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Effects of miRNA-155 on the Cytoskeletal Pathways in
REV and ALV-]J Co-Infection
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('College of Animal Science and Veterinary Medicine, Shandong Agricultural University, Taian 271018, China;
“Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Taian 271018, China)

Abstract This study was aimed to investigate the effects of miRNA-155 expression on actin cytoskeletal
pathways in ALV-J and REV co-infection. The exosomes from ALV-J, REV and ALV-J+REV infected DF-1 cells
were used to quantity the differentially expressed proteins and miRNAs by proteomic and transcriptome detection

technology. Then, the common changed factor and their participation in the signal pathway in co-infected group
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compared with single infected group were screened. The results showed that ALV-J and REV had synergistic
effects on each other, and REV played a leading role in synergism on ALV-J. RhoJ, NACKP1 and ARPCS, and the
miRNA-155 target protein ITG were involved in the actin cytoskeleton pathway. After transfection of miRNA-155
inhibitors or mimics, RT-PCR was used to detect the effects of miRNA-155 expression on the virus replication, and
the expression of ITG, RhoJ, NCKAP1 and ARPCS as well. The results demonstrated that the virus replication and
the expression of RhoJ and NCKAP1 were promoted, whereas, ITG and ARPCS5 expression was decreased, when
the miRNA-155 expression was increased. Inhibition of miRNA-155 expression inhibited virus replication, blocked
the expression of RhoJ and NCKAP1, and increased the expression of ITG and ARPCS. These changes were more
significant in the co-infected group, which was consistent with the previous results that the changes of associated
proteins induced by virus infection. Our results suggested that the synergistic effect of ALV-J and REV co-infection

might be associated with the miRNA-155 regulation the 4 proteins in actin cytoskeleton pathway. The miRNA-155

is a key factor regulating the synergistic effects of the two viruses.
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Table 1 Primers used for Real-time fluorescence quantitative PCR

H 5 SIS —3) J BERA (bp)
Gene target Primer sequence (5'—3) Fragment size (bp)
REV (env) Forward: TTG TTG AAG GCAAGC ATC AG 330
Reverse: GAG GAT AGC ATC TGC CCTTT
ALV-J (env) Forward: TGC GTG CGT GGT TAT TAT TTC 144
Reverse: AAT GGT GAG GTC GCT GAC TGT
ITG Forward: TAA GTT CAT AGC GAG CGA CC 125
Reverse: TCA GCA CAG CCC CAT TCC
RhoJ Forward: GAC GCC TCT AAA CTA CAT CCT 189
Reverse: GGC TTA CAGACCACCACAT
NCKAPI Forward: TTG TCT TTT CGG TCG TTG 126
Reverse: TGC CAC CTT CAT GTC AGT
ARPCS5 Forward: TGG ACG AGT ACG ACG AGA 254
Reverse: TGA GGA CCT TCA GGA CAAT
GADPH Forward: GAA CAT CAT CCC AGC GTC CA 132

Reverse: CGG CAG GTC AGG TCAACAAC

B i eDNA, LAH 1 -3-52% 18 Mt S i (gly ceraldehyde
3-phosphate dehydrogenase, GAPDH){E NN 2, #E475E
I 5t € BPCR, SIMF SRR, B2 1R
e 5 DR P A o Ak B, S B A =R, AR
BB o A BEDAH R Rk AP I 2 5
1.6 FiHFEDH

B Sge B A =R, AR IR 2
Romo KHISPSS 20.08 1 1EAT J5 2 73 #r, P<0.05%%
~ERBEAGIEE L.

