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MAPK signaling wuinie PCV2 SuSanmanas st lsfanmeslufimonmasumifives MAPK signaling 1w
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3.1 gUnsoluazdarinanas

gniangy 60 eI zg‘umwa ﬂaa@lsaﬁm%aﬁm”nﬂﬁmhm 1dun Porcine circovirus type 2, Porcine
reproductive and respiratory syndrome virus, Foot and mouth. disease virus, Swine fever virus ﬁ’@\fﬂ@aadgﬂ
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3.2 MaRBage PCV2

MINARBIASIILLE infectious clone As1sa1nigela$x Porcine circovirus type 2 mﬂﬁuﬁ ISU 31 uenlean
fgmﬂwluﬁ £.¢1.1988 L’fagmﬁvmlwmﬁ PK15 %aﬁmms’nﬁ@ minimal essential medium 24NV fetal bovine
serum WEwaY 5 Lo fifud ﬁgm%qﬁ 37 aseiraiioa uae 5 wesifudasuaulasanlod

3.3 MIUBNUALNTLFULTAT PBMC | v
Lﬁmﬁa@qnmaﬁﬁmmmLa,ww:a‘amﬁ@L§a@’maﬁam’“sﬁﬁ@ﬁ%ﬂﬂuaﬂsa:mu Ficall-Hypaque gradient L8

peMC Afiuldinluiansdaluamisidosmadaiia RPMI U5 fetal bovine serum 10 Wosidud lusam

6x10° \DaSdanaN NMINIzwaaLEas concanavaiin A lud3unm 10 lulasniudadafifas wan 24 fis 48

Tl waanignnszduudain I didednmaygim ERK MAPK uazmszaulaladudealy

3.4 WawBIA3 MAPK inhibitor siaiwas PBMC wasidahsa PCV2 A

nagounnuufivuessns U0126 (MAPK inhibitor) siotrad PBMC lagtdoaiwadluanwwisifong
FunaNad U0126 TutfSunms 1 A9 40 M w3a DMSO Sadumsfiliazas U0126 Mniwiasannismeses
\BRRT 1, 3, 6, 24 uaz 48 T2lu9eL33 tryphan blue exclusion assay §IumsInaULTuRBIBS U0126 danns
LVQ‘J'NQ”']%'J%’UQGL%E] PCV2 ﬁ'{[(ﬂﬁ@li'ﬁﬁ'ﬁq‘ﬂ?wqml,%avb%/aluk%aag PBMC @T'?U%% real time PCR ﬁi:ﬂ:nm 1,3, 6,
24 uaz 48 FalasndsaniTasunE U0126 wia DMSO

3.5 M3IaUIum phospho-ERK 62835 immunoblotting

W1s2eUas phospho-ERK lulmas PBMC fAdaifa PCV2 fauiudusiaans U0126 wia DMSO laowun
lUs@iuus SDS-PAGE polyacrylamide gel 'i]’mmfumﬂiﬂiauvlﬂgmm nitrocellulose membrane fiawyin lu¥in
ﬂﬁﬁ%mﬁ'mmuauaﬁm"’msnﬁé%ww:ﬁu phospho-ERK (Cell Signaling, USA) uazlfuaudvafisingasnianasin
Weuiawlml horse radish peroxidase JfASufiiiaduamasaudusms chemiluminescent WazkaUASWITUY
WHWRSENTLSE
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° ° va & [y a . . & o A a
WUTAR PBMC v li@aisa PCV2 duUSunmu infectious clone 1a3talisan 0.1 MOI tuaan 1 52lus
1 37 asrTaLTuE LANE1s U0126 %58 DMSO mlw&gwmaaauﬁ’mm‘ﬁa&ﬁunm 24 TL09 IINUURIITRES

Warinaaans U0126 waz DMSO ﬁaglwqwmaaa ﬁwmsaﬁﬂmsﬁugnswmnﬁoazmma&i‘ﬁmmmaau DNA
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extraction kit (QIAGEN) 186197 lash lUANdwindu38 real time PCR tamUSinmbiawarasiaa PCV2
LU‘%UULﬁUm:MNnéjwﬁﬁuﬁa U0126 waz DMSO

3.7 mytadiinumsuaasaanvesdulslantiidnuds real ime PCR

103:6U83 mMRNA vasbwlaladuil ldun IFN-gamma, IL-10 sz IL2 WiBLFBUSwIsTas PBMC 7
=3 J Qv a = 1\ Q Qe ?/ o
@aLTa PCV2 UazAuHEES U126 %38 DMSO (nduniuea) I@ﬂLLUnawswugnswLLazan@ RNA ¢raasiadl

Trizol uaz&39&Y cDNA fap1a iScript kit (BioRad) mytadsunmilalasuiiudazafialfinaiia real ime PCR
ﬂwaﬁvlﬁmnﬁwLﬁummﬁamg:wﬁvlﬁfu U0126 %52 DMSO
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HAMINARDINITEALVaIlUSAEW ERK MAPK USanoundalhss PCV2 dnaniiasns¥manuuandemoasa

#8735 Student's ¢ test %3935 one-way analysis of variance (ANOVA) L&z Bonferroni multiple comparison test

meAeszdlElusunsudniagy Prism software 118$9% 5.0.2 (GrapPad, San Diego)
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4.1 MIUUNLTAs PBMC NNFBAFNT

Lm_lmammaammansmawmwﬂnm 'va\aa@mmsﬂammaammm heparin ¥uLENLaNIZEIULTA
Faarmdnistunioslumsasang Ficall-Hypaque gradient mamnﬂumumwmsm §INTOUUNLTRE
PBMC ldiady 1x10° raddaiian 1 Gasaas mwnaamnuvlm"lﬁLaumalummimmwnaam@ RPMI fifUSan i
fetal bovine serum 10 iafidud lagldwasluawmizido e 24 way udssnauddTunouaad PBMC 1x10°
w88 snumzvanrasnuenldidusnymranass monocytes %38 lymphocytes laglifiaifoauaty (sﬂw
1)

