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Abstract

The pancreatic stellate cells (PSCs) play an important role in the development of
pancreatic cancer (PC) through mechanisms that remain unclear. Exosomes secreted
from PSCs act as mediators for communication in PC. This study aimed to explore
the role of PSC-derived exosomal small RNAs derived from tRNAs (tDRs) in PC cells.
Exosomes from PSCs were extracted and used to detect their effects on PC cell pro-
liferation, migration and invasion. Exosomal tDRs profiling was performed to identify
PSC-derived exosomal tDRs. ISH and gRT-PCR were used to examine the tRF-19-
PNR8YPJZ levels and clinical value in clinical samples. The biological function of exo-
somal tRF-19-PNR8YPJZ was determined using the CCK-8, clone formation, wound
healing and transwell assays, subcutaneous tumour formation and lung metastatic
models. The relationship between the selected exosomal tRF-19-PNR8YPJZ and
AXIN2 was determined by RNA sequencing, luciferase reporter assay. PSC-derived
exosomes promoted the proliferation, migration, and invasion of PC cells. Novel and
abundant tDRs are found to be differentially expressed in PANC-1 cells after treat-
ment with PSC-derived exosomes, such as tRF-19-PNR8YPJZ. PC tissue samples
showed markedly higher levels of tRF-19-PNR8YPJZ than normal controls. Patients
with PC exhibiting high tRF-19-PNR8YPJZ expression had a highly lymph node inva-
sion, metastasis, perineural invasion, advanced clinical stage and poor overall survival.
Exosomal tRF-19-PNR8YPJZ from PSCs targeted AXIN2 in PC cells and decreased its
expression, thus activating the Wnt pathway and promoting proliferation and metas-
tasis. Exosomal tRF-19-PNR8YPJZ from PSCs promoted proliferation and metastasis
in PC cells via AXIN2.
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1 | INTRODUCTION

Pancreatic cancer (PC) is considered the ‘king’ among malignancies
as its 5-year survival rate is less than 5%.12 Additionally, early me-
tastasis and rapid invasion commonly occur in patients with PC.%
Although curative resection is the most common treatment for
PC, only 15%-20% of patients benefit from it in the early stages.*
Furthermore, most patients have PC recurrence within 2years after
resection, so understanding the molecular mechanisms involved in
PC development may aid in diagnosis and treatment.

Stellate cells of the pancreas (PSCs) are stromal cells that contrib-
ute to the cancer microenvironment in PC tissue.> PSCs have been
found to be involved in PC cell invasion and metastasis in several
studies.®” Exosomes, small membranous vesicles, are mediators
secreted by PSCs that affect PC progression. Studies have shown
that PSC-derived exosomes promote PC proliferation, migration,
and drug resistance by delivering proteins, mRNA, and non-coding
RNA, leading to changes in gene profiles and activation of oncogenic
pathways.®8 % It has been reported that small ncRNAs can be de-
rived from the precursors and mature sequences of small RNAs de-
rived from tRNAs (tDRs).}*'2 RNA polymerase lll transcribes tRNAs,
which are typically 76-90 nucleotides long in eukaryotes. It has been
found that pre-tRNAs and mature tRNAs are extensively modified
before and after they are exported to the cytoplasm in order to cre-
ate two different kinds of can generally be divided into tRNA halves
(tiRNAs) and tRNA-derived fragments (tRFs).!®* Exosomal tDRs
have been used as biomarkers in liquid biopsies to differentiate can-
cer patients from healthy controls.t> However, it is still unclear how
tDRs regulate the biological properties of malignant PC.

In the present study, we detected the role of PSC-derived exosomal
tDRs in PC. We demonstrated that PSCs secreted exosomal tRF-19-
PNR8YPJZ and delivered them to PC cells, thereby enhancing prolif-
eration and mobility via regulating AXIN2. Our present study suggests
that exosomal tRF-19-PNR8YPJZ may be a potential biomarker and an
effective target for the diagnosis and clinical therapy of PC.

2 | MATERIALS AND METHODS

2.1 | Clinical specimens and ethical statement

The present study used 80 PC and corresponding adjacent non-tumour
tissues. All samples were collected prior to chemotherapy and radio-
therapy in patients with PC. All samples were stored at -80°C before
performing research. This study was approved by the ethical commit-
tee at Guizhou Medical University, which followed the Declaration of
Helsinki. Informed consent was obtained from all participants.

2.2 | Cell culture and lentivirus infection

PSCs (Cat no. CP-H024), AsPc-1 (Cat no. CL-0027) and PANC-1 (Cat
no. CL-0184) cells were obtained from Procell (https://www.proce
Il.com.cn/; Wuhan, China). PSCs cells were cultured in DMEM/F12

medium (HyClone, USA) containing 10% foetal bovine serum. PC
cells including AsPc-1 and PANC-1 were cultured in high-glucose
DMEM (HyClone, USA) with 10% FBS (Gibco, USA). All cells were
cultured in 5% CO, and 100% humidity at 37°C. tRF-19-PNR8YPJZ-
overexpression and tRF-19-PNR8YPJZ-knockdown
were obtained from Dongxuan Biotech (Jiangsu, China). Subcloning
the PCR-amplified human AXIN2 and tRF-19-PNR8YPJZ cDNA into

the pMSCYV retrovirus plasmid led to the construction of an overex-

lentiviruses

pression lentivirus. Small interfering RNAs (siRNAs) against AXIN2
were obtained from Shanghai Shenggong Co., Ltd. As instructed
by the manufacturer, transient transfections were performed using
Lipo2000 (Invitrogen). After lentivirus infection 72 h with polybrene
(Thermo Fisher Scientific, USA), stable PC cells were selected for

2 weeks with 0.5g/mL puromycin (Biomedicine Biotech).

