OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

Exosomes Derived from Pancreatic Cancer Cells
Induce Osteoclast Differentiation Through the
miR 125a-5p/TNFRSFIB Pathway

Yizhao Zhou®"**
Yi Zhu"?*

Xin Dong'%*
Guodong Cao'"?
Yongzhou Li'?
Yiqun Fan?

Qing Chen'?
Haolei Cai'"?
Yulian Wu'?

'Department of Surgery, The Second
Affiliated Hospital, Zhejiang University
School of Medicine, Hangzhou, People’s
Republic of China; 2Key Laboratory of
Cancer Prevention and Intervention,
China National Ministry of Education,
Cancer Institute, The Second Affiliated
Hospital, Zhejiang University School of
Medicine, Hangzhou, Zhejiang, People’s
Republic of China; *Department of
Surgery, The Fourth Affiliated Hospital,
Zhejiang University School of Medicine,
Yiwu, People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Yulian Wu
Department of Surgery, The Second
Affiliated Hospital, Zhejiang University
School of Medicine, 88 Jiefang Road,
Hangzhou, 310009, People’s Republic of
China

Tel/Fax +86-571-87784604

Email yulianwu@zju.edu.cn

Background: Pancreatic cancer (PC) was regarded as the 4th principal cause of cancer-
related fatalities in the United States and patients usually suffered from severe nutrition
deficiency, muscle wasting, as well as bone loss. In our previous research, we have found that
PC-derived exosomes potentially initiate insulin resistance in skeletal muscle cells. However,
the role of exosomes in the PC-related bone loss remains unknown.

Methods: The effect of PC-derived exosomes on the osteoclast differentiation and femoral
bone structure in the orthotopic xenograft mouse model were investigated. MiRNA expres-
sion profiles were detected and a dual luciferase experiment was conducted to identify the
direct target of miRNA.

Results: Our data showed that PC-derived exosomes significantly induced osteoclast differ-
entiation and increased expression of NFAT2, TRAP, CTSK and MMP-9. The bone volume
fraction and trabecular thickness of femur significantly reduced in osteoporotic model.
Microarray analyses and luciferase reporter assay showed that the process was, at least
partially, mediated by the miR-125a-5p/TNFRSF1B signaling pathways.

Conclusion: According to the results, novel insights have been claimed the effect of
exosomes derived from PC on bone deterioration and explained correlation between PC
and cancer-related bone loss.
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Introduction
Pancreatic cancer (PC) was regarded as the 4th principal cause of cancer-related
fatalities in the United States' and was associated with poor outcomes of PC
patients. In 2020, it was estimated that nearly 47,050 Americans may succumb to
pancreatic cancer. Of concern, surgical resection constituted the only prospective
curative therapy for PC. Nevertheless, due to either local invasion or distal metas-
tasis, less than 20% of individuals diagnosed were identified as the patients who
met the standard of surgery. The 5—year overall survival rate of PC patients was
reported to be merely 9%.% Notably, either chemotherapy or chemoradiation may
be the effective treatments for patients unsuitable for surgery. Moreover, studies had
revealed that over 80% of PC patients suffered from cachexia. The development of
cachexia ultimately could causes decreased tolerance to radiotherapy and che-
motherapy, lead to low overall survival.*

Cancer cachexia was a complex metabolic syndrome in over 80% of patients
with cancer. Upper gastrointestinal tract cancers were characterized by relative
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weight loss (over 5%) or sarcopenia with weight loss (of at
least 2%). For instance, anorexia, anemia, and loss of
adipose and skeletal muscle mass were key clinical fea-
tures of cachexia.’ Preoperative sarcopenia was associated
with poor overall survival in PC patients following sur-
gery, cachexia was suggested that may contribute to
25-30% cancer-related deaths.®®

The underlying pathophysiology of cachexia was
highly complex. There were evidences that the release of
tumor cytokines may interfere with host immunity, induce
paraneoplastic syndromes, leading to anorexia and hyper-
catabolism.*’ Recent studies have shown that neural infil-
tration presented in the muscle microenvironment were
potentially associated with cancer cachexia.'® However,
the intricate mechanism of cachexia was yet to be uncov-
ered. In addition, the current clinical management of PC-
related cachexia was limited and none of the available
therapies can inhibit muscle wasting. An effective treat-
ment for this disease was urgently needed.

