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SUMMARY

Postweaning multisystemic wasting syndrome (PMWS) is causally associated
with infection by porcine circovirus 2 (PCV2) (Allan and Ellis, 2000; Kim and Chae,
2001a, b). PMWS occurs in swine herds that are usually in good health; it has a
low morbidity rate but is associated with a relatively high fatality rate in 5- to
12-week-old pigs. Clinically, the disease is characterized by progressive weight
loss, respiratory signs and jaundice. Histopathologically, it is characterized by
widespread granulomatous inflammation, multinucleated giant cells, and variable
numbers of intracytoplasmic basophilic viral inclusion bodies within infiltrating
histiocytes and macrophages.

Since its first description in Western Canada, PMWS has been reported in many
swine-raising countries, most notably in North America, Europe and Asia. PMWS
has recently become recognized as an important disease of swine in Korea. In the
2-year period 1999-2000, tissues from over 1500 postweaning pigs were examined
diagnostically at the Department of Veterinary Pathology, Seoul National University.
PMWS was diagnosed in 133 cases (8.1 %), which represented a 5-fold increase in
cases diagnosed in the previous two vyears. Natural cases of postweaning
multisystemic wasting syndrome (PMWS), recorded from January 1999 to December
2000, were determine the prevalence, microscopic lesions, and other coexisting
pathogens associated with PMWS. One hundred and thirty three (8.1%) of the 1634
pigs submitted from 1243 pig farms were diagnosed for PMWS. The majority of
cases (113 cases, 85.0%) was dual infection with other pathogens. The combination
of PCV2 and Hemophilus parasuis (43 cases, 32.3%) was shown to be the most
prevalent followed by PCVZ2 and porcine reproductive and respiratory syndrome
virus (39 cases, 29.3%).

This project 1s consists of two main parts: pathogenesis of postweaning
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multisystemic wasting syndrome, development of vaccine for postweaning
multisystemic wasting syndrome.

Thirty-two colostrum-deprived conventional pigs aged 28 days were co-infected
with Korean isolates of porcine circovirus 2 (PCV2) and porcine parvovirus (PPV)
for a period of 35 days post-inoculation (dpi). Histopathologically, granulomatous
inflammation, with or without intracytoplasmic inclusion bodies, was present in
lymphoid tissues (e.g., lymph nodes, thymus, spleen and tonsil) from 20 dpi, being
most severe at 24 dpi. PCV2 and PPV DNA were detected in the lymph nodes
from 3 to 35 dpi by in-situ hybridization, but the labelling for both viruses was
particularly intense and widespread at 20 and 24 dpi. A close relationship between
the cells labelled for PCV2 and those labelled for PPV was revealed by examination
of serial sections from lymph nodes, and PCV2 and PPV were also detected in
peripheral blood monocytes from 3 to 35 dpi. Other tissues and cells in which
PCV2 and PPV DNA were detected included macrophages in the tonsil, thymus,
spleen, lung, liver, kidney and heart. Significantly more PCV2-positive cells than
PPV-positive cells were detected in the lymph nodes at 5 to 35 dpi. The
pathogenesis of PMWS reproduced in this study may be suggested thus: initial
virus entry through tonsillar macrophages, followed within 3 days by viraemia;
PCV2 and PPV replicate, at least to some extent, in circulating peripheral
monocytes, contributing to the cell-associated viraemia and to virial distribution
throughout the lymphoid tissues.

In an experiment, the expression of monocyte chemoattractant protein-1 and
macrophage inflammatory protein—-1 was determined in granuomatous inflammation
of the lymph node by semiquantitative reverse transcrition—polymerase chain
(RT-PCR), granulomatous lesion score, and in situ hybridization over a period of 35
days after intranasal inoculation by porcine circovirus 2. Maximum MCP-1 and

MIP-1 expression was observed in pigs at 21 dpi followed by most severe

_12_



granulomatous lesions at 24 dpi. Detection of MCP-1 and MIP-1 expressing cells
precedes granulomatous inflammation formation. A very close cell to cell correlation
between PCV2 and chemokines (MCP-1 and MIP-1) in serial sections from lymph
nodes suggests that induction of MCP-1 and MIP-1 is a direct response to PCV2.
The results described in this study provide evidence for the ability of MCP-1 and
MIP-1 to induce granulatous inflammation in vivo.

This study investigated the potentiation of porcine circovirus 2 (PCV2)-induced
postweaning multisystemic wasting syndrome by porcine parvovirus (PPV) and
found it was associated with excessive production of tumor necrosis factor—n
(TNF-a). Colostrum-deprived conventional pigs were inoculated intranasally with
PCV2 and PPV alone or in combination (PCV2 and PPV). In vitro assay of TNF-a,
obtained from alveolar macrophages coinfected with PCV2 and PPV showed a
significant increase in TNF-a compared to single infection of macrophages with
either PCV2 or PPV alone (P < 0.05). All pigs inoculated with PCV2 and PPV
developed severe postweaning wasting syndrome whereas pigs that were inoculated
with PCV2 or PPV alone did not. Compared to the pigs inoculated with PCV2 or
PPV alone, pigs inoculated dually with PCV2 and PPV showed significantly (P <
0.05) increased levels of TNF-a. Levels of TNF-a in the sera were reversely
correlated with the body weight in pigs experimentally infected with dual
inoculation of PCV2 and PPV (r; = -0.92, P < 0.001). These data demonstrate a
potentiation of PPV in PCV2-associated PMWS by the excessive production of
TNF-a.

The present study demonstrated that hematopoietic cells in the bone marrow is
important targets for the PCV2 infection. The role of PCV2 infection in the
pathogenesis of anemia remains unclear. Evidence for this comes from
immunohistochemical study of bone marrows from pigs at various times following

infection with PCV2 at 28 day old. The hematopoietic cells in the bone marrows
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are the cells in which PCV2 antigen is detected after infection. Therefore, PCV2
has been implicated in bone marrow failure by a variety mechanisms, including
virus infection of hematopoietic cells. Although PPV clearly potentiated
PCV2-associated anemia in dually infected pigs, PPV was difficult to demonstrate
in bone marrow. There are precedents for the synergistic effects of other viruses in
potentiating circovirus disease.

Since no PCV?2 vaccine was available so far, we have developed a specific killed
vaccine against PMWS. This vaccine is mixture of killed PCV2 and PPV with
formalin. The piglets received two times injection;, a first injection at 7 days old
and a second injection at 21 days old. And PCV2 and PPV was inoculated a seven
days later. As evaluated by growth parameters, clinical signs, seroconversion, the
pigs were protected against PCV2 and PPV challenge after vaccination. This
vaccine induces protective immunity against PCV2 and PPV infection and could

potentially serve as an effective vaccine.
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A2d Az 2 BH

1. &Y #HRX NIzZutolalx 283 = A grulo]g 25 o] &3 o fFAE Al
A ARA F3F Aswd

7h A A autol el s 28 e
JHAE AAY AR FFEOR Aud AE AR FlE AV AH

3718 Adste] whole s

ofN

& A2 F=8gkth 75en flaskoll A Zvlolel~ 13 &

A

= 289 29EHA Ee HA A EF(circo-free PK-15 cell line)2 monolayer”}
2l3, PBSE 23] M3z ¥ 300mM Glucosamines *| %] &}z,

= A Fugth wjxE W
37Co Al 3087F w3ttt Glucosamined Wi M2 X2 ZolEx Z oA FH]

g 27 FAE HAFoaL 48-T2A A v A A supol s 29 L CPE7Y

gl wpolelzolmm 72413 vk § A AEXES FHste] PCRE wpole| o] wiY
ofF-E Fdsta ¢4 &l Al 33 $A3 slFs WHEsko], 5000rpm 302 A

F 4F we B, 0T BAsy, APE oy Aug Anz olg@th Bod
% shgov, F5 ol ze) o

5 =43kl 1.2 x 10° TCIDsy/mle] FE2 3] FEAPE HF A2 A&

v wi®] ghEupo]l# s 28 Hg
olfAtE AANA ARA FFLOR JNud =S dudE A7E AFHI A
F71E MAste wloly~ HEFE FAZE Fw|gtt) 7oer flaskel HIA| 13k A3

(Swine Testicular cell, ST cell)Z monolayer’} A x| 3ttt PBSE 23] A& F
b

bl
N

UM FHE 24 FAlE HETAL 48-T2AI7EA] v keIt 33] sA Y dss W

gke], 5000rpm 30+ Al E § G wE &, 70T sAsta, d5= ve A

dg Arz o]&3tt. Feld wpolgliae HF AW st 70T Yesrad
2 gt T8

gom FIFo uolz]xo 972 ZA3te] 1.3 x 10° TCIDs/mle] ¥ &
& HF ARZ AHEEAH
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A shrvpolef o] 49l 4FH AE 40FF Fusha FAAR 109 47 FOoR

, A2we A grubfoly 2~ HET,
AZTES WA Mabole s 28 3 A shunpoles A WET, A4TE ETO
2 nlold 2y} ngETOR A, 2h7te] AEo] u| oz o] EAJo] iz njol
922 lecd HEHAT 2 T 47 SR AFALAA AgHeH, YA B

gl

e BasAt. §F F A 94FFS Fo A BBV, 7, 14, 21, B, 3H

FAA S, A, A, 2, i, debd, i A 5 Al Zr1E AF
ato] 24A17HEE 10% TAStEE e Al AWl 22 A RS F3to]
a}

(H&E) staings HAI Pt 22 4E2 dwbdl Fot dnjgstolx #2stsi

S

Eujetdar,. A 22 AEL2 5um FAZ Aw@se] Hematoxylin and Eosin

i)

e

oh A0 mEe ol @ WA Hmulolels 283 WA Sruleles P

1) DNA %
BAA @A AMEdntd wE HAS A8, Qiagen™9]  Tissue DNA
extraction kitE ©]&3}o] 25 mg 2H o2 FEH DNAE FE33

2) = z}o] ™ (Primer) A
s Tdas dA8bes a8t st = Aol 283 # %] 3R ujo]
o] oAl EZelolWE t]xkel skt #ix] A FZupol# s~ EeEkolw = Porcine

circovirus type 2 (Genbank access code : AF465211)¢] open reading frame 2
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(ORF2) H§-9lellA zetolm s A &algich A A aute]ef2o] HAWdF Zaho]w(AF)
= 5~ CAG TTC GTC ACC CTT TCC C-3' (939-957 nucleotides), 93 =Ze}o]
M (AR)E 5-GGG GGA CCA ACA AAA TCT CT-3' (1466-1485 nucleotides)”}
TE Az

H A Frulo]y 2~ Eepolw = viral protein 2 (VP2)E HolHoz T3HT F U=
Z OAQ ik #A guwpol e didk AW Zlelw(BF)E: 5-CAT ACA
CTG GAC AAT CAC AAC AAA-3' (3451-3474: nucleotides), 9¥& Zz}o]w(BR)
= 5-GCC TAA TG CTG TTG CTT CTG-3" (3760-3780: nucleotides)”} ¥ =2 A

3) T¢a A A3 (Polymerase Chain Reaction, PCR)

