici-
pate in a series of physiological and pathological activities (including
species evolution, embryonic development etc.) by regulating gene ex-
pression at epigenetic, transcriptional and post-transcriptional levels.’
Meanwhile, differentially expressed IncRNAs have been found to play
an important role in cancer by taking part in generation, proliferation,
apoptosis and other biological processes of cancer cells.® For exam-
ple, investigation has shown that B3GALT5-AS1 repressed miR-203
expression, thereby upregulating ZEB2 and SNAI2, and inducing epi-
thelial-to-mesenchymal transition in colon cancer.” However, there is
still little knowledge about IncRNAs in CCA as a result of unavailability
of CCA tissues. Our previous studies on CCA bile-derived exosomes
showed that the dysregulated IncRNAs may serve as molecular mark-
ers for the diagnosis of CCA.® Nevertheless, their expression in CCA
tissues and their role in the progression of CCA are not yet clear.

In the present study, we detected the expression of 10 IncRNAs
which were differentially expressed in CCA bile-derived exosomes
in CCA tissues and cell lines by quantitative RT-PCR (qRT-PCR) and
Inc-RNA component of mitochondrial RNA processing endoribonu-
clease (RMRP), which is the only product of the RMRP gene and 277
nt long, was selected for further investigation. Then, we explored
the possible role of RMRP in CCA through a series of cell and ani-
mal experiments. Studies have suggested that IncRNA may regulate
microRNAs (miRNAs), which lead to mRNA cleavage or translational
repression. For example, IncRNA APF regulates miR-188-3p, and
thus affects ATG7 expression, autophagic cell death and myocardial
infarction in the heart.” Hence, we determined the effect of dysreg-
ulated RMRP on the downstream miRNA expression profile using
second-generation sequencing technology. Moreover, we verified
one of the dysregulated miRNAs, miR-217, and briefly explored its
function. Overexpression of miR-217 can restrain the unlimited pro-
liferation of HCCC-9810 cell line caused by RMRP. Our data shed
new light on the interaction between IncRNAs and miRNAs in CCA
and suggest a new approach to the poor diagnosis and treatment.

2 | MATERIALS AND METHODS

2.1 | Clinical samples

Cholangiocarcinoma and adjacent tissues (n = 33) were obtained by
surgical operations from the Second Affiliated Hospital of Nanjing
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Medical University from June 2014 to April 2018. This study was
approved by the Second Affiliated Hospital of Nanjing Medical
University Review Board. All patients provided signed informed con-
sent. All tissues were taken and rapidly placed in liquid nitrogen. All
clinical experiments were approved by the research ethics commit-
tee of Nanjing Medical University (Nanjing, Jiangsu, China).

2.2 | Cell culture

Cholangiocarcinoma cell lines (HCCC-9810 and RBE) were obtained
from the Institute of Biochemistry and Cell Biology of the Chinese
Academy of Sciences (ICBC, Shanghai, China). HCCC-9810 and RBE
cell lines were cultured in RMPI-1640 (HIBEpiC in DMEM) (Gibco)
containing 10% FBS (ScienCell), 100 mg/mL streptomycin, and
100 U/mL penicillin in a cell incubator (37°C, 5% CO,). When the cell
confluence reached 80%-90%, the cells were digested by trypsinase
for passage.

2.3 | RNA extraction and qRT-PCR

RNA was extracted according to protocols in the specifications. The
reverse transcription reaction was conducted using PrimeScript RT
reagent Kit with gDNA Eraser (RRO47A; Takara, Dalian, China) as fol-
lows: 42°C for 2 minutes after preparing the first 10 pL system to
erase gDNA, and 85°C for 5 minutes after preparing 10 uL Master
Mix and mixing with the first 10 pL of the mixture to perform reverse
transcription reaction. The obtained cDNA was subjected to PCR
amplification under the following conditions: 95°C for 5 seconds and
60°C for 34 seconds for a total of 40 cycles. GAPDH was selected
as reference gene and the 222G method was used to calculate the

relative expression. Primers used are listed in Appendix S1.

