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Abstract: Exploration of the abnormal expression of exosomal molecules during the infection of avian leukosis virus
subgroup J (ALV-]) is essential to provide a deeper understanding of the exosome’s role in the viral pathogenesis
involved. The study aimed to investigate the differentially expressed proteins and miRNAs of the exosomes derived
from DF-1 cells infected by ALV-], their gene function and involved signal pathways. We isolated exosomes from
DE-1 cells infected by ALV-]. The differentially expressed proteins and miRNAs of the exosomes were determined
by proteomics and transcription detection technology. A Gene Ontology (GO) analysis and a Kyoto Encyclopedia
of Genes and Genomes (KEGG) signal pathway analysis identified the miRNAs target genes and the signal pathways
regulated by the different proteins or/and miRNAs. A total of 116 proteins (58 upregulated and 58 downregulated)
and 3 miRNAs (all upregulated) were determined. These proteins were involved in 155 signal pathways, in which
the highest number of proteins involved in the cancer pathway was (up to) seven. The target genes of the miRNAs
were involved in 3 signal pathways. Both the proteins and target genes of the miRNAs were involved in the Ribo-
some pathway and ECM-receptor interaction pathway. The results suggested that the ALV-] infection changed
the proteins and miRNAs of the exosomes significantly.

Keywords: avian leukosis virus subgroup J (ALV-]); exosomes; proteomics; transcriptomics

Avian leukosis virus subgroup J (ALV-]) is an on-
cogenic retrovirus that mainly induces immuno-
suppression (Payne et al. 1991). The pathogenesis
of ALV-] is still unclear. We found that exosomes
from DEF-1 cells infected by ALV-] play an impor-
tant role in pathogenesis because of carrying im-
portant viral proteins (Wang et al. 2017). Exosomes,

as a membranous nanovesicles, play pivotal roles
in both the physiological and disease pathogenesis
(Momen-Heravi et al. 2014). Exosomes exert their
biological or pathophysiological functions by de-
livering diverse bio-macromolecules including
miRNAs, mRNA, proteins, and lipids (Montecalvo
et al. 2012; Marimpietri et al. 2013; Khan et al.
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2016). The different exosomal functions depend
on the composition and derived cells of the ex-
osomes (Poveda and Freeman 2017). The exosome’s
biological functions were significantly determined
by the horizontal transfer of their cargoes between
cells (Khatri et al. 2018).

The effect of an ALV-] infection on the cargoes
of the exosomes and the functions of the exosomes
in the pathogenesis of ALV-] are not clear. In this
study, we analysed the proteins and miRNA of ex-
osomes and determined the differential exosomal
proteins and miRNAs from ALV-] infected DF-1
cells.

Furthermore, the associated biological processes
and function enrichment classification of the pro-
teins and miRNA target gene were analysed by in-
tegrated target prediction.

MATERIAL AND METHODS
Cells, virus and exosomes

DE-1 cells were cultured in Dulbecco’s modified
Eagle medium (DMEM), and infected by ALV-]
as previously reported (Dong et al. 2015a; Dong
etal. 2015b). We used a TCID3, (median tissue cul-
ture infectious dose) of the ALV-]J to infect the cells.
The TCIDj5, of the ALV-] (Chinese strain: NX0101)
maintained in our laboratory was 10%7%/ml. The
cells’ infection was analysed with indirect immu-
nofluorescence assays (IFA) (Wang et al. 2017).
Exosomes were isolated using a Total Exosome
Isolation Reagent (from the cell culture media)
(Invitrogen, Carlsbad, USA) based on the manu-
facturer’s protocol. The exosome samples were
previously prepared by our lab (Wang et al. 2017).
Three independent samples were conducted for
the statistical analysis. The isolated exosomes were
identified by electron microscopy observation.

Comparative quantitative proteomic
(iTRAQ) analysis of exosomes

A Q Exactive (Thermo Fisher Scientific, Rockford,
IL, USA) high-resolution mass spectrometer was
used for the exosomal quantitative proteomic
analysis and was performed per a previously re-
ported protocol (Wang et al. 2017). The quanti-
tative sequence information of the proteins was
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extracted from the UniProtKB database (Version
No. 201602).

