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Research progress in the mechanisms of microRNA-mediated
regulation of porcine reproductive and respiratory syndrome
virus replication

FENG Shuo', PEI Yiwen', ZHANG Zhidong', YANG Danjiao’, ZHANG Min®", ZHOU Long"’

1 College of Animal Science and Veterinary Medicine, Southwest Minzu University, Chengdu 610041, Sichuan, China
2 Institute of Animal Husbandry Science of Ganzi Tibetan Autonomous Prefecture, Kangding 626000, Sichuan, China

Abstract: Porcine reproductive and respiratory syndrome (PRRS) is a major infectious disease in
the swine industry, posing a severe threat to global pig farming. Host microRNAs (miRNAs) are
endogenous small non-coding single-stranded RNAs that regulate various biological processes,
including cell development, metabolism, apoptosis, and immune responses, by binding to specific
target genes. Studies have demonstrated that miRNAs participate in the regulation of viral infection
and replication through both direct and indirect mechanisms. This review focuses on the molecular
mechanisms by which miRNAs modulate porcine reproductive and respiratory syndrome virus
(PRRSV) replication and host innate immune responses during infection, aiming to provide
insights for the development of miRNA-based applications and strategies for PRRS control.

Keywords: microRNA; porcine reproductive and respiratory syndrome virus (PRRSV); virus

replication; innate immunity
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(porcine reproductive and respiratory syndrome
virus, PRRSV)J& T2 [CJ 8 H (Nidovirales). 3fj
ik % 95 7 Bl (Arteriviridae) . B 30 ik & 7% 5 &
(Betaarterivirus), JL 3 K 21 2 L% IF 6% RNA,
KNG 15 kb, &4 ZE A 12 TP EAED,
PRRSV 43/ PRRSV-1 il PRRSV-2 iX 2 M3 [H
A E PR R 252 2202000 — & 4 Tl 44
N B kR 1 A (Betaarterivirus suid 1)l B
kR HE 2 %I (Betaarterivirus suid 2), H,
FE LI PRRSV-2 4, 2EAANE . XA
PRRSV-2 Btk HiRIE , &) Z ATk, H
T PRRSV KA AR HAME, s

H R I PR R BRI ™ AR S R, A
W, F I R B 5 I 25 G AR 1R B 45 AT AR T I
£ ONTIN

i E /) RNA (microRNA, miRNA) X J# 57
RNA g BRI e A0 o A fEZ/EH . miRNA
SRl EORSFEYAES S /N3 T RNA, i H
KN 21-23 MEHIR, BATERIFK- a5
RIFAMMTIRE . miRNA TEAIMIR hidiit RNA
& 11 (polymerase 11, Pol I1)#% 5% 4] i miRNA
(primary miRNA, pri-miRNA), H Drosha fif {] %]
774 miRNA FiffA&(precursor miRNA, pre-miRNA);
pre-miRNA M40 A% i 1 #4055, i Dicer
D) 1 miRNA XUEE ; miRNA XUE Y — 2 i 4k
K2R & RG], B RNA S UURE &1k
(RNA-induced silencing complex, RISC)P, #f 5%
W, miRNA TSN R R a5 R L R 3
R A LR RO, e B B ) S A A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



572 A AR Microbiol. China
2 FPEIRE . — M RAC YRR EEGE, H—APER Dicer BV ALK EE 2R 22 bp 1Y miRNA XUFEA ,

TG TR . RS S, & miRNA
(ZEIRTE DT A o ] 2 b S e 75 2 o
AL F M miRNA JE ot fe e 2 5
PRRSV & fill Flfi 32 56 K Aoy 5 H i i = AL ]
BEATAER , HFSE PRRSV B & AL FIBE 4
BT PRRSV 25932 (T Y S B RN SR S

1 miRNA Wkt

miRNA 75 EAZ AR A ot — A it
£, miRNA 7EAiIA% B JEidiid RNA Pol 11 #% 5%
A pri-miRNA, X Ff pri-miRNA EAG 2L 2544 ,
JE—FOUUEE RNA, SRS pri-miRNA 478 ik R
ZEM) . F£5 RNase III Drosha #% i fiff 1] &) 7= A=
pre-miRNA, pre-miRNA 7F #% Jit % iz & 1
Exportin-5 B /E T A% A 40 ML 5T, JF i

12X 5EE RNA 43 F 5 argonaute (AGO)HE 1454,

Horh— 8 o, ) — SRR i e A A
miRNA ##5 & iR £ H (arginine-rich protein) = il ,
eI RISC, KA HARAEH(E D

2 miRNA R #% & & L

H i T 24 K miRNA 50355 Hl 14
M AT, S AE A B e o 1 3 R 2H s
B 45 ) miRNA SRR EZ 6, miRNA
W] 5 RNA TN g5 G, VA HEiEmE
il I el A2 5 BE R HLR L o B T Y 52 e 248 i
miRNA Y1k, miRNA 47545 FH F A28 M
MR fE ERPUREERPER Y, HET miRNA 59
P ARV FTAT 2 Fhah 5. 0HImE 2 &
DL K 388 5 95 75 52 . 40 miRNA 7] 5§ 35 (7]

pre-microRNA

3'rerrmer” Nrrvrerener S

l

DNA
(YYYYYYIYYYY
I NN NN
Nucleus pri-microRNA
Bl HUMRNA%RERE  RNAPolll: RNAKATL; AGO: Argonaute 4548 1; RISC: RNAZET

