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Abstract
Background Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal common cancer
because of late diagnosis. tRNA-derived small RNAs (tsRNAs) are novel small RNAs might serve as
biomarkers for cancer diagnosis and participate in diverse physiological and pathological process. We
investigated whether the expression of tsRNAs in serum could be a noninvasive method in the early
diagnosis of PDAC.

Methods Blood sample of PDAC patients and healthy controls were collected from Ruijin Hospital,
Shanghai, China. Tumor and adjacent normal pancreas tissues were collected from 51 patients with
PDAC undergoing therapeutic surgery. The testing cohort comprised 6 PDAC patients and 6 healthy
controls and the expression of small RNAs in serum was analyzed by small RNA sequence. We veri�ed
the diagnostic performance of serum tsRNAs by qPCR in validation cohort including 110 PDAC patients
and 100 healthy controls. Expression level of tsRNAs in tissue was also veri�ed in another independent
cohort including 51 tumor and 51 adjacent normal pancreas tissues. Unpaired t-test and paired t-test are
used for comparing depending on whether the samples are paired. Receiver operating characteristic
(ROC) area under the curve (AUC) was used to determine diagnostic accuracy.

Results There were 45 tsRNAs expressed at remarkably higher levels, 6 tsRNAs expressed at lower levels
in PDAC patients, respectively, compared with healthy volunteers. tsRNA-ValTAC-41, tsRNA-MetCAT-37
and tsRNA-ThrTGT-23 expressed signi�cant highly (P<0.05) in serum of PDAC patients in validation
cohort. tsRNA-ValTAC-41 or tsRNA-MetCAT-37 combined with CA19-9 could increase the AUC of PDAC
prediction (AUC=0.947 and 0.949 respectively), relative to CA19-9 test alone. Besides, tsRNA-ValTAC-41
expressed at remarkably higher level in tumor tissue, and it was obviously associated with tumor staging
both in serum and tissue.

Conclusions We provide tsRNAs pro�les observed by small RNA sequencing. The diagnostic accuracy of
tsRNA-ValTAC-41 and tsRNA-MetCAT-37 in serum of PDAC patients were veri�ed. Further studies for
tsRNA-ValTAC-41 are needed to con�rm the �ndings. These tsRNAs may be promising and effective
candidates in the development of highly sensitive, noninvasive biomarkers for PDAC diagnosis.

Background
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal cancers, with the 5-year survival rate
less than 9% (1). Most patients with pancreatic cancer remain asymptomatic until advanced stage (2).
What’s more, PDAC is typically resistant to radiotherapy and chemotherapy, which makes PDAC the
fourth leading cause of cancer deaths (2, 3). Early detection is considered the most effective way to
improve survival. While serum carbohydrate antigen 19 − 9 (CA19-9) is the only approved biomarker for
PDAC (4). However, non-speci�c elevated in other forms of digestive tract cancer and some non-
cancerous conditions limit its diagnostic e�cacy (4). Therefore, novel non-invasion diagnostic
biomarkers are urgently needed to capture the early development or the progression of the disease.
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Small RNAs are short untranslated RNA molecules, including microRNAs (miRNAs), Piwi-interacting RNAs
(piRNAs) and tRNA-derived small RNAs (tsRNAs). In last two decades, substantial progress has produced
various evidences of the fundamental roles of small RNAs in virtually all biological pathways and may
have oncogenic or tumor suppressive properties. Recently, small RNAs have been associated with cancer
initiation, progression and drug response (5). As major subclass of small RNAs, miRNAs have been
detected in bodily �uids of PDAC and that allows their non-invasion biomarker use for patients with PDAC
(6). Yet besides miRNAs, little is known about other kinds of small RNAs in this disease.