Compared with the control, the proteins with
a fold change of expression > 1.2 (up/downregula-
tion) and a P-value < 0.05 were determined as dif-
ferentially expressed proteins.

Transcriptome analysis
of the exosomes

The total RNA of the exosomes was isolated from
the exosomes using a Total Exosome RNA and
Protein Isolation Reagent (Invitrogen, Carlsbad,
USA). Illumina small RNA deep sequencing was
performed as described in a previous study (Zhou
etal. 2018). The genome comparison analysis soft-
ware Bowtie v1.1.2 (Langmead et al. 2009) was used
to identify the known miRNAs according to the
genome annotation information in the miRBase
database (release 21). For those miRNAs that did
not match with known sequences, the software
miRDeep2 was used to predict the new miRNAs
(Friedlander et al. 2012). The software DESeq was
used to analyse the differences in the miRNA ex-
pression levels. The screening conditions for the
differential miRNA were P < 0.05, and |log2(Fold_
change)| = 1 (Anders and Huber 2010). The tar-
gets of the differentially expressed miRNA were
predicted by miRanda v3.3a.

Gene enrichment and functional
annotation analysis

Gene enrichment and functional annotation anal-
yses of the screened differential proteins and target
genes of the differential miRNAs were conducted
through Gene Ontology [(GO); www.geneontol-
ogy.org)] and Kyoto Encyclopedia of Genes and
Genomes [(KEGQ), http://www.genome.jp/kegg].

RESULTS
DEF-1 cells were infected by ALV-]

The results of the IFA showed that significant
green fluorescence was observed around the nu-

cleus of the infected cells compared with the unin-
fected DF-1 cells (Figure 1).
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(A)

Figure 1. Detection of ALV-] in infected DF-1 cells by IFA

(B)

(A) Uninfected DF-1 cells were used as control. (B) Significant green fluorescence was observed in the cytoplasm

of the ALV-] infected cells

ALV-] = avian leukosis virus subgroup J; IFA = immunofluorescence assays

Figure 2

Figure 2. The identification of the prepared exosomes
The size of cup shape vesicles was 100—150 nm under elec-

tron microscope observation

Function enrichment analysis
of the differential proteins

The isolated exosomes were cup shape vesicles
(Figure 2) 100—150 nm in size under electron mi-
croscope examination. Through the comparative
quantitative proteomic analysis, compared with the
exosomes from the uninfected DF-1 cells, 116 pro-
teins in the exosomes from the ALV-]J infected cells
were screened as differentially expressed proteins
(P < 0.05), 58 of which were upregulated and
58 were downregulated (Table 1).

Furthermore, a GO function enrichment analy-
sis was carried out for the determined differential
proteins. According to the statistics of the proteins
at the second level of GO, as shown in Figure 3,
these determined proteins were divided into nine
categories, including organelles, macromolecular
complexes, membrane proteins, extracellular ma-
trices, membrane enclosed lumen proteins, viral
proteins, and covered nine molecular activities, and
participated in fifteen biological processes, such
as metabolic, biological regulation, cellular com-
ponent organisation or biogenesis, localisation,
response to stimulus, developmental, signal, bio-
logical adhesion, immune system, growth, and lo-
comotion (Figure 3).

By the KEGG annotation analysis, a total of
155 signal pathways were involved in which these
differential proteins participated in. There were
26 pathways in which more than three proteins were
involved simultaneously, and the number of pro-
teins involved in the cancer pathway is up to seven
(Table 2 and Figure 4).