THEAL AANESS HdlA 5ul DNA 4359, 1 AF, AR, BF, BR Xgo]H
(25pmol/ul), 540 10xreaction buffer (100mM Tris—HCI (pH 8.3), 400mM KCl, 15mM
MgCly, Spg/mé activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP),
15U Taq polymerase® 22t ¥ il 50u09] reaction volume®| HEE WA dH SHFE
HA7bste] 2418 3 Thermocycler (Perkin Elmer, Norwalk, USA) & o]-&3}o] 94°C o A
30%, 60TColA 30%, 72TColA 60%%+ 35 cycle =333tar, npxjato g2 72C 103 Wk
$3gn. g s Ao A& 10S ethidium bromide® G ¥ 2% agarose
gelol A719E st th

4) T 2 (Probe) A4}
A719Este] 5o]%Ql bandE €% F PCR product= Wizard PCR preps
(Promega Biotech, Madison, WI, USA) & o]&3lo] &Z% DNAE AA s, DIG
DNA labeling & detection kit (Boehringer Mannheim, Indianapolis, IN, USA) &

Alg3lo] random labeling 3 %, nylon membrane® 2 labeling® probes] F=E&

A3srarh
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4) Z2Y wFH(In situ hybridization)

BAA AN A7 2AE 10% A 2T 24A17F nZA 7 F dukE <l

BN

2 AYAAE A dFA2td T T 4m FAR ZEHE S Superfrost/plus  slide
(Fisher Scientific, Pittsburgh, PA, USA) o HFZAA g2 Hastth sLd x4
A9 7S FHlste], 3 A2 A Aanteld s 28 AES flEA AbEstlew o
& 3 A HA gEbtely s HES flsto] AMEEATE 24 HW S xyleneol €3}
g3 A7) A S AR F phosphate-buffered saline (PBS; 0.01M, pH 7.4) <l
5%3F Tt Target nucleic acidsE =ZA7]7] $1381 02N HClol 20&3F A 23}
g AS A AZ F 200pg/mle] proteinase K (Gibco BRL, Grand Island, NY, USA)
E 37CoNA 2587F A 83 & 4% paraformaldehyde® AF2o|A 1087 1438t}
PBSE 23] A&3 % 0.1M triethanolamine-HCl buffer (pH 8.0) ©| 0.25% acetic
anhydrideZ Y3 5%37F acetylation A7 $ 0.25% acetic anhydrideS 3 ¥ ©f ¥
587F O acetylation AlZ Tt 2xsaline sodium citrate (SSC) (1xSSC; 50mM NaCl,
15mM sodium citrate, pH 7.0) & 10%3F A2 % 3 o= digoxigenin© &

EA ¥
AA W@utole~ 28 AR, & § Ao Auds HA sureles 28 WA

=

E 44 Ing/mle %7} E%=Z% standard hybridization buffer(2xSSC, 50% deionized
formamide, 10mg salmon sperm DNA (Oncor, Gaithersburg, MD, USA), 0.02%
sodium dodecyl sulfate (SDS), 1% Denhart’s solution, 50% dextran sulfate solution)
of 3|35t 30w HAEE slide Z2F 9o "o T coverslips 93 7HEAME
rubber cement® # &3 Th3 94TlA 10&7F 7FEste] 45Tl A 8AIF wHkE &
At wHEEES T coverslipS A AL A9 4xSSColl 5827F 23], 45T 2xSSCeF A

i

-

1xblocking buffer (Buffer 2) oAl 40%3F A Zlstdch WSS HE3H7] Y6
alkaline phosphatase conjugated anti-digoxigenin (Boehringer Mannheim) & Buffer
20 1:50020.2 s|Aate] A 9l 2 "ol F 37TolA 1A7Fst vHgAIZ
t} wEgol & 5 Buffer 17 Buffer 2014 1024 13] A2 $ detection buffer
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(Buffer 3; 0.IM Tris-HCl, 0.IM NaCl, 0.06M MgCl, pH 9.5) & 5%zt A 3stsich.
wAals 98k alkaline  phosphatase?] 714¢l  nitroblue  tetrazolium¥}
5-bromo-4-chloro-3-indolyl phosphateZ Buffer 30 3] 3sle] ZZHH 9o 2 "o
wd F g A 3443 AR FESA Y. o] £y & tris-ethylenediamine

tetraacetic acid buffer (10mM Tris—HCl, ImM EDTA, pH 8.0) °] oj#]¥ X243}

W8-S Z289th 05% methyl green®® thxAMs & ZFo] A st 9443
2 % mountingdte] #FeENHow AHsAT

M
1

2. A MIZupolA L 297 A HEupo]H L9 FAHA

UM AAF AP BN Al AV 227E 10% T4 xR 2443t 1A

3 = h 84 = =} LA
Al dubdl x4 AHAAgdES AFH g xw) F 4 FAR A sk]
Superfrost/plus slide (Fisher Scientific, Pittsburgh, PA, USA) o] FZA)#A Ao B

#3he o,

v
<
=

D

S

Q

Lot
o,
i)
N
fo
rot
et
12
Lo
N
Mo
1

i)

ZAmo g X E AWMES 2335t 0.38% sodium citrated] &L aAZS A x| 3}

S 300g°l A 20%<r QA EE S buffy coat?he R&t) o] AEE PBSE A ¥
3 & Superfrost/Plus slides(Fisher Scientific, Pittsburgh, PA, USA)e] X @3&}o]
100% &#E&= 5 & gstal A2oA dxskath

2) 2AW WS B FoMEe] WA H3vlolel s 29 4 Bl
nE

1 DNAES F&3v. Awd =Zglolw (5 - CGG ATA TTG
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TAG TCC TGG TCG - 37)¢ 9w zeteln (5" - ACT GTC AAG GCT ACC
ACA GTC A - 37)& o] &3}, 94T 5%t denaturation ¥ 94C 20%, 61C 20%,
72C 45% zZ71o 2 353 whE3tal 72T 1027 elongationdt £ T &AL AHrsS
2 AlsFe] 481bpe] DNA productE €=t DNA purification kitE o] &3t A A gk},
DIG-labelling kitE ©]83}¢] Digoxigenine 2] ¥A3}¢] probeE #|%}, detection ¥}
4 & Tl v=E A4 probes AFETTEH o Bl Soiol=E WA
de AAFH 02N HCll 2023 AAgo. DWel  30x3t AH  §, 4%
paraformaldehydec] 10&7F A g3ttt PBS A2 % Triethanolamine-HCI bufferel
acetic anhydrideE % o] 1087} acetylation*] ZIth. 2x SSCel| 108-7F 2 x| g}, =24
of x| MAufo]l# 2= 28 probeE 1pg/ple] TEZE hybridization buffere] 3]435}o]
A T 20-30m®  AHL3sta, cover slips Yil  sealingdttk Zzbe] A&
hybridization machine’dolA 94C 10%3F A A3 45T incubatorel] 15A17F wjj &3k},
cover slipg AAF 4xSSC, 2xSSC, 0.2xSSCel Z+ 1084 AHGAE A A s
maleic acid bufferoll 5%+ 2] gth. blockig buffer 1047+ * 2] g}, blocking buffer
of 1:250-5002.2 3A % anti-DIG AP conjugate® &3] 36TeolA 1-2A1%F
incubationt}. maleic acid buffer 103+ A2 $tt}. blocking bufferel] 5%3F 2] gk
th NBT/BCIPE ©]-§& #i#] Aanfolel 2 28 9] ihs &3

ot

24 wfgYe S s A Aautelel s 29 DNA 2= A

) ;A A siukele] 2 29 probe Az}
¥ virus2H-EH DNAE FE3vh A3 Zetolw (5" - CGG ATA TTG TAG
TCC TGG TCG - 37)% 9wd =Zgtolm (5" - ACT GTC AAG GCT ACC ACA
GTC A - 37)8 o]&3dlo], 94T 5%3F denaturation ¥ 94T 20%, 61T 20%, 72T
45x Ao 7 353 wkESla 72T 1087 elongationdt + T A A3 AA
slo] 481bpe] DNA product® 9E=th DNA purification kitE ©]-&3dte] A A st}

DIG-labelling kitZ ©]-&3}o Digoxigeninge 42 FA3}o] probeE A2, detection ¥}
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A& 5 w25 ZASA probeE A3}

2) HA Mamtolel 2 28 A HAE AW ugy
Xyleneol &utebd 34 5, @AAQ] FeadE Aok 02N HCll 2023 A
23tk DWell 30%3F A3 3 100pg/m¢ Proteinase K2 37ColA 3087 2 %] 3},
4% paraformaldehydeel] 10%3F *g]dtch. PBS A2 % Triethanolamine-HCl buffer
o acetic anhydrideE %] 1087t acetylationA] 71t} 2x SSColl 1087+ A X%t} =

A Aol | x] # FZulol#l A 28 probeE 1pg/wle %X E hybridization buffere] 3]4] 3}

o

o A T 20-30u¥ AL, cover slipE Y sealingdttlh. e %3
hybridization machine’dollA] 94C 10%3F A X¥, 45T incubatorel] 15A]%F w3k},
cover slipg AAZFE 4xSSC, 2xSSC, 0.2xSSCell Z+ 1084 AHGAES AA )
maleic acid buffere] 5%3F 2] dtt}. blockig buffer 10#3F 22 gt} blocking buffer
of 1:250-5002.2 3A® anti-DIG AP conjugate® 283 36TCoNA 1-2A1 7+
incubation@t}. maleic acid buffer 1083t A 2] 3t} blocking buffero] 5%3F A & 3+

t}. NBT/BCIPE ol § w4 Aznoleiz 23 ¢] alae A&t

i)

g 24 gHE 5% #A grbtolzi DNA TEAE A

=

st

1) =l A FRulo] 3 2~ probe Al 2}
HeE A grAlo]y 225 EH DNAE
GCA GCT AAC ACA AGA AAA GGT TAT CAC - 37), owd Zgo]w (5’
GTC CAT GTT GTT GGT GGT AAT CCA TTG TAA ATC T - 3')Z o]&3}
o] 94C 5%7} denaturation ¥4 F 94T 20%, 56C 20%, 72T 20% o2 353
HhE &5 727 elongation ¥4 F3a A AL o2 226bp DNA productE: <&

=3 AW Zeelm (5’ - CCA

iy

rr

t}. DNAE AA ¥, DIG-labelling kitE ©|&, digoxigenin® & ¥ X3}, detection ¥}

Ao R w2 AABJL] probeE AL-g 3T}
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2) WA Sunpelels A AF =AU @iy
914 shrubole} o] vheke] AAHEl probeE ol G3te] %A WAIF A A utol e
2

A% A% 240 WP 599 PPoR wet 94 duvielgae] Aare

el

WFAREG AT 22AH Eeto]=E Kodak DC290 systems o] &3lo] %
shell Al 29I E 3FE Zdst, #Fo
(National Institutes of Health, Bethesda, MA, USA)& o]&3lo] sjx] ® zujo]e]x 2
g 2 HA strutelg 2o dE o] AA AME Axe EAE ALtstal @9l A