2.3 | CCK-8assay

A density of 4x10° AsPc-1 and PANC-1 cells per well, with eight
parallel wells per group, was applied in 96-well plates. For exo-
some treatment group, exosome with concentration as 1pug/mL
was added. Various times (6, 24, 48, 72 and 96h) of culture in the
incubator followed by a 1-h incubation in fresh medium containing
10% CCK-8 solution (Dojindo, Japan) was conducted. An automatic
multifunctional enzyme labeller (Varioskan LUX, Thermo Fisher

Scientific, USA) was used to measure absorption at 450 nm.

2.4 | Colony formation assay

Three parallel wells were plated with PANC-1 and AsPC-1 cells (400
cells/well). For exosome treatment group, exosome with concentra-
tion as 1 pg/mL was added. Cells were incubated at 37°C for 14 days,
followed by 10 min of methanol fixation and 30 min of crystal violet
staining (Solarbio, China). Finally, a camera was used to record the
condition of cell colonies in per plate.

2.5 | Wound healing assay

Cells were grown in three parallel wells of a 6-well plate. After the
cells reached 80%-90% confluency, sterile micropipettes were
used to scrape off the cells to create a wound. Fresh medium was
added after washing the cells with PBS to remove cell debris. For
exosome treatment group, exosome with concentration as 1 pug/mL
was added. Three fields of view were selected for each group and
photographed to calculate the wound edge distance at O and 24h
after scraping.

2.6 | Transwell assay

Total 300pL cell suspension with the density of 1x 10° cells/mL was
transferred to the upper chamber (Costar, USA) which pre-coated
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with 8% matrigel (Thermo Fisher Scientific, USA). Total 700uL
DMEM containing 10% FBS was set in the lower chambers. For exo-
some treatment group, exosome with concentration as 1 pg/mL was
added in lower chambers. After 48h, upper chambers were taken
out and incubated with 4% paraformaldehyde for 15min. Then, cot-
ton swabs were used to remove the non-invasive cells, and then
crystal violet was used to stain cells. Under a microscope (magnifica-
tion times, 100x), three randomly selected views of transwell were

recorded and invasive cells were counted.

2.7 | Isolation of exosomes

The Invitrogen Total Exosome lsolation Kit (ThermoFisher, USA)
was used to isolate exosomes from PSCs culture medium. PSCs
derived exosomes was isolated by mixing 200 pL culture medium
with the precipitation reagent as per manufacturer's instruc-
tions. Exosomal RNA was isolated using an exoRNeasy Maxi kit
(YEASEN, China).

2.8 | Transmission electron microscope (TEM)
Exosomes isolated from culture medium were examined using TEM.
Copper electron microscopy grids (Servicebio, China) coated with
Formvar carbon were dipped into 1% glutaraldehyde once exosomes
had been fixed in 1% glutaraldehyde. To stain the exosomes, 2% ura-
nyl oxalate and PBS were added in sequence, followed by air-drying
overnight. Finally, the images of exosomes were photographed using
a TEM (Electronics Co. LTD, Japan).

2.9 | Small RNA-seq analysis

The manufacturer's instructions were followed for preparing a se-
quencing library to study tDRs expression, with NEXTflex Small RNA-
seq Kit v3. Raw sequencing data were cleaned by removing 5 and 3’
adapters, filtering low-quality reads, merging identical reads and count-
ing the unique reads. Only reads with 16-40nt insertion were retained
for further analysis. To identify tDRs, reads were first aligned to mature
tRNAs and downstream sequences using BLAST. Only the reads per-
fectly matched to the genome were counted and classified into 5-, 3-,
I'- and 3’-U of tRNA according to the positions from which tDRs were
generated. To allow quantitative comparisons, the expression level of
specific tDR was normalized to the total tDRs. Differentially expressed
tDRs were identified using the R package Deseq2. Statistical signifi-
cance was determined by log-fold change 21 and p <0.05. The differen-
tially expressed tDRs were presented using a heatmap.

2.10 | Dual-luciferase reporter gene assay

Wild-type and site-mutation AXIN2 luciferase reporter plasmids
were constructed by GeneChem (Shanghai, China). Then, these

plasmids were transfected into NC and tRF-19-PNR8YPJZ over-
expression cells. Dual-Luciferase Reporter Gene Assay Kit from
Promega (Madison, WI, USA) was used to measure luciferase activ-

ity based on the manufacturer's instructions.

2.11 | Quantitative real-time PCR

The total RNA was extracted with TRIzol (Invitrogen, Carlsbad, CA,
USA). The cDNA was synthesized using the RiboSCRIPTTM Reverse
Transcription Kit (Ruibo, China). Guangzhou Ruibo Biotechnology Co.,
Ltd. provided the primers used in current study. For gqRT-PCR, SYBR
green reagent (Ruibo, China) in combination with a microplate reader
(BioTek, Epoch, USA) were used based on the manufacturer's instruc-
tions. 2724 method was used to calculate the relative gene expres-

sion. Table S1 includes the primer sequences used for qRT-PCR.

2.12 | Western blotting

Bicinchoninic acid method was used to measure the protein con-
centration of each sample. An amount of protein lysate (20 ug) was
separated on 10% SDS-PAGE gels and transferred to PVDF mem-
branes (Merck, USA). The membranes were then incubated with
skimmed milk at 25°C for 1h and then incubated with CD9 (20597-
1-AP; Proteintech, China), TSG101(28283-1-AP; Proteintech, China),
ALIX (12422-1-AP; Proteintech, China), p-catenin (51067-2-AP;
Proteintech, China), AXIN2 (20540-1-AP; Proteintech, China), TCF4
(22337-1-AP; Proteintech, China), LEF1 (14972-1-AP; Proteintech,
China) and B-actin (20536-1-AP; Proteintech, China) overnight at
4°C. The membranes were washed by TBST and incubated with
secondary antibodies at 25°C for 2h. An enhanced chemilumines-
cence reagent (Boster, Wuhan, China) was used to detect the protein
bands. Relative expression of proteins in cells were calculated using
the internal control as B-actin. The experiments were performed at
least in triplicate and repeated at least three times, and the data are

representative of replicate experiments.