Target gene prediction and function
enrichment analysis of the different miRNA

Through analysis of the differences in the
miRNA expression levels, three known miRNAs
with P < 0.05 and |log2(Fold_change)| > 1 were
determined. The expression of miRNA-2954 was
3.90-fold higher, miRNA-365-2-5p was 6.59-fold
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Table 1. Differentially expressed proteins in exosomes from ALV-] (avian leukosis virus subgroup J) infected DF-1 cells

No. Accession Protein name Change Fold
1 FINUA2 Actin-related protein 2/3 complex subunit 5 (ARPC5) up 2.38
2  E1BXS2  Guanine nucleotide-binding protein G subunit alpha-1 (GNAI1) up 1.65
3 Q64997  Envelope protein subgroup J OS = avian leukosis virus (HPRS103) up 2.21
4  R4QXY1 Gagand reverse transcriptase polyprotein up 2.25
5 Q5ZJV5  Cytochrome c oxidase subunit 411 (COX411) up 1.57
6 E1C2U6  Protein kinase cAMP-dependent type I regulatory subunit beta (PRKAR1B) up 1.68
7 Q6499  Gag proteins OS=Avian leukosis virus (HPRS103) up 1.73
8 EIBR10  Peroxiredoxin 3 (PRDX3) up 1.47
9 EIBSH9  Betaine-homocysteine S-methyltransferase (BHMT) up 1.47
10 R4GLK3 LOC100857577 up 1.45
11 Q90922 Netrin-1 (NTN1) up 1.40
12 H9KZP2 Keratin 8 (KRTS8) up 1.32
13 FIN8F4  Tenascin (TNC) up 1.42
14 E1BXE8  Transporter (SLC6A11) up 1.43
15 Q8UWG7 60S ribosomal protein L6 (RPL6) up 1.33
16  P23991 Alcohol dehydrogenase 1 (ADH1) up 1.44
17 FINC27 RAB21, member RAS oncogene family up 1.33
18 E1BSV7  YKT6 up 1.29
19 E1BVS1  E3 ubiquitin-protein ligase (ITCH) up 1.30
20 H9L2J4 Drebrin like (DBNL) up 1.36
21 E1BUD7 LOC100859766 up 1.47
22 R4R035  Envelope polyprotein up 1.45
23 FINDN5 Keratin 15 (KRT15) up 1.34
24 Q02020 Fibrinogen beta chain (FGB) up 1.35
25 FINDNG6 Keratin 12 (KRT12) up 1.36
26 E1C4R5  Sodium voltage-gated channel alpha subunit 1 (SCN1A) up 1.30
27 E1BXR1  VHL binding protein 1 (VBP1) up 1.33
28 E1C7S2  Hydroxysteroid dehydrogenase like 2 (HSDL2) up 1.36
29 FINLH8 Dna] heat shock protein family (Hsp40) member A4 (DNAJA4) up 1.31
30 E1C458 CTP synthase (CTPS) up 1.29
31 FINA86 Sequestosome 1 (SQSTM1) up 1.29
32 FINB64  Acetyl-CoA acyltransferase 1 (ACAA1) up 1.27
33 FINNQ3 Vacuolar protein sorting-associated protein 29 (VPS29) up 1.34
34 EIBZK3  Solute carrier family 12 member 4 (SLC12A4) up 1.29
35 FINZC6 Phosphoribosyl pyrophosphate synthase-associated protein 2 (PRPSAP2) up 141
36 FIN9J4 60S ribosomal protein L22 (RPL22) up 1.35
37 FINSI3 Cytochrome b5 type B (CYB5B) up 2.00
38 P13944 Collagen alpha-1(XII) chain (COL12A1) up 1.45
39 P41125 60S ribosomal protein L13 (RPL13) up 1.58
40 Q5ZK19 Dynactin subunit 3 (DCTN3) up 1.30
41 EIBVX9  Signal recognition particle subunit SRP72 (SRP72) up 141
42 Q7ZTS9  Dimethylarginine dimethylaminohydrolase I up 1.74
43 E1C219 Leucyl-tRNA synthetase (LARS) up 1.29
44 P84172 Elongation factor Tu, mitochondrial (fragment) (TUFM) up 1.30
45 P19352 Tropomyosin beta chain (TPM2) up 1.28
46 F1P4F4 Signal sequence receptor subunit 1 (SSR1) up 1.48
47 F6QGI8  Fructose-bisphosphatase 1 (FBP1) up 1.28
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Table 1 to be continued