As novel small RNAs, tsRNAs generate from precursor or mature transfer RNAs (tRNAs). tsRNAs mostly
produced by speci�c nucleases in particular cells or tissues or under certain conditions such as stress
and hypoxia (7). tsRNAs can be roughly divided into 3′ U tRFs from 3′ end, mature tRNA-derived
fragments (tRFs) as well as tRNA halves (tRHs) (8). tRFs are grouped into three subclasses: tRF-5 s, tRF-
3 s and inter tRFs (i-tRFs). tRHs are further classi�ed into 5’ half and 3’ half of mature tRNA (9). tsRNAs
were veri�ed to be associated with numerous diseases, such as metabolic disorder, pathological stress
injuries, neurodegenerative diseases, virus infection as well as cancer (9). In �elds related to cancer
research, expression pro�le and biological function of tsRNAs were reported in chronic lymphocytic
leukemia (CLL) (10, 11), lung cancer (5, 10, 12), colorectal cancer (5, 13), breast cancer (5, 14–17),
ovarian cancer (5, 18, 19) and prostate cancer (20, 21). However, tsRNAs have not been elucidated in
PDAC. To improve the understanding of these novel small RNAs, we determined the expression pro�le of
small RNAs in PDAC.

In this study, we focused on investigating whether tsRNAs could play a role in the diagnosis of PDAC.
Based on the tsRNAs sequencing analysis, we identi�ed a group of tsRNAs that were differentially
expressed in PDAC. The purpose of this study is to identify tsRNAs as biomarkers in diagnosis of PDAC
as a noninvasive method, in order to improve the speci�city and sensitivity of PDAC diagnosis.

Materials And Methods
Sample Cohort (patient Characteristics)

The PDAC patients were enrolled for testing and validation studies between 2016 and 2019, from Ruijin
Hospital, Shanghai, China, as well as healthy individuals in the testing and validation sets, respectively.
The study was supported by the Ethics committee of Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine. All patients were validated by histopathological examination. It was conducted,
according to the ethical principles of the world Medical Association Declaration of Helsinki and local
legislation. All patients had con�rmed informed consent to this study prior. 6 PDAC patients and 6
healthy controls were enrolled in testing set. 110 PDAC patients and 100 healthy controls were enrolled in
validation set1 and another independent 51 PDAC patients were enrolled in validation set2. Detailed
clinical data are summarized in Table 1.
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Table.1  

Study cohort clinicopathological parameters

 Testing Set Validation Set1(Serum) Validation Set2(Tissue)

 PDAC patients Healthy controls PDAC patients Healthy controls PDAC patients

 (N=6) (N=6) (N=110) (N=100) (N=51)

male 3(50) 5(83) 75(68) 47(47) 33(64.71)

female 3(50) 1(17) 35(32) 53(53) 18(35.29)

 62.3(48-70) 33.4(26-42) 63.3(48-73) 34.19(21-63) 62.88(44-85)

I 0 Not applicable 24 Not applicable 14

II 1 36 16

III 4 18 15

IV 1 22 6

N.A. 0 10 0

Venous blood (5 ml) samples included in this study were collected in a vacuum blood tube. After clotted
for 30 min at room temperature, the blood samples were centrifuged at 4,000 rpm for 10 min at 4 °C.
Clear yellow supernatant was collected as serum sample. serum samples were preserved in − 80 °C .

Tumor and normal tissue samples from patients with PDAC were taken in the middle of cancer and
adjacent normal pancreas tissue. Tissues were fresh frozen and stored at − 80 °C until use. All samples
were reevaluated by a pathologist to con�rm stage and grade. Samples were classi�ed according to 8th
edition of AJCC staging (22).

Small RNA Sequencing

Total RNA was extracted for small RNA sequencing using TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
Each RNA sample was measured by a Nanodrop instrument (Thermo Fisher Scienti�c, Inc.) for the quality
and concentration. The integrity of RNA was assessed using agarose gel (2%) electrophoresis. The
libraries were prepared using the NEB Next Multiplex Small RNA Library Prep Kit (New England BioLabs,
Ipswich, MA). A linker primer was added to both ends of the RNA fragment, and the complementary DNA
(cDNA) constructs was created by PCR. The PCR production was separated by gel electrophoresis, and
the 135-170nt fragments were recycled. The small RNA library was quanti�ed by Qubit 3.0 (Invitrogen),
and the insert fragment size of the library was determined by Agilent 2200 Bioanalyzer (Agilent, Santa
Clara, CA, USA). These libraries were sequenced using Illumina HiSeq 2500 platform (Illumina,San
Diego CA USA).