2 #FR
21 EREEERTRESH

& RIS ZERMGH KR T1L208(E/T WA
P<0.057f bR fE B B RN RIB 2 R . 25
RN, SALV-VEGLAH AR, kg gl RiE 7= 7 1)
EAA 1340, K RIE LRE 744, RIETH
A 601N (K2); SREVE LA AH L, g2 Rk
Z& 5 A i 3RS, Hodr BRS04, IR
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EESFHIEATA30A, KRk e, N
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P<0.057 1% A5 M FImiRNARL Ky % 34 2 FmiRNA.
5 ALV-JE YL 20 AH B, gL 2 3R 0K 72 5 (I miRNA
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miRNAF 67, iRk ERESAS, 7 14 iR
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Table 2 The differentially expressed proteins between co-infection group and ALV-J infection group

55 Hids wHRAR A4 (REVAALV-J/ALV-T) IR
No. Accession Protein’s name Change (REV+ALV-J/ALV-J)  Up/down
1 FINJS6 KPNA2 3.944 Up
2 FINBDS8 C3H60RF103 4.018 Up
3 E1C6L5 SCG2 3.511 Up
4 E1BQ84 CPNE2 3.141 Up
5 FINZF2 MYCBP2 2.814 Up
6 Q2XP49 DNASE2 3.078 Up
7 EIBYC6 GNPTAB 2.625 Up
8 A8VHZI IL-6 2.569 Up
9 FINVWS FAM38B 2.501 Up
10 FINHI4 SOD3 2.501 Up
11 FINKS52 RhoJ 2.257 Up
12 EIBVTI1 IFT172 2.486 Up
13 E1C277 POLRI1D 2.534 Up
14 E1C9E0 MMP10 2.179 Up
15 E1IBYGS GSPT1 2.348 Up
16 P02701 AVD 2.130 Up
17 R4GH98 CRLF1 2.263 Up
18 Q462Q8 Avian reticuloendotheliosis virus env 2.181 Up
19 C7FGW7 Avian reticuloendotheliosis virus gag 2.118 Up
20 Q7Z7ZY5 DcR3 2.051 Up
21 F1P2P4 CARKD 2.050 Up
22 FINN84 VPS37B 1.985 Up
23 Q462Q9 Avian reticuloendotheliosis virus pol 1.945 Up
24 E1CO0K1 LCNS 1.939 Up
25 Q155F6 TNFIP6 1.896 Up
26 R4GHI3 SMPD1 1.991 Up
27 P08317 IL-8 1.733 Up
28 FINYS89 RHPN1 1.689 Up
29 R4GIZ6 CIHI20RF5 1.659 Up
30 Q90784 Claustrin 1.629 Up
31 FINGT3 MMP9 1.722 Up
32 FINVGO ISLR 1.607 Up
33 E1C332 CI90ORF39 1.541 Up
34 EIC8V9 FAMI36A 1.659 Up
35 FINCO06 BBS2 1.469 Up
36 FIN9J7 LOC425049 1.729 Up
37 F1P417 VNN1 1.573 Up
38 R4GHA7 TRIM62 1.557 Up
39 R4GHM4 LOC100857484 1.582 Up
40 P67881 CcYcC 1.486 Up
41 Q5ZIA7 OGDH 1.530 Up
42 Q5F3X4 EFTUD2 1.709 Up
43 Q5ZL58 SNRPD3 1.599 Up
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Frs iy = ZE{H(REV+ALV-J/ALV-J) FiR T
No. Accession Protein’s name Change (REV+ALV-J/ALV-]J)  Up/down
44 Q9DDD3 calsyntenin-1 1.419 Up
45 E1C958 LGMN 1.491 Up
46 Q90681 Cation-independent mannose-6-phosphate receptor 1.626 Up
47 E1C6G9 NCKAP1 1.436 Up
48 Q5ZLA7 LOC100857165 1.444 Up
49 FINRQ9 TGFB3 1.451 Up
50 F1P326 CAMKK?2 1.582 Up
51 R4GIZ2 PTX3 1.395 Up
52 FINTV6 UGGT!1 1.428 Up
53 POCBS50 PRDX1 1.407 Up
54 E1BSA4 PTTGIIP 1.439 Up
55 FINTIJI SLC2A3 1.464 Up
56 042388 Ubiquitin-ribosomal protein fusion protein 1.389 Up
57 POCG62 UBB 1.450 Up