(0.25mm*)F FA AL F= fatste] g

=
shaln]

rol

Abz21& NIH Image ] Program

FA 8t B2 InStat package (GraphPad Softwear, San Diego, CA, USA)E 9]
£3te] a8 h. Wilcoxon matched pairs signed rank test® =% # Zujo]e] 2~ 2
Fa wlA gruelyx LUl FoAEE HFskrl Slske] AAlsklew,
Mann-Whitney U-Wilcoxon rank sum W testi= %] A Zulole]x 283 wfx] u}x
Hhol 22~ ot Fhe] Ad#AE HAsr] fste] AAlskATh

3. AZAAE F2es A -&9A EA(cachectin) TNF-a9 £4
7}, In vitro 238
1) vpoleg = L Al

A Azupolel A 19, 28 2 wiA| mprulo]gxd dE Ho] glow A3 =
o] =t

AE FAste] dAFZy T|EAS qA FaAHeR it 7aAE S5t

_33_



E PBS buffers #HFste] dxzdiA 75 wddid. 28E dxdAFE 96well
plateol] 3+ well 1x105 M7F H X5 g4 ste] FHlsta stREAE HA st A7l 5 A
Foll A&t npole 2 oA Ve WHOR R A A Antol 2~ 28, #HA
stRubole s ela s X H@utolel s 283 HA| mrvloly s AL 1 x 107
TCIDsy/mle] &%= FH| s

2) AAYA 92 AE AF

S F ANMA o o]l ANFY Al #A A Imuleld s 28 A X
A2 A srufol s A X, A3 H A W IupolH s H x| wrRulolg s &
ghol A F, A4 vlol#a v AT hEFolth ZH wellel HlolEAE 1 x 107
TCIDsyml®] %= 1ml & sAl HFsoh AF F 2, 4, 8 12, 16, 20, 24, 48 A7+
of Ao FFAs AF el

. In vivo 29

D A=

2 2812 x 100 TCIDsymD¥} =A srupole]~(1.3 x 10

=

EEEENE

o wpolej 2~ FHstch 28U o] AL AE=S FH|E)

e

TCIDWmDE AEAAE ¢
of 824 470 Uieth A suleloli WX Hautele s 28S, T Subelol A=
97 shrujolel 2%, a3 e sehelel HA Azulolel 28w HX wrulo]el
2% 47 lecd Bz FEFAL YA subel vhele sk gl Amulgew
2 AEsa

=y
=

o2l
o|\

A LA

2) As =

S 7,10, 14, 17, 21, 24, 28, 31, 35 Zz2+¢] AAE AFxS =
]_

shole 2 WE F 0

’

1=
B4

o
ol
32
=

4
detlem (AS FAE - 271 AF) / 271 AT + 100 o2 SAZF
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hol )~ HEFE 5 0, 4, 7, 10, 14, 17, 21, 24, 28, 31, 359 7z} ™= 174 FH&

7)
ArEtR L HAMorRE s AFsAY. dYewiy dHS Z2lsto] TNF-a

Al dubAl x4 AHAgdES AF g Xw) F 4 FAR HHsH]
Superfrost/plus slide (Fisher Scientific, Pittsburgh, PA, USA) o] FZA A Ao B
S A=

4) TNF-no Z&& 913 ELISA
porcine TNF-a enzyme-linked immunosorbent assay kit (ELISA, Endogen,
Woburn, MA)E ©]&3}9] in vitrodld 42 AX A&=d =2 in vivoolld 4 &3
We TNF-a¢ 22 =A3th. 96well plated] SFAHZ2l recombinant TNF-n
gteh 1A1ZF & plates 33

. 308 & plateE thA] 33
MB substrate® AR A AJgCE 20§ stop solutionS o] &3Fe] WA

HES AA F 450nmeld ARE etk FHdELY ZAIAE ol &ste] standard

proteinat A@AL ALY FFo @ AP 747} ¥

;
_IZL’
4«»4ov
’U
(D
_ﬁ
O
ﬁ
Q.
SD
(/)
<'D
O
O
B
s:
acz
S}.J
(—f'
(‘D
m
::5
:*.
,%
Z

“F

I:l

oSL’

é

mim

Hm

%N

@
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,_}

7H SHAF FEEA AR (RT-PCR)S 918 RNA %
HZz A AEuS 500ulE Trisol LS (Gibco BRL) 50007} B%1 eppendorf
tubedl] ¥l vortexste] Aol 1083F AHAAACG. 7)o 300ul2] chlorformS
H7bstel ohAl 1027 AAAIZL ohs 4T 4,000g9l4 1583 dAsAch 94

Aozl Az 500ulE M ES eppendorf tubeol] % i1, Isopropanol 500S Z7}3}

m@

_|_4

vortexs}o] -20TColA overnight A AA AT e ozl 4T 14,000rpm o2 30&3H
Aet & Ab=de wg]lal cold 70% ETOH 500z A& & tpA] 4T 14,000rpm

rﬁ
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0&7F QA8 A& S A AL speed vacuum S 2 A ZAI 7 3040

) 9 AAL ¥H&-(Reverse transcription, RT)
<39 RNA 1, DEPC D.W. 35ul, 25mM dNTP 2u¢, 10X PCR buffer (1.25mM
MgCl) 2ul, oligo d(T) 05, RNase inhibitor(50U) 050, MulLV reverse
transcriptase(200U) 0540 (Perkin Elmer)E& &338to] FWS&S 102 2 Fof 4
2ColA 4023 whgsto] A Wh-gS T35l (DNAS g8t

) TFELr AHnks
AAAL WSS mkH 10409 cDNA templateo] =& 42 AHf9HSS e~
o] Awrek Zelo]H(5” - GCT GTA CCT CAT CTA CTC CC - 37), 9wgk =g}
olH(5" - TAG ACC TGC CCA GAT TCA GC - 37) (25pmol/ul) 7+ 1ub, 5ub
10xreaction buffer (100mM Tris-HCl (pH 8.3), 400mM KCI, 15mM MgCly, 5ug/mé
activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP), 15U Taq
polymeraseS ZtZ} ¥ il 50409 reaction volumeo] HEZE WAudH FHFTE FH71sle
4& % Thermocycler (Perkin Elmer, Norwalk, USA) & o]&3}o] 94ColA] 30%, 6
TAA 30%%F 35 cycle =3§38taL, A9 GAANA 72C 1087+ ¥+

2T A 30%, 72
sttt a4 AYurso AE 10E ethidium bromide® ¥ 1% agarose gel

2}) Tumor Necrosis Factor-no (TNF-a) ®3 =} A =}

AAA TFEA AMNESS Fate] dojzxl 291bpe] Heo]A <l DNA 42 Wizard
PCR preps (Promega Biotech)< ©]-&3}e] A A35l3, DIG DNA labeling and detection
kit (Boehringer Mannheim)E& ©]-&3}9] digoxigenin® 2 U E A 5lo] B3 AZ o] &
s AT
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uph) ZAU W
TNF-a tsle] A ZH probeE o]&3to] A7) 7led Z22AW wxgye wel TNF-a
o] mRNAE AHZsit}

FA A B4 InStat package (GraphPad Softwear, San Diego, CA, USA)E 9]
23} 3389k, Wilcoxon matched pairs signed rank test®= HE7Uo FoAdS

AZ3s7] 98t AA A oW, Mann-Whitney U-Wilcoxon rank sum W test® HZ

9 TNF-a #A44dS 9t JF Ao/ HE: +#=2 HF:d, 35 F 1, 3, 8
11, 14, 17, 21, 24, 28, 31, 35l EDTA A ¥ vacutainerel] &S AA gt} &8

A7t ALE B A4F AT AWNE ol g3l AAT £5 S

o)

o] Hematoxylin and Eosin (H&E) 9% F&dn 4 slolA =79 o] FF&E #

N b
0>~
F}O
2,
ad
?3
_Q

(Fisher Scientific, Pittsburgh, PA, USA) of FZA|
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alkaline phosphataseZ A A3}7] 93}e] glacial acetic acid (20%)Z 4Col A 287F A
3k th. o] & proteinase K (Gibco BRL)S phosphate-buffered saline (PBS; 0.1M,
pH 7.4)° 100ug/m > == 3sfo] 36T 2043F WHSA A ) vl 5o] vk&-S Aostr] 913t
o] 10% normal goat serum= PBS(0,1M, pH 7.4)°] 3]A3te] =24 g3l A
2ol A 3023 WhgakdTh s A A subelef s 28 o 5ol <l ORF2 Proteindl] W+-§-&f
= 9EE FAS PBTSo 2508 3]Alate] 1z A= #8383 4Col A overnight
incubationd} ¥tk  PBTS® 33 A&k, PBTSA 1008 3|4 gk  alkaline

o~

phosphatase-conjugated goat anti-mouse IgG (Dako)E 2% 3A =2 A& th
PBTS® 33] A& 3&la, Tris buffer (pH 95% AH&stHtt. A8rL-S  glkaline

phosphatase red substrate (Vector Laboratories)® =0l A 207t

_‘4
&
o2

of
S

#}4S 74 Mayer's hematoxylin® 2 t%xd 4 3 mountingdte] #2s}g ).

5. 33834 21 AH(Chemokine) MCP-1, MIP-1 ¥4

7 Maepolelx 2812 x 10° TCIDs/mD¥ A shrwElele) (13 x 107
TCIDsy/mDE =H g} 1989 2= 607t & Fvlste] 16mg Y 4o 2 Ytk A
150t ol = = A M anfolg 2 28-S g 15vtg oA = H A grulolgl A~ 1ga
o5 15mtelel = s A A sutole] 283 s A stEutole 25 A7 lecH HIZO® A
Fotdoh U A 15vkE]= wpely 27 gle Alxwiddnts HEskdoh wholel s
T 50, 4,7 10, 14, 17, 21, 24, 28, 31, 350 FHAl AL F3H A superficial
lymph nodeE 10% S/ X 2@ 24213 2 AGAZ & Al 22 A A&
AA gt Eujsldct d2td 22 AZFE 5um FAE Z9Ee] Hematoxylin and
Eosin (H&E) @M% #sddn 4 stolA W x2e3 o4 55 ##sidoen, =
o gaH F2Z AMZS 4m FAR FHE S Superfrost/plus slide (Fisher Scientific,
Pittsburgh, PA, USA) o FZA|A o Bt
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1. MCP-1, MIP-1 #4<& 9

(o

AW w3
1) RNA =
15m¢ Falcon tubeol] PBSE 3m#} A|A3t superficial lymph nodeE 3gs 4
vortexate]l HAEH50%)3F A Th 5000rpme 2 587F QAlste] dojzl A= 500uE
Trisol LS (Gibco BRL) 50067} ©% eppendorf tubedl Y il vortexdloe] Ao
1087 AAAAHCE 7)o 30002 chlorforme A 7Fste] thA] 1027 AAA 2] oS
4T 4,000g°1A 1527 AT 94 doj AF A 500uE MEL eppendorf