2.4 | Transfection

HCCC-9810 and RBE cells were seeded in 6-well plates at a density
of approximately 1:36 per well when cell confluence in 10-cm cul-
ture dishes was up to 70%-80%. When the cell confluency of 6-well
plates was approximately 60%, siRNAs (or miRNA mimics/pc-DNA)
were transfected into cells using Lipofectamine 3000 (ThermoFisher
Scientific, Waltham, MA, USA) according to the product instruc-
tions. All the mentioned sequences are listed in Appendix S1.

2.5 | Determination of cell viability

Twenty-four hours after transfection, cells of control and treated
groups were seeded into 96-well plates from 6-well plates. Each
treatment corresponded to six repeated wells in a 96-well plate, and
200 pL single-cell suspension containing 5 x 10° cells was added to
each well. The cells were repeatedly seeded in five 96-well plates.
Six hours after inoculation (marked as O hour), one of the five 96-well
plates was taken and viability of the cells after adherence was deter-
mined in each well. At the following 24, 48, 72, and 96 hour points,
20 pL CCK-8 solution was added to each well of a 6-well plate,
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placed in a 37°C, 5% CO, incubator for 2-3 hours, and assayed using
a microplate reader. Absorbance (OD value) was at a wavelength of
450 nm, and only CCK-8 solution and culture medium (without cells)

were added to the blank controls.

2.6 | Determination of apoptosis

Cells were washed twice with cold PBS and then resuspended in 1x
Binding Buffer at a concentration of 1 x 10 cells/mL. One hundred
microliters of the solution (1 x 10° cells) was transferred to a 5 mL cul-
ture tube. Five microliters of FITC Annexin V and 5 pL Pl (Propidium
lodide) were added to the tube. The cells were gently vortexed and
incubated for 15 minutes at room temperature (RT; 25°C) in the dark.
Addition of 400 pL of 1x Binding Buffer to each tube was carried out

and then analysis by flow cytometry within 1 hour was done.

2.7 | Determination of cell cycle

Cell sample(s) were harvested, fixed and washed. All fixative should
be removed from cells before proceeding with cell staining. Flow
cytometry samples (each containing ~1 x 10° cells in suspension)
were prepared. The samples were centrifuged and the supernatant
was discarded, leaving a pellet of cells in each sample tube. Addition
of 0.5 mL FxCycle PI/RNase Staining Solution stain to each flow
cytometry sample was done, and the contents were mixed well. The
samples were incubated for 15-30 minutes at RT, protected from
light. The samples were analyzed without washing, using 488 nm

excitation, and emissions collected using a 585/42 bandpass filter.

2.8 | Nude mice xenografts

HCCC-9810 cells (3 x 10°) transfected with sh-RMRP (sh-03) or neg-
ative control were injected s.c. into male nude mice. Subcutaneous
tumors were observed every 3 days. Length and width of the tumors
were measured and recorded every 2 days (V = L x W2/2). The mice
were killed 14 days after tumorigenesis. The tumors were removed
and photographed, weighed and measured. All animal experiments
were conducted in accordance with the guidelines and rules for
the protection and utilization of experimental animals of Nanjing

Medical University.

2.9 | MicroRNA sequencing and analysis

Further miRNA sequencing was carried out by Beijing Genomics
Institute (BGI) using the lllumina Genome Analyzer. The specific proce-
dure is as follows: 18-30 nt sSRNA fragments were isolated and then li-
gated to a 5’ adaptor and a 3' adaptor. The ligated product was used as
a template for cDNA synthesis in PCR amplification, and the amplified
product was used for the library for cluster generation and sequencing.

Based on the assumption that RNA sequencing is a random pro-
cess and each sequence is uniformly random from the respective
sample, we can account that the expression of each gene (transcript)
obeys a binomial distribution (or Poisson distribution). Using the

above model, DEGseq™® calculates differential expression based on
MA-plot.* The P-value of each gene is reused. Q-value performs
multiple hypothesis tests and corrections, and is considered to be a
significant differentially expressed gene when the coincidence dif-
ference is two times or more and the Q-value value is <0.001.