U7 1 AN TasnLen ida1niangnsaands Ficall-Hypaque

4.2 NRT8I81T MAPK inhibitor §ia1588 PBMC
a , & g da
nagaunNuLduRN¥U0981T U0126 (MAPK inhibitor) @aimasd PBMC laiduaiaadluatmmisian i
FINNENEY U0126 Tut3u7me 1, 10 uaz 40 uM w3a DMSO daiiluansiildazans U0126 AenuguTwyinmun

18w U0126 40 UM YIRS INTINEVasTAST 1, 3, 6, 24 uaz 48 TaluidhnSE tryphan blue exclusion
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gﬂ'ﬁ 2 AnwnTaLRaTFNNE U0126 111a 1, 10 uag 40 UM

Wisuisununguildsy DMSO (nguaaugu) i 48 Balus

U live-dead cells haniSyuifisusswinguauguusznaulasu 0126 Tuszauanududueisg
Lo 0 d‘ Qs L2 U é Qs d‘ Qv Q‘; o
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4.3 msvhlhioas PBMC dauita’lia Pov2

Sunnmiinodehisfinuzsudmiviliioss PEMC Gade dawSunadadasdiug MOl 0.01-0.1
nniuareseumsdaite Pev2 luwaad PBMC Taglinadia Immunoperoxidase monolayer assay (IPMA) 3y
Loudiuadifiswizda ORF2 289 PCV2 Naﬁ'l@ﬁ”wum‘sam%a'laé’alunnmjum‘smaao s’ﬁemjuﬁl’ﬁ MO! 0.1 5
3mwums€m°'§amn°7iqm (Eﬂﬁ 4)



control (no PCV2)

P da X Y o o
Eﬁ“ﬂ 4 LL&@GL‘ﬁ&é PBMC Yl@]@l,'ﬁavb?ﬁ PCV2 nizcay MO! 0.01 - 0.1

4.4 fnwn3el ERK MAPK phosphorylation bwesadiiiatdanunifiaaidia PCV2 $auriunissutidas U0126

PnmsuonlUsauannidaiionrnidietniuaitandiud  Coomassie blue wutSunmlusaulngifuann
Tudagnenamue (gﬂﬁ 5A) mMsAnwYSunme ERK  MAPK  phosphorylation goinafian  western  blot
Taglfuanduadinisninizea phospho-ERK uas total-ERK Wuansmeunufisiwizuiiiawmalisan 42-44 KDa
(gﬂﬁ 5B) WAIIMMISANWIWLINTARAARES PCV2  Dssuuss ERK  MAPK Lﬁuga%mﬁﬂﬁamﬁ 48
Hlusmenssmsaote  agelsAaussauuos phospho-ERK Liwandoiussnaasdiaads  PCV2
LLatﬂiﬂ;Nﬂ’)Uﬁ}&lﬁﬁ:U:L’)aﬂ 72 $3las wawasmsldans MEK inhibitors U0126 Miss@y 10 uM &snsodugs ERK
phosphorylation "L@Tazmauysrincaﬁ 48 usz 72 Falus veil U0126 laisemasessay  total ERK
lunnmjumsmaaa (31Jﬁ 5B)

48 h 72h

C VVHUC V V+U

5B

sUT 5 uanaszalzes ERK MAPK phosphorylation Tu PBMC Aidaitieasa pCv2
5A uaasdSunaldsiuiiuonldaindasgradiadeaun PBMC fauded Coomassie biue
5B 3xAUUDY pd2/4d ERK MAPK #9833 western blotting lanlfuanduasiiistimiz
p-ERK = phospho-ERK, ERK = total ERK
(C = control, V = PCV2 infection, V+U = PCV2 infection + U0126 treatment)



4.5 mysadiinondalass Pov2 luwad PBMC ﬁgmﬁwﬂnain ERK MAPK

MINARUHATIMSEUSS ERK MAPK damsifiudnuiwde Pev2 lagvilwiaad PBMC daitolialu
USinm MOl 0.1 msmesasiutau 4 ngy nguaz 2 replications 5@0&3&1‘1‘7{%&% PCV2 nsjuﬁﬁt%a PCV2
wianniuls DMSO, U0126 411a 1, 10 Uas 40 pM auday wasaniBoaaasdiilmnan 24, 48 uas 72 Talug 39
LONFNA DNA MNITasuenzngy suma DNA extraction kit (ThermoScientific, USA) udwinlumuSunmdiiawa
fe1A3as Nanodrop spectrophotometer antuasavdsunondelhiacdiuds reatime PCR laolFlwdiuaii
$1zeiaLEa PCV2 (Kekarainen et al., 2008 J Gen Virol) 91NWaMSANS WL IEUss ERK MAPK 'lsiding
davSinmuda Pev2 lwmad PBMC 71 24 $alus win3duds ERK MAPK signaling &3nasiamiuySinoude
12557 48 uaz 72 Talas TapiSuifunanas U0126 nafissauanududu 1, 10 uas 40 uM 7 48 $2lus mseues
ERK MAPK lsiUSinondehsa Pev2 aansadsiiivanednf 72 $alus vassedunnududs 1, 10 was 40 uM
(gﬂv"i 6) namsAnwiaanaaInUTENwlwTad PK-15 AimMssuss ERK MAPK somalwliiaiiuiniusass