K

il

tubeol]l ¥ i1, Isopropanol 500E F7Fstal  vortexste] -20CeolA]  overnight
AAANAG. & obHe 4T 14,000rpm o & 3087 9438 F A4S wlala cold
70% ETOH 500z A& & oAl 4T 14,000rpm Z7A o= 3087 A8

AZ=HS A B speed vacuume ® AFAZ ¥ 30w B SHFE FH8Ah

2) MCP-1, MIP-1 A#ZFs g wA4F JdAx sFEL ARk
(Semi-Quantitative RT-PCR)

FZ% RNA 1, DEPC D.W. 35uf, 25mM dNTP 20, 10X PCR buffer (1.25mM
MgCl) 2ul, oligo d(T) 05, RNase inhibitor(50U) 05x0, MuLV reverse
transcriptase(200U) 0540 (Perkin Elmer)E &3l & W3S 0= 9E F9
42°Coll A 4023t wbSate] AL WHES 3 sto] cDNAS §Hdshsith. MCP-19¢] A
ek ol = 5~ TCA CCA GCA GCA AGT GT-3', 9wd =Zglolv = 5-CTG
AGA TTC ACA GAG GA-3'7} =% A&tttk MIP-10] gk dwaF xzejolw
© 5-GCT CAG TTC AGT TCC AAG TC-3, 9%3 xgolw= 5-ACC ATG
AAG CTC TGC GTG AC-3'7F HEE A#stdrt. A=FS 913 standard curved 2}
A7) 918+e], GAPDHZ internal standard Z#}o]w & A 2&Fgich 9 AAF w38 wf
2 1002l ¢DNA templateoll 2Zt7zhe] zeho]w(25pmol/wl) Zb 1pl, 5upl 10xreaction
buffer (100mM Tris-HCl (pH 8.3), 400mM KCl, 15mM MgCly, 5ug/ml activated

[
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BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP), 1.5U Taq polymeraseE
247y @3, 5009 reaction volume°o] HEE AWdE ZHFE Hrlsle 4E& F
Thermocycler (Perkin Elmer, Norwalk, USA) £ o]&3lo] 94Tl 30%, 60T ol A
30z, 72TCelA 30x7F 35 cycle a3, mpAe @A A 72T 1023F w-§-38tA T
= a4 AL AE 10uE ethidium bromide® QA FE 29 agarose geloll & 7]
3

% 3921, Kodak EDS290 System= o] &3] A =& 313t}

O

3) © % AH(Probr) A2
AHAL TFEL AHSS Fdte] do DNA +482 Wizard PCR preps
(Promega Biotech)S ©]-&3e] A=A stx, DIG DNA labeling and detection Kkit
(Boehringer Mannheim)Z ©]&3}9] digoxigenin® & <o F X&) ®X 2} (Probe) &
o] &3ttt

) AU w3
A2k MCP-1, MIP-1 probeE o] &3} ‘A3 oA 7&d =AU g oz}
TNF-02] mRNAE 7 &3

ot FHE A A
ZAY EYS AN 223AHH LEo]=F Kodak DC290 system= ©]-&3to] %
stdud Sl A F2A9E 3RE F93Y. F93 ARES NIH Image ] Program

K}

(National Institutes of Health, Bethesda, MA, USA)S o]&3dto] dgstzd A& 2
ia=

o BAH 2
BE BN g WRLREAAE BASKAT Z Tue BAY R4S 43

$138lo] InStat package (GraphPad Softwear, San Diego, CA, USA)Z o]|&3}]

Wilcoxon matched pairs signed rank testZ 2 A] 3} th.
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A 34 A3 o uF

1. &Y #HRX NIzZutolalx 283 = A grulo]g 25 o] &3 o fFAE Al
A ARA F3F Aswd

7F A A anpold s 28 Ee
O fAE ANAY 2R FFFOR FAE AE dvd PR PK-15 AZ

2 o]g3le #H % A Iulelel~ 28 (SNUV000463)S 27 st om, wlolgjxa 971
=48 2 A3 1 x 10° TCIDsy/ml 4

s A gEapelz s 28 # e
ol A= A AR TEToR F3E AE9 dIE FUE AFHS F Swine
Testicle (ST) MZE o]&3to] H# strulo]#] ~(SNUV000464)E 2] 33tk o]
g2 97tE 248 B A3 14 x 10° TCIDsy/ml Stk

sGrutolel el s EF AT Lol Ao AAE ARem M 95, 713, A
Fe 5o dFES nlen HA Aavpoly s 2@ WS s HEL Lol =

5FF HAe AW A% SHTH AurteldnE PEF TeIME obFY Yol
B2 A gpov), Bx Amutolels 283 X stuvtole e E EF WEF T

HdH<l

BN

)

Mz AL debde] T, A HE T ol Ake HAl

o,

.
AR ST

Lo
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"

HA Asutold s 293 A spRuEte]HAE AN g FHE Ak
ANF71E AFSaL ol 4715 HRE sdtol=2 Aztsto] dAngdetela B¥HS &

Ay AAe dxd 3o Peyer's patches, TX, H]FolA epithelioid

>.

b
ot

macrophages® multinucleated giant cells®] #fo] #ZFUT H3 o]5 AEQ A

T WelMe= 3949 TeF 2o Axdd SdAE aZEAT. H A A ant
[ex]
A=

o)

olef~ 23 9 A dHulolejAE &3 A A= dupdelA #FE=
Granulomatous inflammation ¢F & $ 244745 H #ZE 321 lymphocytes?]
=4 2 germinal centres® A A7lo] #AE AT, FA49 granulomatous lesions<
°oF 249 AKXY FIEFYoew Auldk oA =  An|3  histiocytic  interstitial
inflammation®] 17¥€ 7] #Z% At} A1#9] histiocytic interstitial inflammation< j
5 ZAnatAY Aol #H o
3], bronchus-associated lymphoid
#2 = A vh(Fig. 3, 4)

2] A sutolel s~ 28 W HEFTo Ag AA A= oF 10~30%l A 9]

749 B¢ % macrophage?] HHo] #EFHAEY E
%2153} peribronchial interstitial tissue® 4] o]

330bpe] W=E 3l th(Fig. 5). o2 Al 92 DNA fragmentsE o] &35le] d4l
71el AA =AW wFES FA A3 A Hantoly 29 A grbtolg g &
g HES AEE Ad3A cortex9 paracortexoll ZAH B2 49 # x| K Fufo] e 22
@t A gRupole] 2] AgNGo] HEHJOH HF F 3R A 3B5dH A AA

B Yd9E 9] germinal centres F9olA FAARES S AT 7 ATHFig. 6, 7). &

o

i
o
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9} 2] epithelioid macrophages®} multinucleated giant cells®] A3

o)
=

]

3|

granulomatous

ol A

o] .

L
.

ﬂ

inflammation <}

5o #x A snfo] e

F$5 1B tH(Table 1).
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Figure 1. Lung, pig inoculated with porcine circovirus 2 and porcine parvovirus.
Lung lesions consisted of interstitial pneumonia characterized by diffusely

noncollapsed, heavy and firm or rubbery throughout all lobes.

Figure 2. Lung, pig inoculated with porcine circovirus 2 and porcine parvovirus.
Tracheobronchial, mesenteric and mediastinal lymph nodes were moderately enlarged

and pale
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Figure 3. Liver, pigs inoculated with porcine circovirus 2 and porcine parvovirus..

Several multinucleated giant cells(arrow head) were seen. H&E. x200.

Figure 4. Lymph node, pigs inoculated with porcine circovirus 2 and porcine
parvovirus. Multiple, grape-like intracytoplasmic inclusion bodies (arrow head) were

often seen in the cytoplasm of histiocytic cells. HE. x400.

_45_



M1234567

bp

500-

Figure 5. Detection of porcine circovirus (PCV) 2 and porcine parvovirus (PPV).
Lane M 100 bp DNA ladder, Lane 1 Negative control, Lane 2 PCV2 standard strain,
Lane 3 PPV standard strain, Lane 4 PCVZ2 and PPV standard strain, Lane 5
PCV2-positive sample, Lane 6 PPV-positive sample, Lane 7 PCV2- and

PPV -positive sample
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Figure 6. Lymph node, pigs with multisystemic wasting syndrome. Positive
hybridization signals for porcine circovirus—-2 nucleic acid occurred in the germinal

center. In situ hybridization, methyl green counterstain. x400.

Figure 7. Lymph node, pigs with multisystemic wasting syndrome. Positive
hybridization signals for porcine parvovirus nucleic acid occurred in the germinal

center. In situ hybridization, methyl green counterstain. x400.
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Table 1
Results of in-situ hybridization in pigs experimentally co-infected with porcine

circovirus 2 (PCV2) and porcine parvovirus (PPV)

Total Numbers of PCV2 positive /

Tissues PPV positive in group
LN 24 / 24
Tonsil 20 /21
Thymus 22/23
Spleen 18 /18
PP 11/0
Lung 16716
Liver 1179
Kidney 13/5
Pancreas 13/°0
Heart 5/ 2

LN, inguinal lymph node; PP, Peyer’'s patches.

The eight uninfected control pigs gave consistently negative results.
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2. A Mol L 297 A HJEupol L9 FABA £4

7b. Viremias gRlst7] f1gh dAghz 4

iy
%

WA aupolEis 28 R A srueldsel B AFH AEe] FL npold

s

of\

T 394 Ao R Adste] o el A AaHtols s 290 xR HE
He AVlE SEES davSeR s A vholE s 3§ 39l siA A
Holg & 2 o] do ol Hxe HEHJeW, #49 F HBIAHA FES

Ao (Fig. Q).

L3 viremia Al H A A Fulolg] A 28 o] A oA cell-freedtAl YE=A ofyH
cell-dependents} Al EAsF=A] ol 7] f15le] HANEE =Tsto] 2 W HES
At A9 A3 dH ] monocyted] AMEA oA = A A Fufole 2~ 28 o

=
et ek <

oX,

HEgol HEHAHFig. 9). =, AA M antolel = 292 #Y § 1-3

d Bk FEVIE AAH 39 Aol viremiaZl doiuyH, A monocyted] A= o]
Aoz HAAE AL el

. s x A auolel s 28w WX shrupolel sl el ot WA A

P
A4 g7le) AA AF AW AA =AW wgd ds, o, b 0, A, A

2 7449 3dF dx # dud ggla @9 W] monocyteo A o] E wlol# 2ol 7
.
=

% 7kl 209717 WAV wpole 2z} HAY
_l?]_

gr oY a7F FAlel & E AtH(Fig. 10A, B).

