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unAato

a’lu’:i'l'udﬁigﬂﬂ?:mfﬂumﬁmuﬁmﬂﬁn multiplex polymerase chain reaction (MPCR) Ry s
Ansumunvaadalads porcine reproductive and respiratory syndrome virus (PRRSV) #a3z@unai
uxadpanpal gene ArialalanuizRasia g ldun interferon-y (IFN-y). Interleukin 2 (IL-2). IL-4 U8t IL-
10 1u peripheral blood mononuclear cells (PBMC) 129817  HAINMIANBIITUMNITIRAIUINATA
MPCR ldiilunadniia wazuasmilWiiuinga PRRSV fHaniwasamuniwunisusanioanuald IL-10 gene
31N PBMC maaqns"lﬁamamwﬁmﬂanﬁuur‘fu cylokine gene THABW WanaNiia PRRSV DlHaTU
NIUN1TINBLAUIAD recall antigen lamilown PBMC Fiuun‘lﬁmnqnsﬁmu'lGT%'uﬁ'n-'iui]aaﬁ'uImaﬁ‘né

' e J L ) -9 . r-
gnInn culture $wiuTala$waR9ans (recall antigen) uax PRRSV 3swuiniinsuaaiaanyay IFN-Y
-y - - a S . - g, A oL - - [

gene A9 uaziin1TUNMIDENLEY IL-10 gene ARnTualived iy Wafivuniy PBMC nanse
= -~ o . - " 4 - - - . - F A N P4
WWeiufivie culture Mnfumaliradndansfissatna@ur nnmaasslunisiiwuinga PRRSV
- ™ ' - -"31 -~ o N ™ -
finadapundaniiuaniaanyad IL-2 uas IL-4 gene HAVINMTANBIUTIRAWIIMINIEAUNMIETF9 IL-10
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ABSTRACT

The objective of this work is to establish the multiplex polymerasae chain reaction (MPCR) assay,
which allowed a semi-quantitative analysis of porcine cytokine, IFN-y, IL-2, (L4, and IL-10 gene
expressions simultaneously from porcine peripheral blood mononuclear cells (PBMC). Once established,
the assay was used to study the role of Porcine Reproductive and Respiralory Syndrome Virus (PRRSV)
on porcine cytckine gene expression. In the presence of PRRSV, the IL-10 gene expraession in porcine
PBMC was pronwnently upregulated. In a separate experiment, in which PBMC from pigs previously
vaccinated with the classical swine lever virus (CSFV) vaccine were used in the study, in vitro stimulation
with CSFV enhanced the IFN-y gene expression in the primed PBMC. However, significant reduction of
IFN-y and upregulation of IL-10 gene expression were observed when PRRSV were co-cuitured with
CSFVY. This finding indicaled that the presence of PRRSV enhanced the IL-10 gene expression in
porcine PBMC, and could significantly interfere with the recall antigen response. In both experiments,
the changes in IL-2 and IL-4 gene expression were minimal. Our results implied that enhanced IL-10

production might be one of the strategies used by PRRSV 1o regulate the host immune system.



miaUlA3IN13 (Executive Summary)

1. m'mzi'lﬁ'ryuazﬁmﬂmﬂtym

13n Porcine Reproductive and Respiratory Syndrome (PRRS) Li'JuIm‘::U'\m"‘lriaﬂ‘:nugtyl.ﬁuuri
qnmv\nsmmn‘éruaqn':ﬁ"ﬂnnnmfa'luﬂszmﬂ'lnulu-:ho 10 N AU sunsenadial) we. 2534 167
ﬂmmmmunL%ﬂ'hi’aﬁtﬂumtnqmadsmﬂuuﬁ'\ﬁaﬂ'f'awsn Tasngurinddpludszimatusasuaud
(Wensvoort et al, 1991) dwiulwlznalnednernunsuendandiusnlull  we. 2539
(Damrongwatanapokin et al., 1996) @iwa1ad PRRS Lﬁﬂmm%’a'l'ﬁ'a'fm Porcine Reproductive and
Respiratory Syndrome Virus (PRRSV) "Eaﬁ'ﬂag'ﬂunsju Arterivirus WWDA Arteriviridae tilasnnidhwZafiig
funwulni nsfnendvadu PRRSV Saimiunsdnedaysludmszinaineuar bhisinoududulng
s'nm‘imda'ﬁt‘r’iu"nTaaﬁuwmi‘smlﬁﬂ'uaa'[snua:mmé’uﬁ'uﬁmawfla PRRSV numahauvasszuuniidu
lsnuaagns (viral-host refationship) ﬁagﬁwﬁma:Ja'lmﬂuﬁn'f'ﬂaﬁ'uﬁﬁ'n inn'rwa'mmsﬁnmf'lﬁagwui'l
PRRSV a:mu'nnﬁm%aLtaztﬁui'lmu'le'ﬂumﬁnsju monocyte WA macrophage (Duan et al., 1997)
MORFIINMIdas  PRRSV mmmmag'luﬁ'aﬁ'ﬂﬂﬁtﬂm:u:nmmuuﬁ"hﬁ'w'h:'l:.‘mammn'mlaa
T5Aud1  (persistent infection) uaziin13eatesunain PRRSV  p1edinaluniinamivingiwuasszuy
Qﬁﬁuﬁumaaqmﬁﬁm%a'lﬁ lagnmsiantwadan13vinauued cytokine network V098N3 (Lager and
Mengeling, 2000} udiatnlsimusuiadegiubslifinoemulasasafisiniwazes PRRSV dani1svinnu
2893z DUNTFNAREIUNTI cytokine network Lsintinsla

mmvgﬁmsﬁnmd”m"inmn’nqiwj'ulmluqnsﬁtﬁm'ﬁ'aaﬁu PRRSV felidluiiuwinaoaniin
ududlusnstszine araflasnnan 1) mwzjamnlun'm'éruu%a PRRSV luvasnlfjidnisus: 2) anu
$1h@u89 reagent wAz monoclonat antibody fmiufiasldluntfine adrelsfenalugreDAtuan1ed
n'm'fﬂe‘?aﬁamf;ﬁ'ﬁn'l'.iﬁmu'ﬁnuunua:m'\::l.'érm PRRSV muﬁuﬁﬁuun'leT'a‘mn'm'lm.h:mﬂ ™ AUzAA?
unnpenaad aInIolimiingse Wuwssuia (falsal sunsduiag, JoyREIUN) uazidufisves
mn‘mmun\ﬁa”uLﬁaﬁwmaaﬁﬂ‘nufﬁtﬁuﬁaaﬁ'u PRRSV luntail

Tuthpiumauthladuinsnisgiiduinssdueasuas cytokine latdnanivnuimiiuetneuin
lumsfnsianudniussznitadalmduddnsd asnmavihawesszuy niidulsadAugwanain
mavuuiutenwadriadteg lasodunsains protein mediator AiZunlausanit cytokine 1uda
aumiRamITzninuoadrinne g -':‘loﬁunmn'[numwiamsmmwuaas:uuqﬂsi’u'[m cytokine 3N
a-f'n-i’jmijawaégnns:vjuwi'nfu WAz cytokine um‘a:-nﬁaﬁa:ﬁqnﬁ'lumsns:v}’uu’%anmmsﬁ'\mmimt-nnﬁ
dnanfinfiuly cytokine Aa$1997n antigen-specific T lymphocyte 3ailu cytokine ntjuﬁhﬁ'tyﬁqantjuaﬁo
unauqumaihawseszuugiigulialassn lwilsgduiinmsfinwfieszauuazuuuuny (pattern) vas
m3e$Y cytoking 'lunejudl.ﬁamu'ﬂ'i'lummimuﬁawmiﬁmﬁmadsmﬁe 9 atnauwinateluauuss
fninaass dmiuniasaviafunmues cytokine e 143N antigen-specific T-lymphocyte 'luqm
Adudnsruewielugn 23 Druan (Zuckermann et al., 1999; Suradhat and
Damrongwatanapokin, 2000) udatinatsiaui ligunsofinefeszau cytokine ldAsznaosiia (fasen
Y@ monocional antibody %eﬁﬂmuwaua:ﬁar‘.‘iaﬂnﬁ'\ﬁﬂ wannnmisasiaSunalysauuds u
ﬂaqﬁ'uﬂmﬂim‘mfmaat&i‘:’mmn?'wnh:qnvﬂ'ﬁ’[ﬂumsﬂmnnﬁﬂ RT-PCR ihauildaiiviasszdu
mRNA 723 cytokine 783 gene Tl IFumunsafinuiily cytokine profile Aaieiwley (Dozois et al.,
1997) '[moms’:i'fu-ﬁ’-ﬁoﬁi’nqﬂi:aaﬁﬁ'azﬁnmﬁﬂiwmaaL%a PRRSV d@aniyianuvsswsdluszuy
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Quf}un“‘IﬂUﬂqﬁuanﬂi'la']ﬂn'lfmﬂ cytokine TUAFAIN ©) Iﬂﬂ')ﬁ multiplex RT-PCR ﬂm‘d’laﬂl'ﬂa')qﬂa

; L - J o J W [] e o 1 - i
yadasdunnanddvilzdluwuguiddydantianuti lsluduneadduiiavedlin PRRS uaniu

