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Abstract

Background: Recently, the incidence of cholangiocarcinoma (CCA) has gradually in-
creased. As CCA has a poor prognosis, the ideal survival rate is scarce for patients.
The abnormal expressed tsRNAs may regulate the progression of a variety of tumors,
and tsRNAs is expected to become a new diagnostic biomarker of cancer. However,
the expression of tsRNAs is obscure and should be elucidated in CCA.

Methods: High-throughput RNA sequencing technology (RNA-seq) was utilized to de-
termine the overall expression profiles of tsRNAs in three pairs CCA and adjacent nor-
mal tissues and to screen the tsRNAs that were differentially expressed. The target
genes of dysregulated tsRNAs were predicted and the biological effects and potential
signaling pathways of these target genes were explored by Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses.
Quantitative real-time polymerase chain reaction (QRT-PCR) was used to validate 11
differentially expressed tRFs with 12 pairs CCA and adjacent normal tissues.
RNA-seq demonstrated 535  dys-
regulated tsRNAs, of which 241 tsRNAs were upregulated, such as
tRF-21-YLKZKWES5D, tRF-16-9NF5W8B , tRF-27-78YLKZKWES52 , tRF-19-
RLXN48KP, tRF-33-IK9NJ4S217L7DV, tRF-19-F8DHXYIV, and 294 tsRNAs were
downregulated (tRF-20-739P8WQO, tRF-34-JJ6RRNLIK898HR, tRF-17-VL8RPYS5,
tRF-23-YP9LON4VDP, tRF-39-EH623K76IR3DR2I2, tRF-17-18YKISM, tRF-19-
Q1Q89PJZ, etc.) in CCA compared with adjacent normal tissues (|log2 [fold change]
|21 and p value <0.05). GO and KEGG enrichment analyses indicated that the target
genes of dysregulated tRFs (tRF-34-JJ6RRNLIK898HR, tRF-38-0668K87SERM492V,
and tRF-39-0668K87SERM492E2) were mainly enriched in the Notch signaling path-
way, Hippo signaling pathway, cAMP signaling pathway and in growth hormone synthe-
sis, secretion and action, etc. qRT-PCR result showed that tRF-34-JJ6RRNLIK898HR/
tRF-38-0668K87SERM492V/tRF-39-0668K87SERM492E2 was  downregulated
(p = 0.021), and tRF-20-LE2WMKB81 was upregulated in CCA (p = 0.033).

Results:  High-throughput totally
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1 | INTRODUCTION

The incidence rate of cholangiocarcinoma (CCA) is second in malig-
nant tumor of the hepatobiliary system, with hepatocellular carci-
noma as the most often.! Recently, the global occurrence of CCA
has gradually increased, and China is one of the countries with the
highest incidence.™® With low 5-year survival rates, the global cu-
mulative mortality rate of CCA patients has increased markedly.*”
Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarci-
noma are mainly treated by surgical resection. However, many pa-
tients are diagnosed at an advanced stage, commonly resulting in
recurrence after resection.® There are many studies on the etiology
of HCC but few on CCA. Comprehending the pathogenesis of CCA
will be based on the exploration of the etiology of CCA. In addition,
the study of the early diagnostic biomarkers of CCA is of great sig-
nificance for improving the early diagnosis rate and survival rate of
patients with CCA.