Based on the current studies of this field, the influence
of cachexia on muscle loss has been gradually investi-
gated, whereas the bone loss and its associated molecular
mechanism was still unclear. For instance, a study has
revealed that bone mineral could be remarkably reduced
when lung cancer patients occurred 3% weight loss.''
Similar conclusions were documented in animal model of
lung, pancreatic, and colon cancer.'>'* However, the
mechanism that PC affected the bone to induce cachexia
and weight loss remained elusive.

Exosomes (30-150nm) were extracellular vesicles
(EVs) secreted by multiple cells, as well as cancer cells.
The EVs were loaded with various functional biomolecules,
including DNA, mRNA, non-coding RNA (ncRNA), pro-
teins, and bioactive lipids."> These bioactive components
can enter into recipient cells via exosomes and play

communication.'>!®

a crucial role in intercellular
MicroRNAs (miRNAs) were single-strand endogenous non-
coding RNAs (about 22 nucleotides) that target mRNAs
and regulate post-transcriptional gene expression.'” Studies
have shown the potential of miRNAs in regulating protein-
coding genes and biological processes, including cell pro-
liferation, differentiation, as well as apoptosis.'® EVs can
protect miRNAs from being degraded by RNA enzymes
and successfully transport miRNAs to recipient cells. There
were increasing evidences claimed that PC cell-derived
exosomes were crucial in tumor progression, metastasis,
and chemoresistance'® and cause paraneoplastic p-cell dys-

. . .. . . 2021 .
function, lipolysis in adipose tissues.”*' In our previous

study, we found that pancreatic cancer cell-derived exo-
somes potentially initiated insulin resistance in skeletal
muscle cells.”? Therefore, we hypothesized that the PC-
derived exosomes can induce bone loss of cachexia through
miRNA, and can be identified as potential targets for meta-
bolic disorders.

Materials and Methods
Cell Culture

Murine pancreatic cancer cells, which were generated
from the KrasLSL-G12D/+, Pdx1-Cre (KPC), as well
as Trp5S3LSL-R172H/+ mice tumor tissues, with the
potential to spontaneously grow pancreatic ductal adeno-
carcinoma (PDAC), were obtained from the Tingbo
Liang’s Research Group (Zhejiang University, China).
We kept the cell lines in RPMI-1640 growth medium
(Gibco, Shanghai, China) enriched with fetal bovine
serum (FBS) (20%), sodium pyruvate (100x) (1%), as
well as MEM Non-Essential Amino Acids (NEAA 100x)
(1%). In addition, we bought the murine pancreatic duc-
tal epithelial cells (MPDC) from the CELLBIO
(CBR131654, Shanghai, China). The
modified Eagle’s Medium constituting
L-Glutamine, sodium pyruvate (110 mg/L), as well as
4.5 g/L of D-Glucose (DMEM; Gibco, Shanghai, China)
and enriched with 10% FBS was used to culture the
MPDCs. We bought the RAW264.7 murine macrophage
cells and 293T from ATCC, then kept in Dulbecco’s
modified Eagle’s Medium consisting of L-Glutamine,

Company
Dulbecco’s

sodium pyruvate (110 mg/L), as well as 4.5 g/L of
D-Glucose (DMEM; Gibco, China) and
enriched with 10% FBS.

Shanghai,

Isolation and ldentification of Exosome

Isolation of the exosomes from the supernatant of the
murine pancreatic cancer cells (KPC-exosomes), as well
as the murine pancreatic ductal epithelial cells (MPDC—
exosomes) was performed. The cells were left to grow to
a confluence of 70-80%, followed by medium replacement
using a fresh medium with exosome-free FBS (processed
through centrifugation for 16h at 110,000g). Following
48h of incubation, collection of the above-mentioned
supernatants was conducted. After that, isolation of the
exosomes was conducted through differential centrifuga-
tion as described previously.”” The exosome titers were
examined using the BCA protein assay kit (Thermo, USA)
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after resuspension in 100ul 1x PBS. Finally, the exosomes
were used for further experiments or stored at —80°C.

Zetasizer Nano Analysis

The exosome size distributions was determined through
the dynamic light scattering (DLS) evaluation on a Nano
Zetasizer (Malvern, UK) as per protocol provided by the
manufacturer.