2.10 | Gene ontology analysis

Gene ontology (GO) analysis first mapped all target genes corre-
sponding to differentially expressed small RNAs to each term of the
Gene Ontology database (http://www.geneontology.org/), calcu-
lated the number of genes for each term, and then applied the hy-
pergeometric test to determine significantly enriched GO terms in
differentially expressed target genes corresponding to small RNAs
compared to the entire genomic background. Referring to the soft-
ware ‘GO:TermFinder’ ( http://www.yeastgenome.org/help/analyze/
go-term-finder), BGI have developed a strict algorithm to carry out
this analysis. After the calculated P-value was corrected by Bonferroni
mentioned in Encyclopedia of Measurement and Statistics, the cor-
rected P-value < 0.05 was used as a threshold. The GO term satisfying
this condition was defined as the GO term significantly enriched in

target genes corresponding to differentially expressed small RNAs.

2.11 | Pathway analysis

Kyoto Encyclopedia of Genes and Genomes (KEGG) is the main
public database for Pathway. The pathway significance enrichment
analysis uses the KEGG Pathway as a unit and applies hypergeo-
metric tests to identify significant differences in target genes that
differentially express small RNAs compared to the entire genomic
background. Pathways with Q-value <.05 are defined as Pathways

that are significantly enriched in differentially expressed genes.

2.12 | Statistical analysis

SPSS 22.0 statistical software was used for data analysis. GraphPad
Prism 6.0 and Excel were used for image editing. Comparison of
measured data was done using paired t test. Classification data were
compared using chi-squared test. All patients were divided into
RMRP-high group and RMRP-low group according to the level of
RMRP expression (demarcated by the median of RMRP expression).
Survival curves were evaluated using the Kaplan-Meier method,
and differences in survival distributions were assessed by the log-
rank test. P < .05 was considered statistically significant (*P < .05,
**P <.01, ***P <.001).

3 | RESULTS

3.1 | High expression of RMRP was observed in
CCA tissues and cell lines

Our previous study showed differentially expressed IncRNAs
in exosomes derived from bile of CCA patients.® To investigate
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FIGURE 1 RNA component of mitochondrial RNA processing endoribonuclease (RMRP) is overexpressed in cholangiocarcinoma (CCA)
tissues and cell lines. qRT-PCR was used to detect the expression of (A) 10 dysregulated long noncoding RNAs in bile-derived exosomes
in CCA patients, (B) ENST00000601661.1, ENSTO0000516869.1 (RPPH1) and RMRP(NR_003051) in normal epithelial bile duct cell line
(HIBEpiC) and CCA cell lines (HCCC-9810 and RBE). Representative data are based on three independent experiments. Bars, £SD

whether the indicated IncRNAs previously sequenced and veri-
fied in CCA bile exosomes were differentially expressed in CCA
tissues, we first used qRT-PCR to detect and compare the expres-
sion levels of 10 IncRNAs in CCA and adjacent tissues. Results
showed that expressions of ENSTO0000601661.1, NR_003051
and ENSTO0000516869.1 in CCA tissues were significantly higher
than those in adjacent tissues compared to the other seven IncR-
NAs (Figure 1, A1-A10). Because bile is produced in the liver,
stored by the gallbladder, transported to the duodenum, and
flows in enterohepatic circulation, the source of bile exosomes is
uncertain. As to the consistent high expression of three IncRNAs
in both bile exosomes and tissues of patients with CCA, we specu-
lated that high expression of three IncRNAs in bile exosomes may
originate from CCA tissues.

In order to further explore the possible role of the above three
IncRNAs in the progression of CCA, we measured their expression
abundances in two CCA cell lines (HCCC-9810 and RBE) and in a nor-
mal bile duct epithelial cell line (HIBEpiC). gRT-PCR results showed
that compared with ENSTO0000601661.1 and ENSTO0000516869.1

(RPPH1), the difference of RMRP (NR_003051) expression in CCA
and biliary epithelial cell lines was more significant (Figure 1, B1-
B3). The above results showed that the differential expression fold
change of RMRP in tissues was also higher than in the other two
IncRNAs. Together, the results suggest that RMRP was highly ex-
pressed in CCA tissues and cell lines. Therefore, our next research

was focused on RMRP.