58 Q6EE33 S-(hydroxymethyl) glutathione dehydrogenase 1.370 Up
59 E1C378 HNMT 1.402 Up
60 P08267 Ferritin heavy chain 1.382 Up
61 FINQT4 NPC1 1.405 Up
62 FINXX9 BPI 1.365 Up
63 B5TME2 MIPlalpha 1.387 Up
64 FINUQ4 ANGPTL4 1.383 Up
65 R4GFHI SDPR 1.383 Up
66 QIDEQ5 P37NB 1.377 Up
67 QS5F3C6 PPP2R5C 1.371 Up
68 FINUF8 AMBP 1.378 Up
69 P07583 Beta-galactoside-binding lectin 1.358 Up
70 FIN9E1 MASP1 1.419 Up
71 F1P331 AKR7A2 1.374 Up
72 AOMST8 CAV1 1.453 Up
73 F1P1G6 KIAA1199 1.593 Up
74 P18660 RPLPI 1.390 Up
75 E1C836 PDGFRL 1.468 Up
76 P48440 DDOST 0.664 Down
77 E1C5P6 FBN3 0.646 Down
78 FINI79 COLS5AL 0.661 Down
79 R4GJS6 C3 0.662 Down
80 P02457 COLI1ALI 0.663 Down
81 FINA29 PCSK6 0.669 Down
82 FINWS50 ATP6VIH 0.597 Down
83 EIBRCI1 CD99 0.647 Down
84 R4GM21 COLS5A2 0.670 Down
85 EIBX99 FIBIN 0.664 Down
86 F1POH9 COL1A2 0.586 Down
87 FINJO8 VIM 0.668 Down
88 QI8TF9 RPL14 0.623 Down
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75 it 5 EAEEE AF K (REV+ALV-J/ALV-J) /A
No. Accession Protein’s name Change (REV+ALV-J/ALV-]J)  Up/down
89 EICIGS8 FBLNS 0.663 Down
90 E1C8NI COMP 0.603 Down
91 FINU61 PCSK5 0.643 Down
92 A9DAB9 MDK 0.591 Down
93 P41125 RPL13 0.601 Down
94 E1BUB7 OLFM3 0.641 Down
95 E1C4H4 PODN 0.643 Down
96 Q25C36 OLFML3 0.609 Down
97 E1BSV7 YKT6 0.596 Down
98 Q90796 Alpha-1 type XI collagen 0.671 Down
99 FINGBI NUCB2 0.551 Down
100 FINX22 COLI12A1 0.629 Down
101 FINYJ1 CTSL2 0.600 Down
102 R4GME9 Gga.48096 0.619 Down
103 E1C2U6 PRKARI1B 0.659 Down
104 P51890 LUM 0.670 Down
105 Q90612 COL3Al 0.569 Down
106 E1BSPS8 SEC24D 0.593 Down
107 E1BXG9 PPID 0.583 Down
108 Q09121 EIF5A1 0.553 Down
109 E1C840 STON2 0.587 Down
110 F1P4N9 POSTN 0.342 Down
111 FINMES ZMYNDS 0.617 Down
112 F1P2R3 COL4A1 0.606 Down
113 FINPS1 LMNB2 0.553 Down
114 FINY60 SMOC1 0.558 Down
115 R4GGQ4 TIMM13 0.663 Down
116 P35440 THBS2 0.598 Down
117 P08250 APOA1 0.534 Down
118 F1P2Q3 COL4A2 0.534 Down
119 FINDF6 COL4AS 0.614 Down
120 P32760 PTN 0.642 Down
121 FINSI3 CYBSB 0.521 Down
122 FINES9 SVEP1 0.606 Down
123 EIBTM1 ETF1 0.509 Down
124 F1P4K9 COL11A1 0.556 Down
125 E1BRJ2 STC2 0.551 Down
126 042163 COCH 0.532 Down
127 E1C4W3 PITPNM2 0.508 Down
128 FIPOA1 XPNPEP1 0.465 Down
129 Q7ZTS9 Dimethylarginine dimethylaminohydrolase I 0.479 Down
130 C7G540 0CX32 0.415 Down
131 E1IBW00 WISP2 0.486 Down
132 FINUA2 ARPCS5(Arp2/3) 0.414 Down
133 E1BYD4 NDRGI1 0.421 Down
134 R4GKLS C1QTNEF3 0.577 Down
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Table 3 The differentially expressed proteins between co-infection group and REV infection group