(Wei and Liu 2009 Virology 386(1): 203-209)
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4.6 svavlolalnllwasdidadoauniianda PCV2 T1utunseuss ERK MAPK

msenwuifasduluaas PBMC fifinmsfieido PCV2 Wuiszet IFN-gamma uas 1L-10 fUSunmanas (31
7 7) ﬁmaulaﬁalumjwﬁﬁ”m% ERK MAPK &g U0126 fiszeunnandusiu 1 UM WUI3EaY IFN-gamma $ins
LLamaan'lné”Lﬁmﬁuﬂ@;umqumnﬁmiam% PCV2 azmvhﬁmwmoﬂm:Q‘Sﬁmwuﬂyngmszﬂ'”umma@\1aan
289 internal control gene TidsrAUMILEAIBDN AT I@Uﬁuﬁ;ﬁ{mﬁanmmnﬁvmﬁwﬁa GAPDH #ims
LUSUuLLUaamwmsns:@juﬁwmi concanavalin A %uﬂuqﬂmiﬂ@iamﬁmﬁ:ﬁ @Tmmq}ffﬂmﬁan'l"ﬁ internal

control gene MawNafinwINavas ITaLa: U0126 2z lddnilunmsinuidnda’ly
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mnmamsﬂnmwummmmmwmmsmwmmmmma@’unansm@ peripheral blood mononuciear
cells (PBMCs) mwanwwmamm@aamimnmamma@ans Lsnaaw"l@gnmmmmua:ﬁﬂﬁam%a PCV2
Modsinmhisy Mol 0.01-0.1 Iﬂﬂauﬂuﬂ’lmﬂt‘ﬁa@’sﬂtﬂﬂuﬂ immunoperoxidase  monolayer assay
wutSuaalisa MOl 0.1 mm*amﬁamsﬁﬂﬂﬁﬂmmaamavl,ﬂ mi%maumwLﬂuﬁwdamsﬁﬁmﬁl ERK
MAPK @8 U0126 Wuinszaiuues U0126 aaud 1 B9 40 uM Linelfifnenuniuiusaisad PBMC visft 24 was
48 Falus mwaamm@wﬁﬁmm‘Lnammnumnau MIANMI2@U83 ERK phosphorylation luiradidaiss
PCV2  wudSanm  ERK  phosphorylation quawumnﬁamﬁ 48 %ﬁlmmwa"bmnnwﬁm%a
Lwivl,&iwumwmmn@mﬁ 72 alus vaflssduas ERK phosphorylatlon mmwwawumm 12 uaz 24 12lug
Beaz maammumsﬂnmmmmwLwalvﬁmmmawammnmm SRS FUYBININGZAU ERK MAPK luaras
PBMC dali &5 MEK inhibitor U0126 fusd ERK activation liaas PBMC azmvlmwa@ msld U0126
fienaudiutu 10 UM ®3S0EUGs ERK phosphorylation Vlmamdaumm lagliduasonSinm total protein
vainsldms  Uo126  lwoad PBMC maﬂLﬂm'lmmmsﬂnmmminham Foaevhlwnuisuduil
feonuiaulasnidu wazdaduiniasdedmiunsfinesunuinues ERK MAPK pathway luauiaasaly

HATINMSELES ERK phosphorylation wuinUsunalsa PCV2 aaasfi 48 mlmmmmummmwmaa
U0126 1, 10 uaz 40 uM luwnizfingras U0126 davSunms PCV2 Forunndud 72 alusmoniinisaeds
wammuwuumaa@maanmwmmmsﬂnmnawm oy Wei uazame (2009) (Virology 386(1): 203-209)
Awuiinatiuds  ERK MAPK  vnltidelady PCV2  wilseianasluosd  PK-15 1ilessn PBMC
Lf]wnaanamwmaa@mmmﬂm‘\,mwuunmwnuam wazduwibslwaadihminsveimsiads PCV2
muumsﬁnmmmnunavlnmil,wummumaawjavbsa PCV2 luwaaﬂawuaaﬁumagawugmﬁﬁﬂﬂﬂixﬂau
MyRuATITUA s U e fruas SLTAAANT
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Original Article

Molecular Characterization and Expression Analysis of miR-29a
in Porcine Cells and Porcine Reproductive and Respiratory

Syndrome Virus Infected Peripheral Blood Mononuclear Cells

Win Surachetpong® Sunaree Nantakhruea Porntippa Lekcharoensuk

Abstract

MicroRNAs are a group of small non-coding RNA that are involved in posttranscriptional regulation
through target mRNA degradation or inhibition of protein synthesis. The objective of this present study was to
characterize and determine expression level of porcine miR-29a in various tissues. Our results indicated that porcine
miR-29a shared high conserved sequence with miR-29a from other organisms. Furthermore, in silico analysis
suggested that the seed region of porcine miR-29a partially matched [FN-y mRNA. RT-PCR analysis indicated that
miR-29a expressed in various tissues including lymph node, spleen, peripheral blood mononuclear cells (PBMCs) and
PK-15 cells. Expression profiling of miR-29a in PRRSV-infected PBMCs in vitro revealed an upregulation at 24-and 48
h. Moreover, expression analysis of miR-29a showed higher transcripts in both low pathogenic and highly
pathogenic-PRRSV infected pigs. Together, all of these results revealed that porcine miR-29% was highly conserved
with miR-29a from other organisms and miR-2%a transcripts increased in PRRSV-infected PBMCs both i vitro and in
vivo. Additional studies of the role of miR-29a will provide valuable information on virus: host interaction and could
be applied for PRRS control in the future.

Keywords: immunity, miR-29a, porcine, PRRSV
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Introduction

Porcine reproductive and respiratory
syndrome (PRRS) is an important viral disease
affecting pigs worldwide. The causative agent is PRRS
virus, which is a single stranded, positive sense RNA
virus in the family of Arterivirdae (Frossard et al.,
2013). Presently, two different genotypes of PRRSV,
genotype I (European) and genotype II (North
American), have been characterized since its initial
outbreak. To avoid host immune response, PRRSV
employs multiple strategies to inhibit host innate and
adaptive immune response. For example, PRRSV non-
structural proteins can interfere with type 1 IFN
production (Sun et al., 2012%). Moreover, the virus
nucleocapsid protein can stimulate regulatory T cell
differentiation and IL-10 production (Wongyanin et
al., 2012). All of these mechanisms are responsible for
poor adaptive immune response as suggested by
delay neutralizing antibody production and less IFN-
y secreting cells in PRRSV-infected pigs (Labarque et
al., 2000; Diaz et al., 2005). Such an inefficient immune
response allows viral persistent in pigs up to 251 days
(Wills et al., 2003).