3.2 | Inhibition of RMRP expression suppressed the
characteristics of CCA cell lines

To investigate whether RMRP promotes cancer cell characteristics
in CCA cell lines, we carried out a series of functional assays after
knocking down RMRP in CCA cell lines. First, we knocked down the
expression of RMRP by transfecting siRNA (si-03, si-07, si-10) into
HCCC-9810 and RBE. Transfection of si-03 and si-07 into cells resulted
in better knockdown efficiency relative to si-10 (Figure 2A). CCK-8
assay showed that RMRP knockdown in CCA cell lines resulted in a
significant decrease in cell viability (Figure 2B). Furthermore, as shown

FIGURE 2

Inhibition of RNA component of mitochondrial RNA processing endoribonuclease (RMRP) suppressed the characteristics

of HCC-9810 and RBE cell lines. A, RMRP was effectively silenced in HCCC-9810 and RBE cell lines transfected with si-03 and si-07 by
gRT-PCR compared to si-control. In both cholangiocarcinoma cell lines, (B) CCK-8 assay was used to determine the cell viability of si-RMRP
(si-03, si-07) group and si-control group. C, Colony numbers of control group were significantly greater than those of si-RMRP group. D,
Transwell assay was used to compare the migration ability between control group and RMRP knockdown group. E, Apoptosis rate was higher
after RMRP was silenced compared to control group. F, Flow cytometry assay was used to analyze the cell cycle, and cell cycle was blocked
in GO/G1 phase after RMRP was knocked down. Representative data based are on three independent experiments. Bars, +SD. *P < .05,

**P < .01, ***P < .001. si-NC, siRNA/negative control
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in Figure 2C, the ability of individual CCA cells to form clones was sig-
nificantly reduced when si-RMRP was transfected into HCCC-9810
and RBE. Transwell assay suggested that lower RMRP expression in
CCA cells corresponded to poorer cell migration capacity (Figure 2D).
In order to further determine the reasons for the decreased viability
of cell lines after RMRP knockdown, we determined cell cycle and
apoptosis studies using flow cytometry. Apoptosis analysis showed
that si-RMRP transfection increased the cell apoptosis rate in both
cell lines (Figure 2E). Moreover, HCCC-9810 and RBE were arrested
in the GO/G1 phase after RMRP was knocked down (Figure 2F). In ad-
dition, we transfected RMRP plasmids into normal bile duct epithelial
cell line HIBEpiC with low RMRP expression (Figure S1A). Cell viability
increased (Figure S1B) and enhanced capability of colony formation
was observed (Figure S1C) in HIBEpiC after RMRP overexpression. The
above results showed that inhibition of RMRP expression suppressed

the characteristics of CCA cell lines.

3.3 | Knockdown of RMRP inhibited CCA
tumorigenesis in vivo

To prove the oncogenic effect of RMRP in CCA more comprehensively,
we carried out tumorigenic experiments in nude mice. Similar to our
in vitro findings, the volume and the weight of HCCC-9810 xenografts
were less than in the control group when RMRP was knocked down
(Figure 3A,C). In addition, we plotted the growth curve of the tumor by
recording the length and width of the tumor in nude mice every other
day. As shown in Figure 3B, the growth rate of tumors in the RMRP
knockdown group was significantly lower than that in the control
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Cancer Science NI aas

group. Subsequently, we measured the expression of RMRP in the
extracted tumors. qRT-PCR results confirmed that RMRP expression
was lower in the xenografts originating from the sh-RMRP HCCC-9810
cell line (Figure 3D). Furthermore, immunohistochemistry (IHC) results
showed that, compared to the control group, Ki-67-positivity rate of
tumor cells was significantly lower in the sh-RMRP group (Figure 3E).
All of the cellular and animal experiments demonstrated that RMRP

acts as an oncogene in CCA.

3.4 | MicroRNA expression profile after
RMRP knockdown

As another member of noncoding RNA, miRNA is approximately
22 nucleotides in length. Studies have shown that miRNAs partici-
pate in post-transcriptional gene expression regulation by acting
on mRNAs of their target gene in diseases.’? LncRNAs can partici-
pate in the regulation of miRNA expression through the apparent
regulation of miRNA gene promoter regions or the regulation of
endonucleases involved in miRNA maturation.® The above data
suggest that RMRP is overexpressed in CCA tissues and cell lines
and is related to the characteristics of CCA cell lines. Accordingly,
second-generation sequencing of miRNA in the HCCC-9810 cell
line was carried out after RMRP knockdown (Table S1-Sé6). Out of
2769 detected miRNAs, 729 were differentially regulated in the
RMRP-knockdown HCCC-9810 cells compared to the control cells
(P < .05, log2ratio(siRNA/negative control [si/NC]) >2). The top 10
upregulated and downregulated genes are listed in Tables 1 and 2