2.13 | Animal experiments

A subcutaneous tumorigenesis model and lung metastasis model
were used to study the proliferation and metastasis ability of PC cell
in vivo. Before performing injection of PANC-1 cells into mice, NC and
PANC-1 cells with tRF-19-PNR8YPJZ knockdown were pre-treated
with 1pg/mL PSCs-derived exosome for 7days. For the subcutane-
ous tumorigenesis model, the right flank of the mice was subcutane-
ously injected with 1x 10° cells. The health conditions of mice were
monitored daily. Their tumour sizes were monitored weekly. Mice
were sacrificed on Day 28. Tumour tissues were extracted, weighed
and subjected to immunohistochemical staining. Injection of PANC-1
cells into the caudal vein of mice was used to create the lung metas-
tasis model. The health conditions of mice were monitored daily. Mice
were sacrificed when they developed dyspnoea. The lung tissues
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of mice were extracted and used to calculate metastatic foci. The
Guizhou Medical University Animal Ethics Committee approved the

experiments with animals (approval number: 2200187).

2.14 | Statistical analysis

An analysis of all results was performed using GraphPad Prism 9
(GraphPad Software, USA). To identify significant differences be-
tween two groups and multigroups, unpaired t-test and one-way
analysis of variance were conducted. Results were presented as
mean +standard error of mean (SEM). The difference was consid-
ered significant if p<0.05.

3 | RESULTS

3.1 | PSC-derived exosomes promote cells
proliferation and mobility

As the result of TEM detection, PSC-derived exosomes exhibited
the vesicle-like structure of the bilayer (Figure 1A). The size of
PSC-derived exosomes was most in 50-90nm (Figure 1B). Actually,
PSC-derived exosomes demonstrated high CD9, ALIX and HSP70
expression (Figure 1C,D). Using PSC-derived exosomes to treat
PC cells, a significant increase in colony formation was observed
with PSC-derived exosomes (Figure 1E) compared with that in the
negative control in AsPC-1 and PANC-1 cells. The proliferation of
AsPC-1 and PANC-1 cells was tested using the CCK-8 assay, AsPC-1
and PANC-1 cells treatment with PSC-derived exosomes exhibited
higher proliferation rate (Figure 1F). In addition, both wound-healing
and transwell assays demonstrated that PSC-derived exosomes sig-

nificantly enhanced migration and invasion of PC cells (Figure 1G,H).

3.2 | Identification of prominent exosomal tsRNAs
secreted from PSCs

To identification of the tDRs from PSC-derived exosomes involved in
the progression of PC cells, small RNA-seq analysis was performed
in PANC-1 cells with/without PSC-derived exosome treatment.
RNA sequencing study revealed that 80 exosomal small RNAs de-
rived from tRNAs (tDRs) were differentially expressed were found
(Figure 2A,B). The top 10 significantly changed exosomal tDRs in
PANC-1 were further validated by gRT-PCR. The results showed
that 5-tRF-19-PNR8YPJZ was upregulated the most in PANC-1
cells treatment with PSC-derived exosomes (Figure 2C). OncotRF
Database showed tRF-19-Q1Q89PJZ has originated from the 5'-
end of mature tRNA-Gly-CCC-2-2 carrying the anticodon CCC
(Figure 2D). MINTbase placed tRF-19-PNR8YPJZ in the 19nt small
RNA class with a sequence of 5- GCATTGGTGGTTCAGTGGT-3’
(Figure S1). Furthermore, nuclear/cytoplasmic RNA quantification
exhibited that tRF-19-PNR8YPJZ transcription was prominent to the
cytoplasm (Figure 2E).

3.3 | The tRF-19-PNR8YPJZ is upregulated in PC
Based on ISH and RT-gPCR analysis in 80 human PC tissues and ad-
jacent non-cancerous tissues, the expression of tRF-19-PNR8YPJZ
in tumour tissues was higher than in normal tissues (Figure 3A,B).
In 58 (72.5%) of the paired clinical samples, tRF-19-PNR8YPJZ was
more abundant in tumour tissues than in non-cancerous tissues
(Figure 3C). tRF-19-PNR8YPJZ expression in PC patients was corre-
lated with clinicopathological parameters through correlation analy-
sis. Results showed that tRF-19-PNR8YPJZ expression was higher in
PC tissues with regional lymph node invasion (Figure 3D), metastasis
(Figure 3E), perineural invasion (Figure 3F) and an advanced clinical
stage (Figure 3G). Age, gender and tumour size did not show any
significant differences (Table 1). Additionally, we used the median
values of expression levels of tRF-19-PNR8YPJZ as cut-off values
for classifying PC tissues with high or low expression levels. tRF-
19-PNR8YPJZ expression was associated with poor outcome for PC
patients in Kaplan-Meier survival analysis (Figure 3H). According
to receiver operating curve analysis, the area under the curve was
0.8388, which indicates that tRF-19-PNR8YPJZ may be able to diag-
nose PC (Figure 3l).

3.4 | PSC-derived exosomal tRF-19-PNR8YPJZ
exhibits stimulative effects on proliferation,
migration and invasion of PC cells

Next, we determined whether PSC-derived exosomal tRF-19-
PNR8YPJZ promoted proliferation and mobility of PC cells. Before
treating PC cells with PSC-derived exosomes, we transfected them
with tRF-19-PNR8YPJZ knockdown lentiviral. We investigated the
role of tRF-19-PNR8YPJZ in cell lines as it is overexpressed and
knocked down in PC tissues and cell lines. Stable tRF-19-PNR8YPJZ
knockdown (anti-tRF-19-PNR8YPJZ) and overexpression (tRF-19-
PNR8YPJZ) AsPC-1 and PANC-1 stable cell lines were constructed
by lentiviral transfection (Figure S2). CCK-8 and colony formation
experiments revealed that tRF-19-PNR8YPJZ-inhibition reduced the
effects of PSC-derived PC exosomes on PC proliferation and colony
formation (Figure 4A,B). Furthermore, in wound healing and tran-
swell assays, tRF-19-PNR8YPJZ knockdown inhibits migration and
invasion of PC cells. A similar effect was achieved when PC cells
were inhibited tRF-19-PNR8YPJZ to reverse the PSC-derived exo-

some enhancement of migration and invasion (Figure 4C,D).