Jrs il HEAM AR AL (REV+ALV-J/REV) A
No. Accession Protein’s name Change (REV+ALV-J/REV) Up/down
1 Q64997 Avian leukosis virus HPRS103 env 3.699 Up
2 FINBD8 C3H60RF103 2.557 Up
3 FINZS81 ACADSB 1.839 Up
4 R4GHA7 TRIM62 2.080 Up
5 FINVN3 MFI2 1.724 Up
6 R4GHI98 CRLF1 1.840 Up
7 FINUF8 AMBP 1.905 Up
8 P00565 CKM 1.822 Up
9 F1P417 VNNI 1.802 Up
10 QI155F6 TNFIP6 1.797 Up
11 FINY89 RHPNI1 1.646 Up
12 EICIV3 JUP 1.501 Up
13 FINHI4 SOD3 1.597 Up
14 R4QXY1 Gag and reverse transcriptase polyprotein 1.803 Up
15 Q90681 Cation-independent mannose-6-phosphate receptor 1.642 Up
16 Q64996 Avian leukosis virus HPRS103 gag 1.753 Up
17 P08317 IL-8 1.514 Up
18 Q02020 FGB 1.699 Up
19 FINKS52 RHOJ 1.581 Up
20 073840 Heparin cofactor II 1.480 Up
21 E1BUMO PPIE 1.592 Up
22 093532 Keratin, type II cytoskeletal cochleal 1.477 Up
23 Q5G8Y9 ApoD 1.395 Up
24 P09207 Tubulin beta-6 chain 1.410 Up
25 E1C6G9 NCKAP1 1.415 Up
26 FINHWS PPARD 1.469 Up
27 E1C7KS8 NDUFAF4 1.406 Up
28 A8VHZ1 IL-6 1.410 Up
29 FINV02 APOB 1.432 Up
30 Q5F3X4 EFTUD2 1.469 Up
31 FINGF8 ASTN2 1.363 Up
32 FIN803 C1S 1.420 Up
33 B3VE14 ITIH2 1.375 Up
34 E1C262 AP3D1 1.382 Up
35 FINNM9 LOC415932 1.385 Up
36 FINX60 FBLNI 1.364 Up
37 QIDEQS5 P37NB 1.375 Up
38 P02701 AVD 1.386 Up
39 FINYE1 MASP1 1.423 Up
40 FINBJS CAPS2 1.358 Up
41 E1C6L4 PROSI1 1.386 Up
42 R4GIY3 TOR2A 1.364 Up
43 E1C312 CAPNG6 1.385 Up
44 E1C4RS SCNI1A 2.164 Up
45 E1BQC2 TF 1.416 Up
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R FidT EHFAR ZA(REV+ALV-J/REV) S ANl
No. Accession Protein’s name Change (REV+ALV-J/REV) Up/down
46 FINB93 PEXS 1.369 Up
47 FINIC7 ALDHIALI 1.375 Up
48 F1P413 VAMP3 1.459 Up
49 E1C958 LGMN 1.355 Up
50 F1P1G6 KIAA1199 1.413 Up
51 FINRMS8 ERP29 0.696 Down
52 FINZ86 HSPA9 0.698 Down
53 FINYEO NOV 0.682 Down
54 Q2XNL5 TSG-6 0.686 Down
55 P61355 RPL27 0.687 Down
56 P48440 DDOST 0.677 Down
57 Q90784 Claustrin 0.688 Down
58 Q9YHD2 URP 0.684 Down
59 R4GKLS C1QTNF3 0.679 Down
60 FINBW3 SERINCS5 0.686 Down
61 P62801 H4-1 0.635 Down
62 E1BW00 WISP2 0.672 Down
63 E1C4W3 PITPNM2 0.661 Down
64 E1C4NO RPS10 0.682 Down
65 FINUA2 ARPC5(Arp2/3) 0.668 Down
66 Q6EE32 Calreticulin 0.657 Down
67 Q8UWGT7 RPL6 0.611 Down
68 FINF80 PPCS 0.623 Down
69 R4GGP6 LOC100859114 0.617 Down
70 FINZC6 PRPSAP2 0.698 Down
71 FINU61 PCSK5 0.697 Down