tRNA-derived small RNAs (tsRNAs) is a kind of small noncoding
RNA that is produced by specific enzymes that cleave-specific sites
of tRNA. According to the different sites of enzyme cleavage, tsR-
NAs mainly include two parts of tRNA-derived fragments (tRFs) and
tRNA halves (tiRNA).? tRFs can be consisted of i-tRF, tRF-1, tRF-2,
tRF-3, and tRF-5. 5'-tiRNA and 3'-tiRNA belong to tiRNA.'° Recently,
many features of tsRNAs have been explored, mainly in terms of
the following two aspects. On the one hand, some tRFs can bind to
the Argonaute protein, an important member of the RNA-induced
silencing complex, in a manner similar to miRNA or piRNA, to per-
form biological functions.!! Furthermore, tRFs can directly regu-
late protein translation at the post-transcriptional level: 5'-tiRNA
(5-tiRNAA? and 5-tiRNA®®) containing 5'-terminal oligoguanine
motifs can replace elF4F (elF4F is a eukaryotic transcription initia-
tion factor) on the m7GTP of mRNA, thus inhibiting translation ini-
tiation and generating multiple mRNA protein complexes (mRNPs)*?
to directly regulate protein translation. In addition, it has been re-
ported that tsRNAs are critical to the initiation and development of
tumors and have influenced on the carcinogenesis of tumors. Some
researchers have demonstrated that there are four tsRNAs, includ-
ing AS-tDR-000064, AS-tDR-000069, AS-tDR-000102, and AS-
tDR-001391, can be upregulated in pancreatic carcinoma by using
RNA-seq.”® Further GO and KEGG enrichment analysis showed
that these four tsRNAs differentially expressed in pancreatic can-
cer are enriched in diverse pathways associated with cancer, such
as “the PIBK/Akt pathway,” “the Ras pathway,” and “axon guidance”
and have the potential to become a new biomarker of pancreatic

Conclusion: Differentially expressed tRFs in CCA are enriched in many pathways as-
sociated with neoplasms, which may impact the tumor progression and have potential

to be diagnostic biomarkers and therapeutic targets of CCA.

cholangiocarcinoma, RNA-seq, tiRNAs, tRFs, tsRNAs

carcinoma.'® Moreover, one study indicated that tRF-Leu-CAG was
remarkably upregulated in the serum, cells, and tissues of non-small-
cell lung cancer, and tRF-Leu-CAG could contribute to cells prolifer-
ation and maintain cell cycle of lung cancer cells, which suggested
that tRF-Leu-CAG made a difference in the initiation and develop-
ment of lung cancer.*

At present, it has been disclosed that tsRNAs can participate
in the development of all kinds of tumors,’® but it is still unclear
whether tsRNAs has an impact on the origin of CCA. Exploration of
the changes in tsRNAs in CCA compared with normal control tissues
could be of great significance in determining early diagnostic mark-
ers of CCA.

In this study, we collected CCA and adjacent normal tissues from
three patients and detected the overall expression profiles of tsR-
NAs in the two groups by high-throughput RNA sequencing (RNA-
seq) and further analysis and screening of differentially expressed
tsRNAs. Subsequently, the target genes of differentially expressed
tRFs were predicted. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses were taken advantage of
predicting the important biological roles and potential signal path-
ways of differentially expressed tsRNAs in CCA. Quantitative real-
time polymerase chain reaction (QRT-PCR) was used to validate the
differentially expressed tRFs with CCA and adjacent normal tissues.
In general, the main intention of our research was to detect the oc-
currence and etiology of CCA, to identify early diagnostic biomark-
ers of CCA and to provide new molecular targets for the remedy of
CCA.

2 | MATERIALS AND METHODS

2.1 | Patients and samples

Our research was implemented according to the Declaration of
Helsinki and supported by the research ethics committee of the First
Hospital of “China Medical University.” The written informed con-
sents of our study were signed by all patients. We gathered CCA and
adjacent normal tissues of 15 patients at the First Affiliated Hospital
of “China medical university” between September and December
2020. The criteria of patient selection are as follows: (1) The patient
had not received radiotherapy or chemotherapy before surgical
resection; (2) patients are meeting the indications for surgical re-
section; (3) postoperative pathological diagnosis was cholangiocar-
cinoma, not hepatocellular carcinoma and lymphoid sarcoma. The
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patient information is listed in Table S1. After collection, the samples
were frozen in RNAlater (Life Technologies) storage solution and
stored at -80°C for RNA extraction. All specimens were confirmed
to be CCA by histopathology. All patients were not treated with ra-
diotherapy, chemotherapy, or targeted therapy before operation.

2.2 | Preparation of RNA Library and
RNA sequencing

Three pairs of tissues from CCA patients were used to acquire the
extract of total RNA. High-throughput sequencing technology was
supplied by CloudSeq Biotech. The tRF&tiIRNA sequencing library
was generated by total RNA of each tissue. The steps of library
preparation mainly included 3’-adaptor ligation; 5’-adaptor ligation;
synthesis of cDNA; PCR amplification; recovery of ~150bp PCR am-
plification fragment. The libraries were denatured as single-stranded
DNA molecules. The lllumina flow cells were used to capture single-
stranded DNA molecules and subsequently these molecules were
amplified into clusters in situ. Finally, the sequence of 50cycles was
implemented by Illumina HiSeq sequencer following the supplier's

directions.