Y
ﬁugm‘lﬂg&mu’:ﬁ'u’luum‘énﬁ‘tﬁ'uﬁ;’aaﬁ'u’mmmm"ﬁfj'uﬁ'uda'[m PRRS lnddudell wananilts
mansntunedia muttiplex RT-PCR hhlszgndtdiulsndu 9 lugnsfidanuidyssgammnimunmado
ansludszinalnodnday
2. Janudszaed
[Nadinwaniwavaanda PRRSV damiads cytokine TUME1Y 9 Uay peripheral biood
mononuclear cell (PBMC) ﬁuun'lﬁ'a'mqns lee3% multiplex RT-PCR
3. amieu353dy
1) dedanida PRRSV muﬁufﬁuun‘lﬁ'luﬂizmﬁ‘lnu uasImaAudwu iielddniunas
NI=AULTRA PBMC (M vasfuieimmesnnsdaiunnaamand ymansaiuningso)
2) feLRan primer AMNZANADNTIRNEIMIULEY cytokine genes ldur IL-2, IFN-gamma. L4
WaT IL-10 VDIFNT (Iau2ly cytokine msi‘mﬁa:gnai’whumaé’naju T lymphocyte) Lﬁaammj
SSudpanitldinafia  multiplex PCR ialdmansniemsiuBouifisunms express wad
cytokine genes M3 4 ¥ian 1l condition 1@n3i Fsdudud aaldy@ primer A5N13 optimize
Waansolduduluanmazidoanu uazil positive control fmanzay  lunmaasaaiiessuil
bﬁi’ﬁazl.ﬁanli commercial multiplex RT-PCR set i1¢3in17 optimize primer set 1dud~lagy
UIEMguEe
3) ﬁ'ﬂt'ﬁanqn‘:ﬁﬂaaﬂmm%a PRRSV (seronegative) WRziAiu@18t1dan (heparinized whole
blcod) Wariantuusn PBMC #283T density gradient centrifugation
4) i PBMC #iléun culture $7uiu PRRSV (in vitro stimulation) luizpziiaifitwunsauudn
L-na§ﬁd1um1m:6'fuu.é":mnﬂ'-zm cytokine gene expression lap3% multiplex RT-PCR (lap
Tiaslfidmaiduhisdudniey  FusuRsulfidnmsfiaucinunnoenans ywIaInsol
aninendn) lawmurrousnidutunawlenail
- In vitro culture and RNA extraction: Mn15 culture PBMC $2ufu PRRSV ALIaULAZIWA
(multiplicity of infection) @19 9 Ak INKwiLTadA e lUaiauun mMRNA
- Production of cDNA: 11 RNA Ailduwlaoulwiiu cDNA Tau reverse transcriptase
- PCR amplification: ¥ stAuS MUY cytokine gene 31N cDNA ?i‘lﬁ‘mnﬂﬁ?ﬁm-ﬁwﬁu
1au3% multiplex PCR iWatfud1uannas cytokine gene 'léuri IL-2, IFN-gamma, IL4 ust IL-
10
- aMImay PCR product Tow agarose gel electrophoresis Ltaztﬁaamn amplification
efficiency ¥a3 primer MneflsnrinAu FNUNUITNTES band VoIUFAS amplicon 3uiluda
Sulavessivliamnutuiuzas cONA ludaagny Femamsodunlfussdlunuuan
ANVAITTALNITHIIY MRNA vausdazfiule
5) Smﬁ:v\'-ir'aga LUz TIBIUNE M IMARD Tz andszanm 19
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1) Aalian primer uaTRNIEAMINEAY

| & MIUIT multiplex PCR Wasiaiou

i wianluiaanlfudnng

2) te3uu PRRSV #miuianldlunis =

' nsrau PBMC

B) WaruuarL 39 multiplex PCR 7

4) AITpnuaNfaniy *

5) Anwnavad PRRSV damisdia < -

|  cytokine waz PBMC

6) a7 IPTITRURETIDIUNR <+——» %
l

5. HAIWMITDITBINMIATIRARININIIIANTIZ NI TEALRIWITG
ForFoofinmadrazdfiam: An in vitro effect of PRRSV on the level of cytokine production

by porcine PBMC

$071INIINANAIIVZARAN:  Veterinary Immunology and immunopathology w3a Viral immunology

6. sulszuamlasons (mu1=u=nmfﬁwnwﬁ'lé'mua’fuv;m

1) fM@auunK (10,000 U ndsiRan)
2) fnaw (72,000 UM)

[ - -] [ .
- Imquazansiaiififivadaaiy multiplex RT-PCR

LRz get electrophoresis

- AFQUATmRAlNg Yy PBMC isolation

WAz tissue culture Bu 9
3) finldmaw (3,000 vIN)

- AIBENEITUAZIAYINTILY
' - - [ N
- swmusuanihlu iRaiuf g

. [
4} MANTNIRY 5,000 um

N

120,000 unn

65,000 U
7.000 UM
2,000 U

1,000 N

200,000 N




UNUI

Ts» Porcine Reproductive and Respiratory Syndrome (PRRS) Lﬂu'[sm:mn'?iriam'mgtytﬁuu.ﬁ
gammnITunaAnignilansuilurimalnslutiae 10 nirdfiuan Taofinoaumauendalia
fflumnauaslimdunausnidlall we. 2534 Taungunindduludszimesafuaud (Wensvoort et al.,
1991) d#wiuludszinalnpiirvrumiwoni@andiusnlull we. 2539 (Damrongwatanapokin et al.,
1996) Tunavad PRRS WimsnigaliiaTa Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) Tainaglungs Arterivirus uiia Arteriviridae

PRRSV ﬁm-:‘hijqnﬂaumm'm'la;i'\miﬂn'm nasal epithelial cells mm‘?mﬁ'mjviaunau"ia Tt
daa  udnsznwhhaiememe whin PRRSV anfhudeffinmusmansolums infect qmﬁﬁﬂs:'ﬁni
MWIIIN namaasaimadefinudapuiniunsiasvnlidafidula uﬁmnm‘sﬁnmﬁﬁagwuﬁ
PRRSV a:mmmL'Fiuﬁ‘m‘m'lﬁ'mm:'luwansju monocyte uaz macrophage (Duan et al., 1997) ueilai
muwmﬁui'm'm‘lé'lm-uaﬁni‘iu tymphocytes \# (Molitor et al., 1997) s PRRSV rialWifianegsnin
Y 9 MWieme afiviu pneumonia, myocarditis, encephalitis, vasculitis (Rossow et al., 1995) wenb
ﬂ'ﬂ’lwﬁ’lf‘fty'?iLﬁﬁatj‘ldﬂﬁdﬂiﬁn‘ﬁaﬂl'ﬁ-ﬂ PRRSV fla wunBsmwaassauinndaiashanie (generalized
lymphadenopathy) l@zazwu foliicular hypertrophy uaz hyperplasia MuAUA 10-14 nasnidadauas
ssumingamTagaaluwiunanedend usidufirdsinaineusuusssaneianwuwinliraandas
futBunme viral antigen Ainrrewuluuianniu (reviewed in Lager and Mengeling, 2000) lagvialans
2939 PRRS azt‘iuﬂﬂngﬁu'lmha 48 Hrluandamsiade uszomsazday 9 winlunmoluiass 1 @on
InwTe PRRSV a:ﬁ'ammmmag‘luo‘f‘:é’a‘a’ﬁmuﬂ‘mua"‘:’lﬁlﬂunmmuﬁo 4 \@au (persistent
infection) '[auwuﬂﬂﬁ'ﬁ{ﬁﬁmsﬁmi’faa:mmmﬂéauL%aaang’m puanuazuwinszaely §é’miﬁ'1u'lu1:u:
#Al& (Meng. 2000) nseads PRRSV :‘mtﬂummqné’nmmqnﬁo -ﬁmﬁ'lﬂijmsﬁmL'faumn-ﬁ'aumu'lu
vas i lugluwr porcine respiratory disease complex (PRDC) "ﬁatﬂuﬂtquwmwﬁﬁa'lv'\'uﬁﬂmmgty
t'ﬂ'uazhamnsiaqnmﬂnmn'mgmqmﬁ'ﬂan (Halbur, 1998) Lta:ﬁmﬂuﬂrymig'umw?iﬁ'\ﬁ'ty'luﬁ'\ﬁ'uﬁ'u=]
'naam'ngmqnﬂuﬂ's:mﬁ'lnu

PRRSV ifhdiafifaidmsiiawimatunluseresa WinfLdfnwan  wasfiinnunan
waruluszninmeiufganan PRRSV dnnaldifamsdedaunuidady Fallugnsdadeduunindau
luszozna aumon%eﬁ:juﬁumﬁuumwﬂéﬁunﬁaﬁuﬁ'umaoé'nmu:'uam%aua:n'mﬁﬂlmﬁ'u human
immunodeficiency virus 1uuue (Wardley et al., 1996) a'miax‘n'am-sﬁnmﬁnﬁuwi’ BINUNITRDLAUBINTY
niifusa PRRSV ﬁmsﬂuﬁ'u'h&'ﬁ{ﬁﬁm%'ammmafﬂaqﬁsj’uﬁuﬁﬁmﬁwﬁaﬂﬁ'ﬂmnma‘mgﬂuuu L1
lymphoproliferation cytotoxic activity mnusid']w?‘\mﬁamwha:mmmmnwuqﬁsj’uﬁummﬁmuné’o
é'ﬂ'ﬂﬁ'i"m%a'lﬂuﬁ"lati'laﬁau 4 §e ¥ (Bautista and Molitor, 1997; Lopez Fuertes et al., 1999) Fslay
nnvﬁua"m'nﬂ'mmuoqﬁﬁuﬁ'wuﬁm-uaﬁvim%’a anfedulumoluszuzsdudi wasdnazmanTnesas
Saldnoud 1 Slenimssmsands (Janeway et al. 1999) wananiudladinsiniaduouduasiida
PRRSV ludmifléfuidla  wuiwdindafazinmsafuaudvednmuluslaniusnudzanusansieia
neutralizing antibody 1éfisailla 4 devinasléTuidaluud (Yoon et al. 1995) Hsmaan’oifLLIa A
FININATIINLNTTIIMYITaE  waNIINRTM ISt ad N mreduauduedluszuzusnmitasidn
Uszlumisiaa PRRSV annnin Taunasls immune complex Wrlyimdgigasilmanuna Fe receptor
IeuiFunnIzuIuN13@INE1997 Antibody-dependent enhancement (Yoon et al., 1996)



innmnj's:maiaganﬁaw‘n’uv‘?’a'luu\inm-niﬂﬂwmwaa PRRSV -‘ﬁeﬁ'mﬂunajm-naafﬁﬁﬁun
U'mahﬁm'lumsﬁﬁ'm%aua:ﬁaﬂmwﬁﬂn"n_ﬂ.ummszcj'unﬁﬁw'lwuaa specific immunity luwdinsilu
antigen presenting cell WenBaniwpassamiundasfinuriasonin m‘mshi'waannﬁwqﬁcj‘ukn‘luﬁ":
qmv"iﬁm%a ANANTT0VATE PRRSV ﬁmag"luhqmué'a'ﬂﬁlﬂunmmu wazaINTIBUAThRLNT
dardodu qunindoumondsnislétuide PRRsV agiLEND vlvenadalddn PRRSV wazfiunuinuas
AMUAUWUT (interaction) 'lné"mﬁ'ulumsmuqumiﬂ'\nm:aes:uuqﬁﬁutw Teoianzatnsbeluszau
\TRR Lﬁaﬂsziwﬁdamsagsamm%a'lué‘:ﬁ‘ﬂ{ Fimpendasiuninstafanadn PRRSV aeiinalu
msnamsﬁwnwuaas:uuqﬁﬁuﬁumaeqnsﬁﬁm-ﬁah’ lapmItdniwadan13vinauval cytokine network
V838n7 (Lager and Mengeling, 2000)