G AR, FIHFigdraw2: .
Figure 1

The process of microRNA (miRNA) generation. RNA Pol II: RNA polymerase II; AGO: Argonaute;

RISC: RNA-induced silencing complex. Using Figdraw to create figures.
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J¥ 50 R S 0 7 = R ) 1 A S R T
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SRP14 [{ 32k PRRSV (& HIUS, 14k,

fIF 5% & B, miR-331-3p A ¥ 4] PRRSV-2 ¥
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miR-361-3p |3 i B 4% % 1] PRRSV ORF1b #l
ORFla FENAE %t PRRSV & il EAMHIE
3.2 miRNA $EE{ER T8 E & FH B #EF
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ER AL HE 5 (melanoma differentiation-
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A, R0 RNA 5 85 2 5%, miRNA
) 3 2 2 5 1 e I T I AH DGR, B
] PRRSV AH X M9 1a E 2 &, #F — 25 m
PRRSV AYI4%5E (K 3). miR-382-5p. miR-541-3p,
miR-novel-216, miR-10a, miR10a-5p. miR-30c,
miR-373, miR-24-3p. miR-22. miR-376b-3p &
miRNA 22 [ $Z0 i PRRSV & il , miR-23,
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



574 (PSS ik Microbiol. China

Rl HUIRNAFIEEEIE SITIRG S IR SRR TE RIS
Table I microRNA (miRNA) regulates the pathway of porcine reproductive and respiratory syndrome (PRRSV)

infection in hosts

Type of Inhibition of miRNA Targets or signaling  Reference
interaction  increase pathway
Direct Inhibit miR-130b*1!2 Virus genome 5'UTR [11]
interaction  translation iR 331 3p%12 miR-339-5p*2 miR-320°12, miR-10a-5p*%,  Virus genome ORF  [12-16]
miR-361-3p°?
miR-23°2, miR-150*2, miR-let7%12 Virus genome 3'UTR [17-19]
Indirect Inhibit virus  miR-1812, miR-506°2, miR-124a"2, miR-let-7f-5p*2 Receptor [19-22]
interaction  replication  ip 232 iR 262°2 miR-451'2 Host TLR3/7 [17,23-24]
miR-125b*2, miR let-7%12 Host RIG-I/MDAS5  [19,25]
miR-331-3p*2, miR-218"%, miR-122"% miR-15082 Host JAK/STAT [12,18,26-27]
miR-142-3p"2, miR-320°' 2, miR-10a"2, miR-10a-5p*> Other cytokines [14-15,28-29]
Increase miR-541-3p°?2 Host TLR3/7 [30]
virus miR-373"2, miR-novel-216%> Host RIG-I/MDA5  [31-32]
replication ) 2
miR-30c Host JAK/STAT [33]
miR-382-5p* %, miR-24-3p*2, miR-22°2, miR-376b-3p°> Other cytokines [34-37]

a—j: VRAMIAIRIS RN IR T(a: 7Emarc-145 K% It B WS4 il (PAM) F #4708 ; b: 7Emarc-145HIHEK 293 T4 | #6417
%55 c: fEmarc-145, PAMMCRL-28434H FHFF RS0 ; d: fEPAMAIAE FHFF IR e: fEmaec- 145404 [ FkE; £ 76
marc-145, PAM M HEK293T40 M | #4715 ; g: 7Emaec-145. PAM . &Ml 5 W41 i (PPM) A1 SR J& ifi B8 4% 41l i (PBMC) |
BEAFRE; h: 7EPAM. PPM. SFAEIMLSAZAHHE(BMO) K CRL-284340f [ #F1 iK% 5 i: 123k4J5 i TEPRRSVIFH4, miR-130b
EINCEAUIY) 16 mg SHEYURAR S, B2 5 mLEA N ERMTHE, JF S N ERNS mLR R IIvIX 143888k j: 6K4faik AT
¥, miRNAFL YL & R2.5 mg/kgtRE, F£¥51.5 mLAYPRRSV-2 [# ¥k LA 3 5 2 #0 47 55). 1-2. PRRSVEERZH 27 (1.
PRRSV-1; 2: PRRSV-2),
a—j: In vitro and in vivo experiments (a: Assays in marc-145 and porcine alveolar macrophages (PAM) cells; b: Assays in marc-145
and HEK 293T cells; c: Assays in marc-145, PAM, and CRL-2843 cells; d: Assays in PAM cells; e: Assays in marc-145 cells; f:
Assays in marc-145, PAM, and HEK 293T cells; g: Assays in marc-145, PAM, porcine pulmonary macrophage (PPM), and
peripheral blood mononuclear cell (PBMC) cells; h: Assays in PAM, PPM, peripheral blood monocytes (BMO), and CRL-2843
cells; i: Twelve 4-week-old PRRSV-naive piglets were inoculated intranasally with 6 mg per dose of miR-130b or NC mimic mixed
with transfection reagent in a final volume of 2.5 mL, followed by intranasal challenge with 3 mL of diluted PRRSV strain vJX143;
j: Six 4-week-old piglets were administered miRNA at a transfection dose of 2.5 mg/kg body weight and challenged via
intramuscular injection with 1.5 mL of PRRSV-2 strain). 1-2: PRRSV genotype (1: PRRSV-1; 2: PRRSV-2).

miR-122. miR-150., miR-125b. miR let-7, K, R IR £ kAT 2 (heparan sulfate, HS), MEJX
miR-142-3p. miR-320 % miRNA [i] # {2 i FRAHHE L (sialoadhesin, Sn). IMZLE FITHIEIEZ
PRRSV % 4 & 3 4k 7% (cluster of differentiation 163, CD163).