2.3 | Data analysis

The steps of generation raw data mainly included sequencing, analy-
sis of image, base calling, and quality filtering, which were carried
out by lllumina sequencer. Firstly, quality control was executed by
Q30. Cutadapt software (v1.9.3) was used to trim the adaptor se-
quences and select the adaptor-trimmed reads (216 nt). Then, the
raw counts of each tRF&tiRNA (MINTbase v2.0) was calculated for
all samples, considered as the amount of original expression of that
tRF&tIRNA. EdgeR software (v3.16.5) was utilized to standardize the
raw counts and differentially expressed tRF&tiRNAs between two
groups were calculated by edgeR and filtered by fold change and p
value. Raw data were uploaded to Gene Expression Omnibus (GEO),
GSE147017.

2.4 | Target gene prediction of differentially
expressed tRFs

Similar to miRNAs, tsRNAs also can bind to Argonaute proteins.*>¢
It is reported that tRFs, similar to miRNAs, can target mRNA 1618
Furthermore, some studies suggested that the seed sequences of
tRFs have spectra analogous to those of miRNAs.1*1%20 |n view of
these findings, the target genes of the screened tRFs were predicted
by miRanda (http://www.microrna.org/microrna/home.do; August
2010 release), which mainly depend on the binding sites existing in
the 3'-untranslated region (3'-UTR). The tRFs that targeted genes
more than 90 was included in subsequent analysis. Cytoscape 3.7.2
was used to visualize. All analyses were performed by RStudio 3.6.1.

2.5 | Enrichment analysis of tRF's target genes

Subsequently, the clusterProfiler R package was used to perform GO
(biological process, molecular function and cellular component) and
KEGG enrichment analysis for the target genes of tRFs. The results
were visualized by Cytoscape 3.7.2. The cutoff criteria is p.adjust-

ment values <0.05 and g values <0.05.

2.6 | qRT-PCR validation

Differentially expressed tRFs were selected to perform qRT-PCR
validation. Total RNA was extracted from 12 pairs CCA and adja-
cent normal samples by TRIZOL (TIANGEN BIOTECH). Total RNA
was pretreated by rtStar™ tRF&tiRNA Pretreatment Kit (Cat# AS-
FS-005). cDNA was synthesized with the rtStar™ First-Strand cDNA
Synthesis Kit (3' and 5' adaptor) (Cat#AS-FS-003-02; Arraystar).
The primers were designed for Predesigned Human tRNA Primer
Sets V2.0. U6 was utilized as an internal control. Quantitative Real-
time PCR was performed by Arraystar SYBR Green Real-Time gPCR
Master Mix (Cat#AS-MR-006-5). The relative expression level of
each tRNA-derived fragments was calculated with 272, SPSSv24.0
(IBM; SPSS) and GraphPad Prism V8.0 (GraphPad software) were
used to perform statistical analysis. p<0.05 was statistically

significant.

3 | RESULTS

3.1 | Expression profiles of tsRNAs in CCA

The results indicated that RNA-seq totally detected 20,102 tsRNAs
in the two groups, of which 9616 were upregulated, and 10,486
were downregulated. Difference in tsRNAs expression between
CCA and adjacent normal tissues were displayed by scatter plot
(Figure 1). The dysregulated tsRNAs were selected under the condi-
tion of |log2 (fold change) | 2 1 and p value <0.05. We found out 535
differentially expressed tsRNAs in this study. We discovered that
the upregulated and downregulated of tsRNAs were 241 (Table S2)
and 294 (Table S3) respectively in the CCA tissues. The volcano map
showed a significant difference in tsRNAs in the CCA (Figure 2). The
results of hierarchical clustering demonstrated different expression
of tsRNAs between CCA and adjacent normal tissues (Figure 3).
Tables 1 and 2 displayed the top 30 tsRNAs that were significantly

upregulated and downregulated, respectively.