1uﬂa=qﬁuﬂ‘nmﬂ'ﬂaa”'m"mmn‘nqﬁsj‘uﬁ'us:ﬁ'm-naéua: cytokine didhuniiunumidluatnann
lunisdnwarufunusssninadalsnrusadad Lﬁaamnmsﬂumﬂaaizuuqﬁfj’uﬁ'uﬁv'urupummnms
Yneuinduvaaoadtindiag laoedunisaiie protein mediator Mi3unlaysanin cytokine ifludaifion
msfemsizniadsiiaiig 9 Saliumumlngessdenaihusasszuugiiduiy Toualu cytokine 1z
gnaﬁqi‘fmfiawa5gnns:oj’uwhmfu uas cytokine ucia:'nﬁaﬁazﬁnn‘ﬂum‘:m:ﬁ’ua‘ianﬂmsﬂw’mmao
wasearianuly cytokine A@F99 N antigen-specific T lymphocyte deuilu cytokine nzg'uﬁﬁ'lﬁ'n_;ﬁqﬂ
nduwitalunisaupumahausessruuniidulsalassn TwiaauuiimsAn DTt ALRATULLUKY
(pattem) VBINIFINY cytokine 'I.unsjm"ftﬂa-.i'lm'li‘lun'lmimuﬁmmirhl.ﬁm:ao'[smho q 2UNUNT
warlumuuazfaineass  Emiumiaseialiunmuas  cytokine #iei99In  antigen-specific  T-
lymphocyte Tuqniﬁﬁ"uﬁm‘:ﬂuo'luﬁ'l\ﬂwﬁ‘u 2.3 T#tiwan  (Zuckermann et al., 1999; Suradhat and
Damrongwatanapokin, 2000) w@atine lsfiauiliemaunsofnwnfilaszdu cytokine lofaznatusiia 1iasen
27@ monoclonal antibody -'ﬁeﬁﬂmumua:ﬁagarj'ué'\ﬁ'ﬂ uanannIaialSuimlysduuaa u
thauimsldanuineeniriinedhudegndlilasnimiunaia - RT-PCR  wanitarvinsdy
mRNA 283 cytokine 183 gene ¥l Tumunsnfiniis cytokine profile fieF9iuled (Dozois et al.,
1997) Tnnonsiduifefiaquumdfiesdnmaniwatands PRRSV  daniiviowvsasadluszuy
Qﬁﬁuﬁ'u‘[aumﬁummnai’amsﬁ'\o cytokine Tiiay 9 lao3% muniplex RT-PCR nm::ﬁﬁ'm"ﬁa‘hﬁa
gmﬁrmoTuanm’nﬁiuﬁa:tﬂuv{upuhﬁ'xycian'nﬂ'm'nm.-:'hhluﬁ"mwmiﬁ'mnTm'uaaTsn PRRS uaziilu
Fugwligonidoluwninifordasivinamaniiduiudelin  PRRS  ludeudel  wanenilss
aurTnnaiia multiplex RT-PCR 'hhh:qnﬁ'li’ﬁuhﬂﬁu 9 'luqmﬁﬁm-mﬁﬁﬁ'ryoiaqn FMNSIUMARDI
ansludszinanundiy



1. 1a5a

& - F 4 a - . [ -

\a1a¥a PRRSV (wild-type US strain) uazi¥alairaRandigns (ALD strain) 1@suaiAitunuInisan
Ty araanial dssdiaulniu (FUUFENNER TURI T nsulqdad)

2. gnInaaay
- - e . - ¢ oA - S s o

nmaaadft 1 fiudathadasnngnsnnirfuflisissifvesmsiasuisa PRRSV ey 5
Flawd dwau 3 @3 ansdandndeliieeléiuindula 9 luiuiliuaatadae

n1Inasadf 2 iudistniadanningniany 16 e $1uau 4 @1 1naubin AnzFaIunwne-

- - - o .| [ e o . [
aaas yainsaiuwiineds Sanfeunnlgu delaifiusz@vasmslaiuse PRRSV ludsunrau ands
. R W . L - J T

navunplaiuinduilasiulinafndansuiudniieeny 5 uas 7 faw

3. mﬂ"quunuaztw\:lgua PBMC

nasiluuun PBMC 31n63at13 heparinized blood 19wann3 gradient centrifugation aa3Tuaztu
asufienTorulinauuda (Suradhat et al., 2001) lutugeviuuusadnfinadutu 1x10° cells/mil
\WREYINMNT in vitro stimulation Trunu138 w38 Con A naulu 24-well-tissue cultured plate #i 37°C muln
5% CO, incubator 1JuL7a7 24 wia 48 $2lue FmFULSu Y antigen ALTE WY in vitro stimulation &
Wfi ConA fAnututu 10 pg/mi \#a PRRSV 71 0.01 multipticity of infection (m.o.i.) uaziflo CSFV # 1
m.o.i. unL'Tuﬁfzq'l'ﬁﬂuﬁmsluzﬂm:nau NwWAY incubating period ¥NT harvest wwadlan1Tiulyw
Aneznou A 3000 Jau/and (wiIaT 10 wifi 879 cell peliet 1 asadap phosphate-buffered saline WL
273U 3 microcentrifuge tube ljuuunu.a:tﬁu cell pellet lapduas RNAlater (Ambion, Austin, TX}
§7u2% 200 p/vaae (i peliet 137 —20°C aunitazdwnldealy

4. NMTANA RNA WAL reverse transcription

wdrndnosdananaunn total RNA laply Nucleospin RNA kit (Macherey-Nagel, Easton, PA)
audliaussdudn USum PBMC sdudamsainudaznfresiidszanm 2x10° wad Tapmnitituaau
nsan@ 91719 ONA Aitaniudetinslay Dnase | enzyme atify 'lw!fuﬂauqaﬁ'm elute RNA 7
afalasnudazimat ey 60 pl Rnase-free water LRUMIBENY total RNA #i —80°C sunitazian
FUNTIEA cONA sald

W29t total RNA AU 10 gl 3 viinisRneTs cONA  leuvuaums reverse
transcription (RT) Taply Omniscript RT kit (Qiagen, Hilden, Germany) "I‘Nﬁﬂ"mﬂ'::na‘U'uaa reverse
transcriptase enzyme reaction buffer uaz INTPs ausiuusi11adlHE® 90D random hexamer primer
{(Promega. Madison. WI) 37%u 0.5 Hg uaz ribonuclease inhibitor (RNaseOUT, Invitrogen, Carisbad, CA)
T 40 U Tul§Aeiifiunessas 20 il viadaeenely incubate flgmamandl 37°C Juiaan 60 uafl
ausIuMInyaU 3103 reverse transcriptase enzyme # 93°C 1wl 5 wai



5. Multiplex PCR

Primer AlTfwiulfATon MPCR uaasliluamiafi 1 éudsznovvenljiien MPCR Afivsunes
770 50 i 1éuri cDNA template 2 pi primer mix 10 il dNTPs (Biobasic, Ont., Canada) a3 uidiudu
10mM Taqg DNA polymerase 2.5 U (HotstarTaq DNA polymerase, Qiagen) 1.5x PCR buffer (Qiagen) n13
WuaMuTuTuYes buffer luufizen ﬁqaﬂv:aaﬁtﬁaﬂi’mﬁmmﬂaa MgCl, Wmanzanauildlinig
optimize Tiriauminil Taulu 1.5x buffer §i MgCl, insuUsznauwiniy 225 mM &miuaruduiu
(final concentration) Va4 primer l@uri 0.05 UM & WTu GAPDH primer 0.2 UM &3U IL-10 primer uas
0.6 UM &MU IL-2 uaE IL-4 primer ﬁ'muaquﬁuaz'ﬁ‘umaumaaﬂﬁﬁ?m MPCR #ail

1) Hotstart 95°C 15 min
2) Denaturation 94°C 30 sec
3) Annealing 55°C 45 sec
4) Extension 72°C 45 sec
5) Repeat 24 33 cycles

6) Final extension 72°C 5 min
7) Cooling a°c

#MIUdmauTauTas PCR reaction 1éiin1s optimize urisusrenduinaliuilednlad amplicon
lag Fiti'\g’ plateau phase lutrwinnsuizun MPCR

newasUiTen v PCR product 1Runok 10 W unes3aaaulaniB gel electrophoresis lauld 2.5%
Agarose gel lu TBE buffer (GIBCO/BRL) 'ﬁﬁa"muamlaa ethidium bromide (Research Organics,
Cleveland, OH) 0.5 pg/mi Iﬁunnﬂ%ﬂ: run DNA molecular weight marker (100 bp ladder, GIBCO/BRL)
huﬁ”:mﬁamwaaummgno‘fmmawmmao product ATIVANAAILUAS ultraviolet uazinmiTiufinnw

f28 Photo Documentation System (Vilber Lourmat, France)

6. MIIMTIERUTIIMNITURAIDBNBOY cytokine gene 1@a3 5 densitometric analysis

Wn W (digital image) a4 gel AlGWYIINTIMTIzWLSNMYD9 product Tauld Scion image
software (Scion Corporation, USA) @sl3wann1ives densitometry lun1sfMuItLSunmaes PCR product
ToouassnaidutFum pixel #isuldvasudas peak (product) vmiutinen pixel value Wawldvas
cytokine transcript ¥MY1IN1T normalize NUUIuMuaY Housekeeping gene transcript (GAPDH) N7
agiduaiu iedailymaruliminauaranBinm template ddulunsdazfise lagldgas