. i PR 5E 8 H A 51 8 (heat shock protein family A
= 4 ;
321 miRNA SEfEFRTEELMA PRRSV member 8, HSPAS). CD151. LA MLERSE 1 &

24D PRRSV 2 5% 9 (myosin heavy chain 9, MYH9)55 3t 9 FfiAH ¢
PRRSV # A T8 ERANME 22K T 2k, Homr 2 5% EME . NALsi S
WHRIERH, HATC%EH LA EE PRRSV % PRRSV BYLTE 1400 h & 45 d 4 FH Y
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Figure 2 Direct targeting of porcine reproductive and respiratory syndrome (PRRSV) genome by microRNA

(miRNA) inhibits viral replication. Dicer: Endoribonuclease Dicer; RISC: RNA-induced silencing complex.

Using Figdraw to create figures.
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B3 miRNAfEEERBEEREELMPRRSVES] TRL3/7: TollFEsZ1k3/7; MDAS: B3Ik
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SAGTHEL; TRIM22: =45 F22; CD163/151: 7rMbf%163/151; NF-kB: A T«B; STAT3: f551%
G L SR E 35 CBP: MBEIRE AN LIS G EH IL-6: HANE-6; MYH9: WUBRKE HEHHE9;
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Figure 3 miRNA targeting of host genes indirectly affects PRRSV replication. TRL3/7: Toll-like receptor 3/7;
MDAS: Melanoma differentiation-associated protein 5; RIG-I: Retinoic acid-inducible gene I; JAK/STAT: Janus
kinase-signal transducer and activator of transcription; HO-1: Heme oxygenase-1; TRIM22: Tripartite motif
containing 22; CD163/151: Cluster of differentiation 163/151; NF-xB: Nuclear factor kappa-B; STAT3: Signal
transducer and activator of transcription 3; CBP: CREB binding protein; IL-6: Interleukin-6; MYH9: Myosin
heavy chain 9; TBKI1: TANK binding kinase 1; IKKe: Inhibitor of kappa B kinase; IRF3/7/9: Interferon
regulatory factor 3/7/9; SOCS1/3: Suppressor of cytokine signaling 1/3; RAC1: Ras-related C3 botulinum toxin
substrate 1; CEBPB: CCAAT enhancer binding protein beta; TAK1: Transforming growth factor-B-activated
kinase 1; Tyk2: Tyrosine kinase 2; IFNAR: Interferon alpha and beta receptor subunit 1. Using Figdraw to create

figures.
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PRRSV (%5 #l . SOCS3 M 3= B 3 & 171 I 4
JAK/STAT {5 53 e TR R, 251
RGP W . miRNA-122 Fl miRNA-218 #5358 i:f
#1n) SOCS3, FEALH R iL, £ #F IFN )™

A2 N TR PRRSV 19 H . 45 BT,
m1R-331 -3p. miR-218, miR-122, miR-150 if iof
#E m) 4 1] JAK/STAT {5 53l % ] PRRSV &
il , miR-30c i@ #0145 H] JAK/STAT 15 53 #%
{23 PRRSV &,

3.24 miRNA $E[E{ER Toll #Z KR F
] PRRSV 51

Toll FESZART 12 /3 A TE EWEANAE . A 5tk Al
Mo e re i, DARR 5 — R AR 5 i
0T AN A L A A N AR A, R
2 FEEEN S S TG 515 S, TLR JuHZ
TLR3/7 41 F 1 S K S 7E 15 EHT PRRSV gk
H R P T A

i 9% % B, miRNA-23 F1 miRNA-26a 7
PRRSV &L 0] 18 5k IRF3/IRF7 1% 5% IFN

ik, MR EEERGE, Hid miRNA-26a il o #%
1% IFN {5 S3@ g A o IFN Jili LN MX1 F1 T
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e E R LA 15 (interferon-stimulated gene 15,
I1SG15)2&3517 2 1 miRNA-451 Wi ¥ ) 2
1 i & V. 5 B 8 (proteasome subunit beta 8,
PSMB8)#5 TFN-T fy7=A4:24 Ifiiildi] PRRSV
S, MR, EB5 miRNA i i 12 Fe s
T [ HP B A S B R R X PRRSV 4 4
FIEFEAVER, 40 miRNA-541-3p i 1o 1422 50 |
TLR7 G845 IEN-IAG 550, i fE ik PRRSV
B H . 28 F TR, miR-541-3p i i $1 1] 7
Toll ¥f 3% {& i 42 42 #F PRRSV % i, miR-23,
miR-26a, miR-451 i 1§ 5] 7 H] Toll # 32 {4 1%
3l PRRSV &,
325 miRNA #EMERABEEEFHEXES
B0 PRRSV £l