53] dutdelA ] upole
=8l A8kl Aol ¢& Hlew, olF 3BAAE v HielEl A o] Fol==
Fde BATHFig. 11). =3 # A grutolejzo] Hlgto] A M siufole]
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Figure 8. Detection of porcine circovirus (PCV) 2 in blood. Lane M 100 bp DNA
ladder, Lane 1 PCV2 standard strain, Lane 2 Negative control, Lane 3 to 7 PCV2

positive blood from 3 to 35dpi
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Figure 9. Peripheral blood cell smear from pig experimentally co-infected with
PCV2 and PPV at 20 dpi. PCV2 DNA is demonstrated in cytoplasm of peripheral
blood monocytes. In-situ hybridization; nitro-blue tetrazolium/5- bromocresyl-3-

indolylphosphate, methyl green counterstain. x400.
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Figure. 10A, B. Consecutive serial sections of lymph node from pigs experimentally
co-infected with porcine circovirus 2 (PCV2) and porcine parvovirus (PPV) at 24
days post-inoculation (dpi). (A) PCV2 DNA (arrow) is demonstrated in
macrophages in lymph node. In-situ hybridization; nitro-blue tetrazolium/5-
bromocresyl-3-indolylphosphate, methyl green counterstain. x400. (B) PPV DNA
(arrow) is demonstrated in macrophages in lymph node. In-situ hybridization; red

substrate, methyl green counterstain. x400.
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Table 2.
Results of in-situ hybridization in pigs experimentally co-infected with porcine

circovirus 2 (PCV2) and porcine parvovirus (PPV)

PCV2-positive/PPV-positive pigs in sub-group of three on

post-inoculation days

Tissues

3 5 7 10 17 20 24 35
LN 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
Tonsil 0/1 2/2 3/3 3/3 3/3 3/3 3/3 3/3
Thymus 2/2 2/3 3/3 3/3 3/3 3/3 3/3 3/3
Spleen 0/0 1/1 2/2 3/3 3/3 3/3 3/3 3/3
PP 0/0 0/0 0/0 0/0 2/0 3/0 3/0 3/0
Lung 0/0 0/0 1/1 3/3 3/3 3/3 3/3 3/3
Liver 0/0 0/0 0/0 0/0 2/0 3/3 3/3 3/3

Kidney 0/0 0/0 0/0 2/0 2/0 3/1 3/2 3/2
Pancreas 0/0 0/0 0/0 1/0 3/0 3/0 3/0 3/0
Heart 0/0 0/0 0/0 0/0 0/0 2/0 2/1 1/1
PBM 2/2 2/2 3/3 3/3 3/3 3/3 3/3 3/2

LN, inguinal lymph node; PP, Peyer’'s patches; PBM, peripheral blood monocytes.

The eight uninfected control pigs gave consistently negative results.
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Figure 11. Mean positive cells per unit area for PCV2 and PPV in lymph nodes
from pigs experimentally co-infected with PCV2 and PPV. "P < 0.05; comparison of
17, 20, 24 and 35 dpi vs. 3, 5, 7 and 10 dpi. “P <0.05; comparison of 20, 24 and 35
dpi vs 3, 5, 7, 10 and 17 dpi.
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3. AZAAE &3 2894 ZZA(cachectin) TNF-a9] £4 A3}

7 AEH FAE W B
B Asutelels 285 A shwnelels 288 FPAN F 3ANACE AFL
4% A vol 28 FEHA @ YT A FEI AFe| Frstel Ag
AFo wskel oF 360%9] A%
duvtele 2% Y 4EF =

A %
olelz ETAAL SN MR AF TAFL woom HH Haveles 23

e JES TAME F 150%e AT T dRoy T3 HETaE A TA
Fo] A HolA &hth(Fig. 12, Table 3).

1. ELISAE ©]&3% TNF-a #4] 23

o

4 3}

1) In vitro TNF-a &H] A%
A HE PAFE AQFHete] =H A AZupolE e H K] dEulo]H 2 E in vitro 4
ol 7+ Al A3 Y = 16A1F 7FA TNF-ae] &H]=Fo] F7hstthrl 484111l

Fashs FPe wdn B9 44 Aasteld s g4 sudteld ~E B 493

S u Bl F oulolgAaE EFEAY AAS W TNF-ao #H o] 4 ¢ ¥ A
S o & 4 AP < 0.01) (Fig. 13).

2) In vivo TNF-a #4] 24

A W aintole] & 23 A gE we]lYAE FAHTI HAE 3Y HHew A
& Qe 1 dH o EZFE TNF-ag& A% A¥ 1 #H o] 1097HA] w48k
zAegem o ¥ AANE fastt FAE wAd = HA Hzolds 28 2
w2 3} 5 wtol ANRE W 2o F oveldas 23 #Y9 AHES

[
O o] EA Be AS A & 4 AP < 0.01) (Fig. 14).

=
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3) AF 3 TNF-a &u]gFate] a7
SAHFH TNF-a0 ] Fe] daaAE £467] $18te] pearson correlation testE

S 2% 25 ¥ AT 3710l Ao
2

i

AABEA T TNF-a 0 o] w2 7iA ¢
W FAwely grbtole AE HEI LAH TNF-a &H|

A Fe F7Fwko] %ol yElytth. & AF 3 TNF-a #H] % 7toll= negative correlation

o] WA &kd o=

(pearson = -0.923, P < 0.001)¢] #A7F A H(Fig. 15).

= A7 HolE macrophage @ multinucleated giant cell®] AE & £¢
oA TNF-o0¢ mRNAE A& & 4 AUATHFig. 16A, B). °|= TNF-0° mRNAZ
adete AlEs A Mantolel s 28 9 S A grulole e Y E AER olE
Hlol#] 2o Zhdo] AHH o2 TNF-ao EHE FX3E Aoz FHH

A A ANE FFARY ol fAE HAAN ARA FFIAA dEhvE A 9
2L A Aauteld s 28 Aol oF TNF-a¢ EHF S71= veiys 2
W gtrutol g o] Fhedol] os) o #H|Fe] #EX FrketE s & F AU =
WEHE A A A Aantolel s B A FEufole] a7 A E A

%
o iy

Y
=

kY

b

¢l macrophage ¥ multinucleated giant cellol A FA]o] TNF-n02] mRNAE 23 3st=
Ao 2 Hol ol ulolg]xe] o] AYHow TNF-no HHZ Zx3sto] 39
TNF-09 %5 &9 o]gA &2zt TNF-a serum levelel ©J3] o oA 2] 8]

AAlE W, A SA Gl Ak Aol
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Figure 12. Body weight in pigs experimentally infected with porcine circovirus 2
(PCV2) and porcine parvovirus (PPV) alone or in combination (PCV2 and PPV).
Significant differences at the each time point compared to other groups (P < 0.05,

P < 0.017)
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Table 3. Comparison of gain weight in pigs experimentally infected with porcine

circovirus 2 (PCV2) and porcine parvovirus (PPV) alone or in combination (PCV2

and PPV).
Group Body Weight Body Weig.ht Percentage of gain
of 0 dpi of 35 dpi weight
Negative 5.53 25.7 + 364.7 %
PPV 6.25 241 + 2856 %
PCV2 6.20 15.60 + 1516 %
PCV2+PPV 5.70 10.02 + 757 %
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Figure 13. Tumor necrosis factor-n (TNF-a) production of alveolar macrophages by
porcine circovirus 2 (PCV2) and porcine parvovirus (PPV) alone or in combination
(PCV2 and PPV). Significant differences at the each time point compared to other
groups (P < 0.05°, P < 0.017).
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Figure 14. Tumor necrosis factor-0 (TNF-a) production of serum in pigs
experimentally infected with porcine circovirus 2 (PCV2) and porcine parvovirus
(PPV) alone or in combination (PCV2 and PPV). Significant differences at the each

time point compared to other groups (P < 0.05°, P < 0.017).
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Figure 15. The relationship of tumor necrosis factor-a (TNF-a) production of serum

and total body weight in pigs experimentally infected with porcine circovirus 2

(PCV2) and porcine parvovirus (PPV). Significant negative correlation was found

between at TNF-a production and body weight (r= -0.923, P < 0.001).
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Figure 16A, B. Consecutive serial sections of lymph node from pig experimentally
coinfected with porcine circovirus 2 (PCV2) and porcine parvovirus (PPV) at 35
days post-inoculation. (A) Several multinucleated giant cells(arrow head) were seen.
H&E. x400. (B) Tumor necrosis factor-a RNA was detected in multinucleated giant
cells. In situ hybridization, cDNA probe; nitroblue tetrazolium/5-bromocresyl—-

3-indolylphosphate, methyl green counterstain. x400.
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4. ol fFAE AR AR FIF LA BEHE T 4 4 A
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HelxzAsks  AA 2 #SA Mamtolela 28o] gk W x5ty
(immunohistochemistry) 2 A&ttt Wz d oz FFxZA9 9%
ol g whgk Ayt vebubA] edskrh. eu Al A aiupole] s 28 o] Wigk W x4 s}
WS Y A3 ZFF ZF 9 hematopoietic cells®] AEZ ol A tho Hx A
Fufolg 2 289 o] HEF FYom, wkHel stromal cellsdl e #HEH A &ttt
(Fig. 18).
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Figure 17. Total red blood cell of pigs experimentally infected with porcine

circovirus 2 (PCV2) and porcine parvovirus (PPV) alone or in combination (PCV?2

and PPV).
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Figure 18. Bone marrow from pigs experimentally infected with porcine circovirus 2
(PCV2) and porcine parvovirus (PPV). Note positive cytoplasmic staining for
porcine  circovirus in  hematopoietic  cells. Immunohistochemistry, alkaline

phosphatase, fast red, hematoxylin. x400.
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5. 3834 21 A (Chemokine) MCP-1, MIP-1 ¥4 A3}

Multinucleated giant cell®] Aol =83 #8&S sl Aow deyxd #=Hs 3518

=
o

FAe0xkel MCP-1 Z8lal MIP-19] #4118 $dle] X4 semiquantitative RT-PC
AAEATE A A ainpol el = 23 Hj A gRulol s T AAAA Ak U
A AdTEAE7 FAE = 49 MCP-13 MIP-19] mRNAZE HE$5 179 74A] %
3ok A2 F718 A th(Fig 19). ©]F 3" macrphaged] 3 &o] HloH
289 7 ol Multinucleated giant cello] 2= #& =}

A A anpolel~ 283 A sEutolg2E EF FAAIT o] dupde 2AE

ol-gste] =AY WS AT A3} FolgA TS Kol= HoldlAM MCP-1 2

it

o
)

MIP-10] 4guh2S Hol: thFe] A¥xrt #&E o™ 53] Multinucleated giant
celle] Al2d oA 73t A whgo] =t (Fig 20A, B, O).