MicroRNAs are a group of conserved small RNA
with 22 nucleotide lengths that participate in the
process of posttranscriptional regulation. MiRNAs
have been identified across multiple organisms
including plants, animals, human as well as viruses
(Bartel, 2009). MiRNAs have been associated with a
wide variety of biological processes such as
oncogenesis, organ development, and host pathogen
interaction (Krol et al, 2010). To regulate gene
expression, specific sequence located within 5
untranslated region (UTR) of miRNA binds to target
mRNA, leading to mRNA degradation or inhibition
protein translation (Bartel, 2009). Recent studies
clearly suggested that both innate and adaptive
immunity were finely regulated by multiple miRNAs
(Chen et al., 2013). Among these, members of the miR-
29 family have been shown as important regulatoss of
diverse immunological pathways (Liston et al., 2012;
Brain et al., 2013). In particular, miR-29 targeted IFN-y
production by directly inhibiting IFN-y mRNA (Ma et
al,, 2011; Savan et al, 2011) or indirectly regulating
two transcription factors Eomes and T-bet (Steiner et
al.,, 2011).

Table 1 All Primers used in this study

To date, there is no available information on
miR-29a expression during viral infection in porcine
cells. Based on the conserved sequence of miR-29a
among different species and its critical role in immune
system, it is interesting to characterize porcine miR-
29a and determine expression level of miR-2% in
normal porcine tissues and cell lines. In addition,

" analysis of miR-29a expression in PBMCs was

investigated during PRRSV infection both in vitro and
in vivo. Distinct expression pattern of miR-29a may
provide valuable information to the role of this
microRNA in pig.

Materials and Methods

Characterization of porcine miR-29a: To characterize
porcine miR-29a, sequences of miR-29a were retrieved
from miRbase (www.miRbase.org) and NCBI
(www.ncbi.nlm.nih.gov). The Sus scrofs miR-29a
(NR_038524) sequence was compared with miR-2%a
from other organisms including Homo sapiens
(NR_029503), Rattus norvegicus (NR_031836), Mus
musculus (NR_029744), Bos taurus (NR_031267), Danio
rerio (NR_030039), and Gallus gallus (NR_031391). The
secondary structure of precursor miRNA was
predicted by RNA Folding Form, Mfold program
(Zuker, 2003). Comparisons of miR-29a precursor and
mature sequence among species were examined by
multiple sequences alignment using ClustalW2
program, European Molecular Biology Laboratory-
European Bioinformatics Institute (EMBL-EBI).

PBMC preparation and expression of miR-29 in
normal cells and tissues: Tissues including spleen
and mesenteric lymph nodes were collected from
three healthy pigs. PBMC were isolated from
heparinized whole blood samples using Ficoll-
Hypaque Plus (GE healthcare, USA) density gradient
centrifugation. Blood samples were initially diluted in
sterile 1X phosphate buffer saline (PBS) (PBS : whole
blood = 1 : 1). The diluted blood was overlayed on
Ficoll-Hypaque Plus (diluted blood : Ficoll = 10 3) in
15 ml conical tube and centrifuged at 2500 rpm for 20
min at 20°C. After centrifugation, PBMCs layer was
carefully collected into a new conical tube. To remove
contaminated red blood cells, samples were incubated
with 5 ml of sterile Red Blood cell (RBC) lysis solution

GenBank Accession

Target Primer name Primer sequence (5’ - 3') Tm (°C) Size (bp) number
miR29A_F CCCCTTAGAGGATGACTGAT - 573

miR-2%a 86 NR_038524.1
miR29A_R CCCCAATCATTATAACCGAT 53.2
GAPDH_F AGGTCATCCATGACAACTTCGGCA 72.5

GAPDH 155 AF017079
GAPDH_R AGCACCAGTAGAAGCAGGGATGAT 67.9
ACTB_F GGACTTCGAGCAGGAGATGG 66.2

B-actin 233 AY550069.1
ACTB_R GCACCGTGTTGGCGTAGAGG 70.1
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on ice for 3 min. The reaction was terminated by
filling PBS and centrifuged at 2500 rpm for 5 min at
4°C. PBMCs were collected and resuspended with
RPMI medium for further experiment.

Total RNA extraction and ¢cDNA synthesis: Porcine
cells and tissues were harvested from healthy pigs.
The animal use protocol was approved by
Chulalongkorn University Animal Care and Use
committee, approval number 13310019. Total RNA
was extracted by using Trizol solution (Invitrogen,
USA)  following ~ manufacturer’s instructions.
Subsequently, RNA was treated with DNase !
(Promega) to remove contaminated DNA. Total RNA
concentration and quality were examined by
NanoDrop  spectrophotometer 2000 . (Thermo
Scientific, USA). To synthesize the first strand cDNA,
five hundred nanogram of total RNA in each group
was reverse transcribed by Superscript III (Invitrogen,
USA) and Oligo dT primer (Promega, USA).

Polymerase Chain Reaction (PCR): To study miR-29a
expression in porcine tissues and cells, 2 ul of cDNA
was amplified with Taq DNA polymerase (Thermo
scientific, USA) with 0.2 pM of forward and reverse
primers, 2 mM MgCl, and 0.2 mM of each dNTP in 20
pl reaction. The PCR conditions included initial
denaturation at 95°C for 5 min, followed by 35 cycles

(for miR-29a) or 30 cycles (for B-actin) of 95°C for 30

sec, annealing at 55°C (for miR-29a) or 58°C (for f-
actin) for 30 sec and then extension at 72°C for 30 sec.
The final extension was performed at 72°C for 7 min.
The specific PCR products were determined on low
melting temperature Nusieve®3: 1 agarosegel (Lonza,
USA). Primer sequences including GAPDH (Zhang et
al., 2012), p-actin (Sun et al., 2012?) and miR-29%a are
shown in Table 1. For qRT-PCR, 2pl of ¢cDNA was
amplified in 20 pl reaction with iTaq Universal SYBR
green master mix (Biorad, USA). The gRT-PCR
protocol was performed according to our recent
publication (Nantakhruea et al., 2013). Expression
level of miR-29a and P-actin was calculated by 2-44<
method for relative quantification (Livak — and
Schmittgen, 2001).