BRI ANUARSG , 2801 32 % 2 4
B, miRNA SR T HAb s A,
S0 PRRSV Z i, Ras #H156 C3 AFHHRIEY 1
(Ras-related C3 botulinum toxin substrate 1, RAC1)
J& Rho &k G SRR, TEZ RIS shrh &
YEVEFH, miRNA-142-3p EL#EH A RACT, @it
T RACT 54| PRRSV (RS ffn4r
= JIn %A B (heme oxygenase, HO) & —Fh B 2L (14T
AL, Hrh HO-1 1 HO-2 #B AT fiAk 1 1 25 [
fift, HO-1 7EHL4 . Brlafb X biid A g h &
FEE TR, R — PP EE 0 40 R G
miRNA-24-3p Fl miRNA-22 # ] L 4 7 4 40
] HO-1 A9 3'9F & % X ok T # HO-1 Y 3R
KBS0 MU #E PRRSV (9% | . CEBPB X
M| CCAAT iR F45G 81 B, Je—Fh B LM
EINT, WY CEBPB W] LAY HIV 18 FIE
2 i A % 42 ), miR-320 i 3o ¥ i) CEBPB Y
3'UTR, 717 CEBPB By#ik, il PRRSV &
144 LN 4 pEGFP-N1-miR-320 1, 11] 2% fif
1744 PRRSV YL pERIY . A =P MEA
Jit 22 (tripartite motif containing 22, TRIM22)J& F
TRIM EARE, 2z REE, S50k
Y MO 3E BE S A B EE A AR, AT LAGE S 5 LC3
FHEAEFE S N R 000 Tl 1A B A R 2 i 7 il

IR I, miRNA-376b-3p A] )i 3o B 4%
L) TRIM22, 461 45 3L bt s 2 76 FAP7, 4 ik
PRRSV Y53k, SRP14 J& 15 5 ki F (signal
recognition particle, SRP), HZ 5 H & MK
YEFA, miRNA-10a-5p i@l SRP14 i 15%K
il PRRSV f & HIUS F P Z 8 A 8
(interferon regulatory factor 8, IRF8), t#Hx AT
FALR A A E A, & IFN-1F Sl a &
B WGER 4> . PRRSV 3 o I IRFS Ay ik K
P2k 14 miR-10a B3k, miR-10a W3 i 5 7]
SRP14 i PRRSV & il**), HSP60 jE# AT
H (heat shock proteins, HSPs) Z i H ) — 5t , J&
—Fh S 5y E AR, HAa i AR D RE A
o ZEVE AT VEF B9 IR PE 41, miRNA-382-5p
i 3 # ) HSP6O HI] TFN [ A= 04 DATARE ik
PRRSV & il . £& L Jfrif, miR-24-3p, miR-22,
miR-376b-3p. miR-382-5p i3 # [ E 15 324
F A 530 % {2 #F PRRSV & #, miR-142-3p.
miR-320, miR-10a-5p. miR-10a i it # i) 7
16 TN FAH A5 S M PRRSV & 4.

4 EZ

HH, PRRS Bh#E FE LN e, WF
FERI, PEW IS AR 2 | SRR S
BERR B B A R A A 2 ),
HPT M AR Ak, 3R E S MR IR
“WE HO AL TAE, Hit, mFEHFA ST PRRSV
WBIFPY . WFFEERY], miRNA 2515 LA
PR AR, R AE VR 1 32 R0 7 A AR AR R
FEHEEAMEA, KT miRNA 7E#$%E PRRSV & il
FifE 3= G 92 BN H R 3R R AF 98 S B 15 i
MR Z 9T 2, 15 F miRNA 72 5E77
PRRSV B il E#HEZ/EMH, FE T mRNA
FE A £ AU B A AH BAE A B BES SRR, AT B
T4 T fi# PRRSV 4 HEkE SR 1% . Zhang
VORI 2, miR-361-3p 7] LA#E [ PRRSV
() Nsp12 A1 Nsp11 35k PR X s, DA T 100 6l 5 7 &2
i, I HIZMFEEAE T ssc-miR-361-3p TR AE/)
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B PN A8 8508 GR R I B3R 7 6 I R Iz
PR T HFSE AL . You 25N PRRSV-2 1Y
FER% 1 56 BokE pEGFP-N1-let-7, % SR HAMHI T 47
W ER IR, JRURAR TR 5 LA A O Y
PRk . HAT, miRNA X520 PRRSV &
BIRFZE K 0 B T PRRSV-2 Bk, Xfea—3
BRIEATIAE, IR ARXAS R 1E R FEARIEA T I RO
PPEAL . AL Li 20 miR-130b WAT 58 17 5
IR A R N R B BOR B IE PE, T A S0
5% PRRSV-2 vIX143 Il IRF M, dF—LalmeiE
S miR-130b X PRRSV-1 JC 1l il &% SR, 8
miRNA X 2 Fofi 5 R U 3 bk 1 R AP RACR SR IS
XS, 2022 4F, You ZUOVMAMEILSE . K.
i 22 RE NG % B PRRSV B YL PAM HAh
T miRNA SCHE, )7 25 5 3¢ B 76 AS [ B[] o5
let-7 ZZ % miRNA TEA ARG RIS FAAE 25 22
5o AU BT A B, PRRSV 1EA[A] i il
) $ A PR £ 43 A R R A 8 B T 4 A A ) 25
S, I HAHRRL I 1E] TXAL J3 B Ams 75 280 A
O3B ARG R D B8N TR A K2 v
1, FEWEE X PRRSV EA AR5 iy R0
20 i R G A PAMs i1 miRNAs
WF 0T, BRI PRRSV R Rk
2509 miRNAs, FlidARIMAFRIESL T miRNA-
222 %42/ miRNAs % PRRSV & Hl EA B &)
TREER, HYUm LS — 2L i oE .
miRNA 7 AN B ETE A, HIH 55
B EAEALE] M AT, Y HT miRNA FH T4
Kl RIGIT F-BARAFAE G 2 M8, 41: miRNA
FERL) (mimics) sl 1 il 77 (antagonists ) 7E 1A N ) #
IV T 2E 20 (8 A TR il S A i, O 2
SHEEY SR miRNA HL M2, K5k ik 5]
Hires B 414 ; miRNA B35k n] fE5 | & HL
PRI B PE RN, S BUCRAE SR R R, HE Al
F A . R ST E B miRNA 7E PRRSV 11l
RIGIY J7 el P, F& T 18 £ PRRSV
TG AL, R ER T AR AR R