and shown by a heatmap (Figure 4A).
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FIGURE 3 Knockdown of RNA component of mitochondrial RNA processing endoribonuclease (RMRP) inhibits cholangiocarcinoma
tumorigenesis in vivo. A, Nude mice were injected with HCCC-9810 transfected with sh-03 and control group cells. Tumors were resected
14 days after xenografts were visible and photographed. B, Growth curve was calculated by the length and width of tumors after injection
every 2 days (volume = L*W?/2).C, Weight of the above removed tumors. D, RMRP expression of the removed tumors by qRT-PCR. E,
Images of H&E staining and Ki-67-positive cell rate, which were carried out using the removed tumors. Representative data are based on
three independent experiments. Bars, £SD. *P < .05, **P < .01, ***P <.001



TANG ET AL.

CLERVWIITSVE Cancer SCience

The GO functional significance enrichment analysis gives a
significantly enriched GO function entry in the target genes cor-
responding to the differentially expressed small RNA compared to
the genomic background. The top 10 GO function terms of three
ontologies, respectively, describing molecular function, biological
processes and cellular components are listed in Tables 3-5. The
processes with most significance in three ontologies were organ
development structural molecular activity, organ development
and extracellular region severally. Analysis of significant enrich-
ment of GO is shown in Figure 5A. In vivo, different genes coordi-
nate their biological functions, and Pathway-based analysis helps
to further understand the biological functions of genes. We car-
ried out Pathway enrichment analysis of differential genes using
the KEGG public database.* We analyzed the enrichment path
of differential genes by two evaluation methods. One analysis
was directly through the Q-value. The closer the Q-value is to O,
the more pronounced the enrichment. The top 10 pathway en-
tries for enrichment evaluated by Q-value are shown in Figure 5B
and Table 6. Pathways with most significance were systemic lupus
erythematosus, ribosome and signaling pathways regulating plu-

ripotency of stem cells according to the Q-value. Another type

of analysis was carried out by using RichFactor, which refers to
the ratio of the number of genes located in the pathway entry
of the target gene for differential small RNAs to the total num-
ber of genes located in the pathway entry for all annotated genes
(Figure 5C). The larger the RichFactor, the more enriched the tar-
get gene of the differential gene in this pathway.

3.5 | RNA component of mitochondrial RNA
processing endoribonuclease promoted colony
formation of HCCC-9810 partly by repressing miR-217

The GO and KEGG analysis suggested that the biological pro-
cesses with high correlation of miRNA expression profile
changes caused by RMRP knockdown may be related to stem
cell characteristics of CCA cells. We selected a miRNA from the
above sequencing results for some subsequent experiments.
gRT-PCR results showed that the expression of miR-217 was
negatively correlated with the expression of RMRP (Figure 6B),
which was consistent with the above sequencing results.
Previous studies have shown that miR-217 plays an important

role in tumor suppression in tumor cells. Due to the indication

miRNA, microRNA; si/NC, siRNA/negative control.