Wl zA A yud A W SolEAd A5 AL wek 1~-574 HFE v 2
o} AWl MCP-1, MIP-12] mRNA #&<ko] A #AAZ 243 Ay
MCP-1, MIP-1 mRNA¢®] & <efo] Frhet A e T SolFAd dSEhSe ol
FAE = FEFE BHATH = WA FobksAd d5HWW MCP-1, MIP-19] &&=

positivedt A& & Al (pearson r= 0.6022, P < 0.01)7} 4% tH(Table 4, Fig. 21).
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Figure 19. Semiquantitative PCR for estimating MCP-1 and MIP-1 expression

in a pigs experimentally infected with porcine circovirus 2 (PCV2) and porcine

parvovirus (PPV).
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Figure 20A, B, C. Consecutive serial sections of lymph node from pigs
experimentally coinfected with porcine circovirus 2 (PCV2) and porcine parvovirus
(PPV) at 35 days post-inoculation. (A) Several multinucleated giant cells(arrow
head) were seen. H&E. x400. (B) Monocyte chemoattractant protein-1 mRNA was
detected in multinucleated giant cells. In situ hybridization; cDNA probe; nitroblue
tetrazolium/5-bromocresyl- 3-indolylphosphate, methyl green counterstain. x400. (C)
Macrophage inflammatory protein-1 mRNA was detected in multinucleated giant
cells. In situ hybridization, c¢cDNA probe; nitroblue tetrazolium/5-bromocresyl—-

3-indolylphosphate, methyl green counterstain. x400.
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Table 4. Correlation of MCP-1, MIP-1 mRNA level and histopathological lesion

score in pigs coinfected with porcine circovirus 2 (PCV2) and porcine parvovirus

(PPV)
Days of Post-inoculation Lesion Scores MCP-1 MIP-1
0 day 0+0 0.1+0.032 0.1£0.022
4 day 0.2+0.12 0.32+0.028 0.13£0.029
7 day 0.4+0.18 0.4+0.057 0.2+£0.043
10 day 0.8+0.21 0.7+0.087 0.5+0.032
14 day 1.5+0.29 0.75+0.053 0.66+0.042
17 day 2.5+0.34 0.8+0.032 0.74+0.034
21 day 3.8+0.45 0.75+0.061 0.78+0.056
24 day 4.4+0.42 0.6+0.053 0.65£0.072
28 day 4.8+0.54 0.5+0.073 0.45+0.082
35 day 4.7+0.35 0.45+0.042 0.4£0.063

MCP-1, Monocyte chemoattractant protein—1;

protein—1
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Figure 21. Correlation of MCP-1, MIP-1 mRNA level and histopathological lesion
score in pigs coinfected with porcine circovirus 2 (PCV2) and porcine parvovirus
(PPV). Significant pasitive correlation was found between at MCP-1, MIP-1 and
histopathological lesion score (r= 0.6022, P < 0.01).
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96-well flat bottom plate(Nunc, USA)d]l PK-15 cellS welld 1x10°% ®-F=3}o]
monolayer &4 o] 60~70% = 1S W Maintenance MediumolA 48] F=H|AH =B}
ol 25 779 welldl 53 th 37C, 5% CO; Incubatorell A v sl o o] %
72~96A17F Fo cold ethanol® 103t 1178 sti PBSE 23] Al#3st3Ath anti-PCV2
monoclonal antibodyZ 1:2500. 2 3]Alsle] A H platee] welld 100pl #7133 3 3
7C, incubatorell A 45&-7F W3t A T 4587 RES & 7} wellS PBSE 33 A A3t
1:502.2 3123k fluorescein isothiocyanate(FITC)-conjugated rabbit anti-mouse IgG
g well B 50u% 53Tt 37Tl A 3023 WEAZ v PBS®E 33] A5t
FFAvFor FFrHE HEsA. " A grutole] 2o A9 ST cells o] &3}

A8 A s

g}, wtole] 29 &3t 9 Adjuvanting
Hlol gl 22 e w3l 7] 98] cell factory(Nunc, USA)d PK-15 cell& ®Hi%¥A 7
¥ 80% confluency& B¢l AlFelA Hx zvlol# 2~ 288 1.2 x 10° TCIDs/ml&
PK-15 cellell 22171 5 37°C, 5% CO.8tol A wj <k 5~7L Aol 2atit}. no]g =

b AxES AR ol WS 33 W3 % 1,000rpm, 10+, 4CelM 422 st

AFARks £ AFe) ARg Akl 4] o voleze or)E
ZAstgnh F8d mtelgj2e) FErb 1 x 10" TCIDs/m7b H=5 84 & F e

1:2000 = A e AoAl 2€3F BE&3 AAY. B3 A
o]l A~ wjkA e H#d filter® A7 & PBSE 24A17F EAAA formaling Al
Astgeh B&atg vlolgne] ARE AFHske] PK-15 celll FF3dle 223 3=

stolstgict. B&3td AL 23 F Aluminum hydroxide gel (Rehydragel)ol 244 3¢

P~y

FARANA Sz WaAS S o)Wl aluminum hydroxided %8 F F 39 10%%
A A 7bsk AT

A A zutely 2 28/H A grulole] s EFWAIL F wpole] o] FRTVF 1 x
10" TCIDsw/me] A =5 EFF F thFagde 99 A Azxstgict
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vk, A Wl B oot Fels #% A AEFF AW (Indirect fluorescent
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70% HJS W FHIHE wlolel=E Z4zbe] welldl #Fsklth 37C, 5% CO:»
Incubatoroll A HjFstF om o] 72~96A1%F o cold ethanol® 1037t A3t
PBS® 23] Attt dAM F#H B7 2 A S 8% 1:12028% 2wy 3
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o = fluorescein isothiocyanate(FITC)-conjugated goat anti-Rabbit IgGE well @ 50
w2 EFsk ek 37Tl A 3013 ¥hEAI7l vk PBS®E 33] AlHetar PFAnF o

YYFEE A, FA9 e 1=k

AL g A o] Bolds HAs 7] 18 Western Blotting

WS HET Dol A Aaupole s 280 Solel @jds A

R

5] 913t

of =] Hautoly] A~ 288 A AZ] PK-15 cell lineg ©] &3t Wstern blotS A A

ﬂHN'

sttt A W amutole 2~ 28 0] 7 E PK-15 celle] A2 2 cell lysateE sample
buffer(60 mM Tris-HCl, pH 6.8, 2% SDS, 25% glycerol, 144 mM
2-mercaptoethanol, 0.1% bromophenol blue)¢t 1:5¢] H|&E o] 100CoA 587 #
of MAANATL o]F 125% SDS-polyacrylamide gelol A 2A] 7+ %<¢F 80 volt= 7]
5 3 S gele AW transfer buffer(156 mM Tris base, 120 mM Glycine, pH
81~84)el 30&xt ol FArh. wEl  transfer buffere]l w7F F&  filter
paper(Bio-rad) ¢} nitrocellulose membrane (NENTM Life Science Products)AFe]el gel
< 9o semi trans-blot(Bio-rad)E& ©]&3te] 13VellA 2023t o] Al HTh
Nitrocellulose membranes 5% non-fat dry milk/tris buffered saline(10 mM
Tris—HCI, 150 mM NaCl, pH 7.5: TBS)ol A &% %<t blocking A7l & TBSZ #
stA =51 33 AlHeA 1A FAR HAdg Aol AL EVFAE AHE- st
IAZE EF oA 59 WA TBSE 33 AlHg & 23 FA = alkaline
phosphatase—-conjugated goat anti-rabbit IgG (Vector, USA)S 1:20000.2 3] 3}
AL wkeAIZL 5 olE& TBSZE 33 AlAsksivh. dAAl= NBT/BCIP  stock
solution(Promega)<  alkaline phosphatase buffer(0.1 M Tris-HCl, pH 95, 01 M
NaCl, 5 mM MgCl2) 10 meol] 43o] A&3atitt.
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A A anpol s 129 B H A sprmpole| o] YA ow FAE A gl A
g 159 A= 80FE EHIET AR 20meH ) Lo m Rt Ald

, A2 #x] M aupole & 2/5 A o} Ew}
, A3 WAl HFehA] Far siA A aatelel s 2F 3t )

A4TE WA L vl 28 wE AFAA Bt

Of

gAon AT 24 o B4 wA 1Fdel ALy A2l WAL lec

74 dgom, 358 lecd F/HAE Stk 4F el A123T AA A o)

9228 % A4 Sunteld AR lecH MBOR FEIAG. 4 2L 47 SPH A

FARNA AgHen, Yrx e Sk 19F F Y 94
2

A #AsG oM, 7, 14, 21, 28, 359 Hd| 7} FHEE 4FH

—

Of

o|\
o
filo
N
1o,

oY
ofr
o
2
Ho
r O
ok
rE
tlo
s
i

FA4A o, ), 3 8 A, 2%, i, A9l Hx A 5 A AUE A
sto] 24A 5 10% FAStr=ddd nygsr), iyl 24 A HfHdS Fshd
sty Eojsld . gEtd 22 AMEZEL 5um FAE Aduste] Hematoxylin and Eosin

(H&E) staings AA3vh. 2242 A4l g dndstolA #assl.

ot #®] A Zufely 2~ 28 ¥ H A ghEblol 9] 7 W FAe wWAlo] m A=
93 2 gy A
1) ®vlolg]~ DNA F=
BAA "R MFdE w== uge AHAs,  Qiagen™¢] Tissue DNA

extraction kitE ©]&3}o] 25 mg 2H 2 FE DNAE FE33

2) = z}o] ¥ (Primer) A
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T THELE AANES FHsy] fste] A Mantolg s 28 9F A vpEuke]
glzo] SolAQl ZetolmE A &ivk. A Aanpole s Zefolw = Porcine
circovirus type 2 (Genbank access code : AF465211)¢] open reading frame 2
(ORF2) H-9follA Zetolw & A &stdet. siA] M azutolef o] Awak ko] (AF)
© 5~ CAG TTC GTC ACC CTT TCC C-3" (939-957 nucleotides), &3 Ze}o]
H(AR)¥ 5-GGG GGA CCA ACA AAA TCT CT-3' (1466-1485 nucleotides)”} =]
=5 AlAskd

H#] gprulolgl s ZElo]wi= viral protein 2 (VP2)E 5ol¥or FZE 4 9=
= HAd vk A sprupole el gk AWEF Zelolw(BF)= 5-CAT ACA
CTG GAC AAT CAC AAC AAA-3' (3451-3474: nucleotides), 93 Z&}o]w(BR)
© 5-GCC TAA TG CTG TTG CTT CTG-3" (3760-3780: nucleotides)7} = =% A

3) T¢a A A3 (Polymerase Chain Reaction, PCR)

THaEs NS HdlA 5ul DNA 4359, 1 AF, AR, BF, BR xgo]H
(25pmol/ul), 540 10xreaction buffer (100mM Tris—HCl (pH 8.3), 400mM KCl, 15mM
MgCly, Spg/mé activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP),
15U Taq polymerase® 22t ¥ il 50u09] reaction volume®| HEE WA dH SHFE
A7Vt 48 & Thermocycler (Perkin Elmer, Norwalk, USA) & o]&3}o] 94T ol A
30%, 60TColA 30%, 72TColA 60%3r 35 cycle =333tar, npxjato g2 72C 103 Wk

S3gn. gL Adgrse A& 10S ethidium bromide® G ¥ 2% agarose

4) ¥x 2 (Probe) A2}
A719535te] Eo]z <l bandE &<ld F PCR producte= Wizard PCR preps
(Promega Biotech, Madison, WI, USA) & o]&3lo] 2% DNAES AHA3s L, DIG

DNA labeling & detection kit (Boehringer Mannheim, Indianapolis, IN, USA) &
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ALg3lo] random labeling 3 %, nylon membrane® 2 labeling® probel] F=E&

A3srarh

5) ZZAW wFH(In situ hybridization)