3.5 | PSC-derived exosomal tRF-19-PNR8YPJZ
exhibits stimulative effect on PC proliferation and
metastasis in vivo

To demonstrate the effect of exosomal tRF-19-PNR8YPJZ on
PC phenotypes in vivo, we pre-treated tRF-19-PNR8YPJZ-
knockdown and control cells with or without PSC-derived ex-
osomes, and injected them into mice. Subcutaneous xenograft
models and lung metastasis models were constructed. Results
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FIGURE 1 PSC-derived exosomes promoted the proliferation and mobility of PC cells. (A, B) Electron microscopic characteristics of
PSC-derived exosomes. (C, D) Expression of CD9, ALIX, HSP70 and GAPDH in PSCs and PSC-derived exosomes. PANC-1 and AsPC-1 were
treated with PSC-derived exosomes, while treatment with equivalent medium was set as control. (E) Colony formation assays were used

to detect the cell colony growth of PANC-1 and AsPC-1 cells. (F) CCK8 assays were used to detect the proliferation of PANC-1 and AsPC-1
cells. (G) Wound healing assays were used to detect the migration of PANC-1 and AsPC-1 cells. (H) Transwell assays were used to detect the
invasion of PANC-1 and AsPC-1 cells. *p<0.05; **p<0.01.
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demonstrated that tumour tissues originating from PANC-1 cells
treated with exosomes grew quickly and were heavier, tRF-19-
PNR8YPJZ-knockdown decreased the proliferation of tumour
tissues originating from PANC-1 cells and their weight (Figure 5A-
C). Furthermore, tumour tissues originating from PANC-1 cells
treated with exosomes had higher KI67 and PCNA expression than
those originating from control cells, whereas KI67 and PCNA ex-
pression was reduced in tumour tissues derived from PANC-1 cells
with tRF-19-PNR8YPJZ-knockdown (Figure 5D). The results of the
pulmonary metastatic model indicated that PANC-1 cells treated
with exosomes exhibited higher metastatic ability compared with
that of control cells in vivo, and lower metastatic foci were ob-
served in the lung tissues of mice injected with tRF-19-PNR8YPJZ-
knockdown PANC-1 cells (Figure 5E,F).

3.6 | PSC-derived exosomal tRF-19-PNR8YPJZ
targets AXIN2

The RNA of PC cells was sequenced to assess the molecular mecha-
nisms involved in tRF-19-PNR8YPJZ. PANC-1 cells knockdown tRF-
19-PNR8YPJZ had 225 upregulated genes and 683 downregulated
genes compared to those in control group (Figure 6A). According to
KEGG analysis, these 912 differentially expressed genes (DEGs) were

significantly enriched for metabolic pathways, cancer pathways,
MAPK signalling pathways, Wnt signalling pathway and cytokine-
cytokine receptor interaction (Figure 6B, Table S2). Bioinformatic al-
gorithms revealed eight potential target genes of tRF-19-PNR8YPJZ.
Second, after overlapping the mRNA-seqg-identified DEGs (n=912)
and the potential target genes of tRF-19-PNR8YPJZ predicted
by bioinformatics databases (n=289), nine intersection genes
were identified, namely LIPH, SEMA3D, HCFC2, AXIN2, SH3TC2,
ZNF618, PNPLA8, CCDC40 and PRKAR1A (Figure 6C). PC cells with
tRF-19-PNR8YPJZ-overexpression or inhibition showed the most
significant reduction or increase in AXIN2 mRNA and protein levels
(Figure 6D-F).

Next, we transfected PC cells with wild-type and mutant AXIN2
fluorescent reporter plasmids based on their binding site genotypes
(Figure 6G). We found that tRF-19-PNR8YPJZ reduced the fluores-
cence intensity in PC cells transfected with AXIN2 dual-fluorescent
reporter plasmids containing wild-type binding sites, but not in those
containing mutant binding sites (Figure 6H). In addition, the expres-
sion levels of AXIN2 in 80 paired PC tissues and adjacent tissues
were determined using gRT-PCR, and the mRNA levels of ANXIN2
were found to be elevated in PC tissues (Figure 6l). Furthermore,
we found that low AXIN2 expression positively correlated with poor
prognosis (Figure 6J). Moreover, we found that tRF-19-PNR8YPJZ
expression was negatively associated with AXIN2 expression
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tRF-19-PNR8YPJZ expression

TABLE 1 Correlation between
pancreatic cancer characteristics and tRF-

Features n Low High
All cases 80 40 40
Age

<60 32 17 15

260 48 23 25
Gender

Man 47 21 26

Female 33 19 14
Tumour size (cm)

<2 34 15 19

22 46 25 21
Lymph node metastasis

Negative 41 29 12

Positive 39 11 28
TNM stage

land Il 67 38 29

Illand IV 13 2 11
Distant metastasis

Negative 72 39 33

Positive 8 1 7
Perineural invasion

Negative 49 37 12

Positive 31 3 28

(Figure 6K). These results indicated that AXIN2 may be a target gene
of tRF-19-PNR8YPJZ.

3.7 | PSC-derived exosomal tRF-19-
PNR8YPJZ/AXIN2 axis promotes tumour progression

Then, we investigated whether AXIN2 played a role in the biological
functions of tRF-19-PNR8YPJZ in PC cells. According to CCK-8 and
colony formation assays, AXIN2 knockdown reversed the suppres-
sive effects of anti-tRF-19-PNR8YPJZ on cell viability and colony for-
mation (Figure 7A,B). Additionally, anti-tRF-19-PNR8YPJZ inhibited
migration and invasion of PC cells in wound healing and transwell
assays, but AXIN2 knockdown reversed this inhibition (Figure 7C,D).

4 | DISCUSSION
Despite significant advancements in PC therapy, the prognosis of
patients with PC remains poor.'®'” Furthermore, most patients lost
the optimal opportunity for therapy because of early metastasis.'®
Therefore, identification of novel biomarkers may help the therapy
of PC.