Expression of miR-29a in PRRSV-infected PBMCs:
In this study, PBMCs were plated in RPMI medium at
concentration of 1x10¢ cells per well in 96 well plate.
After plating, the cells were incubated with low
pathogenic local Thai PRRSV isolates, 01NP1 (North
American genotype, GenBank accession number:
DQO56373.1) at 0.1 multiplicity of infection (MOI).
PBMCs were maintained at 37°C with 5% CO for 24
and 48 h. To determine miR-29a expression, total
RNA was collected and processed for gRT-PCR as
previously described (Nantakhruea et al., 2013).

Expression of miR-29a in PRRSV-infected pigs:
Piglets were divided into three groups including
control, pigs challenged with low pathogenic PRRSV
(LP-PRRSV) strain 01NP1, and pigs challenged with
highly pathogenic PRRSV (HP-PRRSV) strain 10PNO1
at concentration of 105 TCIDsp/ml. All piglets were
inoculated via intranasal route with either cell culture
medium, LP-PRRSV or HP-PRRSV. After 10 days post

PRRSV inoculation, heparinized whole blood was
collected from PRRSV-infected and non-infected pigs.
PBMCs were separated from each blood sample by
Ficoll-Hypaque density gradient centrifugation.
Expression of miR-29a was examined using RT-PCR.
Plasmid containing miR-29a fragment (pGEM-
miR29a) was used as a positive control in the PCR
reaction (Nantakhruea et al., 2013).

Statistical analysis: The paired sample f test was used
for statistical analysis. Data were analyzed with
GraphPad Prism software version 501 (GraphPad,
San Diego, CA). A p-value (p<0.05) indicated
statistical significance.

Results

Secondary  structure and  multiple  sequence
alignments of miR-29a: Sequences of precursor and
mature miR-29a from each species including pig (Sus
scrofa), human (Homo sapiens), rat (Rattus norvegicus),
mouse (Mus musculus), cow (Bos taurus), zebra fish
(Danio - rerio) and  chicken (Gallus gallus) were
compared. In Table 2, the predicted secondary
structure of miR-29a demonstrated that the pig miR-
29a contained similar hairpin conformation with miR-
29a from the other species. Furthermore, the analysis
of mature miR-29a sequence indicated that the
porcine mature miR-29a shared more than 95%
sequence similarity with the other species (data not
shown). Intriguingly, the seed region at the end of &
UTR of porcine mature miR-2% contained conserved
7 nucleotide sequences of AGCACCA which is similar
to the seed region of mature miR-2% from the other
species (Fig 1a). In addition, comparison of the
porcine miR-29a with IFN-y mRNA indicated 7 bases
complementary binding on IFN-y mRNA with one
mismatch (Fig 1b).

Expression of miR-29a in normal porcine cells and
tissues: To determine expression level of miR-29% in
normal porcine tissues, total RNA were extracted -

a

Sus scrofa 3 - AUUGGCUAAAGUCUACCACGAUC - 5
- AUUGGCUAAAGUCUACCACGAU - -5

DY)

Homao saprens

Rattus norvegicus 3' - AUUGGCUAAAGUCUACCACGAU - -5'

Mus musculus 3' - AUUGGCUAAAGUCUACCACGAU - -5’

Bos taurus 3' - AUUGGCUAAAGUCUACCACGAUC - 5

Danio rerio 3~ AUUGGCUAAAGUUUACCACGAU - -5'

Gallus gallus 3' .. UUGGCUAAAGUUUACCACGAU - -5
b

MiR-29a 3 - AUUGGCUAAAGUCUACCA_CGAUC -5

Phirid
IEN-y mRNA 5 - CAGAGGT TCC TAAATGGTAGCICT -3°
Figure 1 Comparison of mature miR-29% from pig and other
species. Underlines  indicated conserved  seed
region that binds complementary to target mRNA
(Fig 1a). Partial alignment of the seed region of
porcine miR-29a with mRNA sequence of IFN-y
(accession number NM_213948.1) (Fig 1b)
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Table 2 Secondary structure of precursor miR-29a from various organisms

Species Secondary structure of miR-2%a
UUAGAGG UuuU C  UCAAU
S ceee AUGACUGAUUUC  UGGUGUU AGAG \
us scrofa GGGG UAUUGGCUAAAG  ACCACGA UCUU A
UUAGUAA ucy . UUAAU
UuuU c UCAAU
AUGACUGAUUUC  UGGUGUU AGAG \

Homnio sapiens

UAUUGGCUAAAG ACCACGA UCUU A
UCU - UUAAU
A UUAGAGG Uuu (o} UCAAU
. ccee AUGACUGAUUUC UGGUGUU AGAG \
Rattus norvegicus
GGGG UAUUGGCUAAAG ACCACGA UCUU A
A UUAGUAA - UUAAG
A UUAGAGG C UCAAU
ccee AUGACUGAUUUC UGGUGUU AGAG \
Mus musculus ;
GGGG UAUUGGCUAAAG ACCACGA UCUU A
A UUAGUAA - UUAAG
uuu C UCAAU
AUGACUGAUULC UGGUGUU  AGAG \
Bos taurus
UAUUGGCUAAAG ACCACGA UCUU A
UCu UUAAU
u CCCUCAUCUCUCUCLCUCUC CCAAACG Cuu U GUCCCA
Danio reri GAAGA AUGACUGAUUUC ~ UGGUGCU AGA \
anmo rerio cuucy AGGGGU UAUUGGCUAAAG ~ ACCACGA UCU U
A UAACU - ---+-rs-ee---- CAGUAA- UuuU - ACUGUC
A UUUAGAGG C UCAAU
ccce AUGA&UGAUUUC UGGUGUU AGAG \
Gallus gallus
GGGG UAUUGGCUAAAG ACCACGA UCUU A
A UUAGUGA - - UUAUA
bp M N P PBMC LN  Spleen from mesenteric lymph nodes, spleen and PBMCs.
150 RT-PCR analysis revealed a single specific product of