% expression level = (sampie pixel value/ GAPDH pixel value)x100

7. M3IRziaduLILaNEI PCR product Ale

PCR product filé97n MPCR wgmihniemzianugndasyasseuua las3s sequencing T
9 product 91N agarose gel Wd? purify Tauly Nucleospin° Extract kit (Mancherey-Nagel) anusinuusiln
VBILHAA Ui product #ileun15i0u template &MLl iT sequencing (DNA sequencing kit, Big
dye teminator cycle sequencing, ABI Prism PE Applied Biosystems, USA) Waz8 WA TIEWESLLURAY
ABI prism 310 genetic analyser i\"lmfuﬁ‘m'lﬁmﬂ:ﬁ sequence identity lavlT NCBI Blast software



AITWA 1 AVIAVLUAVDI primer BAYADIWEI UATIWINYEBI PCR product #ilé9n primer usazdn

15 lwnsdnmia
Gene . ] . . GenBank
specificity Oligonucleotide sequences (5’-3') Acc. No. Product (bp)
F-TTCCACGGCACAGTCAA
GAPDH AF017079 576
R-GCAGGTCAGGTCCACAA
F-CTCTCCGAAACAATGAGTTATACAA
IFN-y X53085 503
R-GCTCTCTGGCCTTGGAA
F- AGCCAGCATTAAGTCTGAGAA
IL-10 L20001 394
R-CCTCTCTTGGAGCTTGCTAA
F-TCTTGTGTTGCATTGCACTAA
IL-2 X56750 280
R-TCAGAGTTTTTGCTTTGACCTAA
F- GGACACAAGTGCGACATCA
IL-4 X68330 186

R- GCACGTGTGGTGTCTGTA

F = forward, R=reverse

10
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1. MINKIUUNATIA multiplex polymerase chain reaction (MPCR)

autaimualasansf ldmuelumidoy3sisudulisn "...vﬁaomn'lunwé’mmn?odr;ﬁi'uﬁ'aamﬂi
mafin multiplex PCR talwamansodinmeuoufinumsuasinon 1849 cytokine genes 13 4 Tia 37
4 reference gene (GAPDH) mil& condiion \@iuafin Seduiludaslige primer Afinseanuuuli
musoldusuluaniizi@vanu uazll positive control Atnanza...” 'lun'mmaaonﬁaaﬁ’uﬁ:ﬁi’uaztﬁan
1% commercial multiplex RT-PCR set {Cytoexpress™ Multiplex PCR Swine Th1/Th2 switch cytokine) 183
L3N Biosource (Camarillo, CA) 71193in1$ optimize primer set Tiudlavuisnduia wazgidoldiruana
nTiTu D luinmnonuanuimi 6 ideu lauwuinge primer set fiduwluuifidlimane
¥inn1s ampiify housekeeping gene (GAPDH) 31n@28613939 16 w3 1éTin13uU$u condition Waansniia
$7UIUBa9 product 113 5 WAASN positive control -Fﬁﬁmwi’auﬁ'u-qﬂ primer & dammuné’atﬁasﬁﬁ'ﬂﬁ
mansouitlwi lduas ldRndasaumunauludsdu technical service ¥23UT¥N Biosource lakin saau
naus losvauisnosuiuiganianmrinindniidgwia wasldlimssaaFouilgnidudsaiuiion
Q’%anmuqﬂu u.a:'lwum:ﬁaauwnmmfumm?ﬁ'ﬂﬁ’o'lainnummquaz’:immrﬂw ﬁafuﬁati’lué’ua@ﬂ
i3l primer set danalumsAinsaiitle

wneriineudrduiusras primer &wsulslunsdnerfiinatunisuansoanves cytokine gene
'uaaqnmraiu“'m (Dozois et al., 1997; Thanawongnuwech et al., 2001) uei primer wmai lésunisasnuuL
wdniunstdulunaiia PCR #mfumsemann product  ipsrfialavfienilsuaziidn  melting
temperature (Tm) ﬁunnd’uﬁ'uaéﬁawfhomn Bhimunzaunumrnaiia multiplex PCR ﬁ'omfuﬂm:@’r-i'uio
Ievinmsasnuuy primer manuelmitAansslflunsdnwlundol laold sequence #1981 #ldvn
GenBank uazldaanuuulapiauiul® primer naadl Tm windu (ufivinfy 60°C) Lﬁaaﬂﬂtymm'm
wan@l1Inuuad amplification efficiency YdIudas primer wazuansnit primer inditaraasl PCR product
Aflunafuandraiu uazmanInusaRuusnaanniuldtanudarinisasiaseutiuinuas product
1au5% agarose gel electrophoresis Uiz densitometry @a'ly a’mm’:ﬁnvﬂﬁ&fﬁ uldvanuuy primer set 7
aunlFimiu MPCR (a1maf 1) vinndSuesdfusznaufisniudmiunas PCR reaction leuri
USur A tuluyad primer template waz MgCl, FmwuTavuazgmunniliues MPCR au'lwﬁqﬂmmm
wainwafia multiplex PCR 1difluuadn3e Toolutnavasnts optimization flelS@3atine total RNA 7
an@a N PBMC 'uaaa‘n':'ﬁ culture AL 10 pg/mi ConA wlFillu positive control Lﬁﬂg?tﬁummam
aanudI cylokine gene & ("{Uﬂsznauﬁ 1) unmm“(ﬂ'a'lé’mwHaum'\ugne‘fawaa PCR product #i1é97n
MPCR Taumisfiamzddrduiuadimeaias automated sequencer lavldfuanuawnsziainiasljia
mﬁﬁ'u'hi’aﬁ'yé’mau aauzuwnemand Iainsaluntine do wazwuin product ?i'le‘\'ﬁmwgnﬁ'awao
deuiuraufinlsaniiu

pfiaile3ATIZWAN % expression level 38R ld NNIRnE LD IRuT Ivuwuinlwerad
Und % culture Tnelaidia mitogen Aenunsowunisusasaanvas cytokine gene (background expression)
'lﬂ'ag'lm:é'uuﬂo (31]1]1:nuﬁ 1) ua:uanmm‘fqmuﬂ'a:ﬁ"m:ﬁd'l background expression TiFiautg
waruaty denuluntsusrnanaluddudaly esld6r % expression level Sldvinn1svnay background
expression TDIANIANALINUSANTWUET fauRissiunduImen mean + SEM soly datussiiuldinlu

o, . - o .
UNNTIN% expression level dsnluay Gimuunnyiinisuantoonvad cytokine gene 'luvi'l")arhnfuﬁ
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gﬂﬂiznauﬁ‘ 1 31%18) uaa? product vadcytokine gene udazwiia ldun 1) GAPDH 2) IFN-y. 3) IL-10,
4) IL-2, 5) IL4 #ilda7n PCR 97néating PBMC #1 culture 37310 ConA fuiaan 24 1
Tus 31177) usANaTE9 MPCR 31n@78E79 PBMC control (-) uaz PBMC #i culture $7%
U ConA lwaan 24 $alug (+) lane M @a 100 bp molecular weight DNA ladder
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fdInitnIuansnanvas cytokine gene iiuariulu control PBMC 3 nant@aiduanu

2. 8nSnavas PRRSV Aan1Iuaniaanyald cytokine gene B0 porcine PEMC
afiiduldausliludaimuslasonsinely PRRSV mowuffuonldludszinalng  atnalsh
mu'l.m:wha'xhaﬁﬁmﬁumsﬁnﬁ'm'lﬁxﬁmﬂngmv;fuiuieﬁ'm'fm uszlin1sagyiduuas PRRSV mpWugfuun
eludszimalng saauaassAlddmiunmaniziaps sumldli;musodant uanifudmawdaldvunan
J guqaimams Iunw'sﬂg"'ﬂ"uﬁaﬁad'&'t%a reference strain -‘ﬁatﬂumuﬁ'uﬁ US n@adszing 'F'iﬁn'nu?u
| usege -‘t'nﬁwuiﬁﬁs:umaq'luﬂs:mﬂ"lnuvﬁmﬁmr‘fu (Bl ownedynr  dayadiuda) anldlung
NARDIRUNY
Hav MmN lunimeassfi 1 1ariinT culture Fatauiu PBMC fiuenldvn naive pig 1w
' 1381 24 $alug wuinde PRRSV vhivimaiuluessni1suredasnvas IL-10 gene atnsiudutaila
Winuiu cytokine gene aug wannifawuirdnmAuiureiniTusadasnuas IL-10 gene srvdaiiias
Glaviins cutture imadiulasialuds 48 Falus Tauwuindafissdu 0.01 mo.i. fnadenisasa IL-10
transcript MONIIMAT=@Y 0.001 m.o.i. qﬂﬂiznau'ﬁ 2) MENTINHLINLNTIANNITUNNI98NVES IFN-y gene
ag'lm:é'uﬁe’hn'h iL-10 &7 IL-2 uas L4 gene dunu M aUisunlssueassaun1TuEnssanval
gene Miauannwialifiay fummafilfTinawashfsfirzdugegaus 0.01 mo.i. Aiflassniidainia
Tui3as titer 'uaa'l‘n“aﬁ'lﬁmnmﬂgm'luﬁaaﬂﬁ%msﬁﬁnaﬂs‘l’lﬂgaﬁ'ﬂ Too2luagluszdu 10° TCIDg/mt
($lsdl suradyLY, Taysdiudi) ptinglsARINTIBI AR MUY 3unala5aR 0.01 m.od. 1 tRoInD
FazlFdmsunisdnwnauasliisdanmsadas cytokine (Thanawongnuwech et al., 2001)
nasnnInasaslunIAnwusn uansliidiudedniwnavenlla PRRSV dasz@unisuasdasnuas
cytokine gene lapiawizatinaba IL-10 gene fadlunsduwud Linofinismuauanteu ptel3AdgIdn
asswin@in (naiin MPCR wuiunafinfiduwamiulng Safsulinas optimize sulunadndluszdy
wits wanorudulyldinaratinag bias vasn1s amplity luszwinadfAton MPCR wasrinfiaziiniinmesauy
WRuduRe D udunammaanafile 'lum-maaaciamaﬁﬁ'u‘ia"la‘lﬁanﬁa:nﬁusﬁ":ar.huﬁammnqmﬁmu'lﬁ
Fuinduafindgniuiui’ ('nua:féumagluqﬂnsnftlazﬁ'ﬁn'ls) FannawdTuftuuawudn akn PBMC
'uaaqnsﬁmu’lﬁ%’ui’ﬂ-ﬁuaﬁ‘nqun'smriaum culture i‘mﬁ'm%aaﬁ‘nﬂqm (recall antigen) 3HN1IETY
IFN-y Suuazmwrsaamyianseialusauldlooinadin ELISPOT (Suradhat et al., 2001) #sdunsls
VTR §mnqns'ﬁ'lﬁ§'ui'n‘iuaﬁ'nﬁ ansuriaw sty positive control fdEmiuniseanadarzdunusasaan
283 IFN-y gene lauimaiin MPCR uanmnﬁﬂ'ﬂ:‘lﬁui’agmﬁ‘mﬁuﬁtﬁmﬁuﬁn%wa'uaal.'ﬁ'a PRRSV #a
nmeusuamIniidudsuandutiedu  Sanmansolwllfebuinusningnisnidieg  Anedulu
RNWNITRDIT BN
uamnmmﬂam’luﬁnﬁ 2 ANUTIETNERGUNATEY PRRSV damsuiunsunasasnuas IL-10
gene AlndiApIRlMMAsaININ uBnINEnanIMassstuanliiiudn PBMC 7 culture $uruidnef
21@gns TnmRuNTUERIaENTaY IFN-Y gene athataaueufinely dadlumsBusudszdninineas
aila MPCR luntsmsedaszaumsuaniaanuas cytokine gene uananiuan1IMaas st lviiuatie
Faauii n13ilii¥a PRRSV $waglunis culture sTwinaiwad primed PBMC ﬁuvfaaﬁ‘rwfqns W liihe
MR RDULUAIWOANTIUNTUERIENTDY cytokine gene athItmau naMAomMAIRUTUB2IVTIM
IL-10 transcript WAzaAAYBDIVINIM IFN-y transcript agnalinbdduneaiia (paired t-test, p<0.05) ila
Lﬁuuﬁuwaﬁmnqnsi’nauaﬁuﬁ‘ culture ﬁ'm%aaﬁ'nﬁqm WNEDEIRELT  INnsAnseTInwLUNIS
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< - o [y _ <V —
L\Jauuuﬂaa'uaam‘mamaan'uao IL-2 uaz IL-4 gene MaLNN ‘ummtmﬁdnunan‘lﬂmnminnamﬂ 1 (31]
dsznauf 3)