Evidence showed that PSC can secrete exosomes to promote the
progression of PC cells. Herein, consistent with previous studies, we

P p value 19-PNR8YPJZ expression levels.
1.289 0.256

1.289 0.256

0.818 0.366

14.459 <0.001

7.44 0.006

5 0.025

32.916 <0.001

verified that the accelerative effects of PSC-derived exosomes on PC
cells proliferation, migration and invasion. Non-coding RNAs were
key parts of content in PSC-derived exosomes. Previous studies in-
dicated that non-coding RNA¢ in PSC-derived exosomes is a key
mediator to promote the progression of PC. For example, Chi et al.
exhibited that exosomal IncRNA UCA1 derived from PSCs increased
the resistance of gemcitabine of PC.Y PSC-derived exosomes Li
et al. suggested that PSC-derived exosomes can submit miR-5703 to
PC cells and increased PC cell proliferation and metastasis.'® Unlike
previous studies concentration on LncRNAs and miRNAs, we fo-
cused on a novel class of non-coding RNAs, named tRNA-derived
small RNAs. Through sequencing, tRF-19-PNR8YPJZ had aroused
our great concern, while its expression was significantly increased in
the PC cells after treatment with PSC-derived exosomes.
tRNA-derived small RNAs (tDRs) are fragments of precur-
sor or mature tRNAs that are usually 14-50 nucleotides (nt) in
length. Previous studies indicated that tDRs can serve as diag-
nostic and prognostic biomarkers for cancers. For example, while
5-tRF-GlyGCC expression was elevated in colon cancer tissues and
blood samples, it can serve as prognostic biomarker.2° Similarly,
tDR-0009 and tDR-7336 was increased in cells under hypoxia, and
predicted doxorubicin resistance in triple-negative breast cancer.?!
However, key tDRs for PC were still unknown. After reviewing of
clinical characteristics, we found that the expression of exosomal
tRF-19-PNR8YPJZ was also increased in patients with PC compared
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FIGURE 4 PSC-derived exosomal tRF-19-PNR8YPJZ promoted of PC cells proliferation and mobility. Pancreatic cancer cell PANC-1 and
AsPC-1 were transfected with tRF-19-PNR8YPJZ knockdown lentiviruses (anti-tRF-19-PNR8YPJZ) and negative control (anti-NC) prior to
treatment with PSC-derived exosomes. (A) Colony formation assays were used to detect the cell colony growth. (B) CCK-8 was used to
detect cell proliferation. (C) Wound healing assay was performed to detect the cell migration. (D) Transwell assays were used to detect the

cell invasion. *p<0.05; **p<0.01.

to that in matched non-cancerous tissues. High expression of tRF-
19-PNR8YPJZ was also associated with advanced clinical stage, peri-
neural invasion, lymph node invasion and poor prognosis. Therefore,
we considered that the tRF-19-PNR8YPJZ is a distinguish biomarker
for PC diagnosis and prognosis.

tDRs have been identified as vital regulators of biological func-
tion and have been shown to play oncogenic or suppressor roles in
different tumours by decreasing the expression of target genes.??
Through their interaction with proteins or mRNA, inhibition of
translation and regulation of gene expression, tRFs play biological
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67 and PCNA expression in transplanted tumours under different experimental conditions. (E, F) Representative IHC staining of HE images
showing metastatic loci in lung. **p<0.01.

FIGURE 6 AXIN2 is a target of tRF-19-PNR8YPJZ in PC. (A) Pancreatic cancer cells (PANC-1) were transfected with negative control
(anti-NC) and inhibitors of tRF-19-PNR8YPJZ (anti-tRF-19-PNR8YPJZ) prior to the treatment with PSC-derived exosomes. RNA sequencing
was used to analyse the differently expressed proteins using a cut-off as Log fold change >1.5 and p <0.05. (B) KEGG analysis showed the
top five enriched terms of differently expression proteins. (C) Venn diagram showing overlapping of the target mRNAs of tRF-19-PNR8YPJZ
target prediction. (D) gRT-PCR showed the mRNA levels of LIPH, SEMA3D, HCFC2, AXIN2, SH3TC2, ZNF618, PNPLA8, CCDC40, and
PRKAR1A in PC cells transfected with anti-tRF-19-PNR8YPJZ, tRF-19-PNR8YPJZ, or their negative controls. (E, F) Western blotting showed
the protein levels of p-catenin, AXIN2, TCF4, and LEF1 in PC cells transfected with anti- tRF-19-PNR8YPJZ, tRF-19-PNR8YPJZ, or their
negative controls. (G) Schematic diagram of the predicted interaction position between tRF-19-PNR8YPJZ and the seed regions within

the 3'UTR region and mutation region of AXIN2. (H) The luciferase activity of pmirGLO-AXIN2 was significantly decreased by the tRF-
19-PNR8YPJZ mimic in PC cells. (I) The expression level of AXIN2 was detected by qRT-PCR in 80 paired PC and adjacent non-cancerous
tissues. (J) KM plot showed the overall survival in patients with low and high AXIN2 expression. (K) The Spearman rank correlation showed
that negatively correlation with tRF-19-PNR8YPJZ and AXIN2. *p <0.05; **p <0.01.
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roles.?® It has also been observed that dysregulation of tDRs is
associated with several cancers, including PC.%25{RFs are part of
tDRs and formed by the processing of tRNA by nucleases such as

Survival months

DICER and angiopoietin under certain conditions.?”?8 In addition
to the simple transport function, tRFs can regulate gene expres-
sion through transcriptional, post-transcriptional and epigenetic
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FIGURE 7 Restoration of AXIN2 reversed the inhibitory effects of tRF-19-PNR8YPJZ. Cells were divided into four groups and

subjected to different treatments: negative control lentiviruses (NC); transfection of tRF-19-PNR8YPJZ knockdown lentiviruses (anti-tRF-
19-PNR8YPJZ) alone; treatment with AXIN2 small interfering RNA (si-AXIN2) alone; transfection of anti-tRF-19-PNR8YPJZ knockdown
lentiviruses and treatment with AXIN2 small interfering RNA (si-AXIN2+anti-tRF-19-PNR8YPJZ) prior to treatment with PSC-derived
exosomes. (A) Colony formation assays were used to detect the cell proliferation. (B) CCK-8 assays were used to detect the cell proliferation.
(C) Wound healing assays were used to measure the migration of cells. (D) Transwell assays were used to measure the cell invasion. *p <0.05.