3.2 | Identification target genes of differentially
expressed tRFs

Based on miRanda, the target genes of differentially expressed tRFs
were predicted. The tRFs with target genes more than 90 was in-
cluded in subsequent analysis. Finally, the result demonstrated that
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FIGURE 1 Scatter plot of the differentially expressed
tRFs&tiRNA in CCA and adjacent normal tissues, with

red dots indicating upregulated and green dots indicating
downregulated. The default multiple change threshold is 2.0. CCA,
cholangiocarcinoma; C, CCA tumor tissues; N, adjacent normal
tissues; tiRNA, tRNA halves; tRFs, tRNA-derived fragments.
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FIGURE 2 Volcano plot of the differentially expressed
tRFs&tiRNA. Red rectangle represents differential expression of
tRFs&tiRNA in patients with CCA and adjacent normal tissues
(Jlog2 (fold change) | 2 1; p<0.05). CCA, cholangiocarcinoma; C,
CCA tissues; N, adjacent normal tissues; tiRNA, tRNA halves; tRFs,
tRNA-derived fragments.

only three differentially expressed tRFs met the inclusion criteria, in-
cluding tRF-38-0668K87SERM492V, tRF-39-0668K87SERM492E2,
and tRF-34-JJ6RRNLIK898HR. The differentially expressed infor-
mation of these tRFs are listed in Table 3. The target genes with tRFs
are visualization in Figure 4.

3.3 | Enrichment analyses revealing the
correlation of tRFs with CCA

Subsequently, the target genes of three tRFs were performed
GO and KEGG analysis by clusterProfiler R package. tRF-38-
0668K87SERM492V enrichment analysis showed that it was
related to formulate cellular transport complex, regulate differ-
ent voltage-gated channels activity, and participate in Hippo
signaling pathway and Notch signaling pathway (Figure 5A). tRF-
39-0668K87SERM492E2 was also associated with different
voltage-gated channels activity, Hippo signaling pathway, and Notch
signaling pathway (Figure 5B). tRF-34-JJ6RRNLIK898HR was mainly
involved in epithelial cell differentiation and participated in cAMP
signaling pathway and growth hormone synthesis, and secretion and
action (Figure 5C). The relationships between target genes and path-
ways are visualized in Figure 6.

3.4 | qRT-PCR validation of differentially
expressed tRFs

A total of 11 differentially expressed tRFs were selected to perform
gRT-PCR validation by 12 pairs CCA tissues. The result showed that
tRF-34-JJ6RRNLIK898HR/tRF-38-0668K87SERM492V/tRF-39-
0668K87SERM492E2 was downregulated (p = 0.021, Figure 7A), and
tRF-20-LE2WMK81 was upregulated in CCA (p = 0.033, Figure 7B),
which were consistent with our RNA-seq results. Other validated mol-
ecules have no statistical significance, including tRF-19-R118LOJX
(Figure 8A), tRF-19-BR29N3E2 (Figure 8B), tRF-21-RK9P4P9LO
(Figure 8C), tRF-16-9NF5W8B (Figure 8D), tRF-16-KWEKK1B
(Figure 8E), tRF-17-K5KKOV2/tRF-18-P6KP6HD2 (Figure 8F), tRF-
31-6978WPRLXN4VE/tRF-22-8B8SOUPR2 (Figure 8G), and tRF-
18-1SS2P4X/tRF-17-YEKPRSP/tRF-17-ML5FX23/tRF-16-VOJ8O9E
(Figure 8H).

4 | DISCUSSION

Noncoding RNAs(ncRNAs) are consisted of microRNAs (miRNAs),
long ncRNAs (IncRNAs), circular RNAs (circRNAs), and tsRNAs,
which are small RNAs that are not capable of encoding proteins.”2%22
Recently, with the application of high-throughput sequencing tech-
nology and biological information analyses in ncRNAs, researchers
have revealed many new research theories, mainly including the
theory that ncRNAs such as tsRNAs (including tRFs and tiRNAs) are

of great importance in the initiation and development of tumors and
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FIGURE 3 Hierarchical clustering of
the differentially expressed tRFs in CCA
and adjacent normal tissues. The color
scale showed the expression values.