Electron Microscopic Viewing of

Exosomes

A 20uL exosome suspension drop (1-2pg/pL) was ali-
quoted onto an electron-microscopy grid using
a micropipette, left standing at room temperature for 3—5
minutes. Thereafter, we moved the grid to the surface of
an osmium tetroxide drop (1%) (suspended in 0.1
M sodium phosphate buffer) and left to stand for 3-5
minutes prior to staining. A piece of Whatman filter
paper was employed to remove the excess fluid. Lastly,
the Philips Tecnai 10 transmission electron microscope
(Philips,

€xXosomes.

Netherlands) was employed to view the

Exosome Internalization

Staining of the exosomes was carried out using green
fluorescent probe PKH-67 (Sigma, USA) following the
instructions provided by the manufacturer. After that, incu-
bation of the PKH-67-conjugated exosomes (10g/mL) with
RAW264.7 cells (25,000 cells/holes) was performed in 24-
well plates for 12h. Finally, we employed a microscope
(Carl Zeiss, Germany) to image the exosomes.

MTT Assay

Seeding of the RAW 264.7 cells in 96-well dish-culture
plates was conducted at 3000 cells/well titer, followed by
overnight incubation. Thereafter, replacement of the
growth medium using complete DMEM with 0/1/5/10ug/
mL of exosomes was conducted. Subsequently, 48h post-
incubation, 20uL  standard work  solution  of
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT; Sigma, USA) was introduced to the cells
and further incubation for 4 h performed at 37°C.
Thereafter, we completely removed the supernatant, then
introduced 150pL DMSO to liquefy the violet crystals.
A microplate reader (Bio-Rad, USA) was used to measure
the optical density (OD).

Osteoclast Differentiation Assay

RAW264.7 cells seeded in 12-well plates were clustered
into 4 groups and administered with Receptor activator of
nuclear factor-kB ligand (50ng/mL) (RANKL, R&D
Systems, Minneapolis) as a positive control, 10 ug/mL
KPC-exosomes, 10ug/mL MPDC-exosomes or blank con-
trol. Every group had three distinct replication wells, while
the assays were replicated thrice. The medium was
replaced every two days. Fixation and staining of the
cells was conducted using TRAP staining kit (Tartrate-
resistant acid phosphatase) (Thermo, USA). For each
well, 4 images were acquired. The average TRAP-
positive cells/high-power field (20%) were computed.

Isolation of BMM Cells and Osteoclast

Differentiation Assay

Bone marrow-derived macrophages (BMM) cells was iso-
lated from the femurs and tibias of C57BL/6 mice (46
weeks of age) and cultured in a complete a-MEM medium
supplemented with 10% fetal bovine serum and M-CSF-1
(30 ng/mL). Twenty-four hours later, the non-adherent
cells were discarded and the adherent cells were cultured
at 37°C in 5% CO2 for 3 more days. For in vitro BMM
cells differentiation, BMM cells (2 x 10* cells/well) were
cultured in a 24-well plate in a-MEM medium supplemen-
ted M-CSF-1 (30 ng/mL) and treated with 50ng/mL
RANKL as a positive control, 50 ug/mL KPC-exosomes,
50ug/mL MPDC-exosomes or blank control. Cells were
cultured for 7 days. Then, fixation and staining of the cells
were conducted using TRAP staining kit (Tartrate-resistant
acid phosphatase) (Thermo, USA). For each well, 4
images were acquired. The average TRAP-positive cells/
high-power field (20%) were computed.

Western Blot

Lysis of the cells or exosomes was carried out using the
RIPA lysis buffer (obtained from Sigma, USA) enriched
USA).
Quantification of the proteins was performed with the
BCA protein assay kit (Thermo, USA). The standard pro-
tocol was followed in carrying out the assay procedures. In

with a protease inhibitor mixture (Thermo,

brief, fractionation of the proteins was done on SDS-
polyacrylamide gels (10%), and the fractionated proteins
were transfer-embedded onto polyvinylidene difluoride
(PVDF) membranes. Thereafter, blocking of the mem-
branes was done using 5% milk, followed by conjugation
with the appropriate primary antibodies. Subsequently, the
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membranes were conjugated with the horseradish perox-
idase (HRP)-labeled secondary antibodies prior to chemi-
luminescence assessment. The antibodies against C-myc,
NFAT2, TSG101, as well as Alix were obtained from
Abcam (USA), whereas antibodies TRAP, MMP-9 and
cathepsin K(CTSK) were obtained from Santa Cruz
Biotechnology (USA). Moreover, antibodies against f-
actin, CD81, as well as CD9 and secondary antibodies
were bought from Huabio (Hangzhou, China). Western
blot densitometry was evaluated using the Image-J soft-
ware (NIH, USA).