TABLE 1 Top 10 upregulated

miRNA ID log2ratio(si/NC) Up/Downregulation P-value Q-value microRNAs
hsa-miR-33a-3p 12.3912346 Up 2.63E-165 7.15E-165
hsa-miR-186-5p 12.25421512 Up 2.61E-154 6.80E-154
hsa-miR-216a-5p 11.95342579 Up 1.40E-132 3.46E-132
hsa-miR-885-5p 11.87942521 Up 1.06E-127 2.59E-127
hsa-miR-155-3p 11.27009816 Up 1.38E-93 2.98E-93
hsa-miR-217 11.22734851 Up 1.48E-91 3 BE-94
hsa-miR-4488 10.78677592 Up 6.17E-73 1.20E-72
hsa-miR-1290 10.36189064 Up 1.83E-58 3.24E-58
novel_mir252 10.3218132 Up 2.99E-57 5.26E-57
hsa-miR-31-3p 10.28059054 Up 4.99E-56 8.64E-56
miRNA, microRNA; si/NC, siRNA/negative control.
miRNA ID log2ratio(si/NC) Up/Downregulation P-value Q-value ;ﬁ:rBoLRIIE\JAzs Top 10 downregulated
hsa-miR-345-5p -6.249998687 Down 1.75E-46 2.78E-46
hsa-miR-1275 -6.158850799 Down 7.73E-44 1.21E-43
hsa-miR-4454 -6.071107904 Down 2.01E-41 3.11E-41
hsa-miR-7-1-3p -5.883216356 Down 1.18E-36 1.77E-36
hsa-miR-7975 -5.776301152 Down 3.60E-34 5.22E-34
hsa-let-7a-3p -5.76457186 Down 6.60E-34 9.50E-34
hsa-miR-1293 -5.582821423 Down 4.62E-30 6.27E-30
hsa-miR-30c-2-3p -5.555854375 Down 1.58E-29 2.12E-29
novel_mir18 -5.555854375 Down 1.58E-29 2.12E-29
hsa-miR-181d-5p -5.464558541 Down 8.87E-28 1.16E-27



TANG ET AL.

FIGURE 4 MicroRNA expression
profile after RNA component of
mitochondrial RNA processing
endoribonuclease (RMRP) knockdown
(using si-03). Heatmap of the differentially
expressed microRNAs. NC, negative
control

N —
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that RMRP may be related to metabolism of stem cells, colony
formation assay was carried out. Similarly, after overexpression
of miR-217, cell viability and clonality were significantly reduced
in HCCC-9810 (Figure 6D,E). However, when RMRP was over-
expressed in HCCC-9810, the expression of miR-217 was sig-
nificantly decreased, and the CCK-8 and clone formation assays
showed opposite results (Figure 6D,E). Subsequently, we trans-
fected miR-217 mimics into HCCC-9810 overexpressing RMRP
(Figure 6A) and found that re-upregulation of miR-217 expres-
sion can rescue the cancer-promoting effects of overexpression
of RMRP (Figure 6D,E). Because GO and KEGG analysis based
on downstream miRNA expression profiles of RMRP focused the
function of RMRP on stem cell-related characteristics, and pre-
vious studies of Jiang et al and Dai et al showed that miR-217

can participate in tumor progression partially by regulating

NC2

NC3 si1 si2 si3

DKK1,'>1¢ we also detected expression of DKK1, Bmil, CD44
and CD24 in HCCC-9810 cells after RMRP knockdown. gRT-PCR
results showed that DKK1, Bmil and CD24 expression were
downregulated but expression of CD44 remained unchanged
(Figure S2). Taken together, these data indicated that RMRP acts
as an oncogene partly by repressing miR-217 in HCCC-9810.

3.6 | Validation of diagnostic and prognostic
values of IncRNAs in CCA

To thoroughly validate the dysregulated expression of RMRP
at the population level, we expanded the sample number to 33.
gRT-PCR results showed similar high expression of RMRP in CCA
tissues (Figure 7A). To explore the relationship between RMRP
and clinical characteristics in CCA, we divided patients with
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GOMFID

G0:0005198
G0:0005201

G0:0005501
G0:0019840
GO0:0005125
G0:0001972
G0:0016209
GO:0003774
G0:0005102
G0:0005132

GOBPID

G0:0048513
G0:0009952

G0:0009888
GO:0043062
G0:0030198
G0O:0010033
GO0:0031424
GO:0008544
GO:0045165
G0:0044707

Sample
no.

770
116

46
47
199
29
80
184
1581
13

Sample
no.

3264
233

1656
365
363
2586
48
313
295
6675

Background
no.

2619
280

79
82
575
51
206
565
6044
17

Background
no.