Bioinformatics Analysis Of TsRNAs-seq Data
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The short reads (< 15nt) and low-quality reads were �ltered out from the raw sequencing data. To identify
tsRNAs, all clean reads were aligned to the miRBase database (http://www.mirbase.org/), piwi interacting
RNA (piRNA) database, NCBI, Genomic tRNA database (http://gtrnadb.ucsc.edu/), tRFdb
(http://genome.bioch.virginia.edu/trfdb/) and MintBase to identify known and novel tsRNAs. The tsRNAs
with fold change ≥ 2 and P ≤ 0.05 were selected as signi�cantly differentially expressed (DE) tsRNAs. For
the target genes predication of DE tsRNAs, the miRanda (http://www.microrna.org/microrna/home.do)
and RNAhybrid (https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid) was used for analysis on line. The
signi�cantly target genes were estimated by cutoff criteria (score ≥ 150 and energy < -20 for MiRanda;
Energy < − 25 for RNAhybrid). These target genes were mapped to Gene Ontology (GO) database and
Kyoto encyclopedia of genes and genomes (KEGG) database to obtain functional annotation. Then, the
candidate tsRNAs interactions network was constructed through cytoscape 2.8.3 for functional analysis.

RNA Isolation From Serum And Tissue For Validation

Total serum RNA was isolated using the miRNeasy Serum/Plasma Kit (Qiagen, catalogue number
217184) per the manufacturer's protocol. Total tissue RNA was extracted using the mirVana™ miRNA
Isolation Kit (Invitrogen, AM1561), according to the kit protocol.

Residual DNA was eliminated by deoxyribonuclease using the DNA-free™ DNA Removal Kit (Invitrogen,
AM1907). RNA quantity was measured using Epoch 2 microplate spectrophotometer (BioTek).

TsRNAs Quanti�cation

In order to measure tsRNAs levels in each sample, tsRNAs were ampli�ed selectively without full-length
tRNA quanti�cation by existing protocol (23, 24). The serum or tissue RNA was poly-A tailed using E. coli
Poly(A) Polymerase (NEB, M0276) for 30 minutes at 37 °C followed by 10 minutes at 65 °C. Upon
annealing a linker-oligo(dT) primer
(ATGCCATAATACGACTCACTATAGGGAGAAGTACTTTTTTTTTTTTTTT), the poly-A tailed RNA population
was subjected to �rst-strand cDNA synthesis using the Superscript III First-Strand Synthesis kit
(Invitrogen, 18080051) in accordance with the manufacturer’s instructions. A linker-speci�c primer
(TAATACGACTCACTATAGGGAGA) and tsRNA speci�c primers (tsRNA-MetCAT-37:
GAAGGGTATAACCAACATTTTCAAAA; tsRNA-ValTAC-41: GTCAAGTTAAGTTGAAATCTCCTAAGTGTAAG;
tsRNA-ThrTGT-23: GAGGCCCCAGCGAGAATTGAA) were then used for quantitative PCR. Quantitative PCR
was done using SYBR GreenRealtime PCR Master Mix (TOYOBO, QPK-201) according to the
manufacturer’s instructions. The expression of tsRNAs was calculated using the formula 2−ΔCq*10000
and RNA-U6B (speci�c primers: RNU6B-F: GCTTCGGCAGCACATATACTAAAAT; RNU6B-R:
CGCTTCACGAATTTGCGTGTCAT) was used as endogenous reference genes.

Statistical Analysis

Unpair-t test was used to compared serum or tissue tsRNAs level in cohort and pair-t test was used in
expression level in paired tissue. ROC analysis was done to determine the diagnostic sensitivity and
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speci�city of tsRNA expression in serum. All statistical tests were performed with IBM SPSS Statistics
(IBM, Armonk, NY, United States), version 22. Graphics were draw by GraphPad Prism 7. P values < 0.05
were considered statistically signi�cant.