Quantitative Real-Time PCR (qRT-PCR)

The levels of gene expression were examined via qRT-
PCR. Isolation of the total RNA (tRNA) from the cells or
the exosomes was accomplished with the TRIzol reagent
(Invitrogen, USA). After that, conversion of the tRNA to
cDNA was done with the Hieff® II 1st Strand cDNA
Synthesis SuperMix for qPCR Kit (Yeasen, China). The
cDNA was employed in setting up the qRT-PCR reaction
as the template and the Hieff® gPCR SYBR Green Master
Mix Kit (Yeasen, China) utilized, with the reaction per-
formed on a 7500 Fast™ System (Applied Biosystems,
USA). GAPDH served as the internal standard. For data
analysis, we used the 2—AACt approach. GenePharma
(Shanghai, China) synthesized the specific miRNA pri-
mers used herein. In the miRNAs qRT-PCR, the Revert
Aid First-Strand cDNA Synthesis Kit (Thermo Scientific,
USA) was employed to generate the cDNAs. The small
nuclear RNA (snRNA) U6 served as the internal standard.

Luciferase Reporter Assay

293T cells (2 x 10%) were seeded into 24-well plates. Then,
cells were transfected with pmirGLO-TNFRSF1B 3'-UTR
-WT or MUT luciferase plasmid (Miaolingbil, China) and
with miR-125a-5p or NC following the manufacturer’s
(Lipofectamine 2000, Invitrogen, USA).
Luciferase assays were performed with the dual-

instructions

luciferase reporter assay system (Yeasen, China) according
to the manufacturer’s instructions. Luminescent signals
were quantified by a luminometer (Glomax, Promega,
Madison, WI, USA), and each value from the firefly luci-
ferase construct was normalized by Renilla luciferase
assay.

Orthotopic Xenograft Mouse Model
We purchased the female athymic nude mice (6-7 week-
old) from the Zhejiang Chinese Medical University

(Zhejiang, China) and randomly clustered into two groups
(SHAM group: n = 6, KPC group: n = 8). Inoculation of
the subconfluent KPC cells at a titer of 2x10° into the tail
of the pancreas was performed. Mice in the SHAM group
were subjected to surgical procedures, however, without
injection of the tumor cells. The Animal Experimentation
Committee of Zhejiang University approved the mice
experiments and were carried out following the Guide to
inspection of laboratory animal welfare and personnel
occupational health and safety (RB/T 018-2019), as well
as regulations.

Micro-CT

Right femur samples in a 16mm tube filled with PBS
were a Scanco nCT40 scanner used to scan the samples
at a resolution of 16pm resolution (SHAM group: n =
6, KPC group: n = 8). An experienced blinded ortho-
pedic surgeon employed the Scanco software to recon-
struct and analyze the images. Manual selection of the
femoral diaphysis, as well as the distal trabeculae was
performed (contoured) after every five slices, whereas
morphing of the remaining was conducted to enclose
the area of interest, for a total of 75 slices (1.2 mm)
with the threshold at 210, as well as a gauss setting of
0. Quantification of the bone BMD, as well as the
trabecular bone micro-architecture was carried out
based on the mean BMD of midshaft cortical bone,
and the trabecular parameters, including the bone
volume fraction (bone volume over the total volume,
BV/TV), trabecular number, as well as thickness.

Statistical Analysis

Data were obtained from three independent experi-
Statistical
Package for the Social Sciences version 21.0 (SPSS

ments and indicated as the mean + SD.

Inc., USA) was employed for analysis. Unpaired
t-tests were employed for the statistical analyses.
P<0.05 (*p<0.05; **p<0.01; ***p<0.001) signified sta-
tistical significance. All histograms and curves were
constructed using GraphPad Prism 6 (GraphPad
Software, La Jolla, CA, USA).