25 100
IFN- IL-10
S 207 Y B 8 75 - -
1] h
th . - [71]
et 15 9 50- 5
(=

& 10- - =
o o 25 L
= 5 N s
S o= miim i S 0] B
QD
= 2 . i

-10 -50

24 hr 48 hr 24 hr 48 hr
25 25
IL-2 iL-4

& 20- - S 204 n
g - 3 15.. L
o 157 o
o ] i S 40- i
X 10 >
® 57 - R 51 -
c =
o 0- T - o 0- —— —_ L
@ —/
g . == & | |

-10 -10

24 hr 48 hr 24 hr 48 hr

o . . . o N ¢
3ﬂﬂ1=nau'n 2 ml.n'é‘u'naa % expression U9 cytokine gene INn PBMC " culture T2uNUWMa PRRSV
{Thwaen 24 12139 (nInesesi 1)
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40
A CIFN-y
m—IL10
§ = j
-3 T
s 20- A
=
| =
[+
2 0 | . -
o -T
PRRSV CSFV+ CSFV
40
B N L4
C—iL-2
m_ -
=
k=]
g
g % [
Qo
-3
e 101 B
o
2 | —— ali
o - ‘
-10
PRRSV CSFV+ CSFV

zﬂﬂsznauﬁ 3 fualdy % expression U¥9Jd A) IFN-y Uaz IL-10 B) IL-2 uaz IL-4 gene 31N PBMC 2898Nn3
, "r'imu'ld’i'ui’n‘iuaﬁvm‘qm uwazdun culture N PRRSV Wia CSFV w3a PRRSV
$7uy CSEV (CSFV+) ilwiaan 24 97lus (nsmasasii 2)
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391304

lausTTuTIRLsT éytokine (DuanTiliimsazauntuluwad cytokine a:gnaﬁﬁuﬁoiau‘jamaa"lﬁ'
funInaduiimanzay n1IeF mRNA 189 cytokine lasmmuinuilesianuduiusidudasiulavase
Autiunmlusiu adralsiatainnanilianis@nmsints mRNA expression fif1a 15#U MRNA wua1a'li
smninwanFinadusduAsiutuairouninild SlesmalfiBudmsimsfineszfumsaivas

& . . ae P - o & & - ' -t -
Y3 mRNA Wac protein ﬂduqnu'lﬂtwau'ln'nuauwuﬂaa parameter N3 2 U andlsfénmsaTvieants

a¥13 cytokine lugnifidafidadrinagatrann Tatawizlu3as monoclonal antibody fis1iwizede porcine
cytokine 'F'ii’nL'I‘Juvian'usmwi'ﬂ-‘iaﬁ'aﬂﬂmgamn wazluuransdidslimansondeld wananil cytokine
aﬁq'i'muﬂ"ha:l.ﬂuﬂ‘immmnmagna"uhu receptor UUAIDY target cell Buq uazvirlilimunToase
Jalélauld protein assay ilywidmddnusznimwilazasnsly protein assay fasin haif-life 129 cytokine
waaspianudarlivinduuaniuglmasdglumiansialasamzlunmsfnsmedwineniduiu
ARBIMIANWINNUFIRUTUBITEAUTEIMIEINI cytokine WaTBTRAlLIANALITU MMNNaNATIIAR T
famsmfslududunurasnmisanaiauazaruilulyidvaslasins §3do3aAuiinisly multiplex RT-
PCR wnflumadanfitmunzauimiunisdne luadsil uanilassiniesufinmvesidudslifaunyal
aiLTu light thermocycler W3asuUTzanMABINAENTUNTIATIVIALENIMYEI MRNA Auriads n1sdnw
'Lumzaﬁq\nﬁuﬁamsuﬁ'umﬁuu'lmiuﬁmm (semi-quantitative) WA USsusuUT I ti 09 mRNA fiashs
mnwaﬁﬁgnm:ﬁu{ﬂu PRRSV fuisaalwmisUng (negative control) Lﬁ‘mﬂuimgatﬁaac‘fuﬁa:v‘faom‘lﬂ
Uszn auﬁ'u'ffaga'luﬁ'mﬁu \w% clinical sign uas WALy PRRSV filifia effector mechanism TRa13 129
TTULDINNAU wWarnadh leTzninenuduwuissnine PRRSV ua:qniﬁﬁm%’a suaniuuszlomd
gan1svinaantilanuneninufieveslsasely

namnmsﬁnmﬁ;‘.ﬁi'ummmﬁmmmﬂﬁn multiplex PCR 1R8@3797AN1TUANI08NTLAY cytokine
gene 1dun IFN-y IL-10 IL-2 was IL4 IWiTunainds Taunisaanuuy primer naivimuaiialwilinaa
wanzaudniulfluniséneril sannmsfneflWdiwinunefin MPCR hwnefiefifanudwluIduas
Waranyszynalshunumsimsidoyalau3s densitometric analysis zaaImbanldlums@inm
ﬁ-m"'mmQﬁeﬁ'nﬁ'uluquiﬁﬂs:ﬁn%mwgma:ﬁunuw‘h‘lﬁuﬂuati'mﬁ

'lumsﬁnmifuﬁ'hwaa‘f‘ignn‘s:e‘juﬁw ConA =TMITIANTAINITUARIAENTAEY cytokine gene 814
winldda arnalsf@duftiadanedy wmadf culture $3urL control medium aziinisuaninanvas gene ay
luszdunils  Unngmiaiimausonulélasamzedwbinminasadundnsmandade ifuidunaunn
U0 F991IMIHANTNUABMIT homeostasis VAUTAS TIRHARDNITUENIDONDDS gene 139 lagawi:
IL-10 gene NITWLNITLARIDONDEY IL-10 gene 1w unstimulated celis ﬁti’luﬂ'a:‘.;aﬁﬁanﬂuﬁawna uazln
qnitadﬁmuﬁmmumu‘l’i’ua":ﬂﬂunmﬂfﬁhaa‘mmju (Dozois et al., 1997; Thanawongnuwech et al.,
2001) lapuUn@ngsuaniaanyas IL-10 gene vueanTornldznna InluwadAinannnang (reviewed in
(Moore et al., 2001) uazarnilnlyldsn 1-10 mmﬂuﬂﬁ'ud'\f'\'tyat.hwﬁm'r’iu"'imﬁ'mﬁumsmuquama:
augadlun1ivirweansad ms*nuq‘muam-maaaolun?«ﬁ:ﬁﬁ'uﬁmmﬁﬁ'ﬂnawaa background
expression 28N7iow lALUTILIUAT % expression level AIlAYITNITANALSA background expression Va4
agnmda:o‘haann’auﬁa:ﬁ'\msuﬁumﬁuunn’hana"ueia"m TINMITHATIERHANITNARAINLIUNATA
MPCR maninasiauffuuiouniuaaiaanyal cytokine gene a1 glalauianizatinby IL-10 uas
IFN-y luttuz finurapanues housekeeping gene, GAPDH m‘:'uﬂﬁmmﬁlna’xﬁuaﬁ'u‘luvznﬁ%aﬂ’m R
W@y Tntd GAPDH 1u reference gene v"'iﬁ'luqn':“.'r“ Jufiidnnadniurmmsuansaonvad IL-4
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uaz L2 gene wwnlifidsuuasuninlussuunis@nend Seensuandaninuanisdneiiildaindas
#19 species Lw'lazm'lsﬁmuﬁmuﬁmw‘?’o-ﬁaﬁommmnnm;ﬁﬁ'a‘z’iuﬁﬁnmmmf‘m mRNA 289 gene @
nalugns lavldinefia quantitative real-time PCR uazliimunsnasiawunisaie IL-2 uas IL4 MRNA
'l.m"mnunaﬁ?iﬁ'ln'ﬁn-s:efuﬁ'w mitogen NALTUA ALTUT %mamﬂnﬂaaaﬁ%‘hqnsawﬁ’;imﬂ’i
cytokine 119 2 Tiim ﬁuﬂn@i‘umn'ﬁﬁﬁuo‘m‘lumgwjua:n%nﬂaa-: (Reddy et al., 2000)