approach.??%0 It has been found that the 5’ tiRNA-His-GTG levels
are elevated in colorectal cancer, whereas the levels of 5’ tiRNA-
His-GTG are correlated with the size of the tumour.3! In addition,
tsRNA-MetCAT-37 and tsRNA-ValTAC-41 levels were elevated in
PC tissues, which were used to distinguish PC tissues from ad-
jacent non-tumour tissues.®? In the current study, we found that

PSC-derived exosomes increased the proliferation and metas-
tasis of PC cells, while knockdown of tRF-19-PNR8YPJZ in PC
cells relieved the stimulative effects of PSC-derived exosomes.
Therefore, our study identified that exosomal tRF-19-PNR8YPJZ
was an oncogenic mediator in PSC-derived exosomes to promote
PC cell proliferation and metastasis.
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AXIN2 is a homologous protein of the Axin family and has a
high degree of structural and functional similarity with AXIN.3®
AXIN2, a negative inhibitor of the Wnt signalling pathway, regulates
the phosphorylation and degradation of $-catenin, thus promoting
the overexpression of target genes, affecting cell proliferation and
differentiation, and promoting the occurrence of tumours.>*3¢ In
this study, we showed that tRF-19-PNR8YPJZ bound to AXIN2 and
that overexpression of this receptor activated the Wnt/B-catenin
pathway by decreasing AXIN2 expression. Knockdown of tRF-19-
PNR8YPJZ prior to PSC-derived exosome treatment reversed its ef-
fects on Wnt/p-catenin pathway activation.

Taken together, the present study demonstrated that PSC-
derived exosomal tRF-19-PNR8YPJZ was delivered to PC cells and
promoted proliferation and mobility via AXIN2. Exosomal tRF-19-
PNR8YPJZ may be a potential biomarker for the diagnosis of PC and
an effective target for clinical therapy. Therefore, it is expected to
develop nucleic acid drugs targeting tRF-19-PNR8YPJZ in the future
to treat PC. However, the stability of nucleic acid drugs is generally
poor, and the development of related targeted delivery systems is
not perfect. There is still a long way to go for tRF-19-PNR8YPJZ to
be used in clinical treatment.

5 | CONCLUSION

PSCs-derived exosomal tRF-19-PNR8YPJZ promotes the malignant
activity of PC by regulating AXIN2.

AUTHOR CONTRIBUTIONS

Wenpeng Cao: Data curation (equal); funding acquisition (equal).
Shisi Dai: Data curation (equal); resources (equal). Wanyuan Ruan:
Data curation (equal). Tingting Long: Formal analysis (supporting).
Zhirui Zeng: Methodology (equal). Shan Lei: Conceptualization
(equal); writing - original draft (equal).

FUNDING INFORMATION

This study was supported by the National Natural Science
Foundation of China (82160567), Education Department of Guizhou
Province Project [No. YJSCKYJJJH (2021) 143].

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT
The datasets used and/or analysed during the current study are

available from the corresponding author on reasonable request.

CONSENT FOR PUBLICATION

All authors have agreed to publish this manuscript.

ORCID
Zhirui Zeng "= https://orcid.org/0000-0001-9547-9074
Shan Lei "= https://orcid.org/0000-0003-3789-4186

REFERENCES

1. Okita VY, Sobue T, Zha L, et al. Association between alcohol con-
sumption and risk of pancreatic cancer: the Japan public health
center-based prospective study. Cancer Epidemiol Biomarkers Prev.
2022;31:2011-2019. doi:10.1158/1055-9965.EPI-22-0216

2. Cao W, Zeng Z, Pan R, et al. Hypoxia-related gene FUT11 pro-
motes pancreatic cancer progression by maintaining the sta-
bility of PDK1. Front Oncol. 2021;11:675991. doi:10.3389/
fonc.2021.675991

3. Collisson EA, Bailey P, Chang DK, Biankin AV. Molecular subtypes
of pancreatic cancer. Nat Rev Gastroenterol Hepatol. 2019;16(4):207-
220. doi:10.1038/s41575-019-0109-y

4. Bednar F, Pasca di Magliano M. Chemotherapy and tumor evolution
shape pancreatic cancer recurrence after resection. Cancer Discov.
2020;10(6):762-764. d0i:10.1158/2159-8290.CD-20-0359

5. Wang K, He H. Pancreatic tumor microenvironment. Adv Exp Med
Biol. 2020;1296:243-257. doi:10.1007/978-3-030-59038-3_15

6. Jiang J, Bai J, Qin T, Wang Z, Han L. NGF from pancreatic stellate
cells induces pancreatic cancer proliferation and invasion by PI3K/
AKT/GSK signal pathway. J Cell Mol Med. 2020;24(10):5901-5910.
doi:10.1111/jcmm.15265

7. Tang D, Wu Q, Zhang J, et al. Galectin-1 expression in activated
pancreatic satellite cells promotes fibrosis in chronic pancreatitis/
pancreatic cancer via the TGF-betal/Smad pathway. Oncol Rep.
2018;39(3):1347-1355. doi:10.3892/0r.2018.6202

8. Ali S, Suresh R, Banerjee S, et al. Contribution of microRNAs in
understanding the pancreatic tumor microenvironment involving
cancer associated stellate and fibroblast cells. Am J Cancer Res.
2015;5(3):1251-1264.