100

75 MiR-2%a

Figure 2 Expression of miR-29%a in normal porcine tissues
including PBMCs, mesenteric lymph nodes and
spleen. f-actin was used as internal control gene.
M: 10 bp marker, N: no template control, P:
positive  control  (pGEM-miR2%a),  PBMC:
peripheral  blood ~ mononuclear cells, LN:
mesenteric lymph nodes

bp M N P PK-15

MiR-29a

B-actin

Figure 3 RT-PCR analysis of miR-29a expression in PK-15
cell line. M: 10 bp marker, N: no template control
and P: positive control (PGEM-miR29a)

miR-29 at 86 bp. Interestingly, miR-2%9a was highly
expressed in mesenteric lymph nodes and spleen,
whereas the expression of miR-29a was low in PBMCs
(Fig 2). In addition to the porcine tissues, we
examined miR-29a expression in porcine kidney cell
line (PK-15). As shown in Figure 3, miR-29a transcript
could be detected in normal PK-15 cells. These
findings indicated that miR-2% was expressed in both
porcine immune and non-immune cetls.

Expression of miR-29a in PRRSV-infected PBMCs: To
determine the expression pattern of miR-29a during
PRRSV infection, PBMCs were isolated from PRRSV-
free pigs and plated in 96 well plate. The cells were
then inoculated with LP-PRRSV at MOI 0.1 for 24 and
48 h. Expression of miR-29a was investigated by qRT-
PCR method and normalized against GAPDH control
gene. After PRRSV infection, we found that the
expression of miR-29a increased 5.2 and 4.1 folds at 24
and 48 h, respectively, with higher expression at 24 h
post infection (Fig 4). However, there was no
statistical significant between control and PRRSV-
infected groups (p < 0.05).

Expression of miR-29a in PRRSV-infected pigs:
Based on the expression of miR-29a in PRRSV-
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infected PBMCs in vitro, it is interesting to investigate
level of miR-29a in PBMCs from PRRSV-infected
statistical significance among the control, LP-PRRSV
and HP-PRRSV infected animals (p<0.05), we
observed an increasing trend of miR-29a in both LP-
PRRSV and HP-PRRSV infected pigs (Fig 5a).
Specifically, the pigs infected with LP-PRRSV and HP-
PRRSV has miR-29a transcript increase at 2.2 and 1.8
folds, respectively (Fig 5b).

Discussion

MicroRNAs are evolutionary conserved,
non-coding RNAs that negatively regulates target
gene expression at posttranscriptional process. To
date, hundreds of microRNAs have been
characterized in pigs during normal biological process
and pathogen response (Xie et al., 2011; Podolska et
al,, 2012). In this study, we characterized porcine miR-
29a and determined its expression level during
normal condition and viral infection. Our results
showed that porcine miR-29a shared high conserved
sequence with miR-29a from other organisms (Xie et
al., 2011; Chen et al., 2012). Furthermore, the sequence
of porcine miR-29a seed region shared 100% sequence
similarity to miR-29a seed region from human,
mouse, rat, cow, chicken and fish. In human and mice,
the seed region of miR-29a directly targeted 3'UTR of
IFN-y mRNA, leading to low IFN-y production (Ma et
al., 2011; Savan et al, 2011). Moreover, miR-29a
regulated IFN-y production in helper T cells through
indirectly targeting two transcription factors Eomes
and T-bet (Steiner etal., 2011).

Following the characterization of porcine
miR-29a, the expression pattern of miR-2% was
investigated in various porcine tissues (mesenteric
lymph nodes, spleen and PBMCs) and PK-15 cell line.
Our findings suggested that miRNA-29a expressed in
all normal porcine tissues and cell lines with higher
expression in spleen and lymph nodes than PBMCs.
Similar to this finding, different expression patterns of
miRNA in mice and human were reported in various
tissues and correlated with function and disease
pathogenesis (Lagos-Quintana et al., 2002; Liang et al,
2007).

One of the important viral diseases affecting
pig production is PRRS (Neumann et al., 2005). To
establish infection, PRRSV uses multiple strategies to
suppress pig immune response including the delayed
and weak IFN-y production (Dotti et al., 2013). Based
on the sequence similarity with other organisms and
expression pattern of porcine miR-29a in stimulated
PBMC (Nantakhruea et al, 2013), it is interesting to
examine miR-29 transcripts in PBMC inoculated with
PRRSV. At 24 and 48 h post infection, we found an
upregulation of miR-29a in PRRSV-infected PBMC
relative to uninfected control. Similar to in witro
observation, expression analysis of miR-29a showed
higher miR-29a transcript in both LP and HP-PRRSV
infected animals. Although both in vitro and in wvivo
data did not provide any statistical significance, we
still observed similar trend of upregulation of miR-2%
in both studies. In addition, our results revealed
higher expression of miR-29 in pigs infected with LP-

animals. At 10 days post challenged, PBMCs were
isolated from pigs. Although there is no
PRRSV than pigs infected with HP-PRRSV. Therefore,
it is intriguing to note that different patterns of

15+

104

Relative expression to control

Control 24 h 48 h

Figure 4 MiR-29a expression in PRRSV-infected PBMCs.
PBMCs were incubated with PRRSV for 24 and 48
h. Expression of miR-29a was determined by gRT-
PCR and normalized to GAPDH gene. The relative
fold change of miR-29a in PRRSV-infected cells
was shown as the relative to control