No. Accession Protein name

Change Fold

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

F1P114
E1C9I8
FINZY9
P48440
P08629
F1POA1
E1BSPS
E1BZMS5
E1BXG9
FINW50
FINV89
FINYZ7
F1P1G6
F1POX1
Q90612
E1BW9S
R4GGQ4
E1C840
FINHI4
R4GFV3
FINSW3
E1BRE9
FINP51
Q6EE33
E1C5F3
F1P150
F1P4N9
P24367
E1C353
E1C836
P43347
FIND63
R4GFV1
F1P4K9
FINES0
FINM?72
E1C7E1
P08250
P18660
H9KZNO
F1P2R3
Q90663
Q90796
EIC1V3
E1BRL4
F1NSZ4
E1C6MS

Serine incorporator 3 (SERINC3)

Transcription factor like 5 (TCFL5)

NADH-cytochrome b5 reductase (CYB5R3)
Dolichyl-diphosphooligosaccharide-protein glycosyltransferase 48 kDa subunit (DDOST)
Thioredoxin (TXN)

X-prolyl aminopeptidase 1 (XPNPEP1)

SEC24 homolog D, COPII coat complex component (SEC24D)
Component of oligomeric golgi complex 7 (COG?7)
Peptidylprolyl isomerase D (PPID)

ATPase H+ transporting V1 subunit H (ATP6V1H)

WD repeat domain 11 (WDR11)

Chloride intracellular channel 4 (CLIC4)

Cell migration inducing hyaluronidase 1 (KIAA1199)
Mortality factor 4 like 1 (MORF4L1)

Collagen type III alpha 1 chain (COL3A1)

G protein subunit beta 4 (GNB4)

Translocase of inner mitochondrial membrane 13 (TIMM13)
Stonin 2 (STONZ2)

Superoxide dismutase 3 (SOD3)

Microfibril associated protein 5 (MFAP5)

Periostin (POSTN)

Decorin (DCN)

Lamin-B2 (LMNB2)

S-(hydroxymethyl)glutathione dehydrogenase (fragment)
Sulfotransferase (CHST6)

Glypican-1 (GPC1)

Periostin (POSTN)

Peptidyl-prolyl cis-trans isomerase B (PPIB)

Collagen alpha-1(VIII) chain (COL8A1)

Platelet derived growth factor receptor like (PDGFRL)
Translationally-controlled tumour protein homolog (TPT1)
ADAMTS like 3 (ADAMTSL3)

LOC100858243

Collagen type XI alpha 1 chain (COL11A1)
Phosphopantothenoylcysteine synthetase (PPCS)

GNAS complex locus (GNAS)

Reactive intermediate imine deaminase A homolog (HRSP12, RIDA)
Apolipoprotein A-I (APOA1)

60S acidic ribosomal protein P1 (RPLP1)

Uncharacterized protein (fragment)

Collagen type IV alpha 1 chain (COL4A1)

Semaphorin-3D (SEMA3D)

Alpha-1 type XI collagen (fragment)

Plakoglobin (JUP)

Synaptosomal-associated protein (SNAP23)

RuvB like AAA ATPase 1 (RUVBLI1)

EGF containing fibulin extracellular matrix protein 1 (EFEMP1)

up
up
up
up
up
up
up
up
up
up
up
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down
down

down

1.46
1.44
131
1.47
1.32
2.33
2.00
1.38
1.50
1.55
1.32
0.79
0.72
0.74
0.80
0.81
0.73
0.43
0.80
0.80
0.81
0.80
0.81
0.81
0.80
0.75
0.79
0.78
0.78
0.73
0.79
0.79
0.75
0.78
0.69
0.73
0.80
0.76
0.61
0.75
0.76
0.79
0.73
0.71
0.79
0.76
0.74
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Table 1 to be continued