Tunsdnwniai FITUWLTY PRRSV SHAlUNIINIEAUNITUAAI88NYBY IL-10 gene atnTaiaulu
" 2 N1INeaad uamsﬁnmﬁﬂ'ﬂu’muﬁ;jﬁur\umrﬁau uimanmisanenluaHeftanidunsdnenlu
szuzeuuss lldfinsamataszduuos IL-10 AaFetuade wi'-a'mmﬁmﬂ:ﬁﬁagaﬁn'\umwuiwmsas‘wa
IL-10  lusdaiAaadodautrazaaandsafulsingmisnivatng  agrefideiulusznitensiiage
PRRSV eatafiusudaly uanmnﬁ{famnﬁmﬁ'1ue'mmn'awh'l.uﬁnqn-s?i-.ﬁﬂmnLuxi-;"'imu'lﬁ’s'm%a
PRRSV 11Mauzaansnasiawun1sas v IL-10 370 PBMC laluuSunmgaldinunu (Feng et al., 2000)

Hufsaufuiulaunialian 1L-10 lu cytokine ﬁﬁnn%nmmsﬁ'mumaoszuuqﬁq”uﬁ'u NSLE IL-10
Lﬁa'lﬁ’u.ﬁﬂﬂsﬂU"nﬂun'ms?ium’mmmmlunws‘nn'ﬁ%ag'lu host ﬁmﬂu“i'ﬁ'mwﬁoﬁi'.lmiﬁ'xm'l'ﬁ'agl
ﬁaua%u‘ﬂmm%aﬁmé’uagmu'lumaﬁ Tﬂmm-n:aamﬁawaé'lunsju monocyte/macrphage \38lTALITI®
nazguli host 8519 IL-10 IwrnsAidalsndnnarorialdWananuaasolunisaie IL-10 Fodais
(Redpath et al., 2001; Fickenscher et al., 2002) IL-10 ﬂqn%nﬂmsﬁﬁmumaeunaé'lm:uuqﬁﬁ'uﬁuumu
'Uﬁﬂﬁ?ﬁlt@i monocyte macrophage dendritic cell NK-cell sulda T cen Iﬂumwnati'ldﬁo Th1 cell (Moore
et al.. 2001) IL-10 ﬁnﬂénﬂnﬁafﬂd proinflammatory cytokine Wa‘uTU® mm'naa‘neju
monocyte/macrophage S‘:Nﬁi} tumor necrosis factor- alpha (TNF-a) -ﬁai’mﬂu cytokine 'ﬁﬁﬂﬁmﬁqwﬁ‘l
witslun133udu cytokine cascade WDITVLIUNATANIAL (Abbas et al.. 2000) (Jufirirdnaindanisaa
e PRRSV ssunvlimansnasiaianisads TNF-o Mdlavanaadfuonidainlaa (van Reeth et al.,
1999) viatawumsnansad1y IFN-o agdaaulaslildlamaiivifsatunmsatuvaaad (Albina et
al.. 1998) uwaruananioaaudnisTewliudarin PRRSV TWITONANTIUVAILTAS IUNEN
monocyte/macrophage ﬁdluﬁﬁu phagocytic uaz bacteriocidal activity (Thanawongnuwech et al., 1998)
Favrdnasanumusnvadradmarilunisindagsaanain host Bnetas ﬁagaméﬂi{uam'lﬁlﬁuﬁa
NIINANTIVTIUBBITARLUNGN monocyte waz macrophage Touidls PRRSV afinatalou Sexaandaeny
dnwmsnawesannfinululaavasdeifidaada PRRSV fignasliwumisnisuvasitaifoniminge
Wisutubhiarfieau ualuvma@ordufinandun target cell indritunluuSouRnanniu (Van Reeth
and Nauwynck, 2000) nsnamIvnwuadsadndigissmansotirluldasuremsdadsunsndaudt
doamundsnisdada PRRSV Y";ﬂ'nwu'lﬂ“ag;mualuan'mn'm‘i'{uw?a uanIniiniTnantIvinwitfivas
radnatiiundvasmaiin antigen-presenting celf a:a'aua'lﬁﬁmma'ﬂfwaomsn's:ﬁumsﬁﬁmuﬂaa
specific immunity uazialonialifa PRRSV Seilomaiindmiuluionuaseussaninw S4as9
ﬁ'ua”nwm:'ua;mwauauaomoqﬁsj’uﬁumwé’amsﬁm%a PRRSV "sinazdininfinasendiu daniudla
RINTUNIINAUINUWIETAUTRET PRRSV manTnieInag e wazdnwmzvaswenBanw ustmImou
muasrnddu Saiuldldin PRRSV ariamiauamuisnlunisnszfunisains 1L-10 nolu host 1ite
dsrlomivasdrlSaas

narinmsanslunfoilfefwiAiuimsinsaada PRRSV TINHILDIVRINFTUNIUNITASUFUDY
aniidinds antigen sadudndiy (M3fnwf 2) windnerite: bildasanludonalnuaenssuniu
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Han13sun sus: aBnwsasinduniinduiildnalnvasosdlunisiisaBane (De Bruin et al. 2000;
Thacker et al., 2000)
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Tu study the role of Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) on porcine cyviokine production, we established the multiplex PCR assay.
which allowed semi-quantitative analysis of porcine cytokine, IFN-y, [L-2, IL-4, and
IL-10 gene expression simultanecusly from porcine peripheral blood mononuclear
cells (PBMC). In the presence of PRRSV, the IL-10 gene expression in porcine
PBMC. isolated from naive pigs. was prominently upregulated. In another separate
experiment. in which PBMC from pigs. previously primed with a classical swine
fever virus (CSFV) vaccine, were used for in vitro stimulation. the PBMC cultured
in the presence of the recall antigen. CSFV. exhibited an enhanced {FN-y gene
expression. However. a significant reduction of IFN-y and upregulation of IL-10
gene expression were observed in the PBMC cultured in the presence of CSFV and
PRRSV. This finding indicated that the presence of PRRSV enhanced the 1L-10
gene expression in porcine PBMC. and could significantly interfere with the recall
antizen response. In both experiments, the changes in IL-2 and IL-4 gene
expression were minimal. Our results implied that enhanced IL-10 production might
be one of the strategics used by PRRSV to regulate the host immune system.
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Summary

Several lines of evidence suggest that Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) may have immunomodulatory effects on the host immune system. To study the role of PRRSV
on porcine cytokine production, we established the multiplex PCR that allowed a semi-quantitative analysis
of IFN-y, IL-2, IL-4, IL-10 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene expression
from porcine peripheral blood mononuclear cells (PBMC). Our results showed that PRRSV predominantly
upregulated the IL-10 gene expression in porcine PBMC. When PBMC isolated from pigs, previously
primed with a classical swine fever virus (CSFV) vaccine, were cultured with CSFV and PRRSV,
significant upregulation of IL-10 gene expression and reduction of IFN-y gene expression were observed,
indicating that the presence of PRRSV had influence on the recall antigen response. Our resuits implied
that the enhanced IL-10 production might be one of the strategies used by PRRSV to modulate the host
immune system.

Introduction

Porcine Reproductive and Respiratory Syndrome (PRRS) is caused by Porcine Reproductive and
Respiratory Syndrome Virus (PRRSV), an enveloped positive-stranded RNA virus that belongs to the
family Arteriviridae (Snijder & Meulenberg, 1998). PRRSV has been recognized as one of the major
etiological agents of Porcine Respiratory disease Complex (PRDC) which causes a serious health problem
in pig industry worldwide (Halbur, 1998). Although the mechanism(s) by which PRRSV undertakes to
invade the host immune system is unclear, several lines of evidence imply that PRRSV may negatively
modulate the host immune system.

PRRSV are phenotypically highly variable, and generally cause a persistent infection with a wide
range of secondary infection (Wardley ez al., 1996). Following initial infection, PRRSV persists in infected
pigs up to 12 weeks and the infected pigs can shed infectious virus (Will er al., 1997). Although PRRSYV is
highly contagious, the virus replication appears to be limited mainly within the phagocytic cell populations
including macrophages and monocytes. This population was known to be the major effector cells of the
lungs. Interestingly, in most cases, there is a lack of correlation between the amount of viral antigen and the
degree of pathological lesions. These findings imply 2 possibility of immune mediated pathogenesis rather
than the direct effect from viral infection (reviewed in Lager & Mengeling, 2000). In addition. several
proinflammatory cytokines were undetectable or minimally increased following the exposure to PRRSV, as
compared to other respiratory viruses (Van Reeth & Nauwynck, 2000).

The immune responses to PRRSV have been studied extensively, and viral-specific cellular
responses in pigs have been demonstrated, including lymphocyte proliferation, delayed type
hypersensitivity response, cytotoxic activity, and cytokine production. However. there seemed to be a delay
in the responses upon PRRSYV infection, as compared to other viral infections. Cellular response to PRRSV
is not usually detected until 4 weeks following PRRSV infection {Bautista & Molitor, 1997; Lopez Fuertes
et al., 1999), whereas the cellular immune response to other virus, for example classical swine fever virus
(CSFV), can be detected within a week following viral infection (Suradhat e al, 2001). I[n addition,
aithough PRRSV induces a strong antibody response within the first week post infection, neutralizing
antibodies are only detected at 4 weeks post-infection, long after the virus is cleared from the blood
circulation (Yoon et al., 1995). Thus, there appears to be a delay in induction of both arms of immune
responses in PRRSYV infected pigs. )

Cytokines play crucial role in induction and regulation of immune responses. However, studies of
the role of cytokine in immune regulation in pigs have been limited due to the lack of porcine cytokine-
specific immugological and biological assays. Recently, knowledge_on the role of cytokines for
immunopatholdgy and host-pathogen interactions has been increased rapidly (Wood &' _Seow, 1996). _A
reverse-transcription-polymerase chain reaction (RT-PCR) has been shown to be a sensitive and effective
method for measuring cytokine mRNA expression in porcine samples (Dozois er al.. 1997; Reddy et al.,
2000; Thanawongnuwech er al. 2001). The relative levels of cytokine expression can be semi-
quantitatively analyzed by normalizing the target mRNA with the reference (i.e. housekeeping gene)
transcripts. Multiplex polymerase chain reaction (MPCR) is a variant of PCR in which two or more
amplicons can be amplified in the same reaction, therefore is a rapid and reliable way to study the level of
cyiokine gene expression. In this study. we established the MPCR assay for the study of porcine cyvtokine
gene expression, in particular interferon-y (1IFN-y), interleukin-10 (IL-10). IL-2 and IL-4, and used the
established assay to study an in vitro effect of PRRSV on cytokine gene expressions in porcine PBMC.
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Methods

Viruses. A wild-type US strain of PRRSV (S8VI-275) and the CSFV, ALD strain, were kindly provided by
Dr. S. Damrongwatanapokin at The National Institute of Animal Health, Bangkok. Thailand. The stock of
PRRSY was prepared in MARC-145 cells and viral titers were determined as previously described
(Thanawongnuwech et al., 1998). The CSFV was propagated in a swine kidney cell line, SK-6 cells. and
virus titers were determined as previously described (Suradhat e al., 2001). The stock viruses were kept at
—80 °C until needed.