9. Cao W, ZengZ,He Z, Lei S. Hypoxic pancreatic stellate cell-derived
exosomal mirnas promote proliferation and invasion of pancre-
atic cancer through the PTEN/AKT pathway. Aging (Albany NY).
2021;13(5):7120-7132. doi:10.18632/aging.202569

10. Li M, Guo H, Wang Q, et al. Pancreatic stellate cells derived
exosomal miR-5703 promotes pancreatic cancer by downreg-
ulating CMTM4 and activating PI3K/Akt pathway. Cancer Lett.
2020;490:20-30. doi:10.1016/j.canlet.2020.06.009

11. Fan H, Liu H, Lv Y, Song Y. AS-tDR-007872: a novel tRNA-
derived small RNA acts an important role in non-small-cell
lung cancer. Comput Math Methods Med. 2022;2022:3475955.
doi:10.1155/2022/3475955

12. Ma J, Gan M, Chen J, et al. Characteristics of tRNA-derived small
RNAs and microRNAs associated with immunocompromise in
an intrauterine growth-restricted pig model. Animals (Basel).
2022;12(16):2021. doi:10.3390/ani12162102

13. Hu F, Niu Y, Mao X, et al. tsRNA-5001a promotes proliferation of
lung adenocarcinoma cells and is associated with postoperative re-
currence in lung adenocarcinoma patients. Transl Lung Cancer Res.
2021;10(10):3957-3972. d0i:10.21037/tlcr-21-829

14. Zhu L, Li J, Gong Y, et al. Exosomal tRNA-derived small RNA
as a promising biomarker for cancer diagnosis. Mol Cancer.
2019;18(1):74. d0i:10.1186/512943-019-1000-8

15. Suresh PS, Thankachan S, Venkatesh T. Landscape of clinically rel-
evant Exosomal tRNA-derived non-coding RNAs. Mol Biotechnol.
2022;65:300-310. doi:10.1007/s12033-022-00546-5

16. WangY, Yang G, You L, et al. Role of the microbiome in occurrence,
development and treatment of pancreatic cancer. Mol Cancer.
2019;18(1):173. d0i:10.1186/512943-019-1103-2

17. He Z, Cai K, Zeng Z, Lei S, Cao W, Li X. Autophagy-associated cir-
cRNA circATG7 facilitates autophagy and promotes pancreatic
cancer progression. Cell Death Dis. 2022;13(3):233. do0i:10.1038/
s41419-022-04677-0

18. Saluja A, Maitra A. Pancreatitis and pancreatic cancer.
Gastroenterology. 2019;156(7):1937-1940. doi:10.1053/j.
gastro.2019.03.050


https://orcid.org/0000-0001-9547-9074
https://orcid.org/0000-0001-9547-9074
https://orcid.org/0000-0003-3789-4186
https://orcid.org/0000-0003-3789-4186
https://doi.org//10.1158/1055-9965.EPI-22-0216
https://doi.org//10.3389/fonc.2021.675991
https://doi.org//10.3389/fonc.2021.675991
https://doi.org//10.1038/s41575-019-0109-y
https://doi.org//10.1158/2159-8290.CD-20-0359
https://doi.org//10.1007/978-3-030-59038-3_15
https://doi.org//10.1111/jcmm.15265
https://doi.org//10.3892/or.2018.6202
https://doi.org//10.18632/aging.202569
https://doi.org//10.1016/j.canlet.2020.06.009
https://doi.org//10.1155/2022/3475955
https://doi.org//10.3390/ani12162102
https://doi.org//10.21037/tlcr-21-829
https://doi.org//10.1186/s12943-019-1000-8
https://doi.org//10.1007/s12033-022-00546-5
https://doi.org//10.1186/s12943-019-1103-2
https://doi.org//10.1038/s41419-022-04677-0
https://doi.org//10.1038/s41419-022-04677-0
https://doi.org//10.1053/j.gastro.2019.03.050
https://doi.org//10.1053/j.gastro.2019.03.050

2546
—I—WI LEY

19.

20.

21.

22.

23.
24.
25.

26.

27.
28.
29.

30.

CAO ET AL.

Chi Y, Xin H, Liu Z. Exosomal IncRNA UCA1 derived from pancre-
atic stellate cells promotes gemcitabine resistance in pancreatic
cancer via the SOCS3/EZH2 Axis. Front Oncol. 2021;11:671082.
doi:10.3389/fonc.2021.671082

Wu Y, Yang X, Jiang G, et al. 5-tRF-GlyGCC: a tRNA-derived small
RNA as a novel biomarker for colorectal cancer diagnosis. Genome
Med. 2021;13(1):20. d0i:10.1186/513073-021-00833-x

Cui Y, Huang Y, Wu X, et al. Hypoxia-induced tRNA-derived frag-
ments, novel regulatory factor for doxorubicin resistance in triple-
negative breast cancer. J Cell Physiol. 2019;234(6):8740-8751.
doi:10.1002/jcp.27533

Pekarsky Y, Balatti V, Croce CM. tRNA-derived fragments (tRFs)
in cancer. J Cell Commun Signal. 2022;17(1):47-54. doi:10.1007/
s12079-022-00690-2

Guzzi N, Muthukumar S, Ciesla M, et al. Pseudouridine-modified
tRNA fragments repress aberrant protein synthesis and predict
leukaemic progression in myelodysplastic syndrome. Nat Cell Biol.
2022;24(3):299-306. d0i:10.1038/s41556-022-00852-9

Deng H, Wang J, Ye D, et al. A 5'-tiRNA fragment that inhibits pro-
liferation and migration of laryngeal squamous cell carcinoma by
targeting PIK3CD. Genomics. 2022;114(4):110392. doi:10.1016/j.
ygeno.2022.110392

Pan L, Huang X, Liu ZX, et al. Inflammatory cytokine-regulated
tRNA-derived fragment tRF-21 suppresses pancreatic ductal ad-
enocarcinoma progression. J Clin Invest. 2021;131(22):e148130.
doi:10.1172/JCI148130

ZhengJ,LiC,ZhuZ, etal. A5-tRNA derived fragment NamedtiRNA-
Val-CAC-001 works as a suppressor in gastric cancer. Cancer Manag
Res. 2022;14:2323-2337. doi:10.2147/CMAR.S5363629