No. Accession Protein name Change Fold
95 R4GIY3  Torsin family 2 member A (TOR2A) down 0.67
96 A3FB57  Receptor protein tyrosine phosphatase LAR (fragment) (RPTPf) down 0.67
97 Q5F497 RCJMBO04_1o011 down 0.74
98 FINNN7 TNFRSF1A associated via death domain (TRADD) down 0.75
99 R4GM64  Flavin adenine dinucleotide synthetase 1 (FLAD1) down 0.80
100 E1BYC6  N-acetylglucosamine-1-phosphate transferase subunits alpha and beta (GNPTAB) down 0.70
101 E1C593  Exportin for tRNA (XPOT) down 0.71
102 HOLOP9 LOC101751282 down 0.78
103 Q5ZIA3  Sorting nexin 3 (SNX3) down 0.73
104 Q7T2X3 Low-density lipoprotein receptor (LDLR) down 0.65
105 F1P2Q3  Collagen type IV alpha 2 chain (COL4A2) down 0.70
106 E1BTM1 Eukaryotic translation termination factor 1 (ETF1) down 0.68
107 FINAMS6 Atlastin GTPase 1 (ATL1) down 0.79
108 Q5ZJ61  Phenylalanyl-tRNA synthetase subunit beta (FARSB) down 0.69
109 Q5ZM56  Serine/threonine-protein phosphatase 2A activator (PPP2R4) down 0.67
110 FINUP9  Short chain dehydrogenase/reductase family 16C member 5 (SDR16C5) down 0.60
111 FINP98 Integrin linked kinase (ILK) down 0.58
112 F1P331 Aldo-keto reductase family 7 member A2 (AKR7A2) down 0.66
113 FINK52  Ras homolog family member ] (RHOJ) down 0.51
114 F1P494 Transforming growth factor beta induced (TGFBI) down 0.53
115 F1P3Q5  Mitogen-activated protein kinase 8 interacting protein 1 (MAPKS8IP1) down 0.36
116 FINYD7 Exostosin glycosyltransferase 1 (EXT1) down 0.46
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Figure 3. The GO (Gene Ontology) function enrichment analysis of the differentially expressed proteins in the exosomes
from the DF-1 cells infected by ALV-]J (avian leukosis virus subgroup J)

Exosomes from uninfected cells were used as the control
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Table 2. The number of more than three of the differential proteins involved in the signal pathway and proteins

No. Map ID Map name Protein name and change
1 ko05200  Pathways in cancer I gﬁgﬁ;\l})ﬁz COL4AL1, JUP, COL4A2
2 ko04151 PISK-Akt signalling pathway I éﬁg& uncharacterised protein (fragment), COL4A1, COL4A2
3 ko04144  Endocytosis I gﬁig& T, VPs2
4 ko00010  Glycolysis/gluconeogenesis I ?]ISDP];I} S-(hydroxymethyl)glutathione dehydrogenase (fragment)
5 ko03320 PPAR signalling pathway I ﬁriﬁiicterised protein (fragment), APOA1L, ILK
6  ko04728  Dopaminergic synapse I Z?\IEI,\’GNAS, RPTPf
7  ko03010  Ribosome I Eg]ig,lRPLZZ, RPLLS
8  ko04910  Insulin signalling pathway I Erlj(]i/:ilcltgerised protein (fragment)
9  ko04510 Focal adhesion I 2(1)\1C,COL4 Al, COL4A2, ILK
10 ko04611 Platelet activation I gll\l?i(ss}zé;iizg
11  ko03013 RNA transport I ;Egg% LOC101751282
12 ko05034 Alcoholism I 211\113];(: 2GN AS
13 ko04726 Serotonergic synapse I gll\}?é( 48’ 2GN AS
14 ko04360  Axon guidance I Efﬁ,ZSEMAzD
15 ko009SO Metabolism of xenobiotics 1: ADH1
by cytochrome P450 1: S-(hydroxymethyl)glutathione dehydrogenase (fragment), AKR7A2
16 ko05146 Amoebiasis I g(;\IAS, COL4A1, COL4A2
17 ko04974  Protein digestion and absorption I g%)LllAL COL4A1, COL4AA2
18 ko04724 Glutamatergic synapse I ](3;11\11312(2 ZGN AS,
19 ko00071 Fatty acid degradation I Is\.]()}g:{rﬁxcyi[:ttyl) glutathione dehydrogenase (fragment)
20 ko00830  Retinol metabolism I g—]()lgilroxymethyl) glutathione dehydrogenase (fragment), SDR16C5
21  ko04512 ECM-receptor interaction I gg& A1, COL4A2
99 Kko04ldl Protein processing in endo- 1: SSR1,DDOST, SEC24D