72 F1P4F4 SSR1 0.618 Down
73 P51417 RPL15 0.604 Down
74 Q03669 ATP2A2 0.617 Down
75 H9KZC8 PA2G4 0.619 Down
76 Q5ZHWS RPS14 0.615 Down
77 FINMES ZMYNDS 0.656 Down
78 P41125 RPL13 0.608 Down
79 E1C8Q3 ALDHI8A1 0.636 Down
80 Q09121 EIF5A1 0.608 Down
81 C7G540 0CX32 0.676 Down
82 P32760 PTN 0.572 Down
83 F1P494 TGFBI 0.598 Down
84 P84229 H3-I 0.554 Down
85 FINUH4 PFN2 0.595 Down
86 Q5ZMF5 RCIMBO04 0.465 Down
87 E1C2U6 PRKARI1B 0.589 Down
88 P09987 Histone H1 0.527 Down
89 P84172 TUFM 0.589 Down
90 Q98TF9 RPL14 0.504 Down
91 P02263 Histone H2A-IV 0.453 Down
92 E1BYD4 NDRGI 0.488 Down
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Table 4 The differentially expressed miRNAs between co-infection group and ALV-J infection group
5 miRNA % F A AL LA
No. miRNA’s name Fold change Up/down
1 gga-miR-3529 3.083 Up
2 gga-miR-2131-3p 2.655 Up
3 gga-miR-429-3p 86.038 Up
4 gga-miR-1416-5p 4.240 Up
5 gga-miR-375 29.179 Up
6 gga-miR-223 2.061 Up
7 gga-miR-3538 3.101 Up
8 gga-miR-1684a-3p 2.511 Up
9 gga-miR-221-3p 4.649 Up
10 gga-miR-184-3p 5.937 Up
11 gga-miR-456-3p 2.800 Up
12 gga-miR-30c-2-3p 2.045 Up
13 gga-miR-155 50.834 Up
14 gga-miR-1329-5p 2412 Up
15 gga-miR-147 3.111 Up
16 gga-miR-222b-3p 11.771 Up
17 gga-miR-146a-5p 41.039 Up
18 gga-miR-30a-3p 3.098 Up
19 gga-miR-92-3p 2.772 Up
20 gga-miR-146a-3p 47.631 Up
21 gga-miR-144-3p 2.946 Up
22 gga-miR-142-5p 2.265 Up
23 gga-let-7¢-5p 2.058 Up
24 gga-miR-146¢-3p 0.404 Down
25 gga-miR-181a-3p 0.439 Down
26 gga-miR-16-5p 0.414 Down
27 gga-miR-190a-5p 0.267 Down
28 gga-miR-20a-3p 0.253 Down
29 gga-miR-101-2-5p 0.390 Down
30 gga-miR-460a-3p 0.382 Down
31 gga-miR-30b-5p 0.215 Down
32 gga-miR-455-3p 0.379 Down
33 gga-miR-301a-3p 0.487 Down
34 gga-miR-32-3p 0.172 Down
35 gga-miR-10b-3p 0.426 Down
36 gga-miR-2954 0.185 Down
37 gga-miR-301b-3p 0.434 Down
38 gga-miR-146b-5p 0.368 Down
39 gga-miR-455-5p 0.336 Down
40 gga-miR-219b 0.472 Down
41 gga-miR-1451-5p 0.249 Down
42 gga-miR-18a-5p 0.465 Down
43 gga-miR-146¢-5p 0.317 Down
44 gga-miR-30d 0.450 Down
45 gga-miR-148a-5p 0.462 Down
46 gga-miR-26a-3p 0.199 Down
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No. miRNA’s name Fold change Up/down
47 gga-miR-203a 0.090 Down
48 gga-miR-1729-5p 0.106 Down
49 gga-miR-34a-3p 0.322 Down
50 gga-miR-193b-3p 0.130 Down
51 gga-miR-30e-5p 0.305 Down