ATREAEAE B IR, AR RS A T 0T 22 (1) i
HEERE

75 7 miRNA F1 PRRSV H G AEFALHIE 2,
98 2], £ miRNA A]#[7 PRRSV KA 40
ELEAD G R A ], B A ) A o 5 PR
i FHe R e, Pni a6l PRRSV 7E4H
N B IETE . L, AREPL PRRSV miRNA 2}
YIWE & R AR SR HE ) PRRSV JE[H | iR 2 At
PRRSV KSR Fy2 38 1% A5 AN [F) J7 T #6473 1R
e, A IIRPUREIGIT B, fERE sy
S HANKIFZE B, A PRRS A RGAYTH L
T—ME M FE . BEEMRABIRA, 5
FHE miRNA B4 5, M L miRNA S #E S A 5T
I 5 5 B PR AL e A T 2 R Ay
], WS T miRNA B RIEYT 7 ket
THRSHEEA, X PRRS AYRG S 2 EEAE .

(3=t

AR BE S, ARIEE, KRN B8
% . miRNA J4% PRRSV LB 40T 5 KB4
WOBHE S WPk R SR SRR S Rk
HE, BT,

MR LT AR

VR P 2 JCAT AR ] RE S S A SO ity TAR Y
BT N AK R

REFERENCES

[1] LUNNEY JK, FANG Y, LADINIG A, CHEN N, LI,
ROWLAND B, RENUKARADHYA GJ. Porcine
reproductive and respiratory syndrome virus (PRRSV):
pathogenesis and interaction with the immune system[J].
Annual Review of Animal Biosciences, 2016, 4: 129-154.

[2] MURTAUGH MP, ELAM MR, KAKACH LT.
Comparison of the structural protein coding sequences of
the VR-2332 and Lelystad virus strains of the PRRS
virus[J]. Archives of Virology, 1995, 140(8): 1451-1460.

[3] ZHOU L, KANG RM, ZHANG Y, YU JF, XIE B, CHEN
CY, LI XY, CHEN B, LIANG LQ, ZHU JW, TIAN YM,
YANG X, WANG HN. Emergence of two novel
recombinant porcine reproductive and respiratory
syndrome viruses 2 (lineage 3) in Southwestern China[J].
Veterinary Microbiology, 2019, 232: 30-41.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



580

(DGEXVES ik

Microbiol. China

[4]

[5]

(6]

[7]

(10]

[11]

(12]

ZHOU L, YU JF, ZHOU J, LONG YP, XIAO L, FAN
YD, YANG DJ, ZHANG B, ZHANG ZD, LIU J. A novel
NADC34-like porcine reproductive and respiratory
syndrome virus 2 with complex genome recombination is
highly pathogenic to piglets[J]. Infection, Genetics and
Evolution, 2023, 112: 105436.

GIRARDI E, LOPEZ P, PFEFFER S. On the importance
of host microRNAs during viral infection[J]. Frontiers in
Genetics, 2018, 9: 439.

CARTHEW RW, SONTHEIMER EJ. Origins and
mechanisms of miRNAs and siRNAs[J]. Cell, 2009,
136(4): 642-655.

SHANG RF, LEE S, SENAVIRATHNE G, LAI EC.
microRNAs in action: biogenesis, function and
regulation[J]. Nature Reviews Genetics, 2023, 24(12):
816-833.

SCHULT P, ROTH H, ADAMS RL, MAS C, IMBERT L,
ORLIK C, RUGGIERI A, PYLE AM, LOHMANN V.
microRNA-122 amplifies hepatitis C virus translation by
shaping the structure of the internal ribosomal entry
site[J]. Nature Communications, 2018, 9: 2613.