Control |P-PRRSV HP-PRRSV
bp M N 4 14 w320 22 3 3 32
1ol = 3 o = prevey

MiR-292

Relative expression to control

Control LP-PRRS HP-PRRS

Figure 5 Expression of miR-29a in PBMCs isolated from
PRRSV-infected pigs (Fig 5a). Relative fold change
of miR-29a was normalized to B-actin gene (Fig
5b). LP-PRRS : low pathogenic PRRS virus
infection, HP-PRRS : highly pathogenic PRRS virus
infection, control : non-infected PBMC. The f-actin
gene was used as an internal control. M : 10 bp
marker, N : no template control, P: positive control
(pGEM-miR29a)

miR-29a might lead to different immunological
outcome between diverse strains of PRRSV infection
(Han et al., 2013; Zhang et al., 2013). In conclusion,
our results revealed that porcine miR-29a was highly
conserved with miR-29a from other organisms and
miR-29a transcripts were expressed in normal porcine
cells and tissues. Moreover, expression analysis of
miR-29a suggested that miR-29a increased in PRRSV-
infected PBMCs both in vitro and in vivo. A more
detailed analysis of target gene expression should be
examined to better understand the role of miR-29
during PRRSV infection. These data provide valuable
information on PRRS virus: host interaction and could
be applied for PRRSV control in the future.



130 Surachetpong W. et al. / Thai | Vet Med. 2014. 44(1): 125-132.

Acknowledgements

This project was partially funded by the
Kasetsart University Research and Development
Institute, the Thailand Research Fund (Grant no.
MRG5580180), the National Research Council of
Thailand, and Graduate Study Research Scholarship
for International Publication, the Graduate School of
Kasetsart University. The authors would like to thank
Professor Roongroje Thanawongnuwech (Faculty of
Veterinary Science, Chulalongkorn University), Dr.
Susichol Sitthinan and Betagro hybrid farm, Nakorn
Prathom for providing pig tissues and blood samples.

References

Bartel DP 2009. MicroRNAs: Target recognition and
regulatory functions. Cell. 136(2): 215-233.

Brain O, Owens Benjamin M]J, Pichulik T, Allan P,
Khatamzas E, Leslie A, Steevels T, Sharma S,
Mayer A, Catuneanu Ana M, Morton V, Sun
MY, Jewell D, Coccia M, Harrison O, Maloy
K, Schonefeldt S, Bornschein S, Liston A and
Simmons A 2013. The intracellular sensor
NOD2 induces microRNA-29 expression in
human dendritic cells to limit IL-23 release.
Immunity. 39(3): 521-536.

Chen CZ, Schaffert S, Fragoso R and Loh C 2013.
Regulation of immune responses and
tolerance: the microRNA  perspective.
Immunol Rev. 253(1): 112-128. '

Chen C, Deng B, Qiao M, Zheng R, Chai ], Ding Y,
Peng ] and Jiang S 2012. Solexa sequencing
identification of conserved and novel
microRNAs in backfat of large white and
Chinese Meishan pigs. PLoS ONE. 7(2):
€31426.

Diaz I, Darwich L, Pappaterra G, Pujols ] and Mateu
E 2005. Immune responses of pigs after
experimental infection with a European
strain of porcine reproductive and
respiratory syndrome virus. J Gen Virol
86(7): 1943-1951.

Dotti S, Guadagnini G, Salvini F, Razzuoli E, Ferrari
M, Alborali GL and Amadori M 2013. Time-
course of antibody and cell-mediated
immune responses to Porcine Reproductive
and Respiratory Syndrome virus under field
conditions. Res Vet Sci. 94(3): 510-517.

Frossard JP, Hughes GJ, Westcott DG, Naidu B,
Williamson S, Woodger NGA, Steinbach F
and Drew TW 2013. Porcine reproductive
and respiratory syndrome virus: Genetic
diversity of recent British isolates. Vet
Microbiol. 162(2-4): 507-518.

Han Z, Liu Y, Wang G, He Y, Hu S, Li Y, Shi W, Wu ],
Wang S, Liu H and Cai X 2013. Comparative
analysis of immune responses in pigs to high
and low pathogenic porcine reproductive
and respiratory syndrome viruses isolated in
China. Transbound Emerg Dis. 6(10): 12190.

Krol J, Loedige 1 and Filipowicz W 2010. The
widespread regulation of microRNA

biogenesis, function and decay. Nat Rev
Genet. 11(9): 597-610. :

Labarque GG, Nauwynck HJ, Van Reeth K and
Pensaert MB 2000. Effect of cellular changes
and onset of humoral immunity on the
replication of porcine reproductive and
respiratory syndrome virus in the lungs of
pigs. ] Gen Virol. 81(5): 1327-1334.

Lagos-Quintana M, Rauhut R, Yalcin A, Meyer ],
Lendeckel W and Tuschl T 2002
Identification of tissue-specific microRNAs
from mouse. Curr Biol. 12(9): 735-739.

Liang Y, Ridzon D, Wong L and Chen C 2007.
Characterization of microRNA expression
profiles in normal human tissues. BMC
Genomics. 8(1): 166.

Liston A, Papadopoulou A, Danso-Abeam D and
Dooley ] 2012. MicroRNA-29 in the adaptive
immune system: setting the threshold. Ceil
Mol Life Sci. 69(21): 3533-3541.

Livak KJ and Schmittgen TD 2001. Analysis of relative
gene expression data using real-time
quantitative PCR and the 2-~AACT method.
Methods. 25(4): 402-408.

Ma F, Xu S, Liu X, Zhang Q, Xu X, Liu M, Hua M, Li
N, Yao H and Cao X 2011. The microRNA
miR-29 controls innate and adaptive immune
responses to intracellular bacterial infection
by targeting interferon-y. Nat Immunol.
12(9): 861-869.