Results
Morphological Profiling and ldentification

of Exosomes

Transmission electron microscope (TEM)

showed exosomes (marked with red arrows) with

images
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Figure | Characterization of exosomes derived from different cells. (A and B) Typical transmission electron microscopy (TEM) images of KPC-exosomes (A), MPDC-
exosomes (B), scale bar, 100 nm; (C) size distributions of EVs isolated from different cells; (D) levels of exosomal marker proteins TSG101, Alix, CD81 and CD9 in cell
lysates and microvesicles were determined using Western blot. C-myc was selected as the negative marker.

different shapes (spherical or cup-shaped) (Figure 1A
and B). Through particle size assessment, we demon-
strated that the peak particle was approximately 70 nm
and the diameter range was 30~150nm (Figure 1C),
which was congruent with previous studies describing
the typical morphologies of exosomes.'> Western blot
analysis demonstrated typical exosome marker proteins
(consisting of TSG101, Alix, CDS81, and CD9) in exo-
somes. Also, it was found that C-myc is a nuclear
protein occurring in cellular protein components bun
not in the exosomal protein components (Figure 1D).
Therefore, the isolated EV were exosomes.

Cancer-Derived Exosomes Readily Enter

RAW 264.7 Cells

RAW 264.7 cells were incubated with 10pg/mL PKH-67-
conjugated KPC-exosomes, MPDC-exosomes or KPC-
exosomes without PKH-67-conjugated. The fluorescence
intensity was assessed after 12 h. The majority of the
green spots were aggregated in the cytoplasm of these
cells, which implied that the RAW264.7 cells had the
efficient potential to uptake either KPC-exosomes or
MPDC-exosomes (Figure 2A).

Cancer-Derived Exosomes Promoted the
Proliferation of RAW 264.7 Cells

An MTT assay was conducted to evaluate whether cancer-
derived exosomes affected the viability of RAW 264.7 cells.
The data revealed that treatment with 10ug/mL KPC-
exosomes remarkably elevated the RAW 264.7 cell prolifera-
tion relative to the control and MPDC-exosomes (P = 0.0303
and P = 0.006, Figure 2B).

Differentiation Induction of Osteoclasts
by KPC-Exosomes

Since previous reports indicated a supportive effect of multiple
differentiation and

myeloma-EVs on the osteoclast

activity,”>>* we assessed the influence of KPC-exosomes on
the differentiation and activation of RAW264.7 cells. Indeed,
KPC-exosomes significantly induced differentiation of
RAW264.7 cells toward osteoclasts (marked with red arrows),
where MPDC-exosomes failed with RANKL as a positive
control (Figure 3A-D). Compared to MPDC-exosomes, the
number of osteoclasts significantly increased in KPC-
exosomes group (p<0.001, Figure 3E). Following Western
blotting assays, the expression of NFAT2, TRAP, CTSK and
MMP-9 in RAW264.7 cells of 10 ng/mL RANKL and 10 ul/
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Figure 2 Internalization of exosomes by RAW264.7 cells, and the effect of exosomes on the proliferation of RAW264.7 cells. (A) RAW?264.7 cells were incubated with 10
ng/mL PKH-67-labelled exosomes for 12h. Punctate green fluorescence denotes the internalized exosomes. Scale bar, 200pum. (B) RAW264.7 cells were incubated with 1/5/
10 ug/mL KPC-exosomes or MPDC-exosomes for 48 h, and viability of cells was measured with the MTT assay. PBS-treated RAW264.7 cells were used as the control. *P <

0.05, ¥**P < 0.0 compared with control.

mL KPC exosome groups were higher in different degrees as
compared to the blank control and 10 ul/mL MPDC exosome
groups (Figure 4A). Likewise, the mRNA expression of
NFAT2, TRAP, CTSK and MMP-9 of the KPC-exosomes
group were significantly higher MPDC exosome and control
groups (P<0.01, Figure 4B-E).

KPC-Exosomes Induced BMM Cells

Differentiate to Osteoclasts

Similarly, we isolated the BMM cells in the C57 femur and
evaluated the effect of KPC-exosomes on the differentiation
and activation of BMM cell. The consistent results were found.