T E . sse-miR-19b & J H {E 4r F circUSP18,
circASHIL 1D2 X 4 S5 55 W 2523 AT 7 A2 il ) 90
FERFFE[D]. sUDL Al Rz, 2022.

WANG GW. Study on the regulation of ssc-miR-19b and
its interacting molecules circUSP18, circASHIL, and
ID2 on replication of porcine reproductive and
respiratory syndrome virus replication[D]. Wuhan:
Huazhong Agricultural University, 2022 (in Chinese).
KUMAR A, KUMAR A, INGLE H, KUMAR S,
MISHRA R, VERMA MK, BISWAS D, KUMAR NS,
MISHRA A, RAUT AA, TAKAOKA A, KUMAR H.
microRNA hsa-miR-324-5p suppresses HS5N1 virus
replication by targeting the viral PB1 and host
CUEDC2[J]. Journal of Virology, 2018, 92(19):
e01057-18.

LI LW, GAO F, JIANG YF, YU LX, ZHOU YJ, ZHENG
H, TONG W, YANG S, XIA TQ, QU ZH, TONG GZ.
Cellular miR-130b inhibits replication of porcine
reproductive and respiratory syndrome virus in vitro and
in vivo[J]. Scientific Reports, 2015, 5: 17010.

YOU XB, QU YL, ZHANG Y, HUANG JS, GAO XX,
HUANG CY, LUO G, LIU Q, LIU M, XU DQ.
miR-331-3p inhibits PRRSV-2 replication and lung injury
by targeting PRRSV-2 ORF1b and porcine TNF-a[J].
Frontiers in Immunology, 2020, 11: 547144.

[13] YE CF, CAO XY, SHENG JL, SUN YM, LI G, FANG

[14]

WB, ZHANG YB. miR-339-5p inhibits replication of
porcine reproductive and respiratory syndrome virus by
targeting viral gene regions[J]. Virus Genes, 2024, 60(2):
186-193.

GAO XX, YOU XB, WANG GW, LIU MT, YE LL,
MENG YF, LUO G, XU DQ, LIU M. miR-320 inhibits
PRRSV replication by targeting PRRSV ORF6 and
porcine CEBPBJJ]. Veterinary Research, 2024, 55(1): 61.

[15] ZHAO GW, HOU JY, XU GX, XIANG AQ, KANG YM,

YAN YH, ZHANG XB, YANG GS, XIAO SQ, SUN SD.
Cellular microRNA miR-10a-5p inhibits replication of
porcine reproductive and respiratory syndrome virus by
targeting the host factor signal recognition particle 14[J].
The Journal of General Virology, 2017, 98(4): 624-632.

[16] ZHANG QC, ZHANG MY, QI X, SHENG JL, SUN YM,

ZHANG YB. Ssc-miR-361-3p suppresses porcine
reproductive and respiratory syndrome virus (PRRSV)
replication and its in vivo expression in mice[J].
Biochemical Genetics, 2025.

[17] ZHANG Q, GUO XK, GAO L, HUANG C, LI N, JIA

XJ, LIU WJ, FENG WH. microRNA-23 inhibits PRRSV
replication by directly targeting PRRSV RNA and
possibly by upregulating type I interferons[J]. Virology,
2014, 450: 182-195.

[18] LI SH, ZHANG X, YAO Y, ZHU YQ, ZHENG XIJ, LIU

F, FENG WH. Inducible miR-150 inhibits porcine
reproductive and respiratory syndrome virus replication
by targeting viral genome and suppressor of cytokine
signaling 1[J]. Viruses, 2022, 14(7): 1485.

[19] YOU XB, LIU M, LIU Q, LI HJ, QU YL, GAO XX,

HUANG CY, LUO G, CAO G, XU DQ. miRNA let-7
family regulated by NEAT1 and ARID3A/NF-«B inhibits
PRRSV-2 replication in vitro and in vivo[J]. PLoS
Pathogens, 2022, 18(10): ¢1010820.

[20] GAO L, GUO XK, WANG LH, ZHANG Q, LI N, CHEN

XX, WANG YQ, FENG WH. microRNA 181 suppresses
porcine reproductive and respiratory syndrome virus
(PRRSV) infection by targeting PRRSV receptor
CD163[J]. Journal of Virology, 2013, 87(15): 8808-8812.

[21] WU JJ, PENG XW, ZHOU A, QIAO M, WU HY, XIAO

HW, LIU GS, ZHENG XM, ZHANG SJ, MEI SQ.
miR-506 inhibits PRRSV replication in MARC-145 cells
via CDI151[J]. Molecular and Cellular Biochemistry,
2014, 394(1/2): 275-281.

[22] LI N, HUANG K, CHEN YJ, HUANG ZY, ZHANG YY,

LENG CL, LIU YK, SHI JZ, XIAO SQ, YAO LG.
microRNA ssc-miR-124a exhibits antiviral activity
against porcine reproductive and respiratory syndrome
virus via suppression of host genes CD163[J]. Veterinary
Microbiology, 2021, 261: 109216.

[23] JIA XJ, BI YH, LI J, XIE Q, YANG HC, LIU WIJ.