Results
Small RNA expression pro�ling of PDAC and healthy controls

To comprehensively pro�le of serum small RNAs, samples from 6 PDAC patients and 6 controls were
collected. Small RNA-seq library was prepared for high-throughput sequencing as well. After validated the
quality of raw sequencing data, the different expression of miRNAs, tsRNAs and piRNAs were analyzed
respectively. (Supplementary Table.2) It showed slightly different trend in length of miRNAs between
PDAC patients and healthy controls. (Supplementary Fig. 2)

In serum of PDAC patients, miRNAs were most abundant (97.59%), tsRNAs were next to miRNAs,
accounting for 2.18% of total small RNAs (Fig. 1A), and tsRNAs signi�cantly increased in PDAC samples
compared to healthy controls (Fig. 1B). There were 6 types of tsRNAs in PDAC and healthy controls,
including 3 -half, 5 ‐half, i-tRF, tRF‐1, tRF‐3 and tRF‐5 (Fig. 1C), i-tRF, tRF-3 and tRF-5 are the three most
abundant tsRNAs in serum. We found 51 differentially expressed tsRNAs among these, 45 tsRNAs were
upregulated and 6 were downregulated in PDAC (de�ned as log2-fold expression difference > 2 and p-
value < 0.05) (Table 2, Supplementary Table 1). The differential tsRNAs expression was shown in a
heatmap. (Fig. 1D).
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Table 2
The differently expressed serum tsRNAs in PDAC, compared with healthy controls

  Testing Set Validation Set1(Serum) Validation
Set2(Tissue)

  PDAC
patients

Healthy
controls

PDAC
patients

Healthy
controls

PDAC patients

  (N = 6) (N = 6) (N = 110) (N = 100) (N = 51)

male 3(50) 5(83) 75(68) 47(47) 33(64.71)

female 3(50) 1(17) 35(32) 53(53) 18(35.29)

  62.3(48–70) 33.4(26–42) 63.3(48–73) 34.19(21–63) 62.88(44–85)

I 0 Not applicable 24 Not applicable 14

II 1 36 16

III 4 18 15

IV 1 22 6

N.A. 0 10 0

 

Differential expression analysis of serum tsRNAs in PDAC patients, compared with healthy controls.

A. The types of small RNAs in serum from PDAC patients.

B. The proportion of tsRNAs in small RNA have statistical signi�cance between PDAC and health
controls.

C. The types of tsRNAs in serum from PDAC patients.

D. Heatmap depicting the expression of the 51 differentially expressed tsRNAs across all 12 samples of
PDAC and healthy controls. C1, C2, C3, C4, C5, C6 refer to samples from healthy normal people (n = 6); E1,
E3, E4, E6, E7, E13 refer to samples from PDAC patients (n = 6).

Relative levels of tsRNAs normalized to RNU6 as reference gene were increased in serum of patients with
PDAC vs healthy controls

The tsRNAs-seq data was studied by analyzing their levels using quantitative PCR in a validation set,
which included 110 PDAC patients and 100 healthy controls. Based on the evaluation by qPCR in PDAC
patients and healthy controls, 3 candidate tRF-3 s, tsRNA-MetCAT-37, tsRNA-ValTAC-41, tsRNA-ThrTGT-23
were identi�ed, 2−ΔCq*10000 value of the tsRNAs after normalizing to RNBU6 was evaluated. The
expression level of tsRNA-MetCAT-37, tsRNA-ValTAC-41 and tsRNA-ThrTGT-23 were signi�cant
upregulated in serum of PDAC patients (P = 0.0004, 0.0019 and 0.0038) (Fig. 2). 
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The structure of tsRNA-MetCAT-37(A), tsRNA-ValTAC-41(B), and tsRNA-ThrTGT-23(C). tRNA covariance
model fold borrowed and modi�ed from F. Jühling, M. Mörl, R. K. Hartmann, M. Sprinzl, P. F. Stadler, and
J. Pütz. tRNAdb 2009: compilation of tRNA sequences and tRNA genes. Nucleic Acids Res., 2009, Vol. 37,
(Database issue): D159-D162.