BAA Axe A7 AL 10% 4 E=2ddd 24X 2AGAZ T durde

fus hE4

BN

2 AYAAE A HA2td T T 4m FAR ZEHE S Superfrost/plus  slide
(Fisher Scientific, Pittsburgh, PA, USA) o F2ZAA o] wmyetdet w4 24

d HES f8A Abgstdl e o
& % A2 HA gdrnely s HES st ARt 24 dH S xylened &3}

g3 A7) A S AR F phosphate-buffered saline (PBS; 0.01M, pH 7.4) <l

A9 FAL Fustel, @ g WA Amulolg

5%3F Tt Target nucleic acidsE =ZA7]7] $13] 02N HClo 20%3F A 23}
g AS A AZ F 200pg/mle] proteinase K (Gibco BRL, Grand Island, NY, USA)
E 37CoNA 2587F A83d & 4% paraformaldehyde® AF2o|A 1087 143t}
PBSE 23] A&3 % 0.1M triethanolamine-HCl buffer (pH 8.0) ©| 0.25% acetic
anhydrideZ Y3 5%37F acetylation A7 $ 0.25% acetic anhydrideZ 3 ¥ ©f Y
587F O acetylation AlZ Tt 2xsaline sodium citrate (SSC) (1xSSC; 50mM NaCl,

15mM sodium citrate, pH 7.0) & 10%3F Az % 3 o= digoxigenin© &

£A 9
HA M@utole 2~ 28 AR, T § Ao Auds HA sureles 28 AR

=

Z 47 Ing/wle %7} ¥1% 2 standard hybridization buffer(2xSSC, 50% deionized
formamide, 10mg salmon sperm DNA (Oncor, Gaithersburg, MD, USA), 0.02%
sodium dodecyl sulfate (SDS), 1% Denhart’s solution, 50% dextran sulfate solution)
o g3t 30 AEE slide ZFH o "ojrmdl T coverslipsr il 7HEAHE

94CAA 1023t 7Fdske] 45Tl A 8AIZE agukg-

i

oo

rubber cement® 2+ #-3 ¢}

ol
o

o~

At wFEES 3 coverslipe A A A2 4xSSColl 587t 23], 45C 2xSSCe A
29 2xSSCollA Z}zh 1084 23], 28l 0.2xSSColA 5#3F 23] A% % maleic
acid buffer (Buffer 1; 100mM maleic acid, 150mM NaCl, pH 7.5) & 587F g3 &

1xblocking buffer (Buffer 2) oA 40%3F A zlstdch WSS HE3H7] Y6
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alkaline phosphatase conjugated anti-digoxigenin (Boehringer Mannheim) < Buffer
20 1:5002.2 s|AMate] A 9l 2 "ojrmdd F 37TolA 1A 7Fst WA Z
t} Wkgol £+ 5 Buffer 17 Buffer 204 1024 13] A2 $ detection buffer
(Buffer 3; 0.IM Tris-HCl, 0.IM NaCl, 0.06M MgCl, pH 9.5) & 5%zt A 3stsich.
wAals 98k alkaline  phosphatase ] 714¢l  nitroblue  tetrazolium¥}
5-bromo-4-chloro-3-indolyl phosphateZ Buffer 3o 3] 3sle] ZZHH 9o 2z "o
wd F goA 3443 AR FESAAY. Aol £y tris-ethylenediamine
tetraacetic acid buffer (10mM Tris—HCl, 1ImM EDTA, pH 8.0) °] oj#]¥ X243}
B3-S FASATE 05% methyl greeno 2 tZ AN F FHIo] AFHst] $A3F]

2 & mountingdte] #FeENHow AHsAT

6) FENEA A
ZAY wFHS AAE 2H-4H Edtol=2 Kodak DC290 systemS o] &3lo] %

sdn 7 sl FAYE 3Ry 2

of

3ok #93 A}xe NIH Image ] Program
(National Institutes of Health, Bethesda, MA, USA)& o]&3lo] =% ® zujolz] s 2
g 9 HA stEvtolel o] HAES A GME MES eAE AAtstal e H A
(0.25mm*)d F4 AET F= FHitate] HFr1Eo)

7 FAA A
FA 8t B2 InStat package (GraphPad Softwear, San Diego, CA, USA)E 9]
23} 433}, Wilcoxon matched pairs signed rank test:= ® %] A Zulo]z] 2~ 2
F3 H#A gruelyx LUl FoAEE HFstrl Sleke] AAlsklew,
Mann-Whitney U-Wilcoxon rank sum W testi= %] A Zulole]x 283 wfx] w}x
vholgl 2~ o ke AABAE HASH] flste] AAsHA T

g}, 2894 EZ(cachectin) TNF-ao] wWalo] njx:= g3 2 g3 £

A
4
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D As =4 2 SAE 24

Hlol#l 2~ HE F 0, 4, 7, 10, 14, 17, 21, 24, 28, 31, 35 Ztzte] A AFS =

Aald o (AT A - 27 AF) / 27 AF * 100 &2 FAZFS 2243514

2) TNF-o %5 913 ELISA
Hlol#H 2~ HE 0, 4, 7, 10, 14, 17, 21, 24, 28, 31, 35 7z} v =2 174 HFHE
AAsE . HAWMoRRYH dAS AFHSe] EHS EY3IYTE porcine TNF-a
enzyme-linked immunosorbent assay kit (ELISA, Endogen, Woburn, MA)S ©]-&3}
o] 96well plated]] FA ) Z7< recombinant TNF-a protein® A& A5l A Eujk
Az w HHS 7z BF3nh 147 & plateE 33] A3 ¥ peroxidase conjugate
anti-TNF-a A S 233t} 302 F plateZ A 33 413 & TMB substrate® 2

AdES- AAJskTE 208 F stop solutiong o] &8Fe] WSS A2 T 450nmol A 2

7h GHA FFEL AATHS(RT-PCR)S 913 RNA &
Z2 A4 500u= Trisol LS (Gibco BRL) 500u¢7F ©71 eppendorf tubeo] % iL
vortexdle] Ao 1083 AAAIHG. of7]o 300109 chlorforme H7Fsle] ThA|
1087 AAAZ o 4T 4000g904 15%3F AAstdth. 945 doixl FF o

5005 M EZE eppendorf tubedl Y i, Isopropanol 500u0E F7}stil vortexdlo

O

20Tl A overnight A AA AT &y ool 4T 14,000rpmo. & 30%7F LA 3
Azde Wi cold 70% ETOH 500ul= A" 3 thA] 4T 14,000rpm 270

o

i

07 dAsge. AE=de AAS L speed vacuuml®  AFXAIZL F 3040
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) 9 AAL ¥H&-(Reverse transcription, RT)

F<39 RNA 1, DEPC D.W. 35ul, 25mM dNTP 2u¢, 10X PCR buffer (1.25mM
MgCl) 2ul, oligo d(T) 05, RNase inhibitor(50U) 050, MuLV reverse
transcriptase(200U) 0.540 (Perkin Elmer)& &3%3te] FHH-&FS 10z 9 $of 4
2CoM 407F WHg-ske] AL wkeS 3 ste] cDNAE sttt

=

THaES AHS

AAAL S-S mkH 10409 cDNA templateo] =& A AHf9SS a4 TNF-u
o] HMurgk xgo]w (5" - GCT GTA CCT CAT CTA CTC CC - 37), 9
olH(5" - TAG ACC TGC CCA GAT TCA GC - 37) (25pmol/ul) 7+ 1ub, 5ub
10xreaction buffer (100mM Tris-HCl (pH 8.3), 400mM KCIl, 15mM MgCls, 5ug/mé
activated BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP), 15U Taq
polymeraseS ZtZb ¥ il 50409 reaction volumeo] HEZE WAudH FHFTE FH71ste]
4& % Thermocycler (Perkin Elmer, Norwalk, USA) & o]&3}o] 94ColA] 30%, 6
2TColA 30%x, 72TColA 30x3t 35 cycle =3 8tar, mpAF Ao A 72T 1021+ §F§

2
At =g E A Ao A& 10uZE ethidium bromide® G2 E 1% agarose gel

2}) Tumor Necrosis Factor-no (TNF-a) ®3 =} A =}

AAA TFEA AHNEE S BTt Aozl 291bpe] Ho]A <l DNA 42 Wizard
PCR preps (Promega Biotech)< ©]-&3}e] A A35l3, DIG DNA labeling and detection
kit (Boehringer Mannheim)Z& ©]&3}o] digoxigenin® 2 U E X 5lo] BRAZ o] &
ST

A4S AF F&gH I F 4um FAZ EHASF] Superfrost/plus slide (Fisher
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Scientific, Pittsburgh, PA, USA) o] FZA#H T} Xyleneo| &3tetdl 34

o
j

, SAA
TS A 02N HCIOl 2053 A x3gkch. DWell 30%3F A& 3 100ug/
m{ Proteinase K& 37ColA 30%7F A X%t} 4% paraformaldehydeo] 1083+ =] 3k

i

o

et

t}. PBS A& 3 Triethanolamine-HCl bufferol] acetic anhydride® Yo 10#3F
acetylationA] 71t} 2x SSColl 1083+ A x| skt}. 22 4o TNF-a probes lug/ule =

=% hybridization buffere] 3]Aste] %2 T 20-30u% A g3}, cover slipE ©

K

sealing®rt}t. zZbzbe] % 2ZS hybridization machineollA 94T 10&7F X%, 45T
incubatorell 15A]17F ®i %3t} cover slip2 A AZ 4xSSC, 2xSSC, 0.2xSSColl Z+ 10&
A A HGA S A A3} maleic acid bufferol] 5%37F A 2] 3kt}. blockig buffer 10&3F
2123k}, blocking bufferoll 1:250-5002.% 34 ¥ anti-DIG AP conjugateE % 83}
36Col Al 1-2A1 7k incubation?tt}. maleic acid buffer 10¥7F 2 gkt}. blocking buffer
of 523t e gth. NBT/BCIPE °]&3to] &30

ol W] Wale] v e L BA

H2
rx
,_]
Z.
i
[=]
Me
o
i
et
o
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=
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i
)
2
o
iy
ofN
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2) 24 x4 A%
BN 25 A 10% FH% 2w nYsty DaRPS AW T A
Aol 24 Aelnge AA stebd Toisdch sty 24 JES Sm FAZ Aet
Ul

o] Hematoxylin and Eosin (H&E) 9% F&dn 4 slolA =79 ol FF&E &

Zalgdon, AR metd FF AMZS 4m FAE DAt Superfrost/plus  slide

(Fisher Scientific, Pittsburgh, PA, USA) o HZA|#A 2o X #3190}
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SIGCESERLS