12387
646

2048
1151
1145
9820
89
968
911
26585

TABLE 5 Topl0 gene ontology
(GO) function terms describing cellular

components
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TABLE 3 Top 10 gene ontology (GO)

function terms describing molecular
function

TABLE 4 Top10 gene ontology (GO)

function terms describing biological
processes

P-value Term
4.96e-08 Structural molecular activity
1.69e-07 Extracellular matrix structural
constituent
1.96e-07 Retinoid binding
2.61e-07 Isoprenoid binding
1.02e-05 Cytokine activity
0.00129 Retinoic acid binding
0.00347 Antioxidant activity
0.00432 Motor activity
0.01872 Receptor binding
0.02097 Interferon-alpha/beta receptor
binding
P-value Term
2.24e-08 Organ development
2.61e-08 Anterior/posterior pattern
specification
4.17e-07 Tissue development
8.78e-06 Extracellular structure organization
1.01e-05 Extracellular matrix organization
1.10e-05 Response to organic substance
1.12e-05 Keratinization
1.45e-05 Epidermis development
3.60e-05 Cell fate commitment
4.32e-05 Single-multicellular organism
process
Sample
GOCCID no. Background no.
GO:0005576 4450 16283
G0:0044421 3870 14044
GO:0045095 88 134
GO:0005615 1378 4570
G0:0005882 175 379
G0:0043230 2804 10332
GO0:0065010 2804 10332
GO0:0070062 2803 10330
G0:0031012 557 1746
G0:0031988 3557 13546

CCA into stage /1l and stage Ill groups based on information

of imaging examination and pathological biopsy. Expression of

RMRP showed a significantly increasing trend with the advance-

ment of cancer TNM stages (Figure 7B). Relationship of RMRP

P-value Term
2.67e-26 Extracellular region
9.07e-25 Extracellular region
2.40e-21 Keratin filament
5.19e-20 Extracellular space
3.96e-18 Intermediate filament
7.7%9e-13 Extracellular organelle
7.79e-13 Extracellular membrane-
bounded organelle
8.5%9e-13 Extracellular vesicular exosome
2.26e-11 Extracellular matrix
6.31e-09  Membrane-bounded vesicle

with prognosis status of CCA patients was further examined

by Kaplan-Meier curve analysis and log-rank test (Figure 7C).

Additionally, expression of RMRP was negatively correlated to
that of miR-217 by qRT-PCR (Figure 7D). In general, RMRP plays
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FIGURE 5 Analysis of the differentially expressed genes. A, Gene ontology (GO) analysis of the differentially expressed genes. Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the differentially expressed genes presented by (B) P-value
and (C) RichFactor (RichFactor refers to the ratio of the number of genes in the pathway entry of the differential small RNA to the total
number of genes in the pathway entry in all the annotated genes. The larger the RichFactor, the greater the degree of enrichment.)

TABLE 6 Top 10 KEGG pathways (according to Q-value)

Term ID Sample no. Background no. P-value Q-value Level 1
Systemic lupus erythematosus ko05322 122 393 2.066325e-06 0.0004342557 Human diseases
Ribosome ko03010 131 432 3.463305e-06 0.0004342557 Genetic information
processing
Signaling pathways regulating ko04550 240 876 3.996218e-06 0.0004342557 Cellular processes
pluripotency of stem cells
Extracellular matrix-receptor ko04512 201 723 8.616936e-06 0.0007022803 Environmental
interaction information
processing
Complement and coagulation ko04610 142 492 2.373606e-05 0.0013352292 Organismal systems
cascades
Protein digestion and ko04974 204 747 2.457477e-05 0.0013352292 Organismal systems
absorption
Nicotine addiction ko05033 71 215 2.880416e-05 0.0013414509 Human diseases
Basal cell carcinoma ko05217 108 369 0.0001137409 0.0037463268 Human diseases
Salivary secretion ko04970 205 771 0.000125721 0.0037463268 Organismal systems
Retinol metabolism ko00830 66 205 0.0001257524 0.0037463268 Metabolism

KEGG, Kyoto Encyclopedia of Genes and Genomes.

an oncogenic role in CCA and may function partly by suppressing
miR-217 in CCA cells.

4 | DISCUSSION

Long non-coding RNAs have a broad tissue expression profile. The
abundance of IncRNAs is generally lower than that of protein-cod-
ing mRNAs. In addition, the sequence conservation of IncRNAs is
lower than that of other non-coding RNAs and is <70% in humans.?’
Even so, studies have found that lower sequence conservation does
not limit the function of long non-coding RNAs. As cancer is a major
cause of mortality in humans, the study of IncRNAs in cancer has
been given full attention.*®? The role of some IncRNAs has been
fully elucidated, but few studies of IncRNAs associated with CCA
have been conducted.