The relative expression level of tsRNA-MetCAT-37(D), tsRNA-ValTAC-41(E), and tsRNA-ThrTGT-23(F)
between PDAC 110 patients and 100 healthy controls. Unpaired-t test was used to test for statistical
differences. One numeric difference in ΔCt represents a 2-fold difference in the amount of validated
tsRNAs. (P value of student t-test: **p ≤ 0.01, ***p ≤ 0.001)

ROC analyses indicated that tsRNA-MetCAT-37 and tsRNA-ValTAC-41 had diagnostic potential.

110 PDAC patients and 100 healthy controls were then identi�ed for testing the accuracy of diagnosis.
tsRNA-MetCAT-37 and tsRNA-ValTAC-41 showed statistically signi�cant curve and the AUC were 0.687
and 0.793 respectively (Fig. 3).

ROC curve of current diagnostic biomarker CA19-9 was also tested in our patients. As expected, CA19-9
for PDAC diagnosis showed an AUC value of 0.906, with a sensitivity of 85.9% and speci�city of 97.0%. In
order to improve the accuracy of CA19-9 alone, combing of serum tsRNAs with CA19-9 was employed.
tsRNA-MetCAT-37 or tsRNA-ValTAC-41 combined with CA19-9 respectively could increase the AUC of
PDAC prediction, compared with CA19-9 alone, the AUC value increased to 0.949 and 0.947 at the
sensitivity of 87.8% and 90.2%, respectively (Fig. 3). 

A-B. ROC curve analysis of ΔCt summation of serum CA19-9 combined with tsRNA-MetCAT-37 (A) and
tsRNA-ValTAC-41 (B) of 110 PDAC patients and 100 healthy controls.

C. AUC, sensitivity and speci�city of serum CA19-9, tsRNA-MetCAT-37 and tsRNA-ValTAC-41.
TsRNA-valtac-41 Has A Potential Biological Function In Pdac

Objective to investigate the relationship between tsRNAs and severity of PDAC, correlative study of the
expression of serum tsRNAs and AJCC stage was analyzed. It showed that tsRNA-ValTAC-41 in locally
advanced and metastatic PDAC were signi�cantly up-regulated compared to those in early stage (stages
III and IV vs I and II, P = 0.0033). Further analysis showed that tsRNA-ValTAC-41 expressed obviously
higher in patients of M1 stage compared to M0 (P = 0.0189) and especially up-regulated in patients with
liver metastasis (P = 0.0189). (Supplementary Fig. 3)

In order to investigate the speci�c regulatory role of tsRNAs in tumors, another independent cohort of 51
patients were included to validate the expression level of tsRNA-ValTAC-41 in tumor tissue and adjacent
normal tissue. tsRNA-ValTAC-41 showed higher expression in tumor tissue comparing to normal adjacent
pancreas. Consistently, expression level of tsRNA-ValTAC-41 in tissue is also higher in locally advanced
and metastatic PDAC patients (Fig. 4 C, stages III and IV vs I and II, P = 0.0326).
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To further explore the mechanism of tsRNA-ValTAC-41 affecting tumor metastasis, bioinformatics
analysis was performed to predict the target genes as well as their biological functions. GO functional
enrichment analysis of the target genes indicated that tsRNA-ValTAC-41 (Fig. 4 D and Supplementary
Fig. 4) may have the potential role in cell adhesion, regulation of transcription and transcription. 

A, tsRNA-ValTAC-41 expression was identically associated with AJCC grade I/II vs grade III/IV.

B, The expression level of tsRNA-ValTAC-41 in tumor tissues and adjacent normal tissues.

C, tsRNA-ValTAC-41 expression in tissue of PDAC patients was also associated with AJCC grade I/II vs
grade III/IV.

(P value of student t-test: *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001)

D, GO enrichment analyzing in target genes of tsRNA-ValTAC-41.

Discussion
Despite the emergent improvement in diagnosis and therapy area of cancer, PDAC still remains one of the
most deadly cancer with the 5-year survival less than 9% (3). Incidence rates continue to increase in this
disease in recent decades (3). PDAC showed early recurrence and metastasis, as well as resistance to
chemotherapy and radiotherapy. Surgery remains the only option to cure this disease, while only 15% of
patients attend the opportunity of surgery because most patients are diagnosed in advanced stage (25).
Consider the special characteristics of PDAC, the early diagnosis is most urgently needed.