52 gga-miR-6548-5p 0.071 Down
53 gga-miR-199-5p 0.313 Down

54 gga-miR-2131-5p 0.412 Down

x5 HEFASREVERAEFRIEHIMIRNA
Table 5 The differentially expressed miRNAs between co-infection group and REV infection group

[E) miRNA#Z R AR TR
No. miRNA’s name Fold change Up/Down
1 gga-miR-429-3p 2.084 Up
2 gga-miR-184-3p 3.133 Up
3 gga-miR-458a-3p 2.291 Up
4 gga-let-7a-2-3p 2.742 Up
5 gga-miR-155 3.274 Up
6 gga-miR-147 2.579 Up
7 gga-miR-146a-3p 4.183 Up
8 gga-miR-1454 0.410 Down
9 gga-miR-3538 0.416 Down
10 gga-miR-499-5p 0.194 Down
11 gga-miR-489-3p 0.239 Down
12 gga-miR-1563 0.152 Down
13 gga-miR-206 0.099 Down
14 gga-miR-133¢c-3p 0.319 Down
15 gga-miR-1677-3p 0.161 Down
16 gga-miR-460b-5p 0.356 Down
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A: miRNA-155[13 156 ALV-JE I {520 B: miRNA-155ZEXREVEHIAI54H . Control: A M miRNA-155%1%; Minics: # 4*miRNA-155
HE30E7; Inhibitor: 5% YmiRNA-15530 7. ALV-J: ALV-JHUUBEHL2H; ALV-JHREV: ALV-JHIREV AL [A & YL 4; REV: REVELUE AL, *+P<0.01,
**%P<0.001,

A: the effect of miRNA-155 expression on the replication of ALV-J; B: the effect of miRNA-155 expression on the replication of REV. Control: the
expression of miRNA-155 not changed; Minics: transfection of miRNA-155 minics; Inhibitor: transfection of miRNA-155 inhibitor. ALV-J: ALV-J
infection alone group; ALV-J+REV: ALV-J and REV co-infection group; REV: REV infection alone group. **P<0.01, ***P<0.001.
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Fig.1 The effects of miRNA-155 expression on the replication of virus
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A: miRNA-155/] % 1% XfRhoHJ # i; B: miRNA-155F 3 15 AITGH) #1; C: miRNA-155f) % 1% XfNCKAP1 ) #1; D: miRNA-155F) 2 15 %f
ARPCSHIR.M . Normal: RIEYAL; ALV-J: ALV-JH MUK YA ALV-I+REV: ALV-JFIREVEE R Y4, REV: REVH MUK Y. Control: A ig4%
miRNA-15571%; Minics: # J¢miRNA-155{2t 7; Inhibitor: ¥ J4miRNA-15541] . *P<0.05.

A: the effect of miRNA-155 on Rho; B: the effect of miRNA-155 on ITG; C: the effect of miRNA-155 on NCKAPI; D: the effect of miRNA-155 on
ARPCS. Normal: uninfected group; ALV-J: ALV-J infection alone group; ALV-J+REV: ALV-J and REV co-infection group; REV: REV infection alone
group. Control: the expression of miRNA-155 not changed; Minics: transfection of miRNA-155 minics; Inhibitor: transfection of miRNA-155 inhibitor.

*P<0.05.
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Fig.2 The effects of miRNA-155 on the proteins in actin cytoskeletal pathways under different virus infection status
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