RNA component of mitochondrial RNA processing endoribo-
nuclease RNA is the RNA subunit of the RNase mitochondrial
RNA processing (MRP) enzyme complex involved in various cel-
lular RNA processing events. Most of the previous studies were
focused on RMRP gene mutations, specifically RMRP gene mu-
tations leading to recessive hereditary developmental disorders
and poor cartilage (CHH).?° In recent years, RMRP was found

21,22

to be highly expressed in some cancers and we therefore

explored its expression in CCA. RMRP expression in CCA tissues

was significantly higher than that in paracancerous tissues in the
33 pairs of tissues we collected, which partially overlapped with
our prior bile exosome sequencing results. Therefore, we spec-
ulated that RMRP differentially expressed in bile exosome of
patients with CCA may originate from CCA tissue. However, be-
cause the origins of bile do not overlap with those of CCA tissue,
for the time being, it is not possible to correlate RMRP expres-
sion in CCA tissue with bile exosomes. Next, we measured a se-
ries of function assays after knocking down RMRP in CCA cells.
The results clearly showed that decreased RMRP expression can
inhibit the proliferation of colony formation of CCA cell lines,
promote apoptosis of CCA cell lines, and block CCA cell lines in
the GO/G1 phase. LncRNAs can indirectly or directly regulate the
expression of target genes by directing or recruiting RNA bind-
ing proteins, or as a central platform for the assembly of various
complexes. Therefore, we sequenced miRNAs that are more con-
servative than IncRNAs after RMRP knockdown in HCCC-9810.
Sequencing results showed that the miRNA expression profile
varied with RMRP expression, among which there were well-in-
vestigated miR-33a,?®> miR-186,%* miR-17?° and miR-155.2¢ GO
and KEGG analysis of the altered microRNA expression profile
showed that these altered miRNAs, as a whole, point to a variety
of important function pathways. Among them, three pathways
had the most significant changes, suggesting that they may be
the most important pathways caused by RMRP-induced miRNA
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FIGURE 6 Quantitative RT-PCR was used to measure (A) expression of RNA component of mitochondrial RNA processing
endoribonuclease (RMRP) in HCCC-9810 cell line after transfection with pcDNA-control (pc-con) and pcDNA-RMRP (pc-RMRP). B,
Expression of microRNA (miR)-217 in HCCC-9810 cell line after transfection with si-03 and pc-RMRP compared to the control group. C,
Expression of miR-217 in HCCC-9810 cell line after transfection with miR-217 mimics, pc-RMRP and miR-217 mimics + pc-RMRP. D, CCK-8
assay was used to detect cell viability. E, Colony assay was used to determine the ability of colony formation. Representative data are based
on three independent experiments. Bars, £SD. *P < .05, **P < .01, ***P < .001

profile changes. Among the three pathways, one referred to me-
tabolism of stem cells, which corresponds to the previous study
that found that RMRP allows cancer cells to infinitely proliferate
through interaction with TERT.?” Moreover, cancer stem cell-re-
lated markers such as Bmil and CD24 were found to be subse-
quently decreased after RMRP knockdown, but CD44 expression
remained the same. However, subcellular localization of CD44
was not investigated and in-depth future research is needed.
We selected one of the 10 upregulated miRNAs randomly and
validated the differential expression of miR-217. Moreover, we
conducted a series of assays which suggested that RMRP can
promote oncogenic characteristics by partly repressing miR-217.
miRNA-217 has previously been reported to play an anticancer
role in gastrointestinal tumors such as pancreatic cancer?® and
hepatocellular carcinoma,?’ but the specific mechanism is still
unclear. Further experiments are needed to determine the mech-

anism of miR-217 functions.

In summary, we have discovered that RMRP is highly expressed
in CCA and that RMRP can affect a series of cancer cell biological
functions in vitro and in vivo. In addition, we also sequenced the
downstream miRNA profiles of RMRP and found that RMRP can act
as an oncogene partly by regulating miR-217. The present study may
provide new ideas for the diagnosis and treatment of CCA, but fur-

ther investigation of RMRP is needed.
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