The green represented relatively lower
expression and red represented relatively
higher expression. One tissue sample was
represented by each column, and a single
tRFs was represented by each row. CCA,
cholangiocarcinoma; C, CCA tissues; N,
adjacent normal tissues; tRFs, transfer
RNA-derived fragments.
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can be used as molecular markers for tumor diagnosis or molecular
targets for treatment.

Researches have proved that circRNAs and IncRNAs can be
considered molecular markers of tumor diagnosis or therapeutic
targets.?®2* Similarly, tsRNAs can also act as molecular markers of
disease diagnosis or molecular targets of treatments.?>?¢ However,
there s little information about differentially expressed tRFs in CCA.
Therefore, in our study, we explored the differentially expressed
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tRFs in CCA by RNA-seq and further analyzed the potential function
and biological role of tRFs. In addition, we employed qRT-PCR iden-
tify the differentially expressed tRFs with CCA tissues.

In this study, we initially detected 241 upregulated and 294 down-
regulated tsRNAs of CCA tissues by RNA-seq (|log2 (fold change) |21
and p value <0.05). It is reported that the CD5+ diffuse large B-cell
lymphoma, chronic lymphocytic leukemia, lung cancer, and breast
cancer were found to have differentially expressed tRFs and could
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FIGURE 4 Target genes of differentially expressed tRFs. The orange color represents tRFs and green color represents target genes. (A)
tRF-34-JJ6RRNLIK898HR. (B) tRF-38-0668K87SERM492V. (C) tRF-39-0668K87SERM492E2.
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FIGURE 5 Bulb map of GO and KEGG analysis of dysregulated tRFs. Enrichment degree of target genes was showed by GeneRatio. The
name of enrichment pathways was showed in Y axis. The area of each node showed the number of the enriched target genes of differentially
expressed tRFs (p <0.05). (A) tRF-38-0668K87SERM492V. (B) tRF-39-0668K87SERM492E2. (C) tRF-34-JJ6RRNLIK898HR. GO, Gene
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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FIGURE 6 Relationship among
differentially expressed tRFs, their target
genes and related signaling pathways.
Blue color represents differentially
expressed tRFs, orange color represents
signaling and green color represents

RSY

target genes of tRFs. 1aFALS
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FIGURE 7 Relative expression of tRFs detected by gRT-PCR
in CCA tissues (p<0.05). Measurement data were expressed

as mean +SEM. (A) tRF-34-JJ6RRNLIK898HR/tRF-38-
0668K87SERM492V/tRF-39-0668K87SERM492E2. (B) tRF-20-
LE2WMK81. CCA, cholangiocarcinoma; qRT-PCR, quantitative
real-time polymerase chain reaction.

have an influence on tumor progression.?’2? We found the differen-
tially expressed tRFs in CCA tissues for the first time. Analogous to
results of differentially expressed tRFs before, we speculated that dif-
ferentially expressed tRFs may have an impact on the progression of
tumor and have potential to be diagnostic biomarkers of CCA.
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Subsequently, the target genes of differentially expressed tRFs
were predicted and were carried out GO and KEGG enrichment
analysis. The luciferase activity analysis indicated that tRFCMTTC
(tRF-34-JJ6RRNLIK898HR, tRF-38-0668K87SERM492V, and tRF-
39-0668K87SERM492E2) could directly target Kruppel-like factor
family (KIF) including KLF9, KLF11, and KLF12 to regulate adipogene-
sis.%% In this study, we found that KIF16 was one of the targets molec-
ular of tRFEYTTC by bioinformatics methods. Combined with previous

studies, we predicted that tRFEVTTC

can regulate CCA progression by
directly target KIF16. The result revealed that three tRFs were down-
regulated, and their target genes were enriched in cancer-related
pathways (p<0.05, adjusted p<0.05). There are many similarities
in the three differentially expressed tRFs screened. For instance, al-
though the UniquelDs are different in MINTbase, they share the same
(CAGGCGGCCCGGGTTCGACTCCCGGTGTGGGAAC),