Nantakhruea S, Lekcharoensuk P and Surachetpong
W 2013. Analysis of miRNA-2% expression
in porcine peripheral blood mononuclear
cells using quantitative reverse transcription
polymerase chain reaction. Thai ] Vet Med.
43(4): 595-600.

Neumann E, Kliebenstein ], Johnson C, Mabry ], Bush
E, Seitzinger A, Green A and Zimmerman ]
2005. Assessment of the economic impact of
porcine  reproductive and respiratory
syndrome on swine production in the United
States. ] Am Vet Med Assoc. 227(3): 385-392.

Podolska A, Anthon C, Bak M, Tommerup N,
Skovgaard K, Heegaard P, Gorodkin J, Cirera
S and Fredholm M 2012, Profiling
microRNAs in lung tissue from pigs infected
with Actinobacillus  pleuropneumonige. BMC
Genomics. 13(1): 459.

Savan R, Legiewicz M, McFarland A, Schwerk ],
Bindewald E, Orr S, Ramakrishnan K,
Yalamanchili R, Kronfli A, McVicar D,
Carrington M, Anderson S, Shapiro B,
LeGrice S and Young H 2011. MicroRNA-29
stabilizes interferon-gamma mRNA by
antagonizing AU-rich element-mediated
decay. ] Immunol. 186(57.53. ;

Steiner DF, Thomas MF, Hu JK, Yang Z, Babiarz JE,
Allen CDC, Matloubian M, Blelloch R and
Ansel KM 2011. MicroRNA-29 regulates T-
Box transcription factors and interferon-y
production in helper T cells. Immunity. 35(2):
169-181.



Surachetpong W. et al. / Thai | Vet Med. 2014. 44(1): 125-132. 131

Sun N, Liu D, Chen H, Liu X, Meng F, Zhang X, Chen
H, Xie S, Li X and Wu Z 20122, Localization,
expression change in PRRSV infection and
association analysis of the porcine TAPI
gene. Int ] Biol Sci. 8(1): 10.

Sun Y, Han M, Kim C, Calvert JG and Yoo D 2012°.
Interplay ~ between  interferon-mediated
innate immunity and porcine reproductive
and respiratory syndrome virus. Viruses.
4(4): 424-446.

Wills RW, Doster AR, Galeota JA, Sur JH and Osorio
FA 2003. Duration of infection and
proportion of pigs persistently infected with
porcine  reproductive and  respiratory
syndrome virus. J Clin Microbiol. 41(1): 58-
62.

Wongyanin P, Buranapraditkul S, Yoo D,
Thanawongnuwech R, Roth JA and Suradhat
S 2012. Role of porcine reproductive and
respiratory syndrome virus nucleocapsid
protein in induction of interleukin-10 and

regulatory T-lymphocytes (Treg). | Gen
Virol. 93(Pt 6): 1236-1246.

Xie SS, Li XY, Liu T, Cao JH, Zhong Q and Zhao SH
2011. Discovery of porcine microRNAs in
multiple tissues by a Solexa deep sequencing
approach. PLoS ONE. 6(1): e16235.

Zhang H, Guo X, Nelson E, Christopher-Hennings ]
and Wang X 2012. Porcine reproductive and
respiratory syndrome virus activates the
transcription of interferon alpha/beta (IFN-
a/B) in monocyte-derived dendritic cells
(Mo-DC). Vet Microbiol. 159(3-4): 494-498.

Zhang L, Liu J, Bai J, Wang X, Li Y and Jiang P 2013.
Comparative  expression  of  Toll-like
receptors and inflammatory cytokines in pigs
infected with different virulent porcine
reproductive and respiratory syndrome virus
isolates. Virol J. 10(1): 135.

Zuker M 2003. Mfold web server for nucleic acid
folding and hybridization prediction.
Nucleic Acids Res. 31(13): 3406-3415.



132 Surachetpong W. et al. / Thai | Vet Med. 2014. 44(1): 125-132.

UNANYD

AnearNlUEaNALALIEAUNITIEANIDBNYBY MiR-29a Tuwadgns
4 da & o
uaziganidadoavIinalelasaiesensied

u gsivwgwed " quas dudniale weiinng idniygy

lulasorsduaduaiiduernadniimununisuansenvesfuhumsyimeduansisuenisdudimsatnelusiu

‘quﬂ'azmf-ﬁ‘vaNm%’ﬂﬁlﬁaﬁnmﬁnwmmﬂmLaf]au,axszﬁummamaanmm miR-2%a ’lmﬁmﬁaqﬂs nsAnymuitauLUE
91 miR-29a ansiimuwileulusyiuiigeiy miR-29a TuBed#indu uonaniimsiiengidolusunsurofiunewuinddy
\waui seed region U84 miR-29a ansawsadulavnduiudumesivesseusnuinduaisidue nsfnvimemaiiaeii
iForswuin mir-29a fnisuamseeniuidaife deuuvies sy iindentn uazisad PK-15 Msuanteanvas mik-29a luead
dnderumiidnidolsafionsorsieatiuiaiutud 24 way 48 $2lus nmsuansoondufiutuluansidadeliafonionsioans
apiuslisuusaraeRuisuuss Mnuanisvasssiauauanslifiuin mik-293 ansiinnundendsty miR-29a vosdsdTin
vindu wessdumsuanigentes miR-29a fuiwafisdulusadidndenymiiindofionsorfioalunasamnassuarlugnsi
Fin msAnwuiuduinduninves miR-29a sxsrwoduieufduiussenindiiauasioad feenathlugmsianiztostulse
wenioriiealuewian

ArdAny: aliduiu miR-29a ans hianersonsion

LAY |

nMAv9ataineuay endauiy AnamUNNEmans unTINgIaBINYASAIEAT 99303 NFUNINWT 10900
‘WiuAnvavunAIN E-mail: fretwsp@ku.ac.th



	