plasmic reticulum

l:no

93


https://www.agriculturejournals.cz/web/vetmed/

Original Paper Veterinarni Medicina, 67, 2022 (02): 87-98

https://doi.org/10.17221/141/2020-VETMED

Table 2 to be continued

No. Map ID Map name Protein name and change
: E1BXS2
23 ko05032 Morphine addiction 1
P |: GNB4 GNAS
Adrenergic signaling in cardio- 1: E1BXS2, P19352
24 ko04261
myocytes 1: GNAS
25  ko04931 Insulin resistance T:no . .
|: uncharacterised protein (fragment), RPTPf, PPP2R4
1: E1BXS2
26  ko04713 Circadian entrainment
1: GNB4, GNAS
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Figure 4. The signal pathways of more than three differentially expressed proteins involved in the process as deter-
mined by KEGG (Kyoto Encyclopedia of Genes and Genomes ) analysis

higher, and miRNA-146b-5p was 3.29-fold higher After the prediction of the three screened dif-
(Table 3). No known miRNA with downregulated ferentially expressed miRNA target genes, a GO

expression levels were screened. functional enrichment analysis was performed.

Table 3. The differentially expressed miRNA in the exosome

miRNA Fold change P-value FDR Up/down Significant
gga-miR-2954 3.90 2.77 x 107 0.042 up yes
gga-miR-365-2-5p 6.85 3.46 x 107* 0.039 up yes
gga-miR-146b-5p 3.29 3.52 x 107 0.035 up yes

FDR = false discovery rate
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Figure 5. GO (Gene Ontology) term enrichment analysis for the predicted target genes of the different miRNAs

in the exosomes

Ribosome

Autoimmune thyroid disease
Cytosolic DNA-sensing pathway
Allograft rejection
Graft-versus-host disease
Parkinsons disease
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Toll-like receptor signaling pathway 0
Systemic lupus erythematosus

RIG-I-like receptor signaling pathway
Oxidative phosphorylation

Notch signaling pathway

ECM-receptor interaction

Protein digestion and absorption

0.05

Figure 6. The predicted target genes of the different
miRNA in the exosome were analysed by KEGG (Kyoto
Encyclopedia of Genes and Genomes)

As shown in Figure 5, the predicted differential
target gene components were in 21 categories,
including the cell part, organelle, organelle part,
membrane, membrane part, macromolecular com-
plex, extracellular region part, cell junction, extra-
cellular region, synapse part, membrane-enclosed
lumen, extracellular matrix, synapse, extracel-
lular matrix part, collagen trimer, cell, nucleoid,
virion part, mitochondrion-associated adherens
complex, viral occlusion body, symplast, and vi-

rion. They were involved in the cellular process,
single-organism process, biological regulation,
metabolic process, developmental process, cellular
component organisation or biogenesis, localisation,
response to stimulus, multicellular organismal pro-
cess, immune system process, biological adhesion,
reproductive process, locomotion, multi-organ-
ism process, signalling, behaviour, growth, rhyth-
mic process, hormone secretion, cell aggregation,
cell killing, reproduction, and biological phase.

In order to further analyse the role of the three dif-
ferent miRNAs, putative miRNA target genes were
involved in the KEGG pathways using the KEGG
PATHWAY Database. We found that the most abun-
dant KEGG terms were included in the ribosome,
ECM-receptor interaction, and protein digestion
and absorption (Figure 6).