10
e

Az gatygS 9ste] FhlE F5 24 ETo|=E xyleneol 10w3F 23] A
stol Eatebyst A7la, dAES ol&dte]l FHAHS ATt Endogenous

alkaline phosphataseZ A A3}7] 9 3}e] glacial acetic acid (20%)Z 4Col A 287F A
3k th. o] & proteinase K (Gibco BRL)S phosphate-buffered saline (PBS; 0.1M,
pH 7.4)° 100ug/m > == 3sfod 367 2043F WA A ) vl 5] wk&-S Aoslr] 913t
o] 10% normal goat serum= PBS(0,1M, pH 7.4)°] 3]A3}e] =& g3t A
2o A 3087F gkl WA A sulole] A 28] Eo]# el ORF2 Proteinel ¥+H$-3}
= 9ZFE IdAES PBTSO 2508 3A35te] 12 A= A E3ar 4T A overnight
incubationd} ¥ th.  PBTS® 33 A&k, PBTSA 1008 3|43k alkaline
phosphatase-conjugated goat anti-mouse IgG (Dako)E 2% 3A =2 A& th
PBTS® 33] A&&la, Tris buffer (pH 95% AH&3tdtt. 80L& glkaline
phosphatase red substrate (Vector Laboratories)® A=A 2087F 438313 a1, <A

A& Ax Mayer's hematoxylin® 2 29~ & mountingste] #2313}

B Al superficial lymph nodeE 10% T4 XZE@o] 24A7F A7l & LA
A x4 HAGdES AA A 2wt gk 24 AEL 5 FAR Aoshe]

Hematoxylin and Eosin (H&E) 9423 #s&n|7 stol A w4 o3 FF&5

#AAsg o, U A 2 MZS 4m FAE AAS] Superfrost/plus slide

o

e

(Fisher Scientific, Pittsburgh, PA, USA) o F-2tAl#A Abeo] H33}5T)

2) MCP-1, MIP-1 #4& 93 224 u3H
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7} RNA F&
15m¢ Falcon tubeo] PBSE 3m¢z AMA3 superficial lymph nodeE 3g& YL
vortexate]l HAEH50%)3F A Th 5000rpme 2 587F YAlste] dojzl A= 500 S
Trisol LS (Gibco BRL) 50047} 7 eppendorf tubeo] il vortexshto] A
1087 AAA A o7 30002 chlorforme A 7Fste] thA] 1027 AAA 2] oS
4T 4,000g°N1A 15237 AT 94 doj AF A 500uE MEL eppendorf

=2

tube] ¥ i, Isopropanol 500E F7Fstal vortexstel  -20TelAl  overnight
AAAZ Y g obdel 4T 14,000rpm o2 30#7F 443 F AZF e wElal cold
70% ETOH 500ul= A& % tiA] 4T 14,000pm ZA o2 3083 Al

T
i)
=
olN
i
ny
it
-z
L.
@ @
oo

Azl S A AS I speed vacuum e E AZXAIZ F 30

) MCP-1, MIP-1 &S A 9HAZF JdA TFaL A4S
(Semi-Quantitative RT-PCR)

FZ% RNA 1, DEPC D.W. 35uf, 25mM dNTP 20, 10X PCR buffer (1.25mM
MgCl) 2ul, oligo d(T) 05, RNase inhibitor(50U) 050, MuLV reverse
transcriptase(200U) 0540 (Perkin Elmer)E &% 35l & ¥g#E#S 10z 9E 3o
42°Coll A 4023t wbSate] AL WHES 3 stol cDNAS §Hdshsith. MCP-1¢] A
Wk xZgtolw = 5~ TCA CCA GCA GCA AGT GT-3, zgtolm = 5-CTG
AGA TTC ACA GAG GA-3'7} =H%=% Al&stivh MIP-10] ek dwaF zejolw
= 5-GCT CAG TTC AGT TCC AAG TC-3', 99 =Zgolvj= 5-ACC ATG
AAG CTC TGC GTG AC-3'"7F HEE A&stdrt. A=FS 913 standard curved 2}
A7) 918+e], GAPDHZ internal standard Z#}o]w & A&k ch 9 AA w38 wf
2 1002l ¢DNA templateoll 2Zt7z+e] zeho]w(25pmol/wl) Zb 1pl, 5upl 10xreaction
buffer (100mM Tris-HCl (pH 8.3), 400mM KCl, 15mM MgCl,, 5ug/ml activated
BSA), 0.2mM deoxynucleotides(dATP, dGTP, dCTP, dTTP), 1.5U Taq polymeraseE
SHTE Hbee He F

Thermocycler (Perkin Elmer, Norwalk, USA) £ o]&3lo] 94Tl 30%, 60T ol A

)

zy7zy 93 50u02] reaction volume©] ==
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30%, 72CAlA 30x%%t 35 cycle F~a3kar, vpA| et @A A 72T 103 RES-FA T
= E A Agnee AE 10uE ethidium bromide® QA F 29 agarose gelell 2 7]
3 32

101 Kodak EDS290 SystemS o] &3to] HZEA &g}

th) &3 A (Probr) A2
AAA FTEEA AgTSS Eslo] dojx DNA EAHLS Wizard PCR preps
(Promega Biotech)S ©]-&3e] A=A 3sta, DIG DNA labeling and detection Kkit
(Boehringer Mannheim)Z ©]&3}9] digoxigenin® & <o F X&) ®©X2}H(Probe) &

o3ttt

2 22
A ¥ MCP-1, MIP-1 probeE ©]&3le ‘“Ad 3o|A 7l&dH 24U wiHe met
TNF-02] mRNAE 7 &3

A wgE S AAg 2448 EFgol=E Kodak DC290 systems o] &3fo] %
7 St A FRR 3RE Fgdoh FZHo

(National Institutes of Health, Bethesda, MA, USA)S o]&3to] destzd HEA& 2
=

=z
&n

i
ok

Abz21& NIH Image ] Program

—_

k)

1) EAH wA
wE B4 e gaipeudn mAsdt 24 2de EAA fo4de d5e

$38lo] InStat package (GraphPad Softwear, San Diego, CA, USA)Z o]|&3}]

Wilcoxon matched pairs signed rank testZ 2 A] 3} th.
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olel £ AW Az
PK-15 AEE ol gato] #ul 2% @A Hanolelx 288 gow
Swine testicle(ST) AEE ol gale] #u L% #x suvlold A8 gjgow F4
itk o A9 vojejat xewdor Bas Ayn LEuEAS A7)
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Figure 1. Western blot hybtidization probed with immune serum vaccinated with
porcine circovirus 2 vaccine rom rabbit. Lane: 1, negative control; 2, porcine

circovirus vaccine

Figure 2. PK-15 cell, infected with porcine circovirus 2. Vaccinated serum with
porcine circovirus 2 vaccine from pigs was shown positive signals for reactivity

with porcine circovirus 2 antigens by indirect fluorescentantibody assay
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Figure 4A, B, C, D, E, F. In situ hybridization in pigs, vaccinated with porcine
cirvorius 2/porcine parvovirus mixed vaccine and then experimentally inoculated
with porcine circovirus 2 and porcine parvovirus. (A) Lung. In-situ hybridization;
red substrate, Hematoxylin counterstain. x400. (B) Intestine. In-situ hybridization;
red substrate, Hematoxylin counterstain. x400. (C) Liver, In-situ hybridization; red
substrate, Hematoxylin counterstain. x200. (D) Kidney. In-situ hybridization; red
substrate, Hematoxylin counterstain. x400. (E) Thymus. In-situ hybridization; red
substrate, Hematoxylin counterstain. x400. (F) Lymph node. In-situ hybridization;

red substrate, Hematoxylin counterstain. x200.
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Table 1. Results of in-situ hybridization in pigs, injected with porcine cirvirus 2

vaccine alone or porcine circovirus/porcine poarvovirus mixed vaccine.

PCV2-positive/PPV -positive cells in sub-group

Tissue . .
Negative Positive . PCV2+PPV

(No virus) (PCV+PPV) PCV2Z vaccine vaccine
- 133.7+33.2 / 9354237 / 6.7¢2.1 /
une 60.5+19.7 54.2410.1 26+1.3
Heart 243457 / 10.3+4.7 / 07405 /

ca 46423 6.8+3.7 -
oot mod 164.3+425 / 103.3+28.9 / 85+49 /
yIph hode 8834325 93.3+12.3 35:1.1
Toneil 117+30.1 / 50.3+20.4 / 53412 /
ons 40.7+24.1 37.7+4.1 2.140.9
Thoms 82.8+23.2 / 4024172 / 37415 /
yim 35.8+15.2 36.8+3.6 1.7+0.4
. 87.6+21.0 / 3764115 / 42414 /
pieen 9252+18.0 19.3+2.0 2.2+0.6
Liver 439+10.3 / 21.3+10.8 / 23408 /
10.9+8.7 125+1.3 0.740.3
Kid 374497 / 167493 / 27413 /
ey 9.346.7 32428 0.240.2
Intestin 322483 / 15.3+7.7 / 0.3+0.1 /

estne 10.2+8.9 15.4+7.9 -

(Mean Number of Positive Cells + SD / 0.25mm?)

_93_



92 28 B WAL PEAAY @l A 27 AFol wlske] 150%7 F7heH=v)
2H Eaw A Hate] e 3t e = ogkth(Fig. 5, Table 2).

FolAE Holgla HE F 219%7kAE TNF-ao Z717F yehA ekgton 214
o] %ol = FASA TNF-a7b F7betdthFig. 6). 224 wAHS Fast Aoa =
HEHAD ol A TNF-oo FAREES Wols seazt Adate Hlsto
| ZAEAY Ao BFEA okt
= 9 AdE T BY EFAS HEGAE LelAs ST Hlgte] ErE
AF F7Fe a7F YEbA ekokedl o)A EFuale] =
| A& gAst e, HA M anto] e el FdE Al EC]

olel~ zredel oslA UpEhtbis TNF-no] u]g% A

(ot
o
z
>

o

]
e
of
S
X

x
=
)
o
o

>4
[N}

o
10,

g
olX

=
tH

rot
R
_E

iy

[o

fetl

_94_



35 r
---o--- PCV2 vaccine
30 '
---@--- PCV2+PPV vaccine T
o —e— Negative control 4
S —o— Positive control
N2
— 20 |
=
O
()
= 15
>
©
o
m 10
5 L
0

Post-inoculation weeks

Figure 5. Body weight in pigs vaccineate with porcine circovirus 2 vaccine alone

or porcine circovirus 2/porcine parvovirus mixed vaccine.
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Table 2. Comparison of gain weight in pigs vaccineate with porcine circovirus

vaccine alone or porcine circovirus 2/porcine parvovirus mixed vaccine.

Grou Body weight Body weight Percentage of gain
P of 0 dpi of 35 dpi weight
Negative 6.25 25.48 + 307.7 %
Positive 6.12 11.62 + 89.8 %
PCV?2 vaccine 6.84 17.63 + 1577 %
PCV2+PP
cv . v 6.38 23.75 + 2722 %
vaccine
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Figure 6. Tumor necrosis factor-a (TNF-a) production of serum in pigs vaccineate
with porcine circovirus 2 vaccine alone or porcine circovirus 2/porcine parvovirus

mixed vaccine.
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Figure 7. Total red blood cell of in pigs vaccineate with porcine circovirus 2

vaccine alone or porcine circovirus 2/porcine parvovirus mixed vaccine.
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Figure 8. Semiquantitative PCR for estimating MCP-1 and MIP-1 expression in
pigs vaccineate with porcine circovirus 2 vaccine alone or porcine circovirus

2/porcine parvovirus mixed vaccine.
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