and similar regions of chromosomes 13 and 15 can be cut to gener-

sequence

ate these sequence fragments. These are interesting phenomena that
we found in this research, but the specific mechanism remains to be
further studied in the future. The target genes of dysregulated tRFs
in CCA were mainly enriched in the Notch signaling pathway, Hippo
signaling pathway, and cAMP signaling pathway and in growth hor-
mone synthesis, secretion and action, etc. It has been reported that
when the cAMP signaling pathway was activated, it may suppress
the migration of breast cancer cells.?! The Hippo signaling pathway
are relevant to the procession of hepatocellular carcinoma,®? breast
carcinoma,® and gastric carcinoma,®* influencing the proliferation,
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FIGURE 8 Relative expression of tRFs detected by gRT-PCR in CCA tissues(p>0.05). Measurement data were expressed as mean+SEM.
(A) tRF-19-R118LOJX. (B) tRF-19-BR29N3E2. (C) tRF-21-RK9P4P9ILO. (D) tRF-16-9NF5W8B. (E) tRF-16-KWEKK1B. (F) tRF-17-K5KKOV2/
tRF-18-P6KP6HD?2. (G) tRF-31-6978WPRLXN4VE/tRF-22-8B8SOUPR2. (H) tRF-18-15S2P4X/tRF-17-YEKPRSP/tRF-17-ML5FX23/tRF-16-
VO0JBOYE CCA, cholangiocarcinoma. qRT-PCR, quantitative real-time polymerase chain reaction.

differentiation, and migration of tumor cells. The Notch signaling
pathway is significant to the development of diversified cancers and
can regulate the growth, survival, apoptosis, invasion, and migration
of all kinds of tumor cells, such as pancreatic carcinoma and liver
cancer cells.®>~38 |n addition, research has identified the relationship
between tRFs and the Notch signaling pathway and shown that tRF/
miR-1280 can bind with the 3'-UTR of JAG2 mRNA to decrease the
synthesis of JAG2 (a ligand of Notch signaling pathway), thereby in-
activating the Notch signaling pathway and reducing the proliferation
and metastasis of CRC.%’ tRF/miR-1280 can also depress the Notch
signaling pathway, thus reducing the expression level of the CD133+
stem cell phenotype in CRC cells, decreasing tumor motility and mi-
gration ability, and hindering the formation of a tumor metastasis-
favorable microenvironment.®’ Furthermore, the Notch signaling
pathway is great of significance in the carcinogenesis of CCA. Some
research claimed that the level of cyclin E protein is positive regu-
lated by the Notch signaling pathway in CCA.*® Some scholars have
indicated that when the Notch signaling pathway is activated, it can
prompt hepatic progenitor cells and differentiate hepatocytes to turn
into biliary lineage cells, thus promoting the carcinogenesis of cca#
The Notch signaling pathway may be a main driving factor of human
CCA occurrence and a perspective molecular target of therapy.** Our

study found that the target genes of dysregulated tRFs in CCA could
enrich in different cancer-related pathway. According to the study
above, we speculated that the dysregulated tRFs in CCA may result in
the progression of CCA by regulating these cancer-related enriched
pathways. However, its effect on the biological behavior of tumor
cells and its specific mechanism needs to be further explored.

gRT-PCR was utilized to identify randomly selected 11 differen-
tially expressed tRFs with 12 pairs CCA tissues. Theresultillustrated
that only tRF-34-JJ6RRNLIK898HR/tRF-38-0668K87SERM492V/
tRF-39-0668K87SERM492E2 and tRF-20-LE2WMK81 were
consistent with RNA-seq data and have statistical significance
(p<0.05). The result hinted again that these tRFs may play import-
ant role in CCA progression and is more likely to be diagnostic and
prognostic biomarker as well as therapeutic targets.

In summary, we used high-throughput RNA-seq to determine
differentially expressed tsRNAs in CCA and adjacent normal tis-
sue. Subsequent GO and KEGG analyses of dysregulated tsRNAs
in the two groups indicated that the target genes of tsRNAs were
enriched in multiple cancer-related pathways. qRT-PCR also val-
idated the differentially expressed tRF-34-JJ6RRNLIK898HR/
tRF-38-0668K87SERM492V/tRF-39-0668K87SERM492E2 and
tRF-20-LE2WMK81. Our study suggests that tsRNAs may make a
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difference in the origin of CCA, which may contribute us to discover
the etiological mechanism about CCA, and tsRNAs may become a
new molecular marker of diagnosis and a molecular target of therapy
in CCA. This study built a solid foundation for the further pathogenic
mechanism research of tRFs in CCA.
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