Animals and immunization protocol. In the first experiment, blood samples were collected from three,
five-week-old, non-vaccinated, crossbred pigs from a PRRSV-free commercial farm. In the second
experiment. blood samples were collected from four crossbred pigs. obtained from the Faculty of
Veterinary Science Research Farm, which had no serological evidence of exposure to PRRSV. Pigs were
immunized with the lapinized Chinese-strain of CSF vaccine twice at 5 and 7 weeks of age, according to
the routine vaccination program in the farm. Blood samples were collected when the pigs were
approximately 16 weeks old.

Isolation and in vitro stimulation of porcine PBMC. Porcine peripheral blood mononuclear cells
(PBMC) were isolated from 10 ml of the heparinized blood samples using Isoprep® separation medium
(Robbins Scientific Cooperation. Sunnyvale, CA) according to the manufacturer’s protocol. The purified
PBMC were resuspended in RPMI 1640 (GIBCO/BRL. Rockville, MD) supplemented with 10°5 calf serum
(Starrate, Australia), 2mM L-glutamine (GIBCO/BRL), 100 uM non-essential amino-acid (GIBCO/BRL). |
mM sodium pyruvate (GiBCO/BRL), 50 uM 2-mercaptoethanol (Sigma Chemical Co., St. Louis. MO) and
100 uniml of penicillin G, 100 pg/ml of streptomycin and 0.25 ug/ml of amphotericin B
(antibiotic/antimycotic solution; GIBCO/BRL). PBMCs, at a concentration of 6x10°¢ cells/ml‘well of the
24-well plate, were cultured in the presence of antigen in a 5% CO,, 37 °C incubator for 24-48 h as
indicated in the text. The concentration of Concanavalin A (ConA, Sigma) used for in vitro culture was [0
ug/ml. The CSFV and PRRSV concentrations used for in vifro co-stimulation were 1 multiplicity of
infection (m.o.i.), and 0.01 m.o.i., respectively. Following in vitro stimulation, cells were harvested and
washed once with phosphate-buffered saline. Cell pellets were kept at —20 °C in the presence of
RNAlater™ (Ambion, Austin, TX) until needed.

RNA extraction and reverse transcription. RNA was extracted from approximately 2x10° cells using the
Nucleospin® RNA II kit (Macherey-Nagel, Easton, PA), according to the manufacturer’s instruction.
Contaminating DNA was removed by DNase | treatment provided in the Kit. At the final step, total RNA
was eluted in 60 ul RNase-free water. Ten microliters of the total RNA from each sample was reverse-
transcribed using Omniscript RT kit (Qiagen. Hilden. Germany) in a total volume of 20 ul reaction,
according to the manufacturer’s protocol, in the presence of 0.5 ug of random hexamers (Promega,
Madison, WI) and 40 U of ribonuclease inhibitor (RNaseOUT™, Invitrogen, Carlsbad. CA). The RT
reaction was carried at 37 °C for 60 min followed by the heat inactivation at 93 °C for 5 min and a rapid

cooling on ice.

Multiplex PCR. All of the primers were designed specifically for MPCR to possess the same melting
temperature (Tm) of 60 °C, based on the nearest neighbor analysis, in order to minimize the differences in
amplification efficiency among the primers during MPCR. Sequences of the primer, the r_eferencc
sequences, and expected sizes of the PCR products were given in Table 1. MPCR was performed in a total
volume of 50,ul reaction containing 2 ul of the cDNA template, 10 ul of the primer mix (1 ul of each
primer; see below), 10 mM dNTPs (Bio Basic Inc., Ontario, Canada). 2.5 U of Tag DNA polymerase
(HotStarTag DNA polymerase, Qiagen), 1.5X concentration of the PCR buffer provided with the enzyme.
The amounts of each primer used in MPCR were empirically optimized according to the intensity of the
band. The final concentration of the primers for GAPDH was 0.05 uM. 0.2 uM for IL.-10, and 0.6 uM for
IFN-y, IL-2 and IL-4 primers. . . ) _ .
The cycling parameters were consisted of 1) “hot start” at 95 °C for 15 min; 2) denaturing at 94 OC
for 30 sec; 3) annealing at 55 °C for 45 sec; 4) extension at 7. °C for 45 sec; and 5) final extension at 72 °C
for 5§ min. The number of PCR cycle was optimized to assure that none of the products reached a plateau
phase during the PCR amplification (data not shown). In this experiment, PCR a_mpliﬁcauon at 33 cvcles
was applied for further densitometric analysis. Following the MPCR. ten microliters of the PCR reaction
was subjected to agarose gel electrophoresis using 2.5 %o agarose (Sigma) in 1x TBE buffer (GIBCO/BRL)
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in the presence of 0.5 ug/ml ethidium bromide (Research Organics, Cleveland, OH). A 100 bp DNA ladder
molecular weight marker (GIBCO/BRL) was run in every gel as molecular weight standards.

Densitometric quantification of PCR product. I[mages of the MPCR products resolved in ethidium
bromide-stained agarose gels were visualized under UV illuminator and digitally saved by the “Photo-print”
photodocumentation system (Vilber Lourmat, France). The images were further processed for
quantification of the band by densitometry using the Scion Image software (Scion corporation, USA). The
expression level of each product was determined by normalizing its expression against the housekeeping
gene, i.e. GAPDH, expression. The results were expressed as the percentage of the cytokine area/GAPDH
area of the same sample and referred as % expression. When the PBMC populations were considered as a
group, the values were averaged and the standard error of means (SEM) were calculated and expressed as

Mean % expression + SEM.

Verification of the PCR product by sequence analysis. Each cytokine and GAPDH PCR product was
verified by sequencing. DNA fragments were cut from agarose gels and purified with Nucleospin® Extract
kit (Macherey-Nagel) according to the manufacturer’s protocol. The purified DNA was used as a template
for the cycle sequencing reaction (DNA sequencing kit, Big Dye Terminator Cycle Sequencing, ABI
PRISM PE Applied Biosystems, USA) and subsequently analyzed on an ABI prism 310 Genetic Analyser.
The sequence identity was analyzed by using NCBI Blast software.

Results

Primer specificity and MPCR of cytokine mRNA transcripts

In the preliminary experiment, PBMC from naive pig were cultured in the presence of 10 ug/ml
ConA for 24 h and used as a positive sample for the establishment of MPCR. The ability of ConA to
induce cytokine expression in pig had been already shown by the other group (Dozois e al., 1997). The
newly designed primer sets were able to amplified a single band of the expected size of porcine GAPDH,
IFN-y, IL-10, IL-2 and IL-4 from the positive sample (Fig. 1a). The specificity of the primer sets was
confirrned by sequence analysis of each product (data not shown). Furthermore, the feasibility of MPCR
was demonstrated when combining all the primer sets in a single-tube reaction (Fig 1b). Increased levels of
cytokine gene expression were observed in ConA stimulated PBMC, whereas the level of GAPDH mRNA
expression remained comparable in both unstimulated and ConA stimulated populations. It should be noted
that in our system, unstimulated cells also produced considerable amount of cytokine transcripts after the
culturing period, as shown in Fig. 1. In addition, these levels of background cytokine expression were
somewhat varied among the pigs. Therefore, in order to eliminate this individual variability. the %
expression of each cytokine from the unstimulated sample (i.e. background cytokine gene expression from
the same animal) was subtracted from the % expression of the respective cytokine from the stimulated
sample, prior to the calculation of the mean values. Therefore, the positive value represented an _increase in
% of the cytokine gene expression compared to the unstimulated sample from the same animal. 1.'he
negative value indicated that the % expression was less than the % expression of the respective cytokine

gene obtained from the unstimulated sample of the same animal.

An in vitro effect of PRRSV on porcine mRNA expression - . '
Following the 24-hour- in vitro cultivation with PRRSV, an increase in IL-10 gene expression was

the most apparent as compared to other cytokine genes. The IL-10 expression was significantly incre;ased
over the time of viral exposure (paired t-test, p<0.05). In this system, PRRSV seemed to have a minimal
effect on IL-2 and IL-4 gene expressions in porcine PBMC and the effect of PRRSV on IL-10 and IFN-y
gene expressions appeared to be in a dose-dependent manner (Fig. 2). o -

The finding that PRRSV could enhanced the level of IL-10 expression in porcine PBMC raised a
concern whether this observation was truly the effect of PRRSV or our newly established system was
biased toward the detection of IL-10 gene. We, therefore, collected blood samples from pigs that were
already primed with a classical swine fever vaccine (see methods). The isolated PBMC from each pig were
further stimulated with the recall antigen, CSFV, in the presence or absence of PRRSV. In our previous
work, the strong CSFV-specific IFN-y production was detected from the PBMC of primed animals
following the in vitro stimulation with CSFV using an ELISPOT assay (Suradhat & Damrongwatanapokin,
2000; Suradhat et al., 2001). In addition, this experiment would allow us to explore if the presence of
PRRSV had any effect on the recall antigen response.