Alves CS, VicentiniR, Duarte GT, Pinoti VF, VincentzM, Nogueira FT.
Genome-wide identification and characterization of tRNA-derived
RNA fragments in land plants. Plant Mol Biol. 2017;93(1-2):35-48.
doi:10.1007/s11103-016-0545-9

Shen Y, Yu X, Zhu L, Li T, Yan Z, Guo J. Transfer RNA-derived
fragments and tRNA halves: biogenesis, biological functions and
their roles in diseases. J Mol Med (Berl). 2018;96(11):1167-1176.
doi:10.1007/s00109-018-1693-y

Kuscu C, Kumar P, Kiran M, Su Z, Malik A, Dutta A. tRNA fragments
(tRFs) guide ago to regulate gene expression post-transcriptionally
in a Dicer-independent manner. RNA. 2018;24(8):1093-1105.
doi:10.1261/rna.066126.118

Martinez G, Choudury SG, Slotkin RK. tRNA-derived small
RNAs target transposable element transcripts. Nucleic Acids Res.
2017;45(9):5142-5152. doi:10.1093/nar/gkx103

31.

32.

33.

34.

35.

36.

Tao EW, Wang HL, Cheng WY, Liu QQ, Chen YX, Gao QY. A spe-
cific tRNA half, 5'tiRNA-his-GTG, responds to hypoxia via the
HIFlalpha/ANG axis and promotes colorectal cancer progres-
sion by regulating LATS2. J Exp Clin Cancer Res. 2021;40(1):67.
doi:10.1186/s13046-021-01836-7

Xue M, Shi M, Xie J, et al. Serum tRNA-derived small RNAs as po-
tential novel diagnostic biomarkers for pancreatic ductal adenocar-
cinoma. Am J Cancer Res. 2021;11(3):837-848.

Rosales-Reynoso MA, Rosas-Enriquez V, Saucedo-Sarinana AM,
et al. Genotypes and haplotypes in the AXIN2 and TCF7L2 genes
are associated with susceptibility and with clinicopathological char-
acteristics in breast cancer patients. BrJ Biomed Sci. 2022;79:10211.
doi:10.3389/bjbs.2021.10211

Walia B, Li TM, Crosio G, Montero AM, Huang AH. Axin2-lineage
cells contribute to neonatal tendon regeneration. Connect Tissue
Res. 2022;63(5):530-543. doi:10.1080/03008207.2022.2036732
Xie X, Xu C, Zhao L, Wu Y, Feng JQ, Wang J. Axin2-expressing
cells in the periodontal ligament are regulated by bone morpho-
genetic protein signalling and play a pivotal role in periodontium
development. J Clin Periodontol. 2022;49(9):945-956. doi:10.1111/
jcpe.13666

Yusuf S, Aretz P, Nickel AC, et al. WNT/beta-catenin-mediated
resistance to glucose deprivation in glioblastoma stem-like cells.
Cancers (Basel). 2022;14(13):3165. doi:10.3390/cancers14133165

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Cao W, Dai S, Ruan W, Long T, Zeng Z,
Lei S. Pancreatic stellate cell-derived exosomal tRF-19-
PNR8YPJZ promotes proliferation and mobility of pancreatic
cancer through AXINZ. J Cell Mol Med. 2023;27:2533-2546.
doi:10.1111/jcmm.17852



https://doi.org//10.3389/fonc.2021.671082
https://doi.org//10.1186/s13073-021-00833-x
https://doi.org//10.1002/jcp.27533
https://doi.org//10.1007/s12079-022-00690-2
https://doi.org//10.1007/s12079-022-00690-2
https://doi.org//10.1038/s41556-022-00852-9
https://doi.org//10.1016/j.ygeno.2022.110392
https://doi.org//10.1016/j.ygeno.2022.110392
https://doi.org//10.1172/JCI148130
https://doi.org//10.2147/CMAR.S363629
https://doi.org//10.1007/s11103-016-0545-9
https://doi.org//10.1007/s00109-018-1693-y
https://doi.org//10.1261/rna.066126.118
https://doi.org//10.1093/nar/gkx103
https://doi.org//10.1186/s13046-021-01836-7
https://doi.org//10.3389/bjbs.2021.10211
https://doi.org//10.1080/03008207.2022.2036732
https://doi.org//10.1111/jcpe.13666
https://doi.org//10.1111/jcpe.13666
https://doi.org//10.3390/cancers14133165
https://doi.org/10.1111/jcmm.17852

	Pancreatic stellate cell-­derived exosomal tRF-­19-­PNR8YPJZ promotes proliferation and mobility of pancreatic cancer through AXIN2
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Clinical specimens and ethical statement
	2.2|Cell culture and lentivirus infection
	2.3|CCK-­8 assay
	2.4|Colony formation assay
	2.5|Wound healing assay
	2.6|Transwell assay
	2.7|Isolation of exosomes
	2.8|Transmission electron microscope (TEM)
	2.9|Small RNA-­seq analysis
	2.10|Dual-­luciferase reporter gene assay
	2.11|Quantitative real-­time PCR
	2.12|Western blotting
	2.13|Animal experiments
	2.14|Statistical analysis

	3|RESULTS
	3.1|PSC-­derived exosomes promote cells proliferation and mobility
	3.2|Identification of prominent exosomal tsRNAs secreted from PSCs
	3.3|The tRF-­19-­PNR8YPJZ is upregulated in PC
	3.4|PSC-­derived exosomal tRF-­19-­PNR8YPJZ exhibits stimulative effects on proliferation, migration and invasion of PC cells
	3.5|PSC-­derived exosomal tRF-­19-­PNR8YPJZ exhibits stimulative effect on PC proliferation and metastasis in vivo
	3.6|PSC-­derived exosomal tRF-­19-­PNR8YPJZ targets AXIN2
	3.7|PSC-­derived exosomal tRF-­19-­PNR8YPJZ/AXIN2 axis promotes tumour progression

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	CONSENT FOR PUBLICATION
	REFERENCES