&t : :“ S f‘ ‘;“ GE R . oy S %)
CEEE RN B o
KPC-exo 10ug/ml

MPDC-exo 10ug/ml

KPC-exosomes significantly induced differentiation of BMM
cells toward osteoclasts (marked with red arrows), where
MPDC-exosomes failed with RANKL as a positive control
(Figure 5A-D). Compared to MPDC-exosomes, the number of
osteoclasts significantly increased in KPC-exosomes group
(p<0.001, Figure 5E).

Confirmation of the Osteoporotic Model
by Pancreatic Cancer

The data of the classical micro-computed tomography
(Micro-CT) assessment of femoral trabecular bones are
indicated in Figure 6A and B. Notably, the pancreatic
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Figure 3 The differentiation of RAW264.7 cells to osteoclast was enhanced when culturing with KPC-exosome, compared with MPDC-exosomes. (A=D) Culture in
conditioned medium from KPC-exo 10ug/mL promoted the osteoclast differentiation, where MPDC-exosomes did not work and RANKL as positive control, scale bar, 200
um. (E) The number of osteoclasts induced by KPC-exo significantly increased ***P < 0.01.
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Figure 4 KPC-exosomes regulate osteoclastogenesis from RAW 264.7 cells. (A) The expression levels of NFAT2, TRAP, cathepsin K(CTSK) and MMP-9 were determined
by Western blotting assay. (B-E) Relative NFAT2, TRAP, cathepsin K and MMP-9 mRNA levels were determined by qRT-PCR and normalized to GAPDH. *P < 0.05, *** P <
0.0l compared with control.

tumor-carrying mice exhibited an overall reduction in  17.0 mgHA/cc, for the SHAM and KPC group, respec-
trabecular bone tissue mineral density (BMD), with the tively (Figure 6C). However, the BMD of mice was lower
mean BMD values of 735.3 + 17.0 mgHA/cc and 698.1 + in the KPC group than in the SHAM group but not

m
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per high-power field
>

o
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Figure 5 KPC-exosomes induced BMM cells differentiate to osteoclasts. (A-D) Culture in conditioned medium from KPC-exo 50ug/mL promoted the osteoclast

differentiation, where MPDC-exosomes did not work and RANKL as positive control, Scale bar, 200 um. (E) The number of osteoclasts induced by KPC-exo significantly
increased ***P < 0.01.
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Figure 6 Pancreatic cancer decreased the femoral microstructure and bone tissue mineral density. Representative 3-D Micro-CT images of trabecular bone micro-
architecture above the growth plate of the distal end of the femur in SHAM (A) and KPC (B). A volume of interest with |.2mm height was selected for the analysis of
trabecular bone micro-architecture. The BMD, bone volume fraction, trabecular thickness and trabecular number were evaluated (C~F). *P < 0.05, **P< 0.01.

remarkable (p=0.1049). The KPC mice showed signifi-
cantly diminished Bone Volume Fraction values (p
=0.0422, Figure 6D) relative to the SHAM mice, indicat-
ing loss of the bone mass due to pancreatic cancer.
Though the trabecular number was not remarkably dif-
ferent among the groups, the bone architecture assessed
by trabecular thickness was markedly lower (p=0.0038)
relative to the SHAM mice (Figure 6E and F). Therefore,
pancreatic cancer exhibited a remarkable decrease in

bone mass.

MicroRNA Microarray Analysis and

Differential Screening

According to the previous miRNA chip results of our
group (the specific data has been uploaded to the geoda-
tabase, GSE95741), 1881 differentially expressed KPC-
exosomal miRNAs were uncovered relative to the
MPDC-exosomes (Supplementary Table S1). In order to

identify prospective target of the differentially miRNA,
We performed the gene prediction studies with three

online analysis tools, including TargetScan, PITA and
microRNA.org. As a result, a total number of 12,301
potential target were found (Supplementary Table S2).