Following the incubation period, the presence of PRRSV considerably upregulated the IL-10 gene
expression (Fig. 3). This finding indicated that the effect of PRRSV on [IL-10 gene expression was
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reprogucible even in pigs of different age and immune status. In fact, IL-10 gene seemed to be the most
prominently expressed cytokine gene in the system. However, in the presence of recall antigen, CSFV,
IFN-y gene expression was predominantly enhanced, suggesting that the recall antigen response to CSFV
was a Thl-like response and that our assay was not biased towards only the detection of IL-10 gene
expression. Furthermore, when PBMC from primed animals were cultured in the presence of both PRRSV
and CSFV, a significant decrease of IFN-y gene expression (paired t-test, p<0.05) and a significant increase
of IL-10 gene expression (paired t-test, p<0.05) were observed (Fig. 3a). These findings indicated that the
presence of PRRSV in the culture significantly suppressed the recall response to CSFV. Similarly to the
previous experiment, minimal effects of both viruses were observed on the levels of IL-2 and IL<4 gene
expression (Fig. 3b).

Discussion

In this study we established the MPCR assay for detection of porcine cytokine gene expression.
The RT-MPCR appeared to be a rapid and powerful tool to explore the dynamics of different cytokine
productions from porcine samples. Furthermore, the use of densitometric analysis allowed an affordable
semi-quantitative analysis of the level of mRNA transcripts, when target RNA leveis were normalized with
the reference level of the housekeeping gene. Previously, cyclophilin, B-actin or Bi-microglobulin genes
have been used as references (Dozois ef al., 1997; Reddy er al., 2000; Thanawongnuwech er al., 2001). In
the present report, we demonstrated that the GAPDH gene could be also used as a reference gene for study
of cytokine gene expression in swine. Although increased cytokine gene expressions were observed in a
ConA stimulated PBMC (Fig 1), it should be noted that the unstimulated cells also produced a considerable
amount of the cytokine transcripts, in particular IL-10. This finding was not unusual, considering that
several factors, both intrinsic and extrinsic, might influence the cytokine production in the culture system.
The presence of IL-10 transcripts in unstimulated cells had also been previously observed (Dozois et al.,
1997; Thanawongnuwech et al., 2001). In some cases, the level of [L-10 mRNA expression, analyzed by
RT-PCR, was almost at the same level as with the ConA stimulated cells at all tested time points (Dozois et
al., 1997). Therefore, in our study, the “absolute increase” of the gene expression was determined by
subtracting the background expression level of the cell control from the treatment expression level prior to
analysis of the data. The increase in 1L-10 gene expression was evident in PRRSV infected population,
whereas [FN-y gene expression were increased in the presence of a recall antigen, CSFV. In our study, the
changes in IL-2 and IL-4 gene expression were minimal. An increase in IL-2 and IL-4 gene expression
following ConA stimulation of porcine PBMC was previously reported using RT-PCR technique (Dozois et
al., 1997). The reason for this difference is not clear, however, the differences in the primer sensitivity and
housekeeping gene used in the assay are likely to be the cause. Interestingly, our results was in the same
line with the previous reported, in which a quantitative RT-PCR technique was used for studying of porcine
cytokine gene expressions (Reddy et al, 2000). In this study, several mitogens, including
lipopolysaccharide, phytohaemagglutinin, hen egg white lysozyme and purified protein derivative of
tuberculin, did not induce any detectable level of IL-2 and IL-4 gene expressions in porcine efferent lymph
leukocytes. These results imply that pigs may not utilize the two cytokine as do humans and mice (Reddy
et al., 2000). Interestingly, in their experiment. the IL-10 gene expression was increased following 24 h of
mitogen exposure and declined by 48 h, whereas in our study, the IL-10 expression continued to increase
over the time in the presence of PRRSV (Fig. 2).

The observation that PRRSV upregulated the IL-10 expression in vitro is intriguing. There is at
least one report, describing an increase in IL-10 mRNA expression from PBMC of piglets born from
infected sow (Féng er al., 2000). Although the RT-MPCR provides a_rapid and convenient way of studyipg
the cytokine gene expression, the relative amount of mRNA determined by RT-PCR does not necessarily
reflect the relative amounts of the functional cytokine produced. Nevertheless, there are several in vivo
findings suggesting that an increased IL-10 production in vivo may occur and contribute to the pathological
outcome of PRRSYV in infected animals.

IL-10 has been known to be the potent negative immunomodulator. The exploitation of IL-10
appears to be the common mechanism of immunosuppression by several intracellular pathogens specifically
targeting macrophages for infection. Certain viruses induce IL-10 production. whereas others encode their
own IL-10 to inhibit the host immune response and to hamper the viral clearance process (reviewed in
Fickenscher et al., 2002; Redpath et al.. 2001). Considering the restricted tissue tropism of PRRSV, it is
possible that PRRSV also uses IL-10 for suppressing the host immune response. Induction of [L-10
production in an early stage of infection may enhance the viral survival within the host and delays the
induction of protective immunity, which seems to be the case of PRRSV infection. IL-10 is known to
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inhil?it productions of proinflammatory cytokines including tumor necrosis factor-a (INF-a), the major
mediator of acute inflammatory response. and IL-12 from macrophages The latter cytokine 1s known to
play a key role in the development of cell-mediated immune responses (Abbas er af . 2000) The inhibiton
effects of IL-10 on monocytes, macrophages. and dendritic cells have been extensively reviewed (Moore et
al, 2001). A series of reports on kinetics of proinflammatory cytokine responses tollowing PRRSV
infection seem to suppont our view. Following PRRSV infection. production of TNF-a was almost
undetectable (Van Reeth er al., 1999). Furthermore, the production of I[FN-a was significantly suppressed
in both PBMC and alveolar macrophages, and this inhibitory effect was not due to the cell death (Albina ef
al., 1998). The poor cytokine response agrees with the overaill mild clinical course and minimal gross lung
pathology (Van Reeth er al/, 1999; Van Reeth & Nauwynck, 2000). Regardless of the virulence of
infecting PRRSV, the effect of PRRSV on porcine macrophage bacteriocidal functions was previously
demonstrated (Thanawongnuwech ef al. 1998). Together, these findings support the notion that PRRSV
may interfere with the overall function of the macrophage-like cells through the induction of
immunosuppressive factor. such as IL-10, which may result in an alteration of a cascade of
proinflammatory cytokine production. The inhibitory effect of IL-10 on the functions of antigen presenting
cells (APC) may be one of the mechanisms for the delayed induction of both arms of protective immune
responses to PRRSV. which is tended to develop long after the active phase of viral replication and v irema

Our finding that PRRSV can also affect the cytokine production in the recall antigen response
supports the immunosuppressive role of PRRSV. It is well established that 1L-10 strongly inhitits the
cytokine production and proliferation of CD4" cells, particularly the Th1 population via its downregulaton
effect on APC function, resulting in inhibition of cell-mediated immune responses (Moore ef af . 2001)
The observed changes in IFN-y and IL-10 gene expression may represent the direct effect of IL-10 on \PC
and T cell functions. Our finding has provided the evidence that the presence of PRRSV can sigmificantly
interfere with the production of IFN-y in the recall response to CSFV (Fig. 3). Alteration of the magniude
and delayed T cell responses to pseudorabies virus vaccine in PRRSV-infected pigs has previousls been
observed (De Bruin et a/, 2000). These tindings support the role of PRRSV in interference of cell-
mediated immune response in the host. Interestingly. infection or vaccination with PRRSV appear to
decrease the efficacy of M. hyopneumoniae bacterin in M. hyopneumoniae challenged pigs (Thacker ef af
2000). Inhibition of the memory Th cell and/or effector cell functions by the viral-induced IL-10 may be
one of the explanations for this decrease. since cell-mediated immuniry is believed to play a significant role
in respiratory defense against bacterial infections (Dunkley et a/, 1995). The increase in JL-10 production
may also explain an increased incidence of secondary infection in the Jung following an episode of PRRSV
infection apart from the direct effect of PRRSV on monocytes‘macrophages

In summary, our results imply that the enhanced 11.-10 production may be one of the strategies
used by PRRSV to regulate the host immune system. It would be interesting to explore 1f this phenomenon
occurs i1 vivo following PRRSV infection and what is the mechanism of viral-induced I1.-10 production.
Knowledge in regard to the effect of PRRSV on the host immune system would be crucial for the
development of the practical control strategy and in destgning a sate and effective PRRS vaccine in the

future.
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Legends

Figure 1 RT-PCR cytokine products from cultured PBMC. Panel A depicted the single PCR product of 1)
GAPDH, 2) IFN-y, 3) IL-10, 4) 1L-2, 5) IL-4 from porcine PBMC cultured in the presence of ConA. Panel
B depicted the PCR products from porcine PBMC cultured in the absence (-) or presence (+) of ConA for
24 h. A 100 bp DNA ladder molecular weight marker was included in the gel (M). The image shown is the
representative image from 3 animals.

Figure 2 The means % expression of porcine cytokines in the presence of PRRSV. Porcine PBMC were
cultured in the presence of 0.01 m.o.i. (white) or 0.001 m.o.i. (black) of PRRSV for 24 or 48 h prior to total
RNA isolation and RT-MPCR.

Figure 3 The means % expression of (A) IFN-y and IL-10 and (B) IL-4 and [L-2. Porcine PBMC were
cultured with PRRSV, CSFV, or CSFV in the presence of PRRSV (CSFV+) for 24 hr prior to total RNA
isolation and RT-MPCR.



Table 1. Oligonucleotide sequences designed for MPCR in this study

Gene Oligonucleotide sequences (5°-3") GenBank Product

specificity Acc. No. (bp)

GAPDH F-TTCCACGGCACAGTCAA AF017079 576
R-GCAGGTCAGGTCCACAA

IFN-y F-CTCTCCGAAACAATGAGTTATACAA X53085 503
R-GCTCTCTGGCCTTGGAA

IL-10 F- AGCCAGCATTAAGTCTGAGAA L20001 394
R-CCTCTCTTGGAGCTTGCTAA

IL-2 F-TCTTGTGTTGCATTGCACTAA X56750 280
R-TCAGAGTTTTTGCTTTGACCTAA

L4 F- GGACACAAGTGCGACATCA X68330 186

R- GCACGTGTGGTGTCTGTA

F = forward. R=reverse
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400 — IL-10
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