Cellular microRNA miR-26a suppresses replication of
porcine reproductive and respiratory syndrome virus by
activating innate antiviral immunity[J]. Scientific
Reports, 2015, 5: 10651.

[24] LI SH, GUO SY, LIU F, YAO Y, ZHU YQ, FENG WH.

miR-451-targeted PSMB8 promotes PRRSV infection by
degrading IRF3[J]. Journal of Virology, 2024, 98(9):
¢0078424.

[25] WANG D, CAO L, XU Z, FANG LR, ZHONG Y, CHEN

QG, LUO R, CHEN HC, LI K, XIAO SB. miR-125b
reduces porcine reproductive and respiratory syndrome
virus replication by negatively regulating the NF-xB
pathway[J]. PLoS One, 2013, 8(2): e55838.

[26] ZHANG L, ZHANG L, PAN Y, GAO JX, XU YF, LI X,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SR 4% | MicroRNA I 124K S50 5 W0 45 ik 55 = AL A AR Tt 9 ik e

581

[27]

(28]

[29]

[30]

[31]

(32]

TIAN ZJ, CHEN HY, WANG Y. Downregulation of
miR-218 by porcine reproductive and respiratory
syndrome virus facilitates viral replication via inhibition
of type I interferon responses[J]. Journal of Biological
Chemistry, 2021, 296: 100683.

ZHANG J, LI FJ, SUN P, WANG J, LI K, ZHAO ZX,
BAI XW, CAO YM, BAO HF, LI D, ZHANG J, LIU ZX,
LU ZJ. Downregulation of miR-122 by porcine
reproductive and respiratory syndrome virus promotes
viral replication by targeting SOCS3[J]. Veterinary
Microbiology, 2022, 275: 109595.

ZHENG ZF, FU XL, LING X, SUN HH, LI Y, MA ZQ,
WEI BJ, ZHENG HX, XIAO SQ. Host cells actively
resist porcine reproductive and respiratory syndrome
virus infection via the IRF8-MicroRNA-10a-SRP14
regulatory pathway[J]. Journal of Virology, 2022, 96(7):
€0000322.

YAO Y, ZHANG X, LI SH, ZHU YQ, ZHENG XIJ, LIU
F, FENG WH. miR-142-3p suppresses porcine
reproductive and respiratory syndrome virus (PRRSV)
infection by directly targeting Racl[J]. Veterinary
Microbiology, 2022, 269: 109434.

SHI XB, YANG YH, ZHANG XZ, CHANG XB, CHEN
J, WANG C, WANG AP, WANG JH, QIN JR, YE XL,
JIN W, ZHANG GP. miR-541-3p promoted porcine
reproductive and respiratory syndrome virus 2
(PRRSV-2) replication by targeting interferon regulatory
factor 7[J]. Viruses, 2022, 14(1): 126.

LUO XG, XIE S, XU XS, ZHANG Y, HUANG Y, TAN
DM, TAN Y. Porcine reproductive and respiratory
syndrome virus infection induces microRNA novel-216
production to facilitate viral-replication by targeting
MAVS 3'UTR[J]. Veterinary Microbiology, 2024, 292:
110061.

CHEN J, SHI XB, ZHANG XZ, WANG AP, WANG L,
YANG YY, DENG RG, ZHANG GP. microRNA 373
facilitates the replication of porcine reproductive and
respiratory syndrome virus by its negative regulation of
type I interferon induction[J]. Journal of Virology, 2017,
91(3): e01311-16.

[33] ZHANG Q, HUANG C, YANG Q, GAO L, LIU HC,

TANG J, FENG WH. microRNA-30c modulates type |
IFN responses to facilitate porcine reproductive and

respiratory syndrome virus infection by targeting
JAK1[J]. The Journal of Immunology, 2016, 196(5):
2272-2282.

[34] CHANG XB, SHI XB, ZHANG XZ, CHEN J, FAN XM,

YANG YH, WANG L, WANG AP, DENG RG, ZHOU
EM, ZHANG GP. miR-382-5p promotes porcine
reproductive and respiratory syndrome virus (PRRSV)
replication by negatively regulating the induction of type
I interferon[J]. The FASEB Journal, 2020, 34(3):
4497-4511.

[35] XIAO SQ, WANG X, NI HB, LI N, ZHANG AK, LIU

HL, PU FX, XU LL, GAO JM, ZHAO Q, MU Y, WANG
CB, SUN YN, DU TF, XU XG, ZHANG GP, HISCOX

[36]

[37]

[38

—_

[39

—

[40]

[41]

[42]

[43]

[44]

[45]

JA, GOODFELLOW IG, ZHOU EM. microRNA
miR-24-3p promotes porcine reproductive and respiratory
syndrome virus replication through suppression of heme
oxygenase-1 expression[J]. Journal of Virology, 2015,
89(8): 4494-4503.

XIAO SQ, DU TF, WANG X, NI HB, YAN YH, LI N,
ZHANG C, ZHANG AK, GAO JM, LIU HL, PU FX,
ZHANG GP, ZHOU EM. miR-22 promotes porcine
reproductive and respiratory syndrome virus replication
by targeting the host factor HO-1[J]. Veterinary
Microbiology, 2016, 192: 226-230.