Subsequently, 281 relevant signalling pathways were
classified according to KEGG functional annotations
(Supplementary Table S3). Based on the screening cri-

teria: two or at least one group (KPC-exosomes and
MPDC-exosomes) have strong signals in the background
of the chip (marked as Detected); Signal value difference
multiples >2.0 and P value <0.05, 799 differentially
expressed miRNAs were picked out, of which 339 were
460
(Supplementary Table S4). We evaluated related signal

up-regulated,  while were  down-regulated

pathways of osteoclast differentiation and identified 59
differentially expressed miRNAs (25 highly expressed
and 34 lowly expressed; Figure 7A, Supplementary
Table S5). To validate the microarray data, 15 miRNAs
were selected from a high-expression group. Notably, RT-
gPCR results showed that 5 miRNAs (miR-883b-5p,
miR-666-3p, miR-125b-5p, miR-142a-3p and miR-125a-
5p) were significantly highly expressed (Figure 7B).
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KPC-Exosomes Up-Regulate Osteoclasts

Formation via miRNA Pathways

Western blot and RT-PCR tests were employed to assess
the influence of these 5 miRNAs (miR-883b-5p, miR-666-
3p, miR-125b-5p, miR-142a-3p and miR-125a-5p) on
osteoclast activation. RT-qPCR showed that miR-125a-5p
significantly elevated the expression of NFAT2, TRAP,
CTSK and MMP-9 (P<0.01, Figure 8A-D). It was also
that miR-125a-5p the

found remarkably escalated

expression of NFAT2, TRAP, CTSK and MMP-9, as

demonstrated from the Western blot analysis (Figure 8E).

MiR-125a-5p Directly Targets TNFRSFIB
Sun et al*> reported that miR-125a-5p can significantly
increase the proliferation, migration and invasion of
RAW 264.7 cells and induce osteoclast differentiation.
Overexpression of TNFRSF1B neutralized the promotion
of cell growth and migration by miR-125a-5p, which
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Figure 8 The effects of the highly expressed miRNAs on osteoclast differentiation. (A-D) Relative NFAT2, TRAP, CTSK and MMP-9 mRNA levels were determined by qRT-
PCR and normalized to GAPDH. (E) The expression levels of TRAP, NFAT2, MMP-9, and cathepsin K were determined by Western blotting assay; *P < 0.05, *** P < 0.0l

compared with control.

indicated that miR-125a-5p could inhibit the expression of
TNFRSFI1B by binding to the 3'-UTR of TNFRSF1B. To
identify the relationship between miR-125a-5p and
TNFRSFIB, we used qRT-PCR analysis to detect the
TNFRSFIB gene in RAW 264.7 cells transfected with
miR-125a-5p or miR-NC. As shown in Figure 9A, the
mRNA level of TNFRSFIB was significantly inhibited
by miR-125a-5p in RAW 264.7 cells. At the same time,
we designed a dual fluorescein plasmid containing com-
plementary binding the sites of TNFRSFIB with miR-
125a-5p in Figure 9B. Notably, the luciferase activity of
293T cells transfected with wild type (wt) 3’-UTR of
TNFRSFI1B was reduced by miR-125a-5p, while the luci-
ferase activities of 293T cells that were transfected with
mutated type (mut) 3'-UTR of TNFRSF1B and miR-125a-
5p or transfected with wild type (wt) 3’-UTR of
TNFRSF1B and miR-NC were not affected (Figure 9C).
All these results indicate that miR-125a-5p is a negative
regulator of TNFRSF1B.

Discussion

Relevant studies have shown that the onset of cachexia
was presented earlier about one year than confirmed PC
and cachexia were early key prognostic features of PC.
Cachexia can help doctors to diagnosis early stage of PC,
take measures of early intervention, therefore confirmation
of this syndrome earlier, always mean better prognosis.’*®
Despite it has vital clinical significance, this syndrome was
still poorly diagnosed, which hindered the treatment of PC.
Hence, further investigation on the mechanism of cachexia
are meaningful for treatment of PC patients to improve the
quality of life and prolong the overall survival.

A larger proportion of previous studies on cachexia had
primarily focused on muscle loss, whereas investigations on
bone loss, as well as its molecular mechanism were scant.
Linton et al*’ demonstrated that various PC-derived exosomes
could influence macrophage polarization and function. The
arachidonic acid content of the exosomes contributed to the
fusogenicity of these exosomes with THP-1 macrophages and
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these macrophages further facilitated metastasis by producing
and secreting several soluble factors. PDAC cells overexpres-
sing certain microRNAs were reported to change their exoso-
mal payload, which in turn could alter the macrophage
polarization from M2 to M1 phenotype.”® Moreover, wild-
type Panc-1 cells co-cultured with classically activated M1
macrophages can induce them to alternatively activated M2
macrophages. In our present study, we found KPC-exosomes
induced differentiation of RAW264.7 cells toward osteoclasts.
Micro-CT analysis demonstrated an overall reduction in trabe-
cular bone tissue mineral density, a remarkable decrease in
Bone Volume Fraction values and decreased trabecular thick-
ness in pancreatic tumor-bearing mice (Figure 6). Besides, we
found significantly increased of osteoclast-specific markers,
such as NFAT2, TRAP, CTSK and MMP-9 (Figure 4) in the
RAW264.7 cells treated with KPC-exosomes. Similarly, we
isolated the BMM cells in the C57 femur and evaluated the
effect of KPC-exosomes on the differentiation and activation