Accumulating evidence shows that small RNAs are cell-speci�c and tumor‐speci�c (26), and may be used
as diagnostic markers. The expression levels of miR-16, miR-21, miR-210, miR-155, miR-20a, miR-25 and
miR-196a in the plasma of patients with PDAC were higher than those of the normal controls (27). Further
study veri�ed the diagnostic sensitivity and accuracy improvement when miR-16, miR-155 and miR-25
were combined with CA19-9, respectively (28, 29).Besides the increased application to body �uids
analyses of RNA-seq in recent decades, most available publications are focused on miRNAs, while the
research of tsRNAs is still novel �eld. tRNAs are subjected to fragmentation as tsRNAs and latter are
further divided into 3’ U tRFs, tRFs and itRHs. Most of tsRNAs are produced as a result of oncogenic
stress such as hypoxia, which coincides with the hypoxic microenvironment of PDAC. Rather than
randomly degraded tRNA fragments, recent studies have veri�ed the biological function of several
tsRNAs in multiple malignant tumors, including lung carcinoma (5), breast cancer (14), colorectal cancer
(13) and chronic lymphocytic leukemia (30). tsRNAs take part in cellular processes including cell
proliferation (12, 31), metastasis (32) and apoptosis (32, 33). Diagnostic potential of tsRNAs was also
reported in prostate cancer (34), liver cancer (8) and clear cell renal cell carcinoma (23). Although the
function of tsRNAs remains largely unknown in cancer process, but they may be suitable as cancer
biomarkers (35).
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We �rstly described the composition and expression pro�le of tsRNAs in serum of PDAC patients by
small RNA sequencing. Most abundant small RNAs in serum were miRNAs, yet tsRNAs ranked second.
The percentage of tsRNAs increased in PDAC patient cohort. 51 differentially expressed tsRNAs among
this pro�le, 45 tsRNAs were upregulated and 6 were downregulated in PDAC. Higher expression of tsRNA-
MetCAT-37, tsRNA-ValTAC-41 and tsRNA-ThrTGT-23 were veri�ed in serum of 110 PDAC patients
compared to 100 controls by qPCR. CA19-9 is routinely detected in the diagnosis of PDAC patients in
clinical process, while the low speci�city in non-malignant still limited the accuracy of diagnosis [4].
Combination of other high speci�city biomarker could improve the diagnostic accuracy of PDAC [34, 35].
Therefore, the diagnostic value of CA19-9 and selected tsRNAs were validated in this study. In the
combined CA19-9 and tsRNA-MetCAT-37 or tsRNA-ValTAC-41 respectively, the AUC was obviously
increased. tsRNA-MetCAT-37 or tsRNA-ValTAC-41 may be potential biomarkers in PDAC, especially with
CA19-9.

Ideal biomarkers can not only be used for screening and diagnosis, but in many cases, they can also be
the starting of understanding cancer biological pathway as well as the regulatory mechanisms. Similar to
miRNAs, tsRNAs also have possible biological roles in PDAC apart from their use as diagnosis
biomarkers. The expression level of tsRNA-ValTAC-41 signi�cantly increased in tumor tissue comparing
to adjacent normal tissue, which indicated its potential functional role in cancer process. Adverse AJCC
stage was associated with tsRNA-ValTAC-41 expression both in serum and tissue, and high expression of
tsRNA-ValTAC-41 in serum was related to distant metastasis, especially liver metastasis. Bioinformatics
analysis showed tsRNA-ValTAC-41 was in the process of adhesion, regulation of transcription and
transcription. It suggested tsRNA-ValTAC-41 may take part in tumor progression and metastasis in PDAC.
Further functional validation is needed in these �eld. This breakthrough study can be achieved by
translating newly acquired tsRNAs knowledge into clinical practice of PDAC.

Interestingly, tsRNA-MetCAT-37, tsRNA-ValTAC-41 and tsRNA-ThrTGT-23 are all 3’-tRF. tRF-3, derived from
the 3′end of mature tRNA, is produced by cleavage of ANG, Dicer, or members of ribonuclease A
superfamily at the T-loop. Therefore, the tRF-3 tail contains a CCA structure speci�c for the 3′end of the
mature tRNA, approximately 18–22 nt in length (36).