CHEN J, ZHAO SJ, CUI ZY, LI W, XU PL, LIU HM,
MIAO XY, CHEN Y, HAN FF, ZHANG HY, XIA PG,
ZHANG YN. microRNA-376b-3p promotes porcine
reproductive and respiratory syndrome virus replication
by targeting viral restriction factor TRIM22[J]. Journal of
Virology, 2022, 96(2): ¢0159721.

TROBAUGH DW, KLIMSTRA WB. microRNA
regulation of RNA virus replication and pathogenesis[J].
Trends in Molecular Medicine, 2017, 23(1): 80-93.

SHI CX, LIU YL, DING YZ, ZHANG YG, ZHANG 1.
PRRSV receptors and their roles in virus infection[J].
Archives of Microbiology, 2015, 197(4): 503-512.
RRE, TR, A, 925630, M43 . 1% CD163 &
PR IA A miRNA % K HAE PRRSV EGL A (19 11 H 73
B[] LAl RRE, 2017, 45(13): 16-19.

WU 1], QIAO M, WU HY, PENG XW, MEI SQ.
Identification of miRNAs regulating CD163 gene
expression and analysis of their role in PRRSV
infection[J]. Jiangsu Agricultural Sciences, 2017, 45(13):
16-19 (in Chinese).

YONEYAMA M, KIKUCHI M, NATSUKAWA T,
SHINOBU N, IMAIZUMI T, MIYAGISHI M, TAIRA K,
AKIRA S, FUJITA T. The RNA helicase RIG-I has an
essential function in double-stranded RNA-induced
innate antiviral responses[J]. Nature Immunology, 2004,
5(7): 730-737.

YONEYAMA M, KIKUCHI M, MATSUMOTO K,
IMAIZUMI T, MIYAGISHI M, TAIRA K, FOY E, LOO
YM, GALE M, AKIRA S, YONEHARA S, KATO A,
FUJITA T. Shared and unique functions of the
DExD/H-box helicases RIG-I, MDAS5, and LGP2 in
antiviral innate immunity[J]. The Journal of Immunology,
2005, 175(5): 2851-2858.

HU XY, LI J, FU MR, ZHAO X, WANG W. The
JAK/STAT signaling pathway: from bench to clinic[J].
Signal Transduction and Targeted Therapy, 2021, 6: 402.
XU YL, DING LG, ZHANG YY, REN SF, LI JD, LIU F,
SUN WB, CHEN Z, YU J, WU JQ. Research progress on
the pattern recognition receptors involved in porcine
reproductive and respiratory syndrome virus infection[J].
Frontiers in Cellular and Infection Microbiology, 2024,
14: 1428447.

HONDA Y, ROGERS L, NAKATA K, ZHAO BY, PINE
R, NAKAI Y, KUROSU K, ROM WN, WEIDEN M.
Type I interferon induces inhibitory 16-kD CCAAT/

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



(DGEXVES ik

Microbiol. China

enhancer binding protein (C/EBP) beta, repressing the
HIV-1 long terminal repeat in macrophages: pulmonary
tuberculosis alters C/EBP expression, enhancing HIV-1
replication[J]. Journal of Experimental Medicine, 1998,
188(7): 1255-1265.

[46] WEIDEN M, TANAKA N, QIAO Y, ZHAO BY,

HONDA Y, NAKATA K, CANOVA A, LEVY DE, ROM
WN, PINE R. Differentiation of monocytes to
macrophages switches the Mycobacterium tuberculosis
effect on HIV-1 replication from stimulation to inhibition:
modulation of interferon response and CCAAT/enhancer
binding protein beta expression[J]. Journal of
Immunology, 2000, 165(4): 2028-2039.

[47] HENDERSON AJ, ZOU X, CALAME KL. C/EBP

proteins  activate transcription from the human
immunodeficiency virus type 1 long terminal repeat in
macrophages/monocytes[J]. Journal of Virology, 1995,
69(9): 5337-5344.

[48] POCKLEY AG. Heat shock proteins as regulators of the

[49]

[50]

immune response[J]. The Lancet,
469-476.

GAO X, ZHOU J, KANG RM, LU HH, FENG S, PEI
YW, LIU J, ZHANG ZD, ZHOU L. A novel LIC.5
RFLP-1-4-4 recombinant porcine reproductive and
respiratory syndrome virus between wild-type virus and a
modified-live virus vaccine is highly pathogenic to
piglets[J]. Frontiers in Veterinary Science, 2025, 12:
1627238.

AL, s T, U, BREAAR, 8 ML, FLLT . POLE
it RT-PCR J7 74 6 Il HP-PRRSV JXA1 43 25 bR AEFEE
FECHHAE R 29 58 BARIA N I B 06 0], TS R,
2018, 50(3): 87-92.

KANG RM, JI GS, ZHOU L, YIN MY, ZENG FY,
WANG HN. Dynamic distribution of HP-PRRSV JXA1
isolate in Tibetan, ZangMei black and Yorkshire pigs
after infection tested by real-time quantitative PCR[J].
Animal Husbandry & Veterinary Medicine, 2018, 50(3):
87-92 (in Chinese).

2003, 362(9382):

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