DISCUSSION

This study investigated the differential proteins
and miRNA of exosomes from DF-1 cells infected
by ALV-], and the possible mechanism of the exo-
some’s role in the pathogenesis of ALV-]. In an or-
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ganism, proteins do not function independently,
but are coordinated by different proteins to per-
form a series of biochemical or biological function.
Therefore, in order to understand the biological
process of cells or the mechanism of diseases more
systematically and comprehensively, a pathway
analysis is usually performed as the most direct
and necessary way. In a previous study, we con-
firmed that exosomes from infected cells possessed
immunosuppression due to carrying gag/env pro-
teins of ALV-] (Wang et al. 2017). In this study,
the gag/env protein of ALV-] was also detected
in the exosome from the DF-1 cells infected by ALV-]
(Table 1).

The gag protein was found to promote to the
activation of ERK2/AP1 which had a strong cor-
relation with virus associated tumorigenesis. Our
results showed that the ALV-] infection affected
the signal pathways by changing the composition
of the exosomes’ proteins, and the pathway in can-
cer was the most abundant in KEGG terms, which
indicated that exosomal proteins play an important
role in the neoplasia mechanism of ALV-]. The dif-
ferentially expressed proteins ARPC5 and Rho-]
have been reported to be closely related to the
development of various tumours (Kinoshita et al.
2012; Kim et al. 2016). The role and mechanism
of the ARPC5 and Rho-] exosomes delivered from
cell to cell in ALV-] need to be further studied.

Exosomes contain a wide variety of RNAs such
as mRNAs, IncRNAs and miRNAs (Simpson et al.
2012). Among the molecules contained in the ex-
osomes, miRNAs playing regulatory roles in the
gene expression have attracted the most attention
(Zhang et al. 2015). miRNAs are small non-coding
single-stranded RNA molecules that are found
to be involved in a variety of physiological and
pathological processes, including growth, differ-
entiation, apoptosis, host-pathogen interactions,
and cancer (Zhou and Rana 2013; Bhaskaran and
Mohan 2014; Hartig et al. 2015; Yu et al. 2017).

In addition, due to the tissue specificity and chro-
nology of miRNA, the expression of miRNA may
be different in different tissues or different periods
of the same tissues. It has been reported that a re-
ticuloendotheliosis virus and an ALV-]J co-infection
increased the enrichment of the miRNAs in the
exosomes (Zhou et al. 2018). Exosomal miRNAs
play an important role in disease progression, since
the profiles of the exosomal miRNA may differ
from those of the derived cells (Zhang et al. 2015).
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Therefore, to explore the changes in the miRNAs
in exosomes originating from DF-1 cells infected
by ALV-], the function of the changed miRNA
target genes and the signal pathway involved will
be helpful in revealing the molecular mechanism
of ALV-]J utilising the exosome pathway causing
disease.

miR-2954 and the predicted target genes were
reported to affect the thymus immune function
of chickens (Zhou et al. 2019), which play an impor-
tant role in IBV-host interaction and determine the
virulence of the infectious bronchitis virus (IBV)
strain in kidneys (Yang et al. 2017). miR-365-2-5p
was identified in an in vitro canine parvovirus infec-
tion (Chuammitri et al. 2020). miR-146b-5p and the
predicted target genes were associated with breast
muscle growth in chickens (Khatri et al. 2018).

To further understand the effects of different
miRNAs and the predicted target genes in ALV-J in-
duced immunosuppression and cancer, it is worth-
while to conduct more investigations.

Notably, both the different proteins and target
genes of the miRNA were involved in the ribosome
pathway and ECM-receptor interaction pathway.
The expression of heterogeneous populations of ri-
bosomes in cells and the composition of ribosomes
was indicated as being involved in the develop-
ment of cancer (Bustelo and Dosil 2018; Catez et al.
2019). It has been identified that the ECM-receptor
interaction pathway plays an important role in vari-
ous forms of tumorigenesis (Cao et al. 2018; Li et al.
2018; Bao et al. 2019).

In conclusion, the investigation of exosomal pro-
teins and miRNAs provides novel insights into the
function of exosomes in the ALV-J pathogenesis.
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