The tRF-3 was identi�ed in human mature B cells (31), breast cancer (37), and from expression screening
in HeLa and HCT-16 cells (38). The functional studies showed that to tRF-3 could repress mRNA
transcripts, suppress cell proliferation as well as modulate DNA damage response (39). tRF-3 in breast
cancer cells correlated with cell invasiveness and migration (37).The role of tRF-3 in HeLa and HCT-16
cells in suppressing tumor growth suggested that it could be a potential new target for cancer therapy
(33). What’s the role of tRF-3, especially tsRNA-ValTAC-41 in PDAC, further studies of tsRNA-ValTAC-41 in
PDAC should be the next aim.

Conclusion
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Serum tsRNA-MetCAT-37, tsRNA-ValTAC-41 and tsRNA-ThrTGT-23 were up-regulated in PDAC patients.
tsRNA-ValTAC-41 was positively correlated to AJCC stage in PDAC and expressed highly in tumor tissue.
Moreover, tsRNA-MetCAT-37 and tsRNA-ValTAC-41 could increase the AUC of CA19-9 in PDAC diagnosis.
Thus, tsRNAs may serve as novel PDAC biomarkers as well as functional participant. Further
investigations are warranted to determine the functional implications of altered expression of tsRNAs in
PDAC pathogenesis and progression.
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Figures

Figure 1

Differential expression analysis of serum tsRNAs in PDAC patients, compared with healthy controls. A.
The types of small RNAs in serum from PDAC patients. B. The proportion of tsRNAs in small RNA have
statistical signi�cance between PDAC and health controls. C. The types of tsRNAs in serum from PDAC
patients. D. Heatmap depicting the expression of the 51 differentially expressed tsRNAs across all 12
samples of PDAC and healthy controls. C1, C2, C3, C4, C5, C6 refer to samples from healthy normal
people (n = 6); E1, E3, E4, E6, E7, E13 refer to samples from PDAC patients (n = 6).
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Figure 2

Structure and qPCR data of select tsRNAs in the validation set. The structure of tsRNA-MetCAT-37(A),
tsRNA-ValTAC-41(B), and tsRNA-ThrTGT-23(C). tRNA covariance model fold borrowed and modi�ed from
F. Jühling, M. Mörl, R. K. Hartmann, M. Sprinzl, P. F. Stadler, and J. Pütz. tRNAdb 2009: compilation of
tRNA sequences and tRNA genes. Nucleic Acids Res., 2009, Vol. 37, (Database issue): D159-D162. The
relative expression level of tsRNA-MetCAT-37(D), tsRNA-ValTAC-41(E), and tsRNA-ThrTGT-23(F) between
PDAC 110 patients and 100 healthy controls. Unpaired-t test was used to test for statistical differences.
One numeric difference in ΔCt represents a 2-fold difference in the amount of validated tsRNAs. (P value
of student t-test: **p ≤ 0.01, ***p ≤ 0.001)
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Figure 3

ROC analyses of PDAC prediction based on serum tsRNAs and CA19-9 A-B. ROC curve analysis of ΔCt
summation of serum CA19-9 combined with tsRNA-MetCAT-37 (A) and tsRNA-ValTAC-41 (B) of 110 PDAC
patients and 100 healthy controls. C. AUC, sensitivity and speci�city of serum CA19-9, tsRNA-MetCAT-37
and tsRNA-ValTAC-41.
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Figure 4

Expression and bioinformatic analyze of tsRNA-ValTAC-41 in serum and tissue of PDAC patients A,
tsRNA-ValTAC-41 expression was identically associated with AJCC grade I/II vs grade III/IV. B, The
expression level of tsRNA-ValTAC-41 in tumor tissues and adjacent normal tissues. C, tsRNA-ValTAC-41
expression in tissue of PDAC patients was also associated with AJCC grade I/II vs grade III/IV. (P value of
student t-test: *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) D, GO enrichment analyzing in target genes of tsRNA-
ValTAC-41.
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