of BMM cell. The consistent results were found. KPC-
exosomes significantly induced differentiation of BMM cells
toward osteoclasts (Figure 5). Screening investigations (micro-
array assessments) have revealed differentially expressed
KPC-exosomal miRNAs, 59 of which were potential targets
in mediating osteoclast differentiation. Previous studies have
reported that miRNAs may serve pivotal roles in regulating
biological processes of osteoclast differentiation and its

function.”’

Moreover, the upregulation of miR-21 by
RANKL enhanced osteoclastogenesis though targeting pro-
grammed cell death 4 (PDCD4) protein contents, which sub-
sequently modulated the c-Fos-NFAT2 axis.>* Based on
previous reports, miR-27a alleviated adipogenesis and
enhanced osteogenesis in steroid-triggered rat bone marrow
mesenchymal stem cells (BMSCs) through targeting peroxi-
some proliferator-activated receptor gamma (PPARY), as well
as gremlin 1 (GREM1).?' Despite the recognized importance
of miRNAs in the modulation of bone remodeling, limited
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information has been published to deeply claim the precise role

and  mechanism  of  PC-derived exosomes in
osteoclastogenesis.

Herein, we detected the differently expression of
miRNAs between KPC-exosomes and MPDC-exosomes
and found 25 up-regulated miRNA related with signal path-
ways of osteoclast differentiation (Figure 7A). To validate
the microarray data, 15 miRNAs were selected from a high-
expression group and RT-qPCR results showed that 5
miRNAs (miR-883b-5p, miR-666-3p, miR-125b-5p, miR-
142a-3p and miR-125a-5p) were significantly highly
expressed (Figure 7B). RT-qPCR and Western blot analysis
showed that miR-125a-5p significantly elevated the expres-
sion of NFAT2, TRAP, CTSK and MMP-9, which are the
marker gene of osteoclast (Figure 8). So, the miR-125a-5p
may play an important role in osteoclast differentiation.
Notably, MiR-125a-5p was extensively expressed in distinct
tissues, as well as cells, it targets distinct genes to modulate
3233 skeletal

differentiation,®® immunity,>> diagnosis of heart failure,*
25
1

the occurrence of cancer, muscle cell
and induces pulmonary arterial hypertension.>’ Sun et a
suggested miR-125a-5p could remarkably increase the
in vitro proliferation, migration, as well as infiltration of
RAW 264.7 cells and induced osteoclast differentiation.
The enhancing influence of miR-125a-5p on the growth, as
well as mobility of cells was neutralized by over-expression
of TNFRSF1B. To identify the relationship between miR-
125a-5p and TNFRSFIB, we found the mRNA level of
TNFRSF1B was significantly inhibited by miR-125a-5p in
RAW 264.7 cells (Figure 9A). At the same time, we per-
formed a Luciferase reporter assay and the luciferase activity
of 293T cells transfected with wild type (wt) 3'-UTR of
TNFRSF1B was reduced by miR-125a-5p (Figure 9B and
C). All the consistent results indicate that miR-125a-5p is
a negative regulator of TNFRSF1B.

In conclusion, we established that PC-derived exosomes
potentially induce osteoclast differentiation and the process
was at least partially mediated by the miR-125a-5p/
TNFRSF1B signaling pathways. We provided a novel insight
into the mechanism of the effect of exosomes derived from PC
on bone deterioration, these may help us to deal with the
correlation between PC and cancer-related bone loss. In brief,
this study have provided us a new strategy to know and treat
cancer cachexia, that may help us to improve the diagnosis and
treatment of PC. Further studies need to be done to recommend
more promising PC-derived-exosomal-miRNAs, and confirm
the mechanism.
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